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Abstract
Early archaeological investigations on the Tibetan Plateau concluded that this harsh, high-elevation
environment was successfully colonized around 30,000 years ago. Genetic studies have tended to
support this view on the assumption that the uniquely evolved physiological capacities seen among
modern Tibetan populations required long-term exposure to high-elevation selective pressures.
Archaeological evidence amassed over the last decade suggests, however, that colonization leading
to full-time occupation occurred much later. Seasonal foraging forays into high-elevation settings at
c. 30 and 15 cal. ka appear to have been limited ‘adaptive radiations’ coincident, respectively, with
the appearance of early and late Upper Palaeolithic adaptations in low-elevation source areas
around the plateau. More permanent occupation of the plateau probably did not begin before
c. 8200 cal. BP and may have been driven by ‘competitive exclusion’ of late Upper Palaeolithic
foragers from low-elevation environments by emerging settled agricultural groups. The appearance
of specialized epi-Palaeolithic blade and bladelet technologies on the high plateau, after 8200 cal. ka,
may indicate ‘directional selection’ impacting on these new full-time residents. An ‘adaptive
radiation’ of agriculturalists into the mid-elevations of the plateau, this time leading to year-round
occupation, is again seen after 6000 cal. BP.

Keywords
Tibet; Palaeolithic; Neolithic; late Pleistocene; Holocene; palaeoclimate.

Introduction
It is generally agreed that the Tibetan Plateau was one of the last terrestrial environments
colonized by human foraging groups. The severity of environmental conditions on the
high plateau, with an average elevation of 5000m above sea level (asl), probably presented
a substantial biogeographic barrier to initial human colonists. Determining exactly when
colonization began, when permanent resident populations were ﬁrmly established and,
ultimately, what processes were responsible for driving dispersal has been hampered,
however, by a sparse archaeological record and a lack of reliable chronometric dates for
known sites. In the absence of direct archaeological evidence, people have tended to rely
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on the genetic evidence, which suggests that a substantial period of residence at elevation –
perhaps as long as 30,000 years – is necessary to explain the unique physiological
adaptations seen among contemporary Tibetan populations (Beall et al. 2004; Beall 2001;
Moore et al. 2000, 2004).
Recent research on the northern Tibetan Plateau provides an opportunity to update our
understanding of the timing and processes driving colonization of this extreme
environment. While the number of known sites remains small, the available chronometric
dates allow us to place some constraints on when diﬀerent stages of colonization began.
The archaeological characteristics of these sites also allow us to say something about the
nature of human adaptations during diﬀerent stages of colonization as well as the
connections between the northern plateau and low-elevation populations in portions of
north and north-west China. Below we outline a series of general colonization models and
their unique archaeological predictions. These models suggest that colonization of the
Tibetan Plateau may have been driven by: 1) the evolution of novel adaptations in lowelevation environments; 2) strong selective pressures that produced successful colonists
from marginally adapted groups that ventured onto the plateau; or 3) competitive
exclusion of some groups from prime low-elevation habitats by groups who developed
superior adaptations. Following brief discussions of the topography, climate and
palaeoenvironment of the Tibetan Plateau, we present current archaeological evidence
documenting the colonization of the northern Tibetan Plateau. These data are used to
provide a preliminary evaluation of the proposed Plateau colonization models. We ﬁnd
that early, seasonal forays onto the plateau before the Holocene were most likely a byproduct of the evolution of early and late Upper Palaeolithic adaptations in surrounding
low-elevation environments. We argue further that the ﬁrst full-time occupation of the
Plateau probably occurred shortly after 8200 cal. BP and may represent the exclusion of
foragers from low-elevation habitats by emerging early agricultural populations in north
China. It is only after this time that directional selective pressures appear to have
generated unique behavioural adaptations to life in this high-elevation extreme
environment.

Plateau colonization models and archaeological predictions
The simplest possible model for the colonization of any environment envisions the area to
be colonized as connected to a large, stable metapopulation (MacArthur and Wilson 1967;
Hubbell 2001; Brown and Lomolino 1998). Colonists move from the metapopulation into
the recipient area according to some dispersal process, and either establish a successful
colony or fail to do so.
To operationalize this general model, we begin with the following assumptions about
initial conditions. First, assume that the core biogeographic problem lies in how human
groups, resident in the low-elevation source area surrounding the plateau, successfully
colonized any portion of the high plateau. We can represent the essential components of
this problem abstractly as two areas, one for the low-elevation source area and one for the
high-elevation recipient area to be colonized (Fig. 1a). The two areas are assumed to be
connected by one or more corridors. Initially, the source area is occupied by a population
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Figure 1 Metapopulation models for the colonization of the Tibetan Plateau (see text for detailed
description): a. initial conditions, b. adaptive radiation, c. directional selection, d. competitive
exclusion.

presenting an adaptation A, the unique set of behavioural attributes that makes survival in
the low-elevation area possible (Brantingham et al. 2004). However, adaptation A is
insuﬃcient to sustain populations in the high-elevation recipient area. In other words,
there is a hard biogeographic barrier between the low-elevation source area and the highelevation recipient area. The obvious archaeological prediction based on these initial
conditions is that the low-elevation area will contain archaeological sites with a unique
adaptive signature A, but there will be no contemporaneous archaeological record in the
high-elevation area.
Adaptive radiation
Consider the case where a new adaptation B evolves in the low-elevation source area,
replacing adaptation A. Assume that adaptation B, unlike the ancestral adaptation A, is
suﬃcient to ensure survival in the high-elevation recipient area. The biogeographic barrier
between the source and recipient area collapses and individuals from the low-elevation
area colonize the high-elevation area, deploying adaptation B without modiﬁcation
(Fig. 1b). Selective pressures present in the low-elevation environment were responsible for
driving the emergence of adaptation B. In other words, adaptation B did not evolve to deal
with the biogeographic barrier between areas. Rather, the collapse of the barrier was
merely a by-product of evolution in response to some other selective conditions. We refer
to this process as an ‘adaptive radiation’ (Schluter 2000).
There are four primary archaeological predictions based on this model of adaptive
radiation:
1. Low-elevation sites should show the emergence of novel adaptive traits B, replacing
ancestral adaptive traits A.
2. High-elevation sites should show exactly the same adaptive traits B seen in lowelevation sites.
3. High-elevation sites with B should be of equal age or younger than the sites in lowelevation environment showing B.

390

P. Jeﬀrey Brantingham and Gao Xing

4. To be uniquely representative of an adaptive radiation, sites in high-elevation areas
must be older than any sites in lower-elevation areas presenting additional novel
adaptations C (see below).
Directional selection
An alternative model also begins with a new adaptation B evolving in the low-elevation
source area. Adaptation B allows some limited expansion into the high-elevation recipient
area, but is insuﬃcient on its own to ensure survival there. Unique traits evolve in the highelevation area and the resulting new adaptation C does ensure survival (Fig. 1c). In this
case, we can say that unique selective pressures in the high-elevation environment were
ultimately responsible for ensuring successful colonization. In other words, the observed
adaptive traits in the high-elevation are not a by-product of evolutionary processes operating in low-elevation environments, but a direct response to the biogeographic problem
of colonizing an extreme environment. We refer to this process as ‘directional selection’.
Four archaeological predictions arise from this simple model:
1. Low-elevation sites should show the emergence of novel adaptive traits B, replacing
ancestral adaptive traits A.
2. High-elevation sites should show novel adaptive features C not seen in lowelevation sites.
3. The high-elevation sites with C should be of equal age or younger than sites with B
seen in low elevation.
4. The sites with novel features C should be either unique to the high-elevation area or
older than any sites with C seen in the low-elevation area.
Prediction 4 is necessary to allow for the possibility that specialized high-elevation
adaptations may have been subsequently exported to low-elevation environments.
Competitive exclusion
A ﬁnal model also begins with the emergence of a new adaptation B in the low-elevation
source area. While this adaptation might have ensured a minimum level of survival within
the high-elevation area, little or no occupation actually ensues. At some later point in time,
a second novel adaptation C appears in the low-elevation area. Segments of the lowelevation population retaining – for whatever reason – the ancestral adaptation B are
displaced or marginalized into the high-elevation area (Fig. 1d). In this case, we might say
that the evolution of adaptation B softened the biogeographic barrier between areas but
that additional demographic or cultural pressures in the low-elevation area were ultimately
necessary to drive the dispersal of individuals onto the high plateau. We refer to this
process as ‘competitive exclusion’.
Four archaeological predictions may be derived from this ﬁnal model:
1. Low-elevation sites should show the emergence of novel adaptive traits B, replacing
ancestral adaptive traits A.
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2. Low-elevation sites should show emergence of a second set of novel adaptive traits
C, replacing adaptive traits B.
3. High-elevation sites will show retention of the ancestral traits B and should be
contemporaneous with or younger than sites with C seen in the low-elevation area.
4. Sites with features B should be conﬁned to the high-elevation area, or be older than
any sites with C that appear subsequently in the high-elevation area.
Here we concentrate on evaluating the above models with data collected by us and other
researchers working in north-west China and the northern Tibetan Plateau. The arid
regions of north-west China, including portions of Xinjiang, Gansu, Inner Mongolia and
Ningxia, are treated as the potential source area for colonising populations. The northern
Tibetan Plateau, including all of Qinghai Province and portions of the Tibetan
Autonomous Region north of Seling Co (318 300 N), is deﬁned as the recipient area for
colonization. Archaeological evidence from areas south of Seling Co is discussed only as
appropriate (see Aldenderfer and Zhang 2004).

Topography, environment and climate of the northern Tibetan Plateau
The northern Tibetan Plateau is divided into three elevational steps (Tapponnier
et al. 2001; Yin and Harrison 2000; Brantingham et al. 2003) (Fig. 2). The low-elevation

Figure 2 Digital elevation model of the Tibetan Plateau showing the locations of sites discussed in the
text. The middle-elevation step (3000–4000m asl) encompasses the Qinghai Lake and Qaidam basins.
The high-elevation step (44000m asl) includes the Kekexili and Chang Tang nature reserves.
Middle-elevation step sites: 1. Jiangxigou localities; 2. Heimahe localities; 3. Xiao Qaidam;
4. Lenghu. High-elevation step sites: 5. Xidatan 2; 6. Police Station localities; 7. Erdaogou;
8. obsidian source at Migriggyangzham Co; 9. Dogai Coring; 10. Shuanghu; 11. Margog Caka;
12. Yibug Caka; 13. Nyima. Low-elevation step sites: 14. Shuidonggou; 15. Pigeon Mountain;
16. Tongxin; 17. Guyuan (Punyang); 18. Zhuang Lang 5; 19. Dadiwan Neolithic.
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step (53000m asl) is represented by the margins of the plateau, including the arid
foothills of the eastern Kunlun-Altyn Tagh-Qilian Mountains, the adjacent deserts in
Xinjiang, Ningxia and Gansu, and the Western Loess Plateau in Gansu. Overall, the
low-elevation step of the plateau is characterized as a semi-arid to arid region (east to
west) with cold, dry winters and hot, dry summers (Winkler et al. 1993; Madsen et al.
1998; Ding et al. 1999). Biotic communities reﬂect these climatic conditions: desert
steppe in the east merges with largely unvegetated stony (gobi) and sandy deserts in
the west.
The middle-elevation step of the northern Tibetan Plateau, between c. 3000m and
4000m asl, is bounded by the Altyn Tagh-Qilian Mountain ranges in the north and the
Muzutag-Kunlun-Anyemaqen ranges in the south. These reach maximum elevations of
5500m and 7500m asl, respectively. Two large internal drainage basins dominate the
middle-elevation step, the Qinghai Lake basin in the east and greater Qaidam in the west.
The Qinghai Lake basin lies between about 368 190 –378 190 N and 998 190 –1018 190 E, and
contains the largest inland body of water in China. At an elevation between 3200m and
3400m asl, it has a cold, semi-arid climate with mean annual temperatures of about 08C
and average annual precipitation of about 350mm (Ni et al. 1999; Yu and Kelts 2002).
The basin ecology is currently characterized as a high, cold grassland meadow (Gong and
Jiang 1999).
The greater Qaidam basin is distributed between approximately 36–398 N and
91–988 E (Tapponnier et al. 2001; Tapponnier and Molnar 1977). The southern Qaidam
is dominated by a single, large drainage basin holding Qarhan Lake and salt ﬂats (Yang
et al. 2004). Numerous small foreland basins in the northern Qaidam retain shallow saline
lakes (e.g. Toson Nur, Xiao Qaidam, Da Qaidam, Sogo Nur, Lenghu) (Metivier et al.
1998; Tapponnier et al. 2001). The greater Qaidam lies within the rain shadow of the
high step of the plateau. Mean annual precipitation ranges from 525mm, in the west, to
190mm, in the east. Mean annual temperatures are between 2 and 48C (Yang et al. 2004).
Permafrost is limited to the higher elevations in the surrounding mountain ranges, though
the entire middle-elevation step of the plateau experiences seasonally frozen ground
(Wu et al. 2005). Vegetation trends from steppe-grassland to desert steppe and gobi as one
moves from east to west (Lehmkuhl and Haselein 2000).
The Muzutag-Kunlun-Anyemaqen Mountain ranges serve as a prominent northern
boundary for the high-elevation step of the plateau. The Greater Himalaya form a
southern boundary, approximately 1000km to the south. The high plateau has an average
elevation of above 5000m asl with very little internal topographic relief (Fielding et al.
1994; Yin and Harrison 2000; Jin et al. 2005). The topographic boundaries, by contrast,
see large changes in elevation of 2000–3000m over distances of only 100–200km (Fielding
et al. 1994). Mean annual precipitation for the entire high plateau (c. 318mm) exceeds
that on the middle-elevation step (Morrill et al. 2003; Schaller 1998: 29). Precipitation in
the south east derives primarily from the South Asian summer monsoon, whereas along
the northern Muzutag-Kunlun-Anyemaqen boundary it derives from the westerly jet
stream (Benn and Owen 1998; Owen et al. in press). Mean annual temperatures are low
(c. 72 to 748C overall) and extensive soil permafrost is supported above 4400m
(Wu et al. 2005). Environments of the high plateau are characterized as alpine desert
steppe (Schaller 1998).
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Palaeoclimates of the Tibetan Plateau
The pattern of late Pleistocene and Holocene palaeoclimatic ﬂuctuations on the Tibetan
Plateau and in the surrounding regions is broadly consistent with the global glacialinterglacial sequence. Here we refer to chrono-stratigraphic units in relation to the ages of
Heinrich events (Bond et al. 1992, 1993; Bond and Lotti 1995; Clarke et al. 2003) as seen in
the speleothem d18O record from Hulu Cave (Fig. 3) (Wang et al. 2001; Yuan et al. 2004).
Heinrich events represent brief periods of extreme cold, which occurred on average every
6–8 cal. ka over the past 60 cal. ka. The Hulu Cave speleothem d18O record tracks these
events and, more importantly, provides a high-resolution picture of the relative strengths
of the Southeast Asian summer monsoon and the winter monsoon (Siberian high pressure
cell) over the last c. 75 cal. ka (Wang et al. 2001). In general, the cold, dry winter monsoon
strengthens with increasing d18O values in the Hulu record, peaking in intensity during
Heinrich events. The warm, wet Southeast Asian summer monsoon, by contrast,
strengthens with decreasing d18O, with numerous peaks in intensity seen between Heinrich
events (Wang et al. 2001). Table 1 lists the calendar ages of Heinrich events
H5-H1 and the Younger Dryas, as determined from the Hulu record, as well as two
major climatic events of the Holocene determined by other proxies.

Figure 3 Hulu Cave and NGRIP oxygen isotope sequences. The Hulu speleothem record is a highresolution proxy of the relative strengths of the Southeast Asian summer monsoon and the winter
monsoon (Siberian high pressure cell). The NGRIP record is a proxy of global continental ice
volume and provides a broad measure of global temperatures. Shown in light grey are the cold, dry
Heinrich events (H1-H5), the Younger Dryas (YD) and the cold, dry early Holocene event dated to
8200 cal. BP (EH).
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Table 1 Ages of sub-Milankovitch-scale climatic events in China
Event

cal.

Holocene aridiﬁcation
Holocene cold-dry event
End Younger Dryasa
Start Younger Dryasa
H1b
H2b
H3b
H4b

4000
8200
11,473
12,823
15,781
24,180
30,490
38,800

–
–
80
80
–
–
–
–

H5b

47,990

–

BP

Standard deviation

aages estimated from the Hulu records by Wang et al. (2001); bage determined from Hulu maximum d18O value
within the event.

Major characteristics of the low-elevation environments bordering the northern Tibetan
Plateau are controlled by the relative strength of the Southeast Asian summer monsoon
(Madsen et al. 1998; Winkler et al. 1993). The shifting balance between the warm, wet
summer and cold, dry winter monsoons drove changes in the sizes of internally draining
lakes and the distribution of ﬂora and fauna. Northwest Chinese deserts were at least as
large as at present during the early Glacial, before H5 (c. 48 cal. ka), and again between
H2 and H1 (c. 24.2–15.8 cal. ka) (Ding et al. 1999; Bush et al. 2002; Xiao et al. 1995). They
were substantially smaller than at present during portions of MIS 3 and in the early
Holocene (11.5–8.2 cal. ka) (Ding et al. 1999). High lake stands are noted throughout
north-west China before H2, followed by desiccation between H2 and H1, and reemergence of lakes either during the terminal Pleistocene (between H1 and the Younger
Dryas), or early Holocene (Pachur and Wünnemann 1995; Fang 1991; Zhang et al. 2004).
In general, semi-arid steppe grasslands replaced deserts during the warm, wet events
immediately following H4 (38.8 cal. ka), H3 (30.5 cal. ka) H1 (15.8 cal. ka) and in the
early Holocene (c. 11.5–8.2 cal. ka). The Western Loess Plateau seems to have supported
Betulus, Quercus and Ulmus forests between the end of the Younger Dryas and a cold, dry
event at c. 8200 cal. BP (An et al. 2004), when unvegetated landscapes re-emerged in the
Tengger and steppe expanded on Western Loess Plateau (Chen et al. 2003). Both areas
experienced signiﬁcant aridiﬁcation c. 4000 cal. BP (An et al. 2005).
Climatic and environmental conditions on the middle- and high-elevation steps of the
plateau parallel those in the surrounding low-elevation areas. The large, internally
draining lake basins on the middle-elevation step appear to have reached maximum high
stands between H4 and H2, roughly 38–25 cal. ka (Fang 1991). Low stands correspond to
the Last Glacial Maximum, between H2 and H1, roughly 25–15 cal. ka. Moderately
large lakes may have been present on the high-elevation step of the plateau before H2
(c. 24.2 cal. ka) (Wang et al. 2002). These were greatly reduced in size between H2 and H1
and, following glacial termination at c. 15.8 cal. BP, expanded to reach their highest
recorded stands fed by abundant glacial meltwater (Wei and Gasse 1999). Most lakes for
which we have a record show progressive desiccation over the course of the Holocene.
Floral communities on the southern high plateau alternated between steppe and
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desert-steppe during warm, wet and cold, dry events respectively (Vancampo and Gasse
1993; Yan et al. 1999). On the northern high plateau, where conditions are far more arid
today, the alternation may have been between desert-steppe and unvegetated landscapes.
Finally, despite forceful claims to the contrary (e.g. Kuhle 1999), at no point during the
late Pleistocene does there appear to have been a continent-sized ice sheet covering the
high-elevation step of the plateau (Benn and Owen 1998; Owen et al. 2003). Rather, glacial
advances were restricted to montane valleys (Owen et al. 2003). The important implication
here is that there was never a physical barrier to human movement onto the plateau.

Chronology and archaeology in the low-elevation source area
Numerous archaeological sites in north-west China are now conﬁdently dated to the
period before H2, with the largest cluster of dated sites straddling H3 (c. 30.5 cal. ka)
(Barton et al. in press). The best-known site of this period is Shuidonggou, located
on the western margins of the Ordos desert, with dates ranging continuously from
c. 35–29 cal. ka (Madsen et al. 2001; Brantingham et al. 2001a; Ningxia Institute of
Archaeology 2003). Far fewer sites are assigned to the time period between H3 and H2
(c. 24.2 cal. ka), but several of these are in Ningxia and western Gansu (Barton et al.
in press; Gao et al. 2004). Shuidonggou Locality 2 contains occupations falling within the
earlier part of this period and Tongxin 3, Tongxin 8 and Guyuan 3 fall towards the end.
Farther to the east, the Xiachuan Localities 1 and 2 may have occupations representing
the period just prior to the Last Glacial Maximum (Chen and Wang 1989; Chung 2000).
Collectively, these sites are classiﬁed as initial or early Upper Palaeolithic (Brantingham
et al. 2001a). They are characterized by ﬂat-faced core technologies, like those seen in the
Middle Palaeolithic, which were used to produce large, ﬂat blades. The Upper Palaeolithic
designation is based on both the age of the assemblages and the technological focus on
blades. These were often retouched along one or both edges to form generic large blade
tools (Ningxia Institute of Archaeology 2003). Retouched tools are generic in character,
dominated by types that are considered diagnostic of the Middle Palaeolithic including
many side scrapers, denticulates and notches. At Shuidonggou, raw material usage
appears to focus on moderate-quality materials that are readily available in alluvial
deposits at the site. All of the known pre-H2 sites appear to be small, short-term campsites
representing small, mobile foraging groups (Madsen et al. 2001). Little is known about
their foraging activities, though there is some evidence that medium- and large-sized
ungulates featured prominently in the diet (Qi 1975; Ningxia Museum 1987).
There are nearly as many sites falling between H2 and H1 (24.2 to 15.8 cal. ka) – the
Last Glacial Maximum – as in the preceding period. Sites reported by Barton et al.
(in press) cluster in two events immediately following H2 (c. 24.2 cal. ka) and immediately
preceding H1 (c. 15.8 cal. ka) (Ji et al. 2005). Levallois-like large blades disappear and we
see a shift towards expedient core technologies and (possibly selective) use of poor-quality
raw materials. Zhuang Lang 5, dated to 22.7 cal. ka, for example, appears to represent a
small-scale occupation with an exclusive focus on bipolar reduction of quartz and ﬁnegrained quartzite cobbles (Barton et al. in press). Zhuang Lang 5 may reﬂect the
completion of a trend seen at Shuidonggou Locality 2. Madsen et al. (2001) suggest that
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the turn to bipolar reduction of small chert and quartz pebbles at this site provided large
quantities of small, sharp debitage for use in inset tools, much like formal microblade
insets, but without all of the associated stone procurement and production costs (Elston
and Brantingham 2003).
A number of well-known low-elevation sites date to the period following glacial
termination. Xiaonanhai and Houtouliang contain stratigraphic components that date to
c. 15.8–11.4 cal. ka (Lie 1999). However, these sites lie far to the east of the Tibetan
Plateau. The Pigeon Mountain localities, by contrast, are located within the desert source
area of the plateau and are well dated to between 15.1 and 11.6 cal. ka (Elston et al. 1997;
Madsen et al. 1998). The period following H1 at this site is characterized by heavy-duty
macrolithic tools, as well as simple unifacial and bifacial points (Elston et al. 1997;
Zhang 1999). Intensiﬁcation is signalled by the appearance of formal microblade
technologies and small, hand-held grinding stones. Microblade technology increases
dramatically in frequency in the Pigeon Mountain sequence between 13,510 + 136 and
11,608 + 183 cal. BP, coinciding with the Younger Dryas (Madsen et al. 1998; Elston et al.
1997).
Following the Younger Dryas there is a substantial gap in the record of dated sites,
which probably reﬂects a lack of research on deposits of the right age. Initial lowlevel agricultural activities at sites such as Dadiwan (358 010 N, 1058 550 E, 1500m asl,
7800 cal. BP) are, within a millennium, converted into intensive agricultural adaptations
focused around large, complex, permanent settlements associated with Yangshao (6900–
5300 cal. BP) and Majiayao (5300–4200 cal. BP) cultures (An et al. 2004). The rapid
transition from semi-arid conditions to arid conditions around 4000 cal. BP may have
driven a reduction in the total number and distribution of agricultural settlements over the
Western Loess Plateau (An et al. 2005). Nomadic pastoralism appears to have become a
viable alternative to rain-fed agricultural sometime during the Qijia (c. 4300–3900 cal. BP).

Chronology and archaeology on the middle-elevation step
Two archaeological sites on the middle-elevation step of the Tibetan Plateau may
represent initial human forays onto the plateau prior to H2 (c. 24.2 cal. ka). Lenghu
locality 1 (388 510 0.000 N, 938 240 36.000 E, 2804m asl) is a small surface scatter of stone tools
found horizontally stratiﬁed between two well-preserved beach ridges that correspond to
lake high stands following H4 (c. 38.8 cal. ka) and H3 (c. 30.5 cal. ka) (Fig. 4) (Owen et al.
in press; Ma 1996). We therefore tentatively assign these materials a minimum age of
around 30.5 cal. ka and note that the degree of wind ablation seen on the artefacts is
consistent with a very long period of surface exposure. The Lenghu lithic specimens are
typologically indistinguishable from the Levallois-like blade technology seen at
Shuidonggou and other early Upper Palaeolithic occurrences in the low-elevation source
area of the plateau at c. 30 cal. ka (Fig. 5) (Brantingham et al. 2001a; Gao et al. 2004).
Xiao Qaidam (378 270 36.000 N, 958 310 12.000 E, 3100m asl), the other middle-elevation
step site with a suggested pre-H2 age, is similar to Lenghu locality 1 in several respects.
Generic stone cores and ﬂakes based on a medium-grained quartzite are found on the
surface of a feature interpreted as a relict beach ridge. Huang et al. (1987) suggested a
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Figure 4 OSL, TL and radiocarbon dates for ice-wedge casts and other sedimentary features in the
*45m beach (c. 2780m asl) at Lenghu. The OSL and TL dates indicate that the beach gravels must
have accumulated before H2 (24.2 cal. ka). The most likely timing for the *45m high stand is the
warm, wet event following H3 (30.5 cal. ka). The radiocarbon dated lake mud in this section may
correspond to a lake high stand that formed the next highest beach, suggesting a correlation with the
warm event following H4 (38.8 cal. ka). Artefacts found on the surface above the *45m and below
the *57m beach are assigned a minimum age of c. 28–30 cal. ka and maximum age of c. 37 cal. ka
based on their horizontal stratigraphic position.

minimum age of c. 38 cal. ka for these materials based on a radiocarbon date on lake
sediments from the adjacent Da Qaidam basin. Our own ﬁeld investigations identiﬁed
lithic technologies identical in character to those at Xiao Qaidam (e.g. raw material type,
size and shape, technological forms) in direct association with Han Dynasty (c. 2000 cal.
BP) ceramics in the nearby Iqe River (Yucha He) drainage. This association brings into
question the pre-H2 age assignment for the Xiao Qaidam materials.
Three sites in the Qinghai Lake basin register human occupation of the middle-elevation
step of the plateau in the interval between H1 (c. 15.8 cal. ka) and the beginning of the
Younger Dryas (c. 12.4 cal. ka) (Fig. 6) (Madsen et al. in press). Jiangxigou 1 (368 250 24.000
N, 1008 180 0.000 E, 3330m asl) is a buried archaeological site located at the head of a small
stream ﬂowing north into Qinghai Lake. Charcoal recovered from two separate features
yielded AMS radiocarbon dates of 14,690 + 150 and 14,760 + 150 cal. BP, respectively
(Table 2). Similar ages have been obtained from a nearby site, Locality 93-13 (Porter et al.
2001; Madsen et al. in press). The two features represent unprepared hearths associated
with concentrations of stream cobbles, broken and burned bone, and small lithic scatters
including microblades and related debitage (Fig. 7).
Heimahe 1 (368 430 48.000 N, 998 460 12.000 E, 3210m asl), 65km west of Jiangxigou 1, is
situated away from the mountain front in the current ﬂood plain of the small Heimahe River.
Two buried hearth features are dated to c. 13,010 + 109 cal. BP (Table 2). The site is very
similar to Jiangxigou 1 in both its structure and contents (Fig. 8). Artefacts distributed on
the use surface include possible bifacial thinning ﬂakes, microblade fragments, a bifacially
worked slate scraper and a ground stone cobble (Madsen et al. in press). Numerous burned
and/or calcined bone specimens represent a medium-sized ungulate, possibly gazelle and
several eggshell fragments from hen/duck-sized birds were also recovered.
An occupation signature is again detected on the middle-elevation step of the plateau
during the early Holocene (511.5 cal. ka). In the Qinghai Lake basin, two sites have been
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Figure 5 An early Upper Palaeolithic Levallois-like blade from Lenghu locality 1.

dated to this interval. Jiangxigou 2, across the drainage from locality 1, is a *1.2m thick
midden and ash deposit with abundant microblades (one specimen based on obsidian),
fragmentary faunal remains and at least two types of ceramics (see Fig. 6). Radiocarbon
dates suggest that the site was occupied, perhaps continuously, between 9140 and 5580 cal.
BP (Table 2). By contrast, Heimahe 3 (368 430 N, 998 470 E, 3202m asl) is contemporaneous
with Jiangxigou 2 but, like the earlier occupations in the area, Heimahe 3 is an
isolated hearth with a small collection of fragmentary bone, generalized ﬂaked stone tools
and a small number of formal microblades (Fig. 9). It would appear that short-term
foraging camps focused on procurement and processing of a gazelle-sized ungulate
remained part of the settlement system of the middle step of the plateau until at least c.
8450 cal. BP, the calibrated radiocarbon age for Heimahe 3.
The earliest evidence for non-foraging adaptations at high elevation comes from
southern Tibetan Plateau, at an elevation similar to the middle-elevation step of the
northern plateau. Karou, dated to c. 5758 cal. BP, preserves formal architecture, storage
pits and a rich assemblage of ceramic, chipped stone and ground stone technologies
(CPAM 1985; Aldenderfer and Zhang 2004). Cultivated millet has been identiﬁed, as well
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Figure 6 Schematic sections for Jiangxigou 1 (JXG 1), Locality 93-13 (93-13), Heimahe 1 (HMH 1),
Heimahe 3 (HMH 3) and Jiangxigou 2 (JXG 2). Key: 1. modern soil; 2. loess; 3. palaeosol B
horizons; 4. aeolian sands; 5. ﬁre hearths; 6. ﬂuvial sands and ﬁne gravels; 7. ﬂuvial gravels;
8. cultural midden. Radiocarbon ages bordering stratigraphic columns given in calibrated thousands
of years ago. Late Pleistocene and early Holocene palaeosols are distinguished as PS2 and PS1,
respectively.

Highest stand mud
Feature 3
Feature 1
Lower hearth

Upper hearth

Secondary hearth
Secondary hearth
Primary hearth
Max. 100cm depth
81cm depth
60–70cm depth
Primary hearth
T5 hearth

Locality 93-13

Heimahe 1
Heimahe 1
Heimahe 1
Jiangxigou 2
Jiangxigou 2
Jiangxigou 2
Heimahe 3
Xidatan 2
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Lenghu
Jiangxigou 1
Jiangxigou 1
Locality 93-13

Site

368
368
368
368
368
368
368
358

998 460 12.000
998 460 12.000
998 460 12.000
1008 180 0.000
1008 180 0.000
1008 180 0.000
998 460 48.000
948 150 36.000

430
430
430
350
350
350
430
420

48.000
48.000
48.000
24.000
24.000
24.000
12.000
36.000

–

938 240 36.000
1008 180 0.000
1008 180 0.000
–

388 510 0.000
368 350 24.000
368 350 24.000
–
–

Longitude

Latitude

Table 2 Radiocarbon dates for sites discussed in the text

C
BP

11,160
11,140
11,070
8,170
7,330
4,850
7,630
5,670

12,370

31,700
12,470
12,420
12,420
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C
SD

50
50
40
50
50
40
50
40
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800
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50
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14,760
14,690
14,601

cal.
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60
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60
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1,130
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charcoal
charcoal
charcoal
charcoal
charcoal
charcoal
charcoal
charcoal

charcoal

carbonate
charcoal
charcoal
charcoal

Sample
material

Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta

169901
169902
149998
194541
208336
209350
208334
194553

AA-12319

–
Beta 208338
Beta 149997
AA-12318

Lab number

Ma (1996)
this paper
this paper
Porter et al.
(2001)
Porter et al.
(2001)
this paper
this paper
this paper
this paper
this paper
this paper
this paper
this paper
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400
P. Jeﬀrey Brantingham and Gao Xing

Peopling of the northern Tibetan Plateau

401

Figure 7 Plan view of the hearth feature (Feature 3) at Jiangxigou 1. The occupation dates to
c. 14,700 cal. BP.

Figure 8 Plan view of the cultural surface at Heimahe 1. The occupation dates to c. 13,000 cal.

BP.

Figure 9 Plan view of the cultural surface at Heimahe 3. The hearth and associated materials are
dated to c. 8450 cal. BP.

as possibly domesticated pigs. A range of hunted animals (e.g. red deer and roe deer) and
gathered plant foods are also recognized (see Aldenderfer and Zhang 2004). While an early
or middle Holocene site of this size and complexity has yet to be identiﬁed on the northern
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plateau, Jiangxigou 2 (c. 9–6 cal. ka) is similar to Karou in many respects. Future research
at this site may clarify whether there are any domesticated plants or animals present in
addition to the ceramics already identiﬁed.

Chronology and archaeology on the high-elevation step
Several sites have been discussed as a representing possible pre-H2 occupation of the highelevation step of the northern plateau (Huang 1994; Aldenderfer and Zhang 2004;
Brantingham et al. 2001b; An 1982). Age assignments for most of them are based on lithic
techno-typological systematics, usually emphasizing the presence of Middle Palaeolithictype tools (e.g. side scrapers). Some sites in the Chang Tang, identiﬁed by Schaller (1998)
and reported by Brantingham et al. (2001b), have technological characteristics reminiscent
of Middle Palaeolithic Levallois technology, which might suggest an age of c. 30 cal. ka,
or even earlier (see Brantingham et al. 2001a). But, other assemblages present
characteristics that appear to be derived from the Northeast Asian early Upper
Palaeolithic, which lead Brantingham et al. (2001b) to suggest that they were Last
Glacial Maximum in age. However, current evidence suggests that these early age
assignments are not warranted. Rather, the lithic technologies seen at sites in the Kekexili,
Chang Tang and other areas of the high plateau are now reliably dated at one site to the
early Holocene.
Only one site on the entire plateau has been discussed as falling between H2 and H1,
24.2–15.8 cal. ka. Located approximately 85km outside Lhasa, at 4200m asl, Chusang (or
Quesang) consists of a series of hand and footprints and a possible hearth found in a
hardened spring travertine (Zhang and Li 2002; Aldenderfer and Zhang 2004). Zhang and
Li (2002) obtained OSL dates of between 20 and 22 cal. ka from sands imbedded in the
travertine sediments, providing possible maximum ages for the hand and footprints.
Taken at face value, these ages suggest that human populations may have ventured onto
the high plateau as early as 22 cal. ka. More recent age determinations suggest an age of
around 11 cal. ka (Aldenderfer in press). However, extensive replication of dates from this
site is necessary given the possibility that non-aeolian, detrital sand grains may make up a
fraction of the quartz being used for dating. Detrital sand is more likely to be unbleached,
leading to OSL ages that are too old. Unfortunately, no other archaeological remains have
been identiﬁed at Chusang. If evidence from the low-elevation source area is used as a
guide and the OSL ages are correct, then we might expect to see an emphasis on simple
bipolar technologies based on moderate- to low-quality raw materials (Barton et al.
in press). Such technological characteristics are, of course, not chronologically diagnostic,
making accurate geochronology and stratigraphic control essential for identifying any
H2-H1 occupations on the plateau.
No sites are known presently from the high-elevation step of the plateau dating to the
interval between H1 and the onset of the Younger Dryas, despite having deposits of
appropriate age (Brantingham et al. in prep.; Van Der Woerd et al. 2002), and neither area
has yet yielded sites falling within the Younger Dryas (c. 12,823–11,473 cal. BP).
The oldest, reliably dated site on the high-elevation step of the plateau is assigned to the
early Holocene. Xidatan 2 (358 420 36.000 N, 948 150 36.000 E, 4300m asl) lies on the middle
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(T4) of three glacial outwash terraces in a small unnamed tributary of the Kunlun River
(Fig. 10) (Brantingham et al. in prep.). Loess overlies the outwash debris on T4 and varies
in thickness from 50.3 to 2m. Stone cores, ﬂakes and tools are found within the blow-out
depressions over nearly the entire length of the terrace (c. 385m) and in places buried
within the loess cap at an average depth of 30cm below the surface and 15cm above the
terrace gravels. Be-Al cosmogenic surface exposure (CSE) ages (Van Der Woerd et al.
2002; Gosse and Phillips 2001) indicate that the archaeological materials on T4 can be no
older than c. 8.1 cal. ka (Table 2). The absence of materials on T5 suggests that there was
no occupation at the site between 12.6 and 8.1 cal. ka, while the absence of materials on
T3 also suggests that the site on T4 is older than c. 6.3 cal. ka. OSL and radiocarbon ages
constrain the timing of loess deposition at Xidatan 2 and corroborate the CSE ages,
suggesting that human occupation occurred between c. 8200 and 6400 cal. BP (Owen et al.
in press).
The Xidatan 2 lithic assemblage is diverse in terms of both raw material types and
technologies represented (Brantingham et al. in prep.). Seven broad classes of raw material
are present in the assemblage, including a chemically distinctive obsidian. The obsidian –
also known from other archaeological sites on the plateau – derives from a geological
source centred around Migriggyangzham Co (338 250 12.000 N, 908 180 0.000 E, 5240m asl)
416km away. Technologically, the Xidatan 2 assemblage includes pieces representative of
core reduction, but very few specimens recognized as formal retouched tools (Fig. 11).
Cores are classiﬁed as either generalized ﬂake technology or classic Northeast Asian
microblade cores (Elston and Brantingham 2003). Generalized ﬂakes and microblades are
the two most common ﬂake types at Xidatan 2 and retouched tools do not correspond to
clear types. Overall, Xidatan 2 provides good evidence for the continued use of a formal
microblade technology, most probably as part of composite points, well into the early
Holocene.

Figure 10 Be-Al cosmogenic surface exposure, radiocarbon and OSL ages from the Xidatan 2 site
and the adjacent Yeniugou Valley. Be-Al ages determined from terrace gravels by Van Der Woerd
et al. (2002). The OSL date is from a pebbly-sand unit underlying a loess cap in the Yeniugou Valley
was determined by Owen et al. (in press). The age of the archaeological site on T4 (open triangle) is
constrained to be younger than c. 8200 cal. BP and older than c. 6400 cal. BP.
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Figure 11 Lithic specimens from Xidatan 2 (a–e) and the Police Station 1 site in the Kekexili nature
reserve (f–h). a. microblade; b. microblade core perform on ﬁned-grained grey quartzite;
c. microblade core on cream-coloured mudstone from the Police Station 1 spring deposits;
d. heavily retouched ﬂake made on Chang Tang obsidian; e and f. ﬂat, tablet-like ﬂakes removed
from prepared discoidal cores of grey-green quartzite and Police Station mudstone, respectively;
g and h. distal and medial bladelet segments.

Equally important is the link that Xidatan 2 provides with other undated sites present
on the high plateau, most notably the numerous surface assemblages from the Chang
Tang and Kekexili nature reserves (Brantingham et al. 2001b; Brantingham et al. in prep.).
These sites preserve the same formal microblade technology seen at Xidatan 2 and are
made on a similarly diverse range of raw material types (Figs 11 and 12). The Chang Tang
assemblages are unique, however, in preserving a specialized large blade and bladelet
technology very diﬀerent from the Levallois-like ﬂat-faced blade technology seen at
Shuidonggou and other Northeast Asian early Upper Palaeolithic sites. The uniqueness of
this technology led Brantingham et al. (2001b) to speculate that they were Last Glacial
Maximum in age. However, the striking technological similarity of the collection of Chang
Tang and Kekexili materials to Xidatan 2, as well as the presence of the same obsidian
at Chang Tang and Kekexili sites, leads us now to conclude that all are early Holocene
in age.
The distribution of obsidian on the Tibetan Plateau also reveals something important
about the organization of high-elevation habitat exploitation during the early Holocene.
Xidatan 2 is approximately 416km from the source of the obsidian at Migriggyangzham
Co. The Dogai Coring, Erdaogou and Police Station 1 sites, all of which have yielded
examples of the same material, are 171, 243 and 350km from the source (Brantingham
et al. in prep.). Amazingly, this obsidian has also been recovered from the Jiangxigou 2
site, on the southern shore of Qinghai Lake, 551km from Xidatan 2 and 951km from the
known source. The presence of this raw material on the middle-elevation step suggests that
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Figure 12 Lithic specimens from the Chang Tang nature reserve: a. bladelet core; b. pointed
prismatic blade; c and d. ﬂake-based microblade cores; e and f. proximal bladelets with retouched
hafting accommodations; g. prepared discoidal core used for producing tablet-like circular ﬂakes.

regular movement of populations between high- and mid-elevation areas may have been
established as early as 9–8 cal. ka, but perhaps not earlier. Regardless of the chronology,
the sheer size of the territory exploited is remarkable.

Evaluating the colonization models
At the beginning of this paper we proposed that colonization of the plateau may have been
driven by a process of: (1) adaptive radiation, where the appearance of new adaptations in
low-elevation source areas were suﬃcient to allow populations to move into and to survive
in high-elevation areas; (2) directional selection, where initial forays into high-elevation
areas were supported by low-elevation adaptations, but selection within high-elevation
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environments ultimately led to the emergence of unique adaptive characteristics necessary
to ensure survival; or (3) competitive exclusion, where the evolution of superior adaptive
strategies in low-elevation environments pushed populations retaining ancestral adaptations into suboptimal high-elevation habitats. We found evidence to support each of these
models during diﬀerent stages of colonization.
The evidence for the presence of human groups on the middle-elevation step of the
plateau before H2 (c. 24.2 cal. ka) is arguably limited. Only Lenghu locality 1 is found
in a date-constrained surface setting with a probable age of 28–30 cal. ka (Fig. 13).

Figure 13 Ages of sites and their positions within the low-, middle- and high-elevation steps of the
Tibetan Plateau. Individual radiocarbon dated sites from within the low-elevation step source area
are shown against the summed probability density function for all known radiocarbon dated sites in
north China (Barton et al. in press). Sites/culture groups: DDW, Dadiwan Neolithic; YS, Yangshao
Neolithic; JXG 1, Jiangxigou Locality 1; 93-13, Locality 93-13; HMH 1 and 3, Heimahe 1 and 3;
JXG 2E, earliest occupation at Jiangxigou 2; JXG 2N, Neolithic occupation at Jiangxigou 2; DQ,
Da Qaidam; XDT 2, Xidatan 2. Kekexili includes the Police Station 1 and 2 and Erdaogou sites.
Chang Tang includes all of the sites described in Brantingham et al. (2001b).
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The Lenghu materials are thus the same age as or slightly younger than the oldest early
Upper Palaeolithic assemblages known in north-west China. The fact that the Lenghu
materials are also identical to the Levallois-like ﬂat-faced blade technologies seen at
Shuidonggou and other early Upper Palaeolithic sites on the low-elevation step further
support a 28–30 cal. ka age assignment. Overall, the appearance of early Upper
Palaeolithic blade technologies on the middle-elevation step of the plateau is consistent
with an adaptive radiation model for colonization: specialized large blade technologies
appear ﬁrst in low-elevation source areas and only subsequently in high-elevation recipient
areas with no apparent modiﬁcation. The emergence of the early Upper Palaeolithic
appears to have lowered, at least partially, the biogeographic barrier to human movements
onto the middle-elevation step of the Tibetan Plateau. Selective pressures operating within
low-elevation environments are thus responsible for (small) changes in human biogeographic capacities at this time.
While there is no reliable evidence for human occupation anywhere on the plateau
between H2 and H1 (c. 24.2–15.8 cal. ka), there is growing evidence for a signiﬁcant
presence of human groups on the middle-elevation step during the post-glacial period
(Fig. 13). These groups appear to have made use of specialized microblade technologies,
like those seen over a wide area of Northeast Asia, as well as more generic, heavy-duty
chipped stone tools and simple hand-held grinding equipment. Sites in the middleelevation step Qinghai Lake basin, which predate the Younger Dryas at c. 12.8 cal. ka,
represent short-term foraging camps where activities were centred around simple hearth
features and were focused on intensive processing of medium- and small-sized game. As
was the case earlier, the appearance of late Upper Palaeolithic adaptations on the middleelevation step of the Plateau, with little or no apparent modiﬁcation and shortly after their
emergence in greater Northeast Asia, is strongly suggestive of a process of adaptive
radiation. Low elevation selective pressures drove the emergence of the late Upper
Palaeolithic and these adaptations (further) lowered the barrier to population movements
onto the Tibetan Plateau.
The situation may have been quite diﬀerent during the early Holocene. At this time
we see the ﬁrst unequivocal evidence for exploitation of the high-elevation step of the
Plateau. Buried archaeological materials at Xidatan 2 are dated between c. 8.2 and
6.4 cal. ka (Fig. 13). The Xidatan 2 assemblage is broadly similar to the late Upper
Palaeolithic in low-elevation environments. Shared technological attributes and stone
raw material types link sites in the Kekexili and Chang Tang to Xidatan 2. We now
believe that the former surface assemblages are all early Holocene in age (contra
Brantingham et al. 2001b).
If these early Holocene high-elevation sites were produced by dedicated, full-time
foragers, then it is possible to invoke a model of competitive exclusion to explain some
of their archaeological characteristics and spatiotemporal distribution. Xidatan 2 was
occupied at a time when early agricultural adaptations were coming to dominate
landscapes within the low-elevation source areas around the plateau (Fig. 13). The
Dadiwan Neolithic appears on the Western Loess Plateau abruptly around 7800 cal. BP,
but the initial steps towards a fully ﬂedged agricultural adaptation should precede this
date by several centuries, if not several millennia. By 6800 cal. BP intensive settled
agricultural communities are found over a widespread area of north and north-west
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China, all of which are generally assigned to the early Yangshao (An et al. 2004). We
believe that the emergence of agricultural adaptations in the low-elevation areas
surrounding the northern Tibet Plateau and the synchronous appearance of the ﬁrst
well-dated examples of human exploitation of the high-elevation step of the plateau is
not coincidental. Both events fall towards the end of the regional Holocene optimum.
In low-elevation environments, warm, wet conditions dramatically increased the
productivity of proto-domesticated millet-making agricultural specialization feasible
(An et al. 2004; Richerson et al. 2001). In high-elevation environments, these same
warm, wet conditions may have stimulated the expansion of mesic (as opposed to arid)
steppe-grasslands and game populations would have ﬂourished. Filling of low-elevation
environments with agricultural populations thus may have pushed foragers up onto the
plateau, while the pull of reasonably rich faunal communities at higher elevations may
have encouraged displacement, rather than outright replacement (Spielmann and Eder
1994). In sum, late Upper Palaeolithic adaptations prevalent in low-elevation environments surrounding the plateau, during and immediately after the Younger Dryas
(c. 12.8–11.4 cal. ka), may have provided some entrance into high-elevation environments. However, competitive exclusion from low-elevation environments by early
farming populations may have been responsible for making occupation of the high
plateau more permanent.
Several features of the assemblages seen on the high-elevation step of the plateau
suggest, however, that competitive exclusion was not the only process at play in driving
early Holocene colonization of the high-elevation step of the plateau. The large, ﬂat
blade and bladelet technologies of the Chang Tang are derived from a late Upper
Palaeolithic substrate, but present attributes that are unknown in the low-elevation
environments that surround the plateau. Although these blade products tend to be
quite large, they appear to have been produced by methods similar to that used for
making microblades, but not regularly for large blades. Retouch patterns on some of
the Chang Tang specimens seem to suggest that large blades and bladelets were
sometimes end-hafted as spear points, also a pattern unseen in the early or late Upper
Palaeolithic of Northeast Asia. Finally, stone raw material transport patterns appear to
represent stone procurement distances that are at least an order of magnitude further
than anything previously documented in the Palaeolithic of Northeast Asia. All of
these features lead us to suggest that the early Holocene lithic assemblages from the
high-elevation step of the plateau represent uniquely evolved strategies linked to the
extreme selective pressures of high-elevation environments. Why these selective
pressures did not impact on earlier incursions onto the middle-elevation step of
the plateau remains an open question. The answer may lie, however, in the observation
that directional selection during the early Holocene may have followed immediately on
the heels of a period of competitive exclusion that necessitated more permanent
occupation of the plateau.
Finally, we note that the appearance of fully ﬂedged agricultural settlements on the
plateau after 6000 cal. BP appears to reﬂect another period of adaptive radiation from lowelevation source areas to middle-elevation sites, this time leading to successful establishment of full-time, year-round occupations (Fig. 13). Karou, for example, shows a largely
unmodiﬁed low-elevation adaptive pattern based on permanent architecture, storage
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features and the use of low-elevation domesticated plants and animals. Less is known
about Jiangxigou 2 at Qinghai Lake, but the presence of large accumulations of debris
(ash, rock and animal bones) and the use ceramic vessels suggests lengthy, if not
permanent occupation. The impact of this adaptive radiation on resident foraging
populations, if they were present, is still unknown.
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