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Lower Pleistocene Hominids and Artifacts 
from Atapuerca-TD6 (Spain) 

E. Carbonell,* J. M. Bermudez de Castro, J. L Arsuaga, 
J. C. Dfez, A. Rosas,f G. Cuenca-Bescos, R. Sala, 

M. Mosquera, X. P. Rodriguez 

Human remains dating to more than 780,000 years ago are associated with a rich faunal 
and lithic assemblage in the Pleistocene cave site of Gran Dolina (TD), Sierra de Atapuerca, 
Burgos, Spain. The micromammal species represent the late Biharian (Mimomys savini 
zone), and the lithic objects represent pre-Acheulean technology (Mode 1) and comes from 
the TD6 level below the Matuyama-Brunhes boundary. The Gran Dolina hominid fossils 
cannot be comfortably accommodated in any of the defined Homo species. They could 
be considered a primitive form of Homo heidelbergensis, but a new species might be 
named in the future if the sample is enlarged. The new human fossil evidence demonstrates 
that Western Europe was settled at least since the late early Pleistocene. 

1 he very old Dmanisi mandible, from the 
Republic of Georgia, indicates that humans 
were ready to migrate to western Europe at a 
very early date, perhaps 1.8 million years ago 
(Ma) (I). However, although Homo was at 
the gates of Europe at the end of the Plio­
cene or beginning of the Pleistocene, some 
authors have recently stated that there was 
no human occupation of Western Europe 
before about half a million years ago (2). The 
Boxgrove .tibia (England) and the Mauer 
mandible (Germany) would be the most an­
cient human fossils, with an estimated age of 
around 500,000 years (3). Other middle 
Pleistocene European fossils would be later, 
such as those from Bilzingsleben (Germany), 
Vertesszollos (Hungary), Arago (France), 
Swanscombe (Britain), Sima de los Huesos 
(Atapuerca, Spain), and so on. In this paper, 
we describe lower Pleistocene human fossils 
discovered at Gran Dolina (Atapuerca, 
Spain), which imply an early occupation of 
Western Europe and fill the chronological 
gap between the oldest Eurasian fossils 
[Dmanisi and the first Javanese fossils (4)] 
and the Mauer or Boxgrove fossils. 

The Sierra de Atapuerca, in northern 
central Spain (Duero basin) near the Arlan-
zon river and 14 km east of the city of Burgos 
(Fig. 1), contains numerous karst cavities in 
Cretaceous limestone that are filled with 
Pleistocene sediments. One of these depos-
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its, the Sima de los Huesos (SH) site, has 
yielded up to the 1993 season more than 
1300 human fossil remains (5). In an aban­
doned railway trench opened in the south­
western slope of the Atapuerca Hill, less 
than 1 km away from SH, karst fillings have 
been excavated since 1978 (6-8) . One of 
these deposits, Gran Dolina (TD), contains 
18 m of sediment, which can be divided into 
11 lithologic levels, numbered from bottom 
to top (9). The paleontological record [pol­
len (10) and faunal remains] is continuous 
throughout the TD sequence (7, 11), and 
some levels (TD3-4, 5, 6, 7, 10, and 11) 
contain abundant stone tools. 

Excavation of a 6 m2 planar section was 
begun in 1993. During the 1994 season, 
excavation had reached level 6, and one of 
the TD6 strata, the so-called Aurora stra­
tum (9), yielded a rich faunal and lithic 
assemblage, including more than 30 human 
fossil remains. 

The TD faunal record shows that the 

small mammals from TD3-4, 5, 6, and 8(12) 
represent the late Biharian (hiimomys savini 
zone) (13, 14). This zone is also seen at 
Huescar 1 and Casablanca (or Almenara) 3 
(Spain), West Runton and Westbury sub 
Mendip 1 (Britain), Tiraspol (Moldava), and 
Voigtsted (Germany), among others. The 
Biharian-Toringian boundary is marked by 
the last appearance of M. savini (12, 15). 
The beginning of the Toringian faunas is 
defined in southwestern Europe by the first 
appearance of the rootless rodent Arvicola 
and the end of the rooted arvicolids of the 
genus Mimomys [Arvicola cantiana zone (14)]. 
The TD10-11 levels represent the late-mid­
dle Pleistocene in Atapuerca. Allocricerus 
bursae and Arvicola aff. sapidus [data from E. 
Gil and C. Sese (11)] are rodents character­
istic of this age [Arvicola aff. sapidus zone, 
after J. Agusti and S. Moya-Sola (15), late 
Toringian]. The mammal list from TD6 in­
cludes M. savini, Pliomys episcopalis, Iberomys 
sp. nov, Arvicolidae gen. sp. nov., Ai-
locncerus sp., Apodemus aff. flavicollis, Eliomys 
quercinus, Marmota marmota, Castor fiber, 
Hystrix major, Beremendia fissidens, Talpa sp., 
Erinaceus sp., Sorex sp., Crocidura sp., Desma-
ninae indet., Myotis myotis, Rhinolophus sp., 
and Leporidae indet. Large mammals of TD6 
include Homo sp., Ursus sp., Felis sylvestris, 
Crocuta sp., Proboscidea indet., Equus cabal-
lus ssp., Sus scrofa, Cervus elaphus aff. acoro-
natus, Dama cf. clactoniana, Capreolus sp., 
and Bos cf. primigenius (16). 

The Aurora stratum has yielded 100 lith­
ic objects formed from limestone, sandstone, 
quartzite, and two varieties of flint. The nat­
ural bases (17) were quartzite and sandstone 
pebbles. Limestone is picked up as pebbles as 
well as in blocks. Flint was selected as blanks 
or in blocks (18). The objective of the knap­
ping methods was to produce a large propor­
tion of flakes (positive bases) and, to a lesser 
extent, retouched flakes (second generation 
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Fig. 1. Location of the Sierra de Atapuerca sites and other European sites discussed in the text. 
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negative bases). Cores and heavy duty tools 
(first generation negative bases) represent 
10% of the lithic record (Fig. 2, A and B). 
There i s  a low proportion of large pebble- 
tools, with two unifacials (choppers) standing 
out (Fig. 2B). The main edge morphology of 
the tools is dihedral, followed by the dihedral- 
trihedral association. The tool com~lex i s  
characterized by the absence of hand axes, 
cleavers. uicks. blade ~roduction, and well- . -  . 
elaborated retouched fiakes. Theie is a high 
proportion of flakes coming from spherical 
and polihedric cores. These features imply 
that this lithic record is part of Mode I in the 
biofunctional or pre-Acheulean period (19). 

Table 1. List of fossil hominid specimens from TD6 
(38). All inventory numbers are preceded by ATD6-. 
P, proximal; M, middle; D, distal; fg, fragment. 

Specimen Inv. 
no. 

Left LC 
Left L12 
Right LP3 
Right LP4 
Right mandibular fg (M2-M3) 
Fg of crown of right LC 
Right UP3 
Right UP4 
Left UP4 
Right UMl 
Left UM1 
Right UM2 
Left maxillary fg (C-P3) 
Left maxillary fg (dc-dm1 ) 
Frontal bone fg 
Fg of right temporal bone 

(asterionic zone) 
Fg of right temporal (glenoid 

cavity) 
Fg of left temporal bone (petrous 

region) 
Fg of maxillar/zigomatic bones 
Left temporal squama and 

parietal bone fg's 
Middle one-third of a left radial 

diaphysis 
Complete left adult patella 
Eroded left adult hamate 
Complete left adult capitate 
Metatarsal 2-3. Left adult base 
Metacarpal 2. Fragmented left 

adult head 
P manual phalanx 2-3. Diaphysis 
P manual phalanx. Head and 

distal diaphysis 
M manual phalanx. D half 
P pedal phalanx 1. Complete left 

adult bone 
P pedal phalanx 1. Complete left 

adult bone 
P pedal phalanx. D half 
M pedal phalanx 2. Complete 

adult bone 
M pedal phalanx 2-3. Complete 

adult bone 
M pedal phalanx 4-5. Complete 

right adult bone 
D pedal phalanx. Apical 

tuberosity 

Thirty-six fragments of hominid bones 
have been recovered from the Aurora stra- 
tum of the TD6 level (Table 1). These frag- 
ments belong. to at least four individuals. u 

among which an early adolescent (hominid 
1) and a child (hominid 2) are re~resented 
b i  cranial, mandibular, and dentai remains 
(Table 2 and Figs. 3 to 5 ) .  The most com- 

L, 

plete cranial fragment is a large piece of 
frontal squama, ATD6-15 (mostly the right 
side, reaching the coronal suture), with parts 
of the glabellar and right orbital segments of 
the supraorbital torus. Though this fossil ex- 
hibits extensive sinuses, the pattern of sur- 
face bone configuration and the sharp edge 
of the orbital margin suggest that it belongs 
to an adolescent (20), possibly hominid 1 

Fig. 2. Lithic industry of TD6. (A) Core (FGNB) 
made on neogene flint, with multiple rotation on 
preferential axes. (B) Unifacial heavy-duty tool 
(FGNB) made on limestone. (C) Flake (PB) made 
on quartzite. (D) Denticulate (SGNB) made on cre- 
taceous flint. Scale bar, 3 cm. 

(see Fig. 3). If that is true, the supraorbital 
torus shape of the Gran Dolina specimen is 
probably close to that of an adult, but the 
thickness and projection of the torus, as well 
as the frontal squama thickness, could be 
substantially less. Compared with other 
hominid fossils, the estimated minimum 
frontal breadth of ATD6-15 (around 100 
mm) is much greater than the early Homo 
values, and i t  i s  well above that of ER-3733, 
ER 3883, Sangiran 2, or Trinil (all of them 
skulls wi th cranial capacities below 1000 
cm3). It is also larger than the Zhoukudian 
sample or OH-9, and is similar to  Sangiran 
17, Sambungmachan, or the smallest Ngan- 
dong specimens. Finally, the minimum fron- 
tal breadth o f  the Gran Dolina specimen 
could be accommodated in the middle of the 

Table 2. Tooth measurements (in millimeters) of 
hominids 1 and 2 from TD6. M, mesiodistal; B, 
buccolingual. 

Maxillary Mandibular 
Tooth Side 

M B M B 

Left 
Left 
Right 
Left 
Right 
Left 
Right 
Left 
Right 

Left 
Left 

Hominid 1 
7.0 7.8 

8.9 11.0 8.1 10.0 
8.4 11.7 8.8 10.6 
8.3 11.5 
8.1 11.6 8.2 10.2 
8.0 11.7 

12.1 13.1 12.2 11.8 
12.1 12.9 
12.1 13.7 13.5 12.0 
Hominid 2 
7.8 6.7 
8.2 10.4 

Fig. 3. Some of the fossil A 
remains belonging to 

C D 

hominid 1. (A) Fragment 
of right mandibular body 
with MI, M2, and M3 in 
place (internal view). (B) 
Lefl maxillary fragment 
with C and P3 in place 
(buccal view). (C through 
J) Isolated permanent 
teeth of hominid 1 from 
TD6. (C) Left UM1, distal 
view; (D) left UP4, distal 
view; (Ej left L12, distal 
view: (F) lefl LC, distal 
view; (G) right LP3, me- 
sial view; (H) right LP4, distal view; (I) right UM2, mesial view; (J) right UP3, mesial view (see the inventory 
numbers in Table 1). The criteria to determine the association of these teeth include the fit of the interprox- 
imal wear facets, the compatibility of the degree of oclusal wear, and the presence of a narrow, linear, 
hypoplastic enamel defect surrounding the whole crown of the upper and lower canines, third and fourth 
premolars, and second molars, caused by a stress episode duling early childhood. The apices of the roots 
of the upper and lower second molars (seen by radiographic observation) were still not closed. The lower 
third molar did not erupt, and the distal root of this tooth is 2.0 to 2.5 mm long. The degree of root 
development of the latter would be approximately equivalent to that in modem humans 14.8 5 2 years old 
(36). The occlusal wear stages and degree of root development of the premolars and second molars 
suggest an age at death between 13 and 15 years, also according to modem human standards (37). Thus, 
this individual probably died around age 14. The small size and smooth relief of the mandible suggest that 
these remains probably belonged to a female individual. Scale bar, 2.5 cm. 
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large Afroeuropean middle Pleistocene range 
or at the lower end of the Neandertal ranee. - 
The preserved portion of frontal squama i s  
thin, <5 mm thick. The supraorbital torus i s  
double arched. T h i s  pattern clearly deviates 
from the straight (horizontal) supraorbital 
toms and the flattened supratoral shelf that 
are characteristic of Asian H. erectus and the 
African OH-9 calvaria. Dental traits B, C, E, 
and F (Table 3) clearly separate the TD6 
hominids from Homo habilis sensu strict0 (21). 
Dental traits B and C, as well as the size of 
the lower M3, indicate some reduction of the 
postcanine teeth in comparison wi th H. ha- 
bibs s. s. and Australopirhecus afarensis, a pre- 
cocious trend in the evolution of the genus 
Homo. Other dental traits (A, D, G, H, I, J, 
L, and probably M and 0 )  are plesiomor- 
phies for the Homo clade and are usually 
found in H. erectus and H .  erpaster. Dental " 
trait M has been considered to characterize 
South and East African specimens from the 

Fig. 4. Fragment of frontal bone (ATD6-15). Scale 
bar, 2 cm. 

Fig. 5. Left maxillaty fragment (ATD6-14) from 
hominid 2 of TD6 with dc and dm1 in place. A 
breach of the osseous thin wall of ATD6-14 allows 
one to observe incompletely the crown of perma- 
nent 11. The radiographic image shows the crown 
of permanent 12 and C, but it is not possible to 
discern their stage of crown formation. The radio- 
graphic image also shows that the roots of dc and 
dm1 and the crown of permanent I1 had compiet- 
ed growth. The presence of a distal interproximal 
wear facet on dm1 , which also exhibits an incipient 
occlusal wear, indicates that dm2 was erupted as 
well. This dental development would correspond to 
that of a modern human child between 3 and 4 
years old (35). Scale bar, 1 cm. 

genus Austral@irhecus (22). Dental trait K 
could represent an autapomorphic feature of 
the population represented by the TD6 homi- 
nids (23). Finally, dental trait F, and especial- 
ly the mandibular traits B, C, and D that are 
also found in the Atapuerca-SH human fossil 
sample, point to an evolutionary continuity 
between the TD6 hominids and the European 
Middle Pleistocene hominids. 

These fossils from the TD6 level establish 
the human settlement of Western Europe dur- 
ing the early Pleistocene. In consequence, this 
evidence wil l  allow the reconsideration of 
data offered by some early Pleistocene Eur- 
asian sites, in which the chronology has been 
established by geochronological dating meth- 
ods as well. Farther east, paleomagnetic anal- 
yses from Le Vallonet (24) and Solheilac 
(25), France, have yielded a normal polarity. 
Following biostratigraphical criteria, the ar- 
chaeological record from these sites has been 
assigned to the Jaramillo paleomagnetic event 
(from 0.99 to 1.07 Ma). In Italy, the Monte 
Poggiolo (26) and Isemia la Pineta (27) sites 
have yielded reverse polarity, presumably 
within the Matuyama chronology (>0.78 

Ma). However, the Isemia faunal record 
seems to indicate a younger chronology, prob- 
ably from the beginning of the middle Pleis- 
tocene. The stratigraphical series from Karlich 
(Germany) (28) and Korolevo (Ukraine) (29) 
contain archaeological materials dated from 
the late early Pleistocene and middle Pleisto- 
cene. The earliest level from Karlich has 
yielded a limited sample of lithic artifacts 
assigned to the Jaramillo event. Korolevo VIII 
and probably Korolevo VII are attributed to 
the late Lower Pleistocene. At Korolevo VIII, 
400 artifacts were recovered below a sandv 
level dated by thermoluminescence (TL) t; 
0.85 Ma. In addition, the archaeological ex- 
cavation conducted in 1990 in the level TD4 
of the Gran Dolina site (4 m below TD6) 
yielded faunal remains and lithic artifacts (30) 
now assigned to the lower Pleistocene. In 
Eastem Europe, the lower levels of the Azykh 
cave (Azerbaijan) (31) have yielded an ar- 
chaeological record assigned to the Matuyama 
event (>0.78 Ma). However, the earliest and 
least discussed Eurasian site is Ubeidiya (32), 
with a chronology that goes back to about 1.4 
Ma. A similar age has been reported for the 

Table 3. List of the most outstanding cranial, mandibular, and dental traits of the hominids from TD6. 

Cranial traits 

A. Double-arched supraorbital torus. 
B. Transverse frontal diameters are expanded with respect to both early Homo and H. ergaster. 

Mandibular traits 
A. Mandibular robusticity is intermediate between those of the H. ergaster and Middle Pleistocene 

European samples. Height = 26.7 mm; breadth = 16.3 mm; index = 61.04 (at the M1 level). 
B. Position and shape of the mylohyoid line, as well as the topology of masseteric and submaxillary 

fossae, are identical to those of the Atapuerca SH site specimens (39). 
C. Internal side shows no evidence of lateral expansion of the superior transverse torus. 
D. Even height along the mandibular body with absence of antegonial notch. 

Dental traits 
A. Upper and lower canines are large with respect to those of the African and Eurasian Lower and 

Middle Pleistocene hominids, and are large relative to premolars. 
B. Upper and lower postcanine teeth are large with respect to those of the Middle Pleistocene 

hominids but smaller than those of most early Homo specimens assigned to H. habilis s. s. (15). 
C. P3 > P4 size sequence for the crown area of the upper and lower premolar series. 
D. MI < M2 size sequence for the crown area of the upper and lower molar series. The mesiodistal 

dimension of the lower M3 is similar to that of the lower M I  (measurements taken by 
radiography). 

E. Upper and lower premolars and first molars are broad buccolingually. 
F. Lower 12 is buccolingually enlarged, and crown shape index (BUMD) is appreciably higher than 

those of the early Homo and Zhoukoudian hominids. 
G. Buccal and lingual faces of all postcanine teeth are quite swollen by the presence of a 

conspicuous basal prominence. 
H. Buccal faces of the lower premolars show mesial and distal marginal ridges and grooves, which 

connect with the shelflike basal prominence or cingulum. 
I. Lower MI  and M2 show a Y-pattern of the buccal and lingual grooves separating the five principal 

cusps. The M2 also exhibits a C7. 
J. Enamel of the occlusal surface of the postcanine teeth is moderately to remarkably crenulated, 

though not as marked as in the Zhoukoudian teeth. 
K. Root system of the lower P3 and P4 is formed by a mesiobuccal (MB) platelike root with two pulp 

canals and a distolingual (DL) root with a single canal. In P3 and P4, the bifurcation of the two 
roots is about 3 and 6 mrn from the cervical enamel line, respectively. The buccal components 
of the MB root and the DL root are joined by an interradicular sheet, though they are free on less 
than its apical one-third. 

L. Root system of all teeth is short relative to the crown dimensions. 
M. Lingual cusp of lower P3 and P4 is mesial to the buccal cusp. 
N. Upper dc shows well-differentiated mesial and distal cusplets or styles, as well as mesial and 

distal grooves and a clear basal prominence. 
0. Upper dm1 exhibits a strong molar tubercle and a small parastyle. 
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human mandible from Dmanisi (Georgia) (1  ). 
In central Asia, the Kuldara site is includ- 

ed within a broad strati~ranhical series of loess u L 

with paleosoils, which have yielded a TL age 
of 0.85 Ma (1  9). In eastern Asia, the findings 
assigned to ;he lower Pleistocene have soGe 
dating problems. This is the case for Yuan- 
mou, Yihoudou, and Gongwangling. In con- 
trast, Donggutuo and Xiaochiangliang seem to 
have vielded more reliable dates. These sites 
show reverse polarity, which may be correlat- 
ed either with the Matuyama event (>0.78 
Ma) or with the pre-Jaramillo chronology 
(>1.07 Ma) (33). The new dates reported for 
two hominid sites in Java (1.81 and 1.66 Ma) 
have opened an exciting debate about the first 
hominid expansion out of Africa (4, 34). 

The oresence in the TD6 hominids of 
numerous primitive traits, together with the 
absence of hand axes, picks, and cleavers, 
which allow inclusion of the lithic industrv in 
pre-Acheulean technology (Mode I ) ,  sugiest 
that the settlement of Western Eurooe orob- 
ably occurred during the early Pleistocene at 
an early time in the evolution of the genus 
Homo. In our opinion, the European middle 
Pleistocene fossils are, as a whole, ancestors of 
the late Pleistocene Neandertals. Moreover, 
the late middle Pleistocene European fossils 
are probably fully Neandertal. So we believe 
that human evolution in Europe is anagenetic 
in the middle Pleistocene. From a strictly 
cladistic point of view, if a specific name is 
given to Neandertals ( H .  neanderthalensis), 
their European middle Pleistocene ancestors 
should be included in the same soecies. How- 
ever, the evident morphological differences 
between fossils such as those from Petralona, 
Arago, Steinheim, or Sima de 10s Huesos and 
the "classic" Neandertals make a European 
Middle Pleistocene soecies termed H .  heidel- 
bergensis acceptable. We believe that this tax- 
on should not include African or Asian Mid- 
dle Pleistocene fossils, because they belong to 
separate clades: either H. erectus or the lin- 
eage leading to modem people (35). With 
respect to the Gran Dolina fossils reported in 
this paper, because of their frontal morpholo- 
gy they are not Asian H. erectus-like. O n  the 
other hand, the Gran Dolina sample displays 
a set of primitive dental traits not previously 
found in European middle Pleistocene fossils, 
but the mandibular and cranial configuration 
suggest an anagenetic evolution leading to the 
Sima de 10s Huesos and other European Mid- 
dle Pleistocene fossils. To sum LID, on the basis 
of the already available information, the Gran 
Dolina fossils could be considered as a primi- 
tive form of H. heidelbergensis. Enlargement of 
the sample in the future may result in naming 
of a new species. 
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Paleomagnetic Age for Hominid Fossils at 
Atapuerca Archaeological Site, Spain 

Josep M. Pares* and Alfredo Perez-Gonzalez 

A paleomagnetic investigation at the Gran Dolina site excavation (Atapuerca, Spain) 
shows that the sediments containing the recently discovered human occupation were 
deposited more than 780,000 years ago, near the time of the Matuyama-Brunhes bound- 
ary. Forty-one oriented samples were obtained from 22 sites along an 18-meter section 
of the Gran Dolina karst filling. The lower 16 sites displayed reversed-polarity magneti- 
zations whereas the upper six sites were normal. The reversal spans the hominid finds 
at stratigraphic level TD6 (the Aurora stratum), and these hominid fossils are therefore the 
oldest in southern Europe. 

Geomagnetic field directional changes re- 
sulting from secular variation and reversals of 
Earth's field have been s~~ccessfully used to 
date Quaternary deposits in a variety of geo- 
logical environments. The karst system of 
Atapuerca, located about 14 km east of the 
city of Burgos; Spain (Fig. I ) ,  contains one of 
the largest, stratigraphically most complete 
Middle Pleistocene sequences (1, 2).  A pre- 
vious paleomagnetic study at the Gran Do- 
lina stratigraphic section concluded that the 
Matuvama-Brunhes boundary was at the bot- 
tom of the series (3). The lithologies ana- 
lyzed in that study consisted of red-yellow 
clays and silts. Most of the salnples were 
demagnetized by the alternating field (AF) 
orocedure and rnal~v of them v k d e d  Inter- 
med~ate paleomagnetic directions. We 
therefore suspected that late remagnetization 
unresolved by AF demagnetization may be 
pervasive in those sediments. Consequently, 
we samoled the Gran Dolina section for 
paleomagnetic analysis (4). Our results imply 
that the boundary is higher in the section, at 
the near level of the discovered horninids 
and artifacts (5), and that these hominid 
fossils are therefore the oldest in southern 
Europe. 

The lithostratigraphy of the Gran Dolina 
infilling has been divided into 11 levels (1 ). 

Fig. 1. Locaton of Sierra de Atapuerca, Spaln. 

The lowermost levels are composed of thin 
laminated brown (7,5YR5/4) silts (TDI)  and 
clastic sediments of gravitational origin 
(TD2), covered by a thick speleothem. The 
overlying deposits (TD3/4 to TD11) are 
gravel and breccia. A n  accumulation of bat 
guano is also found at level TD9. The clasts 
consist of pebbles, cobbles, and occasionally 
boulders of limestone set in a matrix of 
brown (7,5YR5/6) to yellowish red (-5YR5/ 
6) sandy; silt. The clastic fragments come 
either from outside of the cave or from the 
walls. However, the sediments at level TD7 
indicate a hydraulic regime. The top of the 
Gran Dolina series is marked by carbonated 

Fig. 2. Representative 
Zljderved demagnetiza- 
t on  dlagrams (14) of the 
Gran Dollna sediments. 
Sample numbers refer to 
the sampllng sites in Flg. 
4. Solid and open crces 
represent horizontal and 
vertlca projections, re- 
spectlvely, onto the horl- 
zontal plane. Tempera- 
ture steps are given in 
degrees Celslus for sam- 
ples TDS6-lA, TDS7- 
1 A, TDN13-2A, TDN15- 
2A, and TDN17-2A; al- 
ternatng fleld steps are 
given In mllliteslas for 
sample TDS3-2B. Tem- 
perature steps below 
180" or 220°C are not 
shown in some samples 
to enhance the detas at 
higher temperatures. 
NRM ntens~ties are giv- 
en In each diagram in 
mlllamperes per meter. 

reddish yellow silty clays (7,5YR7/6) and 
terra rossa (2,5YR4/6). The horizon that 
yields hominid fossil remains (the Aurora 
stratum) is a massive red-brownish lutite bed 
15 cm thick with dispersed fine clasts. The 
overall sedimentary package indicates local 
gravitational accumulation with some fluvial 
processes in the cavern. 

The natural remanent magnetization 
(NRM) intensities (6) were 0.35 mA m-' for 
the speleothems, 0.63 mA m '  for the yellow 
clays, 7.0 mA m-' for the bat guano, and up 
to 100 mA mp' for the red clays. Progressive 
demagnetization revealed that the paleomag- 
netic samples from Gran Dolina are over- 
printed by a large secondary component. Thus 
most of the NRMs were carried by two com- 
ponents of magnetization; one of them was 
unblocked at demagnetization temperatures 
between 20" and 300°C with the present-day 
field direction, and the other was unblocked 
above 400°C in 45 of 50 specimens (Fig. 2). 
Some samples showed unstable magnetiza- 
tions because of alteration and oossible cre- 
ation of superparamagnetic magnetite at high 
temperatures, as indicated by large increases 
in susceotibilitv. In these samnles thermal de- 
magnetization was terminated at 540°C be- 
cause the maenetizations became too errat- " 
ic. The low-temperature unblocking mag- 
netizations are directed to the north with 
downward inclinations and conform to 

'\ 180 

I NRM = 92.4 m~ m-I ' NRM = 5.18 mA m.' I NRM = 81.10 mAm-3 
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