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When and how was the Tibetan Plateau (TP), one of the least habitable regions on Earth,
occupied by humans are important questions in the research of human evolution. Among
tens of Paleolithic archaeological sites discovered over the past decades, only five are
considered coeval with or older than the Last Glacial Maximum (LGM, ∼27–19 ka). As one
of them, the Siling Co site in the central TP was previously announced to be ∼40–30 ka
based on radiocarbon dating and stratigraphic correlation. Given the loose chronological
constraint in previous studies, we here re-examined the chronology of the Siling Co site
with the optically stimulated luminescence (OSL) dating technique. Four sections from the
paleo-shoreline at an elevation of ∼4,600 m in southeastern Siling Co were investigated,
with stone artifacts found from the ground surface. Dating results of nine samples
delineated the age of ∼4,600m paleo-shoreline to be ∼10–7 ka (∼8.54 ± 0.21 ka in
average). This age indicates that the Siling Co site is not earlier than the early
Holocene, much younger than the former age. The revised age of the Siling Co site is
consistent with the wet and humid climate conditions on the TP during the early Holocene.
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INTRODUCTION

With an average elevation of ∼4,000 m, a mean annual temperature close to the freezing point of
water, and only half the concentration of oxygen at the sea level, the Tibetan Plateau (TP) offers one
of the most demanding and hostile living conditions to humans. For this reason, the timing and
mechanism of human colonization of this region as well as the accompanying cultural and
physiological responses to numerous environmental extremes are of high concern and heatedly
debated (Zhang and Li, 2002; Madsen et al., 2006; Zhao et al., 2009; Brantingham et al., 2010;
Simonson et al., 2010; Yi et al., 2010; Chen et al., 2015; Meyer et al., 2017; Zhang et al., 2018; Chen
et al., 2019; Zhang et al., 2020).

Over the past six decades, at least 38 Paleolithic archaeological sites with ages earlier than the
middle Holocene have been discovered on the TP, and five of them were even considered coeval with
or prior to the Last Glacial Maximum (LGM) (Figure 1A): Baishiya Karst Cave (∼190–17 ka) (Zhang
et al., 2020), Nwya Devu (ND) (∼40–30 ka) (Zhang et al., 2018), Siling Co (∼40–30 ka) (Yuan et al.,
2007), Xiao Qaidam (∼30 ka) (Huang et al., 1987), and Chusang (or Quesang, ∼20 ka) (Zhang and Li,
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2002). However, recent re-examinations raised the possibility of
age overestimation in some of these earliest sites. Based on 10
samples dated with the optically stimulated luminescence (OSL)
method, Sun et al. (2010) deduced that the age of the Xiao
Qaidam site was most likely between ∼3 and 11 ka, much
younger than the previously proposed ∼30 ka according to
radiocarbon dating, stratigraphic correlation, and speculation.
Likewise, the age of the Chusang site, which consists of 19 human
hand- and footprints found on the surface of fossil travertine, was
revised from a previous OSL-derived timing of LGM (Zhang and
Li, 2002) to no earlier than ∼12.67 and 8.20 thousand calibrated
years before present (ka cal. BP) by combined 14C, 230Th/U, and
OSL dating (Meyer et al., 2017). Age overestimation of vital
Paleolithic sites would cause serious misunderstanding of the

pattern and driving mechanism of settlement on the TP.
Therefore, chronological revisiting of more archaeological sites
is necessary.

In this article, we focus on the Siling Co (“Co”means “lake” in
Tibetan) site whose age was only loosely constrained by
stratigraphic correlation with 14C-dated lacustrine terraces
(paleo-shorelines) (Yuan et al., 2007). Although some dating
results obtained with OSL and cosmogenic nuclide techniques
have been reported (Li et al., 2009; Kong et al., 2011; Shi et al.,
2015, 2017), their stratigraphic relationship with stone artifact-
bearing layers were vaguely described due to research emphasis
on paleoclimate and/or tectonics. Thus, we re-investigated the
chronology of the Siling Co site with the OSL method, which is
suitable for coarse-grained, carbon-deficient shoreline deposits.

FIGURE 1 | The locations of the studied Siling Co Paleolithic site and sections. (A) Map showing the locations of the Siling Co site and four other Paleolithic sites
(light blue dots) on the Tibetan Plateau with possible ages of the LGM or older. (B) Location of the Siling Co site in relation to Siling Co Lake, Co Ngoin Lake, and the Nwya
Devu site. (C) Locations of the four investigated sections (yellow dots) along the paleo-shoreline at an elevation of ∼4,600 m (blue dashed line). Artifacts were found on the
ground surface of sections 17SLC16 and SLC2A. Digital elevation model data for (A) from http://vterrain.org/Elevation/global.html. Satellite imagery for (B,C)
courtesy of Google Earth.
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STUDY AREA AND SAMPLE COLLECTION

Regional Setting of Siling Co
Siling Co (88°31’–89°22’E, 31°30’–32°20’N) is a closed lake in the
interior of the TP and is fed by precipitation and melting glaciers
from a drainage area of 57,200 km2. With a continued rise in the
water level during the past few decades, it has become the largest
endorheic lake in the central TP with a water area of 2,323.6 km2

(Meng et al., 2012). Quaternary fluctuations of the lake level have
left multiple paleo-shorelines, mainly composed of mixed gravel
and sand, with the highest one lying at an elevation of ∼4,600 m
above the sea level (masl), nearly 50 m above the current lake level
at ∼4,550 m (Shi et al., 2015).

During a joint Sino–Japan expedition in 1988, some stone
artifacts were found from the 4,600 m paleo-shoreline in situ
and the surface of a natural alluvial cone near a rock hill
(31°31′N, 89°14′E) in southeastern Siling Co (Yuan et al., 2007),
about 39 km to the east of the latest reported Nywa Devu site
situated on a terrace of Co Ngoin Lake (Figure 1B). As direct 14C
dating of carbonates failed due to severe contamination from “dead
carbon,” the stone artifact-yielding paleo-shoreline was assigned an
age of ∼40–30 ka based on stratigraphic correlation with nearby
14C-dated paleo-shorelines (Yuan et al., 2007).

OSL Sample Collection
In our 2015–2017 fieldwork, an assemblage of 36 stone artifacts,
including 15 flakes, 17 tools, and four micro-cores, were spotted
on the surface of the ∼4,600 m paleo-shoreline in southeastern
Siling Co (Figure 2). The artifacts are mostly made of dark grey
slate, and the rawmaterials could be readily found in surrounding
areas. Surfaces and edges of the artifacts show little signs of
erosion or rounding, suggesting that they were not transported
from elsewhere. The allogenic possibility is further ruled out by
the absence of higher paleo-shorelines around the site. Given
similarities in geographic locations and lithic characteristics, we
assume that this site is quite close to the one described in Yuan
et al. (2007).

In the field, shoreline sediments can be distinguished by
features such as bedding (e.g., foreset bedding), color, sorting,
and rounding. At Siling Co, the shorelines are typically associated
with sandy or gravelly deposits with cross-bedded layers. Four
freshly cleaned sections from the ∼4,600 m paleo-shoreline were
chosen for a chronological study (Figures 1C, 3), including three
hand-excavated pits (17SLC16, 17SLC17, and SLC2A) and a
section exposed by road construction (17SCL15). Among
them, sections 17SLC16 and SLC2A are where the stone
artifacts were discovered on the surface (Figure 3).
Lithological details of these four sections are presented in
Table 1. A total of nine OSL samples were collected, with one
from 17SLC16, one from 17SLC17, two from SLC2A (duplicate
samples), and five from 17SLC15 (Figure 3).

During the sample collection, stainless tubes (20–25 cm in
length and 5 cm in diameter) were hammered into freshly cleaned
vertical sections and then wrapped with black plastic bags and
taped to avoid light exposure and moisture loss. For sediments
rich in coarse-grained sand and gravel, two or three adjacent
tubes were obtained for each sample to ensure enough materials

for the following experiment. Additional sediments for dose rate
determination were taken from the same positions of each
sample.

OSL DATING

Sample Pretreatment
Sample preparation was conducted under subdued red light
according to routine procedures. Coarse-grained quartz was
used for equivalent dose (De) determination. First, 2–3 cm-
thick sediments at both ends of the tube were discarded
because of potential light exposure. The remaining part was
wet sieved to remove >300 μm gravels, followed by treatment
with 10% hydrochloric acid (HCl) and 30% hydrogen peroxide
(H2O2) to eliminate carbonates and organic matter, respectively.
Then, the coarse-grained component (90–125, 90–150, or
150–200 μm, depending on availability) was separated by wet
sieving and treated with heavy liquid (aqueous sodium
polytungstate, SPT) of 2.62 and 2.70 g/cm3 to further isolate
the quartz-rich fraction. Finally, this fraction was etched with
40% hydrofluoric acid (HF) for 40 min to corrode residual
feldspars and the outer alpha-irradiated rind of quartz grains,
followed by a 10% HCl rinse to eliminate fluoride precipitates.
The purity of the isolated quartz fraction was checked by infrared
light stimulation (IRSL), and repeated treatment with HF would
be carried out if obvious IRSL signals were observed until passing

FIGURE 2 | Stone artifacts found in the Siling Co site. Artifacts were
collected from the ground surface of sections 17SLC16 and SLC2A in
this study.
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the test. After re-sieving with 90- or 150-μm sieves, the separated
quartz grains were mounted as monolayers onto the central part
(2–3 mm in diameter) of 9.7 mm-diameter steel discs with
silicone oil adhesive.

OSL Measurement
Luminescence was measured by a Risø Model DA-20 TL/OSL
reader equipped with blue LEDs (470 ± 20 nm), infrared LEDs
(875 ± 80 nm), and a 90Sr/90Y beta source. The quartz OSL signals
were stimulated by blue LEDs (90% diode power) for 40 s at
130°C and detected by a 9235QA photomultiplier tube after
filtering through a 7.5 mm Hoya U-340 filter. The OSL signals
of the first 0.64-s integral subtracted by the background (last 10 s)
were used for growth curve construction.

The single aliquot regenerative dose (SAR) (Murray and
Wintle, 2000) protocol combined with the standardized
growth curve (SGC) method (Roberts and Duller, 2004; Lai,
2006; Lai et al., 2007) was employed for De determination.
Prior to the routine experiment, preheat plateau and dose
recovery tests were carried out on a representative sample
SLC2A-1 to choose an appropriate preheat temperature and to

assess the overall performance of the SAR protocol, respectively
(Murray and Wintle, 2003). In the preheat plateau test, preheat
temperatures varied from 220°C to 300°C at 20°C increments,
while the cut-heat was fixed at 220°C for all the measurements; for
each preheat temperature step, the mean De of four aliquots was
calculated. 260°C was selected as an appropriate preheat
temperature as was within the plateau region (Figure 4A). In
the dose recovery test, four aliquots were bleached by blue light
for 100 s before receiving a laboratory dose, and the SAR protocol
was then used to recover this known dose. The resultant ratios of
measured to given doses were within 10% uncertainty of unity,
validating the overall protocol conditions in this study
(Figure 4B).

In the SAR–SGC protocol for De determination, six or more
aliquots were first measured by the SAR protocol and yielded
6 Des and 6 growth curves, which were fitted by linear or single
exponential functions. These Des and growth curves were
accepted only when 1) the recycling ratio fell into the
acceptance range of 0.9–1.1 and 2) the recuperation, calculated
by comparing the sensitivity-corrected OSL signal of 0 Gy (L0/T0)
with the sensitivity-corrected natural OSL signal (Ln/Tn), was

FIGURE 3 | (A) Photos showing the four studied sections and sampling positions. (B) Lithological logs of sections and OSL ages.
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<5%. The accepted growth curves were then averaged to give an
SGC for the sample. Afterwards, the Ln/Tn of at least 12 more
aliquots of this sample were measured under the same
experimental conditions and projected onto the SGC to yield
Des. The difference in De errors determined by the SAR and SGC
methods are minor and negligible. So, the SAR Des and SGC Des
were treated equally in the following analysis after removing a few
obvious outliers (at most 3) (Table 2).

The shoreline sediments are usually transported, washed, and
sorted before deposition and thus should be well bleached. The

overdispersion (OD) values of most samples were relatively low
(20%) (Table 2 and Supplementary Figure S1), suggesting that
Des of all aliquots were centering on some average value. Therefore,
the central age model (CAM) was used to calculate the final De.

Dose Rate Measurement
The concentrations of uranium (U), thorium (Th), and potassium (K)
of dose-rate sampleswere determined through either neutron activation
analysis (NAA) or ICP-MS (for U and Th) and ICP-AES (for K). A
water content value of 5%was assigned to all paleo-shoreline sediments

FIGURE 4 | Luminescence characteristics of sample SLC2A-1. (A) Preheat plateau test and (B) dose recovery test. (C) Growth curves of six aliquots and the
standardized growth curve (SGC, the red line, and empty circles) averaged from them. Dashed lines indicate the projection of a sensitivity-corrected natural OSL signal
onto the SGC to yield a De value. (D) Decay curves, where N is the natural dose and TD is the test dose.

TABLE 1 | Lithological details of studied sections from the paleo-shoreline at ∼4,600 masl.

Section ID Depth (cm) Description

17SLC15 (31°30.6′N, 89°09.0′E, ground altitude: 4,605 m) 0–60 Grayish-brown sandy gravel with low-angle cross-beddings
60–100 Brownish-gray coarse sand
100–210 Brownish-gray sandy gravel with cross-beddings
210–240 Brownish-yellow medium sand

17SLC16 (31°31.2′N, 89°12.0′E, ground altitude: 4,600 m) 0–10 Brownish-yellow clayey silt
10–70 Grayish-yellow sandy gravel with low-angle cross-beddings
70–100 Pale gray gravel with low angle cross-beddings, calcareously cemented in the surface

17SLC17 (31°31.8′N, 89°13.2′E, ground altitude: 4,603 m) 0–55 Yellowish-brown sandy gravel with horizontal beddings
>55 Yellowish-brown gravel

SLC2A (31°31.3′N, 89°12.5′E, ground altitude: 4,600 m) 0–10 Reddish-brown clayey silt
10–50 Grayish-yellow sandy gravel with ∼10° cross-beddings
>50 Brownish-gray coarse sand
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in consideration of their currently measured values, and an uncertainty
of 3% was used to cover variations throughout the burial. The
radioactive element concentrations were then converted to a dose
rate according to the function of Aitken (1998). The cosmic ray
contribution to the dose rate for each sample was estimated as a
function of the density of cover deposits, depth, altitude, and
geomagnetic latitude proposed according to Prescott and Hutton
(1994).

DATING RESULTS

OSL Characteristics
Most of the OSL signals decreased to a level undistinguishable
from the background within the first second of stimulation,
indicating the dominance of the fast component, which is
preferable for OSL dating (Figure 4D). The growth curves of
different aliquots from the same sample, as exemplified by the
sample SLC2A-1, were quite similar in shapes, corroborating the
existence of SGC (Figure 4C).

Age of the Siling Co Site
Table 2 lists the OSL dating results of nine samples from four
sections, and artifacts were found and collected from the
surface of two sections (17SLC16 and SLC2A). Sample
17SLC16-A showed an age of 10.2 ± 0.7 ka. One sample
from section 17SLC17 was dated at 7.8 ± 0.5 ka. In section
17SLC15, except sample 17SLC15-C at 1.95 m depth, the ages
of other four samples range from 7.4 ± 0.5 to 9.6 ± 0.8 ka,
which were consistent with each other at 2σ range. The
duplicate samples from section SLC2A showed a similar age
(8.6 ± 0.6 and 9.1 ± 0.5 ka) within 1σ uncertainties (Figure 3B),
supporting the well-bleaching assumption in OSL dating. The
anomalously young age of 17SLC15-C (6.3 ± 0.5 ka) may arise
from the introduction of light-exposed sediments from the
above through crevasses and was excluded in the following
analysis.

Collectively, these dating results suggest an early Holocene age
(∼10–7 ka; ∼8.54 ± 0.21 ka in average) for the 4,600 m paleo-
shoreline. As stone tools in our field investigation were found on

the surface of the 4,600 m paleo-shoreline, the age of the Siling Co
site should be no earlier than the early Holocene.

DISCUSSION

Paleoclimatic Implications of the Age of the
∼4,600m Paleo-Shoreline
Thanks to their direct geomorphic indication of past water levels,
paleo-shorelines have been widely used to reconstruct lake-level
fluctuations, which in turn may shed light on climate changes
(e.g. Liu et al., 2010; Goldsmith et al., 2017; Yu et al., 2019; Jonell
et al., 2020) and lithospheric rheology (e.g. Shi et al., 2015;
Henriquet et al., 2019). Previous studies have demonstrated
that the amplitude of surface deformation due to changes in
lake levels on the TP is no more than ∼2–4 m (Shi et al., 2015;
Henriquet et al., 2019), thus corrections for paleo-shoreline
elevation were not made in this study.

The OSL dating of different protocols and the exposure dating
with cosmogenic nuclides (36Cl, 26Al, and 10Be) have been applied
to multiple paleo-shorelines of Siling Co (Li et al., 2009; Xue et al.,
2010; Kong et al., 2011; Shi et al., 2015, 2017; Hou et al., 2021), but
consensus on the ages have yet to be reached. With the fine-grain
(4–11 μm) quartz and polymineral OSL technique, Li et al. (2009)
obtained different ages for two samples, that is, 18.6 ka for sample
SW-L1/01 at 4,597 m asl and 9.6 ka for sample SW-L2/11 at
4,598 m asl. It is noted that only fractions <63 μmwere used in U,
Th, and K analysis, and the resultant bias in dose rate estimation
may weaken the reliability of OSL ages. Shi et al. (2015) applied
the coarse-grain (180–212 μm) quartz OSL dating to paleo-
shorelines at 4,592 and 4,594 m asl, and seven of the nine
results were approximately between 6 and 4 ka. As large
overdispersion values were observed in nearly all samples,
possibly due to a small aliquot size (2 mm) and test dose value
(5 Gy), which led to a low signal intensity, they used the
minimum age model and finite mixture model for age
calculation. The reliability of their dating results awaits further
examination. A recent OSL-based chronological study of paleo-
shorelines <4,565.7 m asl, though not as high as 4,600 m asl,
revealed a highstand of the lake level at ∼10–7 ka (Hou et al.,

TABLE 2 | OSL dating results.

Sample ID Depth
(m)

Grain
size (μm)

Aliquot No. K (%) Th (ppm) U (ppm) Dose ratec

(Gy/ka)
De (Gy) Over-

dispersion
(%)

Age (ka)

Accepteda Rejectedb

17SLC15-F 0.65 90–150 19 (6) 2 1.01 ± 0.04 5.73 ± 0.20 2.17 ± 0.09 2.22 ± 0.11 19.77 ± 1.28 23.0 ± 3.9 8.9 ± 0.7
17SLC15-E 1.30 90–150 19 (6) 2 0.75 ± 0.04 5.74 ± 0.20 3.43 ± 0.13 2.22 ± 0.10 18.52 ± 0.96 17.5 ± 3.0 8.3 ± 0.6
17SLC15-D 1.60 90–125 20 (7) 2 0.63 ± 0.03 5.02 ± 0.18 2.67 ± 0.10 1.88 ± 0.08 18.00 ± 1.18 26.1 ± 4.4 9.6 ± 0.8
17SLC15-C 1.95 90–125 19 (6) 2 1.36 ± 0.05 7.90 ± 0.25 2.39 ± 0.10 2.67 ± 0.13 16.69 ± 0.88 15.3 ± 2.8 6.3 ± 0.5
17SLC15-A 2.25 90–125 19 (6) 1 1.85 ± 0.06 10.90 ± 0.32 2.14 ± 0.09 3.25 ± 0.16 23.95 ± 1.29 19.5 ± 3.4 7.4 ± 0.5
17SLC16-A 0.50 90–150 19 (6) 1 0.59 ± 0.03 4.60 ± 0.16 2.23 ± 0.09 1.77 ± 0.09 18.50 ± 1.08 22.0 ± 3.8 10.2 ± 0.7
17SLC17-A 0.50 90–125 19 (6) 2 1.67 ± 0.06 10.80 ± 0.31 2.28 ± 0.09 3.22 ± 0.16 25.59 ± 1.44 19.3 ± 3.4 7.8 ± 0.5
SLC2-A1 0.40 90–150 19 (7) 2 0.57 ± 0.03 4.17 ± 0.15 2.29 ± 0.09 1.74 ± 0.08 15.01 ± 0.63 14.5 ± 2.6 8.6 ± 0.6
SLC2-A2 0.40 150–200 32 (12) 3 0.57 ± 0.03 4.17 ± 0.15 2.29 ± 0.09 1.72 ± 0.08 15.53 ± 0.50 18.1 ± 2.5 9.1 ± 0.5

aValues in brackets are numbers of aliquots accepted by SAR.
bNumber of aliquots rejected from the age calculation.
cWater contents of all samples were specified as 5 ± 3%.
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2021), supporting the assignment of an early Holocene age to the
∼4,600 m-paleo-shoreline in this study, which was the highest
one in our field reconnaissance.

During the early Holocene, a warm and wet climate has
been widely reported from the lake sediments (Wei and Gasse,
1999; Wu et al., 2006) and ice-core records (Thompson et al.,
1989) on the TP. Previous studies on lake shorelines in the TP
also show high lake levels during this period (e.g. Pan et al.,
2012; Chen et al., 2013; Hudson et al., 2015). The ∼10–7 ka
shoreline in Siling Co indicates that this lake also achieved a
high lake level in the early Holocene, which is consistent with
the environment and climate change during this time.
Compared with the extremely cold climate during the Last
Glacial period, the warm and wet climate in the Holocene
provided favorable conditions for ancient human activities,
encouraging their expansion and occupation.

Archaeological Implications of the Age of
the Siling Co Paleolithic Site
Climate change is considered an important driving factor in
prehistoric human evolution. The basic coupling model of
early human migration and climate change can be
summarized as follows (Zhang et al., 2016; Madsen et al.,
2017): During the warm climate, the living conditions at high
latitudes/altitudes would gradually improve, and humans would
spread to higher latitudes/altitudes due to internal competition or
attraction from the external environment. When the climate
becomes cold, humans would retreat from high to low
latitudes/altitudes and then reinhabit the high latitudes/
altitudes when the weather gets warmer.

The northeastern margin of the TP is widely considered as the
main path for early human migration to the inner plateau. Here,
we summarized the available paleolithic–microlithic sites with
dating results (Figure 5 and Supplementary Table S1). It can be
seen that early humans were mainly active in the middle Yellow
River during 35–20 ka (e.g., Shuidonggou) (Nian et al., 2014; Pei
et al., 2014). They may temporarily reach the low-altitude areas at
the edge of the TP during the warm climate. During LGM, the
climate would be hard for early humans to explore further west
(Sun et al., 2018). During the last deglacial interval (16–11.5 ka),
with the improvement of climatic conditions, early humans re-
entered the TP through the northwestern margin and reached the
Qinghai Lake area (Sun et al., 2018). A series of archaeological
sites of 14–11 ka have been found on the northeastern edge of the
TP (∼3,200 m asl) (e.g., Madsen et al., 2006; Brantingham et al.,
2007; Sun et al., 2012; Madsen et al., 2017). At the beginning of
Holocene, with the strengthening of the Asianmonsoon (Dykoski
et al., 2005), the climate of the TP turned warmer, the
temperature and precipitation had risen to a similar level to
that of today (Shen et al., 2006). Humans further expanded to the
hinterland of the TP, including the high-altitude areas (>4,000 m
asl). Several sites such as Xiadawu 1(Hou et al., 2016; Madsen
et al., 2017), Xiao Qaidam (Sun et al., 2010), and Xidatan 2
(Brantingham et al., 2013) were discovered in this time. In this
study, the age of the Siling Co site is revised from 40 to 30 ka to
within the Holocene, making it consistent with this pattern of
human settlement on the TP.

Recently, the ND Paleolithic site was reported from a terrace of
CoNgoin Lake at an elevation of ∼4,600 m (Zhang et al., 2018) and
is only ∼39 km to the west of the Siling Co site. Considering age
revisal at Chusang (Meyer et al., 2017) and Siling Co (this study)

FIGURE5 | The ages and altitudes of paleolithic–microlithic sites on the Tibetan Plateau. The names of sties at elevation >4,000 m (pink line) are indicated. Note that
the Siling Co shoreline age here represents the maximum age of the Siling Co site.
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sites, an OSL-derived age of ∼40–30 ka has made ND the unique
evidence of human presence in the interior of the TP where the
average elevation is above 4,000 m (Zhang et al., 2018). If the age is
accurate, there are two questions to be considered. On the one
hand, it triggered new thinking about the migration of early
humans to the high altitudes of the TP. Considering the
similarity of the stone tool technology at ND and Shuidonggou
(∼43 ka) (Nian et al., 2014; Zhang et al., 2018) along the middle
Yellow River in the northeastern TP, it is possible that early
humans rapidly migrated along the Yellow River and reached
the high-altitude areas of the TP. However, the two sites are
geographically apart with a linear distance of ∼1,800 km and an
altitude difference of ∼3,400 m, and it would be a considerable
challenge for early humans to migrate between them. Therefore,
there may be other paths from the western or southern TP for early
humans to reach the hinterland of the TP (Lv, 2014; Qiu, 2015;
Wang et al., 2018). On the other hand, the age of the ND site is
interesting in the context of climatic setting. Around the late period
of the last ice age at 40–30 ka, climate over most of the regions on
Earth was much colder and drier than today (Jouzel et al., 2007;
Beck et al., 2018). Some studies (e.g. Lai et al., 2014; Yu et al., 2019)
also suggested that the TP experienced the same climate as the rest
of the world. Therefore, why did humans step into the interior of
the TP under such a severe climatic condition? Andwhat happened
with these humans during the following LGM period? Were they
locally extinct due to the extreme severe climate condition, or did
they retreat to the lower area? More systematic survey combined
with careful dating is needed to solve these problems.

CONCLUSION

Through dating nine samples from four sections along the paleo-
shoreline at ∼4,600 masl, where stone artifacts were found
previously and in this study, we postulate that the age of the
Siling Co Paleolithic site, which was previously assumed to be
∼40–30 ka, should be no earlier than the early Holocene
(∼10–7 ka; ∼8.54 ± 0.21 ka in average). The revised age of the

Siling Co site is consistent with a current model that assumes that
humans did not widely occupy the interior of the TP until the
Holocene. We call for further examination on the age of other
high-elevation Paleolithic sites dated to the LGM or earlier.
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