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Human fossil remains recovered from the TD6 level (Aurora stratum) of the lower Pleis
tocene cave site of Gran Dolina, Sierra de Atapuerca, Spain, exhibit a unique combination 
of cranial, mandibular, and dental traits and are suggested as a new species of Homo-H. 
antecessor sp. nov. The fully modern midfacial morphology of the fossils antedates other 
evidence of this feature by about 650,000 years. The midfacial and subnasal morphology 
of modern humans may be a retention of a juvenile pattern that was not yet present in 
H. ergaster. Homo antecessor may represent the last common ancestor for Neandertals 
and modern humans. 

Even though there is general agreement 
about the existence of an evolutionary 
continuity between the European middle 
Pleistocene hominids and the Neander
tals, the origin of this lineage remains 
under discussion. Traditionally, the Euro
pean middle Pleistocene fossils have been 
considered to be early representatives of 
Homo sapiens that were transitional be
tween H. erectus and modem humans (I ) . 
More recently, they have been interpret
ed, together with some African specimens 
of similar chronology, as representatives of 
the stem species (H. heidelbergensis) ofNe
andertals and H. sapiens (2). However, the 
variation observed in the Afro-European 
hypodigm raises doubts about the validity 
of this model. From 1994 to 1996 nearly 
80 human fossil remains have been recov
ered from level six (Aurora stratum) of the 
Pleistocene cave site of Gran Oolina 
(TO), Sierra de Atapuerca, Burgos, Spain 
(3). These hominids, which were found in 
sediments located about 1 m below the 
Matuyama-Brunhes boundary (4), shed 
light on the origin of both the European 
middle Pleistocene population and H. sa
piens. Here we describe the T06 fossils and 
suggest that these may represent a new 
species of Homo, which we name Homo 
antecessor sp. nov. [see (5); Table 1) to 
accommodate the variability observed in 
these hominids. 
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The T06 human hypodigm includes 
numerous postcranial remains represent
ing different skeletal parts, as well as some 
neurocrania!, mandibular, facial, and den
tal specimens [Tables 2 and 3 and table 1 
of (3)]. These human fossils belong to a 
minimum of six individuals. 

Among the human fossils recovered in 
1995 was a partial face, AT06-69, of a 
juvenile individual assigned to hominid 3 
(see Fig. 1 and Table 3). A T06-69 shows 
a completely modem pattern of midfacial 
topography. In the modem human mid
face the infraorbital bone surface slopes 
down and slightly backward, producing a 
marked depressed area in the face (canine 
fossa). On the other hand, the coronal 
orientation of the infraorbital plate and 
the more sagittal one of the lateral nasal 
wall determines a maxillary flexion that 
can be seen in a transverse cross section. 
The inferior margin of the infraorbital 
plate (zygomaticoalveolar crest) is gener
ally arched or even horizontal. A T06-69 
shares all these features with modem hu
mans. The adult and more fragmentary 
specimen A T06-58 also shows a maxillary 
depression, although it is much shallower. 
Both specimens and the adult A T06-19 

small fragment show a horizontal zygo
maticoalveolar crest, with a high root. A 
vertical or anteroinferiorly sloping infraor
bital surface is the primitive condition for 
hominids, as found in australopithecines, 
H. habilis s. l. ( 6) and H. ergaster ( includ
ing KNM WT 15000, of roughly a similar 
age at death as hominid 3 from T06). On 
the other hand, the nasal projection in 
these hominids is reduced (another prim
itive trait) and does not produce a marked 
maxillary flexion. In the Neandertal mid
face an infraorbital surface oriented half
way between coronally and sagittally con
tinues in a flat bone surface (in some 
specimens it is even convex), until the 
nasal lateral margins (projected anterior
ly). There is neither an infraorbital plate 
depression nor a maxillary flexion. The 
zygomaticoalveolar crest is straight and 
oblique in frontal view and has a low root. 

No other specimens with the definitive 
modem midface characteristic of A T06-
69 have been found earlier than the first 
modem humans specimens of Ojebel 
lrhoud 1, the Skhul and Qafzeh samples, 
and perhaps the Laetoli H18 specimen, 
although the older Oali and Florisbad fos
sils seem to approach this pattern. The 
adult TO specimen A T06-58 shows that 
maxillary sinus expansion during adoles
cence tended to fill the maxillary hollow
ing, and this is probably why the modem 
facial morphology is not present in some 
adult middle Pleistocene ancestors of 
modem humans. The midfacial morphol
ogy of modem humans could be a reten
tion of a juvenile pattern that was not yet 
present in H. ergaster, because WT 15000 
displays the early Homo morphology. The 
derived Neandertal midface does not pre
serve, even in juvenile specimens, any 
traces of the ancestral morpohology seen 
in the T06 fossils, but transitional speci
mens like Atapuerca-Sima de los Huesos 
AT-404 and Steinheim indicate that the 
Neandertal pattern could have been de
rived from that of Gran Oolina. 

The primitive Homo lacks a sharp, lower 

Fig. 1. A TD6-69 juvenile partial 
face. The fully modem facial topog
raphy is evident, including a prog
nathic (nonflat) midface, a well-de
veloped canine fossa, a horizontal 
zygomaxillary border and a sharp 
lower nasal margin. The formation 
stage (CT-scan observation) and 
eruption of the teeth preserved in 
ATD6-69 suggest that the age at 
death was 10 to 11 .5 years for this 
individual (20). Scale bar, 1 em. 
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nasal margin. Instead, a crest runs postero
laterally from the nasal spine across the 
nasal floor, and another crest extends from 
the lateral margin of the nasal aperture. 
Both crests are more clearly separated than 
in modern humans. All Pliocene to lower 
Pleistocene Homo fossils show this pattern 
(including the juvenile KNM WT 15000), 
as do middle Pleistocene fossils such as the 
Sima de los Huesos sample, Bodo, or Bro-

Table 1. Traits defining Homo antecessor. 

ken Hill. On the other hand Neandertals 
(including even young individuals) show a 
distinctive derived pattern of nasal crests, in 
which a solid bone projects medially into 
the nasal cavity (7). The Gran Dolina ju
venile specimen A TD6-69 shows a fully 
modern pattern. The spinal crest and the 
lateral crest are close to each other and 
almost fused in an inferior nasal rim. 

The data show that H. antecessor dis-

Cranial traits 

1. Midfacial topography shows a fully modern pattern: infraorbital surface is coronally oriented and 
sloping downwards and backwards (true canine fossa), with a horizontal and high rooted 
inferior border. 

2. Supraorbital torus is doubled arched in frontal view. 

3. Superior border of the temporal squama is convex (arched). 

4. Presence of styloid process. 

5. Cranial capacity above 1 000 cm3 (14). 

Mandibular traits 

6. The mylohyoid groove extends anteriorly nearly horizontal and courses into the mandibular body 
as far as the level of the M2/M3 (15). 

7. Thickness of the mandibular body is clearly lesser than that of H. ergaster* and H. habilis s.s. 
(6), and specimens from Baringo, Java and OH 22. 

8. Absence of alveolar prominence at the M1 level. 

9. Extramolar sulcus is narrow. 

10. Lateral prominentia is smooth and restricted to the level of M2. 

11 . Design of the inner aspect of the corpus defined by a shallow but well developed subalveolar 
fossa and a distinct internal oblique line, similar to that of European Middle Pleistocene fossils (16). 

Dental traits 

12. Mandibular incisors are buccolingually expanded with respect to H. habilis s. s., Zhoukoudian, 
and specimens such as KNM ER 992 and Dmanisi, although to a lesser degree than the H. 
heidelbergensist and H. neanderthalensis. 

13. Postcanine teeth are smaller than those of H. habilis s. s., and within the range of H. ergaster, 
H. erectust and H. heidelbergensis. 

14. Maxillary incisors are shovel-shaped. 

15. Mandibular canine is mesiodistally short. 

16. Buccal faces of the lower premolars show mesial and distal marginal ridges and grooves, which 
connect with the shelf-like cingulum. 

17. Crown shape of the mandibular P3 is strongly asymmetrical. 

18. Mandibular P3 exhibits a remarkable talonid. 

19. P3 > P4 size sequence for the crown area of the upper and lower premolars. 

20. Upper and lower premolars are broad buccolingually. 

21. Mandibular M1 is buccolingually expanded with respect to H. ergaster. 

22. M 1 < M2 size sequence for the crown area of the upper and lower molar series. 

23. Mandibular M3 is noticeably reduced with respect to the M1. 

24. Mandibular M1 and M2 show anY-pattern of the buccal and lingual grooves separating the five 
principal cusps. 

25. Maxillary premolars show two, buccal and lingual, well separated roots. 

26. Mandibular P3 and P4 exhibit a complex root system, formed by a MB platelike root with two 
pulp canals and a DL root with a single canal (17). 

27. Roots of the mandibular and maxillary molars are well separated and divergent. These teeth 
present a moderate taurodondontism (1 8). 

28. Root system of all teeth is short relative to the crown dimensions. 

29. Enamel of the occlusal surface of the postcanine teeth is moderate to remarkably crenulated. 

*This taxon includes the following specimens: KNM ER 730, 820, 992, 3733, 3883 KNM WT 15000, and SK 847. 
tThis species includes only the European middle Pleistocene fossils. *In the Asian restricted sense. 

plays a unique combination of cranial, 
dental, and mandibular traits that collec
tively are different from that of other 
known Homo fossils. (Table 1). Most den
tal features are primitive for Homo, and 

Table 2. List of fossil hominid specimens recov
ered in 1995 and 1996 from TD6 (19). All inventory 
numbers (IN) are preceded by ATD6-. P, proximal; 
M, middle; D, distal; fg, fragment; L, left; R, right; 
Com., complete. 

Specimen 

Shaft of a L rib 

Diaphysis of a L radius 

Subadult M manual phalanx. Com. 
bone 

Spinous process of a lumbar vertebra 

Crown of L Ll2 

Complete R adult clavicle 

Complete 6th-7th cervical vertebra 

Left Ll1 

M subadult manual phalanx. Com. bone 

Partially complete subadult axis 

Left subadult clavicle 

Complete R adult patella 

Most of a R temporal mastoid region, 
incl. posterior half of mastoid process 

Left adult large zygomaxillary fg 

Adult L metacarpal 2 

Fg of frontal 

Fg of mandibular corpus 

Fg of a L rib. Neck and tubercle 

Eroded P manual phalanx 

D pedal phalanx. Com. adult bone 

Partial face with R P3, M1, and germs 
of M2 and M3, and L 12-M1 

Left adult metatarsal 2 

Thoracic subadult vertebral body 

Partially com. 3rd-4th cervical vertebra 

P fg of a right femoral diaphysis 

Right occipital condyle 

Right 2nd rib 

Fg of a thoracic vertebra 

Basilar occipital/spheroid 

P phalanx 2. Head of a left bone 

Fg of zygomatic arch with the 
zygomaticotemporal suture 

Shaft of a right rib 

Vertebral end of a R rib 

Complete adult atlas vertebra 

Complete R 1st rib 

Shaft of a L rib 

Shaft of a R rib 

Left Ul2 germen 

IN 

39 

43 

44 

45 

48 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

61 

63 

66 

67 

68 

69 

70+107 

74 

75 

76 

77 

79 

80 

81 

82 

84 

85 

88 

90 

108 

206 

251 

312 
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the mandibular anterior teeth are slightly 
enlarged with regards to early Homo, 
whereas the posterior teeth are reduced 
only at the M3 level. The corpus of the 
mandible lacks plesiomorphous Homo fea
tures, as well as those derived conditions 
developed during the middle Pleistocene. 
Finally, as discussed above, the midface of 
the TD6 hominids exhibits a completely 
modern pattern. 

The TD6 hominids exhibit some derived 
craniofacial and dental traits, such as an 
arched superior border of the temporal squa
ma, a forward location of the mylohyoid 
groove, absence of alveolar prominence, some 
expansion of the mandibular anterior teeth, 
and P3 > P4, all of them preserved in a 
primitive condition in H. erectus. In contrast, 
the differences in the position of the mylohy-

A 8 c 
Mesial 

Liog~l + B=•l 

Distal 

Fig. 2. Hypothetical transformation sequence 
from the primitive mandibular root form 2R: 
M + 0 (A) to the TD6 derived premolar root form 
(C). In the plesiomorphus condition, the buccal 
component of the mesial root is more developed 
than the lingual component. In contrast, the lin
gual component of the distal root is dominant. 
Both components of the mesial and distal roots 
have independent pulp canals. The most simple 
ontogenetic change to explain the transition from 
this primitive morphology to the form observed in 
the TD6 hom in ids would be the suppression of the 
DB interradicular process. This change would 
lead to the fusion of the buccal components of 
both the mesial and distal roots (B). 

Table 3. Tooth measurements (in millimeters) of 
the hominids 3, 4, and 5 from TD6. M, mesiodistal; 
B, buccolingual. Teeth are maxillary teeth for ho
monid 3 and mandibular teeth for hominids 4 and 
5. 

Tooth 

12 
P3 
P3 
P4 
M1 
M1 

12 

11 

Side 

Hominid3 
R 
R 
L 
R 
R 
L 

Hominid4 
L 

Hominid5 
L 

M B 

8.3 8.2 
8.8 11.5 
8.8 12.1 

11.6 
11.9 12.1 
12.0 12.0 

7.6 7.7 

7.6 

oid groove, the geometry of the mandibular 
alveolar and basal borders, and the presence of 
the styloid process, which are preserved in 
their primitive condition in the TD6 homin
ids, indicate that there was a strong diver
gence between these hominids and H. erectus 
(8). 

On the other hand, the reduced size of 
the mandibular M3 and canine indicates 
that the TD6 hominids have differed from 
H. ergaster. Furthermore, the TD6 mandible 
is gracile, as is indicated for instance by the 
absence of the alveolar prominence and the 
reduction of the thickness of the corpus. 
This feature also suggests that the TD6 
hominids have differed from H. ergaster. 
The buccolingual enlargement of the man
dibular M 1, the elevation and arching of 
the temporal squama, the development of a 
more projected midface, the increase of the 
cranial capacity as well as the modern mid
face topography and subnasal morphology 
of the TD6 hominids, definitively separate 
them from this African species. 

It has been suggested (2, 9, 10) that 
hominids such as Mauer, Vertessz6llos, Bil
zingsleben, Arago, and Petralona, together 
with Bodo, Broken Hill1, and Dali (among 
other middle Pleistocene fossils not consid
ered to be H. erectus) form the stem group 
for Neandertals and modern humans and 
could be classified as a distinct species (H. 
heidelbergensis). However, the exclusive 
common ancestor of N eandertals and mod
ern humans is not represented in the cur
rently available European middle Pleisto
cene record. We suggest that all the Euro
pean middle Pleistocene fossils are ances
tors (only) of the late Pleistocene 
Neandertals (3, 11). Moreover, the halo
type, the Mauer mandible, shows clear de
rived neandertal traits, such as a large ret
romolar space, whereas teeth shape and 
morphology are indistinguishable from 
those of Neandertals (12). The species H. 
heidelbergensis is thus only acceptable in a 
restricted sense as a European chronospe
cies directly ancestor to Neandertals. 

Several authors ( 13) have suggested that 
H. erectus was ancestral neither to modern 
humans nor to Neandertals but was a sepa
rate lineage that went extinct without de
scendants. In agreement with this notion, 
the TD6 sample shows two primitive features 
(presence of styloid process and doubled 
arched supraorbital torus) in which H. erec
tus manifests the derived condition. The 
TD6 hominids also display a set of primitive 
dental traits shared only with H. ergaster and 
H. erectus, such as the presence of cingulum 
in mandibular canine and premolars, an 
asymmetry of the crown of the mandibular 
P3, and a well-developed talonid in the man
dibular P3. On the other hand, the TD6 
hominids exhibit some derived traits not 

present in H. erectus and H. ergaster, namely, 
a high and convex superior border of the 
temporal squama, a gracile mandibular cor
pus with no alveolar prominence, a notice
able brain expansion, and a fully modern 
midface topography. This is the most suit
able combination of traits from which the 
modern human and neandertal morphology 
could be derived. Thus, we suggest that Ne
andertals derived their peculiar midfacial 
and mandibular specializations from H. an
tecessor through the European middle Pleis
tocene populations (for example, Mauer, Pe
tralona, Arago, Steinheim, and the Sima de 
los Huesos samples). 

Finally, the root system of the mandib
ular premolars of hominid 1 from TD6 rep
resents one primitive expression of a hom
inid morphological polymorphism (Fig. 2). 
This particular root morphology suggests 
that there is a relation between the TD6 
hominids and certain East African lower 
Pleistocene populations. Furthermore, the 
BL expansion of the mandibular anterior 
teeth and the mylohyoid line position, 
which are shared by H. antecessor and some 
late H. ergaster specimens, point to a closer 
phylogenetic relation between both species. 
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Tin-Based Amorphous Oxide: A High-Capacity 
Lithium-len-Storage Material 
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A high-capacity lithium-storage material in metal-oxide form has been synthesized that 
can replace the carbon-based lithium intercalation materials currently in extensive use 
as the negative electrode (anode) of lithium-ion rechargeable batteries. This tin-based 
amorphous composite oxide (TCO) contains Sn{ll)-0 as the active center for lithium 
insertion and other glass-forming elements, which make up an oxide network. The TCO 
anode yields a specific capacity for reversible lithium adsorption more than 50 percent 
higher than those of the carbon families that persists after charge-discharge cycling when 
coupled with a lithium cobalt oxide cathode. Lithium-? nuclear magnetic resonance 
measurements evidenced the high ionic state of lithium retained in the charged state, in 
which TCO accepted 8 moles of lithium ions per unit mole. 

Lithium-ion insertion materials have 
gained considerable attention because 
they can be used as an active electrode in 
Li-ion rechargeable batteries, which have 
potential applications ranging from porta
ble electronic devices to electric vehicles. 
Until1980, Li metals and alloys were used 
as anode {negative electrode) materials in 
combination with various solid-solution 
cathode materials ( 1) in Li-ion batteries. 
From 1985 onward, the sole alternative to 
the Li metal anode, adopted to overcome 
safety problems, were carbon-based Li-ion 
intercalation materials (2), which intra-
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duced the concept of a "rocking-chair" 
type of rechargeable battery. Lithium ions 
are reversibly stored between layered car
bon frameworks, which thereby develop 
an electrochemical potential relative to 
the Li/Li + anode low enough to act as 
negative electrodes. There have been im
portant improvements in the Li-storage 
capacity of carbon materials that allow it 
to exceed the stoichiometric limit of Li
ion intercalation in graphite (LiC6 ), 3 72 
milliampere-hours per gram (mA·hour/g) 
of C 6 ( 3). The possibility of creating high
capacity anodes that leapfrog this limit has 
been demonstrated with the deep doping 
of Li ( 4, 5). A significant trade off occurs, 
however, with regard to the ability to 
guarantee the safety of high-capacity an
odes after repeated charge-discharge oper
ations, which often cause the formation of 
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leads to the meso and hypertaurodontism which 
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hazardous metallic Li (dendrite) on the 
electrode surface ( 6). 

We have synthesized an amorphous 
metal-oxide material that can store Li ions 
with a Coulombic capacity reaching that 
of hydrogen-storage alloys, ensuring pro
tection against dendritic Li formation. 
The amorphous material is a metal com
posite oxide glass that contains tin(II) 
oxide as an active center for Li adsorption. 
It provides a gravimetric capacity of >600 
mA·hour/g (0.022 mol of Li per gram) for 
reversible Li adsorption and release, which 
corresponds in terms of reversible capacity 
per unit volume to more than 2200 
mA·hour/cm3 (0.075 mol of Li per cubic 
centimeter). The latter value is about 
twice the reversible capacity of state-of
the-art high-capacity carbon materials 
(840 to 1200 mA·hour/cm3 ) (5). 

The tin-based composite oxide (TCO) 
active material has a basic formula repre
sented by SnMxOy, where M is a group of 
glass-forming metallic elements whose to
tal stoichiometric number is equal to or 
more than that of tin (x ::::: 1) and is 
typically comprised of a mixture of B(III), 
P(V), and Al(III). In the oxide structure, 
Sn(II) forms the electrochemically active 
center for Li insertion and potential de
velopment, and the other metal group pro
vides an electrochemically inactive net
work of -(M-0)- bonding that delocalizes 
the Sn(II) active center. To confer high 
reversibility in Li storage and release, the 
Sn-0 framework was thus anisotropically 
expanded by incorporating glass-forming 
network elements-B, P, and Al-in view 
of the enhancement of Li-ion mobility in 
the anisotropic glass structure, favorable 
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