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ABSTRACT
The North Chinese Paleolithic sequence is perplexing in its relative technological
simplicity, strikingly different from the known sequences in Mongolia, Siberia and
ultimately western Eurasia. The division between North China and western Eurasia,
traditionally labeled the Movius Line after the pioneering work of Hallam Movius (1944),
has withstood years of scrutiny. The explanation for this phenomenon, however, remains
elusive.
This dissertation addresses several hypotheses about late Pleistocene lithic
technological variability in Northeast Asia on either side of the Movius Line. Of central
importance is finding proper placement for Shuidonggou, the only know late Pleistocene
locality in North China that contains a well-developed blade industry. Lithic assemblages
from two cave sites in the Mongolian Gobi, Tsagaan Agui and Chikhen Agui, and the
1980 excavated collections from Shuidonggou are compared. Comparisons also feature
the well-know late Pleistocene materials from Kara Bom, located in southern Siberia.
These analyses illustrate that Shuidonggou is linked to the elaboration of initial Upper
Paleolithic (lUP) technologies in greater Northeast Asia after 43 ka.
A series of theoretical and empirical questions surrounding the Northeast Asian
rUP are addressed. I ask whether biogeographic processes, behavioral-ecological
processes, or differential use of stone raw materials underlie observed technological
disjunctions in Northeast Asia. Three primary conclusions emerge. First, biogeographic
processes are implicated in the patterning of lithic technological variability in Northeast
Asia. Population growth coupled with periodic opening and closing of dispersal corridors
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may explain the spread of lUP technologies. Second, mathematical models indicate that
the uniform character of lUP core technologies is related to economic advantages inherent
in Levallois core geometries. The implication is that the lUP reflects the spread of
specific economic adaptations, and not necessarily a particular hominid species. Finally,
the failure of prepared core technologies to take hold in East Asian environments cannot
be explained by differential use of stone raw materials. Core technologies from one of
the study sites illustrate that raw material quality is not an absolute constraint on
technological design. Rather, the failure of fUP technologies is linked to population
contraction brought on by the extreme conditions of the Last Glacial Maximum (LGM).
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Chapter 1: Explaining Lithic Teciinological Variability in
Northeast Asia
Introduction
The Pleistocene archaeological record of North China is in many ways radically
different from that seen in western Eurasia. Much of the debate over the nature of the
Chinese Paleolithic sequence has focused on the absence of key technologies common
elsewhere such as large bifaces during the early and middle Pleistocene (Movius 1944,
1948, 1969; Schick 1994; but see Huang 1987, 1993; Yi and Clark 1983), and Middle
and Upper Paleolithic prepared core technologies during late Pleistocene times (Gao
1999; Lin 1996; Schick 1994). Only a handful of sites presently contain evidence for the
use of either Levallois-like flat-faced cores or large prismatic blade cores (Boule et al.
1928; Miller-Antonio 1992; Yamanaka 1995). Rather, relatively simple flake and core
technologies dominate the North Chinese Paleolithic sequence until the Last Glacial
Maximum when microlithic technologies appear (Elston et al. 1997; Gao 1999; Lin 1996;
Lu 1998; Madsen et al. 1998).
The growing evidence in Mongolia and southern Siberia for Middle (MP) and
Upper Paleolithic (UP) technologies closely resembling those from western Eurasia is
perhaps unexpected, given current impressions of the North Chinese sequence (see
Derevianko er a/. 1998; Goebel er a/. 1993; Jaubert er a/. 1997; Vasilev 1992, 1996).
And it is this discrepancy between the Mongolian and Siberian evidence, on the one hand,
and the North Chinese evidence, on the other, that is the central focus of this dissertation.
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A variety of models and methods are employed in explaining the basis of lithic
technological variability in these three regions of Northeast Asia. The goal is to provide
both a synthesis of current archaeological knowledge and an exploration of the
behavioral, ecological and evolutionary processes driving lithic technological adaptations
over this vast region.

Small and Large Tools in North China
In the absence of sophisticated core technologies, Chinese archaeologists have
sought to emphasize the extant variability by dividing the Pleistocene archaeological
sequence into two broad categories of "small tool" and "large tool" traditions. Jia and
Huang (1985) envision these traditions as two taxa evolving in parallel over the course of
the Pleistocene. The terms Lower, Middle and Upper Paleolithic are also used, but reflect
only rough chronological boundaries rather than specific changes in lithic assemblages
(Gao 1999).
Assemblages are classified as part of the small tool tradition if they are dominated
by small, often irregular flakes and small retouched tools. The small tool tradition is also
frequently associated with the use of bipolar core reduction, which tends to produce
angular, sharp flakes and flake fragments. The small tool tradition ranges through much
of the Pleistocene: Important sites include Donggutuo (ca. I mya), Zhoukoudian Locality
1 (ca. 600-300 ka), Xujiayao (ca. 100 ka), Salawusu (50-30 ka), Shiyu (28 ka) and
Xiaonanhai (13 ka). Donggutuo is characterized by small flakes (1-2 cm), irregularly
retouched small tools and casual core reduction (Schick et al. 1991). Zhoukoudian
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Locality I contains primarily small (<4 cm) bipolar and hard hammer flakes, retouched
scrapers and a range of larger core tools such as choppers, polyhedrons and spheroids (Pei
and Zhang 1985). Xujiayao is well known for the large collection of stone spheroids
recovered, but also contains many small retouched flakes in the form of casual scrapers
and points (Li 1994; Qiu 1985). The assemblages from Salawusu, Shiyu and Xiaonanhai
are similarly characterized by small, irregular flakes and casually retouched tools. A
somewhat greater degree of core preparation may be represented at Shiyu as judged by the
proportion of flakes exhibiting prepared platforms (Miller-Antonio 1992).
Assemblages are classified as part of the large tool tradition if dominated by large
cobble tools and associated large flakes. The large tool tradition in China is also termed
the Chopper-Chopping Tool tradition, a classification originated by Movius (1944, 1948).
Type sites for the large tool tradition include Kehe and Lantian (1-0.8 mya), Sanmenxia
(ca. 400 ka) and Dingcun (90-70 ka). The first three sites are characterized by casual
cobble-based cores (choppers, polyhedrons and discoids) and large flakes with minimal or
no additional modification. Dingcun is best known for its large trihedral picks, but also
contains spheroids, choppers and discoids as well as coarsely retouched scrapers (Wang
et al. 1994). Doubtless many additional assemblages could be added to one or other of
these broad categories.
Several critical problems revolve around the use of this binary classification
system. First, there is the empirical problem of partitioning lithic technological
variability into these two broad categories. Are assemblages accurately described as one
or the other of these tool traditions? The second more profound problem involves
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explaining the basis of these technological divisions. What factors or processes underlie
the origin and evolution of these traditions? Many assemblages including the type sites
for these traditions contain both small and large tool components. For example, Xujiayao
falls generally within the small tool tradition, but also is one of the primary sites known to
contain an abundance of flaked spheroids, arguably a large tool component. And, apart
from the matter of size, there is substantial overlap in the knapping technology for
producing cores and blanks and the techniques for producing retouched tools in both
small and large tool traditions. For example, bipolar technique, hard-hammer percussion
and denticulate retouch predominate among both small and large tools.

Explaining the Chinese Paleolithic Sequence
The overall impression of the Chinese Paleolithic sequence, de-emphasized in the
scheme developed by Jia and Huang (1985), is of an overarching technological simplicity.
This simplicity is pervasive whether one focuses on patterns of raw material procurement,
core reduction, or tool retouch. It is reasonable to begin with a "least effort" model, or
null hypothesis in explaining the character of the Pleistocene archaeological record in
North China. This null hypothesis provides a starting point to explore more complex
explanatory models, described in more detail in later sections.
Using the "least effort" model, the issues of artifact size, integral to the
identification of small and large tool traditions, are best explained in terms of difference
in the availability of raw material packages of different sizes. Differences resulting from
prolonged curation and extensive core and tool reduction are not well evidenced in most
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contexts (see below). Rather, the small tool tradition likely reflects the use of small tool
stone packages, and the large tool tradition the use of comparatively larger packages.
This explanation is favored over more elusive arguments that attribute tool size to
specific functional requirements. Paleolithic populations in North China may have used
primarily those stone materials that were both abundant and readily accessible regardless
of size.
Techniques of blank production are also relatively simple. The organization of
core reduction strategies appears to be largely dependent on the initial shapes of raw
material packages. Large, elongate cobbles, for example, produce end choppers or cores
resembling bifaces (see Huang 1987; 1993; Wang era/. 1994). More lenticular cobbles,
on the other hand, yield side choppers, discoidal cores and occasionally spheroids (Li
1994). There appear to be few examples of intensive, highly organized core reduction
strategies where the patterns of core preparation and maintenance strictly control the
shape and size of the produced blanks (Gao 1999; Lin 1996). The predominance of
simple, often irregular flake blanks and tools in Chinese Paleolithic assemblages may be a
direct result of this casual approach to core reduction.
A similar situation holds for the production of retouched tools. There appear to be
relatively few instances of intensive tool retouch dramatically modifying the shape and
character of the initial tool blanks (Pope and Keats 1994). Rather, tool retouch appears to
be relatively light and opportunistic. There are no substantive examples indicating that
retouch was applied to implement set tool designs, or that there were protracted reduction
trajectories related to tool curation and recycling (e.g.. Dibble 1995). Much formal
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variation among retouched tools found in Chinese Paleolithic assemblages may reflect
simply the shapes and sizes of initial blanks.
The apparent simplicity of the Chinese Paleolithic sequence has been recognized
by many scholars, and a number of more complex hypothesis have been advanced in
explanation of the phenomenon. These may be grouped into several categories including:
(I) biogeographic models (e.g., Huang et al. 1995; Larick and Ciochon 1996; Swisher ef
al. 1994; Swisher ef al. 1996; see also Chen and Zhang 1991; Foley and Lahr 1997); (2)
cultural-ethnic models (e.g., Movius 1944, 1948); (3) stone raw material economy models
(Pope 1989; Movius 1944; see also Schick 1994); and (4) behavioral ecological models
(Pope and Keats 1994; see also Carbonell et al 1999). Biogeographic models hold that
the persistence of simple core-and-flake technologies in China reflects a two-stage
biogeographic process beginning with a Plio-PIeistocene dispersal of early Homo, capable
of manufacturing only simple core-and-flake technologies, followed by the development
of geographic or ecological barriers that prevented (or at least filtered) the dispersal of
later hominid species, capable of producing more advanced technologies. Early dates (ca.
1.8 mya) on early Homo and Asian H. erectus fossils from East and Southeast Asia seem
to support a Plio-Pleistocene age dispersal event (Huang et al. 1995; Swisher et al. 1994),
while extremely late dates on H. erectus from Southeast Asia may suggest the persistence
of archaic hominids in East Asia much later than other areas of Eurasia and Africa
(Swisher et al. 1996; see also Chen and Zhang 1991).
Cultural-ethnic models may be viewed as a subset of the biogeographic model
outlined above. Movius (1944, 1948) attributed the simplicity of the North Chinese
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archaeological sequence to differences in cultural or ethnic traditions between East and
West. The Acheulian technological tradition, found primarily in Africa, Europe and
southwest Asia, and the Chopper-Chopping Tool tradition, found in China and Southeast
Asia, were thought to represent two isolated socio-cultural entities maintained over space
and time largely by cultural mechanisms (Movius 1944, 1948; see also Schick 1994).
The core-and-flake technologies of North China were taken to reflect a simple, or even
"retarded" pace of cultural development taking place away from the center stage of
human evolution. Such a conclusion implies biogeographic isolation of hominid
populations in East Asia.
Stone raw material models developed partially in reaction to cultural-ethnic
hypotheses. These models hold that the apparent technological simplicity of the North
Chinese Paleolithic sequence stems from the use of relatively poor quality stone raw
materials (and perhaps the use of more tractable organic materials such as bamboo) (Pope
1989; Schick 1994). It is argued that poor quality stone raw materials are unsuitable for
manufacturing sophisticated technologies and that hominid populations were forced to
abandon these strategies in favor of simple core-and-flake tools. In this model,
persistence of simple core-and-flake technologies is determined by the absence of
available high quality materials, rather than any specific adaptive advantages associated
with the use of such technologies.
Behavioral ecological models hold that the foundation of archaeological
variability is adaptive in nature, and that the use of particular technologies (in given
environmental contexts) is driven by a series of optimal trade-offs. Continuous feedback
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between environmental constraints, biological requirements and behavioral responses is
thought to push technologies towards optimal designs for designated uses. In this
framework, the use of simple core-and-flake technologies throughout North China is not
at all maladaptive, but rather is an optimal solution to the foraging dilemmas encountered
by Pleistocene hominids in the region. Simple core-and-flake technologies may have
advantages in that suitable raw materials are abundant and there is little need to expend
effort in manufacturing, maintenance and. repair of such technologies since cores, blanks
and tools are easily replaced. In contrast, both the "least effort" and stone raw material
models suggest sub-optimal technological adaptation presumably entailing significant
Fitness costs. The "least effort" model implies a passive response system whereby
technological decisions are made only opportunistically depending upon the inrunediate
circumstances surrounding the encounter of stone raw materials and food resources (see
Carbonell et al. 1999). Elaborate stone technologies fail to develop because there is little
or no depth of planning to foraging strategies. The stone raw material model implies an
absolute raw material constraints on the development of elaborate stone technologies,
regardless of the depth of planning involved in foraging strategies.
Each of these models have numerous accompanying theoretical and empirical
shortfalls. Biogeographic models are limited by a massive gap in ecological and
evolutionary theory linking the patterns and processes of hominid biogeography to those
seen in lithic technology. Ultimately, hominid taxa and stone tool industries cannot be
equated because the evolution of each follows very different principles of inheritance.
While this does not exclude the possibility of parallel evolution in hominid species and

stone technologies, there are numerous examples of associations defying conventional
wisdom, notably the occurrence of archaic Homo sapiens occurring with UP technologies
and early anatomically modem humans occurring with MP technologies (Bar-Yosef and
Kuhn 1999; Hulbin ef a/. 1996; Leveque er a/. 1993; Mercier ef a/. 1991). Culturalethnic models also lack a sound theoretical basis to suggest that Pleistocene learning
networks were sufficiently effective (and ecologically independent) to maintain a unified
"technological tradition" across such massive spatial and temporal scales. Stone raw
material models, though often invoked, lack a strong empirical and experimental
foundation demonstrating the impact of raw material quality on technological
organization and tool design. We also lack systematic treatments of what attributes can
be used to distinguish stone raw materials of different qualities, and in many situations
systematic geological proof of raw material scarcity. Behavioral ecological models suffer
primarily from problems of scale. Indeed, starting with an assumption of optimal
technological design, we are forced to explain how a simple core-and-flake technologies
could have equal functional utility under the diverse and fluctuating conditions of
Pleistocene China. Presently, there is a lack of theory for explaining how technological
adaptations manage to track such long-term and extensive geographic shifts in climate
and environment.
In truth, it is perhaps inappropriate to consider these models as independent and
mutually exclusive alternatives. Biogeographic processes are inseparable from ecological
processes, and the characteristics of stone raw materials are integral to the behavioral
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ecology of lithic technologies. AH may have played some role in the macro-regional
patterns exhibited by the North Chinese Paleohthic sequence.

Structure of the Dissertation
In this dissertation I focus on some of the theoretical and empirical issues raise by
the models outlined above. Evidence from four late Pleistocene archaeological sites,
Kara Bom in the Siberian Altai, Tsagaan Agui and Chikhen in the Gobi-Altai region of
Mongolia, and Shuidonggou in the Ordos desert of northwest China, are brought to bear
on specific questions of the nature of archaeological variability in Northeast Asia. The
central question is why elaborate late Pleistocene prepared core technologies appear
extensively in southern Siberia and Mongolia, but are limited to the single site of
Shuidonggou in North China. The answer to this question by implication provides insight
into the processes underlying the persistent simplicity of the North Chinese
archaeological sequence.
Chapter 2 presents detailed information on the stratigraphy, geochronology and
characteristics of the stone tool assemblages from the primary sites examined in this
dissertation. This presentation is placed in the context of the development of the initial
Upper Paleolithic (lUP) in western Eurasia. I argue that the stone industries from Kara
Bom, Tsagaan Agui, Chikhen Agui and, ultimately, Shuidonggou fall within the broader
patterns defining the development of the lUP after 45 ka. This conclusion is justified
both in the detailed characteristics of each assemblage, as well as in statistical
comparisons across the sites.
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Chapter 3 develops a picture of the paleoenvironmental and paleoclimatic
conditions in Northeast Asia during the last glacial-interglacial cycle (ca. 125-10 ka).
The paleoclimatic and paleoenvironmental record is then related to a theoretical model of
hominid dispersal capacities. The validity of any biogeographic or ecological explanation
for the Northeast Asian Paleolithic sequence—especially the discrepancy between North
China and Mongolia and Siberia in the development of the FUP—is dependent upon a
clear understanding of how environmental, geographic and ecological conditions may
have influenced processes of population dispersal and vicariance and patterns of
behavioral adaptation.
Chapter 4 turns to an evaluation of evolutionary and ecological foundations of
large-scale patterns of lithic technological organization such as the development of the
rUP in both Northeast Asia and western Eurasia within a very brief time interval. The

central question is whether such developments are "phylogenetic" and linked to the
development and spread of particular hominid species, or "ecological" reflecting
convergent technological solutions to shared ecological pressures. I approach this
problem through an examination of why Levallois-like core reduction strategies—one
characteristic feature of the lUP—enjoy such a long-term and broad geographic
distribution. The corollary to this problem is why Levallois-like technology is virtually
absent in North China. I develop a mathematical model of core reduction that allows a
flexible and objective assessment of the relationship between critical aspects of Levailois
core geometry and certain economic properties. The model addresses directly the
question of whether core technologies, in general, and Levallois-like cores, in particular.

25
represent arbitrary technological phenomena, or tactical behavioral responses based on
clear-cut ecological costs and benefits.
Chapter 5 explores a related question, one with particular significance to the
North Chinese situation. In this chapter I assess whether the use of relatively poor quality
stone raw materials is sufficient to explain the relatively simple character of the North
Chinese Paleolithic sequence. The abandonment of prepared core reduction schemes
because of a lack of access to sufficiently high-quality raw materials may have been a
tactical necessity, completely unrelated to biogeographic or ecological processes. I assess
whether such is the case by examining the character of core reduction strategies in a late
Middle Paleolithic assemblage from the Gobi-Altai region of Mongolia. Core reduction
at this site (Tsagaan Agui) is based on a poor quality local chert with numerous flaws and
impurities. A quantitative assessment of the impact of raw material quality on the
character of core reduction provides insight into whether raw material quality is an
absolute constraint on technological design.
Chapter 6 extends this theme in examining the character of core reduction
strategies at Shuidonggou, one of the very few sites in North China known to exhibit a
system of systematic blade production. The goal of this chapter is to provide detailed
information on the technological characteristics of blade production at the site, and
discuss the principles guiding the use of blade technology in the region.
The concluding chapter summarizes the evidence and principal conclusions
reached in this dissertation. This final synthesis focuses on explaining the limited
occurrence of lUP technologies in the North Chinese environment, represented at present
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only by Shuidonggou. It is not possible to explain in full the processes underlying the
persistent simplicity of the Paleolithic sequence in North China. However, this research
does clearly eliminate several hypotheses for the observed patterns. The remaining
potential explanations are difficult to fully articulate and present a number of unanswered
theoretical and empirical questions. Ultimately, this research provides a foundation for
future studies by clarifying and focusing the debate surrounding the nature of the North
Chinese Paleolithic sequence.
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Chapter 2: The Initial Upper Paieoiitiiic in Northeast Asia
Introduction
The period between roughly 45-30 ka witnessed several critical events in human
evolutionary history. The appearance and elaboration of novel Upper Paleolithic
technologies, the disappearance of archaic hominid species (e.g., Neandertals) and the
apparent ascendancy of anatomically modem humans all transpired within this brief
portion of the late Pleistocene. Causal connections between these evolutionary events are
frequently assumed, though there has yet to be a convincing test that such is the case.
Bar-Yosef and Kuhn (1999) demonstrate, for example, that large blade technologies, long
held to be diagnostic of modem human behavior, appear in various contexts predating the
first appearance of anatomically modem humans.
It is the ubiquity of blade technologies beginning approximately 45 ka, rather than
simply the presence or absence of such, that appears to signal significant behavioral and
evolutionary change (Bar-Yosef and Kuhn 1999:333). This increasing reliance on blade
technologies in the latter part of the late Pleistocene is now commonly referred to as the
early Upper Paleolithic (lUP), or 'initial' Upper Paleolithic (Kuhn et al. 1999). Regional
names such as the Emiran in the Levant and Bohunician in central Europe are often used
synonymously with the [UP (Garrod 1951; Svoboda and Svoboda 1985; Svoboda et al.
1996). Throughout westem Eurasia there appear to be common technological trends
defining the lUP including: (1) an emphasis on blade production from cores combining
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elements of both MP and UP technologies: (2) high frequencies of retouched blade tools;
(3) blade blanks with faceted platforms; and (4) the production of elongate Levallois
points (Kuhn et al. 1999). lUP assemblages are dominated by tool forms traditionally
considered characteristic of the UP, namely endscrapers, burins and truncations (Kuhn et
al. 1999: 506). Other tool forms may also occur in high frequencies including side
scrapers and denticulates and occasionally points as in the Bohunician of central Europe
(Svoboda et al. 1996: Table 5.5). Artifact type fossils, orfossiles directeurs, such as
Emireh points and El Tlel points have been suggested for the lUP in the Levant and
elsewhere (Garrod 1951; Boeda and Muhesen 1993). These tool forms, however, do not
seem to be universally diagnostic of an [UP horizon. Rather, as the sample of lUP
assemblages increases there appears to be substantial typological diversity in tool forms
superimposed on a common blade-based technological substrate (Bar-Yosef and Kuhn
1999).
lUP sites in western Eurasia fall within a relatively restricted time range of 45-40
ka (Bar-Yosef and Kuhn 1999; Kuhn et at. 1999: 507), although dates as young as 36 ka
have been determined for certain Bohunician sites (Svoboda er a/. 1996: 107). lUP
assemblages are found stratigraphically between MP and more classic UP assemblages at
only a handful of sites such as Ksar Akil (see Ohnuma and Bergman 1990). It remains to
be determined, therefore, whether the lUP also coexisted with distinctive MP and later
UP industries, or consistently occupied an intermediate stratigraphic and chronological
position.
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There is ample evidence to suggest that genuine lUP variants are found in certain
areas of Northeast Asia. Like the assemblages from BokerTachtit (Marks 1990) and
Stranska skala HI (Svoboda etal. 1996), the Northeast Asian [UP is characterized by the
elaboration of blade technologies showing both MP and UP characteristics. The best
known of the Northeast Asian lUP sites, Kara Bom in the Altai region of southern
Siberia, has been dated as early as 43 ka (Derevianko et al. 1998; Goebel 1994; Goebel et
al. 1993; Kuzmin and Orlova 1998). The EUP horizons at this site are characterized by
flat-faced, Levallois-Iike blade cores (Goebel et al. 1993; see Svoboda and Svoboda
1985: 511) and an abundance of retouched blade blanks. Similar assemblage
characteristics are found at a number of other sites in Siberia including Kara Tenesh,
Biyka n, Varvarina Gora and Tolbaga (Dereviako 1998; Dervianko and Markin 1997;
Goebel 1994; Goebel and Aksenov 1995). The occurrence of lUP assemblages in
Mongolia finds strong support in this dissertation, though earlier published accounts of a
number of sites and collections provided strong indications (Derevianko and Petrin
1995a; Fairservice 1993; Jaubert

a/. 1997; Kozlowski 1971; Okladnikov 1965, 1978,

1981). In contrast, it has been clear for some time that the occurrence of lUP (as well as
classic MP and UP) technologies in North China is extremely limited (Gao 1999; Lin
1996). Only a handful of sites contain evidence for the use of a large blade technologies,
and most of these sites preserve only a few equivocal specimens (see Li 1993; MillerAntonio 1992). Presently, only Shuidonggou preserves unequivocal evidence of a bladebased industry in North China (e.g., Boule et al. 1928; Yamanaka 1995). I argue here that

Shuidonggou is an lUP assemblage sharing strong technological ties with sites in the
Mongolian Gobi and ultimately Kara Bom in southern Siberia.

Sites and Samples
This chapter describes in detail the primary technological and typological
attributes of several blade-based assemblages from southern Siberia, the Mongolian Gobi
and North China (Figure 2.1). Collections from the open-air site of Shuidonggou (N38°),
Ningxia Hui Autonomous Region, People's Republic of China comprise the largest part
of the data base. The recently excavated assemblages from two cave sites located in the
core of the Mongolian Gobi Desert (N44°), Tsagaan Agui (White Cave) and Chikhen
Agui (Ear Cave), provide smaller, but diagnostic lUP assemblages for comparison with
Shuidonggou. Tsagaan Agui preserves the longer of the two archaeological sequences,
spanning the late MP through terminal Upper Paleolithic. Finally, the MP and UUP
assemblages from Kara Bom (N50°) provide an important source of comparison.
There are three primary goals in this presentation: (I) to provide detailed
stratigraphic and geochronological information for the primary sites investigated in this
dissertation; (2) to illustrate the principal technological and typological characteristics of
the Northeast Asian lUP, which includes a quantitative assessment of how uniform the
[UP is over this vast territory; and (3) discuss how the lUP in Northeast Asia compares
with the that in western Eurasia.
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Stratigraphy and Dating at Tsagaan Agui
Tsagaan Agui cave is located at approximately North 44° 42' 43.3", East 101° 10'
13.4", in Bayan Hongor a/mag, Mongolia, some 40 km northeast of the nearest district
isuuni) center, Bayan Lig. The cave is located in a limestone outlier, Tsagaan Tsakhir,
situated on the southern piedmont of the Gobi Altai massif, southwest of the Zuun Bogd
Uul range (Figure 2.2). The cave is on the eastern side of the largest canyon that bisects
Tsagaan Tsakhir from north to south.
Initial small-scale excavations at Tsagaan Agui were conducted by a SovietMongol Archaeological Expedition between 1987-1989 (Derevianko and Petrin, 1995b).
Excavations resumed in 1995 under the direction of the Joint Mongolian-RussianAmerican Archaeological Expedition (Derevianko etai, 1996, 1998). To date, four main
depositional basins have been identified within the cave system, including the Lower
Grotto, entryway terrace, main chamber and inner chamber deposits (Figure 2.3). The
data presented here derive from excavations in the main chamber and Lower Grotto.
Currently, all radiometric dates from the site come from the main chamber.
The main chamber preserves a total of 14 distinct strata which can be divided into
two major depositional regimes (Figure 2.4). Strata 6-13 are primarily fluvial in origin,
represented by partially reduced silty clays alternating with medium sands and gravels.
Stratum 6 consists of medium and coarse sands with abundant small limestone debris.
This stratigraphic unit is very similar to descriptions of limestone eboulis deposits shown
to accumulate under cold and relatively humid conditions in rock shelters in the Perigord
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region of France (Laville et al. 1980). Stratum 5 appears to be transitional between the
fluvial conditions of the Lower Strata and the primarily aeolian conditions of the Upper
Strata. Strata 2a, 2b and 4 are lithologically very similar consisting of aeolian deposited
fine sands and little secondary gravel or limestone debris. Stratum 3 is a thin (2-4 cm)
horizon formed on Stratum 4. It is dark in color, greasy and rich in organic material.
Finally, Strata 0 and 1 are recent historical deposits formed by a variety of anthropogenic
and eolian processes. These strata contain both extensive burned horizons and abundant
fecal matter from horses, sheep and goats.
Ages of the main chamber deposits are constrained by seven AMS radiocarbon
dates and three ESR dates. All of the dated samples derive from spatially separate
locations along the 8.5 m trench through the main chamber, but are shown in a single
stratigraphic column in Figure 2.5. The five AMS dates from Stratum 3 and single date
from Stratum 1 are on wood charcoal. The one available date from Stratum 2 is on bone
collagen. Four of the AMS dates from Stratum 3 are equivalent at one standard
deviation. These dates average to 33,541±311 bp and provide a reliable chronological
benchmark for the sequence. The one aberrant date of 30,942±478 (AA-26589) may
indicate that Stratum 3 formed over the course of several thousand years, but may also be
the result of incomplete removal of contaminants. The single bone collagen AMS date
from a gravel deflational horizon separating Stratum 2a and 2b produced a major
inversion. Given the consistency of the dates from Stratum 3,1 suspect that this bone has
been redeposited from older units farther back within the cave system. Three ESR dates.
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all on equid teeth (Blackwell pers. comm.), are consistent with this hypothesis. The age
of the base of Stratum 4 is constrained by two separate dates. Specimen QT40 (one
subsample) yielded an Early Uptake (EU) age of 29.7±2.1 ka and Recent Uptake (RU)
age of 46.2±4.0 ka (calendric). Specimen QT41 (six subsamples) yielded ages of
33.3±3.4 (EU) and 37.7±2.8 ka (RU) (calendric). Stratum 2b is dated between 23±2 (EU)
and 25±2 ka (RU) (calendric) by ESR.
Faunal remains recovered from Strata 5-2 are broadly consistent with the
radiocarbon and ESR ages reported above. Among the larger mammals present are Cuon
alpinus, Vulpes corsac, V. viilpes, Crociita spelea, Coelodonta antiquitatis, Eqiiiis
przewalskii, Procapra giittiirosa, Pantholops hodgsoni, Capra sibirica, Ovis ammon and
Capra hirciis/Ovis aries. Baryshnikov (1998: 311) suggests that these species are typical
of both open and montane niches in a basin and range province such as the Gobi. Pollen
spectra from the same strata suggest an environment dominated by grasses and
herbaceous species, including Gramineae, Compositae, Chenopodiaceae, Polygonaceae
and Ephedra sp. Arboreal pollen including Picea sp., Piniis sp., and Betida sp. make up
only a minority of the grains recovered from Strata 5-2.
The age and environmental context of the lower part of the main chamber
sequence is more difficult to assess. No faunal remains were recovered below Stratum 5.
Previous Russian radio-thermoluminescence (RTL) (Derevianko et al. 1998) dates on
sediments from Stratum 5 (227±57 ka). Stratum 6 (490±123 ka) and Stratum 12
(520±130 ka) appear to be too old given the overlying radiometric dates and character of
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the lithic assemblage. Palynological evidence from Strata 13-6 suggests a dominance of
arboreal and shrub species including fir, pine and birch (Derevianko et al. 1998).
However, it is important to remember these species are often over-represented by as much
as 400 % in a pollen assemblage compared to their actual geographic occurrence (Bradley
1985; 295). Thus, it is too soon to tell whether the amplified arboreal pollen in the lower
strata (6-13) is truly indicative of cool-wet conditions in the Gobi as a whole.

Stratigraphy and Dating at Chikhen Agui
Excavated concurrently with Tsagaan Agui, Chikhen Agui is a small rock shelter
located in an isolated limestone outcrop 200 km to the west (N44° 46' 22.3" East 99° 04'
08.7") (Figure 2.6) (Derevianko er al. 1998). Deposits at Chikhen Agui reach a
maximum thickness of about 75 cm and the site lacks the earlier archaeological sequence
present in Strata 5-13 at Tsagaan Agui. The sequence is divided into three archaeological
zones on the basis of stratigraphy, recovered artifacts and available radiocarbon dates
(Figure 2.7). There are many overlapping hearths in each zone. The Upper and Middle
Stratigraphic Units (Strata 1 and 2) contain abundant microliths, buried rodent middens,
carbonate concretions and minimal amounts of archaeological bone. The supporting
matrix is aeolian in origin mixed with unweathered limestone rock fragments. Charcoal
from three separate heanhs date the Upper Unit to approximately 8800 bp, while two
conventional dates on hearth charcoal place the Middle Unit at approximately 11,000 bp
(Derevianko et al. 1998).
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The Lower Stratigraphic Unit (Stratum 3) at Chikhen Agui contains a large blade
industry very similar to that from Stratum 3 at Tsagaan Agui (Tables 2.4-2.6). These
deposits are maximally 30 cm in thickness and lie along the contact with limestone
bedrock, outside the drip line of the rock shelter. The matrix is predominantly aeolian in
origin with reduced quantities of limestone debris and carbonate concretions. A single
AMS radiocarbon date on hearth charcoal places the Lower Stratigraphic Unit at
27,432±872 bp (AA-26580) with the humate fraction dating to 2l,620±180 bp (AA32207). A bone collagen date from an associated open air component (Locus 2) yielded
an age of 30,550±4I0 (AA-31870), providing broad confirmation for the age of this
industry.

Stratigraphy and Dating at Shuidonggou
Located within the Ordos desert, Ningxia Hui Autonomous Region, China (N38°
17' 55.0" and E106° 30' 6.2"), Shuidonggou was initially excavated in 1923 by Emile
Licent and Pierre Teilhard de Chardin (Boule et al. 1928; Licent and Teilhard de Chardin
1925). The site was excavated subsequently in the early 1960s and again in 1980 (Jia et
al. 1964; Ningxia Museum 1987). Despite these repeated field investigations, several
questions still surround the stratigraphy and dating of the Shuidonggou industry. It is
clear that the Shuidonggou formation includes both late Pleistocene and Holocene
sediments. The late Pleistocene sediments consists of a fluvial, finely bedded sand
containing no carbonates (Stratum 8c) (Figure 2.8). These late Pleistocene sediments sit
unconformably on much older Plio-Pleistocene red clay, commonly referred to at the
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"three toed horse clay" {san zlii ma hong tii). Overlying the bedded sands is the primary
archaeological unit (Stratum 8b), a massive fine silt with abundant carbonate. The
middle portion of Stratum 8b contains a well defined zone of hard carbonate nodules (510 cm each) possibly of pedogenic origin. Stratum 8a represents a sequence of channel
gravels and cross bedded sands of fluvial, or possibly mixed fluvial and aeoiian origin.
This unit contains no carbonate. Strata 5-7 represent a continuation of fluvial
sedimentation with interbedded gravels and medium sands comprising the majority. The
archaeological material from these strata are likely redeposited. An unconformity marks
the transition to Holocene sediments, represented by low-energy water lain silts and sands
containing abundant organic materials and aquatic snail shells (Strata 4).
Stratum 4, the lowest Holocene unit, appears securely dated with two radiocarbon
assays on pond organic matter (i.e., "black mat") of 5940±1C)0 and 6505±95 bp (Geng
and Dan 1992:48; Ningxia Museum 1987). The same cannot be said for the Pleistocene
units. Serious questions surround not only the reliability of the available dates, but also
their provenance and association with the lithic assemblage. Primary and secondary
sources report different stratigraphic positions for the late Pleistocene dates (Chen and
Yuan 1988; China Quaternary Research Conunittee 1987: 37; Geng and Dan 1992;
Ningxia Museum 1987; Zhou and Hu 1988). I follow the sampling positions indicated on
the unpublished 1980 stratigraphy for the radiocarbon assays and Chen et al. (1984) for
the U-Th ages (see Figure 2.8).
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Also of concern are possible errors associated with dating different materials.
There are two finite radiocarbon dates from the late Pleistocene strata, 17,250±210 bp and
25,450±800 bp from Stratum 7 and 8b, respectively The first of these is a bone collagen
date, while the second is a date on a carbonate nodule (gai z/ii jie he). Bone collagen can
yield accurate radiocarbon dates, though it is often difficult to remove younger
contaminants (Long et al. 1989; Stafford et al. 1991). For this reason, bone collagen
dates are commonly assumed to be minimum age determinations. Soil carbonates also
present problems for accurate age determinations (Pendall et al. 1994). Older, detrital
carbonate can be incorporated into more recent soil carbonates leading to apparent ages
that are too old. More commonly, soil carbonates repeatedly equilibrate with soil CO2
long after initial formation leading to apparent ages that are much too young. Carbonate
dates are frequently assumed to be minimum ages in the absence of external
corroboration. Thus, the two finite radiocarbon dates in association with the
Shuidonggou industry, though potentially accurate, are more safely assumed to be
minimum ages. A third infinite radiocarbon date on unknown material (Geng and Dan
1992: 49), and underlying the archaeological deposits, is difficult to evaluate.
Chen et al. (1984) report on U-Th ages for bone from the "Lower Cultural Level"
at Shuidonggou. These ages are given as 40-32 ka (see also Chen and Yuan 1988).
Though not unreasonable given the character of the Shuidonggou industry, U-Th dating
of bone has to be treated with extreme caution because of the uncertainty surrounding the
mechanisms of uranium uptake and loss from bone tissues (Bischoff et al. 1988).
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Paleoecological evidence offers little substantial clarification. Faunal remains are
apparently quite rare in the late Pleistocene deposits at Shuidonggou. The larger
mammalian fossil species include Coelodonta antiqutatis, Eqiiiis przewalskyi, E.
hemiomis, Gazella przewalskyi and Stnithiolithiis sp. (Ningxia Museum 1987). These
species are common to the Paleoarctic faunal complex distributed widely across northern
Eurasia during the late Pleistocene (Stewart 1991). They are broadly similar to the
species represented in the Upper Salawusu formation (Miller-Antonio 1992; Qi 1975)^
dated to the early part of

Stage 3 (55-30 ka). There also is some overlap with the

fauna from Strata 5-2 at Tsagaan Agui (46-25 ka). Palynological evidence suggests that
the late Pleistocene deposits at Shuidonggou accumulated under generally cold and dry
conditions, though perhaps somewhat colder than those represented in the Upper
Salawusu formation (Zhou and Hu 1988). For this reason, Zhou and Hu (1988: 268)
favor a literal interpretation of the radiocarbon evidence and suggest that the
Shuidonggou industry dates to the LGM.

Technology and Typology of the Tsagaan Agui Assemblage
A total of 549 specimens were analyzed from the Main Chamber at Tsagaan Agui.
Of this sample, nearly 33 % (n=18I) is undiagnostic flake and core shatter. The
remaining diagnostic assemblage consists of 368 specimens. Nearly half of these derive
from undated positions in Strata 6-8 (n=67) and Strata 9-13 (n=85). A total of 83
diagnostic specimens were analyzed from Strat:um 4-5 (>33-37 ka calendric). Strata 3 (33
ka) and 2 (-23-25 ka) yielded 24 and 64 diagnostic specimens, respectively. Stratum 1
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contained 45 specimens, ail presumably in secondary context given historic age for these
deposits. An additional 749 specimens were examined from the Lower Grotto. These are
discussed in detail in Chapter 5. The principal characteristics of the archaeological
sequence Main Chamber at Tsagaan Agui are presented in Tables 2.1-2.3. Diagnostic
core, blank and tool forms allow the Tsagaan Agui sequence to be divided into three
primary phases. The earliest, represented by Strata 5-13, may be classified as Middle
Paleolithic and is characterized by broad-faced prepared cores, a unique Levallois-like
core technology based frequently on large flake blanks (see Chapter 5). The ESR dates
from the base of Stratum 4 (33-46 ka, calendric) provides a tentative minimum age for
this phase. Stratum 3 marks the appearance of a second phase characterized by the
production of both parallel and pointed blades derived from Levallois-like flat-faced
cores. The radiocarbon evidence places this event at approximately 33 ka. Finally, the
initiation of a third phase may be indicated by the recovery of two microblade segments
Stratum 2a, overlying a gravel deflational horizon. Although this Stratum is currently
undated it is clearly younger than 23-25 ka (calendric) (ESR-Stratum 2b) and possibly
younger than 18 ka.
The stone raw material environment at Tsagaan Agui, described in greater detail
in Chapter 5, is centered around a localized outcrop of heavily weather chert located
above the cave. This material is of relatively poor quality, containing numerous voids
and inclusions. It is the dominant raw material used in core reduction and tool
manufacturing throughout the sequence. More than 97 % of all artifacts in both Strata 913 and 4-5 are made on this local raw material, and more than 92 % in Strata 6-8. The
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remainder of the artifacts in Strata 6-8 are made on two types of agate (distinguished on
the basis of color) that occur as very small, irregular nodules and derive from isolated
outcrops on the limestone ridge opposite the cave.
A dramatic change in raw material procurement patterns occurs in Stratum 3 and
accelerates through Stratum 2. A few artifacts of high-quality cryptocrystalline raw
materials were recovered in Stratum 3, and in Stratum 2 such materials comprise nearly
20 % of the entire assemblage. While the sources of these materials are unknown, it is
clear that they do not derive from the immediate vicinity of the cave. The sources for
these materials are at least 4-5 km distant from the site.
Table 2.1 illustrates that the Main Chamber core assemblage is characterized
overall by generalized core forms (n=42) including polyhedrons (globular cores),
choppers, discoids and tested pebbles. Prepared core forms comprise a much smaller
portion of the assemblage overall (n=l4), but include diagnostic Levallois-like flake cores
and flat-faced blade cores, broad-faced cores, narrow-faced cores and several classified
change-of-orientation cores. All of the prepared core forms, save for narrow-faced cores,
display technological features closely allied with the Levallois method as currently
defined (Boeda 1990, 1995; Chazan 1997). Four cores are sufficiently similar to the
Levallois method to be directly classified as such. These cores are all relatively flat, with
primary reduction restricted to a single plane, and tend to have faceted platforms.
Importantly, most of these cores display convergent, or sub-parallel removals, rather then
centripetal or unopposed reduction patterns. The Levallois-like flat-faced blade core is
the only such example from Tsagaan Agui (Figure 2.9). The core has a moderate distal
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convexity with some distal trimming. One edge is prepared with a lateral crest, not unlike
that seen in certain Bohunician sites (Svoboda and Svoboda 1985:511). This attribute is
very common at surface localities in southern Mongolia (Krivoshapkin 1998). The
platform displays some minor faceting, forming an acute angle of approximately 45° with
the primary reduction face.
Broad-faced cores form a special category of prepared cores in the Tsagaan Agui
collections. Discussed in greater detail in Chapter 5, it is sufficient to state here that these
cores are generally similar to convergent Levallois flake or point cores. Lateral and distal
convexities of the primary core surface and controlled platform shaping are exploited to
remove relatively standardized blanks. The distinguishing characteristic of broad-faced
cores is that they are frequently based on the ventral surfaces of large flake blanks, a
feature that lends a unique character to the reduction sequence (see Figures 5.6 and 5.7).
Narrow-faced cores are an allied reduction strategy aimed at producing bladelet-like
blanks often on the margins of large flake blanks. However, these latter cores appear to
be more opportunistic in that they display little formal preparation of the primary flaking
surface or platform. The two examples of change-of-orientation cores from the Main
Chamber at Tsagaan Agui combine broad- and narrow-faced reduction strategies, with
broad face reduction being abandoned at some point in favor of narrow face reduction.
One of these cores is clearly based on a large-flake blank. The two cores classified as
"other" in Table 2.1 are broad-faced cores that have subsequent polyhedral working on
various faces.
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The Main Chamber blank assemblage adheres closely to the impression gained
from the core assemblage (Table 2.2). The large majority of flakes retaining a platform
(n=178) are generalized in form and technology. A small number of blanks (n=l6)
clearly derive from prepared cores including Levallois flakes, points and blades, subprismatic blades, microblades and Kombevva flakes. The morphological distinction
between Levallois and sub-prismatic blades used here is based on several technological
criteria. Prismatic or sub-prismatic blades display parallel edges, parallel to sub-parallel
dorsal scars and strongly triangular, or trapezoidal cross-sections. In contrast, Levallois
blades display sub-parallel to irregular edges, sub-parallel to convergent dorsal scars and
generally flat cross-sections. Despite this distinction, it is important to note that that these
criteria are insufficient to completely distinguish between truly prismatic blade
technologies, where blades are removed in continuous series from ail, or part of the core's
perimter (Bar-Yosef and Kuhn 1999: 323; Boeda 1995), and Levallois blade production
strategies, which limit reduction to a single plane of removal. This distinction can be
made unequivocally only on the basis of the recovered cores . As discussed above, the
only blade core recovered from the Main Chamber falls well within Levallois definition.
Thus, both the Levallois and sub-prismatic blades recognized at Tsagaan Agui most likely
derive from Levallois-like flat-faced blade cores. The same applies to the Levallois-like
point recovered from Stratum 2.
Importantly, all of the technical elements recovered from Tsagaan Agui are
strongly suggestive of a Levallois-like prepared core technology. The consistent
occurrence of edge elements is particularly important. Edge elements are rejuvenation
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spalls that remove part, or all of the edge of a core. Typically, edge elements represent
the lateral core edges and are removed to control the lateral convexity of the primary core
surface. Though serving a purpose similar to crested blades used in core rejuvenation,
they differ from these later technical elements in not displaying special preparation for
removal. Rather, edge elements preserve the technological characteristics of the prepared
core during primary reduction. The technical elements designated as core tablets are
irregular, or partial tablets. Though commonly associated with prismatic blade and
bladelet technologies, here they are consistem with the removal of platforms from
Levallois-like core. In one case, the tab was apparently aimed at removing a large raw
material impurity that could potentially interfere with primary reduction. In the other
case, it is uncertain whether tab removal was intentional or accidental. The remaining
artifacts designated as "other technical elements" are primarily outrepasse flakes
removing the distal ends of prepared cores. While these are also consistent with a
Levallois-like core technology, it is unclear whether they are intentional technical
elements (for core rejuvenation), or reduction errors.
Other primary reduction products are somewhat more distinctive. The two
microblades recovered from Stratum 2a are diagnostic in both size and technology. Both
are medial segments manufactured on non-local cryptocrystalline raw materials. They are
strongly trapezoidal and both are 6 mm wide. The single biface thinning flake is also
diagnostic. It has an acute, lipped (but apparently not ground) platform and is strongly
curved. Finally, the five Kombewa flakes, preserving two bulbs of percussion, logically
derive from broad-faced cores based on the ventral surfaces of large flake blanks.
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The retouched tool inventory from the Main Chamber at Tsagaan Agui contains a
number of diagnostic tool forms, though the most common types—combination tools
possessing more than one functional edge, generalized retouched flakes, denticulates and
side scrapers—are arguably less diagnostic (Table 2.3). The convergent blade retouched
into a point recovered from Stratum 3 is typologically distinctive of lUP industries
(Figure 2.10) (e.g., Kuhn et al. 1999). The use of high-quality cryptocrystalline raw
material, not locally available, is also significant. There are a number of specialized
endscrapers types in the upper strata. However, the sample sizes are too small to provide
any definitive typological classification of the assemblage as a whole.
Overall, raw material usage at Tsagaan Agui is primarily focused around the chert
source located directly above the cave. This is especially true of the lower stratigraphic
units. Exotic raw materials make their first appearance in Stratum 3 and comprise nearly
20 % of the assemblage in Stratum 2. This broadening of patterns of raw material
exploitation occurs at roughly 33 ka. It is significant to note that this expanded pattern of
raw material procurement is coincident with the first appearance of blade technologies in
the Tsagaan Agui sequence. Prepared core forms such as Levallois-like flake cores and
broad-faced flake cores based on large flake blanks are present in the lower sequence at
Tsagaan Agui. These appear to be based exclusively on the locally available raw
material. The retouched tool population in the Main Chamber at Tsagaan Agui contains
some diagnostic tool forms, though the large majority are non-diagnostic combination
tools, denticulates and side scrapers.
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Technology and Typology of the Chikhen Agui Assemblage
The lithic assemblage from Chikhen Agui is separated into three major units on
the basis of stratigraphy, technology and typology. The Upper and Middle Units are
exclusively microlithic and are not discussed in this dissertation (see Derevianko et al.
1998). The Lower Unit is characterized by large, flat blades produced from Levallois-like
flat-faced cores and a diversity of tool forms based on blade blanks (Tables 2.4-2.6). All
of the 169 artifacts from the 1996-97 excavations at Chikhen Agui were examined in this
study.
The raw material environment at Chikhen Agui differs dramatically from that at
Tsagaan Agui. There are no immediate sources of fine-grained lithic raw material
surrounding Chikhen Agui, save for rare pebbles (<5 cm) of jasper-like and chert
materials that occur on nearby gobi pavements and in local washes. The abundance of
workable stone materials occurring in the immediate vicinity at Tsagaan Agui is not
matched. Not surprisingly, therefore, the majority of raw materials occurring in the
Lower Unit at Chikhen Agui are imported from non-local sources. As at Tsagaan Agui,
"non-local" means that the sources are not within a 5 km radius of the site.
There are three broad types of stone represented. Approximately 94 % of the
entire assemblage consists of high-quality, opaque cherts. Quartzites, one potential local
material, makes up only 3.6 % of the assemblage. Translucent chalcedonies occur in
even lower frequencies, comprising only 2.4 % of the assemblage. There are four raw
materials groups within the opaque cherts, distinguished on the basis of color using a
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Munsell chart. In order of decreasing frequency, these groups include dark gray, olive
gray, grayish brown and dark reddish gray varieties. Whether these color varieties
represent separate, discrete sources remains to be established, as does the reason for their
differing frequencies in the assemblage.
The core assemblage comprises nearly 1 2 % (n=20) of the total lithic assemblage
(Table 2.4). Of these, 14 are prepared cores dedicated to the production of elongate
blanks. The remainder consist of a single tested pebble, one formal and one casual
microblade core (both likely introduced from the overlying deposits through
bioturbation), a flake preform for a broad-faced flake core and two opportunistic narrowfaced cores (see also Chapter 5). The prepared cores are generally flat-faced, restricting
reduction to a single plane, and exhibit complex patterns of platform preparation and
frequent platform faceting. The majority of the prepared cores are Levallois-like
bidirectional flat-faced blade cores with opposed striking platforms situated at the ends of
slightly elongate cobble blanks (Figure 2. II). Only two specimens are classified as
Levallois flake and point cores based on the character of the final removal before core
discard. Two cores are classified as simple broad-faced blade cores. Both are
bidirectional and one shows an attempt to develop a lateral crest along one side. In
general, broad-faced cores are not intensively reduced and likely are part of a reduction
continuum that includes bidirectional flat-faced blade cores.
Generalized flakes (n=41) form the single largest category of debitage at Chikhen
Agui (Table 2.5). All of the blade and bladelet products combined, however, outnumber
the generalized flakes (n=42). Levallois-like, flat-faced specimens comprise the majority
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of the blade products followed by bladelets. pointed blades and pointed bladeiets (Figure
2.12). There is no evidence at present to suggest that the blade and bladelet blanks from
Chikhen Agui were produced by different reduction strategies. They are morphologically
similar in all respects, save for metric dimensions, and the core population is metrically
consistent with the production of both blades and bladelets. A similar conclusion may
also apply to the series of elements resembling Levantine Levallois points (Figure 2.13).
Flat-faced blade cores at Chikhen Agui display a tendency to gradually evolve towards
convergent reduction. Over its entire uselife, a flat-faced core thus may generate products
that are parallel, sub-parallel and convergent in plan form, as well as metric blades and
bladelets (compare with Baumler 1988).
The technical elements from Chikhen Agui reinforce this impression. The
relatively high frequencies of crested and over-passed blades (the latter classified as
"other technical elements") are consistent with a blade-focused assemblage. Crested
blades, or lames a cretes were employed primarily in core rejuvenation (see Chapter 6).
This contrasts with their recognized function in UP prismatic technologies for initiating
blade reduction (Bar-Yosef and Kuhn 1999; Inizan et al. 1992). It is not certain whether
the single core tab is actually a platform rejuvenation spall, or a reduction error. The tab
is within the size range of a large microblade, or bladelet core.
The tool assemblage comprises nearly 1 2 % (n=20) of the total recovered artifacts
from the Lower Unit at Chikhen Agui (Table 2.6). While a wide array of tool types are
represented, including a number of burin and endscrapers types, no single tool form
occurs in excessive frequencies. Tools classified as blades with one or two edges
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retouched are the only exception. However, the elevated frequency of this tool type likely
reflects the predominance of blade blanks in the assemblage.
In total, the lithic assemblage from the Lower Unit at Chikhen Agui parallels the
patterns seen in Stratum 3 at Tsagaan Agui. The intensive focus on non-local raw
materials at Chikhen Agui (30-27 ka) coincides roughly with the first appearance of such
materials at Tsagaan Agui (33 ka). Both assemblages document the appearance of flatfaced blade technologies in the Gobi between 33-30 ka. Cores at Chikhen Agui are
specialized towards the production of blade blanks and the occasional Levallois-Iike
point. Blades and bladelets are prominent in the debitage assemblage, a pattern that likely
underlies the high frequency of retouched blade tools. Diagnostic UP tool forms
including burins and endscrapers are present, though not in sufficient quantities to allow
secure typological classification of the assemblage. There is a strong possibility that
many diagnostic tools were carried away from the site, just as exotic raw materials were
imported. The assemblage is clearly lUP, however, on technological grounds. This
classification is discussed in greater detail in the final sections of this chapter.

Technology and Typology of the Shuidonggou Assemblage
The late Pleistocene lithic assemblage from Shuidonggou is dominated by flatfaced blade cores, blade blanks and an array of retouched tool types. The total sample of
materials excavated in 1980 available for analysis contained 3806 specimens. The
materials recovered from Strata 6, 7 and 8b are identical in composition, and are
combined in all of the following presentations.
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Shuidonggou is located in an area abundant in alluvial gravels. Nearly 94 % of
the raw materials used in the manufacture of cores, tools and blanks are observed within
local gravel lags. These materials include gray and red quartzites, a fine-grained
metamorphic green stone, silicified limestone, limestone and sandstone. The two most
abundant raw materials types are silicified limestone and quartzite, comprising 66.7 %
(n=2540) and 18.3 % (n=698) of the assemblage, respectively. Cryptocrystalline stone
raw materials including a variety of cherts and chalcedonies occur in reduced frequencies.
These materials may also derive from alluvial gravels near the site.
The sample of cores from Shuidonggou consists of 176 specimens (Table 2.7).
Generalized flake cores (n=69) include tested pebbles, unifacial chopping tools, bifacial
choppers, polyhedrons (i.e., globular cores) and discoids. Silicified limestone is the
single most conmion raw material type used in producing generalized flake cores (n=33),
though specimens made on other materials collectively outnumber (n=36) those made on
silicified limestone. Prepared cores, in contrast, are based predominantly on silicified
limestone (n=83), with only a handful of specimens (n=Il) based on other raw material
types. Levallois-like cores are numerically dominant (n=86) within the prepared core
population. Only six of these are classified directly as Levallois flake and point cores.
The majority (n=80) fall within the range of variability of the Levallois method, but are
here classified as flat-faced blade cores (Figure 2.14) (Goebel et al. 1993; Svoboda and
Svoboda 1985). Technologically, they are unidirectional and bidirectional recurrent core
forms dedicated almost exclusively to the production of blade blanks. Chapter 6
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discusses the characteristics of flat-faced core technology at Shuidonggou in much greater
detail.
A number of other prepared core forms also are represented in low frequencies.
The single prismatic blade core displays continuous working around approximately 200°
of the core's perimeter. The primary platform is unfaceted and the distal platform is
small and cortical. Traces of a crested blade removal from the right lateral edge of the
core are retained as laterally oriented scars on the back side of the core. The two cores
classified as "other" in Table 2.7 are unfinished pyramidal bladelet cores. In one case, the
initial blank was pyramidal in shape. In the other, the pyramidal shape appears to be
imposed on the initial cobble in an attempt to exploit more of the core volume than can be
achieved with flat-faced reduction. Three of the change-of-orientation cores are
combination flat- and narrow-faced cores, and are not intensively reduced. The
remaining two change-of-orientation cores appear to be responses to dwindling raw
material package size in the later stages of reduction (see Baumler 1988, 1995). This type
of intensive reduction generally does not characterize the Shuidonggou assemblage as a
whole (see Chapter 6). The specimens classified as pebble microblade cores are
equivocal in technology and typology. They are small (2-3 cm) with microblade-like
removals on their surfaces. Three of the specimens are made on chalcedony pebbles, the
last on a small silicified limestone fragment. Two of the chalcedony examples recall the
large flat-faced blade cores in overall morphology, though in miniature. It is likely that
the resemblance to microlithic technology is only superficial, reflecting the constraints of
using very small chalcedony pebbles.
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Generalized flakes constitute more than half (n=1507) of all the blanks at
Shuidonggou retaining striking platforms (Table 2.8). The number of identified bipolar
flakes is exceptionally low. This is surprising considering that bipolar reduction is
considered an important feature of the Chinese Paleolithic sequence (Pei and Zhang 1985;
Jia and Huang 1985). A portion of the generalized flakes are undoubtedly related to the
initial working of prepared cores, though there are no clear attributes to distinguish these
flakes from others devoted to a core-and-flake strategy. Those blanks that are
unequivocally related to prepared core reduction comprise 27.8 % (n=620) of the debitage
assemblage, and formal blades alone comprise 21.6 % (n=482). The large majority of
blades are classified as Levallois products (n=402). Characteristically, these blades are
flat in cross-section, have length-width ratios not exceeding 4:1, faceted platforms,
parallel to sub-parallel dorsal scars and somewhat irregular sides (Figure 2.15). The
small sample prismatic blades (n=7) are distinguished primarily in that they have strongly
trapezoidal, or triangular cross-sections, parallel dorsal scars and parallel sides. It is
likely that these blades do not represent a separate reduction strategy, but one extreme of
a continuum of Levallois-like blade morphologies. The other end of this continuum is
represented by flake-blades (n=ll2). These latter products satisfy the metric definition of
blades, but tend to possess one or more unstandardized attributes such as substantial
dorsal cortex, irregular dorsal scar patterns, or irregular sides. Rake-blades were
produced primarily in the early stages of blade core preparation and reduction.
The limited number of platform tablets identified in the Shuidonggou collections
recalls the standardized UP approach to platform maintenance and rejuvenation. Because
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these tablets are all somewhat irregular in morphology, however, it is difficult to
determine whether they were intentional rejuvenation spalls, or simply accidental
removals. Heavy faceting is clearly the primary means of establishing and maintaining
striking platforms employed at Shuidonggou, in keeping with the Levallois-like character
of core reduction (see comparisons below). The abundance of crested blades also seems
to suggest UP blade core reduction strategies (Figure 2.15). As at Chikhen Agui.
however, these technical elements appear to have been employed in extending core use
life, rather than as a means of initiating reduction (see Chapter 6).
The tool assemblage from Shuidonggou is diverse and comprises nearly 15 %
(n=544) of the excavated assemblage (Figure 2.16; Table 2.9). Flake tools comprise 58.6
% (n=319) of the sample. A total of 142 (26.1 %) tools are based on blades. Including
flake-blades, nearly 37 % (n=200) of the retouched tool assemblage is based on elongate
blade products. The four most abundant blade-based tool types include blades with one
edge retouched (n=47), notched blades (n=24), blades with two edges retouched (n=15)
and single endscrapers (n=15). The four most abundant flake-based tools include
irregularly retouched flakes (n=64), single side scrapers (n=63), retouched notches (n=45)
and combination tools (n=34). Ignoring blank type, the six most frequent tool types are:
(1) single side scrapers (n=82); (2) retouched notches (n=76); (3) retouched flakes
(n=71); (4) combination tools (n=59); (5) blades with one edge retouched (n=55); and (6)
single endscrapers (n=43). Following traditional typological guidelines, the collection of
tool types from Shuidonggou is decidedly MP in character.
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In sum, raw material procurement at Shuidonggou is focused on abundant, locally
available alluvial gravels. Silicified limestone was the favored material for producing
prepared cores and standardized blanks. Quartzites were used more frequently as part of
a relatively simple core-and-flake technology. Rat-faced blade cores dominated the
prepared core assemblage and this technological dominance is carried through into the
blank and tool populations. Blade blanks are generally flat and posses faceted platforms.
Retouched blades fall into several relatively simple categories, with the placement of
retouch along the edges or at the distal end of blanks clearly related to blank form.
Retouched flake tools are numerous in the collections and it is interesting that types
traditionally considered diagnostic of the MP predominate.

Coherence of Northeast Asian Initial Upper Paleolithic
The above discussions of stratigraphy, geochronology and characteristics of the
assemblages provide a general picture of the Northeast Asian lUP. As in western Eurasia,
the rUP emerges in Northeast Asia sometime after 45 ka and is characterized by the
elaboration of blade technologies showing a mixture of MP and UP characteristics.
Beyond this general pattern, it is important to ask how coherent is the Northeast Asian
lUP in terms of technology and typology? This question is addressed in a series of
statistical comparisons of the core, blank and tool populations from the MP and UP levels
at Kara Bom, the Lower Stratigraphic Unit at Chikhen Agui and Shuidonggou. The lUP
assemblage from Tsagaan Agui Stratum 3 is too small for statistically valid comparisons.
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The Kara Bom lithic assemblages, from here referred to as the KB MP and KB
UP, provide important benchmarks for evaluating the coherence of the Northeast Asian
[UP. The earlier KB MP assemblage may provide an indication of the degree of
continuity (or lack thereof) between MP and lUP technologies in Northeast Asia. The
KB UP assemblage provides an important source of comparison because it is generally
recognized as an [UP assemblage showing affinities with those known from western
Eurasia (see Kuhn et al. 1999). The stratigraphy and dating of Kara Bom, located in the
Altai region of Siberia (N50°43', E85°42'), has been presented in detail elsewhere
(Derevianko et al. 1998; Derevianko and Markin [997; Goebel [994; Goebel et al. [993).
The KB MP levels have yielded a single ESR date of 62.2 ka (uptake model unspecified)
(Derevianko et al. [998:[04). The associated lithic assemblage is characterized by a
predominance of Levallois-like prepared cores, I-evallois flakes, points and a smaller
number of blades, and an abundance of combination tools with notched-denticulate
working edges (Figure 2.[7; Tables 2.[0-2.[2). Radiocarbon dates of 43.2±[.5 and
43.3±[.6 have been obtained from the KB UP levels (Goebel et al. 1993:456; Goebel and
Aksenov 1995). The associated lithic assemblage is characterized by a Levallois-like
flat-faced and sub-prismatic blade cores and a higher frequency of blade blanks, as well
as combination tools and blades with one or both edges retouched (Figure 2.[8; Tables
2. [0-2.[2). The following technological comparisons focus on the prepared core forms
and are based on my own quantitative observations of the KB assemblages.
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Prepared Core Reduction Patterns
Table 2.13 compares primary reduction patterns for cores from the KB MP, KB
UP, Chikhen Agui and Shuidonggou assemblages. The category "unidirectional linear"
includes cores with unidirectional convergent, unidirectional sub-parallel and
unidirectional parallel removal scars. The category "bidirectional linear" includes those
cores with opposed platforms and parallel to sub-parallel removal scars. The category
"unopposed/centripetal" includes cores with bidirectional unopposed removals, usually
from platforms located at right angles to one another (Svoboda and Svoboda 1985:511),
and those with classic centripetal removals. It is clear that "linear" reduction
predominates in all of the assemblages, including KB MP. Unopposed/centripetal cores
are exceedingly rare. Unidirectional cores are more abundant in the KB assemblages,
while bidirectional cores are more abundant at Chikhen Agui and Shuidonggou. Sample
sizes preclude a statistical assessment of these observations.

Blank Reduction Patterns
Table 2.14 conveys the same types of information for dorsal removal scars on
standardized blanks. Generalized flakes and technical elements are not included in the
analyses. The predominance of "linear" reduction patterns seen in the core populations at
these sites is amplified in the blank populations. The general pattern is of an abundance
of unidirectional blanks with bidirectional and unopposed/centripetal blanks occurring in
progressively lower frequencies. An examination of the standardized residuals from this
comparison provide a measure of how "even" the reduction patterns are across the four
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assemblages (Table 2.15). Bidirectional blanks are apparently underrepresented at KB
MP, with a greater than expected frequency of unopposed/centripetal blanks. Chikhen
Agui appears to be an outlier in that unidirectional blanks are underrepresented, while
bidirectional and unopposed/centripetal blanks are over-represented. The KB UP and
Shuidonggou assemblages are strikingly similar to one another. These observations are
supported statistically. Chikhen Agui is significantly differeiit from KB MP (x' = 44.088,
df = 2, p « 0.001), KB UP (x" = 43-955, df = 2, p « 0.001) and Shuidonggou (x" =
54.063, df = 2, p « O.OOl). Shuidonggou is significantly different from KB MP (x* =
8.025, df = 2, p < 0.02), but is indistinguishable from KB UP (x' = 0.441, df = 2, p =
.802).

Platfonn Preparation and Maintenance
A similar level of agreement characterizes the frequencies of platform types
across the assemblages (Tables 2.16 and 2.17). Here cortical platforms include blanks
retaining all, or partial cortex on the striking platform. Simple platforms include plain
and dihedral types. Complex/faceted platforms include those with multiple flake scars,
small facets and large transverse facets. Overall, there is a clear emphasis on
complex/faceted platform types, which indicates special attention to platform preparation
and maintenance. At a fine scale, complex/faceted platform types are slightly
underrepresented at Chikhen Agui and Shuidonggou, while simple and cortical forms are
underrepresented at KB MP and KB UP (Table 2.17). Indeed, statistical comparisons of
simple and complex/faceted platform types (excluding cortical types) indicates that
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Shuidonggou and Chikhen Agui are indistinguishable (x" = 0.384, df = I, p = 0.536), and
both are significantly different from KB MP and KB UP.

Technical Elements
The importance of platform faceting in Northeast Asian prepared core
technologies is further supported by the low occurrence of "platform tablets" in all of the
assemblages (Table 2.18). Platform tablets are recognized as one distinctive method of
platform rejuvenation, especially for UP prismatic blade technologies, whereby platform
shaping problems and prominent flaking errors are corrected by removal of the entire
platform (Inizan et al. 1992). This rejuvenation strategy was infrequently employed at
KB MP. KB UP, Chikhen Agui and Shuidonggou. I have suggested also that the tablets
identified at Chikhen Agui and Shuidonggou are potentially reduction errors, rather than
intentional rejuvenation spalls. At Shuidonggou, where a target blade length appears to
have driven the intensity of core reduction (see Chapter 6), the use of platform tablets
would tend to reduce expected core use life by quickly shortening the long axis of the
cores.
The broader pattern of occurrence of technical elements is very indicative of the
similarities in core technologies between these sites (Table 2.18). Crested blades are
consistently the dominant technical element represented, except at KB MP. These are
followed by "other" technical elements (primarily oiitrepasse blades) and edge elements.
Statistical comparisons indicate that Shuidonggou is indistinguishable from both Chikhen
Agui iX = 5.383, df = 3, p = 0.146) and KB UP (%' = 00.411, df = 3, p = 0.938) in the
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relative frequencies of technical elements. This provides perhaps the strongest evidence
that cores were prepared, reduced and maintained in essentially the same ways at KB UP,
Chikhen Agui and Shuidonggou. Technical element sample sizes are too small at KB MP
to statistically evaluate the degree of similarity with the other assemblages. However,
high frequency of edge elements relative to crested blades hints at differences in core
reduction strategies across the MP-UP transition at KB.

Retouched Tools
The strong similarities in core reduction strategies seen across the sites are not
carried over to the retouched tool populations. Retouched tool categories are shown in
Table 2.19 in relation to their rank order occurrence at Shuidonggou. The three most
common retouched tool types at Shuidonggou are (I) notched-denticulate tools, (2) side
scrapers and (3) retouched blades. At KB UP the three most common tool types are (1)
retouched blades, (2) combination tools (i.e., tools with more than one working elements)
and (3) endscrapers and notch-denticulate tools, which occur in equal frequencies.
Russian researchers identified a much higher frequency of burins in the KB UP
assemblage, approaching 11 % of all retouched tools (n=20) (Derevianko and Markin
1998). Goebel (1994) also recorded a greater number of burins than the current study
(n=13). Yet, within these studies burins still fall behind notched-denticulate tools,
retouched blades, side scrapers and irregularly retouched flakes in overall frequency.
Retouched blades are the most prominent tool type at Chikhen Agui, with other tool types
occurring in roughly similar frequencies. At KB MP, combination tools are 2-3 times

59
more frequent than any other tool type. Combining all of the assemblages, the three most
common tool types are (I) side scrapers, (2) notched-denticulate tools and (3) and
retouched blades. Clearly, none of these sites falls within traditional typological
classifications of the UP, which emphasize endscrapers, burins and truncations. Formal
endscrapers are present in low frequencies, burins are extremely rare and truncations are
absent. It is important to note, however, that my identification of burins in the KB UP
assemblage are conservative.
To satisfy a measure of typological curiosity, it is instructive to also count
combination tools showing classic UP working elements as discrete types. Counting
those with endscrapers working elements strictly as endscrapers produces some changes
in the rank order frequencies of tool types. At Shuidonggou, endscrapers jump to the
third most frequent tool type, behind side scrapers and notch-denticulate tools and ahead
of retouched blades and retouched flakes. The rank order position at Chikhen Agui does
not change. At KB UP, endscrapers rise to the second most common tool type behind
retouched blades. Similarly, at KB MP, endscrapers surpass notch-denticulate tools,
retouched blades and retouched flakes to become the second most common tool type.
The same counting procedures for combination tools including burins has less of an
impact. The burin category rises to position eight at Shuidonggou, position two at
Chikhen Agui, five at KB UP and four at KB MP.
Overall, burins play a relatively small role in these assemblages, regardless of how
you count them. Endscrapers are somewhat more prominent in the assemblages. They
are the second most common tool type at Chikhen Agui and KB UP, behind retouched
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blades, and third most common at Shuidonggou when counting combination endscrapers.
The assemblages from Chikhen Agui and KB UP are the most consistent with a
t>'pologicaI definition of the lUP. However, the small sample size of the Chikhen Agui
assemblage must be considered in this typological classification. In addition, the
typological relevance of retouched blade tools also must be questioned: Blank size and
shape are perhaps the most important morphological determinants among this class of
tools. Regardless of counting procedures, Shuidonggou has a strong MP typological
signature.

The lUP in Western Eurasia and Nortlieast Asia
Common technological trends defining the lUP in western Eurasia include: (1) an
emphasis on blade production from cores combining elements of both MP and UP
technologies; (2) high frequencies of retouched blade tools; (3) blade blanks with faceted
platforms; and (4) the production of elongate Levallois points (Kuhn et al. 1999). lUP
assemblages are dominated by tool forms traditionally considered characteristic of the
UP, namely endscrapers, burins and truncations (Kuhn et al. 1999: 506).
It is clear from the analyses presented above that the assemblages from KB UP,
Chikhen Agui and Shuidonggou, and perhaps also Tsagaan Agui, evidence the common
technological trends accepted for the lUP in western Eurasia. Core technologies at these
sites are specialized towards blade production. Core morphologies fall within the
Levallois definition and blade blanks tend to display faceted platforms. Platform tablets
are uncommon, further emphasizing the importance of platform faceting in core
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preparation and maintenance. Crested blades are common, but were used within the
Levallois method as lateral, rather than initial preparations. The statistical similarity in
frequencies of different types of technical elements offers strong evidence that core
preparation, reduction and maintenance was occurring in essentially the same ways at the
study sites, this despite differences in local ecologies and raw material availability.
Overall, Northeast Asian [UP prepared cores are strikingly similar to the "flat
cores" and "cores with lateral crests" identified by Svoboda and Svoboda (1985: 511) as
characteristic of the Bohunican (Figure 2.19). Bohunican type "perpendicular cores" are
rare and UP prismatic blade cores are rudimentary at best. These same technological
parallels are apparent in recently excavated lUP sites in Turkey (Kuhn et al. 1999), Syria
(Boeda and Muhesen 1993) and the Levant (e.g., Marks 1990).
At the same time, the Northeast Asian assemblages examined here do not conform
to western Eurasian typological expectations. The high frequencies of side scrapers and
notch-denticulate tools appear to be more consistent with MP typological definitions.
Endscrapers and burins are present, but in relatively low frequencies. I expect, however,
that such typological distinctions—including those emphasizing the presence or absence
of fossiles directeiirs such as Emireh points—may at best have regional chronostratigraphic relevance. In reality, they probably have little to do with the behavioral and
evolutionary processes underlying the origin and elaboration of the lUP.
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Conclusions
I include the assemblages from Tsagaan Agui Stratum 3, Chikhen Agui and
Shuidonggou within the lUP, emphasizing the striking technological coherence between
these assemblages and the technological parallels with accepted lUP assemblages from
western Eurasia. It is also important to note that these Northeast Asian assemblages also
fit the general chronological profile for the origin and elaboration of the lUP, all
appearing after 45 ka. However, the ages for the lUP in Mongolia (33-27 ka) and North
China (25-17 ka) are substantially younger than that documented in western Eurasia.
The apparent expansion of stone raw material exploitation to include the curation
and transport of non-local raw materials also is an important feature of the Northeast
Asian lUP. This is evident particularly in the assemblages from Tsagaan Agui and
Chikhen Agui. Thus, the lUP in Northeast Asia may be associated with increased
mobility levels and a tendency for foraging groups to move farther into more adverse
environments. This theme is further explored in the following chapter on modeling late
Pleistocene hominid biogeography in Northeast Asia.

Table 2.1. Tsagaan Agui Main Chamber core types by stratum (excluding shatter).
Stratigraphic Unit
4-5

6-8

9-13

Total

Tested Pebble

15

Chopper

2

Polyhedron

4

5

21

Discoid

I

2

4

Levallois-like Flake Core

3

Levallois-like Blade Core

1

Change-of-Orientation

2

Other

2

Narrow-raced Core

2

Broad-faced Core
ToUl

12

14

2
i

3

5

5

14

S8

0\

Table 2.2. Tsagaan Agui Main Chamber flake types by stratum (excluding shatter).
Stratigraphic Unit

Generalized Flake
Levallois Flake

1

2

3

4-5

6-8

9-13

Total

21

33

9

47

24

44

178

1

1

2

4

Levallois Point

1

1

Levallois Blade

2

Sub-prismatic Blade

1

2
1

2

Microblade

2

2

Biface Tltinnii^ Flake

1

1

Core Tab

1

Edge Element

2

1
2

1

Other Technical Element

3

Bipolar Flake
Kombewa
Total

1

27

1

2
1

2

1

3

5
1

2

3
39

16

S6

7

5
27

47

212

Table 2.3. Tsagaan Agui IMain Chamber tool types by stratum.
Stratigraphic Unit
1
Single Side Scrapcr

6-8

9-13

Total

2

1

4

9

1

1
1

1

Single End Scrapcr

2

End Scraper on Blade

1
1

1
1

2

1
1

1

Dihedral Burin

1

1

1

1

1

1

2

6

2

2

2

1

Irregularly Backed Knife
Partially Backed Knife

I
1
2

Multiple Notches

2
1

1

Dcnticulale

3
1

1

1

4

3

9

5

5

6

20

2

3

13

Combination Tool

1

3

Rctouched Flake

2

4

Blade Rclouchcd inio Point

2
1

I

Flake Retouched into Point

1
1
9

1
I

1

Rclouchcd Notch

7
1

1

Claclonian Notch

3
1

Burin on a 1'runcation

Other

1

1

Single Burin

8

3
1

Raboi/Corc Scrapcr

Total

3

1

1

CarinMcd End Scaper
Nosed End Scrapcr

4-5

1

Transverse Scraper

Thumb-nail End Scraper

3

2

Double Side Scrapcr
Convergent Side Scrapcr

2

1
2

1
18

5

IS

26

24

97

66
Table 2.4. Core types from Chikhea Agui
Stratum 3 (exclodiag shatter).

Core
Type

Total

Count
I
Tested Pebble
I
Levallois Flake Core
Levallois Point Core
I
I
Pyramidal Blade Core
7
Bidirectional Blade Core
3
Change-of-Orientation
Conical Microblade Core
1
Other
I
Preform
1
Narrow-faced Core
2
Broad-faced Core
2
21

67
Table 2.5. Flake types from Chikhen
Agui Stratum 3 (excluding shatter).

Generalized Flake
Levallois Point
Blade
Pointed Blade
Bladelet
Pointed Bladelet
Core Tab
Ski Spall
Other Technical Element
Crested Blade
Total

Count
40
4
28
3
9
1
I
1
6
5
98

Table 2.6. Tool Types from Chikhen Agui Stratum S.
Flake Type
Generalized
Flake
Double Side Scraper

Count
1

Total

Blade

Pointed
Blade Bladelet

FlakeBlade

Count

Count

Count

Count

1

2

Count

Single End Scraper

I

1

End Scraper on Retouched Blade

I

I

Thumb-nail End Scraper

I

1

Single Burin

I

Retouched Notch

1
1

2
I

Combination Tool

1

I

Retouched Flake

1

1

Blade with One Edge Retouched

3

1

Blade with Two Edges Retouched

2

I

Bladelet with Abrupt Retouch
Total

1

3
1

4

9

2

5

1

1
3

19

68
Tabk2.7. Shuidonggou core tjrpcs
(excluding shatter).
Tested Pebble

7

Chopping Tool

9

Chopper

10

Polyhedron

38

Discoid

11

Levallois Flake Core

5

Levallois Point Core

1

Prismatic Blade Core

1

Change-of-Orientation

5

Pebble Microblade Core

4

Other

2

Nairow-faced Core

3

Flat-faced Blade Core
Total

80
176

Table 2.8. Shuidonggou flake
types (excluding shatter).
Generalized Flake

1507

Levallois Flake

11

Levallois Point

15

Levallois Blade

402

Prismatic Blade

7

Pointed Blade

7

Bladelet

66

Microblade

1

Core Tab

7

Edge Element

24

Other Technical Element

23

Bipolar Flake

3

Crested Blade

46

Flake Blade

112

Total

2231
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Table 2.9. Shaidonggoa toob by blank type.
Genenlized LevaOois LevaOois
Blade
Poim
FUe
Count
Count
Count
5
Single Side Scnpcr
63
I
Doable Side Scnper
16
Convetsent Side
1
13
Scnper
Transverse Scnper
Single End Scnper
Double End Sci^ier
End Scraper on
Retoocb^ Blade
Fan-ihaped End
Scaper
Circofar Scnper
Thumb-nail End
Scnper
Carinated End Scapcr
Nosed End Scnpcr
Single Burin
Dihednl Burin
Multiple Buim
Steep Backed Knife
Irregularly Backed
Knife
Retouched Notch
Multiple NMcbes
Denticnlatc
Combinatioo Tool
Retouched Flake
Blade with One
Edge Retoucbed
Blade with Two
Edges Retouched
Blade Retouched into
Point
Other
Total

Priinmic
Blade
Count

PouMed
BWe
Count

Bladckt
Count

Other
Edge Tffhniral Bipolar Ciencd
Ekmeat Ekmcai Flake
Blade
Count
Count
Count Count
t

I
4

23
20
1

FUieBUe
Count
13
5

Count
«2
22

I

16

1

2S
43
I

a

15

2

2
I

I

1

1

3

3

4

9
I
4
2
1
6

2

3
4
2
11
5

76

3

2

I

I
1

3
2
1
2

I

1

24

45
10
11
34

2
I

3
3

«

1

2
2

64
47
1

1

2

2

1

3

2

2

15

1
129

2

4

17
3

I
1

18
16
59
71
55

1

1
I
319

5

2

2

S

8

(

1

6

S>

3
544
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Table 2.10. Kara Bom Middle (M2 and Ml) and Upper
Paleolithic (UP6 and UPS) core types (excluding shatter).
Stratigraphic Unit

Total

M2

Ml

UP6

UPS

Count

Count

Count

Count

Tested Pebble

3

Count
3

Chopping Tool

I

1

Polyhedron

1

1

Split Pebble

2

Levallois Flake Core

17

Levallois Point Core

3

2

1
1

Sub-prismatic Blade Core

4

Change-of-Orientation

1

Narrow-faced Core

!

4
1

1

5
1

I

Broad-faced Core
Total

21

2

Levallois Blade Core

2

5

4

11
I

1
27

3

13

8

51

Table 2.11. Kara Bom Middle (M2 and Ml) and Upper
Paleolithic (UP6 and UPS) flake types (excluding shatter).
M2

Ml

UP6

UP5

Coimt

Count

Count

Count

Count

Generalized Flake

192

29

188

127

536

Levallois Flake

29

3

2

3

37

Levallois Point

20

2

5

3

30

Levallois Blade

22

2

16

4

44

Sub-prismatic Blade

6

8

78

78

170

10

4

14

Pointed Blade
Bladelet

8

2

29

15

54

Pointed Bladelet

I

1

2

5

9

1

1

2

Core Tab
Edge Element

7

2

Other Technical Element
Kombewa
Crested Blade
Total

14

5
4

3

1

7
1

1

1

9

2

13

287

50

349

245

931

Table 2.12. Kara Bom Middle (M2 and Ml) and Upper Paleolithic (UP6
and UPS) tool types (excluding shatter).
Strata

Total

M2

MI

UP6

UPS

Count

Count

Count

Count
5

Count
9

2

5

Single Side Scraper

2

Double Side Scr^r

2

Convergent Side Scraper

I

2
1

1

Transverse Scraper

2

Single End Scraper
End Scraper on Retouched Blade

1
5

1

Fan-shaped End Scaper
Nosed End Scraper

1

Single Burin
Multiple Burin

I
6

1
1
I

2
12
I

I

3

1

I

2

3

Partially Backed Knife

I

1

Backed Fragment

I

I

Retouched Notch

1

1

3

5

I

2

3

3

5

11

1

1

12

17

44

5

4

11

1

8

13

22

1

9

7

18

Multiple Notches
Denticulate

2

I

Typical Borer
Combination Tool

10

Retouched Flake

2

Blade with One Edge Retouched
Blade with Two Edges Retouched

1

5

Blade Retouched into Point

I

Flake Retouched into Point

1

Other
Total

1

1
24

9

53

1
1

72

158

72

Tabk 2.13. Crosstabulatkm of prepared core redaction
patterns at Kara Bom, Chikhen Agui and Shuidonggou.
KB
MP
NSPAT2

unidirectional linear

16

KB
UP
5

bidirectional linear

2

3

10

41

56

unopposed/centripital

5

3

3

15

26

23

II

15

92

141

Total

CA
2

SDG
36

Total
59

Table 2.14. Crosstabniation of reduction patterns for
formal blanks at Kara Bom, Chikhen Agai and
Shuidonggou.
KB
MP
NSPAT2

unidirectional linear

84

KB
UP
187

bidirectional linear

12

59

32

135

238

unopposed/centripital

8

8

9

24

49

104

254

58

620

1036

Total

CA
17

SDG

Total

461

749

Table 2.15. Standardized residuals for formal blank
reduction patterns at Kara Bom, Chikhen Agui and
Shuidonggou.

NSPAT2

KB
UP

unidirectional linear

KB
MP
1.0

bidirectional linear
unopposed/centripital

SDG

.2

CA
-3.9

-2.4

.1

5.1

-.6

1.4

-1.2

3.8

-1.0

.6
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Tabic 2.16. Crosstabolation of formal blank platform
types from Kara Bom, Chikhen Agni and Shnidonggou.
KB
UP

CA

SDG

Total

1

4

44

49

7

47

19

228

301

97

205

35

348

685

104

253

58

620

1035

KB
MP
Platform cortical
Type
simple
complexZ&ceted
Total

Table 2.17. Standardized residuals for formal
blank platform types from Kara Bom, Chikhen
Agni and Shnidonggou.
KB
MP
Platform
Type

cortical
simple
complex/faceted

-2^
•42
3.4

KB
UP
-3.2

CA

SDG

.8

2.7

-3.1

.5

3.6

2.9

-.5

-3.1

Table 2.18. Crosstabulatioii of technical elements from
Kara Bom, Chikhen Agul and Shuidonggou.
KB
MP
Flake
Type

Core Tab
Edge Element

7

Total

CA
I

5

SDG
7

Total

17

29

10

9

7

22

38

2

21

8

54

85

9

37

16

100

162

Other Technical Element
Crested Blade

KB
UP
2

Table 2.19. Crosstabolation of tool types from Kara Bom,
Chikhen Agui and Shuidonggou.
KB
MP

KB
UP

CA

SDG

Total

Notch/Denticulate

4

15

1

112

132

Side Scraper

6

9

2

124

141

Retouched Blade

3

38

9

75

125

Retouched Flake

2

10

1

71

84

End Scraper

2

15

3

64

84

Combination Tool

15

29

I

59

104

28

30

Transverse Scraper

2

Other

4

1

10

15

1

3

2

8

14

33

125

20

551

729

Burin
Total

Figure 2.1. Geographic areas mentioned in the text and primary sites including
Shuidonggou (square), Tsagaan Agui (triangle), Chikhen Agui (circle) and Kara
Bom (star). Basemap modified from Cornel University GIS Webpage
(http;//atlas.geo.comel.edu).
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Figure 2.2. Location of Tsagaan Agui Cave.
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Figure 2.3. Plan view of Tsagaan Agui cave showing the four main depositional basins
within the cave system. The Lower Grotto lies below and off-center to the main chamber and
is thought to be connected to it by an interiorsolution cavity.
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Figure 2.4. Longitudinal stratigraphic section (Morth Profile) through the main chamber at Tsagaan Agui.
The section is divided lithologically into the Lower Strata (6-13), which are primarily fluvial in origin, and
Upper Strata (2-S), which are primarily aeolian in origin. Stratum I is historic and represents a combination
of anthropogenic and aeolian depositional processes.
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Figure 2.S. Stratigraphic column showing the principal radiometric dates from the main chamber at
TsagaanAgui.
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Figure 2.7. Stratigraphy and dates from the main trench at Chikhen Agui. The blade assemblage
derives from the Lower Unit-Stratum 3. Depths are given in cm below the site datum.
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Figure 2.8. Stratigraphic profile firom the 1980 excavations at Shuidonggou showing the
location of available radiometric dates. The blade industry derives from Strata 6,7 and
8b.
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Figure 2.9. Levallois-like flat-faced blade core from Stratum 3
at Tsagaan Agui dated to 33 ka.

0

5 cm

Figure 2.10. Elongate Levallois-Uke point from Stratum 3 at Tsagaan
Agui dated to 33 ka.
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Figure 2.11. Levallois-Uke flat-fiiced blade cores from Chikhen Agui. (a-b) Bidirectional
cores from the Lower Unit within tiie cave dated to {^)proximatefy 27 luL (c-f)
Unidirectional and bidirectional ccxes frmn the (^)en-air component (Locus 2) at ChUchen
Agui dated to ^proximately 30 ka.
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Figure 2.12. Blanks, tools and technical elements from die Lower Unit at Chikhen Agui.
(a) End scraper on a blade, (b, c) Proximal blade segments, (d) Type 1A crested blade
showing partial cortex cover along the right margin, (e, Q Conveigent bladelets.
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Figure 2.13. Convergent blades and Levallois-like points from Chikhen
Agui. (a) part cortical convergent flake-blade: (b.e) convergent blades;
(c.d) Levallois-like points.

a

b

Figure 2.14. Blade cores from Shuidonggou. (a) sub-prismatic core exploiting most of
the core's perimeter, (b) unidirectional core wi^ end trinuning. (c) bidirectional
opposed core. Illustr^itions by K.W. Kerry.

c
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Figure 2.15. Shuidonggou blanks and technical elements, (a-d, j) unidirectional and
bidirectional blade blanks, (e) Edge element from a Levallois-like flat faced core, (f-i)
Crested blades. Illusdrations K.W. Keny.
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Figure 2.16. Retouched tools fixMn Shuidonggou. (a, c-e) End SCR^MFS. (b) Blade
retouched along one edge, (f-^ side scrapers. Illustrations
K.W. Kerry.
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Figure 2.17. Cores and blanks from the MP levels at Kara Bom. (a-c) Flat-faced cores,
(d, f-g) Levallois-like points, (e, h-i). Flat-faced Levallois-like blades. Illustrations
courtesy of A.P. Derevianko and V.T. Petrin.
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Figure 2.18. Cores, blanks and retouched tools from the UP levels at Kara Bom. (a, d)
Flat-faced unidirectional cores, (f) Sub-prismatic blade core, (b) Blade, (c, e) pointed
blades, (g-h) End scrapers on bl^es. Illustrations courtesy of A.P. Derevianko and V.T.
Petrin.
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Figure 2.19. Bohunician EUP cores from central Europe, (a) Flat-foced core, (b) Flatfaced core with a lateral crest, (c) Perpendicular core, (d) UP prismatic blade core. The
first two types are characteristic of the Northeast Asian EUP, while the latter two are rare.
Redrawn from Svoboda and Svoboda (1985: 511).
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Chapter 3: Paleoclimate and Hominid Biogeography in late
Pleistocene Northeast Asia
Introduction
A number of recent studies hypothesize that the apparent simplicity of the North
Chinese Paleolithic sequence is the result of long-term biogeographic barriers to the
dispersal of hominid species between western Eurasia and East Asia (Huang et al. 1995;
Larick and Ciochon 1996; Swisher et al. 1994). The central propositions of this
hypothesis are that; (I) there was an initial Plio-Pleistocene age dispersal of early Homo
populations into East Asia; (2) these populations were capable of producing only simple
core-and-flake technologies; and (3) biogeographic barriers developed that prevented the
subsequent dispersal of more advanced hominids (with more advanced technologies) into
the region. This chapter evaluates the last of these propositions through an examination
of late Pleistocene climates and environments in Northeast Asia and archaeological
evidence for movements of hominid populations in response to major climatic and
environmental fluctuations.
The chapter is divided into three major sections. The first is concerned with
providing a theoretical basis for describing and assessing biogeographic barriers and
Filters. A model is presented that relates environmental and climatic conditions to their
spatial configuration. Hominid dispersal ability is plotted as a function of both
physiological tolerances to environmental conditions and scales of mobility. Published
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ethnographic data are used to provide reasonable boundaries on what may (and may not)
be considered biogeographic barriers to hominid population dispersal.
The second part of this chapter turns to an assessment of the nature and magnitude
of fluctuations in late Pleistocene paleoclimatic conditions in Northeast Asia. Here the
focus is on the global glacial-interglacial cycle and its role in generating local
environmental and climatic extremes. The question is whether climatic and
environmental conditions continuously (or even periodically) formed effective barriers to
hominid population dispersal.
The third section is devoted to an assessment of Northeast Asian archaeological
evidence for biogeographic responses of hominid populations to climatic and
environmental fluctuations. I emphasize a number of data sources including the
aggregate radiocarbon chronology for late Pleistocene archaeological sites in Siberia
(Goebel 1999; Kuzmin and Orlova 1998). The frequency distribution of radiocarbon
dates from Siberia appears to be a reliable indicator of the intensity of hominid
occupation of the region (Goebel 1999). Geochronological and archaeological evidence
presented in Chapter 2 is discussed with the purpose of evaluating whether the timing and
nature of occupations at the primary sites investigated in this dissertation support, or
refute a general biogeographic model for hominid population dynamics in late Pleistocene
Northeast Asia.
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Modeling Hominid Dispersal
A dispersing population of organisms often must traverse and inhabit
environments that are very different from their optimal habitats (Brown and Lomolino
1998: 279). Dispersal is thus a function of both mobility and the capacity to
accommodate (biologically and behaviorally) sub-optimal, or even extreme
environmental conditions. Figure 3.1 models the relationship between environmental
conditions and the spatial scale over which those conditions pertain, and how the
configuration of these environmental parameters might effect dispersal potentials. For
example, in the absence of clothing technology, optimal temperature conditions for
human survival are between 25-27°C (Frisancho 1993:45), which in a given region may
occur over an area of 250,000 km", defining an optimal habitat. The expectation is that
hominid populations are free to disperse through such optimal habitats. Dispersal
potential is affected, however, where environmental conditions depart from the optimal
ranges for human survival (e.g., sub-optimum temperatures). And the magnitude of this
effect is dependent upon how extreme local conditions are and the spatial distribution of
those conditions. The heavy line plots the theoretical boundary between successful and
unsuccessful hominid dispersals within this two dimensional space. The expected
relationship is non-linear.
Position A along this curve marks the boundary where extreme environmental
conditions form an absolute physiological barrier to population dispersal. Such barriers
are effective even though these extremes may pertain only over a limited geographic area.
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A small, but extremely high-elevation mountain range, for example, could function as
this type of barrier. Hominid groups could easily cross the distances involved, but would
be exposed to high-elevation stresses exceeding physiological and behavioral means of
adjustment. Position B along this curve suggests that barriers become more effective
under less extreme conditions as the spatial extent of exposure increases. For example,
mean annual temperatures of -10°C may not pose an absolute barrier to dispersal over
short distances, but may form an effective barrier if sustained over thousands of square
kilometers. Position C identifies conditions where migration through a habitat involves
multiple stages. As the number of migration stages increases the degree of exposure to
sub-optimal, or even extreme environmental conditions also increases. As discussed in
detail below, this situation may serve as a demographic filter, eventually becoming a
barrier if dispersing population densities fall below a minimum viable breeding size
(Position D).
Empirical data framing these different biogeographic conditions come from
studies of modem forager mobility and human physiological responses to environmental
exposure. Mobility comprises a complex set of behaviors that allow individuals and
groups to accommodate spatial and temporal variability in the availability of resources
(Binford 1980; Cashdan 1992; Kelly 1983, 1992, 1995). While the organization of
foraging mobility is undoubtedly a complex process (e.g., Brantingham 1998; Mandryk
1993), here I am concerned primarily with placing reasonable limits on how far hominid
groups can travel in single- and multiple-step events. Figure 3.2 shows the average
distances covered by modem foragers in a single residential move (Kelly 1995: Table
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4.1). Foraging groups such as the Nunamiut may travel as far as 70 km in a single
residential relocation, though this is unusual. The majority of foraging groups undertake
residential moves over much shorter distances; the median distance traveled is 12 km
(mean =18 km) and 75 % of the 37 ethnographic groups in this sample move less than 24
km in a single event. In biogeographic terms, these data suggest that distance-controlled
barriers may begin to influence hominid dispersal at scales greater than 25 km in linear
dimensions (625 km"). Conservatively, I suggest that human groups may be able to jump
over sub-optimal environments without significant biogeographic consequences provided
that those environments are less than 100 km in linear dimensions (10,000 km"). This is
40 % farther than the distance that some Inuit groups will travel in residential relocations,
and nearly 5 times farther than the typical distance traveled. The maximum single-step
dispersal distance suggested here is not an absolute maximum, but rather an upper
boundary on the distances foragers will travel on a habitual basis. It is certainly possible
for foraging groups to traverse more than 100 km in a single event, though such
migrations may entail extreme costs. Thus, sub-optimal environments greater than 100
km in linear extent may in most instances form effective barriers to single-step dispersals.
This boundary condition is labeled as the Maximum Single-Step Dispersal Distance in
Figure 3.1.
Beyond this single-step dispersal distance foraging groups may cross sub-optimal
habitats in multiple stages, but not without apparent costs. Figure 3.3 illustrates that
long-distance mobility is possible only at very low population densities (r=0.846; t=6.147; p<0.000l). Groups such as the Crow and Nunamiut are able to undertake multiple
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residential moves covering as much as 700 km in a year. However, reported population
densities for these groups are often below 0.01 persons/km" (Kelly 1995: Table 6.4). The
logical conclusion is that high population densities inhibit mobility options. Population
densities presumably drop even farther over longer distances, at some point reaching non
viable levels. Mandryk (1993: 63) suggests that population densities greater than 0.0058
persons/km" are needed to maintain a viable breeding network (see also Wobst 1974).
Using the regression equation (y=-344.96*log x-52.067) from Figure 3.3, this minimum
population density corresponds to a maximum annual travel distance of approximately
742 km (550,561 km"). Thus, attempted multiple-step dispersals over distances >800 km
are unlikely to be successful because the requisite population densities drop well below
viable levels. This boundary condition is labeled as the Maximum Multiple-Step
Dispersal Distance in Figure 3.1.
Note that there is an important time component to multiple-step dispersals. While
low population densities appear to be a prerequisite for habitually traveling long distances
in a single year, it may be possible for groups living at higher densities to cross the same
distances in multiple years. For example, it would take a foraging group living at a
density of 0.1 persons/km" nearly 2.2 years to travel the same distance as a group living at
0.01 persons/km" does in a single year, and more than 12 years for a group at a density of
0.5 persons/km" (Figure 3.4). There is an interesting potential tradeoff between
dispersing population density and duration of environmental exposure implied here.
Increasing the time allowable for a multiple-step dispersals may come at the cost of
increased mortality from prolonged exposure to potentially sub-optimal environmental
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conditions. At the same time, higher initial population densities among dispersing groups
may mean more potential final survivors. It is difficult to speculate on what the optimal
solution to this tradeoff might be.
Environmental boundary conditions involved in hominid dispersal are somewhat
more difficult to constrain. Environmental limits to human survival rarely can be
assigned to a single abiotic or biotic factor. Moreover, extreme conditions often come in
packages, which together have detrimental effects on fertility, morbidity and mortality
(e.g., Wiley 1997). Here the focus is on human tolerance thresholds for extreme low
temperatures, high altitudes and water availability. For conceptual purposes these
thresholds are represented as a single boundary condition labeled Human Physiological
Tolerance Extreme in Figure 3.1.
Human tolerance to cold weather extremes is quite limited in the absence of
adequate clothing and shelter. An unclothed person can maintain constant body
temperatures (at the basal metabolic rate) only within an ambient temperature range of
25°-27°C (Frisancho 1993: 45). Below this critical temperature range one must
compensate by either increasing metabolic heat production (non-shivering
thermogenesis), or active heat production (shivering, exercise) (Frisancho 1993:87-88).
If core body temperature drops to 33°C physiological thermoregulation ceases, and death
occurs if core temperature reaches 25°C (Moran 1982: 115). Exposure to extreme cold
for short periods of time (acute cold stress) can lead to rapid death (Figure 3.5).
Mathematically modeled survival times for an average nude adult male exposed to
different low temperatures range from >24 hours at 10°C, but decline rapidly to 9,4.1,
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2.5 and 1.8 hours for temperatures of 0°, -10°, -20° and -30°C, respectively (Tikuisis
1995). Moderate levels of clothing merely extend survival times a few hours. Typical
Inuit clothing provides sufficient protection while resting for temperatures above -10°C,
and while doing light work for temperatures above -30°C (see Frisancho 1993: 111). A
reasonable physiological tolerance extreme for acute cold exposure is thus -30°C, but
only if clothing technology matches that possessed by recent Inuit populations.
The biogeographic effects of chronic cold exposure are more difficult to assess. It
is clear that some arctic and high-elevation populations have developed both
physiological and behavioral means of coping with constant exposure to extreme cold
weather. Metabolic rates are much higher (and more dynamic) in cold adapted
populations and heat conservation mechanisms such as vasoconstriction are much more
efficient (Frisancho 1993). This may suggest that chronic cold exposure alone is an
insufficient biogeographic barrier. It is more likely that the secondary effects of chronic
cold such as the greater nutritional requirements of individuals (3500-4500 kcal/day
minimum) (Marriott and Carlson-Newberry 1996: 10) coupled with the low biological
productivity of cold environments (Kelly 1995; Keeley 1995) place much greater
biogeographic constraints on populations.
High-elevation environments (> 3500 m asl) present many overlapping problems
with cold environments, but with added stresses associated hypoxia. Hypoxia is a
physiological condition resulting from inadequate delivery of oxygen to tissues. It occurs
because the partial pressure of oxygen, which drives the diffusion of oxygen into the
blood stream, decreases with increasing altitude. At 4500 m asl, for example, the partial
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pressure of oxygen (and oxygen uptake) is only about 60 % of that at sea level (Frisancho
1993; 221). Exposure to high altitude may result in increase heart rate, decreased
physical and mental performance and, over longer periods, significant weight loss.
Pathological responses include acute mountain sickness, pulmonary edema and chronic
mountain sickness, each of which can lead to death. Populations adapted to highelevation environments cope through increased pulmonary ventilation, increased blood
oxygen carrying capacity and increased blood flow from the heart (Frisancho 1993: 270271). Partial acclimatization appears to be possible over a relatively short period of time
(weeks to months), but full adaptation is developmentally seated and requires continuous
exposure from birth. Critical elevations for both acclimatized and adapted populations
appear to be 4300 m asl, above which the oxygen carrying capacity of the blood declines
at a much faster rate than the partial pressure of oxygen in the atmosphere, and 5500 m
asl where survival is essentially impossible without modem technological intervention.
Foraging populations in arid environments such as the !Kung, Dobe, G/wi and
Ngadadjara rarely venture far from permanent standing water sources (Kelly 1995:126127), except during the height of the rainy season or when the next permanent source of
water is extremely predictable. Tethering to water sources is often a more important
determinant of mobility patterns than the spatial and temporal distribution of plant and
animal resources (Kelly 1995: 127-128). It may also play an important role in
biogeographic processes; habitats that do not offer available standing water over
appreciable distances may form an effective barrier to human population movements.
Figure 3.6 suggests that there are maximum distances that individual foragers can walk
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before severe dehydration sets in (Brown 1969). For example, an individual carrying no
additional drinking water can maximally walk about 150 km at an ambient temperature of
20°C. As temperatures increase this maximum distance declines dramatically and
carrying additional water has minimal effect. Below 10°C an individual carrying no
additional water could potentially walk about 275 km before succumbing to dehydration.
With 4 liters of water this distance may be extended as high as 425 km. More
questionable perhaps is whether a foraging group would set out over such distances
without clear knowledge of the next available water source. Given these data it is
possible to conclude that environments devoid of water over linear distances >250 km
(62,500 km") present a barrier to hominid dispersal. Such distances are more than two
times the maximum single-step dispersal distance (~100 km) suggested earlier.
In sum, single-step dispersal barriers are those that cannot be crossed in a single
travel events and are expected to correspond to sub-optimal environments at least 100 km
in linear extent (>10,000 km"). The environmental conditions associated with single-step
dispersal barriers need not necessarily be above human physiological tolerance extremes,
but are likely to be well outside the optimal habitat range. The more extreme the
conditions, the more effective the barrier is expected to be. Barriers to multiple-step
dispersals are demographic in nature. Ethnographic data suggest that habitual annual
travel over long distances (>800 km) results in population densities below a viable
breeding level (<0.0058 persons/km"). Such demographic constraints may also pertain
for population dispersals. A possible biogeographic filter applies to multiple-step
dispersals below this limit since population densities decrease as a function of the linear
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distances covered. It is important to recognize, however, that these boundary conditions
are based on habitual mobility patterns among recent ethnographic foraging populations.
It is possible that hominids might also enter a colonizing, or dispersal mode that allows
them to cover distances at much faster rates than those derived from habitual mobility
patterns. However, recent models suggest that habitual mobility patterns combined with
high fertility are sufficient to explain rapid colonization of open environments (Surovell
in press).
At the same time, environmental conditions play a large role in determining the
effectiveness of biogeographic barriers and filters. Regardless of geographic scale,
physiological tolerance extremes present absolute barriers to dispersal. Continuous
temperatures below -30°C, elevations above 5500 m asl, and an absence of fresh water
over distance >250 km tentatively qualify as tolerance barriers. Ambient temperatures
below -10°C, elevations between 4300-5500 m asl and absence of standing water over
distances >100 km are likely to serve as effective biogeographic barriers if occurring over
wide enough geographic areas. The absence of complex clothing technology may also
enhance to importance of low temperatures in creating effective barriers, while
technological constraints on the ability to transport (or locate) fresh water may
accomplish similar results for arid landscapes.
Though population dispersal is undoubtedly a complex process, these simplified
boundary conditions provide some guidance for assessing hominid biogeographic history
in Northeast Asia. The following sections discuss late Pleistocene geographic.
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paleoclimatic and paleoenvironmental conditions and their potential for serving as
continuous, or even periodic biogeographic barriers to population dispersal.

Late Pleistocene Paleoclimate in Northeast Asia
Current evidence suggests that Northeast Asian environments were generally
responsive to global Pleistocene climatic events, characterized by the cyclical buildup and
retreat of continental ice sheets. At a global scale, glacial periods are characterized by
decreases in sea surface and ambient air temperatures on the order of -4 to -10°C, extreme
drops (>100 m) in sea level, dramatic changes in regional hydrological systems and major
reorganization of biota at both species and community levels (Bradley 1985; Brown and
Lomolino 1998; COHMAP Members 1988; Ludwig et al. 1992; Wright et al. 1994; see
also Potts 1996, 1998a, b).
The course and magnitude of Pleistocene climatic changes is best tracked in the
marine oxygen isotope record (Bradley 1985;178-189; see also Ludwig et al. 1992).
Positive excursions in the

(5'®0) record correspond to periods of ice buildup and

colder average temperatures, while negative excursions reflect periods of ice retreat and
warmer average temperatures. The marine record indicates that the late Pleistocene, a
period encompassing roughly the last 100 ka, is characterized by two cold glacial (stadial)
events (5'®0 Stages 4 and 2) and two warm events, an interstadial (5^®0 Stage 3) and the
current interglacial (5'^0 Stage 1) (Figure 3.7). The ages of these events are in some
cases not well constrained, and may vary somewhat in their timing of onset from region
to region (Bradley 1985). In general. Stage 4 begins with the end of the previous
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interglacial (Stage 5) at roughly 100 ka. Extensive continental ice buildup and global
temperatures much lower than present were achieved at roughly 50-70 ka. Wanner
temperatures and a decline in continental ice volume is associated with Stage 3, an
interstadial event, starting sometime after 50 ka and lasting to perhaps 25 ka. The Last
Glacial Maximum (LGM), possibly the coldest event of the late Pleistocene, is generally
dated to 22-18 ka. A return to interglacial conditions, represented by Stage 1, occurs
sometime between 15 and 10 ka.
Terrestrial paleoclimatic records rarely offer a degree of resolution comparable to
the marine sequence. One major exception comes from the North Chinese loess-paleosol
record (Figure 3.8) (KukJa 1987; Kukla and An 1989). A number of features of this
sedimentary sequence appear to be sensitive to relatively subtle climatic changes on a
scale of 10"-W years. At the broadest level, the alternation of loess and soil units
appears to match the major glacial-interglacial oscillations in global climate, loess units
being deposited during cold-dry glacial events and pedogenesis occurring during warmwet interglacials (Kukla and An 1989). There is a surprising degree of correspondence
between the frequency of loess-paleosol alternations and major (numbered) excursions in
the marine oxygen isotope record (Figure 3.8a-b).
Further evidence of glacial-interglacial forcing of Northeast Asian climate comes
from measurements of the magnetic properties of loess and paleosol units. When
magnetic susceptibility is plotted against depth of deposits there is a striking resemblance
to the positive and negative excursions seen in the marine oxygen isotope record (Figure
3.8d) (Kukla and An 1989). Most researchers attribute variations in loess-paleosol
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magnetic susceptibility, either directly or indirectly, to long-term changes in the relative
strengths of the East Asian Summer Monsoon (EASM) (An et al. 1991; An et al. 1993;
Maher and Thompson 1992, 1995; Maher era/. 1994; Zhang er a/. 1994; Zhou e/a/.
1996; see also Xiao et al. 1997). The EASM is a classic monsoonal circulation system
originating in the South China Sea (Figure 3.9a-b). It delivers precipitation to North
China during June, July and August, with the amount of precipitation declining in a SENW direction. The Winter Monsoon, or Siberian High brings cold dry conditions to
North China during the winter months and is largely responsible for the mobilization and
transport of loess. High magnetic susceptibility, small average grain size and pedogenesis
are thought to reflect a strengthened EASM, weakened Winter Monsoon and greater
delivery of precipitation to the region. In contrast, low susceptibility, large average grain
size and loess deposition are thought to reflect a weakened EASM, strengthened Winter
Monsoon and reduced precipitation.
Though still controversial, Maher and Thompson (1995) use the magnetic
susceptibility record to reconstruct late Pleistocene precipitation levels on the Loess
Plateau. During the Last Interglacial (ca. 125 ka) and the early Holocene they project
precipitation levels as much as 80 % higher than present. In the semi-arid regions of the
Loess Plateau this elevates precipitation from the current 200 mm to 360 mm annually.
In contrast, reconstructed precipitation levels during the early glacial and LGM were as
much as 50 % below modem. These latter estimates are supported by multiple lines of
evidence reconstructing a very weak EASM at 18 ka (Winkler and Wang 1994). Maher
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and Thompson (1995) also reconstruct precipitation levels slightly below modem levels
(5%) during the most recent interstadial (Stage 3).
The magnetic susceptibility record for the past 125 ka also indicates substantial
spatial variability in the strength of the EASM. The magnitude of fluctuations in the
EASM is compressed in a northwesterly direction (Figure 3.10), suggesting that south
China experienced a much greater percentage change in precipitation levels from glacial
to interglacial compared with the northwestern deserts. At the same time, however, low
precipitation is strongly correlated with greater interannual variability. Thus, while
average environmental conditions in arid Northwest China may have fallen only so far
during glacial events, the year-to-year variation in conditions may have increased
dramatically.
Less is known about the magnitude of changes in temperature regimes in
Northeast Asia during the last glacial-interglacial cycle. Global Climate Models suggest
that winter temperatures in the region were as much as 16°C below present values and
summer temperatures around 4°C below present during the LGM (Kutzbach et al. 1994).
At Urumqi, Xinjiang, these regional declines may have produced winter temperatures as
low as -28.8°C, summer temperatures of around 18.9°C and mean annual temperatures of
perhaps -5°C. At Arvaiheer in the northern Gobi, Mongolia, winter temperatures may
have reached -30.1°, summer temperatures 10.5° and mean annual temperatures -9.8°C.
These reconstructions are broadly consistent with geological evidence showing extensive
permafrost throughout southern Siberia, Mongolia and North China during the LGM
(Zhou et al. 1991). Ice wedge casts dating to the LGM in the Mongolian Gobi suggest
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mean annual temperatures below -6°C (Owen et al. 1998). Similar temperature decreases
may have occurred on the Tibetan Plateau during the LGM as inferred from analyses ice
core 5'®0 records (Thompson et al. 1989). Mean annual temperatures appear to have
been 8°C colder than present (with absolute minima around -60°C) in Kazakhstan during
the late glacial (Tarasov et al. 1997). Ice wedge casts and other permafrost structures in
the Mongolian Gobi are not present after 13-10 ka suggesting a rise in mean annual
temperatures to at least 0°C (Owen et al. 1998). In general, permafrost retreated above
50°N latitude and to the higher elevations in the post-glacial (Zhou 1991).
Lake levels throughout Northeast Asia clearly fluctuated at points during the late
Pleistocene (e.g., Harrison et al. 1997). However, it is less clear whether these changes
were uniformly "in phase" with global climates. Lake systems respond to a variety of
forcing mechanisms, some of which are independent of climate (e.g., Owen et al. 1997).
In North China, several lines of evidence (e.g., sediment cores, shoreline features) suggest
a period of lake transgression dating prior to the LGM, complete desiccation during the
coldest part of the late glacial (22-18 ka), followed by variable patterns of lake recharge
after 13 ka. Lake high stands have been dated to 39 ka at Baijianhu in the Tengger Desert
and to 34 ka at Gaxun Nur/Sogu Nur in the Badanjilin Desert, both in Inner Mongolia
(Pachur et al. 1995). A high stand is also recorded at Lake Manas in the Junggar basin,
Xinjiang, dated to 37-32 ka (Rhodes et al. 1996). Numerous other lake basins evidence
high stands at roughly the same time (Fang 1991), though the absolute ages of these
events are poorly constrained. This cool-humid phase was followed by extremely coldarid conditions beginning at roughly 23 ka that led to the complete desiccation of most
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lakes throughout North and Northwest China. A return to humid conditions occurred at
roughly 13 ka as indicated by the refilling of some basins (Fang 1991; Gasse et al. 1991;
Pachur et al. 1995; Van Campo and Gasse 1993), though a number did not refill
completely until the early Holocene (Chen and Bowler 1985; Fang 1991; Lister

a/.

1991; Rhodes 1996).

Barriers and Filters
Potential barriers to hominid population dispersal in Northeast Asia include
impassable geographic features such as high-elevation mountain chains and large deserts,
physical glacial barriers and ecological barriers formed by extreme environmental
conditions. Large areas of East and Northeast Asia are dominated by high-elevation
mountain ranges (Figure 3.11). Those surrounding the Tibetan Plateau including the
Himalaya, Hindu Kush, Pamirs, Kunlun, Altun and Qilian Shan commonly top 5000 m
above sea level (asl). The Tian Shan in China and Altai in Mongolia reach maximum
elevations between 4500 m and 55(X) m asl. Clearly such elevations present extreme
conditions that may have functioned minimally as extreme demographic filters, and
periodically as absolute barriers to dispersal. However, the geographic distribution of
high-elevation mountain ranges does leave several natural East-West trending corridors
into North China. The corridor stretching between the Pamirs and Tian Shan reaches
minimum elevations of around 20(K) m, but averaging between 3000-4000 m asl. This
route also enters into some of the most forbidding desert territory in Central Asia, the
Taklamakan desert and Tarim depression. Similarly, the corridor falling between the
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Tian Shan and Altai mountains crosses extreme desert, though there are no major
elevation barriers along this route. Finally, there is also a potential corridor that follows
the northern face of the Altai mountains through the "Valley of Lakes." currently
characterized by stony desert with only intermittently spaced brackish lakes.
It is now clear that glaciation in Northeast Asia was limited to the higher
mountain ranges (Lehmkuhl 1998; Lehmkuhl etal. 1998; Derbyshire 1991; Benn and
Owen 1998). Thus, unlike in Europe and North America, there appears to be no
equivalent continental glacial barrier to population dispersals in Northeast Asia. To be
certain, alpine glaciation may have reinforced the natural barriers presented by highelevation mountain ranges. Equilibrium line elevations for late Pleistocene glaciation in
Tibet and the Himalayas suggest that alpine glaciers may have occupied extensive areas
down to about 4000 m asl (Lehmkuhl et al. 1998). Similar elevations are reconstructed
for alpine glaciers in the Mongolian Altai (Lehmkuhl 1998).
Deserts including the Taklamakan, Gurbantungut, Tengger, Gobi and Ordos also
may have served as effective dispersal barriers. Together they cover a region spanning
from 70-125°E and 35-50°N (Zhao and Xing 1984). In China alone, sand and gobi-type
deserts occupy approximately 637,000 km" and 450,000 km", respectively (Zhao and
Xing 1984), representing crossing distances of minimally 1000 km. Kashgar and
Urumqi, cities located near the far western border of China, are more than 2500 km from
the central Loess Plateau in North China. These distances are more than an order of
magnitude above the single-step dispersal distance characteristic of modem foragers and
three times the demographic limit for multiple-step dispersals. Moreover, it is clear that
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these deserts have fluctuated substantially in size with the changing strength of the EASM
(Sun and Ding 1998; Sun et al. 1996; Zhao and Xing 1984). It is likely that many
Northeast Asian deserts stood at their maximum extents (and presented formidable
barriers) during the greater part of the Pleistocene.
Over the course of the last 1.1 my, the Loess Plateau has experienced lower
precipitation for approximately 80 % of the time (Maher and Thompson 1995: 387).
During peak glacial periods precipitation was as much as 50 % below modem. In the arid
and semi-arid desert areas of Northwest China and Mongolia these reconstructions
translate into systemic water deficits and large areas devoid of any standing water. The
emerging pattern of lake expansion and contraction suggests that high lake stands
occurred only in relatively brief time intervals centered around 35 ka (S'^O Stage 3) and
after the LGM. When full, however, landscapes in the Valley of Lakes and the Tengger
desert were radically transformed (Figure 3.12) (Komatsu et al. in prep; Pachur et al.
1995). Periods of lake contraction and desiccation may have produced landscapes devoid
of standing water over distances of >1000 km. Even the most generous estimates of the
distances foraging groups can travel without drinking water are substantially below this
value. Moreover, periodic sources of water such as ephemeral stream channels may have
been extremely unreliable with high interannual variability in precipitation. Springs also
may have been less accessible because of lower regional water tables. The unreliability
of available water as much as anything may have formed an effective barrier to hominid
population movements throughout the region.
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Finally, it is important to mention that temperatures during the latter part of the
late Pleistocene dropped to levels near the physiological tolerance extreme for modem
human groups. LGM conditions were characterized by absolute minimum temperatures
below -60°C in Kazakhstan, mean winter temperatures around -30°C in the northern Gobi
desert and mean annual temperatures throughout much of Northeast Asia well below 5°C.
In sum, environmental conditions and geographic setting may have played a
significant role in controlling the flow of hominid populations into North China during
the late Pleistocene and perhaps much earlier time periods as well. The distribution of
high-elevation mountain ranges leaves only a limited number of corridors into North
China. Alpine glaciers likely reinforced these natural barriers. However, all of these
corridors also traced paths through some of the harshest desert landscapes in Eurasia.
During both the early glacial and the LGM conditions were extremely inhospitable,
especially to mobile foraging populations who spend much of their time exposed to the
elements. Minimum temperatures certainly pushed the limits of human physiological
tolerance and water appears to have been scarce at best. Thus, even without the obstacles
of crossing high-elevation terrains, corridors through the Taklamakan, Junggar basin and
the "Valley of Lakes" were often impassable. During

Stage 3 conditions may have

ameliorated somewhat as evidenced by lake expansion, warmer temperatures and
precipitation levels perhaps only 5% below modem. The time represented by Stage 3,
which in Northeast Asia lasted from about 37-25 ka, comprises only about 12 % of the
last 100 ka, a very brief window of opportunity for dispersing hominid populations.
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Hominid Biogeographic Responses
Hominid populations confronted with dramatic climatic and environmental
changes in late Pleistocene Northeast Asia may have responded by (1) floating with
optimal habitat conditions, (2) adapting to changing local conditions, or (3) suffering
range reduction and eventual local extirpation. Goebel (1999) has suggested that the
aggregate radiocarbon chronology for Siberia is very revealing of late Pleistocene
population dynamics in the region (see Kuzmin and Orlova 1998). Taken as a rough
measure of the intensity of occupation of this vast region, there is a pattern of high
intensity occupation in the post glacial period, moderate occupation during the last
interstadiai (Stage 3) and possible declines in occupation intensity during the LGM
(Figure 3.13a-b).
These data provide the foundation for a tentative late Pleistocene biogeographic
scenario for Northeast Asia. Importantly, the apparent pattern of occupation weighs
against a model of continuous adaptation to changing local environmental conditions.
The radiocarbon evidence suggests that occupation intensity, and hence population levels,
did not remain constant in the shifts from interstadiai to glacial and back to interglacial
conditions. If populations remained in place then they may have experienced substantial
declines during the height of the LGM. That there are some sites dating to the LGM,
notably Shestakova, Slenka and possibly Igeteisky Log 1 (Derevianko et al. 1998;
Kuzmin and Orlova 1998), indicates that there was perhaps a relict population in Siberia
over this time interval. A complete extirpation of local populations seems to not be the
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case. Alternatively, the evidence may suggest that populations were in fact floating with
optimal habitats or, more likely, avoiding extreme LGM temperatures by migrating to
more benign environments. Goebel (L999). in particular, has suggested that the Siberian
dating evidence suggests that populations would have moved south into Mongolia and
China during the LGM.
The evidence introduced in Chapter 2 from Tsagaan Agui, Chikhen Agui and
Shuidonggou suggests that a demographic bottleneck may be the more realistic of these
hypotheses. Population expansion into the Mongolian Gobi appears to have occurred at
the same time as the peak of pre-LGM occupation intensity in Siberia. At Tsagaan Agui
this expansion is marked by the formation Stratum 3 and the first appearance of
Levallois-like lUP blade technologies in the region at about 33 ka. Blade technologies
appear at Chikhen Agui at around the same time (ca. 30-27 ka). Figure 3.14 plots the
density of artifacts from Test Pit 2 in the Tsagaan Agui main chamber by stratigraphic
unit and illustrates a dramatic increase in occupation intensity associated with Stratum 3.
Population expansion at this time is apparently followed by near abandonment of
the Gobi. This is well documented at Chikhen Agui where there is continuous
sedimentation through the LGM, but no evidence for human utilization of the rock shelter
(Hyland 1999). Similarly, at Tsagaan Agui, artifact densities drop to extremely low
levels in Stratum 2, which is thought to represent at least part of the LGM. Populations
once again expanded into the Gobi during the post-glacial period, as evidenced by the
first appearance of microlithic technologies and the intensive occupation of Chikhen Agui
dated to roughly 11 ka.
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The interpretation of the patterns represented at Tsagaan Agui Strata 3 and 2 and
Chikhen Agui may also apply to the earlier sequence at Tsagaan Agui. Artifact densities
in the lower part of Test Pit 2 at Tsagaan Agui fall from a high of more than lOO/m^ in
Strata 9-13 to a low of around 20/m"' in Strata 4-5 (Figure 3.14). These patterns may
reflect population expansion into the Gobi during an earlier warm-wet phase (Strata 913), followed by abandonment during a cold-dry phase (Strata 4-8). It is possible that
these two phases represent the last interglacial (S'^O Stage 5) and the early glacial (S'^O
Stage 4), respectively. However, I emphasize the geochronological and depositional
contexts of these earlier materials at Tsagaan Agui have yet to be entirely resolved.
The archaeological materials from Shuidonggou compliment this picture of
population expansion and contraction in Northeast Asia during the latter part of the late
Pleistocene. Chapter 2 concluded that the blade technology from Shuidonggou falls well
within the broader pattern of lUP development in Northeast Asia, represented also at
Tsagaan Agui and Chikhen Agui between 33-27 ka and at Kara Bom as early as 43 ka.
At this stage, it is reasonable to suppose that the materials from Shuidonggou, Chikhen
Agui, Tsagaan Agui and Kara Bom represent traces of the same demographic expansion.
As discussed in Chapter 2, however, the age of the industry at Shuidonggou is somewhat
in question. If the available radiocarbon dates of 25 ka for Stratum 8b and 17 ka for
Stratum 7 are interpreted only as minimum ages and the U-Th dates on bone as accurate,
then Shuidonggou may be contemporaneous with both Tsagaan Agui and Chikhen Agui.
The impression is then of a relatively rapid population expansion through Siberia,
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Mongolia and Northwest China during the latter part of

Stage 3. This interpretation

requires that the available radiocarbon dates be in error by 8-10 ka.
Taking the available radiocarbon dates at face value, on the other hand, suggests
that the Shuidonggou industry may represent the tail end of a time-transgressive
population expansion beginning earliest in southem Siberia at perhaps 43 ka (e.g., Goebel
et al. 1994; Kuzmin and Orlova 1998), registering in the Mongolian Gobi at 33 ka and
finally at Shuidonggou between 25-17 ka.
The LGM may have delivered the coup de grace for this expanding population as
reflected in the drops in occupation intensity in Siberia and Mongolia and possibly local
extirpation in Northwest China. There are currently no known sites dating to the LGM in
North China, with perhaps the exception of Zhoukoudian Upper Cave. Thus, the limited
window of opportunity for introducing sophisticated blade technologies into North China
may have closed just as they were beginning to take hold.

Conclusions
A biogeographic scenario for the apparent differences seen in the North Chinese
Pleistocene archaeological sequence hinges on the proposition that biogeographic barriers
effectively prevented the dispersal of advanced hominids (carrying advanced
technologies) into the region. An assessment of both hominid dispersal capacities and the
nature of climatic and environmental fluctuations in Northeast Asia finds some support
for this proposition.
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Hominid dispersal capacity and the ability to navigate potential barriers was
modeled as a function of both tolerance to environmental extremes and the characteristics
of hominid mobility. Human tolerances to extremes of temperature, water availability
and elevation are quite strictly constrained. Persistent temperatures below -30°C,
inaccessibility of water over distances of >250 km and elevations of 5500 m asl appear to
be absolute physiological barriers to long distance dispersals. Somewhat more benign
conditions may function as effective barriers if distributed over larger geographic areas.
In general, mobility patterns may allow hominid groups to jump over sub-optimal
environmental conditions in single steps with little population-level consequences if those
environments do not exceed 100 km in linear extent (10,000 km"). Longer, multiple-step
dispersals through sub-optimal environments appear to have severe demographic
consequences. Rapid dispersal over distances greater than about 800 km may push
population densities below viable breeding levels.
Permanent geographic features such as high-elevation mountain ranges and
extensive deserts have formed more-or-less continuous barriers to hominid population
dispersals in Northeast Asia. Potential corridors through the Taklamakan, Junggar Basin
and Valley of Lakes are only viable under special circumstances. Environmental and
climatic conditions in Northeast Asia were extreme for much of the late Pleistocene. This
is apparent in a number of proxy records that reconstruct extremely cold temperatures,
low water availability and low biological productivity during glacial events. East-West
trending desert corridors would have been essentially closed to dispersal during the
coldest and driest periods of the late Pleistocene. Current evidence suggests that during
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the late Pleistocene the primary window of opportunity for population dispersals through
these corridors coincided with the last interstadial,

Stage 3, and lasted from perhaps

40-25 ka (Table 3.1). This window did not open again until the post-glacial period
perhaps as late at 13-14 ka.
Hominid populations appear to have responded to climatic forcing through a
combination of range expansion during warm-wet events and severe range contraction
during cold-dry intervals. The radiocarbon evidence from Siberia and archaeological
evidence from Mongolia and Northwest China suggest that hominid populations (carrying
a systematic blade technology) expanded south and east during 5'®0 Stage 3, occupying
the Gobi at around 33 ka and Northwest China perhaps as late as 25-17 ka. A severe
demographic contraction is suggested during the LGM (5'®0 Stage 2), with those
populations that expanded during the previous period suffering range reduction and
perhaps local extirpation under extreme cold and dry conditions. It is during this phase
that the blade technology represented at Shuidonggou, as well as at sites in Mongolia and
Siberia, apparently fails to spread to the rest of the East Asian environment.
In sum, there is a compelling argument for biogeographic processes being
partially responsible for the isolation of the East Asian environment, at least during the
late Pleistocene. Yet, it is important not to confuse these findings with a phylogenetic
model that would introduce the additional conclusion that a particular hominid species
(e.g.. Homo sapiens sapiens) was responsible for the spread of the lUP in Northeast Asia.
Such potential connections raise a number of complicated issues. I now turn to
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theoretical evaluation of the ecological roles of specific core technologies in hominid
foraging adaptations as a means of assessing how faithful archaeological materials are to
phylogenetic processes.

Table 3.1. Hypothetical biogeographic scenario for late Pleistocene Northeast Asia
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Figure 3.1. Theoretical model outlining the environmental and geographic conditions necessaiy for successful hominid population
di^rsal. Biogeographic barriers and filters are defined in terms of foraging mobility and physiological tolerances.
Environmental conditions range from a human optimal range to the extreme. Environmental areal extent describes the geographic
area over which a given environmental condition pertains. (A) biogeographic barrier determined strictly by human physiological
tolerances. (B) barrier determined as a function of theareal distribution of sub-optimal environmental conditions, an area less than
the maximum single-step dispersal distance (i.e., one residential move). (C) biogeographic filter detennined by demographic
effects on muhiple-stepdispersals. (D) biogeographic barrier determined by minimum viable population densities as a function of
dispersal distance. See text for details.
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Figure 3.2. Histogram of the average distances moved in a residential relocation by modem
foragers. These data set boundary conditions for maximum single-step dispersal distances
among mobile foraging populations. Data from Kelly (1995: Table 4.1).
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Figure 3.3. Regression for total annual residential mobility by population density
for modem foragers. These data suggest that multiple-step dispersals involve a
strict demographic filter with population densities declining dramatically as
dispersal distance increases. Data from Kelly (1995).
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Figure 3.5. Predicted survival times upon exposure to cold temperatures for an
average nude male (heavy) and with 2 mm of loose clothing broken). Data
from Tikuisis (1995).
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Figure 3.11. Map showing the major high-elevation mountain ranges in Northeast and East
Asia. These geographic feature create three natural East-West corridors (1) North of the
Pamirs and Kunlun, (2) North of the Tian Shan and (3) North of the Altai. Base map
modified from Cornel University^GIS Webpage(http://atlas.geo.comel.edu).
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Figure 3.13a-b. Histogram of reported radiocarbon dates from Siberian Paleolithic sites.
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Figure 3.14. Artifact densities (number/m^) from Tsagaan Agui Test Pit 2. There appear to
be two major periods of relatively intensive occupation in the cave. The most recent
(Stratum 3) is dated to33 kya, while theearlier occupation (Strata 9-13) is currently undated.
These units are bounded by periods of sparse occupation, perhaps attributable to the LGM
(Stratum 2) and the late Pleistocene early glacial (Strata 4-8).
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Chapter 4: Modeling the Ecology and Evolution of Levallois
Core Technology
Introduction
The ubiquity of Middle Paleolithic prepared core reduction strategies, commonly
referred to as Levallois or Mode III technology, across much of Eurasia during the middle
and late Pleistocene is surprising from both ecological and evolutionary standpoints. In
ecological and evolutionary systems, populations or communities of organisms with
wider geographic distributions or longer temporal ranges tend to exhibit great behavioral
and biological diversity (Brown and Lomolino 1998: 372-376; MacArthur and Wilson
1967; Rosenzweig 1995). Geographic isolation, continuous adaptation to changing local
conditions and speciation all tend to enhance population and community differences. The
wide distribution of hominid populations during the middle and late Pleistocene leads to
expectations of increasingly divergent lithic technological systems, including widely
divergent core reduction strategies. Differences in raw material abundance and quality,
and the variable ecological demands placed on lithic technologies in different
environmental contexts should be driving this divergence. Yet Levallois core technology
is essentially similar in its fundamental geometric organization from southern Africa
through Siberia and Mongolia (Figure 4.1) (Boeda and Muhesen 1993; Derevianko et al.
1998; Derevianko and Petrin 1995a; Jaubert et al. 1997; Rolland 1995; Van Peer 1992,
1998), and from the early Middle Paleolithic (e.g., Tabun D) to the Initial Upper
Paleolithic (e.g., the Bohunician). Indeed, the lUP sites investigated here further extend
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the geographic range of Levallois-like core technologies into late Pleistocene contexts in
Mongolia and North China. The apparent stability of Levallois core technology in these
diverse contexts demands an ecological and evolutionary explanation.
It is the contention of this chapter that the ubiquity of Levallois core technology is
grounded in the economic demands placed on stone technologies in foraging adaptations.
This perspective is explored using a mathematical model of core reduction based on
simple geometric principles. Using only a minimal set of mathematical rules, the model
provides a means for assessing the "sensitivity" of a wide range of technological
parameters governing core reduction and places boundaries on the gross efficiency and
productivity of Levallois core reduction. The model suggests that Levallois core
technology is (I) extremely efficient in minimizing preparation waste , (2) very
productive in maximizing the number of usable end products and amount of usable
cutting edge and (3) very flexible in terms of how efficient core reduction is achieved.
Levallois core technology appears to be one optimal solution to some of the potential
costs associated with core reduction. The high degree of efficiency, productivity and
flexibility exhibited by Levallois core technology is sufficient grounds to hypothesize the
repeated, independent emergence of Levallois core reduction strategies in diverse and
isolated contexts.

Levallois Core Technology
Levallois technology frequently is defined as a method for producing flake blanks
with standardized dimensions and certain surface attributes. The classic position.
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developed by Bordes (1961: 14), and still widely employed, defines Levallois as "M/Z eclat
a forme predeterminee par une preparation speciale dii nucleus avant enlevement de cet
eclat." The size, shape and character of Levallois blanks are thought to be predetermined
by shaping stone cores in such a way as to allow the knapper to control how applied force
will propagate through the raw material and detach a desired flake. Commonly, Levallois
cores used for producing predetermined blanks are flat-faced, display unidirectional,
bidirectional or centripetal surface preparation, have faceted butts and platform angles
approaching 90°.
While a shape control system undoubtedly exists for certain Levallois core forms
(see Van Peer 1992), there remain a number of significant problems with defining
Levallois technology solely on the basis of the production of predetermined blanks
(Chazan 1997; Dibble 1989). Not only is there considerable disagreement over what set
of standard attributes and dimensions should be used to characterize a typical Levallois
product, but also it has been demonstrated that very different core forms can produce
seemingly diagnostic Levallois pieces (e.g.. Dibble 1989; Marks and Volkman 1983).
The recognition of such problems has led to a redefinition of Levallois technology
that focuses primarily on the geometric construction of stone cores (Figure 4.2) (Boeda
1990, 1995). This definition shifts attention away from the production of predetermined
blanks, though it does not exclude this as one objective of Levallois technology. The
fundamental notion is that core reduction is based on a three dimensional spatial model of
the mass of raw material to be worked. Five technological criteria characterize this three
dimensional model (Boeda 1990, 1995; Chazan 1997: 724): (1) the volume of raw
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material is conceived of as two intersecting planes, or flaking surfaces; (2) the two
surfaces are hierarchically related, one constituting the striking platform and the other the
primary reduction surface; (3) the primary reduction surface is organized such that the
morphology of the product is predetermined, which is fundamentally a function of the
lateral and distal convexities of the surface; (4) the fracture plane for removing primary
products is sub-parallel to the plane of intersection of the two surfaces; and (5) the
striking platform is organized to allow the removal of flakes of predetermined shape and
size. In Levallois technology, platform morphology is usually established and maintained
through faceting.
This volumetric definition of Levallois core technology encompasses a substantial
range of archaeological variability. The definition states only that the primary flaking
surface is organized in terms of lateral and distal convexities to produce blanks of
predetermined morphology, but not how this organization is achieved. Thus pieces of
raw material that begin with natural convexities and require little additional preparation
fall within the Levallois definition, as do the most heavily prepared centripetal cores
(Kuhn 1995b; Chapter 4). Similarly, the definition does not specify how the two surfaces
become hierarchically related, nor how the platform is prepared to ensure the production
of predetermined blanks. There are presumably a number of different methods and
sequences of technological actions by which these fundamental volumetric relationships
can be achieved.
In total, a wide range of core morphologies may be classified as Levallois
technology. The variability between such forms is a result of the diverse techniques used
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in implementing the Levallois method, rather than the use of radically different reduction
strategies. Baumler (1988, 1995), among others (e.g., Marks and Volkman 1983),
emphasizes that any core technology is by necessity incredibly dynamic since it has to
manage an ever decreasing amount of raw material as well as the irreversible
consequences (positive or negative) of each subsequent removal from the core. A certain
degree of variability in Levallois core technology is explained by these dynamic
adjustments made during core reduction. The variable occurrence of, for example, cortex
trimming, platform faceting, edge preparation and a host of other technical attributes may
reflect such dynamic adjustments. Other features of Levallois variability including
differences in the character of surface preparation (e.g., unilinear parallel, unilinear
convergent, centripetal) may persist despite differences in raw material, or errors
encountered during reduction. However important, such variability does not alter the
fundamental volumetric model of Levallois core reduction.

Mathematical Models of Core Reduction
Volumetric models of core reduction like that used to describe Levallois
technology may be translated into mathematical form with relative ease. Basic geometric
principles may be used to describe how technological actions such as the preparation of a
steep striking platform effect the overall volume of raw material.
For the purposes of simplification, all of the following models are two
dimensional. The models describe the reduction of ovoid, well rounded alluvial cobbles.
They assume that core reduction involves a few essential steps including the positioning
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and preparation of at least one striking platform and a primary reduction surface. Figure
4.3a-e shows a hypothetical river cobble in longitudinal view. In this case, the cobble has
been worked into a single platform core with a moderately steep platform positioned near
the end of the long axis. The primary reduction surface is a plane oriented parallel to the
long axis and meets the platform at the edge of the cobble.
This hypothetical core may be represented mathematically by considering four
independent variables including blank shape, blank size, platform position and platform
angle. Here blank shape and size are modeled as an ellipse given by:

a'

b'

(l-O)

where .v and y are points along the ellipse, and a and b are the x-intercept and y-intercept,
respectively (Anton 1988; 718) (Figure 4.3a). Expressed in terms of y this gives:

a

(1.1)

Thus, for any known value of .r it is possible to calculate the corresponding value
of y which falls along the ellipse. Note that blanks of variable initial shapes and sizes are
determined by choosing different arbitrary values of a and b. For example, low values of
b relative to a produce elongate ellipses, whereas values of b approaching a produce more
circular ellipses.
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The position of the striking platform is described by a line crossing the ellipse and
intersecting it at two points (Figure 43b). The line representing the platform is described
by the standard equation:

y = mx+n

(2.0)

where .v and y are points along the line, m is the slope of the line and n is the y-intercept.
The relationship between the slope of the line (jn) and the platform angle (0) is described
by the equation m = tanQ (Anton 1988: 39) (Figure 4.3b).
The upper point of intersection between the line and the ellipse defines the
position of the striking platform. This upper point, here designated (.v/, v/), may be
arbitrarily chosen from all of the possible points that fall along the ellipse. The lower
point of intersection between the line and the ellipse, here designated {xo, yo), can be
determined by substituting (l.l) in the standard equation for a secant line (Anton 1988:
139):

Xi - X Q

(3.0)

Given known values of x/ andv/ and an arbitrary platform slope (jni) it is possible to
calculate the corresponding lower point (.ro, yo) where the line and the ellipse intersect.
Notice that the area between the platform line and the ellipse represents the
amount of material removed in preparing the platform. This "preparation waste" can be
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determined by integrating (in terms of y) the difference between the two curves (Anton
1988:368-372) (Figure 4.3c):

Aj = J
V
-0

- ^ 2 b y - y ^ a - -+b

m

m

which gives:

-^1 =

+ TCOS-'(I - F)) + AY - ^ + F]';
- 0

In sum, a straightforward set of mathematical procedures may be used to model
the position, angle and amount of raw material waste resulting from the preparation of a
striking platform at one end of an ellipsoid cobble. The same procedures may be repeated
for determining the location and amount of preparation waste associated with the
preparation of a primary reduction surface or a second platform (Figure 4.3d-e).

Flexibility of the Models
The mathematical variables discussed above may be used to represent a wide
range of core technologies. It is well known that the shape and size of the initial rawmaterial blank places constraints final core form (Kuhn 1995b; Toth 1982). Following a
path of least resistance, for example, working an elongate, pointed cobble is much more
likely to result in the production of a proto-biface than a spheroid. The present model
manages such variability with straightforward adjustments to the dimensions of the
ellipse. Ellipses are less well suited for modeling the reduction of angular blanks, though
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it is possible to draw some general conclusions from the geometry of ellipses to these
more irregular shapes.
Other technological variables—those more directly determined by the reduction
strategy—are well resolved in the following mathematical models. Fundamental
variability in core morphology is determined by platform position and platform angle
(Figure 4.4a-d). Any change in the position of the platform causes a change in the
position of the primary flaking surface since, by definition, the primary platform and
primary reduction surface meet at a point along the edge of the ellipse. For example,
placing the striking platform at a position close to the end of the long axis of the cobble
results in a thin core (Figure 4.4a), whereas shifting the platform towards the center of the
core along the circumference of the ellipse results in a thick core (Figure 4.4b).
Changes in platform angle have a similarly profound impact on core morphology.
Holding platform position constant, changes in platform angle produce steep angle cores
(i.e., platform angles approaching 90°), acute angle cores (i.e., platform angles less than
45°) and all manner in between (Figure 4.4c-d).
Cores with steep angle platforms closely resemble Levallois core reduction
strategies (Boeda 1991, 1995: Van Peer 1992). Indeed, the steep angle cores modeled
here satisfy four of the five volumetric criteria used to characterize Levallois core
technology (see Chazan 1997). Criteria 1 and 2, namely the organization of the core as
two hierarchically related flaking surfaces that meet at a single plane of intersection, is
accurately modeled by two lines crossing an ellipse and sharing a single point of
intersection. Criterion 4, which requires a sub-parallel plane of flake removal, is
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accurately modeled by orienting the line representing the primary reduction surface
parallel to the long axis of the ellipse. Criterion 5, or the preparation of a striking
platform with an appropriate angle and thickness relative to determine endproduct
characteristics, is easily modeled by changes in the slope of the line representing the
platform (see Chazan 1997: 722). The present models do not satisfy Criterion 3, namely
the use of lateral and distal convexities on the primary flaking surface to control the
morphology of endproducts. Clearly this aspect of the definition of Levallois technology
is of greater relevance to the morphology of endproducts than to the basic volumetric
structure of the core. Nevertheless, the models could be modified to address this criterion
in the future by substituting various parabolic lines for the straight lines used here.
Cores with relatively acute edge angles are technologically quite different from
the steep angle cores discussed above (Figure 4.4d). Most importantly, increasingly acute
flaking angles erases the hierarchical relationship between flaking platform and primary
flaking surface (Levallois Criteria I and 2). An acute platform angle may also modify the
plane of flake removal (Levallois Criterion 4), and certainly alters the relationship
between platform thickness, platform angle and final blank morphology (Levallois
Criterion 5). Thus acute angle cores differ in several fundamental aspects from Levallois
technology.
It is important to emphasize that these mathematical models do not attempt to
completely "replicate" Levallois, or any other core reduction strategy. They do, however,
allow exploration of essential technological procedures relating to the production of
different core forms.
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Core Technologies and Raw Material Economy
The economic value of a core technology may be measured in many currencies.
Three common currencies are discussed here: (I) the amount of lithic raw material waste
generated in core preparation; (2) the number of endproducts produced by cores of
various morphologies: and (3) the cumulative length of cutting edge produced by these
cores. The goals are to identify optimal core morphologies for minimizing preparation
waste, maximizing number of endproducts and maximizing the total amount of usable
cutting edge, and to leam whether these optima coincide or are mutually exclusive.
The mathematical basis for calculating the amount of waste generated in core
preparation was discussed in previous sections (see Figures 4.3a-e). Total waste is the
sum of the amount of waste produced in preparing one or more striking platforms and the
primary reduction surface (Figure 4.5a). Only single platform cores are discussed here to
simplify the interpretation of results. The amount of preparation waste generated by
different modeled cores is expressed as a percentage of the total area of the initial
idealized cobble. Waste generated by maintenance of the primary surface and striking
platform is not considered, but is expected to be minimal compared to waste from initial
preparation.
The number of endproducts and cumulative length of cutting edge are determined
by first assuming a standard thickness for all endproducts. The total number of
endproducts is the total thickness of the prepared core divided by the standard endproduct
thickness (Figure 4.5b). For example, a prepared core that is 10 cm thick can
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theoretically produce a maximum of five endproducts that are 2 cm thick. Note that this
aspect of the model approximates recurrent Levallois core reduction, rather than lineal
methods (see Bdeda 1991, 1995; Chazan 1997). Realistically, core reduction stops with
an unusable "slug" of raw material that is too small to be effectively manipulated. This
"slug" reduces the number of endproducts by a fixed amount regardless of the initial
shape or size of the blank, or morphology of the core. A standard slug thickness of two
arbitrary units is used in all of the following models.
The cumulative length of cutting edge produced is theoretically the sum of the
lengths of all the endproducts generated multiplied by some factor (Figure 4.5b). The
actual length of cutting edge is dependent on the shape of the endproducts. Standardized,
symmetrical endproducts (e.g., blades) have a predictable relationship between length and
cutting edge. For example, the amount of cutting edge for a large blade is roughly two
times its length. Asymmetrical or irregular blanks exhibit complex relationships between
flake length and amount of cutting edge. For the sake of simplicity, the following
analyses present only cumulative length of endproducts, and assume that this reflects
cumulative length of cutting edge in some predictable manner.

Results
Within the parameters of the model, variability in core morphology is dictated by
changes in platform position and platform angle. The principal economic currencies
presented above may be measured against platform position and platform angle to explore
the efficiency and productivity of various hypothetical core forms. The models are based
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on two ellipses; one that is 40 arbitrary units long, 20 units thick and with an initial area
of 628.32 square units; and another that has the same initial area, but is 80 units long and
10 units thick. The first hypothetical cobble is more circular, while the latter is more
elongate. Core width is not addressed directly in these models, but may be assumed to be
constant in all cases.
Platform position is reported as units along the x-axis starting from the center, or
origin of the core and moving towards the extreme proximal end. Units relative to the yaxis are not given, though it should be remembered that platform position shifts in both
dimensions along the curvature of the ellipse. For the first hypothetical cobble the origin
falls at 20 units along the x-axis, while the proximal end of the core is at 40 units. Thus,
a platform positioned at the center of the core relative to the x-axis (.v/ = 20, v/ = 20) is
reported as a platform position of 20. A platform positioned at the end of the cobble is
reported as a platform position of 40 (xi = 40, v/ = 0). A platform positioned at 32 units
relative to the x-axis falls at 18 units relative to the y-axis, though this latter value is not
reported. Platform positions for the second hypothetical cobble also are reported relative
to the center, or origin of the ellipse. However, because the dimensions of this second
ellipse are different from those of the first, the absolute distances are different. Thus, a
platform located at the center of the ellipse relative to the x-axis actually falls at 40 units
(.V

= 40, y = 5). And a platform positioned at the extreme edge of the cobble falls at 80

units (.r = 80, y = 0). Direct comparisons between the cobbles is facilitated by treating the
absolute distances reported as percentages of the total cobble lengths, from 50-100%.
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As discussed above, steep angle cores with platform angles of 80° are taken as
representative of Levallois technology. Acute angle cores with platform angles of 40° are
taken simply as one example of divergence from the basic Levallois geometry.
Figure 4.6 graphs percent preparation waste against platform position for both
steep and acute angle cores based on the first hypothetical cobble (40 x 20 units). The
graph tracks how percent preparation waste changes as platform positions migrate from
the center to the edge of the core and cores become flatter. For steep angle cores,
percentage preparation waste reaches a maximum (56.0 %) value when the striking
platform is positioned near the origin of the core, and reaches similarly high values (50.0
%) at the extreme edge. Preparation waste is at a minimum (21.1 %) when the platform
is positioned at 35 units, nearly 6/7 (87.5 %) of the total length of the core. For acute
angle cores the pattern somewhat different. In this case, preparation waste reaches a
maximum (87.3 %) also at the origin, but is at a minimum (39.9 %) at 37 units, more than
9/10 of the total length of the core.
Comparisons between the two hypothetical core types reveal very significant
differences. Steep angle cores consistently generate less preparation waste compared
with acute angle cores, regardless of platform position. When steep angle cores are at
their most efficient point and acute angle cores their least, there is a maximum difference
of 66.2 % preparation waste. When both core forms are at their most efficient platform
positions steep platform cores are still outperform acute angle cores by 18.8 %. Thus, it
is possible to conclude that steep platform cores are minimally about 20 % more efficient
than acute platform cores in conserving the amount of useable raw material volume.
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Most importantly. Figure 4.6 suggests that steep angle cores are much more
flexible in minimizing preparation waste, or more forgiving of errors in setting up the
core. The more shallow, basin-like curve shown for steep angle cores suggests that even
significant shifts in platform position have relatively minor influence on total waste
generated. For example, shifting the platform anywhere between 33 and 36 units will
maximally increase preparation waste by 2 %, and between 31 and 37 units only by 5 %.
Acute angle cores exhibit much less flexibility. For example, allowing for a.5 % increase
in preparation waste means that the platform can be positioned between 35 and 39 units.
The importance of initial cobble shape is verified by patterns of percent waste
generated by acute angle cores made on elongate cobbles (Figure 4.7). Switching
production of acute angle cores to more elongate cobbles produces gains not only in
overall raw material efficiency, but also the relative flexibility of platform positioning.
Minimum preparation waste for acute angle cores decreases from 39.9 % to 23.3 % when
based on a more elongate cobble (compare Figures 5 and 6). This gain brings acute angle
cores close to the maximum efficiency of steep angle cores. Increased flexibility in
platform positioning also accompanies the switch to more elongate blanks, as is clear in
the flatter profile for acute angle cores shown in Figure 4.7. The implication is that acute
angle cores are most efficient in minimizing preparation waste when based on nodules or
cobbles that initially resemble the intended core form.
Significant differences characterize the productivity of acute and steep angle
cores. Steep angle cores consistently yield a greater, or equal number of endproducts over
the entire range of platform positions (Figure 4.8). However, the absolute difference in
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productivity is not great. Steep angle cores appear to be most productive when the
platform is positioned closer to the midpoint, or origin of the core, which would suggest
that initial core thickness is the most important variable governing core productivity. In
contrast, acute angle cores show fairly even productivity over most platform positions,
with productivity declining rapidly only when platforms are positioned very close to the
edge of the cobble. Most platform positions (between the origin and 37 units) yield either
9 or 10 blanks. The general implication is that steep angle cores can be more productive
than acute angle cores, though acute angle cores have a more stable yield of blanks across
all platform positions. This may indicate that acute angle cores are more "reliable"
producers of usable blanks in that a consistent blank yield is not necessarily dependent
upon initial core thickness.
The gains in raw material efficiency seen by shifting acute angle core reduction to
elongate nodules are not matched in core productivity. Rather, core productivity radically
decreases for acute angle cores based on elongate nodules (Figure 4.9). Thus, there is an
apparent tradeoff that comes with the reduction of acute angle cores: maximize raw
material efficiency by selecting thin, elongate cobble blanks, or maximize productivity by
selecting cobbles with more circular cross-sections. This tradeoff is not as apparent with
steep angle cores, where high productivity generally coincides with high raw material
efficiency.
These above contrasts also are reflected in the cumulative amount of cutting edge
produced by each core type. Figure 4.10 illustrates that steep angle cores yield
significantly more usable cutting edge over the entire range of platform positions when
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both core types are based on more circular cobbles. Peaks in cutting edge productivity
generally coincide with high raw material efficiency for both steep and acute angle cores.
However, any attempt to improve raw material efficiency in acute angle cores by
switching to elongate blanks results in massive decreases in cutting edge productivity
(Figure 4.11).

Discussion and Conclusions
A number of significant conclusions can be drawn from the mathematical models
presented above. Most importantly, it would appear that steep angle cores, which are
here taken as representative of Levallois core technology, are overall more efficient, more
flexible and more productive than acute angle cores. Maximum raw material efficiency
in Levallois technology is achieved when the platform is located at a position
approximately 6/7 (85 %) of the total length of the initial cobble. Only slight increases in
preparation waste result if the platform is situated anywhere between about 3/4 (75 %)
and more than 9/10 (93 %) of the total length of the cobble.
Maximum efficiency for acute angle cores also is achieved with platform
positions close to the extreme proximal end of the initial cobble, but there is less
flexibility to change platform position without producing significant increases in
preparation waste. Nonetheless, acute angle cores can be nearly as raw material efficient
as Levallois technology given very precise core preparation. This situation can be
improved by switching production to elongate, flatter blanks. Starting with the same
initial cobble, however, acute angle cores cannot surpass the efficiency of steep angle
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cores: Levallois cores are maximally about 65 % and minimally 20 % more efficient in
minimizing stone raw material waste compared with acute angle cores based on the same
cobble.
In terms of productivity, Levallois cores produce as many, and often greater
numbers of usable tool blanks per unit volume compared with acute angle cores, and
cumulative cutting edge productivity is always greater. Whereas shifting to elongate
blanks does improve the raw material efficiency of acute angle cores, it also results in
serious drops in productivity.
The primary limitation of these models stems ironically from their mathematical
regularity. Core technology is incredibly dynamic in its ability to respond to the often
unpredictable nature of stone fracture. Continuous maintenance and transformation of
striking platforms and primary reduction surfaces are essential to most core reduction
strategies. These aspects of core reduction—reflecting dynamic decision making
processes—are difficult to model from a geometric standpoint, though the models do
suggest some clear implications regarding their operation. It is possible that the degree of
efficiency and flexibility exhibited by steep angle cores in initial preparation also will
characterize subsequent stages of platform and primary surface maintenance. Such cores
may also be more efficient and flexible in recovering from serious reduction errors. At
the same time, high levels of productivity should be sustained by continuing with steep
angle core preparation throughout all stages of core reduction. Of course, these
hypotheses require additional modeling and testing.
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The models also assume that the primary reduction surface can be adequately
prepared for the production of blanks within the spatial constraints defined by the
position and angle of the platform. This is realistic only where organized flaking surfaces
can be achieved with a minimum of preparation, a situation which pertains in a number of
archaeological situations (e.g., Kuhn, 1995b; Chapter 4). If the desired endproducts must
meet ver>' strict requirements of shape, size and character, thereby placing substantial
demands on preparatory shaping of core surfaces (Baumler 1995: 17), then some aspects
of these models become increasingly unrealistic. With more design flexibility in terms of
blank morphology it should be easier to meet the geometric parameters suggested by the
models.
To make realistic archaeological predictions it is also important to point out that
the differences in core efficiency and productivity suggested by these models are for cores
based on initial cobbles identical in all respects. In reality, no two pieces of stone raw
material will be the same exact size and shape and rarely will they possess the exact same
internal structure (Baumler, 1995: 13). Thus, archaeological tests of these models must
be flexible enough to deal with variability introduced by differences in initial blank size,
shape and quality.
Despite these limitations, the implications of these models for understanding the
economy and ecology of Levallois core technology are significant. Optimization of any
system often involves serious tradeoffs, where one potentially beneficial attribute or
process is maximized at the expense of one or more alternatives. The central implication
of the mathematical models developed here is that Levallois core technology is not
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constrained by a series of tradeoffs. Rather, Levallois core technology appears to
simultaneously minimize raw material waste and maximize both blank production and the
generation of usable cutting edge. It also is quite flexible in how raw material efficiency
is achieved.
That this pattern of coinciding optima is characteristic of Levallois technology and
not of core technologies in general is suggested by the fact that simple changes in
platform angle towards more acute flaking angles produces clear tradeoffs between waste
generation and core productivity. With acute angle cores one must apparently choose to
either minimize raw material waste, or maximize core productivity. It is exceedingly
difficult to optimize both currencies.
In ecological and evolutionary systems, where tradeoffs are most often the rule,
coinciding optima such as that exhibited by Levallois core technology are of the greatest
importance. Increased efficiency in managing raw material waste means that individual
cores may have had low associated production costs, whether measured in terms of
preparation time and effort directly at a quarry site (e.g.. Van Peer 1998), or in terms of
the risks associated with core reduction at points away from localized raw material
sources (e.g., Henry 1995: 187). In either case, the low level of preparation waste
attributed to Levallois core technology may have served to untether foraging patterns
from spatially fixed stone raw material sources: time saved in core preparation and flake
production at a quarry site, for example, translates into time saved in retooling and greater
time available to invest in foraging (see also Kuhn 1994). This time efficiency is
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enhanced if the flexibility exhibited by Levallois technology during initial preparation
continues through repeated stages of core maintenance.
The high productivity of Levallois cores in terms of both number of blanks and
cumulative cutting edge length also holds important behavioral and ecological
implications. It is clear that high raw material efficiency need not necessarily translate
into high core productivity. It is just as likely that core technology very efficient during
initial preparation could thereafter generate only a few large blanks and a limited amount
of cutting edge per unit volume. Yet in the case of Levallois core technology, raw
material efficiency coincides with increased blank production and maximum cutting edge.
Levallois cores may provide an incredibly efficient source of tool blanks for
reprovisioning the active toolkit. Since levels of mobility are thought to be linked to both
blank production (e.g., Kuhn 1994) and the ability to generate usable cutting edge (e.g.,
Henry 1995), Levallois core technology may directly facilitate high mobility by
maximizing both of these currencies.
It would appear that there are many economic and ecological benefits of Levallois
core technology. Indeed, there appear to be few drawbacks to its use. With strong
selective pressure for technological efficiency, flexibility and productivity it is easy to see
how Levallois core technology, which provides one means of satisfying all of these
requirements, could arise independently in geographically and temporally isolated
contexts. Once "accidentally" developed, it is possible to invoke a form of stabilizing
selection that would continually push core morphologies back towards a Levallois format
when attributes such as platform position and angle deviate from their optimal
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configurations. Thus, repeated, convergent evolution of Levallois core geometry under
strong ecological pressures should be seen as the primary process underlying the wide
spatial distribution, temporal persistence and overall success of Levallois core technology
during middle and late Pleistocene times.
This last conclusion is particularly germane to any explanation for the elaboration
and spread of lUP core technologies in Northeast Asia. [UP blade cores are Levalloislike in basic geometry. One potential explanation for its occurrence in NEA is that it
represented the origin and spread of a well-defined cultural group, ultimately identified
with a particular hominid species. The model presented here suggests, on the contrary,
that the appearance and spread of lUP core technologies reflects selective pressures for
greater raw material efficiency, greater core productivity and greater design flexibility.
Any number of local (or global) factors might have generated this selective environment,
including perhaps demographic pressures from population growth and range expansion as
discussed in Chapter 3. However, because the impetus for the development and
persistence of Levallois-like core technologies has a strong "ecological" component, there
in no necessary reason to tie the lUP expansion in Northeast Asia to a given hominid
species, archaic or modem.

Figure 4.1. Map showing the geographic distribution of Levallois-like core technologies between
approximately 250 and 30 ka. Based on Foley and Lahr (1997:13-16). Regions; (I) arid Africa;
(2) West Asia; (3) West and Central Europe; (4) South Asia; <S) Siberia; (6) Mongolia and arid
Central Asia.
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Figure 4.2. (a) General illustration of the two hierarchically related surfaces that define a Levallois
core, (b) The production of flakes of predetermined size and shape is dependent on maintaining the
distal and lateral convexity^ of the core, the position of negative removals and the angle and thickness
of the platform. All are critical for channeling the force of a percussion blow in desired directions.
Modified after Bdeda (1995).
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Figure 4.3a-e. Schematic illustration of the reduction of an ellipsoidal cobble and the mathematical representation of each
technical operation, (a) the initial cobble is modeled as an ellipse; (b) the platform position and angle is modeled by a line crossing
the ellipse with two points of intersection; (c) the area of platform preparation waste (A,) is calculated by integrating the difference
between the lineand the ellipse; (d, e) similar proceduresare used to calculate the area associated with he primary reduction surface

(A2) or a second platform(A,). See text foradditional descriptionsof the mathematical operations.
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Figure 4.4a-d. Mathematical representation of variable core morphologies, (a, b) illustrate
how shifting the platform up or down along the circumference of the core create cores of
different primary dimensions, (c, d) illustrate how simple changes in platform angle
radically ^ter the overall organization of the core.
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Figure 4.Sa-b. Mathematical representation of the economic currencies commonly associated with corc technologies, (a)
method for calculating the percent preparation waste for single platform cores, (b) method for calculating the total number of
end products and cumulative cutting edge generated by a core. Note the unusable slug, which is a constant thickness in all
models.
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Figure 4.6. Percent preparation waste is graphed against platform position for steep
and acute angle cores based on the same initial cobble (40 x 20 units). Note that
platform position is reported only relative to the x-axis of the cobble.
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Figure 4.7. Percent preparation waste is graphed against platform position for steep and
acute angle cores. The acute angle core is based on a more elongate initial cobble (80 x 10
units). Note that different scales are used for the two cobbles of different initial dimensions.
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Figure 4.8. Number of end products is graphed against platform position for steep and acute
angle cores based on the same initial cobble (40 x 20 imits).
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Figure 4.9. Number of end products is graphed against platform position for steep and acute
angle cores. The acute angle core is based on a more elongate initial cobble (80 x 10 units).
Note thatdifferent scales are used forthe two cobbles ofdifferent initial dimensions.
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Figure 4.10. Cumulative cutting edge length is graphed against platform position for steep
and acute angle cores based on the same initial cobble (40 x20 units).
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Figure 4.11. Cumulative cutting edge length is graphed against platform position for steep
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Chapter 5: Raw Material Quality and Prepared Core
Technologies in Northeast Asia
Introduction
One of the four main hypotheses offered to explain the nature of the North
Chinese Paleolithic sequence points to differences in the types of stone raw materials
available in the North Chinese environment. This hypothesis has attracted much attention
in recent years with the realization that differences in stone raw material abundance and
quality may place strict constraints on archaeological variability (Andrefsky 1994;
Goodyear 1989; Inizan et al., 1992; Kuhn 1992, 1995a; Luedtke 1992; Roth and Dibble
1998; see papers in Ellis and Lothrop 1989). Stone raw materials are abundant in North
China, but generally are of low quality. Quartzite, sandstone, limestone, homfels and a
handful of other intractable lithologies form the bulk of the raw materials found at North
Chinese Paleolithic sites (Chen 1990; Jia and Huang 1991; Li 1993; Lin 1996; Schick and
Dong 1993; Wu and Olsen 1985). It is suggested that these poor quality raw materials
were mechanically unsuitable for manufacturing sophisticated prepared core technologies,
and that Pleistocene hominids thus abandoned complex core reduction strategies in favor
of simple flake and core technologies (or other raw materials such as bamboo) that
required less overall investment in procurement, manufacturing and maintenance
activities.
This chapter presents evidence collected from the deeply-stratified Paleolithic
cave site, Tsagaan Agui, in the northern Gobi desert, Mongolia, which suggests that late
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Pleistocene hominids in certain areas of northeast Asia successfully applied sophisticated
prepared core technologies despite the poor quality raw materials available to them. The
Lower Grotto assemblage and lower stratigraphic layers in the main chamber at Tsagaan
Agui contain two related typ)es of prepared cores. The core reduction strategies are
reminiscent of classical Levallois cores (Boeda 1990, 1995; Van Peer 1992; see also
papers in Dibble and Bar-Yosef 1995), but with significant strategic modifications aimed
at circumventing the poor quality of chert available at the site. Prepared cores in both the
Lower Grotto and lower component of the main chamber at Tsagaan Agui are based on
large flake blanks with smooth, convex ventral surfaces and steep lateral and distal
margins.
Large
over cobble blanks when raw
w
w flake blanks offer two distinct advantages
w
material quality is especially poor. The production of large flake blanks allows for rapid
assessment of the quality of any given piece of raw material by exposing the interior of
selected cobbles. Large flakes also provides volumetrically ideal (sensu Boeda 1990,
1995) starting points for systematic core preparation and removal of primary flakes. The
innovations in core technologies represented at Tsagaan Agui suggest that poor raw
material quality alone is insufficient for explaining the near absence of prepared core
technologies in North China.

The Constraints of Raw Material Quality
The design and assembly of lithic toolkits is thought to play an important role in
mobile hunter-gatherer adaptations (Kelly 1983, 1992; Kuhn 1994, 1995a; Nelson 1991;
Shott 1996). Investment of time and energy in the design of lithic toolkits is seen as a
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form of risk management associated with procuring both stone and food resources
distributed at disparate points on the landscape (Binford 1979; Cashdan 1992; Torrence
1989). Lithic toolkits may be designed to satisfy a range of demands, including
technological reliability, transportability, flexibility, maintainability and versatility
(Bamforth 1986; Bleed 1986; Bousman 1993; Dibble 1995; Kuhn 1994; Nelson
1991:66). Technological design is seen therefore as an optimization problem of
maximizing one or more of these design dimensions, while minimizing the rate of raw
material consumption. Such design concerns influence both primary core reduction
strategies and patterns of tool retouch (e.g. Dibble 1995; Kuhn 1992, 1995b; Van Peer
1992).
Both raw material quality and abundance constrain the design and assembly of mobile
toolkits, although in fundamentally different ways (Figure 5.1) (Andrefsky 1994;
Goodyear 1989). Variability in raw material abundance leads to differences in the design
and assembly of toolkits primarily as a function of energetic constraints. Technologies
based on rare or exotic raw materials are expected to be designed to maximize core or
tool use-life.' Maximizing tool use-life cuts down on the costs of "expensive" long
distance raw material procurement forays (but see Binford 1979). Formal core designs
that maximize the ratio of edge length to volume of raw material, or tool designs that
guard against breakage, for example, may be technological responses to low raw material
abundance. In contrast, minimizing raw material waste is not a major concern where raw

' Distinguishing exotic or non-local raw materials from "garden variety," local raw materials is often
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materials are abundant in the environment. In such contexts, most toolkits are casual and
display little effort to extend tool use-life. At the same time, abundant raw material
provides a certain degree of flexibility to design formal toolkits if the need arises.
No such flexibility is postulated for the relationship between raw material quality
and technological design. Regardless of abundance, poor quality raw materials
necessarily lead to informal technologies. The assumption is that the ability to execute
formal technological designs is severely limited by the quality of the raw material.
Toolkits based on high quality raw materials are thought to be easier to design because
fracture is easier to control (Goodyear 1989: 3; Luedtke 1992). In contrast, toolkits based
on poor quality raw materials are more difficult to design because fracture is
unpredictable and results in severe, irreparable errors during reduction. Even where low
raw material abundance would encourage formal technological design, raw material
quality is thought to be the overriding factor constraining lithic technological organization
(Andrefsky 1994).
It is important to recognize that raw material quality is not a simple qualitative
variable, but rather is composed of several potentially quantifiable properties, including
raw material package size, package shape, and mineralogical structure (Inizan et al. 1992;
Luedtke 1992; Roth and Dibble 1998; Whittaker 1994). In theory, raw material package
size directly influences the gross efficiency of a given tool or core technology (Baumler
1995: 12). As raw material package size decreases the amount of "tolerated waste"

problematic since the sources frequently are unknown.
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resulting from tool or core preparation must also decrease; at some point preparation
becomes more a hindrance than an optimal solution for achieving technological designs
because preparation generates too much waste. Thus, increasingly conservative tool or
core preparation is predicted as initial raw material package size decreases (e.g. Kuhn
1995b).
The effects of raw material package shape are not entirely independent from those
of package size. Many of the fundamental mechanical constraints governing stone
fracture are dependent upon raw material package shape (see Cotterell and Karmninga
1979; Whittaker 1994: 91-94), although with increasing package size there is greater
flexibility to apply reduction strategies to circumvent initial raw material shapes. For
example, it is difficult, though not impossible, to initiate flake fracture on a piece of raw
material with no natural angles less than 90° (e.g., a perfect sphere). It is possible,
however, to produce a prismatic blade core from a sphere of raw material given sufficient
starting material to allow for abundant initial waste. But, as initial package size decreases
such flexibility also decreases. Initial package shape is most important in determining the
course of tool or core reduction for small raw material packages.
Raw material quality is most commonly associated with the mineralogical
structure and purity of raw material. A high-quality raw material possesses little or no
crystalline structure and contains few impurities, such as fossils, vugs or other
heterogeneities that would interfere with the direction of applied force. In this sense, raw
material quality can be defined by identifying four quantifiable properties of a raw
material that characterize the workability of the material: (1) percent crystallinity, (2)
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average crystal size, (3) range in crystal size, and (4) abundance of impurities, such as
fossils, vugs and veins of secondary crystals (Figure 5.2). These four variables are readily
quantifiable through the use of an optical microscope or by simple visual inspection.
Although the relative importance of each of these variables needs to be determined
through controlled experimentation, even a basic quantitative analysis of these four
variables can greatly improve the assessment of raw material quality.
Common lithic raw materials include obsidian, chert, basalt, and sometimes fine
grained metamorphosed sedimentary rocks such as limestone or homfels. Percent
crystallinity, average and range of crystal size, and abundance of impurities vary widely
both within and between these raw material types. Amorphous raw materials (i.e.,
lacking a crystalline structure) such as obsidian are generally considered ideal for lithic
production. Obsidian, however, often contains dispersed crystals or areas of crystalline
material that can interfere with flaking. Chert typically has some degree of crystalline
structure, although crystal size can vary considerably among cherts and even within an
individual sample. Chert also often contains fossils or voids that interfere with flaking.
Basalt generally has a variety of crystal sizes, with a fine-grained crystalline matrix
interrupted by much larger grains of feldspar or olivine crystals. Basalt also usually has
an abundance of vugs that can interfere with flaking.
At Tsagaan Agui, where raw material is abundant but of poor quality (discussed
below), the prediction is that lithic technological designs will be informal. Indeed, the
poor quality of raw material available at the site is expected to prevent the development
of formal technologies, even where specialized activities and high foraging mobility
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would seemingly require the formal design of cores and tools. The following analyses
concentrate on quantitatively assessing the effects of raw material quality on core
reduction strategies and conclude by presenting evidence for a series of innovative
solutions to the technological problems arising from poor raw material quality.

Tsagaan Agui Lower Grotto
Four main depositional basins have been identified within the Tsagaan Agui cave
system, including the Lower Grotto, entryway terrace, main chamber and inner chamber
deposits (see Figure 2.3). Here I present data primarily from the Lower Grotto, although
the conclusions also apply to the lower stratigraphic units (Strata 6-13) of the main
chamber. The main artifact-bearing deposits in the Lower Grotto are undated, but are
clearly late Middle Paleolithic based on the character of the artifact assemblage and
tentative stratigraphic correlations with deposits older than 33 ka from the main chamber.
The depositional regime suggests relatively cold, wet conditions, represented by bedded
coarse and medium sands, a massive limestone eboiilis (Lavilie et al. 1980) and clay
lenses varying in thickness from 2-10 cm (Figure 5.3). All of the recovered artifacts
(n=752) originate from the eboiilis, designated Stratum 5. The eboiilis is matrix
supported with approximately 40% subangular to subrounded gravels, dominated by
limestone fragments, and approximately 50% coarse sands (1-2 mm).
The depositional history of Stratum 5 is particularly complex as a result of both
the location of the Lower Grotto in the cave system and the diverse processes commonly
involved in the formation of eboiilis units (see Lavilie et al. 1980). The Lower Grotto lies
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in a position somewhat offset from and at an elevation minimally 6 m below the bottom
of the main chamber deposits. The main chamber and Lower Grotto are thought to be
connected by an interior solution cavity, perhaps up to 20 m long, which served as a
conduit for the redeposition of sediments to the Lower Grotto. The artifacts, sands and
gravels comprising Stratum 5 were likely mobilized and redeposited through a
combination of fluvial, cryogenic and gravitational processes from one or more strata in
the lower main chamber. Deposits lithologically similar to Stratum 5 in the Lower Grotto
are represented by Stratum 6 in the main chamber (see Derevianko et al. 1996, 1998).
Despite the presumed secondary context of the Lower Grotto deposits, there do
not appear to be any substantial biases in the sample of lithics recovered. Most
specimens are relatively unabraded and there is no clear evidence to suggest that artifacts
were broken only during redeposition. Similar artifact breakage patterns are evident in
primary deposits of the main chamber and surface quarry deposits located at the source
outcrop. These associated assemblages suggest that patterns of artifact breakage in the
Lower Grotto are related primarily to raw material and technology (see below).
Winnowing of the artifact assemblage through high-energy water flow is minimal as
indicated by the frequency distribution of debitage lengths; 25% of the debitage
assemblage is less than 2.2 cm in length, and 50% is less than 3 cm (see Petraglia and
Potts 1994: 243; Schick 1986). Furthermore, primary reduction products and secondary
retouched tools are represented in frequencies suggestive of on-site reduction, and less
commonly seen in heavily reworked assemblages (Tables 5.1-5.3).
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Raw material is abundant in the immediate surroundings of Tsagaan Agui, but it is
also of poor quality. The material is a banded chert formed during diagenesis of the
limestone formation containing the cave, and derives from a heavily weathered outcrop
located 50 m above the cave. It occurs as angular boulders and cobbles ranging in size
from approximately 40 cm to less than 10 cm in maximum dimension. Voids and large
secondar}' crystalline infillings are common throughout the material. Preliminary
quantification suggests that between 5-10% of the material volume is comprised of such
impurities (Figure 5.4a). The rock matrix is greater than 95% crystalline with an average
crystal size of approximately 10 (im. Where secondary minerals occur as infillings in
voids crystal sizes may reach 200 nm (Figure 5.4b). The voids and impurities cause the
chert to fracture irregularly; the resulting flakes are very angular and thick, and both
flakes and cores often exhibit severe hinge and step terminations. However, where voids
and inclusions are absent, the Tsagaan Agui raw material fractures more predictably.

Results of Lithic Analyses
The impact of raw material quality on primary reduction is evident at several
levels. Here I employ several different measures to assess the extent to which raw
material quality interfered with primary reduction and how these constraints were
sometimes circumvented. Previous analyses of nearly 1400 artifacts from the quarry
workshop located above the cave allow quantification of the frequency at which raw
material impurities were encountered during the course of primary reduction. In Figure
5.5, the variable ISCAR measures the number of flake removal scars on a given artifact
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exhibiting at least one (>1 cm) void or crystalline impurity. The variable DSCAR is a
count of the total number of flake removal scars for those same artifacts. Thus, a flake
with 5 dorsal scars of which 3 contain voids or inclusions will have an impurity encounter
rate of 60%. It is clear in Figure 5.5 that the majority of artifacts (57%) exhibits an
impurity encounter rate of at least a 20% (i.e., one of every five removal scars contains
severe voids or inclusions). More surprisingly, nearly 20% of the workshop sample
exhibits a 100% impurity encounter rate (i.e., every flake removal scar contains severe
voids or inclusions).
Such high impurity encounter rates severely constrained core reduction, as
indicated by the quantities of core and flake shatter recovered from the Lower Grotto"
(Table 5.4). Cores and flakes frequently broke along impurities producing many unusable
small, angular fragments. In the Lower Grotto assemblage, shatter comprises more than
50% of the primary reduction products.
Raw material quality also was a constant constraint throughout all stages of core
reduction. Here I employ percentage remaining cortex on a specimen as a general
measure of reduction stage. Four ordinal groups are used here—100 %, >50 %, <50 %
and 0% remaining cortex. Percentage remaining cortex is a valid proxy for reduction
stage in the absence of a strong statistical association between cortex distribution and
specimen size (Table 5.5), and where there is a strong association with number of

" Hake shatter is defined as flake fragments missing all of the platform. Core shatter is defined as chunks
possessing only flake removal scars and generally less than 3 cm in maximum dimension. Core and tlake
shatter is frequently very angular and irregular in shape, reflecting catastrophic failure during percussion.
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reduction scars (Table 5.6) (Kuhn 1995a; Roth and Dibble 1998). In the Lower Grotto,
percentage cortex appears to be tracking extent of reduction rather than simply artifact
size. Using this measure it is clear that shatter frequencies are high in both early and late
stages of reduction (Table 5.7). In addition, frequencies of flake shatter retaining
different amounts of cortex are statistically similar to those for intact flakes (MannWhitney U = 10486.00, p=0.493; Single Sample KS = 0.385, p =0.998), suggesting that
flake shatter is a constant byproduct of flake production regardless of reduction stage.
Because raw material imperfections occur consistently throughout any given cobble,
simply removing additional portions of exterior core material does not decrease the
likelihood of encountering those imperfections. Indeed, increasing the extent of core
preparation, without attention to the character of the initial blank, does not diminish the
negative effects of raw material quality.
Despite these severe constraints, efforts to ameliorate the effects of raw material
quality are evident in core reduction patterns seen in the Lower Grotto. The majority of
cores from the Lower Grotto are informal pieces worked in multiple directions and at
various intensities. The casual nature of these cores appears to be one response to the
poor raw material quality available at the site; multiple flaking directions were exploited
both as a function of the irregular, angular shapes of initial cobble blanks and to avoid
severe raw material impurities as encountered. Most casual cores are only moderately
reduced, displaying fewer than five flake removal scars and >50% remaining cortex
(Table 5.8). The lack of preparation and organization seen on these cores may be
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interpreted as a "path of least resistance," or minimum investment in pieces unlikely to be
very productive.
A smaller subset of cores follows a more systematic pattern of reduction,
schematically shown in Figure 5.6. These cores are classified as either broad- or narrowfaced cores, referring to the orientation of the primary working face relative to the
morphology of the core blanks. Importantly, the reduction strategies represented by these
cores also appear to be a response to poor raw material quality. Broad-faced cores are
reminiscent of the Levallois method, but with significant strategic differences. In
particular, the reduction strategies involve the exploitation of the smooth ventral surfaces,
or the steep lateral and distal margins of large flake blanks. The large flake blanks are
generally greater than 10 cm long in maximum dimension, and derive from boulder-sized
masses of raw material occurring in abundance at the source. The ventral surfaces of
large flake blanks possess natural lateral and distal convexities ideal for producing
volumetrically organized core surfaces similar to the Levallois method (sensu Boeda
1990, 1995; see also Inizan etal. 1992; Pelcin 1997; Van Peer 1992). Narrow-faced
cores make use of the steep flake edges (or naturally split margins) as a natural basis for
parallel flake removals, a strategy that reasonably may be classified as opportunistic
bladelet production. In contrast, the angular cobbles used in manufacturing casual cores
begin with no regular convexities, while the density of raw material impurities prevents
establishing organized striking platforms and surfaces of detachment directly on the
cobble blanks.
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Broad-faced prepared cores from Tsagaan Agui may be classified as either (I)
convergent unidirectional cores, or (2) convergent unidirectional cores with distal end
trimming (Figure 5.6b,c). Both core forms generally possess faceted platforms and
moderately prepared edges. In pattern and degree of preparation these cores resemble
simple Levallois point cores (see Bordes 1980; Van Peer 1992), but also are reminiscent
of Kombewa flake cores found in some African and Western Asian Acheulian
assemblages (Clark 1970: 84; Inizan et al. 1992: 57). They may also share some features
with Levantine Mousterian cores-on-flakes, sometimes referred to as truncated-faceted
pieces, or the Nahr Ibrahim Technique (Dibble 1984; Goren-Inbar 1988; Solecki and
Solecki 1970). There is some ambiguity whether truncated-faceted pieces actually served
as cores, or were rather retouched tools (Dibble 1984:29; but see Goren-Inbar 1988:4142). In the case of Tsagaan Agui broad-faced cores, however, there is little doubt of their
primary function. The large size of both the initial flake blanks and ventral face
removals, as well as the degree of platform preparation suggest exclusive use as cores.
The reduction sequence for Tsagaan Agui broad-faced cores may be divided into
several components: (1) the production of a single large flake blank; (2) platform
preparation; (3) trimming of the lateral margins (from the ventral to the dorsal surface of
the blank); (4) truncation of the distal blank end and occasionally trimming of the ventral
surface at the distal end; and (5) sequential, convergent removals from the primary
surface. Given the character of the initial blank (i.e. appropriate size, morphology), each
component of the reduction strategy can be applied selectively to arrive at a viable core
geometry. For example, a flake blank that begins with a smooth, strongly convex ventral

182
surface may require no additional preparation to begin primary reduction. Alternatively, a
blank of acceptable material, but unacceptable morphology may require additional
platform trimming, edge preparation or primary surface shaping. In either case, however,
a strategic goal of achieving certain volumetric parameters is apparent.
Narrow-faced cores also appear to be organized around specific geometric or
volumetric goals. Like broad-faced cores they are often based on flake blanks, but make
use of the lateral or distal margins (or platform area) for producing short, parallel flakes
(Figure 5.6d). Narrow-face core reduction may be initiated with a "burin-like" removal
delivered either from the original flake platform, or at some position along the thick
lateral or distal margins of the blank. Split or snapped flakes may be exploited directly
without "burin-like" initiation. Narrow-face reduction is most often bi-directional.
Despite the infrequent occurrence of bladelet blanks or tools in the Lower Grotto
collections, there is no additional evidence to suggest that narrow-faced cores are simply
a form of retouched tool.
Variability among broad- and narrow-faced cores is expressed in plan and crosssectional forms, and especially in intensity of reduction. More intensively reduced
specimens are slightly over-represented in the collections (Table 5.8). Many of the low
and moderately reduced broad-faced cores retain dorsal and ventral features of the initial
large flake blanks, including dorsal cortex and dorsal flake removal scars (Figure 5.7).
On the whole, core preparation was applied sparingly and appears to have been directed
towards emphasizing "desirable" volumetric traits of the flake blank. Thus, broad- and
narrow-faced core reduction strategies, although more sophisticated than the "path of
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least resistance," or minimum investment strategy seen in casual cores, also exhibit a
conservative tendency in the investment of time and energy in preparation and reduction.
The reason for this is related clearly to the fact that excessive core preparation may
actually exacerbate the negative effects or poor raw material quality.
Plan and cross-sectional forms for both prepared core types vary according to
blank thickness. Thicker blanks tend to have steep preparation scars on the ventral
surface, creating in some cases almost "discoidal" core forms. Steep preparation is
particularly characteristic of cores with distal end trimming, which may coincide with
intentional truncation, or reflect trimming to emphasize naturally steep distal margins of
the blanks. In either case, steep distal preparations may serve to extend the natural
convexity of the ventral bulb of percussion, facilitating the production of longer
endproducts (see Inizan et al. 1992: 57-58; Pelcin 1997). Primary platform preparation
varies from faceted to plain and half-cortical forms. Narrow-faced cores show little
investment in platform preparation. Platform preparation preceded any shaping of the
primary surface or lateral edges for a number of broad-faced cores.
Finally, I note that broad- and narrow-faced prepared cores are not immune to the
effects of poor raw material quality. And not all broad- and narrow-faced cores are based
on large flake blanks. A number of otherwise prepared cores show severe hinge and step
errors, despite their design for circumventing the negative effects of the Tsagaan Agui
raw material. Such errors, though not severe enough to abandon prepared core reduction
strategies altogether, were probably cause for core discard.
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Discussion and Conclusions
Raw material quality influenced Lower Grotto core reduction strategies in two
ways. In many cases, systematic core reduction was abandoned in favor of more-or-less
random flaking of cores from multiple directions and with little concern for developing
organized removal surfaces. This is the expected outcome for situations such as those
that exist at Tsagaan Agui of abundant, but low raw material quality. However, a special
class of prepared cores also emerged that made explicit use of the convex ventral surfaces
or steep lateral or distal margins of large flake blanks. The use of large flake blanks as
part of a prepared core technology is important on a number of levels. If the extent of
core preparation is limited by the "risk" of exposing further raw material imperfections,
then large flake blanks facilitate both the assessment and minimization of that risk by
exposing large surface areas and providing "ready-made" core geometries. A similar
situation may pertain for coarse crystalline (e.g., coarse grained quartzite or sandstone), or
materials with extreme ranges of crystal size (e.g., basalts) where the "risk" is excessive
errors during core preparation that render the core unworkable. In this case, large flake
blanks would allow the knapper to assess the potential for early reduction errors and
provide a means to avoid those errors by facilitating primary reduction without excessive
preparation. In general, where raw material quality is poor, large flake blanks may
provide the most direct means for obtaining properly shaped and oriented flaking
surfaces.
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The presence of prepared core reduction strategies in the Lower Grotto
assemblage runs contrary to conventional expectations given the high abundance but low
quality of raw material available at Tsagaan Agui. However, the reasons underlying the
use of more sophisticated core designs in such contexts are not entirely clear. Rates of
raw material consumption were not necessarily an issue because of the close proximity to
the source. Other design considerations such as technological reliability and
maintainability may have been a concern if flakes and cores were transported for use
elsewhere. Off-site core, flake and tool breakage may have posed a serious risk to those
groups exploiting the Tsagaan Agui material. In this regard, we note that only a small
sample of Kombewa-like and Levallois-like flakes were recovered from the Lower Grotto
(Tables 5.2). The depressed frequency of these endproducts suggests transport of
specialized blanks away from the site. In circumventing some of the negative effects of
poor raw material quality by ensuring more standardized core reduction and tool
production, broad- and narrow-faced prepared cores may have provided some safeguards
against technological failure (see Bleed 1986; Torrence 1989).
The implications of these findings for the study of Northeast Asian prehistory are
significant. In particular, the successful manufacture and exploitation of prepared cores at
Tsagaan Agui using poor quality raw materials begs the question of what role raw
material quality played in constraining technological diversity in the North Chinese
Middle and Upper Paleolithic. The Lower Grotto assemblage illustrates that raw material
quality is not an absolute barrier to the design and use of prepared cores. On the contrary,
I have argued that raw material quality was the impetus behind significant innovations in
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prepared core technology at Tsagaan Agui. Raw materials common at many North
Chinese Paleolithic sites (e.g., quartzite, sandstone and limestone), though decidedly
different in specific raw material properties, are no less tractable than the stone present at
Tsagaan Agui. Thus, I conclude that raw material quality may have influenced the
character of the North Chinese Middle and Upper Paleolithic, but it cannot be the only
factor underlying the near absence of prepared core technologies in such a vast region.
Rather, explanations for the character of the North Chinese Middle and Upper Paleolithic
may lie, at least in part, in biogeographic, adaptational, or behavioral processes distinct
from the effects of raw material quality.
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Table 5.1. Tsagun Agui Lower Grotto general typological inventory

General Type

Count

%

Flake Core

121

16.1

Flake

159

21.1

Technical Element

27

3.6

Retouched Rake

47

6.3

Retouched Core

3

0.4

Flake Shatter

138

18.4

Core Shatter

257

34.2

752

100.0

Total

Table 5.2. Tsagaan Agui Lower Grotto flake types

Flake Type

Total

General Flake

Count
151

81.2

Levallois Flake

5

2.7

Kombewa Flake

1

.5

Edge Element

19

10.2

Other Technical
Element

9

4.8

Hammer Spall

1

.5

186

100.0

%

Table 5J. Tsagaan Agni Lower Grotto core types

Core Type

Count

%

Tested Pebble

3

2.5

Cheeping Tool

1

0.8

84

69.4

1

0.8

Broad-&ced Core

18

14.9

Narrow-&ced Core

11

9.1

Change-o^Orientation

1

0.8

Other

2

1.7

121

100.0

Casual Core
Large Bifiice
/

Total

Table 5.4. Tsagaan Agui Lower Grotto frequencies of primary
reduction products

General Type

Total

Count

%

Flake Core

121

17.2

Flake + Technical
Element

186

26.4

Flake Shatter

138

19.7

Core Shatter

257

36.6

702

100.0
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Table 5.5. Tsagaan Agui Lower Grotto artifact size and cortex distribation
ANOVA's •
Flake Shatter
Surface Area
% Cortex

Core Shatter
Surface Area
% Cortex

Sum of
Squares

df

Mean
Square

F

Sig.

4246682

3

1415561

1.837

.143

Within
Groups

1.03E-H)8

134

7705173

Total

1.07E+08

137

1413638

2

706819.0

2.322

.100

Within
Groups

77317033

254

304397.8

Total

78730671

256

Between
Groups

14167084

3

4722361

Within
Groups

2.38E-H)8

155

1538512

Total

2.53E-H)8

158

Between
Groups

14945J32

2

7472.766

Within
Groups

3441163

118

29162-401

Total

3456109

120

Between
Groups

Between
Groups

Flakes
Surface Area
% Cortex

Cores
Volume by
% Coretex

"Cortex categories are 100 %, >50 %, <50 % and 0 %.

3.069

.256

.03

.774
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Table 5,6. Tsugtuiii Agvi Lower Grotto relfitioiisbip between cortex
distribution and number of removal scars for flake cores
Percent Cortex
Flake Cores

>50%

<50 %

0%

Total

Low (<5 dorsal scars)

23

3

2

28

Moderate (5-9 dorsal scars)

13

47

9

69

High (>9 dorsal scars)

3

11

10

24

39

61

21

121

Total

Spearman Rank Correlation

Value

Asymp.
Std. Error

Approx. T

Approx.
Sig.

.514

.082

6.533

.000

Table 5.7. Tsagaan Agui Lower Grotto shatter frequencies by degree of reduction (percent cortex remaining)
Percent Cortex
>50%

100%

General
Arti&ct Type

Flake Shatter

Core Shatter

Total

Count

18

Expected
Count
Residual

<50%

Total

0%

53

35

32

6.3

34.2

63.6

33.9

II.7

18.8

-28.6

-1.9

0

45

147

65

Expected
Count

11.7

63.8

118.4

63.1

Residual

-11.7

-18.8

28.6

1.9

18

98

182

97

Count

Count

a. Rank order estimate of the amount of cortex remaining on the surface of the specimen. Higher values represent earlier reduction stages.

138

257

395

Table 5.8. Tsagaan Agui Lower Grotto degree of reduction for prepared and unprepared
cores
Percent Cortex
>50%

Core IVpe

Casual Core

Broad-foced
Core

Narrow-faced
Core

Total

aaat

0%

<50%

Total

31

41

12

Expected
Count

26.0

43.1

14.9

Residual

5.0

-2.1

-2.9

12

3

Count

Count
Expected
Count

5.6

9.2

3.2

Residual

-2.6

2.8

-.2

1

5

5

Expected
Count

3.4

5.6

1.9

Residual

-2.4

-.6

3.1

35

58

20

Count

Count

84

18

II

113
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Figure 5.1. A model for the relationship between stone raw material
abundance, raw material quality and the design of lithic toolkits. (Redrawn
after Andrefsky (1994:30).
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Figure 5.2a-d. Mineralogical structure is comprised minimally of four variables
including (a) percent crystallinity (upper left), (b) average crystal size (upper right), (c)
range of crystal size (lower left), and (d) abundance of impurities (lower right). The
impact of these variables on the workability of a stone material is dependent on the scale
of their occurrence, (a) obsidian with variable percent crystallinity. Shown are feldspar
and biotite crystals in an amorphous matrix, (b) homfels showing a very uniform average
crystal size of 300 microns, (c) chert showing a bimodal crystal size distribution, (d)
basalt with secondary quartz impurities occurring as infillings in previous void spaces.
Scale: (a), (b) and (c) are thin sections photographed under 40x magnification with a
field of view of approximately 2.25 mm; (d) is a macroscopic photograph with a field of
view of approximately 2.5 cm.
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r-4

Zl-4

1350 cm

-1400

^Q
-1450

53

- 1500

6.1
-1550

Figure 5.3. East wall stratigraphic section (units r-4 and ^ - 4) from the Lower
Grotto at Tsagaan Agui. Clay lenses are represented by strata l.l, 2.1,2.2 and 4.1.
Bedded sands are represented by strata 1.2, 3.1 and 5.4. Strata 5.1 through 5.3
comprise the massive limestone ^boulis, and are the source of the Lower Grotto
assemblage. Strata 6.1 is a massive, sterile red clay. Elevations are depth below the
site datum.
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Figure 5.4. Tsagaan Agui raw material quality, (a) A cut, unpolished (-3.3 x 2.5 cm)
section of the raw material showing distinctive banding, secondary quartz infillings and
void spaces, (b) a microscopic (40x) view of the fine crystalline ground mass, which
comprises as much as 90 % of the material, void spaces and secondary quartz infilling of
voids. Field of view for (b) is approximately 3.3 mm.
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ISCAR / DSCAR-100
Figure 5.5. Histogram of the impurity encounter rate (ISCAR/DSCAR*100)
for Tsagaan Agui quarry workshop artifacts. ISCAR is a count of the number
of flake removal scars showing at least one (>1 cm) void or inclusion. DSCAR
is the total number of flake removal scars. An encounter rate of 0 indicates that
none of the flake removal scars on a given artifact contain raw material
impurities. An encounter rate of 100 indicates that all flake removal scars
contain at least one impurity.

198

H
Figure 5.6. Schematic illustratioa of prepared core technologies from the LowerGrotto and
lower stratigraphic layers of the Main Chamber at Tsagaan Agui. (a) large flake blank; (b)
unidirectional convergent broad-faced core based on the convex ventral surface of a flake
blank; (c) unidrectional broad-faced core with end trimming based on a flake blank; (d)
narrow-faced core based on the steep lateral margin ofa flake blank. Illustrations by K. W.
Kerry.
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Figure 5.7a-h. Tsagaan Agui broad- and narrow-faced cores based on large flake blanks: (a)
and (e), broad-faced cores from the Lower Grotto; (b), (c), (d) and (£), broad-faced cores
from the lower stratigraphic layers in the Main Chamber; (g), narrow-faced core from the
lower layers in the MainChamber; (h),narrow-faced core from the LowerGrotto.
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Chapter 6: Core Reduction Strategies at Shuidonggou
Introduction
The site of Shuidonggou has long been recognized as unique within the North
Chinese Paleolithic sequence (Bordes 1968: Boule 1928; Jia et al. 1964; Kozlowski
1971; Li 1993; Licent and Teilhard de Chardin 1925; Lin 1996; Yamanaka 1995).
Indeed, it is virtually the only Late Pleistocene archaeological site in North China known
to contain an elaborate blade technology. Licent and Chardin (1925; 210), and later
Boule et al. (1928; 120-121), classified the lithic industry from Shuidonggou (Cheoitong-keou) as evolved Mousterian, or perhaps nascent Aurignacian. These researchers
based their conclusions on similarities between the core forms from Shuidonggou and
those found at Mousterian sites in Western Europe, West Asia and North Africa, but also
an equal level of similarity between the Shuidonggou tool assemblage and many western
Upper Paleolithic examples. Fran9ois Bordes (1968: 130) reaffirmed this paradoxical
classification some years later adding: 'The impression given [by the Shuidonggou
industry'] is in fact that of a very evolved Mousterian in the process of transition to an
Upper Paleolithic stage, but of a type which, taken all round, has not much connection
with Western forms...". Chinese researchers, beginning with Pei Wenzhong (1937: 226),
have noted typological connections with Western Middle Paleolithic industries.
However, later studies have favored an Upper Paleolithic designation based on the
substantial differences seen between Shuidonggou and the Chinese Middle Paleolithic
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type site of Dingcun (Jia et al. 1964: 80). More recently, Shuidonggou has been placed
squarely within the Upper Paleolithic solely on technological grounds G-i 1993; Lin
1996). These researchers emphasize the abundance of blades and retouched blade tools
in the assemblage. Lin Shenglong (1996: 12) considers Shuidonggou as the only known
site in China possessing a Mode IV-Upper Paleolithic blade technology and that Mode

in-Middle Paleolithic prepared core technologies are entirely absent.
Any resolution to the question why blade technologies are present at Shuidonggou
and are virtually absent elsewhere in North China is dependent upon developing a
detailed picture of the core reduction strategies present at the site. At the same time, this
detailed consideration may also help resolve some of the typological confusion that has
surrounded the Shuidonggou industry for so many years. More important perhaps are the
behavioral implications raised by Shuidonggou. Special economic properties are
frequently attributed to blade technologies. Prismatic blade technologies are thought to
be more efficient at converting stone raw material to usable blanks and tools (Boeda
1995; Mellars 1996: 84-85). They also allow greater standardization of blank form.
Blade technologies thus may offer advantages over other technological alternatives where
stone raw material is particularly scarce, or where there is great reliance on composite
tools using replaceable blade inserts (see Bar-Yosef and Kuhn 1999: 324). The presence
of blade technologies at Shuidonggou may imply special ecological circumstances
demanding these greater efficiencies.
The focus of the following analyses is on identifying the range of technological
variability in core reduction strategies represented at Shuidonggou, and if this variability
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constitutes one strategy or many. Following Kuhn (1995a: 81-82), I consider the entire
assemblage of artifacts, including cores, blanks, technical elements, debitage and
retouched tools, as potentially revealing of the full range of variability in core reduction
strategies employed. Emphasis is given therefore to statistical characteristics of the
assemblage. Questions of raw material economy and the ecological context underlying
patterns of lithic technological organization at Shuidonggou follow from this detailed
understanding of core reduction. Of particular interest is whether core reduction
strategies represented at Shuidonggou are consistent with hypotheses of greater efficiency
and productivity frequently attributed to blade technology in general.

Shuidonggou Core Technology
Core technology at Shuidonggou falls into two broad categories, including
generalized cores, which display low degrees of standardization, and prepared core forms,
which display both distinctive geometric organizations and highly organized patterns of
surface preparation and primary reduction. The former group consists of tested pebbles
showing only few irregular removals, classic chopper (bifacial) and chopping tools
(unifacial), polyhedral or globular core forms with two or more orthogonally related
platforms, and both unifacial and bifacial discoidal cores (Table 6.1). There are 75
generalized cores comprising 42.6 % of the core assemblage. Of these 38 are polyhedral
cores, nearly 22 % of the total. Roughly equal numbers of generalized cores are made on
coarse grained raw materials including quartzite, sandstone and limestone (n=36), and
fine-grained siliceous limestone (n=33) (Table 6.1).
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Greater than 50 % (n=94) of the total core sample is characterized by prepared
core forms. The majority of these are of the same basic format, which in most respects is
remarkably similar to the Levaliois method (Boeda 1990, 1995). A handful of cores are
sufficiently similar to Levaliois cores to be directly categorized as such (Table 6.1). The
remainder (n=80) are Levallois-like flat-faced cores used for producing blades and flake
blades. The term "flat-faced core" has been used previously to describe Levallois-like
core technologies in Northeast Asia (e.g., Derevianko et al. 1998; Goebel 1994; Goebel et

al. 1993; Kozlowski 1971), as well as lUP technologies in central Europe (Svoboda and
Svoboda 1985). It is used here to maintain consistency with these researchers.
The various types of flat-faced cores recovered from Shuidonggou are shown
schematically in Figure 6.1. These include single platform unidirectional forms, opposed
platform bidirectional forms, unidirectional cores with distal end trimming and both
unidirectional and bidirectional cores exhibiting additional blade removals from the
narrow-face, or edge of the core. Frequencies for each of these variants are reported in
Table 6.2. In general, all flat-faced cores are based on well-rounded alluvial cobbles
averaging less than 10 cm in length. Silicified limestone was used almost exclusively,
though a few quartzite specimens (n=8) were also recovered. Raw materials were
procured from local channel gravels, most conspicuously located along the unconformity
between the late Pleistocene and earlier Tertiary beds (see Chapter 2).
As the name implies, flat-faced cores are organized around a single, relatively flat
primary reduction surface oriented parallel to the long axis of the cobble and occupying
the broadest face. The primary striking platform is positioned in a plane roughly
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perpendicular to this at one end of the cobble. This organization establishes a
hierarchical relationship between the platform and primary reduction surface and is
technologically consistent with recent definitions of the Levallois method (Boeda 1986,
1991. 1995; Chazan 1997; Kuhn 1995b).
The most conspicuous technological variability seen in flat-faced cores from
Shuidonggou has to do with the orientation of flake removal scars on primary reduction
surfaces. The orientation of removal scars, and the resulting elevated ridges between
them, in large part determines the degree of control the knapper has over the shape and
size of removals (Van Peer 1992). Shuidonggou flat-faced cores are split roughly
between unidirectional sub-parallel and bidirectional opposed forms (Figure 6.2 and
Table 6.2). These flaking patterns are closely related in that they both lead to the
development of long, linear ridges traversing the core surface, and forming the basis for
blade and flake-blade removals. The same is the case for unidirectional cores with distal
end trimming. All are clearly Levallois in terms of the organization of convexities on the
primary surface. Cores with bidirectional unopposed flaking patterns, where removal
scars originate from two distinct platforms, usually oriented at right angles to one another,
or centripetal flaking patterns are quite rare at Shuidonggou.
A particularly important, though less common, variant of Shuidonggou flat-faced
cores exhibits reduction on one of the two lateral edges of the core (Figure 6.3). Primary
reduction on the "narrow-face" was likely initiated through preparation of a lame a crete
along the lateral edge of the core (Figure 6.4). Removal of this "crested blade" produces
a steep edge angle, roughly at 90° to the primary working face. The edge was then used
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for removing a series of narrow blades or bladelels. These lames a crete apparently were
not used for simply adjusting the convexity of the primary surface.
Flat-faced cores with additional narrow-face removals show an interesting
admixture of technological features, some commonly associated with Middle Paleolithic
Levallois core reduction and others more characteristic of Upper Paleolithic prismatic
blade cores. Superficially, these cores are pyramidal in morphology. However, closer
inspection reveals that the basic core geometry is Levallois-like, with narrow face
reduction "superimposed" on this format. The use of lames a crete to initiate reduction
on the narrow face recalls prismatic blade core technologies. However, this resemblance
to is only superficial; lames a crete were not used to initiate reduction on the primary
face of the core, as in true prismatic technologies, and there is no indication that blades
were removed in a continuous series, forming an unbroken arc, between the narrow and
broad face of the core. Rather, the geometric integrity of the primary face is maintained
despite reduction on the narrow face of the core. Narrow-face core reduction appears to
be associated with extending core use life (see below).
The other major vector of variability in Shuidonggou flat-faced cores relates to the
degree and pattern of platform preparation. Overall there is a preponderance of flat-faced
cores with faceted platforms, a reflection of controlled platform shaping (Table 6.3).
There are intermediate numbers of cores with plain or complex platforms, but without
faceting, and a few specimens with complete or partial cortical platforms. Again, the
degree of platform preparation at Shuidonggou falls well within the range of variability
documented for Levallois core technology (see papers in Dibble and Bar-Yosef 1995).
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Flat-faced Cores: One TVajectory or Many?
The sequence of procedures involved in producing unidirectional and
bidirectional flat-faced cores is not entirely clear. Core reduction apparently began with a
moderate degree of platform preparation and shaping, and proceeded almost immediately
to decertification and primary reduction. Striking platforms were maintained
continuously throughout reduction, becoming more complex as reduction proceeds
(Tables 6.4 and 6.5) (see Kuhn 1995a: 91). The abundance of blades and flake-blades
with intermediate dorsal cortex cover (> 50 % cover, n=6; <50 % cover, n=l07) suggests
that standardized blade reduction began in earnest following a certain degree of more
casual decertification (Table 6.6). The large majority of blades and other formal
endproducts display no dorsal cortex, and appear to have been removed sequentially
without much intermediate preparation. This is reflected in the low proportion of blades
displaying lateral preparation scars; only four whole blades and nine blade tools have
bidirectional unopposed dorsal scar patterns. This uninterrupted sequencing of blade
removals thus may be classified as recurrent Levallois blade production.
Beyond the basic sequencing of platform preparation, decertification and recurrent
blade production it is more difficult to ascertain the order in which other reduction
procedures were implemented, such as establishing an opposed platform, lateral edge
trimming, lame d crete preparation and exploitation of the narrow-face. Because these
are operations of roughly increasing complexity, it is possible that they represent
sequential stages in a single, complex reduction trajectory. The argument is that
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increasingly complex preparations are necessary to extend the life of the core as the raw
material package decreases in size (Baumler 1988, 1995). Unidirectional cores thus may
gradually transform into bidirectional opposed cores, and both may turn to exploitation
of the narrow face as the primary becomes exhausted.
Such reduction trajectories have clear archaeological implications, especially
regarding the metric dimension of artifacts (see Baumler 1988; Dibble 1995; Kuhn 1992,
1995). If the initial raw material blanks used for manufacturing cores are of the same
basic dimensions, then core types arising later in the reduction trajectory should be
smaller than those from earlier stages. Figure 6.5 illustrates that that this is unlikely for
unidirectional and bidirectional cores at Shuidonggou. Bidirectional cores are
significantly longer than unidirectional cores (t=-4.016, df=68, p<0.0001) and are
indistinguishable from them on the basis of core thickness. This provides sufficient
evidence to suggest that unidirectional and bidirectional flat-faced cores represent
separate reduction trajectories. While the sample of bidirectional unopposed and
centripetal cores is small, they similarly do not exhibit size differences that would suggest
they derive from later stages of reduction in a single reduction trajectory (see Baumler
1988).
Flat-faced cores with additional narrow face reduction also potentially represent
the later reduction stages of unidirectional and bidirectional cores. Lames a crete
preparation and removal followed by narrow face reduction may have served as a means
for extending the use-life of cores with already extensive reduction on the primary face.
As indicated above, it appears that lames a crete were prepared not at the beginning of
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core reduction, but after a Levallois-Iike, flat-faced morphology has already been
established. While the sample of flat-faced cores with narrow-face reduction is too small
(n=5) to allow statistical comparisons, these cores are generally thinner than
unidirectional and bidirectional cores by as much as 50 mm. However, they are not
visibly different in terms of core length, providing examples that are both longer and
shorter than the mean lengths for unidirectional and bidirectional forms. The small
sample cores classified separately as "narrow-faced cores" do not offer much clarification
(see Table 6.1). These cores are more eclectic in nature, and only one (a small narrowfaced bladelet core) may have been initially prepared with a lame a crete.
These data strongly suggest that there are at least two independent core reduction
trajectories for producing blades, one represented by single platform unidirectional cores
and the other by opposed platform bidirectional cores. Rat-faced cores with additional
blade removals from the narrow face may represent the latter stages of reduction of
unidirectional or bidirectional cores. However, a larger sample of these cores is needed
to confirm or reject this hypothesis statistically.

Reduction Dynamics and Intensity
The absolute technological differences between unidirectional and bidirectional
cores are not great, though representing independent reduction trajectories. Both are
clearly similar in overall geometry and in how they generate blade blanks. However, this
similarity does not mean necessarily that there are not important economic principles at
work in the choice to use one or the other strategy. The metric data presented above
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suggest that bidirectional opposed core reduction was the preferred method of blade
production where initial cobble size was large enough to allow for the preparation of two
opposed platforms. Where initial cobble size was too small, single platform
unidirectional cores were utilized. This apparently represents an economic choice aimed
at conserving both core length and raw material volume. If this is the case, then
theoretically there should be a cutoff point for initial cobble length where cobbles are too
small to be reduced as bidirectional cores and are rather reduced as unidirectional cores.
Discriminant analysis of the unidirectional and bidirectional core populations shows a
clear separation between cores that are longer than 61.1 mm and those that are shorter (for
the statistical basis of this calculation see Kachigan 1986: 357-365). Discarded cores that
are longer than about 61 mm are more likely to be opposed platform bidirectional cores,
and those shorter than this value are more likely to be single platform unidirectional cores
(Figure 6.6). Logically, cobbles that are initially shorter than 61.1 mm will most likely be
reduced and discarded as unidirectional cores. This does not preclude larger cobbles
from being reduced in a unidirectional format. However, the relatively narrow
distribution of discarded unidirectional core lengths (mean 51.86 ± 11 mm) may suggest
that initial sizes cobbles were also quite narrowly distributed. It is less likely that cobbles
shorter than 61.1 mm were selected for bidirectional reduction, though clearly a number
of bidirectional cores were pushed beyond this threshold from larger initial sizes. In
reality, a single, absolute cutoff point is unlikely. Rather, the size criteria used for
selecting one or the other reduction trajectory likely fluctuated over a range of values. At
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best, this cutoff value may be taken as a minimum for initial cobble sizes in a
bidirectional reduction trajectory.
There remains a distinct possibility, however, that the observed metrical
relationships between different flat-faced core types are not truly representative of the
diversity of core reduction strategies initially present at Shuidonggou. Many cores may
have been reduced to stages unrecognizable as a particular type, or certain core types may
have been transported away from the excavated site area. Either of these selection
processes may have led to biases in the sizes and characteristics of cores recovered.
One method for evaluating this bias is to examine the characteristics of blanks and
retouched tools thought derive from flat-faced cores. If certain inconsistencies are
apparent between the characteristics of blanks, tools and the recovered cores then it is
possible that some of the recovered blanks were produced by cores not represented in the
assemblage. These missing cores may have differed from the recovered cores not only in
basic metric dimensions, but also overall morphology.
Figure 6.7a-c presents histograms for the lengths of prepared cores, whole
unretouched blades and retouched blade tools. Statistically there is no significant
difference in the mean lengths of prepared cores and blade blanks (t=-0.532, df=131,
p=0.596). In general, it is possible to conclude that the recovered core population (or
cores metrically resembling those recovered) is the likely source of the blade populationNote, however, that the standard deviation of the mean for blade lengths is greater than
that for prepared cores, and that the maximum blade length also exceeds the maximum
core length. Since blanks necessarily derive from cores—a directionality not represented
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in the statistical tests—it is clear that some blanks are not easily paired with the recovered
core population. These blanks were likely produced from cores similar in overall
morphology, but of larger initial size than seen in the recovered core population. A less
equivocal conclusion is reached in the case of the blade tool population. Blade tools are
significantly shorter than the population of blade blanks (t=6.54, df=I89, p<0.C)001),
which is consistent with the interpretation that the recovered blade blanks are the only
source population for blade tools (Figure 6.7c).
It is clear that the size distinctions established in the early stages of unidirectional
and bidirectional core reduction are carried over into the blank population. Figure 6.8
illustrates that whole bidirectional blades are significantly longer than unidirectional
blades (t=-3.625, df=35, p<0.00l). The most parsimonious explanation is that the
difference in bidirectional and unidirectional blade lengths is related to differences in
initial core lengths only. A competing hypothesis is that bidirectional preparation is more
efficient at producing longer blades. Thus, bidirectional cores would tend to produce
longer blades compared with unidirectional cores of the same overall size. This type of
shape control system is at least a theoretical possibility (Van Peer 1992:36-39).
The size differences between these blade groups may also have certain economic
implications. If blade length is the currency being maximized, then clearly bidirectional
cores are more successful in this regard; mean bidirectional blade lengths are on average
about 2 cm longer than the mean for unidirectional blades. Tables 6.7 and 6.8 indicate
that bidirectional blade tools are significantly under represented in the assemblage, while
bidirectional blade cores and blade blanks are over-represented relative to their
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unidirectional counterparts. If most activities were conducted on site and most artifacts
discarded there, then clearly unidirectional blades were preferentially selected for
retouching. If the opposite is true, then the low frequency of retouched bidirectional
blades may suggest many such tools were transported away from the site. Theory
suggests that the latter scenario is more likely (see Kuhn 1994); bidirectional blades were
preferentially selected for transport and use because they are generally longer. In practice,
there is no clear way to resolve the equifinality inherent in these hypotheses when only a
single site and assemblage is under consideration.
Several different measures may be used to address the question whether blade
cores at Shuidonggou are being reduced to an exhausted stage. Note that "exhaustion" is
an subjective threshold beyond which a core or tool is considered to have no remnant uselife. Of course, this threshold is dependent upon such things as raw material quality and
availability, scheduled activities and the efficiency of core and tool reduction strategies.
Theoretically, there is also an absolute threshold determined strictly by technological
constraints. For example, there is a minimum size of raw material that can be effectively
worked with hard-hammer percussion (see Kuhn 1995a,b). Indirect percussion may
significantly reduce this minimum size (e.g., microlithic blade cores), but eventually this
technology also reaches a minimum size limit. Note also that "exhaustion" is not
necessarily defined by only one parameter such as a minimum volume of raw material. It
also may be defined, for example, in terms of the size or shape of end products produced
from a given core. Three separate measures are presented here to gauge the degree of
exhaustion exhibited by Shuidonggou cores. These measures include comparisons of
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cumulative weights of cores and blanks, core and blank lengths, and estimates of the
maximum number of "unexploited" blanks represented by discarded cores. Each of these
measures reflect different economic currencies. Cumulative weights of different artifact
classes are related to rates of raw material consumption. Artifact lengths are related to
patterns of cutting edge production. Estimates of "unexploited" blanks reflect the overall
productivity of a given core technology.
Figure 6.9 plots the cumulative weight of blade debitage and flat-faced cores
against artifact lengths. The most important observation conveyed by Figure 6.9 is that
there is significantly more raw material represented in the form of discarded flat-faced
cores (9164 g) than that represented by all blades, bladelets and retouched blades
combined (including shatter) (5469 g). Indeed, there is 1.68 times more raw material
"locked up" in discarded cobbles as that converted into blanks and tools. This pattern of
raw material exploitation suggests that rates of raw material consumption were not of
great concern. If raw material consumption was a significant currency one would expect
to see fewer, more intensively reduced cores and cumulative weights of blanks and tools
far in excess of that represented by cores.
It is also possible to envision cores reaching a threshold length below which they
are considered to be spent. In functional terms, such cores would yield blanks that too
short and consequently with too little cutting edge per blank to be considered usable.
Passing this threshold would encourage core discard and shifting to a new cobble for
continued reduction. Data on core and blank lengths suggest that some of these concerns
may have been in operation at Shuidonggou. Here it is assumed that the mean blade
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length represents the critical threshold for cutting edge productivity. Thus, cores that are
shorter than this mean length are "exhausted" relative to the mean blade length, and those
longer than the mean have some degree of remnant uselife. Pairwise t-tests for the length
of unidirectional and bidirectional cores against their respective and complete blades
reveal some significant patterns. Most importantly, the mean length of bidirectional cores
(64 mm) is significantly shorter than that for complete bidirectional blades (68.24 mm)
(t=-2.016, df=4I, p<0.05). This suggests that bidirectional cores are reduced beyond the
threshold length defined by the bidirectional blade population, though in practical terms
this difference of 4 mm is probably not of great consequence. There is no significant
difference in the length of unidirectional cores compared with complete unidirectional
blades. This suggests that unidirectional cores may have been reduced to this threshold
level, but did not surpass it.
A final test of the intensity of core reduction at Shuidonggou estimates the number
additional "standard" blanks that could potentially be removed from each recovered core.
The procedure for calculating this measure, termed core remnant use life, is to take the
measured maximum thickness of each core, subtract and arbitrary "slug thickness" (which
at Shuidonggou is -20 mm) and then divide the remainder by the average blade blank
thickness, which at Shuidonggou is 7.6 nmi. This value represents the number of blanks
that could be removed consecutively from a single location on a core. To estimate the
maximum number of blanks per core it is necessary to multiply this first value by some
factor representing the number of blanks that could be removed side-by-side across the
surface of a core. A multiplier factor of three is chosen as the average number of adjacent
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removals per core surface. Figure 6. lOa-b illustrates that some cores were discarded
while still possessing certain amounts of remnant use life. Unidirectional cores show
somewhat of a greater range of variability, with some cores exhibiting a potential for as
many as 13 additional blank removals. However, it is clear that in both cases the majority
of cores fall towards the low end of the scale with three or less potential blank removals.
Statistical comparisons illustrate that there is no significant difference in the distributions
of core remnant uselife between unidirectional and bidirectional flat-faced cores (MannWhitney U=539.0, p=0.56; Kolmogorov-Smimov Z=0.732, p=0.66). The general
conclusion is that most flat-faced cores are reduced to a near-spent stage and show little
potential for further blank removals.

Conclusions: Economic Properties of Blade Technology at Shuidonggou
Blade technology is the predominant feature of the Shuidonggou industry. Blade
cores, blade blanks, retouched blade tools, associated technical elements and blade
debitage constitute more than 30 % of the assemblage, and undoubtedly much of the non
diagnostic debitage is associated in one way or another with the preparation and
maintenance of blade cores. The core technology at Shuidonggou is also unique in many
respects, which may serve to explain why it has been so difficult to classify according to
Western typological traditions. In particular, reduction strategies display a mixture of
features that may be described as both Middle and Upper Paleolithic. The overall
geometric organization of prepared blade cores at Shuidonggou is strikingly similar to the
Levallois method as currently defined (Boeda 1990, 1995; Chazan 1997). Flat-faced
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cores at Shuidonggou display (1) two hierarchically related surfaces, one representing the
platform and the other the primary reduction surface, (2) a production surface that is
organized as a series of linear ridges, or preparations that predetermine the size and shape
of preferential removals, (3) a plane of removal for primary products that is sub-parallel
to the intersection of the two planes, and (4) platforms that are shaped in such a way as to
facilitate the removal of elongate blanks of predetermined shape and size. It is also
important to note that flat-faced cores at Shuidonggou are characterized by the sequential
production of blades, which suggests that it may be reasonably classified as a recurrent
Levallois core technology.
In conjunction with these Middle Paleolithic features there are also a number of
characteristics of the Shuidonggou assemblage that are arguably Upper Paleolithic in
character. The almost exclusive focus on blade production is unusual for a Middle
Paleolithic core technology, though by no means are Levallois and other blade production
systems unheard of in Middle Paleolithic contexts (e.g., Revillion 1995). In addition, the
frequent use of lame a crete preparations in transferring blade production from the
primary surface of the core to the lateral edge is reminiscent of Upper Paleolithic
prismatic blade technologies. However, these technical elements apparently served a
somewhat different function at Shuidonggou compared with known Upper Paleolithic
examples; lame a crete preparations were imposed on the basic Levallois core geometry
towards the end of the reduction sequence as a means of extracting a limited number of
blades from the edge of a core.
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In total, the early classification of Shuidonggou advanced by Emile Licent, Pierre
Teilhard de Chardin, the Abbe Breuil and others is quite accurate in technological terms.
It now appears that other sites in Northeast Asia and western Eurasia, collectively
classified as lUP, display the suite of technological characteristics seen at Shuidonggou
(see Chapter 2; Kuhn et al. 1999). Most important among these is the mixture of Middle
and Upper Paleolithic traits exhibited lUP core technologies.
Why is blade technology so prevalent at Shuidonggou? Presumably, selection of
appropriate cobbles, core preparation, reduction and core maintenance involved a
substantial investment of time and energy to accomplish; flat-faced core technology is by
no means very expedient. Several expedient core types are present at Shuidonggou, but
in depressed frequencies suggesting that they formed a relatively unimportant component
of the overall system of lithic procurement and provisioning represented at the site. The
population of unidirectional and bidirectional flat-faced cores appear quite heavily
reduced with respect to overall blank productivity. Most cores show little potential for
further production of "standard" blade blanks. Both bidirectional and unidirectional cores
also appear to have been reduced up to a certain threshold length defined by the mean
length of their respective blade populations. What is most surprising, however, is that so
much raw material remains "locked up" in discarded cores. This is clear from the
cumulative weights of core and blade blank populations.
These data suggest that flat-faced blade technology is "heavily reduced" with
respect to blade production, but that the thresholds constraining rates of raw material
consumption are set quite high. The goal at Shuidonggou appears to have been the
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production of blade blanks with very specific metric characteristics, which may suggest
dependence on composite tools requiring standardized blade insets (Bar-Yosef and Kuhn
1999). Cores were exploited until they could no longer produce blades meeting these
requirements and then they were discarded. If raw material consumption was an
overriding concern, then we would expect to see cores transformed into other
morphologies once they passed this threshold for ideal blade blank dimensions. For
example, we might expect to see flat-faced cores change from unidirectional and
bidirectional blade production to increasingly convergent or centripetal preparations for
the production of points and flakes (e.g., Baumler 1988). However, there is little
indication that this was the case at Shuidonggou. A number of cores apparently surpassed
this minimum threshold size for blade production by transferring reduction to the narrow
face of the core. However, narrow face reduction was by no means intensive; these cores
apparently were discarded after yielding only a few products. This again shows an
overriding emphasis on standardized blade production.
Protracted reduction sequences clearly are not characteristic of the Shuidonggou
industry. Yet there is important strategic variability represented in both core and blank
populations. In particular, the evidence presented above suggests that there is a strong
strategic basis for the separate reduction trajectories represented by unidirectional and
bidirectional cores. These two reduction trajectories appear to be a response to initial
cobble size. In general, bidirectional reduction strategies were chosen where initial
cobble sizes were above about 61.1 mm. Cobbles initially longer than this value
presumably provided enough raw material to allow for the greater "front-end" waste
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associated with the preparation of opposed striking platforms. Other cobbles were
apparently judged too small to allow preparation of two platforms, but rather followed the
more conservative single platform-unidirectional reduction trajectory. Theoretically there
is also a maximum initial cobble size appropriate for unidirectional reduction. Cobbles
above this size could be more effectively reduced with bidirectional preparation. It is
likely, however, that this boundary was quite flexible and possibly dependent upon
situations such as search times to find cobbles of appropriate size and shape.
Finally, it is important to emphasize that blade length was apparently the driving
concern in the organization of core technology at Shuidonggou. For the entire
assemblage of complete blade blanks it appears that there was a target blade length of
approximately 61 mm. When unidirectional and bidirectional blades are considered
separately there appear to be two separate target lengths, approximately 51 mm and 68
mm, respectively. The possibility that bidirectional blades were specially selected for
transport and use away from the site may suggest that even longer blades were preferred.
There are numerous methods for producing blades, many of which fall within the
Levallois definition (Boeda 1988; Meignen and Bar-Yosef 1988; Mellars 1996; Revillion
1995). However, Upper Paleolithic prismatic blade technology is usually the standard
against which other core organizations are measured. Classic prismatic blade technology
allows the removal of elongate blades from a substantial portion of a core's perimeter,
rather than being restricted to a single surface in the case of Levallois core technology
(Bar-Yosef and Kuhn 1999; Boeda 1988; Mellars 1996: 84-85). Prismatic cores also
allow continuous or recurrent reduction; i.e., each removal prepares the core for
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subsequent removals. Such organization presumably minimizes overall preparation waste
generated during the course of core reduction.
Non-prismatic blade technologies also possess these enhanced economic
properties to a certain degree. Rat-faced core blade cores from Shuidonggou likely rival
prismatic blade cores in their ability to generate continuous series of blades with little
intermediate preparation. While prismatic blade cores may make more efficient use of
raw material volumes by not restricting reduction to a single plane, there was apparently a
balance struck between rates of raw material consumption and core productivity at
Shuidonggou.
The implications for understanding the overall character of the North Chinese
Upper Paleolithic are significant. I turn to these issues next in a concluding synthesis of
our current understanding of the nature of late Pleistocene lithic technologies in Northeast
Asia.

Table 6.1. Shuidonggou core types by raw material.
Raw Malcrial Type

Total

Silicified

Tested Pebble

Chert

Chalcedony

Quailzite

Jasper

Igneous

Limestone

Sandstone

Other

Limestone

Count

Count

Count

Count

Count

Count

Count

Count

Count

5

7

2
1

2

9

5

4

1

10

12

19

2

38

4

7

11

Levallois Flake Core

5

5

Levalktis Point Core

1

1

Prisntaiic Blade Core

1

1

ChangDK>f-Orientation

5

5

Chopping Tool

5

Chopper
Polyhedron

I

Discoid

Pebble Microblade Core

1

3

1

4

Other

2

2

Narrow Faced Core

3

3

Flat-faced Core
Total

3

I

1

8

1

7

34

1

3

68
1

119

1

1

80

2

6

176

3
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Table 6.2. Shuidonggou flat-faced core types.
Scar Pattern
Count
27"

33.8%

LTnidirection Parallel

I

1.3%

Unidirectional with End Trimming

3

3.8%

Bidirectional Opposed

39

48.8%

Bidirectionai Unopposed

8

10.0%

Centripital

2

2J%

Total

80

100.0%

Unidirectional Convergent

%

*- coavetscnt and sub-pwallei types combined

Table 6.3. Shuidonggou flat-faced core platform
types.

General
Platform Type

Cortical
Unfactcted
Faceted

Total

Count
11
32

Col %
13.8%
40.0%

37

463%

80

100.0%
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Table 6.4. Platform types and dorsal cortex cover for all Shuidonggou
debitage and blanks.

General Platform Type

Dorsal
Cortex

Cortical
30

Half
Cortical
I

UnfiKteted
32

Faceted
4

Total
67

42

12

120

29

203

<50%

73

35

394

158

660

0%

155

62

765

405

1387

300

110

1311

596

2317

100%
>50%

Total

CU-Sqaare Tests

Value
Pearson Chi-Square 100J3(f

df
9

Asymp.
Sig.
(2-tailed)
.000

Likelihood Ratio

85.404

9

.000

Linear-by-Linear
Association

62.229

1

.000

N of Valid Cases

2317

a-1 cells (6 J%) have expected count less than S. The
minimum expected count is 3.18.

Table 6.5. Unstandardized residuals for all debitage and
blanks platform types and dorsal cortex.
Residual
General Platform Type

Dorsal
Cortex

Cortical
21.3

Half
Cortical
-2.2

Unfacteted
-5.9

Faceted
-13.2

15.7

2.4

5.1

-23.2

<50%

-12.5

3.7

20.6

-11.8

0%

-24.6

-3.8

-19.8

48.2

100%
>50%
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Table 6.6. Platfonn and dorsal cortex cover for blades, flake-blades
and other Levallois-like endproducts.
Count
Dorsal Coftex
Platform Cortex

100%

>50 %

<50%

I

6

0%
24

Total
31

7

7

4

16

20

5

97

466

568

6

107

513

626

>50%
<50%
0%
Total
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Table 6.7. Frequencies of flat-faced cores, complete blades and blade tools by
reduction pattern.
Count
General Scar Pattern

Flat-faced Cores
Whole Blades
Blade Tools
Total

Unidirectional
28

Bidirectional
42

Bidirectional
Unopposed
8

16
107

21
34

4
9

151

97

21

Centripital
2

Total
80
41
150

2
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Chi-Square Test#

Pearson Chi>Square

Value
30.981'

df
2

Asymp.
Sig.
(2-tailed)
.000

Likelihood Ratio

31J39

2

.000

Linear-by-Linear
Associadcn

28.064

1

.000

N of Valid Cases

248

*- 0 cells (.OH) have expected count less thmS. The minimum
expected count is 14.47.
Unidiicctiaaai aod bidinctioaal specimens only.

Table 6.8. Residuals for flat-faced cores, complete blades and blade tools by
reduction pattern.
Residual
General Scar Pattern
Unidirectioaai
-16.6

Bidirectional
13.4

Bidirectional
Unopposed
1.8

Centripital
1.4

Whole Blades

•6.8

6.3

.8

-3

Blade Tools

23.4

-19.7

-2.6

-l.l

FIat-&ced Cores
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Figure 6.1. Schematic illustration of the principal flat-faced core types present at
Shuidonggou. Reduction begins with (a) selection of an alluvial cobble and (b) simple
platform preparation. Cores may then follow a trajectory of either (c) single platform
unidirectional, or (d) opposed platform bidirectional reduction. Both core types may also
show crested blade preparation along one edge (e), which when removed permits additional
narrow-face reduction (f). The five types of crested blades identified in the Shuidonggou
collections are also shown.
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Figure 6.2. Unidirectional and bidirectional flat-faced cores from Shuidonggou.
Bidirectional forms, a-d, e, i; unidirectional and unidirectional with end trimming forms, fh, j-l. Illustrations by K. W. Kerry.
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Figure 6.3. Flat-faced core variants from Shutdonggou. Bidirectional cores with additional
narrow-face reduction, a-b; Heavily woriced unidirectional and bidirectional cores with
additional reduction on the back of the core (change-of-orientation), c-e. Illustrations by
K.W.Kerry.
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Figure 64. Flat-faced core technical elements, end products and retouched pieces from
Shuidonggou. Crested blades, a-d; bidirectional blades, e-f; unidirectional blades, g-h;
Levailois-like points, i-j; retouched blades, k-1. Illustrations by K.W. Kerry.
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Figure 6.5. Boxplot of Shuidonggou flat-faced core lengths.
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Figure 6.6. Threshold lengths for Shuidonggou (a) unidirectional and (b) bidirectional flatfacedcores. The cutofifreference line is at 61.1 mm.
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Chapter 7: Summary and Interpretations
Summary of Results
The overriding pattern seen in the North Chinese Paleolithic sequence is persistent
technological simpUcity. Shuidonggou is a conspicuous outlier in this context, but is
closely related to the development of lUP technological adaptations in greater Northeast
Asia. The central focus of this dissertation has been to evaluate potential explanations for
the presence of Shuidonggou and, by implication, why elaborate stone technologies such
as [UP blade production strategies are so rare in North China overall.
Statistical comparisons presented in Chapter 2 provide the first comprehensive
regional characterization of Northeast Asian lUP. The sites compared in these analyses
included Shuidonggou in Northwest China, Tsagaan Agui and Chikhen Agui in the
Mongolian Gobi and Kara Bom in southern Siberia. The primary characteristics of the
lUP in Northeast Asia include: (1) a predominance of Levallois-like flat-faced cores
dedicated to the production of elongate blades, and occasionally also elongate and classic
Levallois points; (2) heavy platform faceting for preparing and maintaining striking
platforms; and (3) retouched tool assemblages showing high frequencies of side scrapers,
notch-denticulates and retouched blades. With the exception of the typological character
of the retouched tool assemblages, the technological features identified among these
Northeast Asian sites run parallel to those seen in lUP assemblages from western Eurasia
(see Bar-Yosef and Kuhn 1999; Kuhn et al. 1999; Svoboda et al. 1996; Svoboda and

237
Svoboda 1985). The tool assemblages examined here are dominated by types
traditionally considered diagnostic of the MP.
Importantly, it is possible to suggest that the lUP in Northeast Asia is related to an
increased complexity of raw material exploitation patterns. This is evident particularly at
Tsagaan Agui and Chikhen Agui where the appearance of lUP blade technologies
coincides with the first documented use of exotic, non-local raw materials. Only those
raw materials that were available in the immediate surroundings are found in the MP
horizons at Tsagaan Agui. And Chikhen Agui was not occupied prior to the lUP possibly
because of the absence of workable stone in the area. By way of comparison, MP
assemblages from western Europe typically contain at least 5 % stone raw materials
derived from sources 5-20 km from the site, and 1-2 % from sources 30-100 km away
(Mellars 1996:147). Hypothetically, expanded raw material utilization patterns during
the lUP in Northeast Asia may reflect higher levels of mobility, larger foraging
catchments and perhaps a push to occupy new territories, especially those that may have
been considered marginal with respect to the availability of usable tool stone.
Stratigraphic and geochronological information place the origins of lUP
adaptations in Northeast Asia as early as 43 ka at Kara Bom (Goebel et al. 1993). These
ages are comparable to those determined for lUP assemblages from localities in western
Eurasia (see Kuhn et aL 1999). In Mongolia, the earliest available ages for the lUP are
33-27 ka, and Shuidonggou in North China may be even younger (25-17 ka). These ages
are younger than even the latest Bohunician lUP assemblages from central Europe dated
to 36 ka (Svoboda et al. 1996: 107).
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The available evidence from Siberia may suggest a local evolution of lUP
technologies from a MP precursor, though this conclusion is somewhat inevitable since
the lUP is defined on the basis of technologies showing both MP and UP characteristics
(e.g., Kuhn et al. 1999). Indeed, the MP and UP horizons from Kara Bom are similar in
most respects, differing only in the overwhelming frequency of blades and blade-based
tools in the UP horizons (but see Goebei 1994; Goebei ef aL 1993). A local transition in
Mongolia is also a possibility given that there are Levallois-like prepared core
technologies represented in MP contexts (Chapter 5; see also Derevianko et al. 1998;
Derevianko and Petrin 1995a; Jaubert et al. 1997). In North China, however, there is no
viable MP precursor for the lUP flat-faced core technology seen at Shuidonggou. Rather,
Shuidonggou is reasonably derived from sources to the North.
There is good reason to conclude that biogeographic and demographic processes
played important roles in structuring late Pleistocene lithic technological adaptations in
Northeast Asia, especially the appearance and spread of lUP technologies. Biogeographic
barriers to hominid population dispersal were modeled in Chapter 3 as a function of
forager mobility levels and tolerance thresholds to environmental extremes. The
persistence of extreme environmental conditions such as high-elevation terrain, extreme
cold and fresh water deficits over geographical distances as little as 100 km (10,000 km")
may have periodically created effective dispersal barriers.
High-elevation mountain ranges dominate much of the Northeast Asian landscape,
and in most cases form fixed biogeographic barriers. Between the mountain ranges
forming the Tibet Plateau, Tian Shan and Altai are numerous broad basins that provide
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potential corridors for East-West population movements. However, extreme fluctuations
in climates and environments over the course of the late Pleistocene may have
periodically blocked hominid population dispersals through these natural corridors.
Northeast Asia was relatively warm and wet between 40-25 ka

Stage 3) as

evidenced by increased rainfall, high lake stands, contraction of the regional deserts, and
extensive pedogenesis. Basin corridors were likely open during this time interval.
Conditions deteriorated during the LGM (22-18 ka) when regional lakes virtually
disappeared, desert-steppe biomes expanded, permafrost migrated south and east and
massive loess sections were deposited on the Chinese central loess plateau. Barriers to
extensive population movements are expected during this time. Conditions then
rebounded after about 15 ka, opening once again the basin corridors, though precipitation
and lakes did not attain their pre-LGM levels.
Archaeological evidence from Siberia, Mongolia and Shuidonggou in Northwest
China presents a pattern of rising and falling occupation intensities in phase with the
regional climatic sequence. The relatively benign environmental conditions that
prevailed between 40-25 ka coincided with the expansion of lUP blade technologies from
Siberia (43 ka) into Mongolia (33-27 ka) and Northwest China, represented by
Shuidonggou, perhaps as late as 25-17 ka. The radiocarbon record from Siberia indicates
a peak in the frequency of occupied sites during

Stage 3 (Kuzmin and Orlova 1998).

Occupation intensities also increased dramatically at Tsagaan Agui during this time
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interval, as shown by high relative artifact densities, and Chikhen Agui is occupied for
the first time.
Populations were present in Northeast Asia during both the early glacial (80-50
ka) and the LGM (22-18 ka), but at low densities. The trough in radiocarbon dated sites
in Siberia during the LGM, the extremely low artifact densities in Strata 6-5 (possibly
Stage 4) and Stratum 2 (LGM) at Tsagaan Agui. and the abandonment of Chikhen
Agui during the LGM attests to widespread population declines (perhaps even local
extirpations) during the coldest periods of the late Pleistocene. The amelioration of
climatic and environmental conditions in Northeast Asia after the LGM coincides with
the appearance and rapid spread of microlithic technologies (see Kuzmin and Orlova
1998), duplicating the patterns seen in the origin and expansion of lUP technologies
during 5'^0 Stage 3. These latter parallels require further investigation.
The mathematical models presented in Chapter 4 provide some foundation for
understanding why Levallois-like core technologies form such an important part of the
lUP expansion in Northeast Asia after 43 ka. Contrary to phylogenetic models, which
imply that the spread of Levallois-like core technologies reflects the spread of particular
hominid species (e.g., Foley and Lahr 1997), these mathematical models suggest that the
specific form taken by Levallois core technologies and its widespread distribution are
grounded in economic and ecological processes. Levallois core reduction is very efficient
at minimizing raw material waste from core preparation, extremely productive in
generating usable tool blanks and flexible in how efficient core reduction can be
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achieved. Minor deviations from an idealized Levallois core geometry produce major
losses in efficiency, productivity and flexibility.

Ecological and economic pressures to

minimize raw material waste and maximize core productivity may underlie the repeated
convergent evolution of Levallois-like core technologies, while stabilizing selection
might account for its persistence. In Northeast Asia, ecological pressures from, for
example, increasing population densities, high mobility, or risks associated with
occupying new and uncertain environments might have stimulated demands for such
efficiency and productivity. Thus, the spread of Levallois-like blade technologies during
the lUP may reflect the diffusion of ecological conditions independent of the diaspora of
any given hominid species.
The analyses presented in Chapter 5 indicate also that economic and ecological
concerns may override the negative effects of raw material quality. Levallois-like broadfaced cores are conspicuous in the Lower Grotto at Tsagaan Agui, despite the poor quality
of raw material available at the site. Indeed, prepared core technologies at Tsagaan Agui
appear to have developed specifically in response to poor raw material quality. The
implication is that poor quality raw material does not require simple, or informal
technological designs. Access to only poor quality stone raw materials thus offers an
unlikely explanation for the simple character of the North Chinese Paleolithic sequence.
While raw material is not particularly poor in quality at Shuidonggou, it is extremely
tough and requires substantial percussion force to work. Despite these problems, certain
economizing principles were driving the specialized focus on blade production at this site
(Chapter 6). Most importantly, flat-faced core reduction at Shuidonggou was aimed at
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the production of blades of very specific target dimensions and cores were apparently
discarded once these metric dimensions were passed. Such concerns may indicate
dependence on composite tools using blade insets.
At this point, it is possible to draw a number of specific conclusions from this
research, one related to the phenomenon of Shuidonggou and the other to the apparently
simple character of the majority of other late Pleistocene assemblages in North China.

The Origins of Shuidonggou
The emergence of lUP technologies in Northeast Asia minimally encompassed
southern Siberia, Mongolia and parts of Northwest China. The ameliorated climatic and
environmental conditions of S'^O Stage 3 may have first stimulated population growth,
and subsequently ecological conditions favoring the efficiency, productivity and
flexibility of Levallois-like blade technologies characteristic of the lUP. The assemblages
from Kara Bom, Tsagaan Agui, Chikhen Agui and finally Shuidonggou may represent
successive points in a northwest-southeast range expansion of [UP populations (and lUP
ecological conditions). This population spread may have ultimately terminated in North
China with the return to the extreme conditions of the LGM. At present, there is no
evidence to identify this expansion of lUP blade technologies in Northeast Asia with any
particular hominid species. There are no hominid fossils associated with the lUP
assemblages examined here, nor are there any such associations with other [UP
assemblages known from southern Siberia (Derevianko et al. 1998). [t is therefore
inappropriate to attach the research findings presented here to any existing models for the
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origin and spread of anatomically modem humans (i.e., "out of Africa" or "regional
continuity").
The exact causal connections between the climatic conditions of 5'®0 Stage 3 and
the potential for population growth and range expansion are not entirely clear. It is
possible to speculate that improved environmental conditions induced relatively minor
changes in intrinsic rates of population increase—through increased fertility and/or
decreased mortality rates—leading to net population growth (see Stiner et al. 1999).
Total fertility rates (TFR) among the Greenland Inuit (TFR=3.5), for example, correspond
to an intrinsic rate of population increase (r) of approximately 0.22 and a population
doubling time of 3.1 generations, assuming stable mortality levels (see Kelly 1995:Table
6-1). An increase in TFR to a level similar to that observed among the Ache (TFR=7.8)
would raise the intrinsic rate of increase (r) to 1.22 and shorten the population doubling
time to only 0.6 generations (see Hill and Hurtado 1996). A change in total fertility levels
of this magnitude during

Stage 3 would have had a dramatic effect on the

demographic landscape.
Perhaps the most significant environmental influences on population growth are
resource availability and quality. Sufficient resources are necessary to sustain high
population growth rates and rapid growth is most often held in check by limited
resources. Although specific data are lacking, it is possible to conclude that there were
major qualitative differences in the quality and abundance of available resources in
Northeast Asia between the cool-wet conditions associated with 5'^0 Stage 3 and the
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extreme cold-dry conditions of the preceding early glacial (S'^O Stage 4) and the LGM.
Climatic amelioration 40-25 ka may have reduced mortality rates, through diminished
exposure to extremes of temperature and low water availability, or affected both fertility
and mortality, through greater resource abundance and quality. At the same time,
population growth may have been facilitated by behavioral innovations, reflected in the
elaboration of lUP blade technologies and greater mobility levels, that expanded resource
catchments and opened new territories to occupation (see Carbonell et al. 1999; Stiner et

al. 1999).
Where resource shortfalls were encountered, range expansion may have provided
a "pressure valve" allowing continued population growth. Rising local population
densities theoretically lead to decreases in individual foraging returns (Kelly 1995; Smith
1991; Winterhalder et al. 1988). If populations grow quickly enough, a point is reached
where increased diet breadth fails to provide sufficient local energy returns. Populations
then decline towards a local optimum density (i.e., carrying capacity) either through
increased mortality, decreased fertility, or range expansion. Range expansion driven by
local population pressures may have allowed lUP sub-populations to regain access to
higher ranked resources and sustain continued growth.
It is difficult to fully define the nature and geographical shape of this postulated
population expansion during

Stage 3. The available radiometric dates for lUP

assemblages from Kara Bom (43 ka), Tsagaan Agui (33 ka), Chikhen Agui (30-27 ka)
and Shuidonggou (25-17 ka) suggest a time transgressive process, though clearly these
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are only a handful of sites from a vast territory. Moreover, the dates from Shuidonggou
may be questioned on several grounds, leading to an uncertainty of as much as 11,000
years in the age of this site. These limitations acknowledged, it is still possible to discuss
boundaries on the magnitude of population growth that would account for the distribution
of the study sites in time and space. A simple logical model may be used. The model
assumes that: (I) there is a finite territory that encompasses all of the study sites; (2) all
locations with the territory are equally likely to be occupied; (3) a stable population
density is achieved throughout; and (4) average forager group size is 25 individuals. The
finite territory containing Kara Bom in the northwest and Shuidonggou in the southeast is
approximately 2,250,000 km" in area. A hypothetical band of 25 foragers living at a
stable density of 0.04 persons/km" would occupy an initial territory of 625 km". Each
time the population doubles the territory size must also double to maintain a stable
population density. This process continues until the entire territory is filled.

Note that

territory doubling time can be used to estimate population doubling time, so long as
constant group sizes and densities are maintained.
Accepting the available dates for the study sites at face value, complete
occupation of the 2,250,000 km" territory was accomplished in 18,000 years. This
corresponds to a colonization rate of approximately 125 km" of newly occupied territory
every year. In adding 125 km" every year, the initial band of 25 foragers would tend to
double its territory size (and population) every 5 years. The intrinsic rate of population
increase (r) can be calculated from this estimate of doubling time (trouble) using the
equation r=ln(2)/tdoubic (Gotelli 1998: 8). The above colonization rate therefore reflects
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an intrinsic population growth rate (r) of 0.139 and a TFR of 3.3. Note that this estimate
of the TFR (using an exponential model!) is below the mean value (TFR=5.3) for
ethnographic foraging populations, and is between values reported for the arctic
Greenland Inuit (TFR=3.5) and the tropical forest Efe (TFR=2.6) (Kelly 1995:208).
If the U-Series dates from Shuidonggou of approximately 34 ka are used in place
of the available radiocarbon evidence, then the study area may have been colonized in as
little as 9,000 years. This corresponds to a colonization rate of 250 km" of newly
occupied territory every year. The same methods of calculation translate this colonization
rate into an intrinsic population growth rate of 0.277 and a TFR of approximately 3.6.
This latter value is still well below the ethnographic mean and is only slightly higher than
that observed among the Greenland Inuit.
Higher density occupations would require higher overall fertility rates to fill the
same total area. For example, foraging bands living at a density of 0.16 persons/km", four
times the hypothetical density used above, would colonize the study area in 9,000 years
given an intrinsic rate of increase of 1.1, or a TFR of 7.1. This TFR estimate is
comparable to that observed among the Ache; essentially the maximum fertility rate
observed among any ethnographic foraging group (Early and Headland 1998; Hill and
Hurtado 1996; Kelly 1995).
These modeling exercises are intended to serve only as examples of the potential
boundary conditions on population growth and range expansion in the study area. In
truth, not all of Northeast Asia is equally likely to have been occupied, a point
emphasized in the biogeographic models presented in Chapter 3. In addition, local
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population densities likely varied over a range of values at any give point in time. As a
consequence, rates for population (and range size) doubling are not likely to have been
constant. Both of these observations lead to a further conclusion that even lower rates of
population growth might explain the distribution of the study sites in time and space. In
contrast, high mortality rates would tend to operate in the opposite direction; sustained
high mortality would require even higher basal fertility rates to drive population
expansion into the Gobi and Northwest China at the observed times. It is interesting to
note in this regard that high basal fertility combined with high mortality rates are
considered natural demographic characteristics of the San Ildefonso Agta and a number of
other foraging groups (Early and Headland 1998). Such a combination of demographic
parameters may allow foraging populations to respond rapidly to changing environmental
conditions; high mortality prevailing when conditions decline and high fertility quickly
emerging when conditions improve.
While the above models are simplistic in a number of ways, they do illustrate one
critical point: The rate of expansion of lUP populations in Northeast Asia during 5'^0
Stage 3 falls within the demographic potentials observed among a number of
ethnographic foraging populations. It is not necessary to invoke a "population
explosion," or special "dispersal mode" to explain the distribution of the study sites in
time and space.
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The Failure of lUP Technologies in Northeast Asia
The failure lUP technologies to spread beyond Shuidonggou to other parts of East
Asia is not extraordinary within the context of the models discussed above. The regular
demographic processes invoked in explaining the appearance and spread of lUP
technologies, may also underlie the termination of this expansion. The return to the
extreme climatic and environmental conditions of the LGM need only have caused
relatively minor decreases in total fertility rates and/or increases in mortality rates to
affect dramatic population contraction. Current evidence suggests that there were
widespread population declines (even local extirpations) throughout Northeast Asia
during the LGM. This is apparent in the severely depressed radiocarbon profile for
Siberia (Kuzmin and Orlova 1998) and the near abandonment of the Gobi documented at
Tsagaan Agui and Chikhen Agui 23-12 ka (Chapter 3). And there are no known
archaeological sites in North China that date to the LGM, except for possibly
Zhoukoudian Upper Cave (Wu and Olsen 1985). Local extirpations of FUP populations
in North China during the LGM obviates the persistence of lUP technologies, regardless
of the mechanisms of transmission underlying the earlier spread. Reoccupation of vast
areas in Northeast Asia in the post-glacial period witnessed the spread of microlithic
("Epi-paleolithic") industries, with no apparent direct connection to the pre-LGM
expansion of the lUP.
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The North Chinese Archaeological Sequence
The well-documented persistence of simple core-and-flake technologies in North
China is so unexpected on theoretical grounds, making potential explanations difficult to
articulate. Periodic biogeographic isolation of the North Chinese environment is a
realistic possibility warranting further investigation. Biogeographic processes may have
been responsible for the failure of any number of technologies (including the lUP) to
spread into the region. Yet, invoking these processes as a single causal mechanism fails
to explain why complex core and tool reduction strategies did not arise independently in
North China.
The mathematical models developed in Chapter 4 lead to an expectation of
repeated convergent evolution of Levallois-Iike prepared core technologies where there
are selective pressures for stone raw material efficiency and productivity. And analyses
of the core technologies found in the Lower Grotto at Tsagaan Agui illustrates that the
use of poor quality stone raw materials may have a significant impact on core reduction
trajectories, but cannot entirely override economic concerns. Excluding these
possibilites. we are left with two potential explanations: (1) the selective pressures
driving the appearance and elaboration of prepared core technologies such as lUP blade
production strategies did not exist in North China; or (2) the extant core-and-flake
technologies (combined possibly with perishables) proved functionally sufficient in most
ecological contexts. The first explanation seems unlikely given that a rage of proxy
records from North China identify Pleistocene climatic and environmental fluctuations of
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comparable magnitude and sequence to those documented elsewhere in Eurasia.
Presumably populations in both North China and western Eurasia were confronted with
many of the same selective pressures issuing from these fluctuations.
The second explanation implies either that prepared core technologies do not offer
the ecological and economic benefits frequently attributed to them, or that the persistence
of simple-core-and-flake technologies in North China entailed major fitness costs for its
users, relative to populations relying at least partially on prepared core technologies.
Fitness is difficult to measure in any rigorous way, at this scale of analysis. Anecdotally,
the advantages inherent in the use of simple core-and-flake technologies, such as the
ubiquity of suitable raw materials and the ease with which flake and core tools can be
replaced, are presumably balanced (even outweighed) by serious disadvantages, such as
the inflexibility associated with using unstandardized blanks to design and maintain
specialized technologies including projectiles and complex composite tools. Depth of
planning and the ability to effectively manage time stressed resources might be seriously
compromised when limited to only simple core-and-flake technologies; although the
ability to capitalize on unexpected resource encounters may be enhanced (e.g., Binford
1979; Carbonell et al. 1999). Such limitations may have mandated very low local
carrying capacities for the foraging groups using these simple core-and-flake
technologies. While this is not a certain ticket to extinction, the resulting low density
populations may have been extremely susceptible to frequent local extirpation and
perhaps rapid replacement (e.g., Carbonell et al. 1999; Stiner et al. 1999). Why such
replacements did not occur remains a major question for future research.
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Summary
In conclusion, Shuidonggou continues to stand apart from the majority of
archaeological sites in North China, but appears to be associated with a broader
expansion of lUP technologies in Northeast Asia between 40-25 ka. There is no specific
evidence to suggest that anatomically modem humans were involved in this expansion of
[UP technologies.
It is not yet possible to explain the relatively simple character of the North
Chinese Paleolithic sequence, a hot topic for debate for decades. However, it possible to
exclude phylogenetic factors and restricted use of poor quality raw materials as solitary
explanations. Although the remaining possible explanations are still purely speculative,
they do introduce an ecological perspective much needed in the long-standing debate over
the character of the North Chinese Paleolithic sequence. Future research will explore the
theoretical and methodological issues raised by these unanswered questions.
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