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Paleomagnetic Age for Hominid Fossils at
Atapuerca Archaeological Site, Spain
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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 successfully 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. 1), 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
Matuyama-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 samples were
demagnetized by the alternating field (AF)
procedure and many of them yielded inter-
mediate paleomagnetic  directions. We
therefore suspected that late remagnetization
unresolved by AF demagnetization may be
pervasive in those sediments. Consequently,
we sampled 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 hominids
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).
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Fig. 1. Location of Sierra de Atapuerca, Spain.
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The lowermost levels are composed of thin
laminated brown (7,5YR5/4) silts (TD1) and
clastic sediments of gravitational origin
(TD2), covered by a thick speleothem. The
overlying deposits (TD3/4 to TDI11) are
gravel and breccia. An 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
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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 m™! 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 possible cre-
ation of superparamagnetic magnetite at high
temperatures, as indicated by large increases
in susceptibility. In these samples thermal de-
magnetization was terminated at 540°C be-
cause the magnetizations became too errat-
ic. The low-temperature unblocking mag-
netizations are directed to the north with
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Earth’s present field (Fig. 3A).

When AF demagnetization was applied to
10 specimens, in most cases the remanent
magnetization was fully demagnetized by peak
alternating fields of ~60 mT (Fig. 2). This
analysis indicates that a low-coercivity phase
dominates the remanence. Thermal treat-
ment was preferable because it provided better
resolution of the demagnetization trajectories.
Comparison of magnetization component di-
rections isolated by thermal and AF demag-
netization suggests that the characteristic
component is resolved over a relatively wide
range of coercivities (20 to 60 mT) and un-
blocking temperatures (400° to 540°C).
These observations are consistent with the
isothermal remanent magnetization (IRM)
acquisition curves, which are dominated by a
low-coercivity phase (Fig. 3B). The most
abundant magnetic mineral is magnetite, as
interpreted from IRM diagrams. A slight rise
in the IRM curves beyond 0.2 T was caused by
a high-coercivity mineral; thermal demagne-
tization indicates that this mineral probably
consists of iron oxyhydroxides in low concen-
tration. A stable high-temperature compo-
nent residing in magnetite is generally taken
to be primary, although this mineral can also
carry stable secondary magnetization in some
geological environments (7). However, in a
rock where the low-temperature component is
normal and aligned with Earth’s present field
and the high-temperature component is re-
versed, the former is easily interpreted to rep-
resent a partial subrecent overprinting, where-
as the latter can be considered a remanent
magnetization that is older and most likely
primary in age. In our samples, demagnetiza-
tion trajectories that pointed to the origin on
the orthogonal plots were considered as pri-
mary magnetizations.

Virtual geomagnetic pole (VGP) posi-
tions were calculated from the mean char-
acteristic direction for each paleomagnetic
site (Fig. 4 and Table 1). The VGP latitudes
plotted against stratigraphic thickness re-
sulted in a magnetic polarity reversal se-
quence for the section that shows two
magnetozones, the bottom part being re-
versed. Archaeological and faunistic re-
mains obviously constrain the section to
be of Quaternary age [Mimomys savini
zone, Arvicola aff. sapidus zone, and homi-
nids (5)]. Previous #*°Th-?*#U dating on
levels that were correlated with archaeo-
logical level TD8 gave ages older than
0.35 Ma (8). Therefore, the observed mag-
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cene in age and can be unambiguously
correlated to the standard magnetic polar-
ity time scale (9) (Fig. 4). The normal
polarity magnetozone at the top of the
Gran Dolina section corresponds to the
Brunhes chron (Chron In) and the re-
versed-polarity zone corresponds to the
Matuyama chron (Chron Ir). In southern
Spain, it has also been recognized that
Matuyama spans the M. savini zone (10)
[M. savini at Gran Dolina spans strati-

Fig. 3. (A) Equal-area projec-
tions of low- and high-tem-
perature magnetization com-
ponents. Each point repre-
sents a magnetization com-
ponent of one specimen.
Solid circles are projected
onto the lower hemisphere;
open circles are projected
onto the upper hemisphere.
Asterisks indicate the mean
directions for the normal
(mean declination D = 358°,
inclination / = 66°, 95% con-
fidence limit ags = 11°) and
reversed (D = 189° | =
—42° aggs = 12°) high-tem-
perature components. Sta-
tistics include only sites with
VGP latitudes above 50° (Ta-
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graphic levels TD3/4 to TDS8 (Fig. 4); see
table 1 of (5)].

The Matuyama chron contains several
normal events of short duration. The young-
est, Jaramillo (Chron Ir.1n), occurs between .
1.07 and 0.99 Ma and therefore lasts 80,000
years (11). This normal event was not found
in our magnetic stratigraphy because (i) the
sampling interval was too widely spaced, (ii)
there is a hiatus, or (iii) the sediments are
younger than the age of the Jaramillo chron.
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ble 1). (B) Curves of IRM acquisition normalized to the peak magnetization for four representative samples.

Fig. 4. Stratigraphy and  pajgomagnetic Stratigraphic
corresponding  paleo- sites levels
magnetic poles of the )
Gran Dolina section at VGP latitude
Sierra de Atapuerca. -45° 45°
Numbers to the left of A 01 ’ i '
the stratigraphic column i »
refer to the paleomag- TDS? :4” : | 1400 | | ®
netic sampling sites; TDS5 ||+ '4‘ 40 TD10 ' =
numbers to the right indi- TDse laalxly Y ! c
cate the positions of the IDS4 |4 TS D9 ! B
stratigraphic levels. An TDS3 "ol "Ll ¥{a]t - | -
asterisk denotes the po- 4" ;?1 D8 £ : o
sition of the Aurora stra- :" 'v S 1. ’ ‘3’ |

.. |
tum. VGP latitudes are TON18 = 1p7 o
plotted for each paleo- TDN17 E= %
magnetic site; the trace TODN15 A,?‘,I'T * £
of the path is determined ToN14 |Yalnii i\ Toe ) ®
by the Fisherian (15) VGP I=ENNR s £
mean direction for each TON7, 12 ESUT] o ©
sampling site. Key to "3} TDs T >
stratigraphic column: 1, vialulal] ] ]
limestone and dolomite; TDN11, 13 5= I‘ -
2, very thin laminated silt- rorv| ) [\ TD34 ©
clay: 8, speleothem; 4, TON10 ':"vJ,LIc =
sandy mudstone angular TONs, 9 [ ) o2 200
clast-supported  brec- afvl 4|7
cias; 5, sandy mudstone; TDs1, 2 P2 TD1
6, stratified clast-sup- TDN1-4

ported fine-grain gravels,
eventually with matrix; 7,
cross-bedded calcaren-
ites; 8, bat guano; 9, silty
clay; 10, terra rossa; and
11, main stratigraphic
discontinuities.
SCIENCE

VOL. 269 ¢ 11 AUGUST 1995

] [Is fee
B =

831



Table 1. Paleomagnetic results by site. The positions of paleomagnetic sites are indicated in centimeters
(Fig. 4). Sites are classified according to Johnson’s system (716): class 1 if precision parameter k (15) was
greater than 10, class 2 if k was less than 10, and class 3 if one specimen was used.
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Unconformities are likely in karst environ-
ments. On the other hand, we cannot rule out
the possibility that the Gran Dolina sedi-
ments with reverse magnetization are younger
than Jaramillo. If that is the case, then a rough
sedimentation rate of about 50 cm per 1000
years is indicated; this value is consistent with
the rates of deposition found in other cave
sediments (12). The stratigraphic level TD6,
and hence the Aurora stratum, is located
within Matuyama and therefore is older than

0.78 Ma.
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Functional Significance of Symmetrical
Versus Asymmetrical GroEL-GroES
Chaperonin Complexes

Andreas Engel,* Manajit K. Hayer-Hartl, Kenneth N. Goldie,
Gunter Pfeifer, Reiner Hegerl, Shirley Muller,
Ana C. R. da Silva, Wolfgang Baumeister, F. Ulrich Hartl

The Escherichia coli chaperonin GroEL and its regulator GroES are thought to mediate
adenosine triphosphate—dependent protein folding as an asymmetrical complex, with
substrate protein bound within the GroEL cylinder. In contrast, a symmetrical complex
formed between one GroEL and two GroES oligomers, with substrate protein binding to
the outer surface of GroEL, was recently proposed to be the functional chaperonin unit.
Electron microscopic and biochemical analyses have now shown that unphysiologically
high magnesium concentrations and increased pH are required to assemble symmetrical
complexes, the formation of which precludes the association of unfolded polypeptide.
Thus, the functional significance of GroEL:(GroES), particles remains to be demonstrated.

Chaperonins mediate the adenosine triphos-
phate (ATP)-dependent folding of newly
synthesized proteins in the cytosol, in mito-
chondria, and in chloroplasts (1), preventing
off-pathway steps during folding that result
in aggregation. This function is intimately
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connected with the characteristic oligomeric
structure of chaperonins, which has been
analyzed by electron microscopy (2-5) and
x-ray crystallography (6). The chaperonin of
E. coli, GroEL, is composed of 14 subunits
that are arranged in two heptameric rings
stacked back-to-back, resulting in a cylindri-
cal structure enclosing a central cavity.
Three domains are distinguishable in the
58-kD subunit (6): (i) an equatorial domain
that mediates the contact between the rings
and contains the ATP binding site, (ii) an
apical domain that forms the opening of the
central cavity, and (iii) an intermediate,
hinge domain. Electron microscopic data





