
Research Article

Late Occupation of the High-Elevation Northern Tibetan Plateau
Based on Cosmogenic, Luminescence, and Radiocarbon Ages
P. Jeffrey Brantingham,1,* Gao Xing,2 David B. Madsen,3 David Rhode,4 Charles Perreault,5

Jerome van der Woerd,6 and John W. Olsen7

1Department of Anthropology, University of California Los Angeles, Los Angeles, California
2Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences, Beijing, China
3Texas Archaeological Research Lab, University of Texas, Austin, Texas
4Desert Research Institute, Reno, NV
5Department of Anthropology, University of Missouri, Columbia, Missouri
6Institut de Physique du Globe de Strasbourg, CNRS Université de Strasbourg, Strasbourg cedex, France
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10Be-26Al cosmogenic surface exposure, optically stimulated luminescence,
and radiocarbon dates from the site of Xidatan 2 (∼4300 m above sea level
[asl] in the Kunlun Pass, northern Tibetan Plateau) suggest the site was in-
termittently and briefly occupied approximately 9200–6400 yr B.P. This age is
substantially younger than expected given the late Upper Paleolithic character
of the lithic assemblage, which is dominated by microlithic and unique dis-
coidal prepared core technologies. Comparisons between Xidatan 2 and known
surface lithic assemblages in the Kekexili and Chang Tang regions of the central
high Plateau show not only that the latter are technologically similar to Xidatan
2, but also that they are demonstrably connected to Xidatan 2 through utiliza-
tion of the same stone raw materials, which includes a chemically distinctive
obsidian. Contrary to most accounts of Tibetan Plateau colonization, our re-
sults suggest that the earliest substantial occupations on the interior Tibetan
Plateau above 4000 m asl may date to the Pleistocene/Holocene transition.
C© 2013 Wiley Periodicals, Inc.

INTRODUCTION

The Tibetan Plateau provides a unique opportunity to
test fundamental models concerning the human capac-
ity to colonize radically different and extreme environ-
ments. At the outset of our research program, we hypoth-
esized that the northern Tibetan Plateau was colonized in
several discrete stages coinciding with major fluctuations
in regional paleoclimate, and that each discrete stage of
colonization involved different forms of hunter-gatherer
foraging organization (Brantingham et al., 2003). Our
models have focused on the principal elevation steps of
the northern Plateau: (1) the low-elevation areas sur-
rounding the Plateau below 3000 m above sea level (asl),
consisting primarily of Gansu Province, Ningxia, Inner
Mongolia, and Xinjiang; (2) the middle-elevation step,
between 3000 and 4000 m asl, including the large inter-
nal lake basins of Qinghai Province; and (3) the high-

elevation step above 4000 m asl, including portions
of Qinghai Province and the Tibetan Autonomous Re-
gion (Figure 1). Elsewhere, we have reported on ar-
chaeological fieldwork relevant to understanding the late
Pleistocene occupation of the low-elevation areas sur-
rounding the northern Tibetan Plateau both prior to
and following the Last Glacial Maximum (LGM, ∼25–
15 ka; Madsen et al., 1998; Brantingham et al., 2000;
Brantingham, Olsen, & Schaller, 2001; Madsen et al.,
2001; Brantingham et al., 2004; Gao et al., 2004; Ji et al.,
2005; Barton, Brantingham, & Ji, 2007). The evidence
suggests that these low-elevation areas were colonized
by early Upper Paleolithic foragers around 30 ka, a
period characterized by the expansion of vast steppe
grasslands through what is now desert northwest China.
Recognized by the use of Levallois-like large-blade tech-
nologies, these early Upper Paleolithic populations en-
gaged in high-frequency mobility strategies aimed at
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Figure 1 Digital elevation model showing the low- (Gansu, Xinjiang, < 3000 m asl), middle- (Qinghai Lake, Qaidam, 3000–4000 m asl), and high-elevation

(Kekexili, Chang Tang, > 4000 m asl) steps of the Tibetan Plateau. Elevation increases with lighter shading. The location of Figure 2 is shown.

procuring high-ranked game and were probably orga-
nized in small, autonomous social groups. We proposed
that these early Upper Paleolithic foragers may have oc-
casionally moved onto the middle-elevation step of the
Plateau as a by-product of their high mobility land use
strategy (Brantingham et al., 2003). It was suggested,
moreover, that the earliest exploitation of the high-
elevation step of the Plateau may have occurred during
the LGM when hyperaridity in the Qaidam basin may
have pushed foragers up in search of more mesic condi-
tions. Our work in the low-elevation environments sur-
rounding the northern Tibetan Plateau indicates that fol-
lowing the LGM late Upper Paleolithic foragers shifted to
the use of specialized microblade technologies and were
probably engaged in more intensive exploitation of re-
sources in patchy environments. We proposed that these
late Upper Paleolithic foragers recolonized the middle-
and high-elevation steps of the Plateau, but this time
possibly as larger foraging parties targeting specific high-
elevation resources (Brantingham et al., 2003).

Several features of this model of initial Plateau col-
onization have proven to be wrong. While evidence
from the Qinghai and Qaidam basins broadly confirms
the hypothesis that late Upper Paleolithic foragers en-
gaged in seasonal exploitation of the middle-elevation
step of the northern Plateau (Madsen et al., 2006; Rhode
et al., 2007), there is scant evidence for human oc-
cupation of the Tibetan Plateau before 15,000 yr B.P.
(Brantingham & Gao, 2006; Brantingham, Gao, Olsen,
et al., 2007). We have shown that climatic and envi-
ronmental conditions on the middle-elevation step of
the Tibetan Plateau during marine isotope stage (MIS)
3 (45–25 ka) were significantly more extreme than pre-

viously envisioned (Madsen et al., 2008; Rhode et al.,
2009), providing little incentive for early Upper Pale-
olithic foragers in northwest China to move into higher
elevations.

The timing of the earliest occupation of the high-
elevation step of the Plateau above 4000 m asl is also
seriously in question. None of the more than 20 stone
tool-dominated surface assemblages known from the
high-elevation step of the Tibetan Plateau has been di-
rectly dated (but see Zhang & Li, 2002; Aldenderfer, 2007;
Yuan, Huang, & Zhang, 2007). As a consequence, re-
searchers have tended to rely on coarse-grained techno-
typological comparisons with lithic assemblages from in
lower elevation environments to infer ages of coloniza-
tion. For example, the presence of simple retouched side
scrapers and discoid-like flake cores, which are broadly
similar to Middle Paleolithic technologies seen in North
China, has been used to argue for a pre-LGM occupa-
tion of the high Plateau (An, 1982; Huang, 1994; Brant-
ingham, Olsen, & Schaller, 2001; Aldenderfer, 2003;
Aldenderfer & Zhang, 2004). Brantingham et al. (2001)
argued that the specialized large blade and bladelet tech-
nologies seen in the Chang Tang region of northern Ti-
bet were derived from, and therefore are younger than,
the early Upper Paleolithic seen in Northwest China at
around 30 ka. They suggested that these technologies
possibly represented an LGM (ca. 25–15 ka) occupation of
the high Plateau. Microblade technologies found in abun-
dance in surface contexts across the northern Plateau are
characteristic of the late Upper Paleolithic in Northwest
China (ca. 15–11 ka), suggesting that they appeared on
the high Plateau sometime shortly after the LGM. In sum,
the lithic techno-typological evidence has been used to
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suggest that the high-elevation step of the Tibetan Plateau
was repeatedly colonized before, during, and after the
LGM. Here we show that this hypothesis may be wrong
and that the oldest substantial occupation of the high-step
of the Tibetan Plateau dates to well after the LGM.

We report on initial archaeological research at the
Xidatan 2 site (ca. 4300 m asl) in the Kunlun Pass area,
Qinghai Province, China, the primary high mountain
pass between the middle- and high-elevation steps of the
northern Tibetan Plateau. 10Be cosmogenic surface expo-
sure ages (Van Der Woerd et al., 2002), combined with
optically stimulated luminescence (OSL; Owen et al.,
2006) and radiocarbon dates, indicate Xidatan 2 was oc-
cupied sometime between approximately 9200–6400 yr
B.P., with a concentration of human activity at the site
perhaps around 8000–7000 yr B.P. These ages are much
younger than expected given the prominence of bipolar
and both microlithic and discoidal prepared core tech-
nologies in the assemblages. In combination, these tech-
nologies are more characteristic of the late Upper Pale-
olithic than of the epi-Paleolithic, as suggested by the
chronology. The types of stone raw materials present at
Xidatan 2 are unusually diverse and include a chemi-
cally unique obsidian. This obsidian is found at other sites
on the high Plateau and has been discovered at an early
Holocene site on the southern shore of Qinghai Lake,
nearly 1000 km from the source (Rhode et al., 2007).
The transfer of obsidian toolstone to the Qinghai Lake
basin also suggests that regular movement of groups be-
tween the high- and middle-elevation steps was estab-
lished by at least 9200–6400 yr B.P. These data demon-
strate that utilization of the Kunlun Pass-Xidatan area
was connected with regular exploitation the high Plateau
to the south and implies also that the known surface lithic
assemblages in the Chang Tang and Kekexili areas of the
northern Plateau date to the Pleistocene/Holocene transi-
tion, much later than previously thought (Brantingham,
Olsen, & Schaller, 2001; Brantingham et al., 2003). These
widely dispersed sites may have been part of a single post-
glacial settlement system on the high Plateau. This con-
clusion is further supported by the striking similarity be-
tween the lithic technologies seen at Xidatan 2, and the
Kekexili and Chang Tang surface localities. A similar as-
semblage composed of bladelet and microblade technol-
ogy from the Xiadawu site (4000 m asl), in the Maqu
(Yellow River) segment of the Kunlun range, is radiocar-
bon dated as early as 11,900 cal. yr B.P. (Van Der Woerd
et al., 2002). It remains uncertain, however, in all of these
cases, whether exploitation of the high Plateau during the
early Holocene was year-round or seasonal. We discuss
these findings in light of the regional archaeological and
paleoclimatic sequence.

Geographic Setting

The northern Tibetan Plateau is divided into two ele-
vational steps by tectonic structures associated with the
Himalayan-Tibetan orogeny (Figure 1; Yin & Harrison,
2000; Tapponnier et al., 2001). The middle-elevation
step, between approximately 3000 and 4000 m asl, is
bounded by the Altyn Tagh–Qilian mountain ranges
in the north and the Muzutag–Kunlun–Anyimaqen
ranges in the South. These ranges reach maximum
elevations of 5500 m and 7500 m asl, respectively. The
middle-elevation step of the Plateau is dominated by two
major internal drainage basins, the Qinghai Lake basin
in the East and greater Qaidam basin in the West. We
discuss the geology and archaeology of the Qinghai Lake
basin elsewhere (Madsen et al., 2006; Rhode et al., 2007;
Madsen et al., 2008). The greater Qaidam basin is a
syncline located between approximately N36–39◦ and
E91–98◦ (Tapponnier & Molnar, 1977; Tapponnier et al.,
2001).

Climate and environment in the Qaidam is influenced
by the rain shadow of the high-elevation step of the
Plateau, by the westerly jet stream, and by the Siberian
high-pressure cell, also referred to as the East Asian
Winter Monsoon (Benn & Owen, 1998; Owen et al.,
2006). Mean annual precipitation across the greater
Qaidam ranges from <25 to 50 mm and mean annual
temperatures are between 2 and 4◦C (Yang et al., 2004).
Permafrost is limited to the higher elevations in the
surrounding mountain ranges, although the entire
middle-elevation step of the Plateau experiences season-
ally frozen ground (Wu et al., 2005). Vegetation trends
from steppe-grassland to desert-steppe and Gobi as one
moves from east to west across the basin (Lehmkuhl &
Haselein, 2000).

The high-elevation step of the Tibetan Plateau
(Figure 1) is bounded on the north by the Muzutag–
Kunlun–Anyimaqen mountain ranges. The Greater
Himalaya form a southern boundary, approximately
1000 km to the south. The high Plateau has an average
elevation of more than 5000 m asl with very little
topographic relief in the interior (Fielding et al., 1994;
Yin & Harrison, 2000). The topographic boundaries of the
high Plateau, by contrast, are characterized by changes in
elevation of as much as 2000–3000 m over distances of
only 100–200 km (Fielding et al., 1994). The limited to-
pographic relief of the interior of the high Plateau means
that there is little active erosion, alluvial drainages are rel-
atively short, and small, shallow lakes are common (Jin
et al., 2005). Precipitation on the high Plateau derives
primarily from the South Asian Summer Monsoon and
mean annual precipitation for the entire high Plateau (ca.
318 mm/year) exceeds that seen on the middle-elevation
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step (Schaller, 1998: 29; Morrill, Overpeck, & Cole,
2003). However, the influence of the South Asian Sum-
mer Monsoon decreases from southeast to northwest
such that conditions on the northern portions of the high
Plateau are substantially more arid than on the southern
portion. Precipitation along the Muzutag–Kunlun–
Anyimaqen boundary is predominantly orographic,
though there may also be some contribution from the
westerly jet stream (Benn & Owen, 1998; Owen et al.,
2006). Mean annual temperatures are low (ca. −2 to
−4◦C for the high Plateau overall) and extensive soil
permafrost is supported in most areas above 4400 m (Wu
et al., 2005). Environments of the high Plateau reflect
these climatic conditions. The environment outside of the
Indus, Sutlej, and Tsangpo River drainages in the south
is characterized as alpine desert-steppe (Schaller, 1998).

The Kunlun Pass is a key mountain pass between the
middle and high-elevation steps of the Plateau in the
eastern Kunlun range (Li, Yin, & Yu, 2000; Wu et al.,
2001). It would have likely served as one of the major
corridors for human population movements onto the
high Plateau. The Kunlun Pass thus might be expected to
provide evidence for the timing and nature of such move-
ments. The pass is divided into three sections (Figure
2). The Kunlun Pass proper is a small depositional basin
formed around a short thrust fault—the Kunlun Pass
fault—associated with the 1600 km long primary Kunlun
strike-slip fault (Wu et al., 2001; Van Der Woerd et al.,

2002). The pass lies at an elevation of 4600 m asl with
hills on either side of the pass rising to approximately
4800 m. The Kunlun Pass Fault creates a gap through
the Burhan Budai Shan (maximum elevations approxi-
mately 6210 m asl) and lies to the south of the Xidatan-
Dongdatan-Maqu valley, a pull apart trough along the
main segment of the Kunlun Fault (Van Der Woerd et al.,
2002). The Xidatan-Dongdatan-Maqu valley lies between
4300 and 3700 m asl and connects, via the Xiaonanchuan
drainage, with the Yeniugou-Golmud River valleys (Wu
et al., 2001). The distal section of the valley corridor
enters the Qaidam basin at an elevation of around 3000
m asl near the modern city of Golmud (Li, Yin, & Yu,
2000). The total elevation difference along the Kunlun
Pass and valley corridor is approximately 2000 m over
a distance of only 120 km. Climatic and environmental
conditions are radically different at the two endpoints
of the corridor. Mean annual temperatures decline from
approximately 1 to 2◦C at Golmud to between −2 and
−3.5◦C at Xidatan. Mean annual temperatures reach −6
to −5◦C at Wudaoliang, approximately 110 km south of
the Kunlun Pass at an elevation of 4800 m asl. Mean an-
nual precipitation increases from 31.6 mm at Golmud to
287 mm at Xidatan and 264 mm at Wudaoliang (Harris,
Cui, & Cheng, 1998). Environments change accordingly
from unvegetated bajadas and Gobi-type surfaces at the
entrance to the Qaidam basin to alpine desert-steppe
where the Kunlun Pass emerges onto the high Plateau.

Figure 2 Google Earth image of the Kunlun Pass area showing the location of Xidatan 2 detailed in Figure 3. Golmud lies at an elevation of approximately

3000 m above sea level (asl). The Burhan Budai shan reaches peak elevation of 6210 m asl Xidatan 2 is at 4300 m asl.
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RESULTS

Xidatan 2 Geomorphology and Stratigraphy

The Kunlun River flows west through the Xidatan por-
tion of the Xidatan-Dongdatan-Maqu valley at approxi-
mately 4000 m asl. It makes an abrupt turn north through
the Xiaonanchuan drainage, at approximately N35.75◦

and E94.33◦, where it joins the Golmud River. The local
glacial equilibrium line elevation is approximately 5200
m asl allowing the Burhan Budai Shan to support modern
valley glaciers that extend north through steep glacial-cut
valleys to terminate at approximately 4560 m asl (Van
Der Woerd et al., 2004; Owen et al., 2006). The current
minimum elevation of permafrost in the Xidatan area is
4385 m, 25 m above its known location in 1975 (Wu et
al., 2005). However, seasonally frozen ground is charac-
teristic of the entire area. Lateral moraines representing at
least two periods of glacial advance from the Burhan Bu-
dai Shan are in evidence in valleys along the Xidatan seg-
ment at elevations of 4418–4546 m asl (M2) and 4803–
4945 m (M1) in the valley studied by Owen et al. (2006:
Table II). Glacially fed stream terraces with steep cut ris-
ers line the modern drainages below the moraines (Van
Der Woerd et al., 2002). These terraces coalesce into al-
luvial bajadas that fill the valley floor where the glacially
fed streams meet the Kunlun River. Field studies and sur-
face exposure dating (see below) conducted by van der
Woerd et al. (2002) show that the terraces in the Xidatan-
Dongdatan segment fall into five distinct age sets (T1–T5).
Individual drainages appear to contain at most three of
these, either T1–T2–T3 or T3–T4–T5, in addition to the
modern active stream bed (T0; Van Der Woerd et al.,
2002).

Similar fluvial terraces are found slightly downstream
in the Kunlun/Golmud River system. Chen et al. (2011)
defined four strath terraces in the Xiaonanchuan segment
4–14 km from the nearest Burhan Budai Shan terraces,
while Wang et al. (2009) identified five terraces in the
Nachitai segment immediately downstream from the Xi-
aonanchuan segment. However, the fluvial terraces in
the Kunlun/Golmud River drainages are discontinuous
and it is difficult to extrapolate the terraces sequence from
one river segment to another with any degree of confi-
dence. Chen et al. (2011; see also Wang et al., 2009) sug-
gest deposition of the alluvial fill of the Kunlun/Golmud
River valley and the development of the alluvial fans
along its margin occurred about 82–16 ka during a pe-
riod they term the Sanchahe depositional stage. This de-
positional stage was followed by a postglacial period of
tectonic uplift that led to river entrenchment and devel-
opment of the fluvial terrace sequences. Similarly, van
der Woerd et al. (2002) suggest the oldest T5 terrace at
Xidatan 2 “corresponds to the ancient fan surface” prior

to incision. Here, we provide a recalculated average 10Be-
26Al cosmogenic age of 15,777 ± 669 yr B.P. for cobbles
on the T5 surface at Xidatan 2 (see below). This age sug-
gests the ancient alluvial fans into which the glacially fed
Burhan Budai Shan streams are inset are equivalent to
the Sanchahe depositional stage.

Loess overlies the outwash debris on all terraces above
the modern drainages and is correlated with loess layers
in similar stratigraphic positions in the adjacent Yeniugou
segment of the Kunlun/Golmud River drainage (Owen
et al., 2006) and in the Xiaogangou segment (Chen
et al., 2011). The loess cap in the Xidatan area varies
in thickness from <0.3 m, on the lower terraces, to ap-
proximately 2 m on the higher terraces, and is stabilized
by dense cushion plant cover. The loess thickens ups-
lope near the mountain front where rising wind currents
lose their capacity to carry sediment. On the higher ter-
races the loess is eroded in places through a combina-
tion of burrowing by black-lipped pika (Ochotona curzo-
niae; Schaller, 1998) and possibly seasonal freeze-thaw
cycles (Wu et al., 2005). Both processes lead to the sep-
aration of loess particles from the dense root mass that
serves to otherwise stabilize the sediments. Strong lo-
cal winds mobilize the resulting loose sediments leav-
ing irregularly patterned blowouts between intact loess
stacks.

Xidatan 21 is an archaeological locality consisting of
stone tool reduction debris found on the fourth terrace
(T4) of an unnamed drainage at approximately N35.71◦

and E94.26◦ (Figure 3). T4 is divided into southern and
northern sections by the Kunlun Fault. Here the fault
is characterized by a lateral slip offset of approximately
110 m and short pressure ridges approximately 20 m high
(Van Der Woerd et al., 2002). The southern section of T4
is approximately 386 m in length, 100 m wide, and dips
north at about 8◦. The northern section merges gradu-
ally with the valley bajada. Archaeological materials are
found along the entire length and width of the south-
ern T4 section, but with concentrations of lithic artifacts
centered on the middle portion of the terrace (Figure 4).
Only a handful of artifacts were found on the northern-
most T4 section. Surface survey failed to identify artifacts
on either T3 or T5.

Most of the lithic specimens on T4 were found at the
surface in blowouts between intact loess stacks. We con-
ducted a small test excavation centered on a dense con-
centration of surface artifacts and incorporating an in-
tact loess stack to determine if subsurface archaeological

1This archaeological locality is in the same location as Van der
Woerd et al.’s (2002) Site 2. We have adopted their numbering
to aid in comparison across these research projects.
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Figure 3 Plan view of the three glacial outwash terraces at Xidatan 2. All

three terraces are preserved on thewestern side of the drainage, but only

T5 is preserved on the eastern side. The western terraces are offset by an

active segment of the Kunlun fault that has generated an approximately

10 m high pressure ridge. The Xidatan 2 archaeological site is located on

the section of T4 south of the Kunlun fault. Redrawn after Van der Woerd

et al. (2002).

Figure 4 Distribution of lithic finds on the T4 surface at Xidatan 2. Map

axes are given in UTM coordinates and elevation contours are meters asl.

materials were present in the loess and to assess the na-
ture of the relationship between surface and any sub-
surface materials. A 4 × 2 m unit was excavated down
to a contact with the angular gravels that compose the

T4 glacial outwash fill. Sediments within the intact loess
block are divided into three horizons: (1) a dense upper
rootlet zone with abundant dark organic matter (5–8 cm
thick); (2) a moderately dense root zone with minor or-
ganic content and unweathered loess (12–20 cm thick);
and (3) unweathered loess with only rare rootlets (10–
12 cm thick). A total of 31 lithic artifacts were recov-
ered from subsurface contexts, representing 18% of the
total collection. Artifacts are present throughout Hori-
zons 2 and 3 down to a depth of approximately 8–10 cm
above the terrace gravels. The majority of the in situ ar-
tifacts, including two large quartzite flakes, were found
lying flat along the contact between the Horizons 2 and 3
at a depth of 15–30 cm below surface. This, and the pres-
ence of small pea-sized gravel concentrated at the same
depth, suggests that the Horizon 2/3 contact may repre-
sent a temporarily stable land surface occupied by forag-
ing groups. The presence of materials on the surface as
well as throughout most of the upper Horizon 2 suggests
the site may have been intermittently occupied several
times.

A 5-cm-thick by 40-cm-long concentration of charcoal
was exposed in the upper loess of the T5 terrace, 16 cm
below the surface and 125 cm above the T5 gravels, ap-
proximately 100 m upstream from the center of the main
lithic concentration on T4 (Figure 3). While no lithic ma-
terials were directly related to the charcoal lens, its con-
centrated nature, morphology, and the lack of charcoal
elsewhere in the more than 200 m of exposed loess, sug-
gests it may have been an isolated hearth rather than the
result of a natural fire. Given the absence of archaeologi-
cal materials on T5, we assume that this feature is related
to the T4 materials and use the obtained AMS 14C date to
help constrain the age of the Xidatan 2 occupation (see
below).

Xidatan 2 Lithic Assemblage

The Xidatan 2 lithic assemblage is diverse both in terms of
raw material types and technologies represented. The as-
semblage is broadly characteristic of the northeast Asian
late Upper Paleolithic containing both casual flake tools
and specialized microblade cores and microblades (Elston
et al., 1997; Lie, 1999; Zhang, 1999; Elston & Brant-
ingham, 2002). A total of 172 specimens were recov-
ered from both surface and stratified contexts at the site.
Seven broad classes of raw material are present in the
assemblage, most notably artifacts made on a chemically
distinctive true obsidian glass (Table I). Based on color
differences, there may be as many as 20 unique raw ma-
terial varieties including five varieties of quartzite and
seven varieties of cryptocrystalline silicates (i.e., chert).
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Table I Stone raw material types from Xidatan 2.

Raw Material Type (n specimens)

Munsell Color Description Quartzite CCSa Jasper Mudstone Obsidian Vein Quartz Quarz Crystal Metamorphic Total

Translucent 1 3b 1

Black to dark gray 34 30 64

Gray 1 1 2

Very dark to light greenish-gray 43 3 5 2 53

Dark gray to light gray and light olive gray 21 1 22

White 5 1 5 1 12

Light yellowish-brown to grayish-brown 5 4c 5

Dark brown and grayish-brown 1 1

Dusky red 5

Total specimens 108 38 5 5 3 5 1 2 172

Number of raw material varieties 5 7 2 2 1 1 1 1 20

aCrypto-crystalline silicate.
bSource is 416 km southwest of Xidatan 2 at Migriggyangzham Co.
cSource is 66 km south of Xidatan 2 at the Police Station 1 site.

Raw material source locations are known for only two
of the raw materials represented. A light yellowish-
brown to grayish-brown mudstone originates from de-
posits around several active springs at the Police Station 1
and 2 sites (N35.43◦, E93.61◦, 4451 m asl), approximately
66 km south of Xidatan 2 (Brantingham & Gao, 2006;
Brantingha, Gao, Olsen et al., 2007). Obsidian artifacts
chemically identical to that from Xidatan 2 have been
identified at four other archaeological sites on the Plateau
(Figure 5). Most of these sites are on the high Plateau
south of Xidatan 2, but one (Jiangxigou 2) is on the
southern shore of Qinghai Lake (Brantingham & Gao,
2006; Brantingham, Gao, Olsen et al., 2007). The geo-
logical source of this material is reported to be centered
around Migriggyangzham Co (N33.42◦, E90.30◦, 5240 m

asl; the Shuanghu site of Brantingham, Olsen, & Schaller
[2001]). Well-rounded, cobble to large pebble-sized ob-
sidian nodules are found in surface contexts around Mi-
griggyangzham Co and represent either volcanic bombs,
or remaining lag from an eroded fused tuff. Xidatan
2 is approximately 416 km from the reported obsidian
source, while the other known archaeological examples
of this material on the high Plateau are 171 km (Do-
gaicoring), 243 km (Erdaogou), and 350 km (Police Sta-
tion 1) from the source. The Jiangxigou 2 site, which has
yielded several examples of this material and is radiocar-
bon dated between 9140 ± 90 and 5580 ± 60 cal. yr B.P.
(Rhode et al., 2007), is on the southern shore of Qing-
hai Lake, 551 km from Xidatan 2 and 951 km from the
source.

Figure 5 The distribution of known archaeological sites containing Plateau obsidian and the location of the source. DG, Dogaicoring; EDG, Erdaogou;

PS1, Police Station 1; XDT 2, Xidatan 2; JXG 2, Jiangxigou 2.
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Table II General technological types from Xidatan 2.

Raw Material Type

Quartzite CCSa Jasper Mudstone Obsidian Vein Quartz Metamorphic Total

Flaked piece (core) 5 1 1 1 8

Detached piece (flake) 79 26 5 3 1 1 3 118

Retouched tool 4 2 6

Core and flake shatter 20 13 3 1 3 40

Total 108 39 9 5 3 5 3 172

aCrypto-crystalline silicate.

The Xidatan 2 lithic assemblage includes pieces rep-
resentative of stone core reduction, but very few spec-
imens recognized as formal retouched tools (Table II).
Cores fall into three broad technological categories in-
cluding generalized flake cores (Figure 6). A bifacial
discoid reduction strategy is also seen here. Despite the
classification, this core technology is only superficially
similar to the bifacial discoids seen at Middle Paleolithic
sites in North China, such as Zhoukoudian Locality 15
(Gao, 2000). In the case of Xidatan 2, following cen-
tripetal preparation of both core faces, a series of circular,
tablet-like flakes with trapezoidal cross sections were de-
tached parallel to the plane of intersection between the
faces (Figure 6e, f). One specimen, casually retouched
along one edge, indicates that these circular flakes were

worked into tools. This technology, though very unusual
in flaking procedure, shares much in common with tech-
niques for microblade core platform rejuvenation, and we
suspect that it is in fact derived from Northeast Asian
microblade technologies, though it is applied to a large
flake-core substrate.

The other prominent core technology at Xidatan 2 is
represented by classic northeast Asian microblade cores
(Elston & Brantingham, 2002). Typically, small pebbles
or thick flakes of high quality stone materials were
shaped into wedge-shaped, bullet-shaped, or cylindrical
core forms. Small (∼30–50 mm long, 5–8 mm wide)
blades were produced sequentially from the reduction
face, which is positioned approximately perpendicular
to the striking platform. At Xidatan 2, two complete

Figure 6 Lithic specimens from Xidatan 2. (a) Microblade; (b) microblade core perform on fined-grained gray quartzite; (c) microblade core on cream-

colored mudstone from the Police Station 1 spring deposits; (d) heavily retouched flake made on Chang Tang obsidian; (e) flat, tablet-like flake removed

from the face prepared discoidal coremade on gray-green quartzite; (f) the proposed reduction sequence for the discoidal prepared cores seen at Xidatan

2 involves standard reduction of a bifacial discoid followed by removal of one or more tablet like flakes and subsequent retouching of these flakes into

circular flake tools.
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Table III Xidatan 2 core, flake and tool types.

Raw Material Type (n specimens)

Quartzite CCS Jasper Mudstone Obsidian Vein Quartz Metamorphic Total

Core types

Discoidal 1 1

Microblade 1 1 1 3

Tested pebble 2 1 3

Total 4 1 1 1 7

Flake types

General flake 69 16 5 2 1 1 3 97

Bipolar flake 3 3

Flake-blade 3 1 4

Microblade 1 10 11

Discoid edge elementa 4 4

Total 80 26 5 3 1 1 3 119

Tool types

Scraper 2b 2

Retouched flake 1 1

Combination tool 1c 1

Retouched point 1 1

Total 3 2 5

aFlake removing all or part of the edge of a core.
bBoth specimens are burin-like resharpening spalls with remnant scraper retouch.
cCombines a scraper edge and retouched notch.

microblade cores, one made on Police Station 1 mudstone
and another on green jasper, and one unfinished core on
fine-grained black to dark gray quartzite, were recovered
(Figure 6b, c). Two of the cores are based on flake blanks,
while the original blank type for the third core is obscured
because it is heavily reduced into a “bullet” form.

Flakes with intact platforms comprise the bulk of the
assemblage (Table III). Flakes based on quartzite dom-
inate followed by those on cryptocrystalline materials.
Generalized flakes and microblades are the two most
common flake types. These, along with discoid edge el-
ements, which are analogous to the technical pieces typ-
ically removed from Levallois core edges (Kuhn, 1995),
are consistent with the technologies represented in the
core sample. However, bipolar technology makes up a
small, but distinctive (see Madsen et al., 2001; Barton,
Brantingham, & Ji, 2007) component of both the flake
assemblage and flake shatter.

Six lithic specimens preserve evidence of formal re-
touch, comprising only 3% of the total assemblage. Three
are complete retouched tools of fairly generic design and
two of these are based on Plateau obsidian (Figure 6d).
One specimen is a casually retouched circular flake de-
tached from the upper surface of a discoid prepared core
(Figure 6e). The two remaining specimens should be clas-
sified technically as debitage; these are burin-like spalls
that preserve scraper-like retouch along one side and are
most likely by-products of tool resharpening. Many of

the 27 microdebitage specimens, all weighing less than
1 g, are also consistent with tool resharpening activities.
Brantingham, Olsen, and Schaller (2001) observed that
the cores, flakes, and tools from the Chang Tang on the
high Plateau displayed heavy resharpening and recycling
and Xidatan 2 appears to be similar in this respect.

Geochronology at Xidatan 2

The age of the Xidatan 2 assemblage is constrained
by a combination of cosmogenic surface exposure and
AMS 14C dates. OSL dates on loess from contexts in the
Kunlun/Golmud River drainage system also provide im-
portant local geochronological information. OSL and cos-
mogenic dates are in calendar years before present, which
is defined as the year of publication of the results. Cos-
mogenic surface exposure 10Be-26Al ages for each of the
three glacial outwash terraces at Xidatan 2 were de-
termined as part of a study of slip rates along a seg-
ment of the Kunlun fault, which runs approximately E-
W through the site (Ryerson et al., 1998; Van Der Woerd
et al., 2002). Cosmogenic surface exposure dating is based
on in situ production of radioactive or stable nuclides (iso-
topes) in rock minerals of certain types (Lal, 1991; Gosse
& Phillips, 2001; Stone, 2000; Faure & Mensing, 2005).
The time since a rock or clast was initially exposed is
determined from the concentration of cosmogenic nu-
clides given known production rates, while taking into
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account the effects of erosion and radioactive decay. At
Xidatan 2, van der Woerd et al. (2002) selected and dated
clasts exposed on the surface of each of the terraces (see
Figure 3). Since the publication of that paper, however,
cosmogenic nuclide production curves have been revised
(e.g., Nishiizumi et al., 2007) and we have recalculated
the Xidatan 2 10Be-26Al ages using the CRONUS-Earth
on-line calculator (Balco et al., 2008) and a constant pro-
duction rate model (Lal, 1991; Stone, 2000) with the as-
sumption of negligible erosion (Table IV). Cosmogenic
surface exposure ages typically show propagated errors
on the order of ± 10% of the mean age. This is the case at
Xidatan 2. For example, individual clasts from T5, T4, and
T3 show 10Be dates of 15,960 ± 1513 yr B.P. (KL17D-4),
9411 ± 1014 yr B.P. (KL16D-6), and 7219 ± 701 yr B.P.
(KL15D-10), respectively. Following Van der Woerd et al
(2002), we average the 10Be and 26Al ages for each sam-
ple if the ratio 26Al age/10Be age ≥ 0.7, favoring the 10Be
age otherwise. We then exclude outliers and calculate the
weighted average ages across all remaining samples from
T5, T4, and T3. The two stage averaging process has the
effect of reducing the error bounds so that typical errors
are around 4% of the mean. The weighted average ages
for the T5, T4, and T3 surfaces are 15,777 ± 669 yr B.P.
(n = 3), 9239 ± 361 yr B.P. (n = 4), and 7101 ± 165 yr
B.P. (n = 11), respectively (Figure 7).

The results of 10Be-26Al surface exposure dating im-
ply a relatively simple formation and exposure history
for the Xidatan 2 outwash terraces (see Van Der Wo-
erd et al., 2002; Figure 8). Fan incision began shortly af-
ter approximately 15.7 ka. This is the point at which the
T5 surface became stabilized and at which the clasts be-
gan their exposure. The period of incision creating the
T5 terrace riser is expected to have been short relative
to the period in which the outwash debris accumulated
to form the inset terrace T4. Aggradation of T4 termi-
nated around 9.2 ka, when another period of incision
began. T3 was abandoned at approximately 7.1 ka. While
younger terraces are represented in other drainages in the
Xidatan-Dongdatan valley (Van Der Woerd et al., 2002)
and downstream along the Kunlun/Golmud River (Chen
et al., 2011), these are not seen at Xidatan 2. Active flow
in the modern drainage T0 appears to have eroded these
younger features at Xidatan 2.

Similar fluvial terraces are found downstream from
Xidatan 2 along the Sanchahe, Nachitai, and Xiaogan-
gou segments of the Kunlun/Golmud River (Wang et al.,
2009; Chen et al., 2011). Using a combination of OSL and
radiocarbon dating techniques directly on terrace sedi-
ments and incorporating similar data from Wang, Wang,
and Xiang (2003) and Wang et al. (2009), Chen et al.
(2011) date the four terraces immediately below the sur-
face of the MIS 3/2 alluvial fans to approximately 16 ka

(T4), 13 ka (T3), 11 ka (T2) and 5 ka (T1). Since these fea-
tures are discontinuous with the Xidatan terraces, how-
ever, it is difficult to determine if they resulted from the
same tectonic events that led to the incision of the Xi-
datan terraces. As recognized by Van Der Woerd et al.
(2002), not every drainage contains a complete sequence
of terraces. If they are synchronous, then T5 at Xidatan
2 may correspond to T4 reported by Chen et al. (2011).
T4 at Xidatan 2 may correspond to T2 reported by Chen
et al. (2011), which is slightly older than the 10Be surface
exposure ages that Xidatan 2 indicate. We note that 10Be-
26Al cosmogenic dating standards continue to evolve and
some refinements to the Xidatan 2 age estimates may be
necessary. Regardless of these possible refinements, it is
clear that the initial occupation of Xidatan 2 dates to well
after the LGM. We therefore use approximately 9200 yr
B.P. as the limiting maximum age for the initial occupa-
tion of the Xidatan 2 archaeological site.

OSL and radiocarbon dates constrain the timing of
loess deposition in the region, which is present as a sed-
iment cap on both T4 and T5. Chen et al. (2011) ob-
tained an OSL age of 13.9 ± 1.4 ka for a sample from
the base of loess deposits overlying terrace gravels in Xi-
aogangou segment of the Kunlun/Golmud River 60 km
downstream from the Xidatan segment at an elevation of
approximately 3200 m asl (Figure 2). Owen et al. (2006)
provide an OSL age of 8.6 ± 0.7 ka for a sample from
swamp/lacustrine silts overlying alluvial fan deposits and
immediately underlying an approximately 2 m thick loess
cap at a location 36 km downstream in the Yeniugou-
Golmud segment of the drainage (Figure 2). The two OSL
dates are generally in accord with the ages of post-LGM
loess deposition estimated at a number of other localities
along the northeastern margin of the Tibetan Plateau that
range from about 14 to 9 ka (e.g., Küster et al., 2006; Sun
et al., 2007; Lu et al., 2011). The variation in these age es-
timates for the post-LGM loess deposition is due to local
factors, such as the proximity to dust source areas, the
nature of underlying sediments, microclimatic variation,
and the timing of establishment of sufficient vegetation
to capture and hold dust. Direct OSL dates on the Xidatan
loess will be necessary to confirm the age of initial loess
deposition on the Xidatan terraces. Here, we assume that
the maximum age of the loess on T5 at Xidatan 13.9 ±
1.4 ka as determined by Chen et al. (2011) at the Xiao-
gangou section.

The minimum age of the occupation on T4 at Xidatan
is constrained by an AMS 14C date from the loess cap on
the T5 terrace. Charcoal from a possible hearth, found at
a depth of 16 cm below the modern ground surface and
125 cm above the outwash gravels on T5, yielded an age
of 5630 ± 40 14C yr B.P. (Beta 194553) and a calendar age
of 6404 ± 50 cal. yr B.P. (Intcal 09). Assuming an onset of
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Figure 7 Cosmogenic surface exposure ages from Xidatan 2. Clast ages

are averages of 10Be and 26Al results (cross bar), or 10Be results alone

(white circle). Terrace ages are weighted averages of clast dates shown

inside boxes (outliers excluded). See text for details.

loess deposition on T5 at 13.9 ka (Chen et al., 2011), the
125 cm of deposits from the contact with T5 gravels to the
hearth accumulated over 7496 years. This implied rate
of loess deposition is 16.68 cm per 1000 years, slightly
lower than typical deposition rates for the Chinese Loess
Plateau (Kohfeld & Harrison, 2003: Table IV). At the in-
ferred deposition rate, the remaining 16 cm of loess on
T5 to the surface accumulated over 959 years, implying a
termination of loess deposition at Xidatan around 5445 yr
B.P. Archaeological materials on the T4 terrace buried at
a depth of approximately 30 cm below the modern sur-
face and 10 cm above the T4 terrace gravels. Working
backwards from the inferred surface age of 5445 yr B.P.,

the in situ archaeological materials date to 7244 yr B.P.
and loess deposition was initiated on T4 at around 7843
yr B.P. Given the uncertainties involved, we propose a
conservative age range for the occupation of 9200–6400
yr B.P., with a peak in activities at around 7200 yr B.P.

DISCUSSION

Behavior and Biogeography

The inferred Holocene age of the Xidatan 2 occupa-
tion, between approximately 9200 and 6400 yr B.P.,
is younger than expected given the late Upper Pale-
olithic character of the assemblage (Elston et al., 1997;
Brantingham, Olsen, & Schaller, 2001). The formal mi-
croblade technology seen at Xidatan 2 is a dominant
feature of lithic assemblages during the terminal Pleis-
tocene approximately 12–18 ka in northeast Asia and is
commonly associated with intensification of hunting and
gathering strategies in newly emerged postglacial envi-
ronments (Elston et al., 1997; Brantingham et al., 2003;
Elston & Brantingham, 2002). Such technologies con-
tinue to comprise a small proportion of Neolithic toolkits
in North China and the Tibetan Plateau (CPAM, 1985;
Lie, 1998, 1999). The bipolar technology seen at Xi-
datan 2, by contrast, is characteristic of the LGM in North
China approximately 25–15 ka (Madsen et al., 2001; Bar-
ton, Brantingham, & Ji, 2007), and it is possible that
it represents a shift toward lithic technological expedi-
ency (Nelson, 1991) under extreme climatic and environ-
mental conditions. However, bipolar lithic technologies
are alone not chronologically diagnostic. The prepared

Figure 8 Sectional view of the three terraces at Xidatan 2 and the associated chronometric dates (solid lines) and inferred ages (dashed lines). The

archaeological site (inverted triangles) is located on T4 and is constrained to date between approximately 9200 and 6400 yr B.P., with a peak of occupation

at approximately 7244 yr B.P. 10Be-26Al and 14C ages are from Xidatan 2. The reported OSL age on loess is from the Xiaogangou section and is taken as

the earliest possible date of loess deposition in the region. Loess cap is shown in gray.
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discoid core technology at Xidatan 2, like the specialized
large blade and bladelet technologies of the Chang Tang
(Brantingham, Olsen, & Schaller, 2001), is unknown
from low-elevation contexts surrounding the Plateau.
There is therefore no independent expectation for when
these technologies may have first appeared. Simple core
and flake tools, which are also present at Xidatan and in
the Chang Tang, do not provide reliable chronological in-
formation. For example, the site of Xiao Qaidam, located
north of Xidatan 2 in the Qaidam Basin at an elevation
of 3100 m asl, was originally considered to be an Upper
Paleolithic site dating to approximately 30 ka based on
the surface collection of large quartzite cores, flakes, side
scrapers, and notches and borers (Huang, Chen, & Yuan,
1987; Huang, 1994). However, we revisited the site and
discovered microblade cores on that same surface, sug-
gesting the site contains a mix of technologies similar to
those found at Xidatan 2 and likely dating to a much later
time period.

Overall, given the young age of Xidatan 2, but the
late Upper Paleolithic character of the lithic assemblage,
we favor designating the occupation as “epi-Paleolithic.”
We also now extend this classification to other surface
archaeological assemblages recognized in the Kekexili
and Chang Tang areas, south of Xidatan 2 toward the
interior of the high Plateau. These sites preserve the
same formal microblade technology seen at Xidatan 2
made on a similarly diverse range of raw material types.
In the Kekexili area, for example, the Police Station
1 and 2 localities are dominated by microblade cores,
microblades, and small-retouched tools (Figure 9). Po-
lice Station 2 also preserves examples of the prepared
discoid core technology seen at Xidatan 2. Both assem-
blages are based on a diverse range of stone raw materi-
als of at least five different types. The Erdaogou locality
(N34.63◦, E92.82◦, 4765 m asl), 120 km to the southwest
of Police Station 1 and 2, yielded a bullet-shaped microb-
lade core made on obsidian as well as a large flake com-
ponent. The Chang Tang assemblages, which now num-
ber more than 20, are also characterized by a prominent
microblade component and a diverse array of stone raw
materials, including obsidian (An, 1982; Huang, 1994;
Brantingham, Olsen, & Schaller, 2001; Yuan, Huang, &
Zhang, 2007). The Chang Tang site of Tsatsang contains
an example of the prepared bifacial discoid core tech-
nology seen at Xidatan 2 and the Police Station 2 lo-
cality (Figure 10). These Chang Tang assemblages are
unique, however, in preserving a specialized large blade
and bladelet technology not seen elsewhere (Branting-
ham, Olsen, & Schaller, 2001). The blades are extremely
flat, have very straight or gradually convergent edges, and
“punctiform” striking platforms characteristic of indirect
percussion or pressure flaking. Several blade and bladelet

Figure 9 Lithic specimens from and the Police Station 2 (a–b) and Er-

daogou (d–g) sites in the Kekexili nature reserve South of Xidatan 2. (a)

flat, tablet-like flake removed from the face of a prepared discoidal cores

made Police Station mudstone; (b), (c), and (f) bladelet segments; (d) and

(e) “bullet-shaped”microblade coresmade on obsidian and yellow jasper,

respectively; (g) retouched flake scraper.

Figure 10 Lithic specimens from surface sites in the Chang Tang nature

reserve. (a) bladelet core; (b) pointed prismatic blade; (c) prepared dis-

coidal core used for producing tablet-like circular flakes.

specimens preserve lateral retouch along the margins and
ventral retouch at the base, which appears to represent
an accommodation for end hafting of the blades pos-
sibly as spear points (Brantingham, Olsen, & Schaller,
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2001). Importantly, these blades are technologically dif-
ferent from the Levallois-like flat-faced blade technology
seen at Shuidonggou and other northeast Asian early Up-
per Paleolithic sites. The uniqueness of this technology
led Brantingham et al. (2001) to speculate that they were
LGM in age. We now believe, however, that this large
blade and bladelet technology (like the prepared discoid
core technology) is derived from microblade core reduc-
tion strategies. Indeed, in many respects, the large blades
of the Chang Tang are simply “scaled-up” microblades.
The primary technological difference is in how they were
subsequently modified for hafting and use. Similarly, the
circular flakes removed from the discoidal prepared cores
seen at Xidatan 2, the Police Station 2 locality and Tsat-
sang reflect a core reduction procedure virtually identi-
cal to that used when rejuvenating microblade core plat-
forms. The primary technological difference here is that
the resulting tablet-like flakes were derived from a flake
core substrate, rather than a microblade core. Given the
striking technological similarity of the Chang Tang and
Kekexili materials to Xidatan 2, as well as the presence
of the same obsidian at these sites, we now conclude that
the Chang Tang and Kekexili assemblages are all likely
early Holocene in age, contemporaneous with Xidatan 2.

The site of Xiadawu in the Maqu (Yellow River) seg-
ment of the Kunlun range, approximately 450 km east
of Xidatan 2 (Van Der Woerd et al., 2002), also con-
tains bladelet and microblade technologies comparable to
Xidatan, Kekexili, and Chang Tang materials. The radio-
carbon age of 11,010 cal. yr B.P. reported by Van der
Woerd et al. (but ∼11,300 cal. yr B.P. using more recent
calibration programs) suggests that Xiadawu may be the
oldest site preserving evidence of human presence on the
Plateau at or above 4000 m asl. However, further work
will be required to tie Xiadawu into the regional archae-
ological sequence. For example, the small sample from
Xiadawu presently lacks the large blade component seen
in the Chang Tang, and also lacks specimens of obsidian
that could link the site to the central high Plateau.

In sum, we now believe that occupation of the high-
elevation step of the interior Tibetan Plateau, above 4000
m asl, was at best extremely limited prior to the early
Holocene approximately 11,000–8200 yr B.P. This con-
clusion differs substantially from earlier hypotheses that
foragers may have moved onto the high-elevation step of
the Plateau as early 25–30 ka (Brantingham et al., 2003).
Recent genetically based estimates of the timing for the
initial peopling of the Tibetan Plateau range from before
the LGM (Zhao et al., 2009) to about 2750 yr B.P. (Yi
et al., 2010) and are very inconsistent. Moreover, they
are of little use in evaluating archaeologically based
chronological estimates due to an uncertainty surround-
ing mutation rates and because many studies of the tim-

ing of adaptive mutations to high altitudes are themselves
based on archaeological estimates. Sites such as Chusang
and Seling Co, at elevations of 4200 and 4530 m asl, re-
spectively, have been discussed as possible pre-Holocene
occupations of the southern Tibetan Plateau (see
Aldenderfer, 2007; Yuan, Huang, & Zhang, 2007; Alden-
derfer, 2011). However, substantial questions surround
the formation processes and dating of both of these sites.

The early Holocene age of Xidatan 2, which we also
now attribute to sites in the Kekexili and Chang Tang,
raises interesting questions about what processes may
have driven populations, presumably dedicated foragers,
to occupy the high Plateau at this time and what may
have prevented them from doing so at an earlier time
(Brantingham & Gao, 2006; Brantingham, Gao, Olsen
et al., 2007). Holocene climatic conditions in northwest
China may have favored movement of epi-Paleolithic
foraging populations into higher elevation areas. The
majority of paleoenvironmental proxy records from the
northeastern Tibetan Plateau and its margins suggest an
early Holocene period of increased effective moisture (see
Herzschuh et al., 2006; Mügler et al., 2010), but an in-
creasing number of records from the region indicate this
period of optimal climatic conditions occurred somewhat
later, during the Mid-Holocene (e.g., Zhao, Yu, & Zhao,
2011). The differences are a matter of a few thousand
years, however, and regardless of the eventual resolu-
tion, conditions on the Tibetan Plateau were wetter and
warmer during the early-to-middle Holocene than dur-
ing the LGM and the Pleistocene/Holocene transition.
A local record of eolian deposition downstream from
Xidatan in the eastern Qaidam basin suggests conditions
were arid from approximately 12.4 to 11.5 ka (and prob-
ably during the Younger Dryas) and increasingly humid
approximately 10 to 8 ka. Maximum Holocene effective
moisture occurred approximately 8–4.5 ka, with a return
to relatively arid conditions after approximately 4.5 ka
(Yu & Lai, 2012). If confirmed, this suggests the occupa-
tion of Xidatan occurred during a period of increasing to
maximum effective moisture that may have caused fau-
nal populations to flourish and may have “pulled” epi-
Paleolithic foragers onto the high Plateau.

It is also possible that epi-Paleolithic foragers were
driven to occupy more extreme habitats after 9.2 ka
by expanding agricultural populations in low-elevation
environments (Brantingham & Gao, 2006; Branting-
ham, Gao, Olsen et al., 2007; see also Spielmann &
Eder, 1994). An, Feng, and Tang (2004) argue that
warm-wet conditions on the Western Loess Plateau en-
couraged the emergence and subsequent florescence of
Neolithic Dadiwan (∼7800–7350 yr B.P.) and early
Yangshao (6800–6000 yr B.P.) cultures (see also Lie,
1999; An et al., 2005). With fewer foraging options in
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prime low-elevation habitats, foragers may have been
pushed to higher elevations on a more permanent
basis through a process of competitive exclusion (Brant-
ingham & Gao, 2006; Brantingham, Gao, Olsen et al.,
2007).

It is still an open question, however, why foragers may
not have moved onto the high Plateau at earlier times.
There is some evidence that early and late Upper Pale-
olithic foragers were exploiting parts of the Qaidam basin,
between approximately 3000 and 4000 m asl, during
the late Pleistocene (Brantingham & Gao, 2006; Madsen
et al., 2006; Brantingham, Gao, Olsen et al., 2007). These
occupations appear to represent only seasonal exploita-
tion of lake basins with easy access to low-elevation habi-
tats. For example, a number of stratified sites on the
southern shore of Qinghai Lake, dated between approxi-
mately 15,000 and 12,000 yr B.P., represent short-term
encampments where small foraging groups engaged in
intensive processing of medium and small game (Madsen
et al., 2006).

While it is difficult to determine the season of occu-
pation at these sites, there is no evidence to suggest that
they were long-term habitation sites, and their proximity
to major mountain passes leading to low-elevation habi-
tats suggests that they could have been exploited easily as
part of specialized seasonal movements to higher eleva-
tions (Zeanah, 2004). While a few of these seasonal for-
agers may have reached the margins of the high Plateau,
the absence of substantial populations on the interior at
this time may reflect a general deficiency in early and
late Upper Paleolithic adaptations to ensure survival at
such environmental extremes. In this case, the specialized
large blade and bladelet technologies seen in the Chang
Tang during the early Holocene may reflect part of an
adaptive shift needed to allow more complete exploita-
tion of the high Plateau at this time. However, the current
absence of evidence for high Plateau occupations during
the early and late Upper Paleolithic also may simply re-
flect the absence of pressures that would have created in-
centive to move to high-elevation extremes. Therefore,
we cannot rule out the possibility that early and late
Upper Paleolithic adaptations were in fact sufficient to
ensure survival at high elevation (Brantingham & Gao,
2006; Brantingham, Gao, Olsen et al., 2007).

It is similarly difficult to argue conclusively that the
early Holocene occupation at Xidatan 2 represents any-
thing more than seasonal exploitation of a high-elevation
habitat. The primary evidence in favor of a model of full-
time, year-round occupation of the high Plateau at this
time is the sheer size of the territory exploited. While the
Pleistocene forager sites in the Qinghai Lake basin are
less than 100 km from low-elevation habitats off of the
Plateau (Brantingham et al., 2003; Madsen et al., 2006),

Xidatan 2 and the correlated surface sites in the Kekexili
and Chang Tang nature reserves are many hundreds of
kilometers from any point of descent. For example, the
shortest linear distance between Xidatan 2 and habitats
below 2500 m asl is approximately 475 km. But whether
or not mobility over such distances reflects seasonal, or
year-round occupation depends in large measure upon
what we assume about the organization of mobility and
the associated costs of movement (Brantingham, 2003,
2006). The cumulative distance traveled by arctic foragers
over an annual round of residential moves may reach
600–700 km (Kelly, 1995). Given the potentially high
costs of mobility at high elevation (Aldenderfer, 1998), it
may be reasonable to hypothesize that sites in the Kekex-
ili and Chang Tang reserves, which are even farther from
low-elevation habitats than Xidatan 2, represent year-
round occupation. However, there is also good evidence
from Eastern Europe, stretching back as far as the Middle
Paleolithic, that stone raw materials were regularly trans-
ported over distances of 300–400 km and occasionally as
much as 800–1000 km (Féblot-Augustins, 1997b).

It remains possible therefore that Xidatan 2 was part of
a settlement system involving very long-distance moves
onto and off of the high-elevation step of the Plateau. The
occurrence of Chang Tang obsidian at the Qinghai Lake
site of Jiangxigou 2, nearly 1000 km away along a straight
line from the source of this material, demonstrates that
by 8–6 ka groups of people were moving between the
middle- and high-elevation steps of the Plateau, at least
on occasion. Such a strategy would have mandated that
most occupations would be very short in duration. In this
regard, Surovell (2009) has shown that the stone raw ma-
terial richness at a site may serve as a reliable proxy mea-
sure of occupation duration. In general, as site occupation
span increases, the stone used at a site comes to be dom-
inated by a single raw material type. Sites that are occu-
pied repeatedly for short-term foraging purposes tend to
contain many different nonlocal stone types. The latter is
a good qualitative characterization of the situation at Xi-
datan 2, where at least seven distinct types and perhaps
21 varieties of stone are represented.

While it may be reasonable to conclude that Xidatan
2 represents repeated, short-term occupations by highly
mobile foragers, the small lithic assemblage still pro-
vides only a limited picture of behavior at the site. The
topographic setting of Xidatan 2 in a steep, glacial-cut
drainage would be ideal for organizing game drives,
and what ecological data exist (see Schaller, 1998) sug-
gest that game would have been abundant on the
Plateau during the time of occupation. Brantingham
et al. (2001) argued elsewhere that a specialized large-
blade technology seen on the high Plateau in the Chang
Tang was designed to supply end-hafted spear points, a
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specialization not seen in lower elevation contexts. While
examples of end-hafted blades have not been found at
Xidatan 2, the prominence of microblades and microb-
lade cores may imply the use of modular inset points as a
key piece of hunting gear (Elston & Brantingham, 2002).
However, the absence of faunal remains from the Xidatan
2 site means that we are unable to either confirm or re-
ject the hypothesis that the Xidatan 2 occupation was tied
to a large-game subsistence focus and that such a strategy
was necessary to support occupation of the high Plateau.

Ultimately, additional evidence must be brought to
bear on the problem of when full-time, year-round oc-
cupation of the Tibetan Plateau was finally established
and what behavioral strategies made full-time occupa-
tion possible. If such occupations were possible through
a strict foraging adaptation, then one would expect to
see sites with zooarchaeological remains in abundances
commensurate with the need for long-term supply (es-
pecially at winter camps) and probably also more sub-
stantial architectural and food storage features. Based on
these criteria, the only unequivocal evidence for year-
round occupation of the Tibetan Plateau above 3000 m
postdates 6000 yr B.P. and is associated with the radi-
ation of agricultural groups out of low-elevation areas
(Brantingham & Gao, 2006; Brantingham, Gao, Olsen
et al., 2007). The site of Karuo, near the modern town
of Qamdo at approximately 3100 and 3200 m asl, repre-
sents this radiation (CPAM, 1985; Aldenderfer & Zhang,
2004).

CONCLUSIONS

Xidatan 2, located in the Kunlun Pass area of Qinghai
Province at an elevation of 4300 m asl, provides ev-
idence of human occupation of the high-elevation Ti-
betan Plateau during the early Holocene. 10Be-26Al cos-
mogenic surface exposure ages, combined with OSL and
AMS radiocarbon ages, indicate that the site was oc-
cupied between approximately 9200 and 6400 yr B.P.
Archaeological materials recovered from associated sur-
face and buried contexts at Xidatan 2 include specialized
microblade technologies characteristic of the northeast
Asian late Upper Paleolithic and epi-Paleolithic as well
as discoidal prepared core and bipolar flake technologies.
These materials document use of the site by high mobil-
ity foraging groups, who may have engaged in seasonal
foraging rounds that carried them onto and off of the
high-elevation Plateau. Raw materials present at the site,
including a true obsidian, are traced to other archaeolog-
ical occurrences on the high Plateau, south of the Kun-
lun Pass, and to an early Holocene archaeological site in
the Qinghai Lake basin. This evidence demonstrates that

stone transport occurred regularly over distances of ap-
proximately 500 km, and occasionally over distances as
great as approximately 1000 km, and that movement be-
tween the high- and middle-elevation steps of the Plateau
was a feature of settlement systems by approximately
8000 yr B.P.
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