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Thermally transferred optically stimulated luminescence (TT-OSL) dating extends the age range beyond
current limits of OSL dating in Chinese loess. In this study, we use a single-aliquot regenerative-dose
procedure for TT-OSL protocol to date Yaochangwan and Hejialiang localities of loess-covered Liangshan
Paleolithic sites in Hanzhong Basin, which is an important area for the study of Paleolithic industries
during the middle Pleistocene in central China. The results suggest that buried culture layer at the
Hejialiang locality is correlated with the last interglacial paleosol S1 in Chinese Loess Plateau, it is dated
at 86.3 � 6.4 ka. The Yaochangwan locality spans from approximate 600e100 ka and correlates with S5
eS1 in the typical Chinese loessepaleosol sequences, respectively. These ages suggest that hominins
already occupied the Hanzhong Basin since approximately 600 ka ago.

� 2012 Elsevier B.V. All rights reserved.
1. Introduction

The Hanzhong Basin is located to southern margin of Qinling
Mountains in central China, which is conventionally regarded as
boundary between the southern and northern climatic zones of
China. Previous studies suggested that this region represents the
transitional zone between predominantly pebble-core Paleolithic
industry in the south and small core-retouched flake tools industry
in the north during the Middle Pleistocene (Yan, 1980, 1981; The
Archaeological Team of Shaanxi Archaeological Institute, 1985,
1988; Huang and Qi, 1987; Tang and Zong, 1987; Wang, 2000,
2008). In this basin, more than 1000 artifacts, including hand-axes,
have been collected and excavated (Huang and Qi, 1987; The
Archaeological Team of Shaanxi Archaeological Institute, 1985,
1988; Lu et al., 2006). Unfortunately, these artifacts have never
been well dated and their ages are still unknown.

Since these Paleolithic artifacts were found in loess or paleosol
deposits, which can be well dated. Therefore, by dating the loess
the age of these artifacts can be obtained, assuming contempora-
neous deposition of loess and artifacts. As a result of the limitations
of dating techniques or material, the ages of most middle Pleisto-
cene archaeological sites in China, in particular those younger than
the Brunhes/Matuyama boundary (0.78 Ma), are not well
All rights reserved.
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established. In this study, we use thermally transferred optically
stimulated luminescence (TT-OSL) dating method, which has
shown promise for dating middle Pleistocene aeolian deposits
(Wang et al., 2006a, 2006b, 2007; Stevens et al., 2009; Sun et al.,
2010).

The first investigations of TT-OSL signal were carried out by
Smith et al. (1986) and Aitken and Smith (1988).Wang et al. (2006a,
2006b, 2007) used TT-OSL for dating of quartz. But a number of
problems were reported with the use of this sequence, and several
modifications to the SAR TT-OSL protocol were proposed
(Tsukamoto et al., 2008; Porat et al., 2009; Stevens et al., 2009;
Adamiec et al., 2010). Stevens et al. (2009) showed a protocol
(Table 1) applicable to a variety of coarse and fine-grained samples
in Chinese loess. In this protocol, reproducible dose response curves
that saturate at high doses and pass through zero within errors
were produced. Furthermore, signal growth was observed up to at
least 12 kGy and known doses of up to 0.56e1.2 kGy could be
recovered (Stevens et al., 2009). Therefore, this TT-OSL protocol
may be useful to extend the age range beyond current limits of OSL
in the Hanzhong Basin.
2. New investigation

Previous investigations showed that the Hanzhong Paleolithic
Industry is characterized by its assemblage of chopper-chopping
tools, spheroids, hand-axes, and picks (Yan, 1980, 1981; The
Archaeological Team of Shaanxi Archaeological Institute, 1985,
ic sites in Hanzhong Basin, central China, Quaternary Geochronology
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Table 1
The SAR TT-OSL dating protocol (Stevens et al., 2009).

Dose
Preheat (260 �C, 10 s)
OSL (125 �C, 60 s)
Preheat (260 �C, 10 s)
TT-OSL (125 �C, 60 s) (Lx)
OSL (280 �C, 400 s)

Test dose
Preheat (260 �C, 10 s)
OSL (125 �C, 60 s)
Preheat (260 �C, 10 s)
TT-OSL (125 �C, 60 s) (Tx)
OSL (290 �C, 400 s)
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1988; Huang and Qi, 1987; Tang and Zong, 1987). The Hanzhong
lithic assemblage has close relationships with the lithic artifacts
which unearthed from the Lantian Man site, the Luonan sites, the
Yunxian Man site, and the Dingcun sites (Yan, 1980, 1981; The
Archaeological Team of Shaanxi Archaeological Institute, 1985,
1988; Huang and Qi, 1987; Lu et al., 2006; Shaanxi Provincial
Institute of Archaeology et al., 2007). These sites are all located
very close to each other in or around the Qinling Mountains. The
Hanzhong Paleolithic Industry is regarded as one of the earliest
Paleolithic industries in the area.

Since 2009, we have conducted new field investigations in the
Hanzhong Basin near the Liangshan Mountain area. In total, seven
loess-covered Paleolithic localities have been investigated in detail
(Beizhai, Nanzhai, Wangjiaxiang, Yaochangwan, Longgangsi,
Hejialiang, and Yongyuancun), in addition, two of which, the
Hejialiang and the Yongyuancun localities, were newly discovered.
Three natural loess sections (Yutang, Tudimiao and Limingcun)
were investigated in detail. More than 100 artifacts from the
Hejialiang locality, including a hand-axe-like tool (Fig. 1b), and
more than 30 artifacts from the Yongyuancun locality, have been
collected. We have also collected more than 20 artifacts at the
Yaochangwan locality, which is only approximately 2 km away
from the Longgangsi locality, including a large cutting tool (Fig. 1a).
Most artifacts were found on the surface close to the loess section.
These artifacts were likely picked out and discarded by local
farmers.

Fortunately, separate artifacts were found in situ at the bottom
of the Yaochangwan and Hejialiang loess section (Fig. 2) in the
summer of 2010. Furthermore, a number of artifacts have also been
excavated from Longgangsi section in 1980s (Yan, 1980, 1981; The
Archaeological Team of Shaanxi Archaeological Institute, 1985,
1988), which is in the same layer as in Yaochangwan section (Fig. 2).
Therefore, dating the bottom of loess sediment at the base of the
Hanshui River terraces is useful for understanding age of the
Hanzhong hominids.

3. Geographical setting

The Hanzhong Basin is an intermountain depression, with an
elevation of 500 m, through which the Hanshui River flows east-
ward into the Yangse River in Wuhan. Loess sediment, with thick-
nesses ranging from 1 to 20 m, was deposited on the Hanshui River
terraces and many small tablelands in the Hanzhong Basin, which
also contains distinct loessepaleosol alternations. There is a large
difference in loess thickness between the Hanzhong Basin and the
central Loess Plateau where the thickness can reach more than
100 m (Liu, 1985; Kukla and An, 1989; Lu et al., 1999, 2004).

Paleolithic remains are buried in the loess sediments from the
first to third terrace of the Hanshui River. The Hejialiang, Yon-
gyuancun, and Limingcun sections are situated on the first terrace
with an elevation of 505e510 m at its base. The Beizhai, Nanzhai,
Please cite this article in press as: Sun, X., et al., Ages of Liangshan Paleolith
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Wangjiaxiang, Yaochangwan, and Longgangsi sections are located
on the second terrace with an elevation of 520e525 m at its base.
The Yutang and Tudimiao sections on the third terrace are the
highest sections, with an elevation of 540e545 m at the base
(Fig. 2). The bases of these sections comprise of typical fluvial sand,
pebbles, and cobbles derived from the Hanshui paleo-river channel
(Fig. 2).

In this study, the Hejialiang section on the first terrace and the
Yaochangwan section on the second terrace were sampled in detail,
as they are the representative sections on the Hanshui River
terraces. In the Hejialiang locality, there is a thin eolian deposit with
thickness of 520 cm covering on the fluvial sand, pebbles, and
cobbles. An in situ artifact was just found at the lower part of the
only paleosol layer in Hejialiang section (Fig. 2). In the Yaochang-
wan locality, distinct loess and paleosol alternations are present on
the second river terrace with a thickness of more than 1500 cm.
From this loessepaleosol sequence, we identified five loess units
and five paleosol complexes. Two in situ artifacts were found in the
fifth paleosol layer at a depth of 1400 cm (Fig. 2).

4. Method

4.1. Sampling

Fieldwork at the Hejialiang and the Yaochangwan localities was
carried out in August 2010 and May 2011, with two additional visits
in 2009. We took two samples at Hejialiang section and five
samples at Yaochangwan section for TT-OSL dating by inserting
metal tubes in cleaned loess sections. Samples were preserved in
black bags and sealed with waterproof tape. HJL-1 and HJL-2 were
sampled at the upper and lower part of the unique paleosol layer
from 180 cm to 370 cm depth, respectively, at the Hejialiang section
on the first terrace (Fig. 2), and the depth of 370 cm is the position
for separate artifact finding. At the Yaochangwan section on the
second terrace, both YCW-1 and YCW-2 were sampled in the first
paleosol unit at 180 cm and 310 cm depth, respectively, and YCW-3
was sampled in the next loess layer at 360 cm depth. YCW-4 and
YCW-5 were sampled from the second paleosol unit at 410 cm and
460 cm depth, respectively (Fig. 6). Moreover, in January 2012 we
collected an additional sample named YCW-6 in the artifact layer at
the bottom of Yaochangwan section at 1400 cm depth.

Samples for proxy indexes of paleoenvironment variations were
also taken in the Hejialiang and the Yaochangwan sections at an
interval of 5 cm, yielding 104 and 308 bulk samples, respectively.
These samples were then prepared for magnetic susceptibility
measurement, and 30 cubic samples (2� 2� 2 cm3), with the north
direction marked on the top face, were measured for paleomag-
netic stratigraphy analysis.

4.2. Magnetostratigraphic analyses

The magnetic susceptibility of the Chinese loessepaleosol
sequences is high in soils and low in loess units (Heller and Liu,
1984). Therefore, it is regarded as a good proxy of paleoclimatic
changes (Liu and Ding, 1998). As a result, the measurement of
magnetic susceptibility serves an important role in distinguishing
the soil and loess layers in the loess sections of the Luonan Basin
and Lushi Basin (Lu et al., 2007, 2011). The magnetic susceptibility
of Hejialiang and Yaochangwan sections was measured with
a Bartington MS-2 magnetic meter in the laboratory at Nanjing
University, and the results are shown in Figs. 5 and 6.

Paleomagnetismwas also evaluated. The oriented cube samples
were systemically heated in a zero magnetic field, in a stepwise
fashion to demagnetize secondary magnetism. The demagnetized
samples were measured using the 2G superconductor magnetic
ic sites in Hanzhong Basin, central China, Quaternary Geochronology



Fig. 1. (a) A representative stone artifact collected from the Yaochangwan locality. (b) A representative stone artifact collected at the Hejialiang locality.
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meter in Nanjing University. The principal components direction
was computed by a ‘least-squares fitting’ technique (Kirschvink,
1980). For the paleomagnetic stratigraphy analysis, the inclina-
tions of all cubic samples are positive, so the Hejialiang and Yao-
changwan loessepaleosol sequences were correlated with the
Brunhes positive magnetic chron (N1). These results show that the
loess deposits in both Hejialiang and Yaochangwan section are
younger than the Brunhes/Matuyama (0.78 Ma) boundary (Cande
and Kent, 1995).

4.3. SAR TT-OSL

4.3.1. Laboratory methods
The two ends of the samples that may have been exposed to

daylight during sampling were removed in the laboratory under
subdued red light and used for water content measurements and
neutron activation analysis. The unexposed parts of the samples
were prepared to extract pure quartz grains. The size fraction of
40e63 mm was chosen and extracted by wet sieving. The grains
Fig. 2. Investigations of Paleolithic localities and natural loess sections at the Hanshui
River terraces (from T1 to T3). The studied loess sections were at the Yaochangwan
locality and the Hejialiang locality.
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were then treated with 10% HCl and 30% H2O2 to remove carbon-
ates and organic matter, etched by 40% HF to remove feldspars, and
sieved again. Quartz grains were mounted as a monolayer with
a 5 mm spray mask on the 9.8 mm diameter aluminum disks using
silicone spray oil. The purity of the isolated quartz was checked by
IR stimulation, and no significant IRSL signal of the isolated quartz
was detected.

All signals were measured on a Risø TL/OSL-DA-20C/D reader.
Blue LED (l¼ 470� 30 nm) stimulation sources were used. The OSL
and TT-OSL signal was measured using a 9235QA photomultiplier
tube and a 7 mm Hoya U340 glass filter (Bøtter-Jensen et al., 1999).
All of the measurements were carried out in Luminescence Dating
Laboratory of Nanjing University. For the 40e63 mmgrains, an alpha
efficiency (a-value) of 0.035 � 0.02 (Rees-Jones, 1995; Lai et al.,
2008) was used. Concentrations of U, Th, and K were obtained by
neutron activation analysis (NAA). The average water content was
15% (Table 1). The cosmic dose was calculated using present-day
burial depth (Prescott and Hutton, 1994).

4.3.2. De determination
In order to determine whether the test dose is appropriately

monitoring sensitivity change, the relationship between the
regeneration (Lx) and test dose (Tx) signals (Murray and Wintle,
2000) was examined by repeating identical regeneration and test
dose measurements during the SAR TT-OSL sequence (Table 2) for
five separate sets of 3 aliquots (15 in total) of sample YCW-4. Prior
to the first cycle dosing, the sets of aliquots were bleached in
different ways. The first set was bleached at room temperature
using blue diodes twice for 300 s; the second set was bleached
using sunlight (Nanjing, January) for one day; the third set was
bleached using a solar simulator (SOL) for 3 h; the fourth set was
bleached using a SOL for 215 h. The fifth set was bleached at room
temperature using blue diodes twice for 300 s (identical to the first
set) but was not given regeneration doses. The Lx against Tx rela-
tionship is consistent with a straight line that passes within 1s of
the origin, demonstrating an apparently accurate sensitivity
correction (Fig. 3a). However, there are significant differences in the
Lx/Tx values of the initial first cycle measurement between the
aliquot sets, and when compared to Lx/Tx values from the second
ic sites in Hanzhong Basin, central China, Quaternary Geochronology



Table 2
Radioactive data, water content, equivalent dose, dose rate and the TT-OSL ages of the samples from the Hejialiang and Yaochangwan sections.

Sample no. Depth (m) U (ppm) Th (ppm) K (%) Water
content (%)

Dose rate (Gy/ka) DE (Gy) Age (ka)

HJL-1 1.8 2.50 � 0.10 12.9 � 0.37 2.36 � 0.08 15 3.44 � 0.21 256.8 � 6.9 74.6 � 5.0
HJL-2 3.8 2.79 � 0.10 13.1 � 0.37 2.49 � 0.07 15 3.59 � 0.22 310.0 � 12.9 86.3 � 6.4
YCW-1 1.8 2.77 � 0.10 13.4 � 0.38 2.31 � 0.07 15 3.49 � 0.22 314.2 � 24.9 90.1 � 9.1
YCW-2 3.1 2.65 � 0.10 13.2 � 0.37 2.02 � 0.06 15 3.18 � 0.21 377.8 � 26.8 118.8 � 11.3
YCW-3 3.6 2.82 � 0.10 13.3 � 0.37 2.03 � 0.06 15 3.22 � 0.21 500.1 � 17.7 155.2 � 11.4
YCW-4 4.1 3.01 � 0.10 14.5 � 0.40 2.16 � 0.06 15 3.44 � 0.22 553.9 � 17.7 161.2 � 11.7
YCW-5 4.6 3.21 � 0.10 14.0 � 0.39 1.90 � 0.06 15 3.22 � 0.22 555.8 � 22.5 172.6 � 13.7
YCW-6 14.0 3.05 � 0.12 14.6 � 0.41 2.04 � 0.06 15 3.27 � 0.22 506.0 � 19.8 154.7 � 12.2
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cycle onwards. We propose that this indicates differences in the
degree of bleaching and reinforces previous findings concerning
the hard to bleach nature of the TT-OSL signal. The one-day sunlight
bleach yields similar Lx/Tx changes between the first and second
cycles to the reader bleaching described above (Fig. 3b and d). A 3 h
SOL bleach gave slightly larger drops in Lx/Tx between the first and
second cycles, indicating less efficient bleaching (Fig. 3c). However,
whenwe extend the SOL bleach there is a considerable reduction in
first cycle Lx/Tx values and no apparent drop to the second cycle Lx/
Tx (Fig. 3e). This pattern is consistent with what would be expected
if the first cycle Lx/Tx values were influenced by residual TT-OSL
from the natural to differing degrees, dependent on bleaching
intensity and duration. This is further reinforced by the finding that
Fig. 3. (a) Lx against Tx after repeating identical doses between each cycle as part of the sequ
initial bleaching at room temperature by blue diodes in a luminescence reader twice for 30
a constant regeneration dose for three aliquots of YCW-4 (same data as in part a). The 1st cyc
the zero dose point. (c), (d) and (e) Lx/Tx against measurement cycle at a constant regeneratio
sunlight for one day; (d) and (e) Bleached by solar simulator for 3 h and 215 h respectively.
initial bleaching at room temperature by blue diodes in a luminescence reader twice for 3
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when only reader bleaching is used, and no regeneration doses are
given, the first cycle Lx/Tx is high, but falls to negligible values in the
second cycle onwards (Fig. 3f). This is consistent with the presence
of an initial signal prior to first measurement, but one which is
entirely removed during measurement of the first cycle Lx/Tx. It is
interesting to note that when bleached for 215 h in the solar
simulator, the entire residual signal seems to be removed and Lx/Tx
cycling is consistent across all measurement cycles. Therefore, we
conclude that any sensitivity change during the measurement cycle
is being monitored successfully.

After these tests, measurements of the SAR TT-OSL sequence
were carried out. TT-OSL dose response curves of all the samples
are similar (Fig. 4). The sensitivity change correction produced
ence in (Table 1) on three aliquots of YCW-4 (Lx ¼ 420 Gy dose; Tx ¼ 280 Gy dose) after
0 s. Natural cycles are shown by black symbols. (b) Lx/Tx against measurement cycle at
le is the remaining natural (after laboratory bleaching as in a) þ b and the sixth cycle is
n dose for three aliquots of YCW-4 after separate bleaching treatments. (c) Bleached by
(f) Lx/Tx against measurement cycle without the application of regeneration dose after
00 s for three aliquots of YCW-4.

ic sites in Hanzhong Basin, central China, Quaternary Geochronology



Fig. 4. (a) The natural OSL signal decay curve and the natural TT-OSL signal decay
curve of the middle-sized quartz from the YCW-4 sample. (b) The average TT-OSL
regenerated growth curves calculate from eight growth curves of YCW-4.

Fig. 5. Pedostratigraphy, TT-OSL ages, magnetic susceptibility of the Hejialiang loess
section.
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recycling ratios in the 0.90e1.10 range for HJL-1, HJL-2, and from
YCW-1 to YCW-3, and in the 0.85e1.5 range for YCW-4 and YCW-5.
The average recycling ratio of all the aliquots we used is 1.03� 0.01.
All dose response curves were fitted using linear, saturating-
exponential or saturating-exponential plus linear functions. The
TT-OSL characteristics for sample YCW-4 are shown in Fig. 4, which
contains the OSL decay curves and TT-OSL decay curves. The OSL
signal is much larger than the TT-OSL signal (Fig. 4a). The growth
curve for sample YCW-4 is shown in Fig. 4b. The TT-OSL charac-
teristics of all samples were similar.

4.3.3. Results
The De values for samples in Yaochangwan section range from

256.8 � 6.9 to 555.8 � 22.5 Gy. These values increase with depth
merely at the upper part of the loess section, but there is no distinct
increase among the samples YCW-3, YCW-4, YCW-5, and evenYCW-
6. The total dose rate remained stable between 3.2 � 0.2 and
3.5 � 0.2 Gy/ka (Table 2). The age estimates appear to be in strati-
graphic order only at the upper part of the Yaochangwan, ranging
from 90.1�9.1 ka to 172.6� 13.7 ka. But YCW-6 (154.7� 12.2 ka) at
Please cite this article in press as: Sun, X., et al., Ages of Liangshan Paleolith
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the bottomof the Yaochangwan section is evenyounger thanYCW-4
(161.2�11.2 ka) and YCW-5 (172.6�13.7 ka). So the age of YCW-6 in
artifact layer at the bottom of Yaochangwan section is questionable.
Sample information and TT-OSL dating data for Hejialiang and
Yaochangwan sections are listed in Table 2, and the TT-OSL age
sequences are shown in Figs. 5 and 6. The typical OSL and TT-OSL
growth curves of middle-sized quartz grains from the Yaochang-
wan Section show in Fig. 4. However, the dose response TT-OSL
curves of the samples YCW-4, YCW-5, and YCW-6 did not show
saturation tendency or saturation.
5. Discussion

The loess sequence in central Loess Plateau has been assigned
a stratigraphic designation in consecutive order as follows: S0, L1,
S1, L2, S2, L3, or S3. (Liu, 1985; Ding et al., 1992). The magnetic
susceptibility record of Yaochangwan shows that this
loessepaleosol sequence can be correlated with the Luochuan loess
sequence on the Loess Plateau (Fig. 6). Therefore, it is possible to
obtain age controls for the Yaochangwan loess sequence by
consulting both the typical loess time series in the central Chinese
Loess Plateau (Liu, 1985; Kukla et al., 1988; Lu et al., 1999, 2004) and
the ice-volume time series of the North Hemisphere (Bassinot et al.,
1994). However, there is a distinct shift in the magnetic suscepti-
bility record below 720 cm in the Yaochangwan section. The reason
for the abrupt shift may be explained that the magnetic suscepti-
bility has a variable behavior with respect to different
temperatureemoisture environments. Ferromagnetic minerals are
destroyed under high moisture (waterlogged), pedogenic condi-
tions (Zhao et al., 2008). The abrupt shift of the magnetic suscep-
tibility at 720 cm may reveal that the lower part of the section was
deposited in a waterlogged environment while the upper part was
not. But there is still a strong correlation between magnetic
susceptibility of the Yaochangwan section and the typical
loessepaleosol sequence (Fig. 6). When comparing these results
with other loessepaleosol sections near this place, we found that
there are almost identical structures and variations at the Qiao-
jiayao and the Shangbaichuan loess sections (Lu et al., 2007, 2011;
Wang et al., 2008a, 2008b), which are located in the Luonan Basin
in the south marginal region of the Qinling Mountains.
ic sites in Hanzhong Basin, central China, Quaternary Geochronology



Fig. 6. Pedostratigraphy, TT-OSL ages, magnetic susceptibility and magnetostratigraphy of the Yaochangwan loessepaleosol sequence.
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Mammalian fossil records were investigated in June 1980 (Tang
and Zong, 1987), and all findings were from the loess-covered
locality on the second terrace of Hanshui River. The mammalian
fossil record also showed that aeolian loess covering the second
Hanhui River terrace since the Middle Pleistocene (Tang and Zong,
1987).

The TT-OSL ages of HJL-1 (74.6 � 5.0 ka) and HJL-2
(86.3 � 6.4 ka) confirmed that the paleosol unit was deposited in
the last interglacial period and can be correlated with S1 in Chinese
Loess Plateau (Fig. 5). The TT-OSL ages of loess sediment at the
upper part of the Yaochangwan section increase with depth. The
two uppermost ages, 90.1 � 9.1 ka and 118.8 � 11.3 ka, confirmed
that the first paleosol unit can be correlated with S1 paleosol. YCW-
3 with an age of 155.2 � 11.4 ka in the following loess unit shows
that this unit can be correlated with the L2 loess. Then, the one-to-
one correlation of the loessepaleosol alternations in the Yao-
changwan and the Luochuan loess sections are established, and it is
from S1 to L6 (Fig. 6).

The loessepaleosol deposit covered the second Hanhui River
terrace since the middle Pleistocene. The TT-OSL age of YCW-6
(154.7 � 12.2 ka) in depth 1400 cm of the bottom of Yaochang-
wan is questionable. The TT-OSL ages of YCW-1, YCW-2, YCW-3, and
YCW-4 confirm the pedostratigraphy that S1, L2, and S2 exist in
Yaochangwan section. However, the TT-OSL age of YCW-5 and
YCW-6 conflict with the stratigraphic correlation. The dose
response TT-OSL curves of YCW-4, YCW-5, and YCW-6 did not show
saturation tendency or saturation (Fig. 4b), but De values did not
increase any more. The ages for YCW-4, YCW-5, and YCW-6 should
be thus underestimated. So, the TT-OSL method did not extend the
age range beyond 180 ka in the Yaochangwan loess section.
Therefore, the capability of the TT-OSL procedure extending the age
range of loess deposits may be limited to the Hanzhong Basin, but
this needs further investigation.
6. Conclusion

On the basis of TT-OSL ages for HJL-1 and HJL-2, the paleosol unit
in the Hejialiang section corresponds to the S1 paleosol in Chinese
Loess Plateau, and the age of artifact layer is 86.3 � 6.4 ka. On the
basis of the TT-OSL ages from YCW-1 to YCW-5 and the stratigraphy
and magnetic susceptibility correlation with the typical Luochuan
Please cite this article in press as: Sun, X., et al., Ages of Liangshan Paleolith
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loessepaleosol sequence, the first paleosol unit in the upper part of
the Yaochangwan loess section corresponds to the S1 with an age of
71e129 ka (Lu et al., 1999), and the last paleosol unit at the bottom
correlates to S5 soil with an age of 503e630 ka (Lu et al., 1999). The
TT-OSL protocol may not extend the age range of loess sediments
beyond 180 ka in Hanzhong Basin. Generally, the results suggest
that hominids occupied at the Hejialiang site at approximately
100 ka ago; and, approximately 600 ka ago at the Yaochangwan and
the Longgangsi sites.
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