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U-Series dating of Liujiang hominid site in
Guangxi, Southern China

It has been established that modern humans were living in the Levant
and Africa ca. 100 ka ago. Hitherto, this has contrasted with the
situation in China where no unequivocal specimens of this species
have been securely dated to more than 30 ka. Here we present the
results of stratigraphic studies and U-series dating of the Tongtianyan
Cave, the discovery site of the Liujiang hominid, which represents
one of the few well-preserved fossils of modern Homo sapiens in
China. The human fossils are inferred to come from either a refilling
breccia or a primarily deposited gravel-bearing sandy clay layer. In the
former case, which is better supported, the fossils would date to at
least �68 ka, but more likely to �111–139 ka. Alternatively, they
would be older than �153 ka. Both scenarios would make the
Liujiang hominid one of the earliest modern humans in East Asia,
possibly contemporaneous with the earliest known representatives
from the Levant and Africa. Parallel studies on other Chinese
localities have provided supporting evidence for the redating of
Liujiang, which may have important implications for the origin of
modern humans.
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Figure 1. Map showing location of Tongtianyan Cave, the site of the Liujiang hominid, and the nearby
hominid localities of Bailiandong and Ganqian Caves discussed in the text.
Introduction

The Liujiang hominid site, or the cave of
Tongtianyan, is located in a Permian lime-
stone hill �16 km south of Liuzhou City in
southern China’s Guangxi Zhuang Auton-
omous Region (24�10�59�N, 109�25�56�E)
(Figure 1). In 1958, while digging the
deposits in the cave for fertilizer, workers
from the nearby Xinxin Farm found an
almost complete human skull and several
pieces of postcranial bones. Great care was
taken by the head of the farm, who collected
the fossils and immediately informed the
Institute of Vertebrate Paleontology and
Paleoanthropology, Academia Sinica, of the
important discovery (Woo, 1959; Pei,
1965).

The human skeleton was identified as one
of the earliest representatives of modern
Homo sapiens in East Asia and attributed
to the Late Pleistocene (Woo, 1959).
Mammalian fossils recovered from the same
cave include Pongo sp., Ailuropoda melano-
leuca fovealis, Rhinoceros sinensis, Stegodon
orientalis, Megatapirus augustus, Sus sp. etc.,
forming a typical Late Pleistocene
Ailuropoda–Stegodon fauna commonly found
in southern China (Pei, 1965; Huang,
1979). No trace of human cultural remains
has been discovered in the cave.

For about 20 years, the origin of modern
humans has been the subject of an intensive
debate between exponents of two major
competing hypotheses, multiregional origins
(e.g., Wolpoff et al., 1984; Wu, 1999;
Wolpoff et al., 2001) vs. ‘‘recent out of
Africa’’ (e.g., Stringer, 1988, 1994, 2000).
The accurate dating of relevant finds is basic
to addressing this controversial topic. With
new and refined dating techniques (Wintle,
1996), important changes regarding the
chronology of modern H. sapiens have
been made over the past two decades
(Grün & Stringer, 1991). As an example,
the antiquity of Qafzeh and Skhul in the
Levant more than doubled, from the
�40 ka previously estimated based on mor-
phological and archaeological evidence, to
�90–120 ka using thermoluminescence
(TL) dating of burnt flints (Valladas et al.,
1988; Mercier et al., 1993) and electron spin
resonance (ESR) dating of tooth enamel
(Schwarcz et al., 1988; Stringer et al., 1989).
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The redating of the Levantine hominids
bolstered the out-of-Africa hypothesis,
which was further supported by early dates
on Border Cave (Grün et al., 1990a) and
Klasies River Mouth Cave (Grün et al.,
1990b) in South Africa.

In contrast, only a small proportion of the
relevant sites in China has been numerically
dated. Classical 14C and U-series determi-
nations on fossil materials remain the most
utilized chronometers, but both are of
limited reliability (Taylor, 1996; Rae et al.,
1989). It is possible that the Chinese fossil
record may suffer from a compressed
chronology (Shen & Wang, 2000), just as
their European and Levantine counterparts
did more than a decade ago (Grün &
Stringer, 1991). For finds in China to be
compared on equal terms, a re-study with
well-established dating techniques is
needed.

As one of the few well-preserved fossil
representatives of modern H. sapiens in
China, the chronology of the Liujiang
hominid is important for reconstructing the
history of recent human evolution. Pre-
viously, while conventional 14C dating of the
site gave ages of 2·9�0·1 ka and >40 ka for
the capping and the second flowstone layers
respectively, 230Th/234U dating on the latter
yielded an age of 67+6

�5 ka, possibly marking
the minimum age of the hominid remains
(Yuan et al., 1986). Five mammalian teeth
were also analyzed, giving basically concord-
ant 230Th/234U and 231Pa/235U ages ranging
from 95 to 227 ka (Yuan et al., 1986).
However, as the stratigraphic contexts of
both the calcite and fossil samples had not
been verified, and as the appearance of
modern H. sapiens in China has generally
been regarded as being younger than 40 or
50 ka (Wu, 1989), the dates obtained by
Yuan and colleagues, especially those from
fossil teeth, have been largely overlooked.
Thus, the most frequently cited age for
the Liujiang hominid is �20 ka, inferred
from the 14C dating of the morphologically
similar Minatogawa remains of Japan
(Stringer, 1988; Wu, 1988; Brown, 1998;
Rightmire, 1998; Jin & Su, 2000).

The validity of U-series dating of carefully
selected, pure, compact and well-
crystallized cave calcites has been well-
demonstrated (Ludwig et al., 1992;
Schwarcz, 1992). The above-cited U-series
date for the second flowstone layer may
signal an early appearance of modern H.
sapiens in southern China, if the strati-
graphic relation between the flowstone
layers and the hominid remains is estab-
lished. However, the stratigraphic position
of the Liujiang skeleton has remained
unclear. In an effort to better understand the
situation, we made a field investigation of
the site in early 1998. Besides the previously
reported ones, several more flowstone layers
and other forms of speleothem formations
were found intercalated in the depositional
sequence. Calcite samples suitable for
U-series dating were taken and analyzed. In
light of the new temporal framework, careful
study of the early reports relating to the
stratigraphic context of the hominid
skeleton and detailed field examinations of
the extant depositional sequence were
carried out to determine the most probable
provenience of the hominid fossils. The
results are presented in this paper.
Stratigraphy and sample positions

Tongtianyan is a labyrinthine cave system,
in which the deposits are now preserved only
in an area of �70 m2 near the entrance and
in the North Corridor, the remaining parts
having been largely removed by fertilizer
miners (Figure 2). Nevertheless, from the
existing cross-section (Figure 3) and the
residual materials on the walls and ceiling
it is possible to reconstruct the strati-
graphic correlation between the removed
and preserved deposits.

Overall, the stratigraphic sequence can
be divided into three main depositional
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Figure 2. Plane figure of the Tongtianyan cave system. The area from the Entrance to the line AB is a zone
where the deposits have been well preserved, while between AB and CD the deposits have been partly
preserved, and beyond CD the deposits have been almost completely removed. The hominid skeleton
probably came from a position some 2·5 m further into the cave from AB, near the southern wall and
�1·2 m below the capping flowstone.
Figure 3. Sketch showing three depositional units and Refilling Breccia on the extant cross-section, which
corresponds to the line AB in Figure 1. Samples for dating were collected from the five flowstone layers
and other speleothem formations. Here the encircled skull denotes the probable provenience of the
hominid skeleton.
units and a cone-shaped Refilling Breccia
(Figure 3). The Upper Unit consists of silty
clay sandwiched in flowstone layers with a
total thickness of 60–90 cm. This unit may
be sub-divided into three levels. Level 1 is a
capping flowstone layer (FL1) up to
�15 cm thick covering all of the deposits.
This flowstone is mostly porous, friable and
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poorly crystallized. However, localized sub-
layers of quite pure calcite can be found,
from which samples suitable for U-series
dating may be collected. Level 2 consists of
40–70 cm of silty clay, which is character-
ized by fine laminae, paucity of clasts and
lack of carbonate cementation, indicating
formation in stagnant water. A localized,
thin and heavily contaminated flowstone
layer lies in its middle. Level 3 is the second
flowstone layer (FL2). Near the northern
wall FL2 is quite pure, well crystallized and
up to �25 cm thick. It becomes thinner and
less pure in the middle, and gradually
degrades into calcrete near the southern
wall. Seven samples were taken from this
unit, of them LJR-1, 3 and 20 are from
sub-layers of FL1, and LJR-2, 4, 5 and 14
are from different parts of FL2.

The Middle Unit is composed of a �5 m
thick fossiliferous, gravel-bearing and
carbonate-cemented sandy clay. Being
apparently uniform in lithologic compo-
sition, the subdivision of this unit awaits
further sedimentological study. Near the
northern wall, 0–15 cm below FL2, is the
third flowstone layer (FL3), which is rela-
tively pure, well crystallized and of a thick-
ness up to �12 cm. 20–50 cm lower still is
the fourth flowstone layer (FL4). Both FL3
and FL4 come to an abrupt end �1·5 m
from the North Wall, the fractured zone
being overlaid by the down-warping FL2.
About 1 m below FL4 is the �15 cm thick
fifth flowstone layer (FL5). A total of four
samples was taken from this unit—LJR-6
from FL3, LJR-31 from FL4, and LJR-9
and 19 from FL5.

The jagged fractures of FL3 and FL4 and
a disconformity �1·5 m further to the south
provide evidence of a flood washout and
re-depositional event. The Refilling Breccia,
being �3 m wide at the top and more
than 1·5 m thick, cuts into the upper part
of the Middle Unit (Figure 3). This
loosely cemented breccia is composed
mainly of flint and marl fragments, different
in composition from the cave’s limestone
walls, but similar to nearby hills. Many of
the gravels are irregular and angular, indi-
cating their outside provenience and short-
distance transportation. As no signs of
bedding can be recognized, the breccia was
most probably accumulated in a relatively
short span of time. LJR-8 is a small piece of
broken flowstone mixed with gravels near
the top of the Refilling Breccia. Some 1·2 m
below FL1, at about the same depth as the
claimed position of the hominid skeleton
(Pei, 1965), a speleothem formation in a
fissure was taken as LJR-17, its nature as a
secondary calcite vein being established by
its natural form, its conformity with the
fissure, and the direction of its laminae.

Between lines AB and CD (Figure 2),
there are remnant deposits, resembling
those of the Middle Unit in lithologic com-
position, adhering to the upper walls and
ceiling. It may be inferred that this section of
the corridor was entirely filled before the
washout event. We recovered several
mammalian fossils, including two rhinoceros
tooth fragments which were sampled as
LJR-33 and 34, from remnant deposits on
the ceiling and along the uppermost part of
the South Wall respectively.

The Lower Unit, composed of more than
2 m of fluvial sands with lenses of clay, is
situated at the base of the depositional
sequence.
Results and discussions

Conventional alpha spectrometry (AS) was
used to measure U-Th isotopic ratios
(Ivanovich & Harmon, 1992). For better
precision, six key samples were analyzed by
one of us (JXZ) using thermal ionization
mass spectrometric (TIMS) techniques
(Edwards et al., 1986/87). The U-Th iso-
topic ratios and derived age results using AS
and TIMS are presented in Tables 1 and 2
respectively. The agreement between
replicates and between AS and TIMS
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measurements, and the conformity of the
dates with the stratigraphic sequence indi-
cate overall reliability of the measurements.

The dates on FL1 indicate that this flow-
stone layer was formed between 4 and 20 ka
(Tables 1 and 2). Five analyses on four
samples from FL2 gave consistent AS
results (Table 1). The specimen of LJR-2
for TIMS was a slice from FL2, sub-samples
LJR-2-1, -2-2 and -2-3 representing the
upper, middle and lower parts respectively.
Their TIMS U-series dates indicate that
FL2 was formed between 61�1 and
68�1 ka (Table 2), the latter marking the
minimum age of the underlying Refilling
Breccia. Replicated TIMS determinations
on LJR-6 from FL3 and on LJR-8 from the
calcite fragment gave consistent dates with
mean values at 153�2 and 139�4 ka
(Table 2), setting the earliest limits for the
washout event and for the topmost part of
the Refilling Breccia respectively. The repli-
cated AS analyses of LJR-17, from the cal-
cite vein cross-cutting the middle part of the
breccia, yield a mean age of 111�4 ka,
indicating that the horizon was formed no
later than this date (Table 1). The Refilling
Breccia is thus securely bracketed between
68 and 153 ka. If we take into account its
presumably rapid formation, as shown by
the lack of stratification, its best age estimate
is between 111 and 139 ka.

As mentioned above, the stratigraphic
position of the Liujiang skeleton has been
clouded with uncertainty. There are two
early reports that relate the circumstances in
which the hominid skeleton was found.
Youheng Li, the first geologist to arrive at
the site, was told that the human and
Ailuropoda skeletons were ‘‘embedded in the
deposits of unconsolidated breccia’’, while
other mammalian fossils were in the ‘‘con-
solidated yellowish deposits’’ (cited by Woo,
1959). Having also personally visited the
cave in 1958 and 1960, Pei (1965) divided
the then exposed depositional sequence
under the capping flowstone into upper and
lower layers separated by a flowstone layer.
The upper layer consists of grayish-yellow
sandy clay containing few fossils, and the
lower one of reddish-yellow, fossiliferous
sandy clay containing limestone and flint
gravels. The human and Ailuropoda
skeletons were retrieved from the lower
part of the lower layer, �1·2 m below the
capping flowstone (Pei, 1965).

The accounts of Li and Pei were based
partly on information provided by the
fertilizer miners who made the discovery and
partly on their own field observation. The
veracity of Li’s account is shown by the
precise correspondence between its ‘‘un-
consolidated breccia’’ and ‘‘consolidated
yellowish deposits’’, on the one hand, and
the Refilling Breccia and Middle Unit in
the stratigraphy presented here. Similarly,
Figure 8 in Pei (1965) matches quite closely
to the extant cross-section. So these earlier
accounts appear to be basically sound,
although some imprecision might have
resulted from the fact that the discovery was
made by non-specialists and from the lack of
stratigraphic study. The absence of any
breccia formation in Pei’s account is prob-
ably a misreading. To judge by its scale on
the present-day cross-section, it seems
hardly possible that the Refilling Breccia was
entirely missing from the sequence during
Pei’s time, which would have been �2·5 m
further into the cave. Most probably Pei
failed to distinguish the Refilling Breccia
from the primarily deposited Middle Unit.
Our experience tells us that without detailed
studies of the stratigraphy it is possible to
make such an error. Initially, we were also
confused by the lateral compositional
difference along the profile and tended to
consider it as a facies change.

If we accept the possible discrepancy in
Pei’s account, the association of the hominid
fossils with the Refilling Breccia seems the
most plausible (Woo, 1959). This would
date them to 68–153 ka, and more likely to
111–139 ka. However, the possibility that
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Table 3 230Th/234U and 227Th/230Th dating of two rhinoceros teeth fragments from the Liujiang site

Sample

238U
(ppm) 230Th/232Th 234U/238U 230Th/234U

230Th age
(ka) 227Th/230Th

227Th age
(ka)

LJR-33 91·6 223 1·472�0·023 0·648�0·022 106�6 0·0454�0·0023 87+19
�16

LJR-34 240 307 1·472�0·024 0·836�0·023 167�11 0·0417�0·0009 111+13
�11

All errors are �1�.
the hominid fossils were included in the
carbonate-cemented sandy clay of the
Middle Unit cannot be excluded. In this
case the hominid fossils would be older than
153 ka as defined by the overlying FL3. This
date, though seemingly anomalous, is com-
patible with a recent claim that BC1, a
modern hominid cranial vault from Border
Cave, South Africa, may be as old as 170 ka
(Grün & Beaumont, 2001).

In addition, we note that both the reports
point to the association of the hominid
fossils with limestone and flint gravels (Woo,
1959; Pei, 1965). Moreover, Pei (1965)
pinpointed a position in the lower part of the
lower layer, �1·2 m below the capping
flowstone as the provenience of the hominid
skeleton. It seems highly unlikely that the
human remains were buried in the silty clay
of the Upper Unit, which ranges in age from
20 to 61 ka, or in the fluvial sands of the
Lower Unit, which is older than 280 ka.
This argument is supported by the obser-
vation that traces of calcrete are still found
adhering to the orbits, external auditory
meatus and endocranial cavity of the homi-
nid cranium, and the ribs, vertebral column
and medullary cavities of the femora are still
heavily coated with calcrete matrix. This
indicates that their provenience was the cal-
cified Middle Unit or Refilling Breccia,
rather than the carbonate-free Upper or
Lower Units.

Li (Woo, 1959) and Pei (1965) agreed
that most of the non-hominid mammalian
fossils were derived from the consolidated
sandy clay. The dates from FL3, FL4 and
FL5 indicate that the Middle Unit was
formed from >280 to 153 ka. Such an
early and lengthy time interval explains the
‘‘aberrant’’ U-series dates on fossil teeth
previously reported by Yuan et al. (1986).
Using two U-series methods (Shen, 1996),
we have dated the two rhinoceros teeth
fragments, LJR-33 and 34. The 230Th/234U
and 227Th/230Th isotopic ratios and age
results are presented in Table 3. These
dates, being in the range of 167�11 and
87+19

�16 ka, are comparable with those of
Yuan et al. (1986), and lend support to the
observation that the residual deposits on
walls and ceiling are remnants of the Middle
Unit. Tongtianyan has hitherto been widely
regarded as a type locality for the Late
Pleistocene Ailuropoda–Stegodon fauna (Pei,
1965; Huang, 1979). However, the present
results demonstrate that the Liujiang
mammalian assemblage is in fact late
Middle Pleistocene in age. An important
revision of the chronology of correlated sites
in southern China is required.

The above-cited dates seem surprisingly
old in view of previous age estimates for the
Liujiang hominid (Stringer, 1988; Wu,
1988; Brown, 1998; Rightmire, 1998; Jin &
Su, 2000) and because up until now no
specimens of unequivocal modern H. sapiens
in China have been securely dated to more
than 30 ka (Wu, 1989). However, support-
ing evidence for this older date is provided
by chronological studies on two neighbor-
ing localities, Bailiandong and Ganqian
(Tubo) Caves (Figure 1). Controlled exca-
vations at the Bailiandong Cave led to the
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discovery of two hominid teeth, hundreds of
stone artefacts, and a rich collection of
mammalian fossils. The faunal compo-
sition of its lower strata is similar to that of
Liujiang (Zhou, 1994). From Ganqian Cave
a total of 17 hominid teeth have been found.
The associated mammalian fossils, belong-
ing to the Ailuropoda–Stegodon fauna, have
been assigned to the Late Pleistocene (Li
et al., 1984; Wang et al., 1999). The human
teeth found at the two sites are similar to
those of present-day Chinese and, hence,
have been classified as modern H. sapiens (Li
et al., 1984; Zhou, 1994; Wang et al., 1999).
Using U-series methods, a flowstone layer
overlying the hominid-bearing deposits at
Bailiandong has been dated to �160 ka
(Shen et al., 2001a), while the capping flow-
stone layer at Ganqian gave an age of 94 ka
(Shen et al., 2001b), both marking the mini-
mum age for the hominid teeth. Recently,
Pan et al. (2002) dated two fossil teeth from
the Lianhua Cave in Zhenjiang, Jiangsu
Province, where a human tooth attributed to
late H. sapiens was found (Li et al., 1982).
The results indicate that modern humans
might have been present in lower reaches of
the Yangtze River in eastern China at
�100 ka.

With well-developed superciliary arches,
slightly receding forehead, small mastoid
processes and weak muscular markings, the
Liujiang hominid represents a funda-
mentally ‘‘modern’’ individual, retaining
just a few primitive features (Woo, 1959). In
spite of the controversy over whether it
represents an early type of Mongoloid
(Woo, 1959; Brown, 1998), its classifi-
cation as a modern H. sapiens has not been
challenged. The present age estimate for the
site of Liujiang, together with those for
Bailiandong, Ganqian and Lianhua caves,
indicate that modern humans were living in
China �100 ka ago, broadly contempor-
aneous with their counterparts in Africa
and south-western Asia. New age determi-
nations for the Lake Mungo 3 human
skeleton from Australia are also considerably
older than previously assumed (Thorne
et al., 1999). These results, taken together,
seem too early for modern H. sapiens in
East Asia to have arrived from Africa, even
by a coastal route (Stringer, 2000). An
even deeper root for African modern
H. sapiens, or a much earlier and quicker
migration into East Asia would need to be
posited to conform with the out-of-Africa
model.

While presenting chronological evidence
for a much earlier presence of modern H.
sapiens in southern China, this paper poses
the following problems that require further
study. First, the uncertain provenience of
the Liujiang hominid fossils should be
addressed. The U-Th dating of hominid
fossils with nondestructive gamma spec-
trometry (Yokoyama & Nguyen, 1981) and
of calcrete matrix on the fossils with TIMS
(McDermott et al., 1996) are likely to shed
light on this problem. Second, two import-
ant representatives of archaic H. sapiens in
China, from the sites of Maba (Wu & Peng,
1959) and Xujiayao (Jia et al., 1979; Wu,
1980), have been dated to 125–139 (Yuan
et al., 1986) and 104–125 ka (Chen et al.,
1982) respectively. This means that the
hominids from Liujiang, Bailiandong,
Ganqian and Lianhua Caves are now
inferred to be broadly contemporaneous
with, or even older than, these morphologi-
cally more primitive specimens. For the
moment we are not sure whether the age of
the Maba and Xujiayao finds on re-dating
will be pushed earlier, or whether, as in the
Levant, there was temporal overlap of two
morphologically different hominid popu-
lations (Valladas et al., 1988; Schwarcz
et al., 1988; Stringer et al., 1989; Mercier
et al., 1993). The resolution of the above-
mentioned issues and further efforts to study
other modern H. sapiens sites in China will
contribute to clarifying the hotly debated
issues concerning the origin, dispersal and
evolution of our own species.
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Conclusions

The stratigraphic sequence of the Liujiang
hominid site can be divided into Upper,
Middle and Lower Units together with a
Refilling Breccia resulting from a washout
and re-depositional event. The hominid
fossils are likely to have come from the
Refilling Breccia or from the primarily
deposited Middle Unit. In the former case,
which is more probable, they would date to
not more recent than �68 ka, but more
likely to �111–139 ka. Alternatively, they
would be older than �153 ka. In either
case the Liujiang hominid is revealed as
one of the earliest modern humans in East
Asia, probably contemporaneous with the
earliest known Levantine and African
representatives.

The early presence of modern humans in
China is supported by chronological studies
on Bailiandong, Ganqian (Tubo) and
Lianhua Caves (Shen et al., 2001a,b; Pan
et al., 2002). Taken together, these different
lines of evidence indicate that, for the out-
of-Africa model to remain plausible, it
would be necessary to demonstrate an even
deeper root for African modern H. sapiens,
or an earlier and quicker migration into East
Asia. In the absence of evidence for either or
both, a rethinking of the out-of-Africa model
would be required. On the other hand, the
chronology of the Maba and Xujiayao
archaic H. sapiens hominids should be
restudied to explore the issue of a possible
coexistence in China of two distinct hominid
populations or species in the late Middle
Pleistocene or early Late Pleistocene.
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Xujiayao (Hsü-Chia-Yao) site. Acta Anthrop. Sin. 1,
91–95.

Edwards, R. L., Chen, J. H. & Wasserburg, G. J.
(1986/87). 234U-238U-230Th systematics and the pre-
cise measurement of time over past 500,000 years.
Earth Planet. Sci. Lett. 81, 175–192.

Grün, R. & Stringer, C. B. (1991). Electron spin
resonance dating and the evolution of modern
humans. Archaeometry 33, 153–199.

Grün, R. & Beaumont, P. (2001). Border Cave
revisited: a revised ESR chronology. J. hum. Evol. 40,
467–482.

Grün, R., Beaumont, P. B. & Stringer, C. B. (1990a).
ESR dating evidence for early modern humans at
Border Cave in South Africa. Nature 344, 537–539.

Grün, R., Shackleton, N. J. & Deacon, H. J. (1990b).
Electron-spin-resonance dating of tooth enamel
from Klasies River Mouth Cave. Curr. Anthrop. 31,
427–432.

Huang, W. B. (1979). On the age of the cave-faunas of
South China. Vert. PalAs. 17, 327–343.

Ivanovich, M. & Harmon, R. S. (1992). Uranium-series
Disequilibrium: Application to Earth, Marine, and
Environmental Sciences (2nd edn). Oxford: Clarendon
Press.

Jia, L. P., Wei, Q. & Li, C. R. (1979). Report on the
excavation of the Hsuchiayao Man site in 1976. Vert.
PalAs. 17, 277–293.

Jin, L. & Su, B. (2000). Natives or immigrants: modern
human origin in East Asia. Nature Rev. Genet. 1,
126–133.

Li, W. M., Zhang, Z. F., Gu, Y. M., Lin, Y. P. & Yan,
F. (1982). A fauna from Lianhua cave, Dantu,
Jiangsu. Acta Anthrop. Sin. 1, 169–179.

Li, Y. H., Wu, M. L., Peng, S. L. & Zhou, S. B.
(1984). Human tooth fossils and some mammalian



828 .  ET AL.
remains from Tubo, Liujiang, Guangxi. Acta
Anthrop. Sin. 3, 322–329.

Ludwig, K. R. (1999). Users manual for Isoplot/Ex
version 2, a geochronological toolkit for Microsoft
Excel. Special Publications v. 1a, Berkeley, CA:
Berkeley Geochronology Center.

Ludwig, K. R., Simmons, K. R., Szabo, B. J.,
Winograd, I. J., Landwehr, J. M., Riggs, A. C.
& Hoffman, R. J. (1992). Mass-spectrometric
230Th-234U-238U dating of the Devils Hole calcite
vein. Science 258, 284–287.

McDermott, F., Stringer, C. B., Grün, R., Williams,
C. T., Din, V. K. & Hawkesworth, C. J. (1996). New
Late-Pleistocene uranium-thorium and ESR dates
for the Singa hominid (Sudan). J. hum. Evol. 31,
507–516.

Mercier, N., Valladas, H., Bar-Yosef, O.,
Vandermeersch, B., Stringer, C. B. & Joron, J.-L.
(1993). Thermoluminescence date for the
Mousterian burial site of Es-Skhul, Mt. Carmel.
J. Archaeol. Sci. 20, 169–174.

Pan, Y. J., Shen, G. J. & Fang, Y. S. (2002). U-series
dating on fossil teeth from Lianhua cave in
Zhenjiang, Jiangsu, eastern China. Acta Anthrop. Sin.
21, 155–157.

Pei, W. Z. (1965). Excavation of Liucheng Giganto-
pithecus Cave and exploration of other caves in
Guangxi. In Institute of Vertebrate Paleontology and
Paleoanthropology, Academia Sinica, Memoir No. 7,
pp. 1–54. Beijing: Science Press.

Rae, A., Hedges, R. & Ivanovich, M. (1989). Further
studies for uranium-series dating of fossil bones.
Appl. Geochem. 4, 331–337.

Rightmire, G. P. (1998). The first anatomically
advanced humans from South Africa and the Levant.
In (P. V. Tobias & K. Omoto, Eds) The Origins and
Past of Modern Humans, Towards Reconciliation,
pp. 126–138. Singapore: World Scientific.

Schwarcz, H. P. (1992). Uranium-series dating and the
origin of modern man. Phil. Trans. R. Soc. Lond. B
337, 131–137.

Schwarcz, H. P., Grün, R., Vandermeersch, B.,
Bar-Yosef, O., Valladas, H. & Tchernov, E. (1988).
ESR dates for the hominid burial site of Qafzeh in
Israel. J. hum. Evol. 17, 733–737.

Shen, G. J. (1996). 227Th/230Th dating method,
methodology and application to Chinese speleothem
samples. Quat. Sci. Rev. (Quat. Geochronol.) 15,
699–707.

Shen, G. J. & Wang, J. Q. (2000). Chronological
studies on Chinese Middle-Late Pleistocene hominid
sites, actualities and prospects. Acta Anthrop. Sin. 19
(Suppl), 279–284.

Shen, G. J., Wang, J. Q., Xu, B. X., Kuang, Y. & Zhao,
J. X. (2001a). U-series dating of Bailiandong site in
Liuzhou, Guangxi, South China. J. Stratigraphy 25,
325–330.

Shen, G. J., Wang, W., Wang, Q. & Pan, Y. J. (2001b).
U-series dating of hominid site Ganqian Cave at
Tubo, Liujiang, Guangxi in South China. Acta
Anthrop. Sin. 20, 238–244.
Stringer, C. B. (1988). The dates of Eden. Nature 331,
565–566.

Stringer, C. B. (1994). Out of Africa—a personal
history. In (M. N. Nitecki & D. V. Nitecki, Eds)
Origins of Anatomically Modern Humans, pp. 75–84.
Boston: Jones & Bartlett.

Stringer, C. B. (2000). Coasting out of Africa. Nature
405, 24–27.

Stringer, C. B., Grün, R., Schwarcz, H. P. & Goldberg,
P. (1989). ESR dates for the hominid burial site of Es
Skhul in Israel. Nature 338, 756–758.

Taylor, R. E. (1996). Radiocarbon dating of bone: to
collagen and beyond. In (R. E. Taylor, A. Long &
R. Kra, Eds). Radiocarbon after Four Decades, an
Interdisciplinary Perspective, pp. 375–402. New York:
Springer-Verlag.

Thorne, A., Grün, R., Mortimer, G., Spooner, N. A.,
Simpson, J. J., McCulloch, M., Taylor, L. & Curnoe,
D. (1999). Australia’s oldest human remains: age
of the Lake Mungo 3 skeleton. J. hum. Evol. 36,
591–612.

Valladas, H., Reyss, J. L., Joron, J. L., Valladas, G.,
Bar-Yosef, O. & Vandermeersch, B. (1988).
Thermoluminescence dating of Mousterian ‘Proto-
Cro-Magnon’ remains from Israel and the origin of
modern man. Nature 331, 614–616.

Wang, W., Huang, Q. S. & Zhou, S. B. (1999). New
found human tooth fossils in Tubo, Liujiang,
Guangxi. Longgupo Prehistoric Culture 1, 104–108.

Wintle, A. G. (1996). Archaeologically-relevant dating
techniques for the next century. J. Archaeol. Sci. 23,
123–138.

Wolpoff, M., Hawks, J., Frayer, D. W. & Hunley, K.
(2001). Modern human ancestry at the peripheries:
a test of the replacement theory. Science 291, 293–
297.

Wolpoff, M., Wu, X. Z. & Thorne, A. (1984). Modern
Homo sapiens: A general theory of hominid evolution
involving the fossil evidence from East Asia. In
(F. Smith & F. Spencer, Eds) The Origins of
Modern Humans, pp. 411–483. New York: Alan R.
Liss.

Woo, J. K. (Wu, R. K.) (1959). Human fossils found
in Liukiang, Kwangsi, China. Vert. PalAs. 3, 109–
118.

Wu, M. L. (1980). Human fossils discovered at
Xujiayao site in 1977. Vert. PalAs. 18, 227–238.

Wu, R. K. (1989). Paleoanthropology. Beijing: Cultural
Relics Publishing House.

Wu, R. K. & Peng, R. C. (1959). Fossil human skull of
early Paleo-anthropic stage found at Mapa,
Shaokuan, Kwangtung Province. Vert. PalAs. 1,
159–163.

Wu, X. Z. (1988). The relationship between upper
Palaeolithic human fossils of China and Japan. Acta
Anthrop. Sin. 7, 235–238.

Wu, X. Z. (1999). Chinese human paleontological
study in 20th century and prospects. Acta Anthrop.
Sin. 18, 165–175.

Yokoyama, Y. & Nguyen, H. V. (1981). Datation
directe de l’Homme de Tautavel par la spectrométrie
gamma, non destructive, du crâne humain fossile
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