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Abstract 

The Orce region, which is known in the literature as the Spanish Olduvai, has one 

of the best Late Pliocene and Early Pleistocene continental paleobiological records of 

Europe. It is situated in the northeastern sector of the intramontane Guadix-Baza Basin 

(Granada, Andalusia, southern Spain). Here we describe a new fossil hominin tooth 

from the site of Barranco León, dated to ~1.4 Ma by a combination of Electron Spin 

Resonance (ESR), paleomagnetic and biochronologic methods. This is, at the moment, 

the oldest human remain from Western Europe. 
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Introduction 

The date of the earliest human occupation of Europe has been recently challenged 

by new paleontological and archaeological evidence from both longitudinal extremes of 

the continent. The Georgian site of Dmanisi has provided an important collection of 

lithic artefacts and very significant fossils of early Homo, ca. 1.8 Ma (Vekua et al., 

2002; Lordkipanidze et al., 2007; Ferring et al., 2011), the Spanish site of Sima del 

Elefante, in Atapuerca, has yielded some lithic artefacts and a mandibular fragment 

dated to ~1.2 Ma (Carbonell et al., 2008), the Italian site of Pirro Nord (1.3-1.7 Ma) 

(Arzarello et al., 2009), and the French sites of Lézignan-la-Cèbe and Pont-de-Lavaud 

(1.57 and ~1.1 Ma, respectively) (Crochet et al., 2009; Despriée et al., 2010) have 
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provided some lithic artefacts. Here, we report the finding of a first deciduous molar of 

early Homo dating back ~1.4 Ma from Orce, which was found in direct association with 

assemblages of lithic artefacts and large mammal bones (Oms et al., 2000b; Toro-

Moyano et al., 2009; Martínez-Navarro et al., 2010).  

The tooth comes from level BL D (previously referred to as BL 5; i. e., Martínez-

Navarro et al., 2005), square J54, of the section at Barranco León, a tributary creek of 

the Orce river, in the northeast of the Plio-Pleistocene lacustrine deposits of the Guadix-

Baza Basin (Vera, 1970; Sanz de Galdeano and Vera, 1992; Fernández et al., 1996) 

(Fig. 1). The Barranco León section spans the middle terrigenous member (lowest part 

of section in Fig. 1) and the upper “Silty Calcareous Member" of the Baza Formation 

(Vera et al., 1985; Oms et al., 2000a, 2011), which is dominated mainly by limestones, 

sandstones, carbonate silts and dark mudstones, deposited in a lake with an alternation 

of slightly saline and saline waters (Anadón et al., 1994; Anadón and Gabàs, 2008). The 

excavated layers of the BL section show sediments associated to a swampy 

environment, except level D, which shows fluvial features and encloses the 

archaeological level (see further details in Oms et al., 2011). Level BL D contains 

abundant remains of Early Pleistocene large and small mammals composed by Ursus 

sp., Canis mosbachensis, Lycaon lycaonoides, Vulpes cf. praeglacialis, Pachycrocuta 

brevirostris, Meles sp., Stephanorhinus hundsheimensis, Equus altidens, Equus 

sussenbornensis, Hippopotamus antiquus, Bison sp., Hemitragus cf. albus, 

Praemegaceros verticornis, Metacervocerus rhenanus, Oryctolagus cf. lacosti, 

Mimomys savini, Allophaoiomys aff. lavocati, Allophaiomys sp., Apodemus aff. 

mystacinus, Histryx sp., Galemys sp., Erinacenae indet., Crocidura sp., Sorex minutus, 

and Sorex sp. (Agustí and Madurell, 2003; Furió-Bruno, 2003; Martínez-Navarro et al., 

2010 and references there in), and stone artefacts (Oms et al., 2000b) which are broadly 
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similar to other African and European lithic assemblages assigned to the Oldowan 

Industry Complex, or Mode I technology, characterized by a low degree of 

standardization (i. e., simple core forms and debitage). 

 

Paleoanthropology  

The human specimen, BL02-J54-100 (Fig. 2), is a complete crown of an isolated 

lower left first deciduous molar (dm1). It is heavily worn on the occlusal surface, 

category 5 according to Molnar (1971). Roots are missing due to resorption, suggesting 

that the tooth was shed ante-mortem. A distal wear facet is present at the contact with 

dm2. The occlusal outline is oval and slightly asymmetrical. It presents the five main 

cusps. The protoconid is the largest and it is mesially displaced, followed by the 

metaconid, the hypoconid and finally the entoconid. The distal bifurcation of the central 

groove sets the limits of a small hypoconulid. At the dentine and pulp cavity level the 

hypoconulid is only hinted as a faint elevation (Fig. 2). A well developed lingual groove 

and less developed buccal grooves are present. Mesial cusps represent the major part of 

the crown, and they are connected by a mid-trigonid crest. The tooth exhibits a strong 

mesial marginal ridge, prolonged by a vestigial paraconid, separated from the metaconid 

by a deep V-shaped groove that opens towards the lingual face. This feature is present 

in Australopithecus and Homo, such as KNM-ER 820 , KNM-ER 1507 and the 

Zhoukoudian specimens (Wood, 1991; Weidenreich, 1937), and absent in 

Paranthropus. BL02-J54-100 exhibits a tuberculum molare in the mesiolingual angle, 

expanding onto the root trunk, but less developed than that found in the dm1 from Gran 

Dolina-TD6, Atapuerca (Bermúdez de Castro et al., 1999) (Fig. S1). The presence of the 

tuberculum molare, the relative expansion of the mesial cusps and mesial marginal 
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ridge, and the enlargement and relative position of the protoconid are classical 

diagnostic features in the genus Homo (Hillson, 1996; Keyser et al., 2000) (Fig. S1).  

Overall, BL02 is a large tooth although there is a great overlap with other group’s 

dm1 dimensions (Table 1 and Fig. S2). The MD diameter is close to the mean of 

Paranthropus robustus and Australopithecus afarensis but it also falls within the range 

of variation of African, Asian and European Early Pleistocene Homo as well as Homo 

heidelbergensis and the Middle Paleolithic Homo sapiens sample. The BL diameter is 

also close to the mean of Paranthropus robustus and Australopithecus afarensis and 

larger than that of any of the studied groups except for Paranthropus boisei and Homo 

antecessor. The crown computed area falls within the range of variation of 

Paranthropus robustus, Australopithecus afarensis and Homo heidelbergensis. The 

highest values of the Homo sample are represented by the European early and middle 

Pleistocene fossils such as Arago 66, ATD6-94 and Barranco León together with the 

Neanderthal specimens from Teshik-Tash and Shanidar VII (Fig. S2). 

 

Archaeology  

The lithic assemblage at Barranco León is composed of 1244 artefacts (Fajardo, 

2008) including  26 cores, 185 whole flakes, 78 flake fragments, 759 waste flakes or 

débris, 17 retouched pieces, 92  angular fragments, 12 modified cobbles (including 

hammerstones) and 75 unmodified materials (cobbles and stones).  

Flint, limestone and quartzite compose the raw material of the lithic assemblage. 

Jurassic formations situated around 3 km south of the site, contain several primary 

sources of good raw material, while several flint sources in secondary deposits of 

alluvial and colluvial origin were also found near the site (Toro-Moyano et al., 2009; 

2011).  
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Humans knapped at the Barranco Leon D site. Two sets of refitted flint pieces 

were identified. The first set is composed of four pieces ─one core and three flakes (see 

Fig. 3a). Although it is not complete, the first and the last stages of the reduction 

sequence are present. The first stage shows the application of the orthogonal technique 

with no preparation of the striking platform; cortical surfaces and previous negative 

scars were used as striking platforms. The last stage is composed of the exhausted 

nucleus with ventral face exploitation of a flake showing the economy of good quality 

raw materials. The second refitting set is formed by pieces involuntarily detached 

during the knapping process. 

Two main techniques were used for knapping, hard-hammer percussion and 

direct unipolar and bipolar technique (axial and non axial using an anvil). The choice of 

these techniques is related to the texture and quality of the raw material. The cobbles 

and tabular fragments of flint were destined for the production of flake cutting edges, 

while the less frequent limestone artefacts include cores, battered percutors and 

debitage. 

             The primary goal of the Barranco León knappers seems to have been obtaining 

small flakes, perhaps to fulfill immediate needs including rapidly cutting meat of large 

herbivore carcasses. The proportion of flakes, together with the high frequencies of 

débris (61.01%), broken and whole flakes, and angular fragments (28.54%), which sum 

up to 89.55% of debitage elements in the whole assemblage, and the refitting pieces 

show that the debitage was in situ. Although all stages of core reduction are presented, 

the most abundant are from final stages of flaking. The proportion of retouched artefacts 

(1.37%) is low and does not show stylistic standardization. These are basically light- 

duty retouched pieces (see Fig 3b). 
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The striation marks and polished areas (Toro-Moyano et al., 2003) on the lithic 

material (Fig. 3c) are similar to those reported in well-known African and European 

assemblages such as Olduvai Gorge, Koobi Fora or Monte Poggiolo (Sussman, 1987; 

Keely and Toth, 1981; Peretto et al., 1998). These marks suggest that the tools were 

used on a variety of materials  

The lithic artefacts are found together with large mammal remains showing 

evidences of anthropic activity, including true spiral or helical fractures, impact points, 

flake scars and bone flakes (Binford, 1981; Blumenschine and Selvaggio, 1988; 

Johnson, 1985; Shipman, 1981a, b) (Figs 3d-i). 

 

Chronology  

 Electron spin resonance (ESR) dating was applied to optically bleached quartz 

grains extracted from sediments. This method is based on the detection of paramagnetic 

centres, e.g. Aluminium (Al) or Titanium (Ti), that are created by the interaction of the 

natural radioactivity with the quartz sample (Ikeya, 1993). Similar to Optically 

Stimulated Luminescence (OSL) dating, ESR is an optical dating method that relies on 

the zeroing of any previously present ESR signal by sunlight exposure at the time of 

deposition (see details in Yokoyama et al., 1985). However, while OSL is usually 

limited to late middle Pleistocene time range, ESR may potentially go further back in 

time and cover the whole Quaternary time range (e.g. Voinchet et al., 2010), given the 

long term thermal stability of the ESR signal of the Al center (Toyoda and Ikeya, 1991) 

and its absence of saturation at high irradiation doses (Lin et al., 2006).  

. 

 Five sediment samples for ESR dating (ESR BL-1 to ESR BL-5) were collected 

in situ in 2004, 2005 and 2006 from the sedimentary sequence of the excavated area at 
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BL (Fig 1). This study focused on Al signal because no measurable Ti signal was 

detected in our samples. Experimental conditions and age calculations are derived from 

Duval (2008) and detailed in supplementary online information.  

 ESR age estimates are overall consistent with the stratigraphy, i.e. following a 

general increase with depth: they range from 1.02+0.09 Ma to 1.88+0.19 Ma and are all 

in agreement for attributing an early Pleistocene age to the deposits (table S2). ESR BL-

1 was sampled at the base of the sequence, about 1.5 m under the archaeological level 

D1, and yields a maximum age of 1.73 + 0.17 Ma for the deposits. ESR BL-2 comes 

from D1 layer and provides an age of 1.46 + 0.17 Ma. ESR BL-3 and ESR BL-4 

samples were collected from level D2 which overlies D1: their ESR ages are 1.88 + 

0.19 Ma and 1.23 + 0.12 Ma, respectively. Sample ESR BL-5, originating from level E1 

at the top of the local sequence, yields a minimum age of 1.02 + 0.09 Ma for the 

deposits.  

 ESR age results obtained for layer D show some apparent scatter. More 

specifically, the age of ESR BL-3 looks somewhat overestimated in comparison with 

the other ages. This is probably due to the fitting of the dose response curve, which goes 

above the natural point and thus might induce an overestimation of the equivalent dose 

value (Fig. S3). Nevertheless, this age may not be discarded, regarding the small sample 

size (n=3). Consequently, based on the three ESR samples BL-2 to BL-4, a weighted 

mean ESR age of 1.43+0.38 Ma may be calculated for the layer D that encloses the 

archaeological layer at Barranco León. The quite large final error may be interpreted as 

the consequence of the age scattering and the limited number of samples. This age is in 

quite good agreement with the ESR chronologies obtained for the nearby sites of Fuente 

Nueva-3 and Venta Micena, of 1.19+0.21 Ma and ~1.4 Ma, respectively (Duval et al., 

2011, 2012). However, one should be cautious in their interpretation, since the quite 
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large error range does not allow any chronological distinction between the three sites 

from the Orce area. These results show the potential of ESR dating of quartz grains 

from Early Pleistocene fluvio-lacustrine deposits. Future work will definitely need to be 

focused on the improvement of the precision of this promising preliminary ESR 

chronological framework based on quartz grains extracted from sediment. 

A new paleomagnetic study (table S1), combined with previous results (Oms et 

al., 2000b) shows that the entire stratigraphic section of Barranco León has reverse 

polarity (Fig. 1). Consequently, the deposits may be correlated to the Matuyama chron  

(0.78-2.58 Ma; Gradstein et al., 2004), and more likely between Olduvai and Jaramillo 

subchrons as indicated by the ESR chronology and faunal evidence. 

Microfauna supports the ESR ages and the magnetostratigraphic interpretation. 

The combination of rodent species at the site, including Mimomys savini, Allophaiomys 

aff. lavocati, Castillomys crusafonti and Apodemus aff. mystacinus, further constrains 

its age. An age younger than the Olduvai subchron (1.95-1.77 Ma) is inferred from the 

more derived morphology of Allophaiomys aff. lavocati compared with A. cf. deucalion 

from the site of Kryzhanovka (Tesakov, 1998), which is associated with the Olduvai 

subchron (Pevzner et al., 1998). Allophaiomys aff. lavocati is, in turn, more archaic than 

the microtine species present at Vallonet (France) and Untermassfeld (Germany), two 

localities dated to the Jaramillo subchron (0.99-1.07 Ma) (Yokoyama et al., 1988; 

Wiegank, 1997). Moreover, a recent dating of the site of Sima del Elefante (Atapuerca, 

Spain), with Allophaiomys aff. nutiensis (Cuenca-Bescós et al., 2001), a more evolved 

form than A. aff. lavocati, has provided an age of 1.22+0.16 Ma based on cosmogenic 

nuclids for this Atapuerca site (Carbonell et al., 2008). Therefore, the age of the level 

BL D is constrained between 1.77 Ma (top of Olduvai subchron) and ~1.2 Ma (age of 

Sima del Elefante). This constrain is in agreement with previous biozonations 
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developed in the early Pleistocene sequences of the Guadix-Baza Basin (Agustí et al., 

2010) and the Atapuerca karstic complex (Cuenca-Bescós et al., 2010). 

Interpolation of metric parameters measured on the lower first molar of diverse 

well-dated Early-Middle Pleistocene microtine species allow to further constrain the age 

of the findings. The relative length of the anteroconid complex in microtines (the A/L 

parameter) (Meulen, 1973) has proven to be a useful tool for dating Plio-Pleistocene 

sites (Maul et al., 1998). The A/L values of Allophaiomys aff. lavocati from level BL D 

also suggest an age older than Sima del Elefante  and close to 1.4 Ma (table S3), which 

is in agreement with the ESR dates.  

 

Conclusions  

The specimen BL02-J54-100 found at Barranco León site, a human tooth with an 

estimated age of ca.1.4 Ma, represents the oldest anatomical evidence of human 

presence in Western Europe. This finding, combined with the important lithic tool 

assemblage from the level D of Barranco León, ratifies that Western Europe was 

colonized soon after the first expansion out of Africa, currently documented at the 

Dmanisi site.  

 

Acknowledgements: We thank all the members of the Orce research project involved in 

the excavations and the study of the Barranco León paleoanthropological site. We thank 

Prof. P. Rivas for his support and encouragement. Also we thank Prof. H. de Lumley 

and his team for their help. M. T. Alberdi, M. R. Palombo, L. Abbazzi, F. Lacombat, S. 

Bailón, H. A. Blain, J. Madurell, and M. Furió helped in the determination of the 

vertebrate fauna. C.F. and M.D. thank P. Voinchet and J. Despriée for their help during 

the ESR sampling. R. Grün and J.-J. Bahain provided helpful comments on the ESR 



 

11 

dating. Photographs and microscan of the hominin molar were carried at CENIEH of 

Burgos, Spain. We thank L. Martín-Francés and M. Martínez de Pinillos for their help 

with the micro-CT analysis. ESR data were obtained at the Prehistory Department of 

MNHN (Paris, France). Paleomagnetic measurements were carried out at the SCT of the 

Barcelona University. Scanning photographs of the lithic artefacts were carried out at 

the CERP of Tautavel (France) by  Mme. B. Deniaux. We thank Ms Sheila Wglie for 

reviewing the English version of this paper. E. Delson, E. Carbonell, T. D. White, D. 

Lordkipanidze, S. C. Anton, M. M. Lahr, M. Tappen, L. Rook, R. Ferring, the Associate 

Editor and three anonymous reviewers revised a first draft of the manuscript. This study 

has been sponsored by the Dirección General de Bienes Culturales (Consejería de 

Cultura, Junta de Andalucía, Spain), and it has been supported by projects CGL2010-

15326, CGL2010-16821, CGL2009-7896, and CGL2008-04896 of the Spanish Ministry 

of Science and Innovation.  

 

 

References 

 Agustí, J., Madurell, J. 2003. Los arvicólidos (Muroidea, Rodentia, Mammalia) del 

Pleistoceno inferior de Barranco León y Fuente Nueva 3 (Orce, Granada). Datos 

reliminares, In (Toro, I., Agustí, J., Martínez-Navarro, B., Eds.) El Pleistoceno 

nferior de Barranco León y Fuente Nueva 3, Orce (Granada). Memoria Científica 

Campañas 1999-2002, Junta de Andalucía, Consejería de Cultura, E.P.G.  

Arqueología Monografías 17, 137-145. 

Agustí, J., H.-A. Blain, M. Furió, R. De Marfá, A. Santos-Cubedo. 2010. The early 

Pleistocene small vertebrate succession from the Orce region (Guadix-Baza Basin, 



 

12 

SE Spain) and its bearing on the first human occupation of Europe. Quaternary 

International 223-224, 162-169. 

Anadón, P., Utrilla, R., Julià, R. 1994. Palaeoenvironmental reconstruction of a 

Pleistocene lacustrine sequence from faunal assemblages and ostracode 

shellgeochemistry, Baza Basin, SE Spain. Palaeogeogr. Palaeoclim. Palaeoecol.  111, 

191-205. 

Anadón, P., Gabàs,  M. 2009. Paleoenvironmental evolution of the Early Pleistocene 

lacustrine sequence at Barranco León archeological site (Orce, Baza Basin, Southern 

Spain) from stable isotopes and Sr and Mg chemistry of ostracod shells. J 

 Paleolimnology  42, 261–279. 

Arzarello, M., Marcolini, F., Pavia, G., Pavia, M., Petronio, C., Petrucci, M., Rook, L., 

Sardella, R. 2009. L’industrie lithique du site Pléistocène inférieur de Pirro Nord 

(Apricena, Italie du sud): une occupation humaine entre 1,3 et 1,7 Ma. 

l’Anthropologie 113, 47–58. 

Bailey, S., Hublin, J., 2006. Dental remains from the Grotte du Renne at Arcy-sur-Cure 

(Yonne). J. Hum. Evol. 50, 485-508 

Bermúdez de Castro, J. M., Rosas, A., Nicolás, M. E. 1999. Dental remains from 

Atapuerca-TD6 (gran Dolina site, Burgos, Spain). J. Hum. Evol., 37, 523-566. 

Binford, L.R. 1981.  Bones: ancient men and modern myths. Academic Press, New 

York.  

Blumenschine, R.J., Selvaggio, M. M. 1988. Percussion marks on bone surface as a new 

diagnostic of hominid behaviour.  Nature 333, 763-765. 

http://www.springerlink.com/content/x74p418324136078/?p=920df17d58f5468888473fb0a9dd1f9c&pi=6
http://www.springerlink.com/content/x74p418324136078/?p=920df17d58f5468888473fb0a9dd1f9c&pi=6
http://www.springerlink.com/content/x74p418324136078/?p=920df17d58f5468888473fb0a9dd1f9c&pi=6


 

13 

Carbonell, E., Bermúdez de Castro, J. M., Parés, J. M., Pérez-González, A., Cuenca-

Bescós, G., Ollé, A., Mosquera, M., Huguet, R., Made, J. v. d., Rosas, A., Sala, 

R.,Vallverdú, J., García, N., Granger, D. E., Martinón-Torres, M., Rodríguez, X. 

P.,Stock, G. M., Vergès, J. M., Allué, E., Burjachs, F., Cáceres, I., Canals, A., 

Benito, A.,Díez, C., Lozano, M., Mateos, A., Navazo, M., Rodríguez, J., Rosell, J., 

Arsuaga, J. L.2008. The first hominin of Europe.  Nature 452, 465-469. 

Crochet, J.-Y., Welcomme, J.-L., Ivorra, J., Ruffet, G., Boulbes, N., Capdevila, 

R.,Claude, J., Firmat, C., Métais, G., Michaux, J., Pickford, M. 2009. Une nouvelle 

faune de vertébrés continentaux, associée à des artefacts dans le Pléistocène inférieur 

del’Hérault (Sud de la France), vers 1,57 Ma. C. R. Palevol 8, 725-736. 

Cuenca-Bescós, G., Canudo, J.I., Laplana, C. 2001. La séquence des rongeurs 

(Mammalia) des sites du Pléistocène inférieur et moyen d'Atapuerca 

(Burgos,Espagne).  l´Anthropologie 105, 115-130.  

Cuenca−Bescós, G., Rofes J., López−García, J.M., Blain, A.H., de Marfá,J.R., 

Galindo−Pellicena, M.A., Bennàsar−Serra, M.L., Melero−Rubio, M., Arsuaga, J.L., 

Bermúdez de Castro, J.M., and Carbonell, E. 2010. Biochronology of Spanish 

Quaternary small vertebrate faunas. Quaternaire International 212, 109–119. 

Day, M. H., 1986. Guide to Fossil Man. 4th edition. The University of Chicago Press, 

Chicago. 

Despriée, J., Voinchet, P., Tissoux, H., Moncel, M.-H., Arzarello, M., Robin, S., 

Bahain, J.-J., Falguères, C., Courcimault, G., Dépont, J., Gageonnet, r., Marquer, L., 

Messager, E., Abdessadok, S., Puaud, S. 2010. Lower and middle Pleistocene human 

settlements in the Middle Loire River Basin, Centre Region, France. Quat. 

Internat.223-224, 345-359. 



 

14 

Duval, M (2008). Evaluation du potentiel de la méthode de datation par Résonance de 

Spin Electronique (ESR) appliquée aux gisements du Pléistocène inférieur : étude 

des gisements d’Orce (bassin de Guadix-Baza, Espagne) et contribution à la 

connaissance des premiers peuplements de l’Europe. Prehistory. Paris, Muséum 

National d'Histoire Naturelle. PhD: 522.  

Duval, M., Falguères, C., Bahain, J.-J., Grün, R., Shao, Q., Aubert, M., Dolo, J.-M., 

Agusti, J., Martínez-Navarro, B., Palmqvist, P., Toro-Moyano, I. (2012). On the 

limits of using combined U-series/ESR method to date fossil teeth from two Early 

Pleistocene archaeological sites of the Orce area(Guadix-Baza basin, Spain). 

Quaternary Research. DOI:10.1016/j.yqres.2012.01.003 

Duval, M., Falguères, C., Bahain, J.-J., Grün, R., Shao, Q., Aubert, M., Hellstrom, J., 

Dolo, J.-M., Agusti, J., Martinez-Navarro, B., Palmqvist, P., Toro-Moyano, I. (2011). 

The challenge of dating Early Pleistocene fossil teeth by the combined uranium 

series–electron spin resonance method: the Venta Micena palaeontological site. 

Journal of Quaternary Science, 26(6) 603–615. 

Fajardo, B. Les industries lithiques anciennes d’Orce : les sites de Barranco León et 

Fuente Nueva 3. Leur place dans le contexte des plus anciennes industries 

eurasiatiques. PhD Dissertation, Univ. Montpellier, Montpellier.  

Fernández, J., Soria, J.,Viseras, C. 1996.  Stratigraphic architecture of the Neogene 

basins in the central sector of the Betic Cordillera (Spain): tectonic control and base 

level changes. In (Friend, P. F., Dabrio, J. C., Eds.)  Record of crustal Kinematics, 

Cambridge Univ. Press, pp. 353-364. 



 

15 

Ferring, R., Oms, O., Agustí, J., Berna, F., Nioradze, M., Shelia, T., Tappen, M., Vekua, 

A., Zhvanida, D., Lordkipanidze, D., 2011. Earliest human occupations at Dmanisi 

(Georgian Caucasus) dated to 1.85–1.78 Ma. Proc. Nat. Acad. Sci. USA 108 (26), 

10432-10436. 

Frayer, D. W., 1978. Evolution of the Dentition in Upper Paleolithic and Mesolithic 

Europe. University of Kansas Press.  

Furió-Bruno, M. 2003. Los insectivoros (Mammalia) del Pleistoceno inferior de Fuente 

Nueva-3 y Barranco León (Orce, Granada). In (Toro, I., Agustí, J., Martínez-

Navarro, B., Eds) Geología, Paleontología,Paleoecología Y Arqueología de la 

Depresión Guadix-Baza durante el Plio-Pleistoceno. Edit. Consejería de Cultura, 

Junta de Andalucía, Arqueología Monografías 17, 147-158. 

Gradstein, FM, Ogg, JG and Smith, AG (2005). A Geologic Time Scale 2004, 

Cambridge University Press. 

Hillson, S. 1996.  Dental anthropology. Cambridge Univ. Press. 

Howell, F. C., Coppens, Y. 1973. Deciduous teeth of Hominidae from Pliocene-

Pleistocene of lower Omo Basin.  J. Hum. Evol. 2, 461-472. 

Ikeya, M (1993). New Applications of Electron Spin Resonance Dating, Dosimetry and 

Microscopy. Singapore, World Scientific. 

Johanson, D. C., White, T. D., Coppens, Y., 1982. Dental remains from the Hadar 

Formation, Ethiopia: 1974–1977 collections. Am. J. Phys. Anthropol. 57, 545-603. 

Johnson, E. 1985. Current developments in bone technology. In (Lemoine, G.M., 

MacEachern, A.S., Eds.) Advances in archaeological method and theory 8, 157-235. 

Keely, L. H., Toth, N. 1981. Microwear polishes on early stone tools from Koobi Fora, 



 

16 

Kenya.   Nature 293, 464-465. 

Keyser, A., Menter, C., Moggi-Cecchi, J., Pickering, T. R., Berger, L. 2000. Drimolen: 

a new hominid-bearing site in Gauteng, South Africa. S.  African J.  Sci.  96, 193-

197. 

Leakey, R. E., Wood, B. A., 1973. New evidence of the genus Homo from East Rudolf, 

Kenya. Am. J. Phys. Anthropol. 39, 355-368. 

Leakey, R. E., Wood, B. A., 1974. New evidence of the genus Homo from East Rudolf, 

Kenya (IV). Am. J. Phys. Anthropol. 41, 237-243. 

Lin, M. et al., 2006. Reliability study on ESR dating of the aluminum center in quartz. 

Radiation Measurements 41: 1045-1049. 

Lordkipanidze, D., Jashashvili, T., Vekua, A., Ponce de León, M. S., Zollikofer, C. P. 

E., Rightmire, G. P., Pontzer, H., Ferring, R., Oms, O., Tappen, M., Bukhsianidze, 

M., Agustí, J., Kahlke, R., Kiladze, G., Martínez-Navarro, B., Moushkelishvili, A.,  

Nioradze, M., Rook, L. 2007. Postcranial evidence from early Homo from Dmanisi,  

Georgia. Nature 449, 305-310. 

Madre-Dupouy, M. 1985. Les dents déciduales de l’enfant néanderthalien du Roc de 

Marsal - Dordogne- France. Etude analytique et comparative. Deuxième partie : la 

dentition inférieure. L'Anthropologie 89, 93-109. 

Martínez-Navarro, B., Palmqvist, P., Madurell-Malapeira, J., Ros-Montoya, S., 

Espigares, M. P., Torregrosa, V., Pérez-Claros, J. A. 2010. La fauna de grandes 

mamíferos de Fuente Nueva-3 y Barranco León-5: Estado de la cuestión. In (Toro, 

I., Martínez-Navarro, B., Agustí, J., Eds.) Ocupaciones humanas en el Pleistoceno 

inferior y medio de la cuenca de Guadix-Baza, Junta de Andalucía, Consejería de  

Cultura, Arqueología Monografías, pp. 197-236.  



 

17 

Martínez-Navarro, B., Toro, I., Agustí, J. 2005. The large mammals assemblages from 

Venta Micena, Fuente Nueva-3 and Barranco León-5 (Orce). Early Pleistocene 

Faunal and Human dispersals into Europe. In (Molines, N., Moncel, M.-H., 

Monnier, J.-L., Eds.) Proceedings of the Symposium entitled “Recent Advances 

concerning settlement changes as well as chronostratigraphic, geological and 

paleogeographical framework of the industries of the middle and early Paleolithic 

period in Europe (Rennes, 22-25 September,2003). John & Erica Hedges Ltd. 

Oxford. British Archaeological Reports, Internacional Series, S1364 pp. 125-133. 

Maul, L., Masini, F., Abbazzi, L., Turner, A. 1998. The use of different morphometric 

data for absolute age calibration of some South- and Middle European arvicolid  

populations.  Palaeontogr.  Ital.  85, 111-151. 

Meulen, A. v. d. 1973. Middle Pleistocene smaller Mammals from the Monte Peglia 

(Orvieto, Italy) with special reference to the phylogeny of Microtus (Arvicolidae,  

Rodentia).  Quaternaria 17, 1-144. 

Moggi-Cecchi, J., Grine, F. E., Tobias, P. V., 2006. Early hominid dental remains from 

Members 4 and 5 of the Sterkfontein Formation (1966-1996 excavations): Catalogue, 

individual associations, morphological descriptions and initial metric analysis. J. 

Hum. Evol. 50, 239-328. 

Molnar, S. 1971. Human tooth wear, tooth function and cultural variability. Am. J. 

Phys. Anthropol. 34, 175-190. 

Oms, O., Agustí, J., Gabàs, M., Anadón, P. 2000a. Lithostratigraphical correlation of 

micromammal sites and biostratigraphy of the Upper Pliocene to Lower Pleistoce in 

the Northeast Guadix-Baza Basin (southern Spain). J. Quat. Sci. 15, 43-50. 

Oms, O., Parés, J. M., Martínez-Navarro, B., Agustí, J., Toro, I., Martínez-Fernández, G., 



 

18 

Turq, A. 2000b. Early human occupation of western Europe:Paleomagnetic dates for 

two paleolithic sites in Spain. Proc. Natl. Acad. Sci. U.S.A.  97, 10666-10670. 

Oms, O., Anadón, P., Agustí, J., Julià, R., 2011. Geology and chronology of the 

continental Pleistocene archeological and paleontological sites of the Orce area 

(Baza basin, Spain). Quaternary International. 243, 33-43. 

Peretto, C., Amore, F. O., Antoniazzi, Alb., Antoniazzi, Ald., Bahain, J. J., Cattani, L., 

Cavallini, E., Esposito, P., Falguères, C., Gagnepain, J., Hedley, I., Laurent, M., 

Lebreton, V., Longo, L., Milliken, S., Monegati, P., Ollé, A., Pugliese, N., Renault-

Miskovsky, J., Sozzi, M., Ungaro, S., Vannucci, S., Verges, J. M., Wagner, J. J., 

Yokoyama, Y. 1998. L´industrie lithique de Ca`Belvedere di Monte Poggiolo: 

stratigraphie, matière première, typologie, remontages et traces d´utilisation. 

l´Anthropologie 102, 343-465.  

Pevner, M., Tesakov, A., Vengengeim, E., 1998. The position of the Tidzar Locality 

(Taman Peninsula, Russia) in magnetochronological scale. Paludicola 2, 95-97. 

Robinson, J. T., 1956. Dentition of Australopithecinae. Transvaal Museum, Pretoria. 

Sanz de Galdeano, C., Vera, J.A. 1992. Stratigraphic record and Palaeogeographical 

context of the Neogene basins in the Betic Cordillera.  Basin Research 4, 21-36. 

Shipman, P. 1981. Applications of scanning electron microscopy to taphonomic 

problems. In (Cantwell, A.M., Griffin, J.B., Rothschild, N.A., Eds.) The research 

potential of anthropological museum collections An. New York Acad. Sci. 376, 357-

85. 

Shipman, P. 1981. Life history of a fossil: an introduction to taphonomy and 

paleoecology. Harvard University Press. 



 

19 

Smith, B. G., Knight, J.K. 1984. An index for measuring the wear of teeth. Br. Dent. J. 

156, 435-438.  

Sussman, C. 1987. Résultats d'une étude de microtraces d'usure sur un échantillon 

d'artefacts d’Olduvai (Tanzanie).  l´Anthropologie  91, 375-380. 

Tesakov, A. 1998. Early stage of Allophaiomys in eastern Europe.  Paludicola 2 , 98-

105. 

Tillier, A. M., 1979. Restes crâniens de l'enfant moustérien Homo 4 de Qafzeh (Israël). 

La mandibule et les maxillaires. Paléorient 5, 67-85. 

Toro-Moyano, I., Barsky, D., Cauche, D., Celiberti, V., Grégoire, S., Lebegue, F., 

Moncel, M. H., Lumley, H. de, 2011. The archaic stone tool industry from Barranco 

León and Fuente Nueva 3 (Orce, Spain): Evidence of the earliest hominin presence 

in southern Europe. Quaternary International 243, 80-91. 

Toro-Moyano, I, Lumley, H. d., Barsky, D., Celiberti, V., Cauche, D., Moncel, M.-H., 

Fajardo, B., Toro, M. 2003. Las industrias líticas de Barranco León y Fuente Nueva 

3 de Orce. Estudio técnico y tipológico.Las cadenas operativas. Análisis 

traceológico. Resultados preliminares. In (Toro, I.,  Agustí, J., Martínez-Navarro, B., 

Eds.) El Pleistoceno inferior de Barranco León y Fuente Nueva 3, Orce (Granada). 

Memoria Científica campañas 1999-2002 Junta de Andalucía. Consejería de Cultura, 

Arqueología Monografías 17, 183-206. 

Toro-Moyano, I., de Lumley, H., Fajardo, B., Barsky, D., Cauche, D., Celiberti, V., 

Gregoire, S., Martínez-Navarro, B., Espigares, M. P., Ros-Montoya, S. 2009. 

L’industrie lithique des gisements du Pléistocène inférieur de Barranco León 

etFuente Nueva 3 à Orce, Grenade, Espagne. l'Anthropologie 113, 111-124. 



 

20 

Toyoda, S., and Ikeya, M., 1991. Thermal stabilities of paramagnetic defect and 

impurity centers in quartz: Basis for ESR dating of thermal history. Geochemical 

journal, 25: 437-445. 

Vekua, A., Lordkipanidze, D., Rightmire, G. P., Agustí, J., Ferring, R., Maisuradze, G., 

Mouskhelishvili, A., Nioradze, M., Ponce de León, M., Tappen, M., Tvalchrelidze, 

M.,Zollikofer, C. 2002.. A new skull of early Homo from Dmanisi, Georgia.  Science 

297, 85-89. 

Vera, J.A. 1970. Estudio estratigráfico de la Depresión de Guadix-Baza. Bol. Geol. 

Min. 84, 429-462. 

Vera, J.A., Fernández, J., López-Garrido, A.C. 1985. Rodríguez-Fernández, J. Geología 

y estratigrafía de los materiales plioceno-pleistocenos del sector Orce-Venta Micena 

(prov. Granada). Paleontol.  Evol. 18, 3-11. 

Voinchet, P, Despriée, J, Tissoux, H, Falguères, C, Bahain, JJ, Gageonnet, R, Dépont, J 

and Dolo, JM (2010). "ESR chronology of alluvial deposits and first human 

settlements of the Middle Loire Basin (Region Centre, France)." Quaternary 

Geochronology 5(2–3): 381-384. 

Weidenreich, F. 1937. The dentition of Sinanthropus pekinensis: A comparative 

odontography of the hominid.  Palaeont. Sinica, New Series D 1, 1-180. 

Wiegank, F. 1997. Paläomagnetische Charakteristik des Unterpleistozäns von 

Untermassfeld.  In (Kahlke, R. D. Ed.) Das Plesitozän von Untermassfeld bei 

Meiningen (Thüringen). Romisch-Germanisches Zentralmuseum, Bonn, pp. 63-69. 

White, T. D., 1980. Additional fossil hominids from Laetoli, Tanzania: 1976-1979 

specimens. Am. J. Phys. Anthropol. 53, 487-504. 



 

21 

Wolpoff, M. H., 1979. The Krapina dental remains. Am. J. Phys. Anthropol. 50, 67-114. 

Wood, B.A. 1991. Koobi Fora Research Project. Hominid Cranial Remains from Koobi 

Fora,  Vol. 4 Clarendon Press, Oxford.  

Yokoyama, Y., Bibron, R., Falgueres, C. 1988. Datation absolue des planchers 

stalagmitiques de la grotte du Vallonnet à Roquebrune-Cap-Martin (Alpes-

Maritimes) France, par la résonance de spin électronique (ESR).  l’Anthropologie 92, 

429-436. 

Yokoyama, Y., Falgueres, C., Quaegebeur, J. P., 1985. "ESR dating of quartz from 

quaternary sediments: First attempt." Nuclear Tracks and Radiation Measurements 

(1982) 10(4–6): 921-928. 



 

22 

Figure legends 

Figure 1. Barranco León site.  Left: geological and geographical location. Right: 

section with paleomagnetic results and ESR ages in the middle. 

 

Figure 2: Upper: Tooth specimen BL02-J54-100, left dm1 from Barranco León D. a: 

occlusal view; b: buccal view; c: distal view; d: lingual view; and e: mesial view. 

Lower: Computed tomographic reconstruction of the enamel and dentine surfaces (left 

and center) and the pulp cavity (right) of the dm1. The arrow points to the presence of a 

small hypoconulid. 

 

Figure 3: Archaeological evidences from level D of Barranco León. a) refitted pieces; 

b) retouched piece; c) striation and 1 polished marks; d-f) bone cut marks,  BL03-L62-

2, rib fragment of megaherbivore (cf.  Hippopotamus antiquus), it shows a long and 

curved cut mark oblique to the major edge of the rib in the central area of the bone, 

which is related to the evisceration process; g) bone impact point; h-i) bone flakes. 

 

Table legend 

Table 1. Metric data of the specimen BL02-J54-100 from Barranco León, compared 

with other hominin samples.  *Measurement taken by authors. 
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