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EXTREME MEASURES: UPPER PALEOLITHIC RAW MATERIAL PROVISIONING 

STRATEGIES AND SETTLEMENT OF THE TRANSBAIKAL REGION, SIBERIA 

Abstract 

 

By KARISA TERRY, Ph.D. 
WASHINGTON STATE UNIVERSITY 

May 2010 
 
 
 

Chair:  Robert Ackerman 
 

This study investigates technological change and human settlement of the Transbaikal 

region, southern Siberia during the roughly 30,000-year interval of the Upper Paleolithic period, 

a time marked by extreme climatic and ecological fluctuations at the end of the last Ice Age.  As 

such, technological changes in lithic assemblage data from nine sites are evaluated in terms of 

technological provisioning strategies, technological innovation, and the maintenance of social 

safety-nets through reciprocity of exotic goods.  

Lithic assemblages from previously excavated Early (Tolbaga), Middle (Chitkan, 

Kunalei, Melnichnoe, and Priiskovoe), and Late (Studenoe 1 and 2 and Ust’ Menza 1 and 2) 

Upper Paleolithic sites were assessed and compared in terms of artifact manufacture, use-life, 

and transport, as well as toolkit composition. Field investigations centered on identification of 

lithic raw material availability within the vicinity of each site. 

Changes in lithic technology, lithic raw material provisioning strategies, and land use 

correlate to ecological changes just before and during the Last Glacial Maximum (LGM). The 

Early Upper Paleolithic is characterized by large blade production through Levallois-like 

technology from locally available toolstone. Settlements were more permanent during this 
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relatively warm period. As the climate cooled during the Middle Upper Paleolithic hunter-

gatherers utilized extraction camps to augment dwindling faunal resources around residential 

bases. Scarce high-quality non-local chert and quartzite was conserved and reduced utilizing 

microcores to fashion implements and inserts for slotted hunting tools that were subsequently 

transported to extraction camps. As the climate became increasingly cold and dry with the onset 

of the LGM, residences were moved frequently and people transported their lithic toolkits, 

comprising extremely efficient microblade technology produced on high-quality non-local 

cherts. 

Technological changes may not reflect new human populations in the Transbaikal as only 

select portions of the toolkits changed to reduce the risk associated with fluctuating resource 

availability. Moreover, social networks likely increased over time, marked by an influx of non-

local, high-quality raw materials and a switch from a microcore to a microblade technology prior 

to and during the LGM. 
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CHAPTER ONE 

DEFINING THE RESEARCH PROBLEMS IN THE TRANSBAIKAL REGION, 

SIBERIA 

Human dispersal into the northern-most reaches of Siberia during the Upper Paleolithic 

period (40,000-10,000 14C BP) was not a rapid advance of humans into the arctic, rather a slow 

progression over roughly 30,000 years (Chlachula 2001; Dolukhanov et al. 2002; Goebel 1999; 

Klein 1971, 1975). However, only recently have researchers begun focusing on technological or 

human adaptive responses to changing environmental conditions during this time period. Rather, 

many studies of the Siberian Paleolithic period center around the typological characterization of 

tool assemblages and timing of their appearance. During the 30,000-year interval of the Upper 

Paleolithic, human groups developed distinct sets of behaviors in response to ecological 

transformations in Siberia. The periodization of the Upper Paleolithic into the following 

intervals- the Early Upper Paleolithic (EUP) (40,000-27,000 14C BP), the Middle Upper 

Paleolithic (MUP) (27,000- 18,000 14C  BP), and the Late Upper Paleolithic (LUP) (18,000- 

10,000 14C BP) is a reflection of those adaptations (Goebel 1999; Dolukanov 2002). The 

patterning of lithic technology in hunter-gatherer studies provides strong evidence that stone tool 

technology found across Siberia during the Upper Paleolithic reflect hunter-gatherer responses to 

climatic and environmental fluctuations during the last Ice Age. This research is guided by the 

problem of how humans settled Siberia at various times during the Upper Paleolithic period 

through the exploration of how technological provisioning strategies in terms of lithic raw 

material acquisition, artifact manufacture, use-life, and transport, articulate with changing 

ecological landscapes, technological innovation, and hunter-gatherer social connections during 

the late Pleistocene in the Transbaikal region of southern Siberia (Figure 1.1). 
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Figure 1.1 Map of Siberia showing the Transbaikal Region and the study sites. Sites include 1 
Tolbaga, 2 Kunalei, 3 Priiskovoe, 4 Melnichnoe 2, 5 Chitkan, 6 Ust’ Menza 1 and 2, 7 Studenoe 
1 and 2.  
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 3 

 The Transbaikal region holds archaeological evidence crucial to understanding this 

challenging question of human dispersal into Siberia. First, the Transbaikal region was occupied 

during the entire Upper Paleolithic period providing a continuous archaeological record of past 

human activities in the area. Because of its unique position in the contact zone between North 

and Central Asia, the Transbaikal likely acted as a refuge for human and herbivore populations 

during the glacial maximums (Lbova 2002). This region may also have served as a portal for 

human dispersal during warmer stages from Mongolia, China, and Central Asia to Yakutia, 

Beringia, and ultimately the New World (Goebel 1999). The main issue of this dissertation is to 

characterize the multi-episodes of human settlement in the Transbaikal region during the Upper 

Paleolithic Period. During all time periods, factors such as settlement and mobility patterns, 

faunal exploitation, acquisition and maintenance of tool stone, and tool design elements must be 

studied on a site by site basis to build the necessary body of data to understand these human 

dispersal processes on a regional basis. Only after assessing regional patterns can we then start to 

piece together the spread of humans into the vast region of Siberia. 

Research Problems 

Migration, dispersal, and colonization are terms with a variety of meanings in 

archaeological contexts including the initial peopling of unoccupied lands, movement of one 

population to another area, and the flow of information and genes between populations, among 

others (Gamble 1994). The archaeological usage of these terms are in contrast to their biological 

meanings where human dispersal is thought of as “one-time, non-return movements” (Dingle 

1996; Fix 1999) and migration refers to the long-distance roundtrip movements of organisms 

(Dingle 1996; Fix 1999). Some anthropologists, geneticists, and demographers consider 

migration as movements between two populations, with a population sharing common behaviors  
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or genetics (Fix 1999). This study will follow Gamble’s (1994) terminology. Migration is short-

term movement of a population between locations that differ environmentally or seasonally 

whereas dispersal involves the population expanding across the landscape to a location not 

previously occupied by them. Colonization, on the other hand, involves the same process as 

dispersal, but at a larger magnitude reaching over great geographic areas and expanses of time, 

inhabiting new habitats that were previously unoccupied. Many archaeologists acknowledge that 

the settlement process should be regarded in terms of whether empty or populated lands are 

involved as different strategies are employed and their outcomes may differ (Fidel 2004; Meltzer 

2003, 2004; Rockman 2003). Central to questions about how humans settled certain areas are 

ways that they were able to gather knowledge about that landscape in terms of ecological and 

social resources, physical terrain, as well as the “push-pull” factors prompting movement 

(Anderson and Gillam 2000; Kelly and Todd 1988; Rockman 2003; Rockman and Steele 2003; 

Meltzer 2004; MacDonald 2004; Moore 2001). This study will incorporate these aspects of 

landscape learning into the settlement process of the Transbaikal region. 

Transitions are typically the focus of a great deal of research within the discipline of 

archaeology and the Upper Paleolithic period in Siberia is no exception. Recently, two clear 

shifts in lithic toolkits representing the beginning of the early and subsequently late Upper 

Paleolithic periods have received considerable attention from researchers working on Siberian 

prehistory. In both cases, investigators suggest that the alteration in lithic technology is a 

reflection of human dispersal into the region resulting ultimately in colonization. 

Currently, investigations have involved a study of the transition from the Middle 

Paleolithic to the Early Upper Paleolithic of the Altai, Yenesei, and Transbaikal regions of 

southern Siberia, where sites of both time periods are found. Much of the work in Siberia has 
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centered on techno-typological comparisons of stone toolkits, especially regarding Levallois 

technology with Mousterian tool types such as Levallois points, side scrapers, denticulates, and 

notches in Middle Upper Paleolithic sites to a blade based industry produced using a Levallois-

like technology within Early Upper Paleolithic assemblages. These studies comparing 

archaeological material over vast regions of Eurasia including China, Mongolia, and Central 

Asia indicate that change was relatively gradual, taking place over at most 40,000-30,000 years 

ago, with widespread affiliations (Brantingham 2000; Derevianko et al. 1998; Goebel 1993; 

1999). Some researchers see this change as an in-place development (Derevianko 2005; Lbova 

2005; Vasil’ev 2005) while others argue for an influx of human populations bringing in this new 

Levallois-like technology (Dolukanov et al. 2002; Goebel 1993; Otte and Koslowski 2005).  

In recent years a lively debated has been generated over the emergence of microblade 

technology, the second transitional period, in Siberia around 21,000 to 18,000 14C BP (Graf 

2009; Goebel 1999; Goebel et al. 2000a; Hoffecker and Elias 2003; Kuzmin 2008, 2009; Kuzmin 

and Keates 2005; Kuzmin and Orlova 1998). During this interval another dramatic 

environmental event, the Last Glacial Maximum (LGM), a time of extreme cold temperatures 

and dryness, occurred at approximately 19,500-16,100 14C BP (Mix et al. 2001). Goebel et al. 

(2000a) argue that the first conclusive evidence of microblade technology in Siberia appears 

roughly at 18,000 14C BP in the Transbaikal region, then spread northward into the rest of 

Siberia. Others, such as Kuzmin 2008; Kuzmin and Keates (2005), Kuzmin and Orlova (1998), 

report earlier radiocarbon ages of 24,000 to 20,000 14C BP for the appearance of microblades in 

western, eastern, and central parts of Siberia. Despite these disputes over when microblade 

technology appeared, stone tool technology studies can address its origin. More specifically, 

comparisons of technological systems utilized both during the Middle Upper Paleolithic (MUP) 
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and Late Upper Paleolithic (LUP) can determine whether microblade technology of the Late 

Upper Paleolithic was an in situ technological innovation or development from the Middle Upper 

Paleolithic, or if it represents a replacement of existing technology with one from more southern 

areas such as Mongolia or China.  

The focus of much of this research is centered around techno-typological comparisons of 

lithic toolkits just before and after technological shifts of the Early and Late Upper Paleolithic 

periods, resulting in several short-comings. First, there is a poor understanding of stone 

technological production systems leading to static interpretations of stone tool techno-typologies 

and misconceptions about reduction systems. One outcome of this view is confusion about 

micro-technology, microblade technology, and how they relate to each other and fit into the 

Upper Paleolithic archaeological record of Siberia. Secondly, there is, in general, a weak 

comprehension of hunter-gatherer adaptations to regional environments during the Upper 

Paleolithic period when climate was in extreme flux from a glacial to an interglacial period, with 

several episodic warm and cold periods in between. Finally, the concentration of studies during 

periods of seemingly dramatic changes in lithic tool assemblages (i.e., to large blades during the 

EUP and microblades during the LUP) has resulted in the neglect of more subtle shifts in 

technological systems between these transitional times, especially during the Middle Upper 

Paleolithic.  

This study addresses some of these problems to gain a better comprehension of 

technological change over the course of the Upper Paleolithic in the Transbaikal region. 

Comparisons of reduction sequences, land-use patterns and the acquisition, production, and 

maintenance of tool stone during the entire Upper Paleolithic period allows a more robust body 
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of data on which to base interpretations about this complex process of lithic technological 

transformations.  

The Scope of Research and Goals 

The nature of technological change during the Upper Paleolithic of the Transbaikal 

region is explored through the integration of several techniques. Stone tool reduction sequences 

were mapped out for each time period to identify similarities and differences in procedures 

through time. Lithic raw material procurement and utilization, as well as toolkit design over the 

entire course of the Upper Paleolithic period (Early to Middle to Late Upper Paleolithic) was 

compared to determine how hunter-gatherers managed their interactions with the landscape in 

terms of types and frequency of movements, the levels of both food and lithic resource 

uncertainty and risk, and types of scheduling involved to decrease these risks. Predictions from 

human behavioral ecology models were utilized to assess various interactions in terms of 

technology, resource use, and risk reduction techniques found during different time periods. An 

in-depth analysis of cores, tools, and debitage was conducted on lithic assemblages from 

previously excavated sites of Early (Tolbaga), Middle (Chitkan, Kunalei, Melnichnoe 2, and 

Priiskovoe), and Late (Studenoe 1, Studenoe 2, Ust’ Menza 1, and Ust’ Menza 2) Upper 

Paleolithic age housed in the Chita Pedogological Archaeology Museum and the Transbaikal 

Regional Museum of Natural and Human History located in Chita, Russia. The goal of this 

dissertation is to integrate these comparisons into a model drawing from several lines of evidence 

including environmental, archaeological, and genetic data in an effort to explain the process of 

human settlement in the Transbaikal region, and discern what it may tell us about this process 

across Siberia. 
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To provide the context for this endeavor an in-depth coverage of both Pleistocene 

paleoenvironmental conditions and Paleolithic prehistory in the Transbaikal region and Siberia is 

presented in Chapter 2. This chapter focuses on the Pleistocene paleoenvironmental conditions 

from roughly 128,000-12,000 BP with information on temperatures, aridity, and plant and animal 

communities gleaned from isotopic, palynological, and geomorphological studies. These data are 

provided because they are critical to long-term analysis of available resources to hunter-gatherers 

at various times during the Upper Paleolithic period that will be used to identify how foragers 

responded to variation through technological and land-use trends. The Paleolithic prehistory of 

the area is also presented in Chapter 2 providing detailed review of previous archaeological and 

genetic investigations of the Middle and Upper Paleolithic periods of the Transbaikal, Siberia, 

and other regions of North East Asia including Mongolia, northern China, and Japan. Emphasis 

is placed on problems associated with the emergence of Early Upper Paleolithic behaviors and 

later microblade technology. Review of Middle Paleolithic archaeology within Siberia only 

provides a context on which to assess Early Upper Paleolithic behaviors in the Transbaikal 

region. 

In this study, technological changes are evaluated in terms of human behavioral ecology 

models to determine if they are linked to hunter-gatherer uncertainty and risk as a response to 

climatic and environmental fluctuation during the end of the Pleistocene. As such, Chapter 3 

presents an overview of optimal foraging theory models such as diet breadth, patch choice, and 

central place foraging, as well as integrating stone tool studies from Kuhn’s (1995) lithic 

technological provisioning model. Other models related to how foragers manage uncertainty and 

risk through technological innovation and social connections and sharing are also reviewed. 
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These models provide a framework and expectations from hunter-gatherer studies upon which 

interpretations about patterning in the archaeological material from the Transbaikal can be made.  

In chapter 4 I provide a review of the Upper Paleolithic occupations and previous 

research at each of the seven sites (Tolbaga, Melnichnoe 2, Kunalei, Chitkan, Priiskovoe, 

Studenoe 1 and 2, and Ust’ Menza 1 and 2) in the southern Transbaikal region from which lithic 

assemblages were excavated and analyzed in this study. Analytical procedures are presented in 

Chapter 5 such as methods of determining raw material location of toolstone, as well as 

laboratory and descriptive analysis of lithic assemblages. Techniques for determining stone 

reduction patterns as well as ratios and indices estimating retouch amount on stone tools are also 

presented.  

Comparisons of reduction trajectories between time periods (Early, Middle and Late 

Upper Paleolithic), including ways in which foragers obtained toolstone, prepared cores to 

produce flakes and blades for tool needs are investigated in Chapter 6, not only to map 

similarities and differences between reduction technology but also to determine tool provisioning 

strategies within early stages of tool production. Chapter 7 also focuses on stone tool 

provisioning strategies during each time period (Early, Middle and Late Upper Paleolithic) in 

terms of the manner in which toolstone was consumed, including amounts of core utility, 

efficiency of blank production, and tool exploitation, as well as transport to other locations. 

Lithic toolkit composition is evaluated in Chapter 8, with special attention on artifact diversity, 

toolkit size, and multifunctional tools as well as how these tools are distributed within lithic raw 

material types. Finally, in Chapter 9 I will link observations of the relationship between 

technology and foraging behavior presented in Chapters 6-8 to ecological and environmental 

data to evaluate various patterns as they relate to the foraging, technological innovation, and 
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social connections models laid out in Chapter 3. A scenario of the process of technological 

change and the emergence of various behavioral patterns found during the Early, Middle, and 

Late Upper Paleolithic in the Transbaikal and Northeast Asia is presented. Directions for future 

work on the problem of human dispersal and colonization in the Transbaikal and other regions of 

Siberia are offered to ultimately provide a framework for the spread of humans into and 

subsequently out of Siberia to the New World. 
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CHAPTER TWO 

REGIONAL PHYSIOGEOGRAPHIC SETTING, PAST ENVIRONMENTS, AND 

PALEOLITHIC PREHISTORY 

Location and Modern Setting 

Siberia encompasses 10,007,400 km2 of NE Asia extending from the Ural Mountains to 

the Pacific Ocean and bordered on the south by China, Mongolia, and Kazakhstan (Derevianko 

1998). Siberia can be subdivided into several zones (Figure 2.1). Southern Siberia includes the 

Altai and Sayan Mountains, and the Transbaikal region. Western Siberia contains the Western 

Siberian Lowlands, and Eastern Siberia is comprised of the Yenisei and Lena River basins. The 

Chuckchi Peninsula and the Yana, Indigirka, and Kolyma River basins make up Northeastern 

Siberia. Finally, the Russian Far East consists of the Primorye and Amur River Basins (Kuzmin 

and Keates 2004; Kuzmin 2008).  Paleolithic archaeological material is found throughout these 

regions.  

The focus of this study is the Transbaikal region that stretches roughly 1000 km southeast 

of Lake Baikal to the Russian-Mongolian border and east to the confluence of the Shilka and 

Argun Rivers along the Russian-Chinese border (Figure 2.1). Mountainous regions, separated by 

large river valleys in the northeast and hilly plains in the southwest characterize the area. The 

northeastern mountains are covered with larch (Larix) and pine (Pinus) taiga forest. Meadow 

steppe vegetation predominates in the southwest consisting mainly of feather grass (Stipa 

baicalica) (Knystautas 1987). This study focuses on sites located along the Chikoi and Khilok 

River valleys situated at the convergence of the mountain and steppe regions. The Chikoi and 

Khilok Rivers feed into the Selenga River eventually emptying into Lake Baikal. The climate in 

the Transbaikal is continental with temperatures ranging from -26 degrees C in January to 18 
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Figure 2.1 Map of Siberia showing regions discussed in the text. 
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degrees C in July and average annual precipitation is 300-400 mm (Knystautas 1987; Degtev and 

Yurgenson 2000). 

THE OCCURRENCE AND DISTRIBUTION OF LITHIC RAW MATERIALS IN THE 

TRANSBAIKAL 

Geological Presence of Lithic Raw Material 

The location of lithic raw material sources hunter-gatherers utilized is critical in modeling 

toolstone provisioning studies. Lithic raw materials that are found within the study assemblages 

from the Khilok and Chikoi river margins include very fine to medium grained argillite, quartzite 

(coarse-grained), diorite, gabbro, basalt, andesite, tuff, siltstone, silicified siltstone and mudstone, 

as well as high chipping quality cherts, quartzites, and obsidian. Although the sedimentary record 

and environmental history of the Transbaikal is poorly understood (Shahgedanova et al. 2002), 

several recent studies provide information about broad geological formations in the region.  

The Transbaikal lies between the Baikal Rift zone, forming the deep basin of Lake Baikal 

in Siberia and Lake Hogvol in Mongolia, and the junction of the Mongol-Okhotsk geosuture 

(Figure 2.2). The Baikal Rift zone located just northwest of the Transbiakal is a divergent plate 

boundary running 2000 km along the Siberian Platform and Amurian Plate (Logatchev and Zorin 

1984; Nielsen and Thybo 2009). Ancient volcanic centers associated with the rift are found in the 

Udokan Plateau and the Oka Plateau (Logatchev and Zorin 1984). In the southern most extent of 

the Transbaikal the Mongol-Okhotsk geosuture was created by the beginning of the Cretaceous 

when the Armian and Siberian plates converged closing the Mongol-Okhotsk ocean (Cogne et al. 

2005; Tomortogoo et al. 2005). This suture runs 3000 km from the Okhotsk Sea in the northeast 

to central Mongolia in the Altai region to the southwest.  Sites within the study area lie within 

the Mongol-Okhotsk orogenic zone of the Khenty and Dauria orogenic belts, part of the large  
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Figure 2.2 Map of the Transbaikal and surrounding areas showing physiogeographic features, 
geological formations of stone, and location of archaeological sites within the study. 
 

Yablonovi Mountain range stretching from the Mongolia border to the Stanovoi range in the 

northeast. As the Transbaikal region is situated in a lava zone and at an ancient ocean margin, 

basalt, gabbro, and granite is interspersed with ophiolites, remnants of ocean crust (Cogne et al. 

2005; Tomortogoo et al. 2005). Within the Mongol-Okhotsk geosuture of Mongolia, the 

Transbaikal, and China, ophiolites are composed of volcanic rocks such as harzburgites, dunites, 
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pyroxenites, gabbros, basalt, andesite, jaspilite (jasper with bands of iron oxide), and siliceous 

and calcareous oozes (Yarmolyuk and Kovalenko 2000).  

The Transbaikal is part of the Baikal-Vitim wedge, including the Baikal, Patom, and 

Vitim highlands, situated between the Siberian Craton to the northwest and Aldan-Stanovoy 

Shield to the northeast and the Mongol-Okhotsk geosuture along the southern border (Gusev et 

al. 1996). The orogenic belt of the Dauria and Khenty mountain area consists of a plutonic belt 

consisting of Precabrian granites, gneiss, and granodiorites all dissected by the Chikoi and 

Khilok rivers (Tomortogoo et al. 2005; Zakharova 2005). The Asakan-Shumilov granite deposit 

is located in the southeastern part of the Transbaikal including the Khilok and Chikoi river areas. 

This deposit extends over 300 km2 and is part of the fold belt associated with the closure of the 

Mongol-Okhotsk ocean (Stupak et al. 2008). These granites make-up the majority of the bedrock 

in the study area, including the Khenty and Dauria zones of the Yablonovi Mountian range 

(Zorin 1999), therefore much of the gravels within the Chikoi and Khilok rivers originated from 

this formation. Other rocks found within this the Mongol-Okhotsk foldbelt include those of 

sedimentary origin such as sandstone, siltstone, argillite, tuff as well as basalt, basalt andesite, 

andesite, and rhyolite, and jasper and limestone (Dril 2005). 

 Ophiolites are also found within the study area as this region is positioned next to the 

Mongol-Okhotsk geosuture (Gusev et al. 1996). Ophiolites are located in the southern region of 

the study area along the Chikoi River at the Mongolian-Russian border (Gusev et al. 1996). This 

ophiolite zone may be the source location of the cherts found within the study assemblages, 

however precise locations are unknown. Ophiolites are also located roughly 150 km north of the 

study area.  In eastern Transbaikal jasper is found within the Urtuy suite A formation (Gusev et 

al. 1996).  In central Mongolia the Adaatsag ophiolite, located 180 km southwest of Ulanbaatar 
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and roughly 480 km southwest of the study area, contains red chert within the upper layers of the 

ophiolite associated with the geosuture zone (Tomortogoo et al. 2005). It is likely that chert and 

jasper are found in the study area within ophiolites especially along the geosuture zone, however 

precise locations are currently unknown. 

The Aldan-Stanovoy Shield covers much of the eastern portion of the Transbaikal just 

outside of the study area. This shield is composed mostly of granite, gneiss, and greenstone in 

the northern Aldan shield area, and gabbro and anorthosites in the Stanovoy Province area (Huh 

and Edmond 1999). Northeast of the Khilok and Chikoi river catchment zones within the Aldan-

Stanovoy Shield, the Chineisky Pluton consists of mostly gabbro, diorite, and some quartz. This 

pluton extends roughly 150 km on the southern margin of the Siberian Platform and is found 

within the Transbaikal roughly 500 km from the study area (Tolstykh and Zhitova 2008). Some 

gravels in the Khilok river located downriver of this formation may have derived from this 

pluton.  Mt. Sherlovaya, located roughly 500 km east of the study area, is composed of granite 

(Leonov et al. 2007). However, granites from Mt. Sherlovaya are likely not found within the 

Khilok and Chikoi river gravels. 

The Cheremshana quartzite deposit is located roughly 40 km north of Ulan-Ude (near 

Turuntaevo) about 140 km northwest of the study area. The high silica content quartzite layer is 

20-50 m thick, deposited in a sheetlike layer that extends north to south for roughly 8 km 

naturally outcropping along its margins (Tsarev et al. 2007). Quartzites from this deposit occur in 

massive block form, are white, yellow, and grey in color with some brown and black speckles, 

and are medium to fine grained (Tsarev et al. 2007). As this formation is found within a 

watershed that empties into the Selenga river down stream from the study area, quartz from this 

formation would not be found in gravels of the Chikoi and Khilok rivers in the study area.  
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Gravels found within the Chikoi and Khilok rivers are not derived from those formations 

located in the northwest downriver from the study area. The Gusinoozersky Basin located 

between the study area and Lake Baikal, extends from the headwaters of the Selenga river to the 

Vitim Highland, and consists of granites overlain by basalt from volcanoes of Late Jurassic Age 

(Lulina and Gladkov 2009). This region is west of the study area down river from the Chikoi and 

Khilok rivers. Similarly, the Shaman range of the Vitim Highlands located just south of Lake 

Baikal consists of gabbro, schists, diorite, plagiogranite, and serpentinite (Nekrasov et al. 2007).  

Although detailed descriptions and precise location of geologic formations, especially 

those materials of high knapping quality such as chert, obsidian, and fine-grained quartzite, are 

not currently available in the Transbaikal region, this broad physiographic setting provides 

valuable information about the lithic raw material landscape within which hunter-gatherers who 

occupied the study sites were operating.  

REGIONAL LATE PLEISTOCENE PALEOENVIRONMENTS 

The Middle and Upper Paleolithic occupation of Siberia and the Transbaikal occurred 

during the end of the Late Pleistocene period approximately from 130,000-12,000 cal BP. This 

interval is composed of several warm and cold periods that may be related to human adaptational 

and settlement changes in the Transbaikal region. For the purposes of this study, a broad review 

of paleoenvironments of northern (above approximately 65° N latitude), southwestern (from the 

Urals to the Yenesei basin), and southeastern (from the Angara River to the Pacific Ocean) 

Siberia is presented but the focus is primarily on the Transbaikal in southern Siberia (Table 2.1). 

The Late Pleistocene period is composed of the Riss-Würm (Sangamon) interglacial period 

(245,000-130,000 BP) and the Würm (Wisconsin) glacial period (130,000-10,000 BP) where 

widespread cooling and glacial advance mark the later glacial period (Maloletko 1998). In 
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Siberia the later glacial period is composed of four stages of warming and cooling: Kazantsev 

interglacial stage (MIS 5e) (128,000-118,000 cal BP), Zyrian glacial (MIS 5a-4) (118,000-

50,000 cal BP), Karginsk interstadial (MIS 3) (50,000-24,000 cal BP), Sartan glacial (MIS 2) 

(24,000-12,000 cal BP) (Velichko 1984). 

 

Table 2.1 Dominant Vegetational and Faunal Regimes in the Transbaikal Region during the Late 
Pleistocene. 

 
Time Period Vegetational Regime Dominant Plant 

Species 
Faunal Regime Large 

Mammalian 
Fauna Species 

Mixed forest 
(mountains) 

Larch (Larix), cedar 
(Cedrus), pine (Pine) 

Dark coniferous forest 
with broadleaf species 
(southwest) 

Birch (Betula), Elm 
(Ulmus) 

Tundra and 
steppe 

bison (Bison 
priscus), horse 
(Equus 
caballus), 
woolly 
rhinoceros 
(Coelodonta 
antiquitatis), 
woolly 
mammoth 
(Mammuthus 
primigenius),  

Kazantsev 
Interglacial Stage 
(128,000-118,000 
cal BP), Marine 
Isotope Stage 5e, 
(Eemian 
Interglacial) 

Steppe (southwest) Artemisia 

Open woodland red deer 
(Cervus 
elaphus) 

Steppe-tundra woolly 
rhinoceros 
(Coelodonta 
antiquitatis), 
bison (Bison 
priscus), 
reindeer 
(Rangifer 
tarandus), cave 
lion (Panthera 
spelaea) 

Zyrian Glacial 
(118,000-50,000 cal 
BP), Marine Isotope 
Stage 5a-4, (Early 
Weichselian)  

Steppe-tundra Artemisia, Graminae, 
pine (Pinus silvestris) 

Steppe horse (Equus 
caballus), 
Asiatic wild ass 
(Equus 
hemionus), yak 
(Poephagus 
sp.), argali 
sheep (Ovis 
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ammon), 
antelope 
(Spiroceros 
kiakhtensis), 
Mongolian 
gazelle 
(Procapra 
gutturosa), 
camel (Camelus 
sp.) 

   

Open woodland giant deer 
(Megaloceros 
sp.), red deer 
(Cervus 
elaphus), roe 
deer (Capreolus 
pygargus) 

Steppe-tundra woolly 
rhinoceros 
(Coelodonta 
antiquitatis), 
woolly 
mammoth 
(Mammathus 
primigenius), 
bison (Bison 
priscus), cave 
lion (Panthera 
spelaea) 

Steppe horse (Equus 
caballus), 
Asiatic wild ass 
(Equus 
hemionus), 
argali sheep 
(Ovis ammon), 
antelope 
(Spiroceros 
kiakhtensis), 
Mongolian 
gazelle 
(Procapra 
gutturosa), 
camel (Camelus 
sp.), cave hyena 
(Crocuta 
speleae) 

Karginsk 
Interstadial (50,000-
24,000 cal BP), 
Marine Isotope 
Stage 3, (Middle 
Weichselian) 

Forest-steppe Pine (Pinus sibirica, 
Pinus, silvestris), birch 
(Betula), willow 
(Salix), alder (Alnaster) 
oak (Quercus), beech 
(Fagus), Elm (Ulmus), 
walnut (Juglans), 
hazelnut (Corylus), 
Graminae, Artemisia 

Open woodland giant deer 
(Megaloceros 
sp.), red deer 
(Cervus 
elaphus), roe 
deer (Capreolus 
pygargus) 
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Tundra (mountains 
during LGM) 

 

Tundra-steppe (all of 
areas during LGM) 

Gramineae, Artemisia, 
with few pine (Pinus 
silvestris, Pinus 
sibirica), birch (Betula) 

Tundra (mountains 
during time of 
maximum warmth) 

 

Steppe-tundra 
 

Bison (Bison 
priscus) 
horse (Equus 
caballus), 
Asiatic wild ass 
(Equus 
hemionus), 
antelope 
(Spiroceros 
kiakhtensis), 
Mongolian 
gazelle 
(Procapra 
gutturosa) 
 

Forest-tundra (southeast 
during time of 
maximum warmth) 

birch (Betula), pine 
(Pinus sibirica) 

Forest-Steppe 
(southwest during time 
of maximum warmth) 

Artemisia 
Open woodland red deer 

(Cervus 
elaphus), roe 
deer (Capreolus 
pygargus) 
 

Sartan Glacial 
(24,000-12,000 cal 
BP) (MIS 2) (Late 
Weichselian) LGM 
(23,000-19,000 cal 
BP or 19,500-
16,500 14C yr BP) 

Subarctic desert 
(extreme south during 
time of maximum 
warmth) 

 
Boreal forest moose (Alces 

alces) 

 
 

Kazantsev Interglacial Stage (MIS 5e) (128,000-118,000 BP) 

  The Kazantsev interglacial stage (128,000-118,000 BP) corresponds to Marine Isotope 

Stage (MIS) 5e when much of Siberia was covered with parkland-steppe vegetation that 

supported diverse animal species (Chlachula et al. 2003, Goebel 1999, Kind 1974). Interglacial 

vegetation patterns in Siberia are similar to those found today (Wright and Barnosky 1984).  

Northern Siberia. In northern Siberia mean annual temperatures were between 4-6°C 

warmer and annual precipitation was roughly 100 mm greater than today (Frenzel et al. 1992b; 

Velichko et al. 1992). Across most of northern Siberia boreal forest of coniferous (Pinus sibirica, 

Abies, Picea) and birch (Betula) trees with patches of tundra in the mountainous regions 

prevailed (Grichuck 1992). 
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Southwestern Siberia. Again a warming trend was present in southwestern Siberia as 

mean annual temperatures were 2-4°C greater and annual precipitation was 100-200 mm more 

than present  (Frenzel et al. 1992b; Velichko et al. 1992). In southwestern Siberia paleobotanical 

evidence from the Upper Yenesei indicate that the area was covered with forest-tundra, forest-

steppe, and steppe (Chlachula 2001a; Grichuck 1992). Forests were dominated by birch (Betula) 

and dark conifers including spruce (Picea) and Siberian pine (Pinus sibirica) (Akhipov 1984).  

The Altai region was covered by steppe and parkland-steppe with mixed and coniferous forests 

in the mountainous regions (Chlachula 2001b; Grichuck 1992). Large mammalian fauna in these 

areas were similar consisting of horse (Equus caballus), bison (Bison priscus), woolly rhinoceros 

(Coelodonta ant.), Iris elk (Megaloceros gigantheus), and bear (Ursus sp.) (Chlachula 2001a, 

2001b). Loess records along the Upper Yenesei River indicate that the climate was shifting from 

a continental climate to a cooler and wetter state by the end of the interstadial (Chlachula 2001a). 

Southeastern Siberia. The climate was warmer and wetter than today in southeastern 

Siberia. Mean annual temperatures were 2-4°C above present and annual precipitation was 100-

200 mm greater than today (Frenzel et al. 1992b; Velichko et al. 1992). East of Lake Baikal the 

dominant vegetation type was boreal forests of coniferous and broadleaf species (Grichuck 

1992). In the southerly areas along the Selenga and Angara Rivers herb-grass and Artemisia-

grass steppe vegetation existed (Grichuck 1992). 

Transbaikal Region. Warm, moist, and stable climatic conditions characterize the Baikal 

region during the climatic optimum for this period (Rioual and Mackay 2004). Trees expanded 

northward around Lake Baikal consisting of spruce (Picea) dominated mixed forests with some 

forest-steppes of birch (Betula) and Artemisia (Granoszewski et al. 2004). The warm climate 

promoted vegetational regimes in the Transbaikal constisting of montane mixed forests of larch 
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(Larix), cedar (Cedrus) and pine (Pinus) in the northern mountainous region, dark coniferous 

montane forest with broadleaf species such as birch (Betula) and elm (Ulmus) in the southeast, 

and mixed-grass and grassy flatland steppes in the southwest (Chlachula 2001c; Grichuk 1984, 

1992a). Paleontological evidence from the greater Baikal area, including the Transbaikal and 

Pribaikal, indicate fauna of the cold parkland-steppe were present including bison (Bison 

priscus), horse (Equus caballus), red deer (Cervus elaphus), woolly rhinoceros (Coelodonta 

antiquitatis), and wooly mammoth (Mammuthus primigenius)(Chlachula 2001c). 

Zyrian Glacial (MIS 5a-4) (118,000-50,000 BP)  

Zyrian glacial (118,000-50,000 BP) corresponds to Marine Isotope Stages 5a-4 when the 

climate became cold, glaciers advanced, and much of Siberia was covered with steppe or tundra 

vegetation (Chlachula 2001; Frenzel et al. 1992; Goebel 1999; Kind 1974). Glaciers advanced on 

the Putorana Plateau just east of the Yenesei River, and in mountainous zones of Siberia 

(Maloletko 1998).  

Northern Siberia. The Kara ice-sheet expanded to its southern limit along the Taymyr 

Peninsula in northern Siberia (Brigham-Grette et al. 2001). Mountain glaciers expanded at higher 

elevations and a treeless herb-tundra or herb-willow (Salix) vegetation interspersed by steppe 

developed east of the Yenesei (Anderson and Lozhkin 2001; Maloletko 1998).  

Southwestern Siberia. The landscape along the Upper Yenesei and Altai region were 

covered with tundra-steppe, forest-tundra and steppe-tundra (Arkhipov 1984; Chlachula 2001a, 

2001b). In the Upper Yenesei large mammalian fauna include those of the forest and tundra such 

as bison (Bison priscus), moose (Alces alces), Przewalski’s horse (Equus przewalski), woolly 

rhinoceros (Coelodonta antiquitatis), and woolly mammoth (Mammuthus primigenius). In the 

Altai faunal species include those of steppe and tundra environments including horse (Equus 
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caballus, Equus hydruntinus), red deer (Cervus elaphus), bison (Bison priscus), ox (Bos sp.), 

reindeer (Rangifer tarandus), mammoth (Mammathus primigenius), and Siberian ibex (Capra 

sibirica) (Chlachula 2001b).  

Southeastern Siberia. In the greater Baikal area including the Angara basin, the climate 

was cold and dry with the accumulation of loess giving rise to periglacial forest-tundra of mostly 

pine (Pinus sp. Pinus sibirica, Pinus cembra) and birch (Betula nana) and steppe-tundra 

consisting of Artemisia, willow (Salix), Graminae, and Chenopodium (Chlachula 2001c). Large 

fauna included horse (Equus caballus), red deer (Cervus elaphus), bison (Bison priscus), and 

reindeer (Rangifer tarandus) (Chlachula 2001c; Granoszewski et al 2004). In the Russian Far 

East mountain glaciers expanded with forest-tundra vegetation of larch (Larix), birch (Betula), 

and alder (Alnus) in the valleys (Maloletko 1998). 

Transbaikal. In the Transbaikal evidence for a decrease in temperatures and increase of 

aridity is documented by accumulations of aeolian dust in major river valleys (Chlachula 2001c). 

Glaciers advanced in the mountainous region of the north extending into the valleys. Winters 

were marked by low snowfall (Maloletko 1998). Cold steppe-tundra vegetation dominated the 

region consisting mostly of Artemisia and grasses (Graminaea), with a few pine (Pinus silvestris) 

trees (Chlachula 2001c; Maloletko 1998). At the archaeological site of Khotyk in western 

Transbaikal, pollen from levels dating to roughly 65,000 BP indicate that the climate was cold 

and dry with the landscape dominated by grasses (Gramineae) and Artemisia with a few pine 

(Pinus silvestris) trees (Lbova 2000).  

Large fauna in the area are those typical in a dry steppe-tundra vegetation regime. The 

archaeological site of Khotyk in the western Transbaikal contained horse (Equus sp.), woolly 

rhinoceros (Coelodonta cf. antiquitatis), red deer (Cervus sp.) roe deer (Capreolus sp.), bison 
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(Bison sp.), gazelle (Gazella sc. gutturosa), argali sheep (Ovis ammon), and Bos in levels 1-3 

dating roughly 65,000-22,000 years ago (Lbova 2000). Other large mammals present in the 

region include cave lion (Panthera spelaea), woolly mammoth (Mammuthus primigenius), horse 

(Equus caballus), kulan (Equus hemionus), Irish elk (Megaloceros sp.), reindeer (Rangifer 

tarandus), yak (Poephagus sp.), antelope (Spiroceros kiakhtensis), Mongolian gazelle (Procapra 

gutturosa), and camel (Camelus sp.) (Maloletko 1998). 

Karginsk Interstadial (MIS 3) (50,000-24,000 cal BP) (MIS 3) 

The Karginsk (50,000-24,000 cal BP) is an interstadial of the late Pleistocene when the 

climate began to ameliorate again becoming warmer and more humid and forests spread 

northward 200-300 km (Chlachula 2001a; Frenzel et al. 1992; Goebel 1999; Kind 1974; 

Maloletko 1998). Paleoenvironmental studies in the Angara region indicate that the earlier phase 

was colder and more arid whereas the later phase was warmer and more humid (Chlachula 

2001c).  

Northern Siberia. In northern Siberia the time of maximum cooling occurred during the 

Kargin interstadial (35,000-25,000 cal BP) with mean annual temperatures 4-6°C cooler than 

present and mean annual precipitation 300-100 mm less than today (Frenzel 1992). The Kara ice-

sheet retreated to the northern coast of the Taymyr Peninsula during this time (Brigham-Grette et 

al. 2001). A mosaic of forest-tundra blanketed most of the northwestern areas of Siberia 

(Anderson and Lozhkin 2001; Maloletko 1998). Forests spread into the northern areas with 

species such as spruce (Picea), pine (Pinus), larch (Larix), birch (Betula), and alder (Almus) 

(Anderson and Lozhkin 2001; Maloletko 1998). In Chukotka shrubs and woody plants 

predominated including alder (Alnus), birch (Betula), pine (Pinus), and willow (Salix) 

(Maloletko 1998). Large fauna such as mammoth (Mammuthus sp.), bison (Bison priscus 
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deminutus), saiga (Saiga sp.), woolly rhinoceros (Ceolodonta sp.), and horse (Equus sp.) 

(Baryshnikov and Markova 1992; Brigham-Grette et al. 2004; Maloletko 1998), typical of steppe 

and tundra, were supported by this mosaic vegetation during this time period.  

Southwestern Siberia. In extreme southern Siberia annual precipitation was less than 100 

mm less than today whereas the northern areas of southern Siberia were drier averaging 300-100 

mm less rainfall than present (Frenzel 1992). Temperatures ranged from 2-4°C cooler than 

present in the northern areas and only less than 2°C in the southerly region. Boreal forest, 

consisting of pine (Pinus), birch (Betula), spruce (Picea), and fir (Abies), and forest-steppe were 

characteristic of the Upper Yenesei region during this time (Maloletko 1998; Chlachula 2001a). 

Large mammalian faunal remains were represented by woolly mammoth (Mammuthus 

primigenius), bear (Ursus sp.), cave lion (Panthera spelaea), saiga antelope (Saiga tartarica), 

and moose (Alces alces) (Chlachula 2001a).  

In the Altai Mountains birch and dark coniferous forests provided an almost continuous 

cover (Maloletko 1998). On the plains north of the Altai region mixed forests were found 

consisting of pine (Pinus sp.) and birch (Betula sp.) with herbs and grasses (Maloletko 1998). 

Large mammals, found in habitats of boreal forests and tundra-steppe, included woolly 

rhinoceros (Coelodontia antiquitatis), donkey (Equus hydruntinus), horse (Equus caballus, 

Equus przwalski), bison (Bison priscus), moose (Alces alces), mountain goat (Capra sibirica), 

argali sheep (Ovis ammon), roe deer (Capreolus capreolus), reindeer (Rangifer tarandu), 

antelope (Saiga sp.), Siberian ibex (Capra sibirica), hyena (Crocuta spelaea), red wolf (Cuon 

alpinus), brown bear (Ursus arctos), leopard (Uncia sp.), cave lion (Panthera spleaea), and lynx 

(Felis lynx) (Baryshnikov and Markova 1992; Chlachula 2001b; Maloletko 1998). 
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In the Altai steppe, mixed forest, tundra-forest, and broadleaved forests were present 

during this time period (Chlachula 2001b; Maloletko 1998). Fauna typical of these various 

habitats included bison (Bison priscus), moose (Alces alces), horse (Equus cabus, E. przewalski, 

E. hdruntinus) woolly rhinoceros (Coelondonta antiquitatis), irish elk (Megaloceros gigantheus), 

antelope (Saiga sp.), argali sheep (Ovis ammon), sibirian ibex (Capra sibirica), mammoth 

(Mammuthus primigenius), reindeer (Rangifer tarandu), cave lion (Panthera spelaea), lynx 

(Felis lynx), and bear (Ursus arctos, U. rossicus) (Chlachula 2001b). 

Southeastern Siberia. In extreme southern Siberia annual precipitation at the time of 

maximum cooling during the Kargin interstadial (35,000-25,000 cal BP) was less than 100 mm 

less than today whereas the northern areas were drier averaging 300-100 mm less rainfall than 

present (Frenzel 1992). Temperatures ranged from 2-4° C cooler than present in the northern 

areas and only less than 2° C in the southerly region. Dominant plant species include pine (Pinus 

sibirica, P. silvestris), larch (Larix), fir (Abies), hemlock (Tsuga), oak (Quercus), and alder 

(Alnus) (Chlachula 2001c). Large fauna include those typical of mammoth tundra-steppe such as 

bison (Bison priscus), horse (Equus caballus, E. Hemionus hem.), argali sheep (Ovis ammon), 

woolly rhinocersos (Coelodonta antiquitatis), Irish elk (Megaloceros gigantheus), reindeer 

(Rangifer tarandus), and lion (Panthera leo), as well as those steppe species specific to the 

Baikal region belonging to the Mongolian desert-steppe faunal assemblage such as antelope 

(spirocerus kiakhensis), yak (Poephagus baikalensis), Mongolian gazelle (Procapra gutturosa), 

and camel (Camelus sp.) (Baryshnikov and Markova 1992; Chlachula 2001c). Vegetational 

regimes in the Russian Far East consisted of mixed forests of birch, alder, cedar, and broadleaf 

species such as oak (Quercus) and elm (Ulnus) (Maloletko 1998). 
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Transbaikal Region. In the Transbaikal region open parkland steppe of grasses, 

dominated by pine (Pinus sibirica, P. silvestris) and birch (Betula) trees, expanded due to 

increased aridity (Chlachula 2001c). Some broadleaf trees including oak (Quercus), beech 

(Fagus), elm (Ulmus), walnut (Juglans), and hazelnut (Corylus) were also present in the area 

(Chlachula 2001c). At the archaeological site of Khotyk in western Transbaikal pollen records 

indicate that trees (pine (Pinus silvestris, P. sibirica) and birch (Betula sp.)) were more abundant 

with fewer grasses (Gramineae) and herbs (Artemisia) (Lbova 2000). Large fauna from Khotyk 

included horse (Equus sp.), woolly rhinoceros (Coelodonta cf. antiquitatis), deer (Cervus sp., 

Capreolus sp.), bison (Bison sp.), Mongolian gazelle (Gazella sc. gutturosa), argali sheep (Ovis 

ammon), and Bos in levels 1-3 dating roughly 65,000-22,000 years ago (Lbova 2000). In western 

Transbaikal fauna including horse (Equus caballus), kulan (E. Hemionus), antelope (spirocerus 

kiakhensis), woolly rhinoceros (Coelodonta antiquitatis), woolly mammoth (Mammathus 

primigenius), bison (Bison priscus), Irish elk (Megaloceros giganteus), Mongolian gazelle 

(Procapra gutturosa), argali sheep (Ovis ammon), camel (Camelus sp.), and lion (Panthera leo 

sp.) found in archaeological contexts at the site of Kamenka represent open steppe and parkland  

(Chlachula 2001c; Lbova 2000). 

Pollen data is also reported from the site of Tolbaga in the western Transbaikal. Pollen 

from layers ranging in age from roughly 25,000-30,000 14C BP consisted of mostly arboreal 

species (18-40%) including pine (Pinus silvestris), birch (Betula sp.), alder (Alnaster sp.), and 

willow (Salix sp.) with fewer grasses (Gramineae) and herbs (Artemisia sp.) (Bazarov et al. 

1982). Fauna recovered from Tolbaga include woolly rhinoceros (Coelodonta antiquitatis), 

woolly mammoth (Mammathus primigenius), bison (Bison sp.), cave hyena (Crocuta spelaea), 

horse (Equus sp.), saiga (Saiga sp.), Asian wild ass (Equus heminonus), argali seep (Ovis 
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ammon), Mongollian gazelle (Procapra guttourosa), and red deer (Cervus elaphus) 

(Konstantinov 1994).  

Sartan Glacial (24,000-12,000 cal BP) (MIS 2)  

During the Sartan Glacial (24,000-12,000 cal BP) there was a cooling and drying trend 

(Kind 1974; Tarasov et al. 1999; Velichko 1987). Temperatures across Siberia reached their 

lowest during the Last Glacial Maximum (LGM) generally dated to roughly 23,000-19,000 cal 

BP or 19,500-16,100 14C BP (Mix et al. 2001). I use this LGM age-range in this manuscript 

because it is based on a multitude of paleoenvironmental data as well as consensus among 

several researchers. There are, however, other studies that place the LGM within slightly 

different time spans such as 20,000-18,000 14C BP (Svendson et al. 1999) based on maximum 

extent of glaciation in Eurasia, 20,000-15,000 cal BP (Hubberten et al. 2004), or around 23,500-

16,000 14C BP or 26,500-19,000 cal BP (Clark et al. 2009) based on global estimates of 

maximum glacial ice extent. The LGM was slightly different within different regions across the 

globe therefore an estimation of the time frame for this event within the Transbaikal would best 

serve this study. Since there are no detailed analyses that precisely date the start of the LGM 

within the study region the upper limit of 19,500 14C BP (or 23,000 cal BP) is used. Warming, 

however, began by 17,000 14C BP (20,000 cal BP) in the region (Chlachula 2001c). Across 

Siberia the LGM is marked by glaciers reaching their maximum extent, permafrost reaching its 

southern-most extent, and forest belts disappearing (Velichko 1984b). Paleoenvironmental 

studies based on loess deposition along the Upper Yenesei indicate that cooling was less 

dramatic than previous glacial intervals, however, temperatures dropped dramatically during the 

LGM (Chlachula 2001a, 2001c) with mean annual temperatures 8-10 °C below those found 

today (Frenzel et al. 1992c), however, due to extreme continentality summer temperatures may 
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have been warmer allowing sufficient plant cover to support mammoth and other grazers that 

still remained in the region, at least in the northern areas (Hubberten et al. 2004). Mountain 

glaciers expanded during this time (Maloletko 1998). After this event the climate gradually 

warmed until the end of the period causing reduction of glaciers and changes in drainage systems 

(Chlachula 2001a; Maloletko 1998). By the end of the Sartan mean annual temperatures 

throughout Siberia were only 2-4°C cooler than today and mean annual precipitation was only 

25-50 mm less than at present (Klimanov 1997).  

Northern Siberia. During this cold interval in northern Siberia, mountain glaciers 

expanded into valleys in the northeastern area during the LGM then slowly retreated (Brigham-

Grette et al. 2001; Maloletko 1998). Dry conditions prevailed with an average of 100-250 mm 

less precipitation per year than today (Frenzel et al. 1992c). During the LGM periglacial tundra 

vegetation was present consisting of a mixture of tundra and steppe communities such as isolated 

stands of birch (Betula) or Artemisia and herbs (Frenzel et al. 1992d; Grichuck 1992b). There is 

disagreement among researchers as to whether it was more likely that a tundra rather than a 

steppe environment existed in northeastern Siberia, however, recent studies based on faunal and 

plant remains suggest that this area likely supported more steppic taxa (Brigham-Grette et al. 

2004; Guthrie 2001; Yurtsev 2001). In the northwestern region graminoid-forb with herbaceous 

steppe plants covered the area (Brigham-Grette et al. 2004; Frenzel 1992d; Maloletko 1998; 

Tarasov et al.  1999). As in the preceding period, fauna of tundra and steppe environments were 

present including mammoth (Mammathus primigenius), bison (Bison priscus deminutus), saiga 

(Saiga sp.), camel (Camelus sp.), woolly rhinoceros (Coelodonta antiquitatis), and horse (Equus 

sp.) (Brigham-Grette et al. 2004; Maloletko 1998). 
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Southwestern Siberia. During the LGM, precipitation was up to 500 mm less than today 

supporting cool steppe vegetation of grasses and shrubs (Artemisia) and tundra consisting of 

dwarf shrubs such as alder (Alnus sp.) and birch (Betula sp.) and grasses (Poaceae) (Frenzel et 

al. 1992c; Tarasov et al. 1999). Along the Upper Yenesei and Altai, tundra-steppe, tundra-forest, 

and boreal forest dominated the region after the LGM (Chlachula 2001a, 2001b; Frenzel 1992d; 

Grichuck 1992b). Arboreal species included spruce (Picea obovata), birch (Betula nana), larch 

(Larix sp.), willow (Salix sp.), and alder (Alnus sp.) (Maloletko 1998).  Large mammal species of 

open landscapes, such as steppe and open woodlands, were dominant in the region including 

woolly mammoth (Mammathus primigenius), woolly rhinoceros (Coelodonta antiquitatis), red 

deer (Cervus elaphus), argali sheep (Ovis ammon), bison (Bison priscus), Siberian ibex (Capra 

sibirica), saiga (Saiga tartarica), Asian wild ass (Equus heminonus), horse (Equus sp.), and ox 

(Bos sp.), and brown bear (Ursus arctos) (Chlachula 2001a, 2001b). Large mammals include 

horse (Equus caballus, E. przewalski), red deer (Cervus elaphus), woolly mammoth (Coelodonta 

antiquitatis), roe deer (Capreolus capreolus), antelope (Saiga tatarica), mammoth (Mammuthus 

primigenius), bison (Bison priscus), ibex (Capra sp.), wolf  (Canis lupus), brown bear (Ursus 

arctos) (Chlachula 2001a, 2001b; Vasiliev et al. 2006). 

Southeastern Siberia. During the LGM, precipitation was up to 500 mm less than that 

found today (Frenzel et al. 1992c). At this time, periglacial steppe of Artemisia and herbs was 

present with stands of larch (Larix), pine (Pinus), and birch (Betula) forests in the northern 

mountainous areas. Boreal type of vegetation consisting of birch (Betula), pine (Pinus), larch 

(Larix), spruce (Picea), and fir (Abies) extended across the middle of this zone, and grass and 

herb steppe extended across the southern portion of the area (Frenzel et al. 1992d; Grichuk 

1992b). Tundra-parkland consisting of several species of pine (Pinus cembra, P. sibirica, P. 



 31 

diploxylon), birch (Betula sp., Betula nana), and Artemisia covered the Angara basin (Chlachula 

2001c). Fauna in the Angara basin consisted of those adapted to the periglacial steppe including 

mammoth (Mammathus primigenius), woolly rhinoceros (Coelodonta antiquitatis), red deer 

(Cervus elaphus), antelope (Saiga tatarica), moose (Alces alces), roe deer (Capreolus 

capreolus), and Asian wild ass (Equus hemionus) (Chlachula 2001c). Along the Amur River 

forest-tundra, dry steppes, and small-leaved forests prevailed (Maloletko 1998). 

Transbaikal Region. In the Transbaikal the period of 24,000 - 17,000 14C BP witnessed a 

major cooling indicated by cryoturbation, solifluction, and loess deposition (Chlachula 2001c). 

Mountain glaciers expanded into the river valleys during this time (Maloletko 1998). The area 

was drier than today with average precipitation 250 mm less than at present (Frenzel et al. 

1992c). There were several later cooling and warming events during the Sartan associated with 

episodes of cryogenic processes (Chlachula 2001c). Mountain-tundra dominated in the 

mountainous regions while valleys and basins were covered with cold steppe (Maloletko 1998).  

Pollen studies from the site of Khotyk in western Transbaikal indicate cold and arid conditions of 

steppe environments as grasses (Gramineae) and Artemisia dramatically increased while tree 

species, such as pine (Pinus silvestris, P. sibirica) and birch (Betula sp.) decreased (Lbova 

2000). Generally, there was a gradual transition from tundra-steppe to meadow-steppe to forest-

steppe from the beginning to the end of the Sartan (Chlachula 2001c). The climate warmed from 

around 17,000 -15,000 14C BP (Chlachula 2001c; Konstantinov 1994). Paleoenvironmental 

studies within north-central Asia, including the Transbaiakal region, by Chlachula (2001c) 

indicate a cool period from 17,000-12,000 14C BP and during the Younger Dryas (roughly 

12,500-10,000 14C BP). During this time cold tundra-steppe vegetation covered river valleys with 

small shrubs occupying areas adjacent to rivers (Chlachula 2001c). Based on more localized data 
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from the study area Konstantinov (1994) documented a cooling trend existed 15,000 -12,700 14C 

14C BP, the climate warmed shortly from 12,7000- 12,200 14C BP, cooled again from 12,200-

12,000 14C BP, went through another warming cycle 12,000- 10,8000 14C BP, then cooled again 

10,800-10,300 14C BP, and eventually warmed again into the Holocene (Konstantinov 1994). 

This data, however, might reflect more subtle localized patterns within the broader and more 

pronounced climatic data found within north-central Asia and worldwide. In the Transbaikal 

several periglacial vegetation regimes existed during the warmer cycles. The mountainous region 

of the north was covered by montane subarctic desert, tundra, and subalpine and alpine 

meadows. Light coniferous montane forests (forest-tundra) of birch (Betula nana) and pine 

(Pinus sibirica) existed in the southeastern area, periglacial steppe consisting mainly of 

Artemisia constituted the southwest, and the extreme southern portion was montane subarctic 

desert (Chalchula 2001c; Grichuk 1984). 

Steppe and taiga animal species are characteristic of the Transbaikal during the entire late 

Pleistocene and into the Holocene indicative of the mosaic environment of the region (Chlachula 

2001c). Tundra-steppe and forest-steppe fauna coexisted in the Transbaikal during this time 

including moose (Alces alces), reindeer (Rangifer tarandus), red deer (Cervus elaphus), bison 

(Bison priscus), horse (Equus caballus), roe deer (Capreolus capreolus), Mongollian gazelle 

(Procapra guttourosa), Asian wild ass (Equus hemionus), saiga (Saiga tartarica), wolf (Canis 

lupus), brown bear (Ursus arctos) (Chlachula 2001c; Vereshchagin and Kuz’mina 1984).  

 
THE PALEOLITHIC CULTURAL CHRONOLOGY OF SIBERIA AND THE 

TRANSBAIKAL 

The Paleolithic period in Siberia may span roughly 250,000 years of human occupation. 

Several Lower Paleolithic sites have been identified including the Ulalinka site in the Altai, 
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Filimoshki site in the Russian Far East, and Diring Yuriak located in Yakutia (Derevianko 1998; 

Mochanov 1993; Waters et al. 1997). All of these sites, however, are controversial because of 

either problems with dating the sites or questions concerning whether artifacts are in fact real 

(Goebel 1999).  

The Middle Paleolithic period (120,000-40,000 BP) firmly marks the beginnings of 

human occupations in Siberia with later developments in the Upper Paleolithic period (40,000-

10,000 14C BP). The following is a review of Middle and Upper Paleolithic periods including a 

discussion of key sites (Figure 2.3), human settlement behavior, and archaeological problems 

especially pertaining to the spread of humans into Siberia that constitute the focus of this study.  

The Middle Paleolithic (120,000-40,000 BP) 

 Middle Paleolithic sites have been found in the southern parts of Siberia including the 

Altai, Yenesei, and Transbaikal regions.  It appears that Neanderthals likely penetrated into 

southern Siberia during the warmer Kazantsev interglacial stage (128,000-118,000 BP) when 

much of the region was covered with parkland-steppe vegetation that supported diverse animal 

species (Chlachula et al. 2003, Goebel 1999, Kind 1974).  However, the majority of sites occur 

during the Zyrian glacial (118,000-50,000 BP) when the climate became cold and much of 

southern Siberia was covered with steppe or tundra, or during the Karginsk Interglacial (50,000-

24,000 cal BP) when the climate began to ameliorate again and forests spread northward 

(Frenzel et al. 1992, Goebel 1999, Kind 1974). Middle Paleolithic sites in Siberia are found in 

open-air and cave contexts. Classic Levallois technology dominates these sites with stone tools 

consisting of Levallois cores, Levallois points, side scrapers, denticulates, and notches. Bone, 

antler, and ivory tools are absent from most sites with the exception of Ust’ Izul (Chlachula et al. 

2003). During the final Middle Paleolithic or transitional period to the Early Upper Paleolithic, 
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roughly 40,000-30,000 years ago, stone tool technology changed from classic Levallois core 

reduction to a focus on the production of blades using “Levallois-like” techniques (Brantingham 

2000, Brantingham et al. 2004, Meignen et al. 2004). Whether this shift represents the transition 

from Neanderthals to anatomically modern humans is still unclear.  

 On the Yenesei, the Ust'-Izul site has recently been dated to 127,000 BP (Chlachula et al. 

2003). Ust'-Izul provides insight into human behavior during the Middle Paleolithic. This is an 

open-air site interpreted as a short-term camp and food processing occupation that was possibly 

inhabited seasonally. The site consists of 3 hearths, flaked stone tools, bone tools, and butchered 

large mammal bones of rhinoceros (Coelodonta antiquitatis), mammoth (Mammuthus 

primigenius), bison (Bison priscus) and elk (Cervus elaphus) (Chlachula et al. 2003). The stone 

tool assemblage is characterized by utilization of the Levallois technology for reduction of large 

river cobbles.  The use of Levallois technology in Siberia does not necessarily equate to the 

Mousterian as the technology is found during the Upper Paleolithic as well. Inhabitants 

transported a variety of fauna to the site for processing (Chlachula et al. 2003). Fauna from 

Mousterian sites are rare, but of those recovered, the dominant types in assemblages are listed in 

Table 2.2.  These faunal assemblages are generally characterized by species found in open and 

forest habitats, as well as those of steppe and alpine areas (Derev’akno 1998; Goebel 1999).  

Other settlement information about Middle Paleolithic people is found in Rybin and 

Kolobova’s (2004) analysis of lithic assemblages from several sites in the Altai including Kara-

Bom, Denisova Cave, Ust-Karakol-1, Kara-Tenesh, Maloyalomanskaya Cave, and Obi-Rakhmat. 

They conclude that these sites consist of long-term (seasonal) residences as well as short-term 

camps used for butchering animals. Lithic raw materials were generally transported to each site 

from 5 km away or, in some cases, stone found at the site was utilized for tools. Sites in the Altai  
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Figure 2.3 Location of some of the major sites discussed in the text. 1 Ust’-Izul, 2 Kara-Bom, 3 Denisova Cave, 4 Ust-Karakol, 5 
Okladnikov Cave, 6 Khotyk, 7 Varvarina Gora, 8 Kamenka, 9 Henger-Tyn 1,2,5 and Henger-Tyn Skanaya and Barun-Alan 1, 10 Arta, 
11 Tolbaga, 12 Kunalei, 13 Kurtak-4, 14 Yana, 15 Makarovo-4, 16 Masterov’ Kliuch, 17 Sanny Mys, 18 Sokhatino, 19 Mal’ta, 20 
Buret’, 21 Afanas’eva Gora, 22 Druzhinikha, 23 Pri’iskovoe, 24 Chitkan, 25 Kunalei, 26 Melnichnoe, 27 Tomsk, 28 Alekseevsk, 29 
Studenoe, 30 Ust’ Menza, 31 Shlenka, 32 Tarachikha, 33 Suvorvo and Ustinovka, 34 Gorbatka, 35 Dyuktai Cave, 36 Mogochino-1, 
37 Afontova Gora-2, 38 Ui 1, 39 Novoselovo 13, 40 Krasny Iar, 41 Ust-Kova, 42 Ust-Ulum, 43 Ikine 2, 44 Ushki, 45 Kokorevo. 
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region, including Kara Bom, Denisova Cave, and Okladnikov Cave contain stratified deposits 

with associated radiocarbon ages of around 66,000-32,000 14C BP a time period during the shift 

from the Middle to Upper Paleolithic (Derevianko and Markin 1998). Kara-Bom is an important 

site in that it may document the transformation from classic Levallois to more Upper Paleolithic 

blade core technology. Here, this change occurs somewhere between 40,000-30,000 14C BP, 

most likely from 35,000-32,000 14C BP (Brantingham 2000, Derevianko et al. 1998; Goebel 

1993; 1999). 

 
Table 2.2 Large Mammals Recovered from Middle Paleolithic (MP), Early (EUP), Middle 
(MUP) and Late (LUP) Upper Paleolithic Sites in Siberia (Derevianko 1998; Goebel 1999; 

Konstantinov 1994). 
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Transbaikal Region. Recent studies in the Transbaikal have revealed that Middle 

Paleolithic sites or at least "transitional" sites have also been found in this region. Lbova (2000, 

2005) has reported on new sites of Khotyk, Varvarina Gora, and Kamenka found in the 

northwest part of the Transbaikal. The site of Khotyk may contain cultural material from 

sediments with TL dates of 70,000-90,000 BP. Overlying layers include artifacts with associated 

radiocarbon dates from 30,000-38,000 14C BP. Assemblages from Khotyk, Varvarina Gora, and 

Kamenka may contain tools of the Middle Paleolithic or those with transitional characteristics. 

Tashak (2005) identified numerous sites near the Uda River in the Alan valley. These sites may 

be Middle Paleolithic based on tool forms such as Levallois cores, scrapers, and denticulates, 

however absolute ages are not yet reported for these new findings. Sites include Henger-Tyn 1, 
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2, and 5, Henger-Tyn Skalnaya, and Barun-Alan 1 and 3 (Tashak 2004, 2005). Tashak (2004) 

notes that Levallois cores from these sites are purposefully reduced to obtain short flakes with 

expanding lateral margins. In the eastern part of the Transbaikal, the Arta sites with Levallois or 

Levallois-like technology are thought be of Middle and initial Upper Paleolithic age (Kirillov 

and Derevianko 1998; Konstantinov 1994).  

The Transition from the Middle to Upper Paleolithic 

The Middle/Upper Paleolithic boundary is very problematic in terms of which hominid 

type, Neanderthal or Anatomically Modern Human (AMH), produced which types of artifact 

assemblages. Many assemblages during this time period contain elements of both the Upper 

Paleolithic and Middle Paleolithic. The transition from the Middle to Early Upper Paleolithic is 

the focus of numerous recent studies including regions of southern Siberia such as the Altai, 

Yenesei, and Transbaikal. Based on radiocarbon assessments of early Upper Paleolithic sites in 

Siberia, Dolukanov et al. (2002) posit that anatomically modern humans (AMH) initially spread 

across southern Siberia from 46,000-32,000 14C BP even though tool technologies may seem of 

“mixed” nature citing the apparently AMH fossil remains at Okladnikov Cave found in 

association with a transitional assemblage. Very little skeletal material has been found in Siberia 

dating to this time period, with the Transbaikal region containing none. 

Goebel's (1993) study incorporated many of the transitional sites from southern Siberia 

into a technological and typological assessment addressing the question of whether the transition 

represents an in-place development from existing techno-typologies or if it represents the abrupt 

replacement with new technologies. Goebel sees a replacement, maybe not abrupt, however, of 

the Middle Paleolithic. Similarly, Brantingham (2000) studied the assemblage of Kara-Bom 

located in Siberia as well as other Middle to Upper Paleolithic transitional sites in Mongolia and 
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China. He confirmed Goebel's findings of a transition from Levallois to a blade-based 

technology. Brantingham’s study, however, treats the blade cores as "Levallois-like" as the 

technology utilized in blade core reduction is very difficult to distinguish from Levallois core 

reduction. Others, on the other hand, see an in-place development of Homo erectus populations 

into Homo sapiens sapiens (Derevianko 2005; Derevianko et al. 2007) based on the relatively 

mixed nature of stone tool assemblages.  Still, other researchers conclude that anatomically 

modern humans migrated into the region early on (i.e. before 50,000 years ago) and the mixed 

nature of stone tool assemblages represents a continuation of this population within the region 

(Dolukhanov et al. 2005, 2002). 

Although a technological change could indicate a replacement of Neanderthals or Homo 

erectus with AMH, archaeologists and paleoanthropologists need more fossil and genetic data to 

fully understand the nature of human dispersal and possible interactions. Recent genetic studies 

investigating Y-chromosome and mtDNA diversity of native Siberian populations indicate that 

modern humans likely spread from Central Asia eastward into southern Siberia during the Initial 

Upper Paleolithic. Researchers estimate this expansion occurred roughly 30,000-37,000 14C BP 

(Derenko et al. 2003; Karafet et al. 2002)  

Early Upper Paleolithic sites typically include "flat-faced" or "Levallois-like" blade 

cores, blade tools such as end scrapers and burins, but Middle Paleolithic forms such as side and 

transverse scrapers, denticulates, and notches are common (Derevianko et al. 1998; Goebel 

1999). Bone, antler, and ivory tools and artwork are also found. Sites consist of stone lined 

dwellings with associated hearths, features typical of the Upper Paleolithic period (Derevianko et 

al. 1998; Goebel 1999). These types of early Upper Paleolithic levels range in age from 35,000-

25,000 14C BP and are found at Kara Bom, Strashnaya Cave, Denisova Cave, and Okladnikov 
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Cave in the Altai, and at Varvarina Gora, Kamenka, and Tolbaga located in the Transbaikal 

(Derevianko et al. 1998; Goebel 1999; Konstantinov 1994; Lbova 2000). The Altai sites are 

thought to be influenced by the Aurignacian cultural complex due to human migrations and/or 

cultural transmissions from Central Asia (the Aurignacian origin point) into both the Altai and 

Europe based on the timing of the reduction of lithic blank sizes and introduction of bone tools 

(Otte and Kozlowski 2005). Other researchers are not convinced as they are concerned with the 

problem of applying the definition and characteristic of the Middle to Upper Paleolithic 

transition formulated in Western Europe to other areas with distinct technologies (Jaubert 2005, 

Vasil'ev 2005). However, the Transbaikal assemblages reflect no similarities with the 

Aurignacian. Instead, Otte and Koslowski (2005) suggest a “local origin” of the Upper 

Paleolithic tool assemblages in the Transbaikal with migrations to Mongolia and China.  Vasil'ev 

(2005) suggests that the Middle Paleolithic of Siberia is tied to Central Asia, the Eastern 

Mediterranean, and Mongolia and that the influx of Upper Paleolithic elements into tool 

assemblages was gradual, thus it cannot be linked to the spread of Homo sapiens into the region. 

He also indicates that all of the Early Upper Paleolithic industries in Siberia retained Levallois 

techniques to produce blades. However, he notes that there are two types of technological 

influences in the Transbaikal region, one based on the Levallois-like techniques as at Tolbaga, 

and one lacking Levallois characteristics represented at the site of Priiskovoe (Vasil'ev 2005).  

Transbaikal Region. In the Transbaikal, Lbova (2005) has described an in-place 

development of a blade industry with Levallois elements in the initial Upper Paleolithic derived 

from the non-blade based technology of the Middle Paleolithic based on techno-typological 

characteristics of assemblages from sites of Khotyk, Varvarina Gora, Kamenka, and Tolbaga. 

She argues that these assemblages, that are blade based Levallois-like, are related to those of 



 40 

Central Asia and the Altai.  Other researchers such as Okladnikov (1981), Kirillov (1987) and 

Abramova (1989), have previously stated that the transition was from a more classic Levallois 

into prismatic blade-based industries. Konstantinov (1990), however, noted that blade production 

at Tolbaga included the use of some Levallois techniques. The Tolbaga assemblage may 

represent the “Levallois-like” blade technology found throughout much of Eurasia including 

Eastern Europe, Mongolia, and the Altai region. However, Lbova (2005) also acknowledges that 

there could also have been a second Upper Paleolithic technological complex in the Transbaikal 

represented at sites such as Kamenka B, Mukhor-Tala-4, Kunalei, Kurtak-4 (in the Yenisei) that 

share features with those found in Mongolia and the northwestern Altai. The complex includes 

both Levallois radial and laminar core reduction and a “micro-technology”. She posits that this 

suite of sites and associated techno-complex may be an in-place development from the Middle 

Paleolithic. 

Other researchers in Eastern Europe and Central Asia have found a similar pattern to that 

documented in Siberia. At the site of Koulichivka in the Ukraine, Meignen et al. (2004) studied 

Bohunician cores thought to be transitional between the Middle and Upper Paleolithic of Eastern 

Europe after 40,000 years ago. They found that both Levallois and Upper Paleolithic blade core 

reduction strategies were used within the same reduction system. The cores have definite aspects 

of Levallois technology with hard-hammer percussion and platform preparation but sometimes 

there was a switch to an Upper Paleolithic blade core volumetric concept involving semi-

prismatic cores with crested blades. They termed the Bohunician as "Levallois-like". At this site 

tool types typical of the Middle Paleolithic industries such as side scrapers, denticulates, and 

notches are found with burins and end scrapers characteristic of Upper Paleolithic assemblages 

(Meignen et al. 2004). 
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 Evidence from southern Siberia, Mongolia, and China is mounting that suggests this 

same type of technology may be found in these areas during this critical "transitional" period. 

Comparisons of cores from Kara Bom in Siberia, Tsagaan Agui and Chikhen Agui in Mongolia, 

and Shuidonggou in China indicate that a type of hybrid technology was used at the time of 

occupation (Brantingham et al. 2002, 2004; Derevianko et al. 2004; Bettinger et al. 2004). 

Southern Siberia was occupied between 45,000-30,000 14C BP while transitional assemblages in 

Mongolia and China are younger ranging in age from 30,000-25,000 14C BP. At these sites, 

blades or elongated flakes are produced from cores, usually termed "flat-faced" that have 

hallmarks of Levallois technology, including specially prepared platforms, but might incorporate 

an Upper Paleolithic blade volumetric concept. Flakes and blades produced from these cores 

often have hallmarks of Levallois technology such as facetted platforms. Tool forms also tend to 

be more "Middle Paleolithic-like" consisting of scrapers, notches, and denticulates. None of the 

sites in the area have yielded fossil human remains, therefore it is difficult to assess who was 

making these artifacts and whether they were from local evolution of populations of 

Neanderthals, replacement by AMH, or interbreeding of the two. These likely connections to 

areas outside of Siberia may indicate similar interactions and possibly movements between these 

groups of people as well as similar ways of coping with their natural and social environments. 

 Stiner and Kuhn (2003) characterize Neanderthal hunter-gather strategies as very unique 

in that they lived in harsh climates, primarily relied on the highest ranking prey in their diet, and 

were highly mobile following this resource. If AMH eventually replaced Neanderthals through 

dispersal into these harsh environments then perhaps the longevity of the Levallois technique and 

associated tools is an initial adaptation by AMH to this habitat. Neanderthals would have been in 

the area using a strategy of coping with this unusual climate. As AMH moved into these areas 
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they were able to survive and rapidly expand across the landscape because the Neanderthals 

provided them with the initial tools and information to do so. After initial colonization, AMH 

might have learned enough about their social and physical environment to reorganize their 

adaptation.  

We may be best equipped with providing more satisfying answers to the “transition” 

problem if we focus on multiple aspects of hominine behavior before, during, and after the 

transition. Vasil'ev (2005) argues that we should be using information about subsistence 

practices, site distribution and function, and use of lithic raw material sources to supplement the 

tool typologies and technological studies. Rybin and Kolobova (2005) have incorporated site 

function, raw material use, and landscape use into their analysis of Middle and initial Upper 

Paleolithic sites in the Altai. Their study found that the occupants of Early Upper Paleolithic 

layers were more mobile and used sites for several different functions as compared to Middle 

Paleolithic occupations in the region.  By characterizing sites and time periods by their hunter-

gatherer strategies as a system, such as Rybin and Kolobova (2005) do for stone tool 

assemblages, we will have a more robust body of data on which to base interpretations about this 

complex process. 

Upper Paleolithic Period (40,000-10,000 14C BP) 

The Upper Paleolithic period of Siberia is subdivided into the early Upper Paleolithic 

(EUP), 40,000-27,000 14C BP; middle Upper Paleolithic (MUP), 27,000-18,000 14C BP; and late 

Upper Paleolithic (LUP), 18,000-10,000 14C BP based on morphological stone tool typologies 

coupled with chronometric age determinations (Derevianko 1998; Dolukhanov et al. 2002; 

Goebel 1999; Lbova 2002; Kuzmin 2004). However, other attributes can also be included in the 
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characterization of each Upper Paleolithic time period such as site location, site function, 

features, types of fauna, and overall foraging strategy.   

Early Upper Paleolithic (EUP) (40,000-27,000 14C BP) 

The majority of EUP sites are found in southern Siberia in the Altai region, along the 

Yenesei and Angara Rivers, and in the Transbaikal region. However, artifacts at the Yana River 

site located at 71º N. Lat. and with a date of 27,000 BP provide clear evidence that humans 

penetrated into the arctic regions of Siberia by the early Upper Paleolithic (Pitulko et al. 2004).  

Some major EUP sites in southern Siberia include Kara-Bom, Strashnaya Cave, Ust’ Karakol, 

Denisova Cave, Okladnikov Cave, and Ust’  Karakol in the Altai, Makarovo-4 along the 

southern Lena, Malaia Syia in the Yenesei, and Varvarina Gora, Tolbaga, Kamenka, Khotyk in 

the Transbaikal (Derevianko et al. 1998; Goebel 1999). The EUP corresponds to the last 

interstadial of the late Pleistocene, referred to as the Karginsk (50,000-24,000 cal BP) when the 

climate was relatively warm and forests spread northward. Southern Siberia was dominated by 

open pine-birch forest or taiga (Frenzel et al. 1992; Goebel 1999; Grichuk 1984; Kind 1974). 

The foraging strategy of human populations during the EUP in Siberia is depicted as 

residentially sedentary groups occupying locations for long periods of time (Derevianko 1998; 

Goebel 1999; Vasil’ev 1992). Archaeological evidence, extracted from site location, plant 

communities, lithic toolkit composition, site features, prey animals, and lithic raw material use is 

mounting that groups were positioning relatively long-term camps in resource rich areas where 

diverse game animals and lithic raw materials were abundant (Goebel 1999; Goebel et al. 2000a; 

Markin 2005; Rybin and Kolobova 2005) (Table 2.2). The environment during the interglacial 

was less patchy than the glacial possibly allowing more long-term use of local resources. The 

majority of EUP sites are characterized by large, semi-subterranean dwellings with stone-lined 
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hearths and storage pits (Goebel 1999). Chipped stone artifacts during the EUP retained a few 

elements of earlier Levallois technology, but there was more emphasis on large end-struck blades 

(Brantingham et al. 2004; Goebel 2004; Konstantinov 1994; Konstantinov et al. 2003). In 

addition to sub-prismatic cores, blades were produced from Levallois-like cores and classic 

Levallois cores. A wide variety of tools at EUP sites were manufactured on large blade blanks 

(Derevianko et al. 1998; Dolukhanov et al. 2002; Goebel 1999; Konstantinov 1994; Lbova 

2002). Stone tools consist of large, sub-prismatic blade cores, leaf-shaped or oval bifaces, a new 

item in the inventories, and blade tools such as scrapers, gravers, burins, notches, and 

denticulates. Bone and antler tools such as points and awls are found during this time period, as 

well as a few ornaments (Derevianko 1998; Goebel 1999; Lbova 2002).  

Transbaikal Region. EUP sites found in the Transbaikal region, such as Kamenka, 

Varvarina Gora, Khotyk, Tolbaga, and Masterov Kliuch generally occur on colluvial slopes 

above rivers (Goebel et al. 2001; Konstantinov 1994; Lbova 2005). Chronometric ages from 

Kamenka, Varvarina Gora, Khotyk, Arta 2, Tolbaga, and Masterov’ Kliuch indicate occupation 

occurred between 39,000- 25,000 14C BP (Goebel 1993; Goebel et al. 2001; Konstantinov 1994; 

Kuzmin and Orlova 1998; Lbova 2005). Other sites such as Sannyy Mys, Arta 3, Sapun, and 

Sokhatino sites are assigned to the EUP based on typological similarities of tool assemblages and 

relative dating of geologic deposits (Kirillov and Derevianko 1998). Most sites, including 

Kamenka, Varvarina Gora, Khotyk, Arta 2, Tolbaga, and Masterov’ Kliuch are considered long-

term camps where all aspects of stone tool manufacture took place (Goebel et al. 2001; Kirillov 

and Derevianko 1998; Konstantinov 1994; Lbova 2005). There is evidence of stone outlined 

dwellings and storage pits at most of these sites. Lithic, bone and ivory assemblages are similar 

to those in most of southern Siberia of EUP age.  Large faunal remains recovered from these 
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sites include diverse species from both steppe and forest environments such as wooly mammoth 

(Mammuthus primigenius), wooly rhinoceros (Coelodonta antiquitatus), steppe bison (Bison 

priscus), Przewalski’s horse (Equus caballus), Asian wild ass (Equus (Hemionus) hemionus), 

Irish Elk (Megaloceros giganteus), spiral horned antelope (Spiroceros kiakthensis), Baikal yak 

(Poephagus baikalensis), saiga (Saiga tatarica), Mongolian gazelle (Procapra (Gazella) 

gutturosa), argali sheep (Ovis ammon), red deer (Cervus elaphus), and cave hyena (Crocuta 

crocuta) (Kirillov and Derevianko 1998; Konstantinov 1994; Lbova 2005). EUP sites found in 

the Transbaikal conform to the settlement and land-use patterns of EUP sites in southern Siberia 

as occupants used local raw material and faunal resources (Goebel 1999; Goebel et al. 2001). 

EUP sites in the Transbaikal are considered to be closely linked to those found in Mongolia 

dating to the EUP based on site character and artifact assemblages (Kirillov and Derevianko 

1998). 

Middle Upper Paleolithic (MUP) (27,000-18,000 14C BP) 

The MUP in Siberia corresponds to the beginning of the Sartan Glacial (24,000-18,000 

cal BP) when there was a cooling and drying trend (Kind 1974, Velichko 1987). Vegetational 

zones in southern Siberia were a mix of tundra, steppe, and pockets of broadleaf forests, whereas 

central Siberia was covered with mammoth-steppe. Periglacial steppe and montane tundra 

dominate the region (Grichuck 1984; Maloletko 1998). The end of the MUP occurs during the 

height of the Last Glacial Maximum (LGM) (19,500-16,100 14C BP) when temperatures reached 

their lowest during this period. MUP sites found across much of southern and central Siberia 

include the type sites of Mal’ta, Buret’, and Ust’ Kova along the Angara River, Afanas’eva Gora, 

Tarachikha, Kashtanka-1, and Druzhinikha on the Yenisei River, Sannyi Mys, Pri’iskovoe, 
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Chitkan, Kunalei, Melnichnoe in the Transbaikal region, Tomsk along the Ob River, and 

Alekseevsk on the Lena River (Derevianko et al. 1998; Goebel 1999, Vasili’ev 1993). 

The MUP adaptive strategy is described as logistical foraging from semi-permanent 

residential locations with semi-subterranean dwellings (Derevianko 1998; Goebel 1999, 2002; 

Vasil’ev 1992). There is evidence that groups were also hunting one or two fauna species from 

seasonally occupied camps with small hearths. Faunal assemblages at these larger base camps 

are less diverse than those found during the EUP, but more generalized than at small camps 

(Table 2.2). Unlike EUP lithic assemblages, there is a complete absence of Levallois technology 

at MUP sites. MUP toolkits are still blade based, but the size of the artifacts generally decreased 

and the diversity of forms increased compared to EUP industries (Derevianko et al. 1998; 

Dolukhanov et al. 2002; Goebel 1999, 2000; Konstantinov 1994). Toolkits are based on small to 

large subprismatic blade cores with some evidence of bipolar flaking techniques. Stone tools 

consist of lanceolate and oval bifaces, scrapers, gravers, and burins. Bone and ivory implements 

are prolific including tools such as awls and needles, as well as artwork, such as pendants, beads, 

animal carvings, and Venus figurines (Derevianko 1998; Goebel 1999). At sites, such as Kunalei 

and Chitkan there is evidence of microcores for producing small flakes (Terry et al. 2005). These 

cores are typically of high-quality lithic raw material (Terry et al. 2005). Some researchers 

(Derevianko 1998, Kuzmin and Keates 2005) see these early small cores as evidence of a micro 

or microblade technology in Siberia before the LGM, whereas others claim that microblade 

technology was not in Siberia until after the LGM (Goebel 1999, 2002, 2004; Hoffecker 2002; 

Hoffecker and Elias 2004).  

 Transbaikal Region. In the Transbaikal both MUP semi-permanent residential and short-

term extraction sites exist. Priiskovoe and cultural layer 2 at Chitkan, for example, are semi-
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permanent residential sites with a dwelling and hearth features (Konstantinov 1994). Kunalei, 

Chitkan cultural layers 3-7, and Melnichnoe 2, on the other hand, were likely campsites used 

relatively briefly during resource extraction. Kunalei contained a small stone-lined hearth, but 

features at Chitkan and Melnichnoe 2 were limited to charcoal smears. Chitkan was reoccupied 

several times and may have been used seasonally (Konstantinov 1994). 

The Last Glacial Maximum and Origins of Microblade Technology 

Temperatures across Siberia reached their lowest during the LGM (19,500-16,100 14C 

BP). Currently, there are two polarized views of what happened to human groups in Siberia 

during this extreme cold period and the origins of archaeological patterns of the subsequent late 

Upper Paleolithic Period (18,000-10,000 14C BP). Much of the debate centers on radiocarbon 

dates and what constitutes “good” dates that can be considered reliable and included within 

analyses, and whether analytical techniques skew the results. The other aspect of the debate is 

based mostly on a terminological difference of what is considered microblade technology. For 

this debate to come to a resolution, these problems must be addressed and agreed upon by all 

scholars involved. 

Depopulation and Recolonization.  Numerous researchers (Goebel 1999, 2002; Goebel et 

al. 2000; Graf 2006, 2009; Hoffecker and Elias 2003) posit that during the MUP human groups 

could not survive in the extreme cold and largely abandoned Siberia. This idea was initiated by 

Tseitlin (1979) who compiled data on paleoenvironmental conditions and radiocarbon ages. He 

argued that from 19,000-17,000 14 C BP climatic conditions were too adverse, cold and dry, in 

northern Asia so humans left these areas pushing southward.  Much of this research argument 

lies in the fewer number of radiocarbon dates, which are a proxy for number of sites, between 

22,000 and 18,000 14C BP (Dolukhanov et al. 2002; Goebel 1999, 2002; Goebel et al. 2000; Graf 
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2006, 2008, 2009; Tseitlin 1979). After 18,000 14C BP when the climate began warming, humans 

again flowed northward, possibly from Mongolia through the Transbaikal, reoccupying much of 

southern Siberia and ultimately making their way into the northern most areas and Beringia. It 

appears that these folks were highly mobile, had honed their adaptation to harsh environments, 

and were armed with a new technology of making and using microblades. Goebel (1999, 2002) 

acknowledges that there is a tendency during the MUP of small blade and core production, 

however he feels that because true microblade technology appears in sites in Siberia at 18,000 

14C BP it likely represents the influx of people bringing a brand new technology with them. 

Goebel et al. (2000) posit that the sites of Studenoe and Ust' Menza located in the Transbaikal 

region just north of Mongolia are the earliest reliable evidence of microblade technology in 

Siberia. Studenoe is a stratified site situated in flood plain deposits. Radiocarbon samples were 

obtained from multiple hearths in a large dwelling yielding a maximum age of about 18,000 14C 

BP. Hundreds of microblades and microblade cores surrounded these hearths. Microblade 

technology is found beneath layer 4/5 but above layer eight. A radiocarbon age of roughly 

20,000 14C BP was obtained from the lowest level, layer eight. A new date of 18,800 14C BP was 

recently obtained from the hearths in level 4/5 (Kuzmin 2005). Therefore microblade technology 

may be older than 18,000 14C  BP but younger than 20,000 14C  BP (Buvit et al. 2005). The Ust' 

Menza site is situated upstream from Studenoe. This site is similar to Studenoe in that it contains 

many stratified cultural layers with dwellings and hearth features. A radiocarbon date of 17,500 

14C BP is associated with microblade technology in level 20. There are levels lying below this 

containing microblades so the technology may be even older at Ust' Menza (Goebel 2002; 

Goebel et al. 2000; Konstantinov 2003). Goebel (2002) further suggests that Mongolia may be 

the source of this population and technology. Goebel (1999, 2002) bases this scenario on claims 
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that microblade sites with dates in good contexts only date to after the LGM. Only three sites, 

Tomsk, Shlenka, and Tarachikha, date between 18,000-19,000 14C BP and Goebel (1999, 2002) 

deemed these as not very reliable dates. Radiating into Siberia from the Transbaikal reliably 

dated sites become younger. In the Yenesei Malianskaya is dated to 16,500 14C BP, on the Ob' 

sites date to 14,000 14C BP, and in the Russian Far East microblades are found at Suvorvo at 

15,000 14C BP and Gorbatka around 14,000 14C  BP (Goebel 2002, Derevianko 1998). In the 

northern parts of Siberia microblades can be found at Diuktai Cave by 14,000 14C BP, and in 

Kamchatka by around 11,000 14C BP (Goebel et al. 2003; Mochanov 1978; Mochanov and 

Fedoseeva 1996). 

These folks may have also had new physical adaptations, such as the shortening of limbs, 

to cold climates as documented in European populations dating to this time period (Holliday 

1999; Hoffecker and Elias 2003). Humans occupying southern Siberia during the LUP and MUP 

time may have maintained skeletal morphologies adapted to warm climates like European 

populations (Holliday 1999; Hoffecker and Elias 2003). However, this is only speculation for 

Siberia has only fragmentary skeletal remains exist for this period (Hoffecker 2002; Hoffecker 

and Elias 2003; Holliday 1999). Turning to genetic evidence, HLA class II gene frequencies of 

native Siberian populations indicate dispersal of humans from the Transbaikal region into 

northeastern areas of Siberia, such as the Russian Far East, 24,000-21,000 14C BP (Uinuk-ool et 

al. 2002). Genetic data supports the idea of human dispersal from the south to the north but 

places the event before the LGM. Furthermore, the three-stage model for the peopling of the 

Americas by Mulligan et al. (2008) indicates that there was genetic divergence and isolation of 

the Amerind ancestors from the Asian gene pool between 23,000 and 31,000 years ago. This 

population then expanded into the New World roughly 16,000 years ago, indicating that there 
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was not a new population expansion from the south into Siberia after the LGM but a dispersal of 

populations already in Siberia into the New World.  

It should be noted that EUP and MUP people had sophisticated technologies to survive in 

these cold climates such as tailored fur clothing, shelters with hearths, possibly small animal 

traps, fresh bone and wood for fuel, storage pits, and the spear-thrower (Hoffecker and Elias 

2003). However, Hoffecker and Elias (2003) and Hoffecker (2002) posit that these warm adapted 

modern humans were unable to withstand such extreme cold temperatures of the LGM thereby 

retreating into slightly warmer areas further south. 

In-Place Development.  Other researchers, such as Kuzmin (2002, 2004, 2008), Kuzmin 

and Keates 2005; Kuzmin and Orlova (1998), Derevianko (1998), Mochanov (1978), and 

Mochanov and Fedoseeva (1996) believe that microblade technology existed in Siberia prior to 

the LGM (20,000-18,000 14C BP) probably by 35,000 14C BP.  

Work directed by Derevianko (Derevianko 1998; Derevianko et al. 2004) base evidence 

of early microblade technology in Siberia on radiocarbon dates obtained from sites such as Ust-

Karakol located in the Altai. A radiocarbon date of 35,000 14C BP was obtained for this site from 

levels that also contained a microblade core or the beginnings of wedge-shaped core technology 

(Derevianko 1998; Derevianko et al. 2004). Radiocarbon ages in association with microblade 

technology is reported from other sites such as Mogochino I (20,150 14C BP), Afontova Gora-2 

(20,000 14C BP), Ui 1 (22,800 14C BP), Kashtanka 1 (21,800-20,800 14C BP), Novoselovo 13 

(22,000 14C BP), Krasny Iar  (19,500 14C  BP),  Ust-Kova (19,550 14C BP), Ust-Ulum (27,000 14C 

BP), and Selemdga (19,360 14C BP for cultural horizon II;  microblade cores also associated with 

undated cultural horizon 1) (Derevianko 1998, 1996; Goebel 2002; Kuzmin 2002, 2004, 2008; 

Kuzmin and Orlova 1998; West 1996). Kuzmin and Orlova (1998) mark the transition from 
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macroblade to microblade technology at 23,000-20,000 14C BP, just before the LGM. Goebel 

(1999, 2002), however, has reservations about these sites and their associated radiocarbon dates. 

He feels that many of the sites have problems of either geologic context or with the date itself. A 

further complication of dating microblade technology is defining what microblade technology is. 

Ust’Karakol, for example, contains a small blade core but does it represent the same type of 

technology as in microblade reduction? Analysis of small blade cores from the site of Chitkan, 

an MUP site in the Transbaikal, revealed that microblades were not the end product of core 

reduction, therefore they could not be considered microblade cores (Terry et al. 2005). Could 

these small cores be the progenitors of later microblade technology? Only detailed technological 

analysis and comparisons of small blade cores and later microblade cores may help to solve this 

issue for both terminological and technological considerations. 

Mochanov (1978) and Mochanov and Fedoseeva (1996) have also proposed early 

microblade dates of 35,000 14C BP for Diuktai sites located on upper Yensei river from sites such 

as Ikine 2, and Ust'-Mil. Many Russian as well as foreign researchers have noted the problems 

associated with these sites, namely that there are no diagnostic microblade artifacts associated 

with the dates (although there are artifacts) (Ackerman 1985; Kuzmin 2008; Kuzmin and Keates 

2005; Vasili'ev 1993; Vasil’ev et al. 2002; Yi and Clark 1985). Dyuktai Cave, the type-site of the 

Dyuktai culture, with an age of 14,000 14C BP is likely a more realistic age.  

Furthermore, Kuzmin and Keates (2005) argue that traditional methods (e.g. Dolukhanov 

et al. 2002; Goebel 1999) of using the number of radiocarbon ages as proxy for human 

populations are flawed. These researchers developed a method of assessing population dynamics 

based on occupation episodes of 1,000-year episodes arguing that this method takes into account 

multiple radiocarbon ages from one cultural component that would otherwise skew the results.  
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Results based on occupation episode assessments for Siberia indicate that human populations did 

not decrease during the LGM. Other studies (Vasil’ev et. al 2003) have also come to this 

conclusion. However, human occupation in Siberia did increase dramatically after 16,000 14C 

BP, the cause of which Kuzmin and Keates (2005) are currently unable to explain. The 

relationship between microblade technology and this population boom is worth exploring.  

Despite the disputes about the earliest microblade technology in Siberia, it is not the only 

area in Northeast Asia with this technology. Three sites in China contain microblades dating 

from 23,000-35,000 14C BP (Pei 1985). Microblade technology has been found at the site of 

Xiachuan in Central China dating between roughly 24,000-14,000 14 C BP (Lu 1998).  Detailed 

literature in English about these sites and possibly others is difficult to obtain. Early expeditions 

by Nelson documented microblade sites in Mongolia (Nelson 1926). In Japan a blade industry 

was replaced by microblade technology roughly 16,000 -14,000 14 C BP at sites on Hokkaido and 

Honshu at sites like Fukui Cave, Kiyushu, and Araya (Morlan 1967; Hayashi 1968: Kobayashi 

1970). New research on Hokkaido, however, indicates that microblade technology was present 

there by 20,000 14C BP (Nakazawa et al. 2005).  

Genetic studies might illuminate the issue of whether the spread of microblade 

technology represents an influx of people into Siberia from more southerly locations, however 

studies thus far are fairly vague for this time period. Based on HLA class II gene frequencies 

found in modern northern Asian indigenous populations, Uinook-ool et al. (2002) indicate that 

by 24,000-21,000 years ago the Central Asian group centered in Mongolia and northern China 

became separated from the Caucasian group located in the Altai and Caucuses. This central 

Asian group then spread from Mongolia/northern China through the Transbaikal and populated 

northern Siberia and Japan after 21,000 years ago.  
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Late Upper Paleolithic (LUP)(18,000-10,000 14C BP) 

The late Upper Paleolithic period (18,000-10,000 14C BP) occurs after the LGM of the 

Sartan glacial when the climate was gradually ameliorating into the Holocene. Periglacial steppe 

and montane tundra dominate the region (Grichuck 1984). Sites are found in southern and 

northern areas of Siberia including Afontova Gora and Kokorevo sites along the Yenesei River, 

Krasni-Iar and Ust’Kova on the on the Angara, Kurla along the west shore of Lake Baikal, 

Studenoe, Ust’ Menza, and Kosaia Shivera in the Transbaikal, and Dyuktai Cave and Ikhine-2 in 

the Aldan River Valley, Ul’ Khum in Chukotka, Ushki on Kamchatka and Ustinovka, Suvorvo, 

and Gorbatka in the Russian Far East (Abramova 1979; Derevianko 1998; Goebel 1999; 

Kuznetsov 1996; Mochanov and Fedoseeva 1996). Sites are typically located along river terraces 

in alluvial deposits (Goebel 1999). All LUP sites contain microblade cores and microblades. This 

technology is regarded as a means of reducing risk by conserving raw material and maximizing 

the amount of cutting edge on tools (Elston and Brantingham 2002; Flenniken 1987; Rasic and 

Andrefsky 2001). Microblades were inset into bone tools such as slotted points or knives. Other 

stone tools found in the Transbaikal during the LUP were made from blades and flakes. Stone 

tools include microblade cores, larger blade and flake cores, burins, bifaces, scrapers, gravers, 

and retouched microblades. Needles, awls, beads, pendants, and incised discs constitute the bone, 

ivory, and antler assemblage (Derevianko 1998; Goebel 1999).  

Mobile groups repeatedly occupied sites during the LUP for short periods of time 

(Derevianko 1998; Goebel 1999, 2002, 2004; Vasil’ev 1992). LUP sites in the Transbaikal, such 

as Studenoe 1 and 2 and Ust’ Menza 1 and 2, reveal 4-5 m dwellings clearly demarcated by river 

cobbles with central stone-lined hearths. These dwellings are thought to have been occupied 

briefly, perhaps on a seasonal basis as indicated by very thin living floors with few artifacts 



 54 

(Buvit 2000; Goebel 1999; Goebel et al. 2001). Along the Yenisei at the sites of Afontova and 

Kokorevo and in the Transbaikal at Studenoe and Ust’ Menza woolly mammoth were absent 

from faunal inventories. Goebel (1999) notes that during the LUP inhabitants focused on hunting 

one species such as reindeer at Novoselovo-6 and Novoselovo-7, or reindeer and roe deer 

(Derevianko et al. 1998; Dolukhanov et al. 2002; Goebel 1999; Konstantinov 1994). Groups 

were likely moving relatively frequently, but reoccupying the same base camp during certain 

times of year to extract targeted resources.  

Conclusion 

This overview of the Siberian Paleolithic period has illuminated some of the current 

problems associated with human dispersal into and occupation of Siberia that provides the 

framework for this study.  Characterizing the process of human colonization of Siberia during 

the entire Paleolithic Period must also be understood in terms of hunter-gatherer behavioral 

strategies alongside stone tool typologies and technologies. During all time periods factors such 

as settlement and mobility patterns, fauna exploitation, acquisition and maintenance of tool 

stone, and tool design elements must be studied on a site by site basis. This dissertation explores 

these factors in the Transbaikal to understand the human dispersal process on a regional scale.  
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CHAPTER THREE 

FORAGER LAND-USE, TECHNOLOGICAL INNOVATION, AND 

TECHNOLOGICAL PROVISIONING STRATEGIES 

Over the years, principles of evolutionary ecology have become grounded in several 

bodies of theory relevant to anthropological inquiry, likely because of its broad level of 

investigation as it is “the study of evolution and adaptive design in ecological context” 

(Winterhalder and Smith 1992:3). Human behavioral ecology (HBE), the application of 

evolutionary ecology models to human behavior, has brought a set of theoretical tools to lithic 

studies that have provided a framework for researchers to move beyond the task of description, 

although an important aspect, into behavioral interpretations (Andrefsky 2008; Bleed 1986; 

Winterhalder and Smith 2000). Hunter-gatherers are at a constant optimality interplay between 

obtaining key resources, such as food, water, shelter, and tool stone, and expending the least 

amount of effort in securing them. Foragers must adapt their resource acquisition behavior to 

find a balance between these two constants by changing parameters of how resources are located 

and extracted. These limitations can take many forms including prey and raw material location 

and acquisition, settlement mobility, and technology with which to extract resources.  

In this study, technological changes are evaluated in terms of HBE models to determine if 

they are linked to hunter-gatherer uncertainty and risk as a response to climatic and 

environmental fluctuation during the end of the Pleistocene. Several models from optimal 

foraging theory (OFT) are first reviewed to provide a basic framework within which hunter-

gatherer adaptations during the end of the Pleistocene in the Transbaikal can be evaluated. These 

models, however, only provide guidance in the interpretation of archaeological data, such as 

faunal remains and features, associated with the study sites and how these factors affect lithic 
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technological innovation and forager exchange networks. Next, turning to stone tool studies, 

Kuhn’s (1995) technological provisioning model is reviewed and will provide the context for 

interpretations of lithic analysis in subsequent chapters.  I hope that this review will provide a 

clear articulation between technological provisioning, innovation, social connections, and hunter-

gatherer land-use practices, all theories upon which this dissertation is grounded. Much of this 

review follows Clarkson’s (2007) eloquent model combining optimality models of foraging 

theory and technological organization to evaluate technological change at the end of the 

Pleistocene in Australia. 

Optimal Foraging Theory 

Human Behavioral Ecology applies optimal foraging theory (OFT) models, which were 

first developed during the 1950’s through 1970’s for non-human foragers (e.g. Charnov 1976, 

Lack 1954, Mac Arthur and Pianka 1966), to human behavior (Winterhalder and Smith 2000). 

OFT is hypothetico-deductive in that it builds hypotheses to be tested by using relatively simple 

fitness-utility models usually based in microeconomics. Ultimately, OFT is grounded in Neo-

Darwinism in that it assumes that the goal of a hunter-gatherer is to increase reproductive fitness. 

In most cases, this fitness increase is assumed in somatic maintenance that ultimately will result 

in increased reproductive fitness of the forager. OFT takes a reductionist approach assuming that 

the only goal is to maximize fitness and that the physical environment is the only component 

within which hunter-gatherers are acting to do so. OFT also presumes that hunter-gatherers are 

behaving optimally, that is that they will try to obtain a currency, such as calories, in a way that 

is the best possible, instead of doing just enough to satisfy their needs. Social mechanisms are 

usually not accounted for in OFT, however if foragers are not behaving "optimally" then there is 

reason to believe that there is another underlying cause that needs to be explored. OFT is a 
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powerful tool to evaluate culture change because deviations from what foragers “should” be 

doing are often interesting cultural manifestations (Bird and O’Connell 2006; Broughton and 

O’Connell 1999; O’Connell 1995; Smith and Winterhalder 1992; Winterhalder and Smith 2000). 

 Fitness-utility models in OFT incorporate a goal which is maximizing reproductive 

fitness but usually is equated to caloric intake, currency in the form of net acquisition rate of 

calories, costs to obtain the currency in terms of energy expended such as travel, processing, 

handling, as well as opportunity costs where the chance of pursuing some other option is lost, 

and benefits in the form of the most net caloric return (Smith and Winterhalder 1992; 

Winterhalder and Smith 2000).  

Ideas of uncertainty and risk are incorporated into these models as both affect how a 

hunter-gatherer will act under each condition. Uncertainty is basically the lack of information, 

like the location of berries, and can only be resolved through gathering particulars (Cashdan 

1990; Fitzhugh 2001; Knight 1921; Smith 1988; Winterhalder 1983).  Uncertainty might be 

especially critical to colonizing populations who have no prior knowledge of an area. Risk in 

HBE, on the other hand, is variance in outcome due to circumstances that are out of the control 

of the hunter-gatherer. In other words, risk is how much the net return rate will vary every time 

the action is performed. In circumstances where a resource is always captured the hunter-

gatherer has little risk, but those who capture it only half of the time have greater amounts of risk 

(Fitzhugh 2001; Stevens and Krebs 1986; Winterhalder, Lu, and Tucker 1999). Hunter-gatherers 

who are risk prone, or willing to take risk, that is who are well adapted to their environment and 

under little resource stress or risk, will try to reduce this variance to obtain the highest outcome, 

while those who are risk averse or will do anything to try to avoid it, that is those who obtain 

relatively low return rates and greater amounts of risk, will try to obtain the largest pay-off by 
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utilizing many different strategies (Fitzhugh 2001; Stevens and Krebs 1986; Winterhalder, Lu, 

and Tucker 1999). Under resource stress or depression, a hunter-gatherer will try to reduce the 

amount of risk in a given situation through several situationally specific tactics. I will review a 

few OFT models that directly pertain to the Transbaikal study including diet breadth, patch 

choice, and central place foraging, and measures that hunter-gatherers can take to reduce risk in 

each circumstance.  

Diet Breadth 

 The diet breadth model predicts which resources should be included in a hunter-gatherers 

diet by ranking them based on net acquisition rate (kcal/hr) (Pianka and MacArthur 1977; 

Winterhalder 1981). Net acquisition rate takes into account the total amount of calories of the 

resource and the amount of calories expended in pursuit and handling time. The highest ranked 

resource is usually the largest animal as it will supply the most amount of calories, however, 

technological and other factors that increase pursuit and handling times may change this ranking. 

As the ranked resources are added to the diet, if net return rates of the resources increases with 

each addition, then the new resource will be added. This supplement of resources will occur until 

the net return rate decreases with a new resource. As encounters with high ranked prey increase 

then the diet breadth will narrow because of higher return rates, but as encounters with high 

ranked resources decreases then more items should be sought after by the hunter-gatherer to 

boost net return rates. Similarly, Schmidt (1998) proposed that foragers operate within several 

frameworks to acquire prey including; 1) search for preferred prey and take only preferred prey, 

2) search for preferred prey but take other types of prey opportunistically, and 3) search for non-

preferred prey and capture any type of prey opportunistically. The strategy a forager chooses 

depends largely on the availability of preferred prey, typically the resources with the highest 
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return rates. Taking prey opportunistically would occur if preferred prey is scarce and capturing 

other lower ranked resources provided higher return rates than if the forager continued searching 

for the high ranked resource. Modification of hunter-gatherer technology is also a way of 

increasing return rates by either decreasing pursuit time and/or decrease handling time (Beck et 

al. 2002; Bettinger et al. 1997; Jones and Madsen 1989; Metcalfe and Barlow1992). For instance, 

Metcalf and Barlow (1988) found that Great Basin hunter-gatherers who used woven paddles for 

seed processing increased return rates. It follows, then, that technological changes are sensitive 

to environmental changes and resource scarcity in that if the encounter rate of a high ranked 

resource decreases because its abundance has diminished, then hunter-gatherers should modify 

their existing technology or invent new technology to increase encounter rates (Clarkson 2007; 

Fitzhugh 2001).   

Patch Choice Model 

 The patch choice model is also useful in providing fodder for assessing technological 

change, even if it may not be directly applied to the study data. In the patch choice model 

investigators use Charnov's (1972) marginal value theorem taken from microeconomics to 

determine at what point, or marginal value, a forager will leave a patch to pursue resources in a 

different patch. This model assumes that all resources are distributed across the landscape in 

patches and that all patches are situated homogenously in the environment. Variables in this 

model include travel time, productivity in terms of gross calories extracted, and the time spent in 

the patch. If patches are further apart a forager will spend more time in patches than when they 

are close together, provided patches are productive (Stephens and Krebs 1986). If the 

productivity of patches is low then the distance between patches is irrelevant as one would have 

to utilize a great amount of the landscape. This model provides a basis for the assumption that as 
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distances between patches become greater relative sedentism of foragers becomes greater. 

However, as the overall productivity of the environment increases and patches are positioned 

close to one another less time should be spent in any one patch thereby increasing relative 

forager mobility.  

Central Place Foraging 

 Central place foraging model is a more complex optimal foraging model that predicts at 

when transport costs of resources back to a central place become so great that foragers will move 

their residence. The longer a forager inhabits an area resources around the camp the more it will 

become depleted so the forager must travel further. Central place foraging models the point at 

which it is better to incur the initial costs of moving to a new location compared to the costs of 

traveling longer roundtrip distances to transport resources to residences. The residence should be 

moved when the travel distance to a new camp outweighs the benefits of traveling one-way 

further from camp (Kelly 1995). Field processing resources decreases transport costs, thereby 

increasing roundtrip distances, allowing hunter-gatherers to move less frequently (Beck et al. 

2002; Bettinger et al. 1997; Jones and Madsen 1989; Metcalfe and Barlow1992). During times of 

resource depression, hunter-gatherers deplete resources more quickly resulting in either moving 

more frequently or sending task groups out to take high ranked resources from areas further 

away and transport them back to the residence as long as return rates are high enough after 

factoring in travel time (Cashdan 1985, 1992; Broughton 2003; Broughton and O'Connell 1999; 

Charnov et al. 1976; Nagaoka 2002; Sobel and Bettles 2000). 

Including those mentioned previously, researchers have recognized several tactics 

employed by foragers that can potentially reduce risk associated with resource depression or 

environmental change. This review is not a comprehensive list of all of the alternative 
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approaches hunter-gatherers have taken to alleviating risk, but a collection of some of the most 

prevalent in forager studies. Many behaviors have several different levels of intensity that can be 

applied to lighten the impact of resource depression (Halstead and O’Shea 1989). For example 

hunter-gatherers can choose to diversify the existing resource base by including more low-ranked 

resources or by making a transition to a new subsistence base. Even though there is much 

uncertainty in this literature with very few formal models in anthropological studies, many of the 

choices human foragers display to reduce risk are similar to other non-human foragers including 

diversification, storage, mobility, and reciprocity (Winterhalder et al. 1999). Diversification of 

food, as described in the prey choice model, allows foragers to obtain higher net return rates if 

high-ranking foods are scarce (Hawkes and Bleige-Bird 2002; Hawkes and O’Connel 1992). By 

storing resources, the return is delayed until some future time when it can be called upon during 

resource depression or when it is unavailable. Storage is not always practical in terms of having a 

surplus to store, having a level of sedentism that can take advantage of stockpiles of resources in 

one locality, or having the right conditions in terms of food stuff and environment under which 

resources can be stored (Cashdan 1985). Foragers can also increase mobility, as outlined in the 

patch-choice model as well as central place foraging model, as a means of increasing encounter 

rates with prey in the form of either increased residential or logistical mobility (Cashdan 1985; 

Sobel and Bettles 2000).  Reciprocity is one of the best documented mechanisms foragers use to 

alleviate risk (Cashdan 1985; Kaplan and Hill 1985; Hawkes et al. 1991; Weisner 2002). 

Sharing, in essence, acts as insurance against variance by investing resources when they are 

plentiful into a pool that can be withdrawn from in future circumstances when they are scarce. 

Reciprocity can be performed among individuals in times of low-level risk, or across groups 

when there is large-scale resource depression (Cashdan 1985; 1992; Sobel and Bettles 2000). 
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Changes in technology are also ways in which foragers can reduce risk. As discussed previously, 

increasing encounter rates (Smith 1991) or decreasing travel costs through field processing are 

just some of the ways technology may influence risk reduction (Beck et al. 2002; Bettinger et al. 

1997; Jones and Madsen 1989; Metcalfe and Barlow1992).    

Clearly, these models illustrate how technology is intimately tied to foraging behavior. 

However useful these models are for understanding foraging patterns, Jochim (1998) advocates 

the use of less stringent models to apply to the archaeological record. In his study on late Upper 

Paleolithic and Mesolithic sites in Europe, Jochim (1976) found it difficult to obtain accurate 

information about plant and animal aggregation and density, as these factors are difficult to 

project into past environments, especially in environments in flux with many extinct species. He 

also argues that the typical archaeological record is usually only an imperfect record of the 

activities that occurred in the past. For this reason the data that archaeologists recover is far from 

complete, we may be missing information about a key resource (Joachim 1998). In this study, 

this OFT logic is broadly applied to the study data providing an outline of foraging behavior in 

given situations, and providing a better understanding of how humans in the past utilized their 

resources, which in turn might provide a glimpse into their technological organization and 

reasons for innovation. 

Technological Innovation 

 It has become clear through the above discussion that technological innovation holds an 

important role within foraging theory and that physical environmental constraints impose 

selective pressures on foragers. Two ways of buffering oneself against environmental changes 

include increasing mobility and inventing new technologies to achieve higher return rates. In his 
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article, Fitzhugh (2001) presents a model exploring the kinds and conditions of physical selective 

pressures that will or will not invoke technological innovation.  

Fitzhugh's (2001) model incorporates risk sensitivity, the susceptibility of a hunter-

gatherer to variance in return rates and environmental productivity and, in terms of return rates, 

determining when technological innovation should occur (Figure 3.1). Fitzhugh uses a sigmoid 

curve of environmental productivity derived from risk theory to model forager assessment of 

whether technological innovation should be a strategy to increase return rates. Return rates 

rapidly increase on the lower left side of the sigmoid curve (Figure 3.1 b) until a threshold is 

reached, after which the curve begins to flatten out as the addition of more return adds less value 

to the fitness or utility of it for the forager. When the addition of more returns rapidly increases 

the utility for the forager to increase fitness, it is called a risk-prone strategy as they are seeking 

ways in which to increase return rates.  Foragers with low return rates as in the lower left section 

of the sigmoid curve should try new types of technology that will increase the return rates 

becoming “risk prone innovators”. On the other hand, when return rates are relatively high above 

the threshold on the sigmoid curve, a forager is termed risk-averse because they are trying to 

avoid variance in return rates as more will not increase their fitness greatly but less could. In 

these circumstances foragers should use technology that is allowing them to stay at this level of 

production, a state Fitzhugh terms “conservative innovators”, not investing in potentially high 

material and labor costs of trying something new that might not work and create lower net return. 

Therefore, when environmental productivity is low (Figure 3.1 a grey area) foragers should be 

innovating new technologies (Figure 3.1 b grey area) to extract the most from return rates. 

Conversely, when environmental productivity is sufficiently high (Figure 3.1 a area above dotted 

line) foragers should sustain current technologies (Figure 3.1 b area at top portion of sigmoid  
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Figure 3.1 Models showing environmental variance, risk sensitivity, and innovation. The 
variance in return rates plotted over time is illustrated in the top figure (a). The relationship of 
environmental productivity is illustrated in the top figure, and risk sensitivity is provided in the 
bottom curve (b). Innovation will be most common when return rates (environmental 
productivity) are low and risk sensitivity is (grey area below dashed line in a, and grey area at 
bottom of sigmoid curve in b) on the sigmoid curve, whereas innovations will be less common 
when return rates are high (environmental productivity) (white area above dashed line in a, area 
at top of sigmoid curve in b)(modified after Fitzhugh 2001). 
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curve). Obviously, only subsistence technologies should be compared against environmental 

productivity using this model (Fitzhugh 2001). 

Within this framework, other technological considerations on tool production must also 

be considered. Tool constraints are those associated with raw material availability, manufacture 

and maintenance, and tool performance.  Operational constraints are those affiliated with how 

the technology can be deployed for manufacture and use involving skill and knowledge of the 

technology and environment by the forager(s). Lastly, strategic constraints, or those social 

limitations placed on the technology, include the group size and technical skill and how easily it 

is to share the technology between group members (Fitzhugh 2001).  

Of these constraints, only a few are directly associated with technological innovation and 

the motivations behind it. Raw material costs are directly related to tool constraints, any 

difference in raw material availability in location and timing of encounter will potentially change 

the structure for obtaining and maintaining a supply of tool stone. Operational costs, those 

involving skill and knowledge, will be lowest in familiar environments, but will increase as the 

environment changes because existing technologies will provide lower and lower return rates. 

Based on the patch choice and prey choice models, as return rates degrade foragers will move to 

a new patch or increase diet breadth. In these situations variation in outcome increases and 

eventually, if the environment does not ameliorate, technological experimentation should occur 

in an attempt to increase return rates. Operational costs will be highest initially in new 

environments in situations where foragers expand into unfamiliar locations and habitats. 

Technological shifts may be undertaken shortly after expansion into new territories, however if 

forecasting of these costs is available then they may occur beforehand. Finally, strategic costs are 

not generally found in societies that have resources with little storage ability such as those that 
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rely on large prey or in environments where storage is impossible, as strategic costs would be in 

the form of resource competition. Ethnographically in these instances sharing occurs within and 

between groups. However, in larger groups with storage potential, competition for resources 

between groups would increase defense technology to lessen the potential of neighboring groups 

of procuring resources from another’s territory (Fitzhugh 2001).  

By fusing ideas found in OFT and those in the organization of lithic technology, several 

predictions about technological changes can be made. First, foragers should experiment with new 

local raw materials and conserve non-local materials if they are moving into unfamiliar 

environments. Second, rapid technological change will most likely occur when moving into 

unfamiliar environments or during times of rapid environmental change of existing locations. 

Technological changes should occur first in those tools used for extracting large game, if 

available, because they carry the highest return rates, while those used to procure other species 

should occur later, if at all. If no large game were encountered upon moving to a new area the 

secondary resource base would have to be maximized. I would also add that if high quality raw 

material for the production of stone tools is not locally available or not initially found in new 

habitats, then tools used to pursue large game should be made of high quality non-local raw 

materials, instead of functionally inferior stone, to ensure maximum functional efficiency and 

buffer against risk. Experimentation with the existing local stone might also occur, resulting in 

new procedures for working with lower quality stone.  

Social Connections 

Discussions around reciprocity often center on the idea that gift-giving is a technique in 

which one can use “social-storage” as a way to gain access to resources from the receiver at a 

future date (Kelly 1995; Mauss 1930; O’Shea 1981; Sahlins 1972; Winterhalder 1986). Hunter-



 67 

gatherers have been documented using a strategy of widening social connections through 

reciprocity, in addition to kinship and marriage, as a way to reduce resource stress. Most of these 

studies center around gift-giving or food sharing to alleviate resource risk such as large game 

among the Ache′ (Hill and Kaplan 1993; Kaplan and Hill 1985; Gurven 2006), Inujjuamiut 

(Smith 1988), Hiwi (Gurven 2006; Gurven et al. 2000), and Dolgan (Zuiker and Schnegg 2005), 

or reciprocity for access to resources within territories among Australian Aborigines (Meyers 

1988) or Ju/’hoansi/!Kung (Cashdan 1985; Lee 1979; Weissner 1982, 2005; Yellen 1977). Social 

storage is an extremely effective way for hunter-gatherers to reduce the chances of resource 

shortfalls by creating social credit so that others have the obligation of repaying these debts in 

the future (Kelly 1995; Mauss 1930). In instances where a social relationship was previously 

formed through exchange partnerships and friendships, kinship, or ceremonial rights, access to 

territories is more likely to be granted as opposed to instances where no previous relationship 

between people was formed (Weissner 2002). Typically, social relationships between non-kin or 

distantly related kin are created and maintained through the exchange of goods, such as xaro 

(!hxaro) among the Ju/’hoansi where access to resources on land was determined through 

reciprocal exchange partners of non-food gift items (Weissner 1982; 2005), the Basarwa 

exchanged food items, however, other items were also given (Cashdan 1985), and formal 

exchange partners called niuviq among the north-west Alaskan Eskimos in which material goods 

were given as well as access to food resources during shortfalls (Burch 1988). Although kinship 

and marriage relationships may be a common way to form social ties between hunter-gatherers, 

these ties are not highly visible in the archaeological record. One method of tracking the 

formation of gift-giving and information exchange networks that are perceptible archaeologically 

has been correlated with the circulation of “exotic” goods especially lithic raw materials, shells, 
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and other decorative items in Paleolithic and Mesolithic Europe and southwest Asia (Baales 

2001; Eriksen 2002; Gamble 1983; Jochim 1998; Kuhn and Stiner 2001; Svoboda et al. 1996; 

Weniger 1990; Whallon 1989, 2006). Tracking kinship and marriage systems would, in many 

cases, provide the most accurate information about social relationships, however examining 

exchange systems may be the best proxy data about these connections during the Paleolithic 

period. 

Optimality models have also been utilized to outline hunter-gatherer reciprocity 

interactions involving groups situated within various geographical distances of one another from 

those positioned in near to remote proximity to each other. The network mobility model (Whallon 

2006) has been used on a macro-scale level to measure the interactions between foraging groups 

on a fairly geographically extensive level. Use of this model suggests that the formation of social 

safety-nets depends on the degree of resource variance both within and between groups and the 

relative position of these groups to one another on the geographic landscape. The data base 

utilized in this model was obtained from ethnographic studies of reciprocity and land tenure and 

incorporates aspects of the food sharing model (Winderhalder 1986), the economic-defensibility 

model (Dyson-Hudson and Smith 1978), social-boundary defense model (Cashdan 1983), and 

sharing between groups model (Kelly 1995). Kelly’s sharing between groups model (1995)  is 

most relevant to Whallon’s social safety-net discussion, therefore a more in-depth review is in 

order. First, however, brief descriptions of Winterhalder’s (1986), Dyson-Hudson and Smith’s 

(1978), and Cashdan’s (1983) models are necessary to provide the appropriate background for 

Kelly’s and subsequently Whallon’s formulations.  

Use of Winterhalder’s (1986) food sharing model requires a consideration of both within 

and between group relationships in order to explore under which circumstances of resource stress 
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a forager should either exchange food with others, or rely on storage to get through times when 

resources are meager. In this context, reciprocity is most likely to occur during times when 

individual foragers experience high resource variance typically on a day-to-day basis, but that the 

variance in food availability is low between other foragers in the group. In this case, some 

foragers have more or less than others at different times, allowing the use of reciprocity to level 

the differences. During times of high resource disparity for individual foragers as well as the 

group there should be little exchange of food because no one has anything to share. Furthermore, 

households should rely on storage or migration to get through times of need. When there is little 

variation in supplies for individuals and between foragers there should be little sharing, storage, 

or migration. Sharing might occur for specific products, however, if return-rates for foodstuff are 

low both for individuals and between foragers.  

These general notions about how internal and external relationships are related to food 

stress are found in the economic-defensibility model (Dyson-Hudson and Smith 1978) and social-

boundary model (Cashdan 1983), both of which reveal how a group of foragers control territorial 

access to others in times of food stress. The economic-defensibility model (Dyson-Hudson and 

Smith 1978) forecasts that when resources are predictable and found in high quantities it is 

beneficial for foragers to defend territories by maintaining perimeter-defense. On the other hand, 

under conditions where resources are sparse and unpredictable groups will be more mobile and 

might share information because the cost is too high to try to defend resources in this setting. In 

this type of situation territories may be defended through granting access to land and resources 

based on social relationships as detailed in the social-boundary model. Foragers will use social 

relationships, in the form of gift-giving, to grant the right to use land and resources within it 

when territories are large, and are thus difficult to patrol, or resources are limited and 
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competition for those resources are high. These rights to resources may commonly involve 

relationships granted through kinship or marriage, however gift-giving would more commonly 

occur between non-kindred. Groups will be more willing to grant access to resources if a 

previous social relationship exists. Under circumstances where resource competition is high and 

those resources are aggregated within a small territory, foragers will likely use perimeter 

defense. 

These contexts provide the structure for Kelly’s (1995) between-group sharing model 

(Figure 3.2). In this model he predicts that during times of high resource variance, both within 

and between groups, there should be restricted access to territories with defense of those 

territories (as well as storage to mitigate against short-falls) because outsiders might want to 

extract resources from another’s territory. However, when variance within the group is low but 

high between groups these measures are lifted and passive territories are maintained as there are 

plenty of food sources to share. Social-boundary defense in the form of controlled reciprocity 

between groups should exist when resource variance within the group is high but low between 

groups. Finally, during times where resources are plentiful then there is little need to rely on 

others, consequently there should be less social-boundary defense but exchange between 

neighbors should still exist to maintain social relationships.  

With this background, Whallon’s (2006) network mobility model of how social “safety-

nets” or exchange networks should be organized on a regional scale based on resource variation 

makes sense (Figure 3.2). If variation in resource availability is high both regionally and inter-

regionally, then groups should decrease social networks within nearby regions and increase it to 

those in distant geographic locations since those are the areas that access to resources would be 

granted if social connections were maintained. In this case these groups would be using social-  
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Figure 3.2 Expectations based on Kelly’s (1995) between-group sharing model (top) and 
Whallon’s (2006) network mobility model (bottom). 
 



 72 

boundary defense and a concentration of inflexible or controlled reciprocity, would occur. 

Archaeologically, one might see the presence of “exotic” types of artifacts or raw materials as 

trade items for preservation of a social relationship. If regional variability in resources is high but 

low within adjacent regions, then social networks should be highly maintained between those 

locally adjacent regions and low between distant geographic regions. In this case social-

boundary defense and a rigid pattern of gift-giving would occur at the local level to ensure that 

access is granted to their resources. Again, this model assumes that gift-giving is the mechanism 

to access resources and does not take into consideration ties related through kinship. This 

relationship might be visible archaeologically in the form of few items from distant areas found 

within archeological sites, but connections at the local level might be detected by a decline in the 

movement of “exotic” items. Of course, the exchange of items does not have to involve “exotic” 

objects, however these would be the most visible in the archaeological record. If resource 

variation is low within and between regions then there should be little intergroup contact as no 

one really needs to use resources from another territory. If resource variation is low within a 

region but high between regions there should be stable exchange networks between adjacent 

regions, again to maintain access to resources if resource short-falls occur. In this case items not 

local to the region might be found, but not in large amounts. In all of these cases the transfer of 

information may also be associated with these social contacts and may take on various forms in 

the archaeological context. Foragers, then, should organize these social connections to solve the 

problem of local resource stress.  

Technological Planning and Provisioning  

 Two studies of technology in the 1970s were critical in the study of lithics.  These studies 

were concerned with the acquisition of raw material, manufacture, use, reuse, and how it related 
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to social and environmental factors. Oswalt (1974) published an ethnological study compiling 

technologies of extant groups in different environmental areas, while Binford (1977, 1979, 1980) 

put forth data related to ethnoarchaeological studies with the Nunamiut of Alaska. These works 

have been instrumental in shaping the way that archaeologists began, and consequently still are, 

looking and thinking about technology. Subsequently, this research sparked a florescence of 

research generating key concepts as to how foragers organize their lithic technologies. This, in 

turn, provided critical pieces to a larger theoretical perspective that, in my opinion, was most 

succinctly presented by Kuhn’s (1995) technological provisioning model. I will review Kuhn’s 

model incorporating ideas from several other researchers highlighting how technology and 

forager mobility are intricately linked and ways in which technology is organized in the system 

to reduce risk. This will provide the framework for assessing technological provisioning 

behavior in the Transbaikal sites. All of the ideas discussed operate within an optimality 

framework, that is they evaluate tool attributes in terms of what foragers should be doing to 

obtain the highest outcome in their given environment. 

 Kuhn’s (1995) model pivots on the idea that a forager needs to maintain an adequate 

supply of tools, in the form of tool stone or tools, and can employ either a strategy of relying on 

raw materials for tool production or depending on the tools carried with them from place to 

place, termed “provisioning people”. They may also maintain stores at locations on the landscape 

i.e. “provisioning places”. These tactics generally occur in very different situations in terms of 

foraging behavior, subsequently each approach demands much different strategies in terms of 

tool stone procurement and conservation, and tool design elements. 
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Forager Mobility 

Forager mobility directly influences the tool stone provisioning approach of a hunter-

gatherer. Binford (1977, 1978, 1980) expanded stone tool studies to focus on the role of mobility 

through his work with the Nunamiut. He compared two types of foragers that seemed to practice 

very different strategies of how they move about on the landscape labeling them either foragers 

or collectors. Collectors employed a logistical mobility strategy whereby residences were moved 

infrequently, semi-annually or annually, and supplemented resource extraction by dispatching 

logistical task groups to bring supplies back to residences for storage. The pattern that would 

appear on the ground was a large residential base with numerous dispersed field camps and 

stations where hunting and other foraging activities occurred. This type of strategy, he noticed 

was usually found in higher latitudes where the effective temperature and plant productivity was 

low. In contrast, the G/wi San practiced a strategy of residential mobility where the entire 

residence base was moved to the resources (Silberbauer 1972). This type of pattern was found 

where the effective temperature and plant productivity was high. In essence, the residential base 

of foragers was moved more frequently than collectors, however, the total distance traveled in 

the move may be higher for collectors. A major criticism of this work is the dichotomous nature 

of these two strategies, one as sedentary moving residences infrequently and the other mobile 

(e.g., Chatters 1986; Fitzhugh and Habu 2002), but Binford himself recognized that these are the 

polar opposites with much variability in between. Given these different site patterns there should 

be differences with how groups organize their tool provisioning strategies in terms of raw 

material procurement and use and design of toolkits. 

Kuhn (1995) noted that provisioning places are most likely found where settlements are 

moved infrequently so that a steady supply of tool stone is at the needed location. Stocking 
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locations, instead of people, with the raw materials to make tools is usually found in societies 

that have a higher degree of sedentism, as it is advantageous to keep a large quantity of tool 

stone at a locality that is occupied for a relatively long period of time. Consequently, this eases 

the pressure of several constraints imposed on both tool design and consumption by the 

requirements of having to maintain a mobile toolkit. Conversely, a forager who moves around on 

the landscape more frequently will find it more practical to keep a steady supply of tools on their 

person. Supplying people with the materials needed to make tools is typically associated with 

foragers who display higher mobility rates. As there is no guarantee that new locations will have 

adequate raw material, these foragers will be provided with tools when the need arises, thereby 

buffering the risk of not being supplied. Logistically mobile foragers, on the other hand, would 

need to operate within both strategies. On a logistical foray extracting resources away from 

residential bases, people will use a strategy that provisions people in order to guarantee that there 

will be tools available when needed. Residential bases, in this strategy, will be supplied with the 

raw materials to make tools on the spot. The large number of other tools present at residential 

bases may swamp evidence of tools used for logistical forays (Bamforth 1986; Kelly 1989; Kuhn 

1995).  

Tool and Toolkit Design.  

Transporting tools from place to place bestows very different requirements on tools and 

toolkits than provisioning places. Provisioning people involves the transport costs of tools but 

also must weigh the types of activities that may be required from tools at any given time (Kuhn 

1995). Many researchers have elaborated on the nature of toolkit design requirements by 

evaluating these costs and benefits associated with transport and functional efficiency of tools, 

and the time frame in which tools are needed. 
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Time-stress. Within this notion of forager mobility, Torrence (1983, 1989) evaluated the 

role scheduling has on mobility and foraging technology using Binford’s Nunamiut and other 

ethnographic data. She brought to light how, under different land-use strategies, tool 

manufacture, use, and repair can be disjointed in both time and space affecting properties of both 

the tools themselves and toolkits. She refers to this connection between tools and scheduling as 

time stress. Under circumstances where the pursuit of a resource is restricted in time, as in the 

pursuit of caribou on a hunting expedition, tools must function immediately therefore hunters 

must prepare tools before the hunt and repair them after as there is no time during the search to 

do so. In contrast, tools that are not used in the pursuit of game may not be under such a time 

restraint. Tool kits, therefore may be associated with the degree of time available to complete a 

task. By putting to the forefront the role scheduling plays in tool manufacture, maintenance, and 

use, Torrence (1983, 1989) provided the framework for other researchers to elaborate on how 

specific aspects of toolkits interfaced with time-stress thereby creating several new ideas 

including diversity, complexity, maintainability, reliability, versatility, flexibility, portability, 

and level of standardization. 

Diversity. The diversity of tools found in toolkits is associated with the degree of time 

stress on the foraging activity and forager mobility. Highly diverse tool assemblages are typically 

found in logistical forager assemblages as more specialized tools are more task efficient when 

there is a small range of activities (Shott 1989; Torrence 1983). However, when residential 

mobility is high, low diversity assemblages will be found because tools will be needed for 

multiple tasks to reduce the weight of the toolkit (Shott 1989; Torrence 1983). In Shott’s (1989) 

review of several ethnographic tool assemblages, he found that assemblage size and degree of 

residential mobility was correlated to tool diversity. In cases where foragers practiced high 
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residential mobility their tool assemblages were small and showed low diversity. Foragers with 

higher degree of residential sedentism, on the other hand, had much larger tool assemblages and 

greater tool diversity. However, provisioning task, or what a forager is set out to do, may also 

influence toolkit diversity as some tasks require few tools, others require a great many, and still 

others require specific types that would be useless in other situations. 

Complexity. Tool complexity, or number of different parts of a tool such as a shaft and a 

hafted point, does correlate to higher risk of resource failure during food resource acquisition, 

but not necessarily higher rates of residential mobility (Bousman 1993; Bright et al. 2002; 

Collard et al. 2005; Torrence 1983; Ugan et al. 2003). In ethnographic data compiled by 

Torrence (1983) and Collard et al. (2005), when time stress was high, tools tended to be complex 

to guard against their failure during the pursuit of prey. People who lived in areas of higher 

effective temperature in the equatorial zones, had fewer tool parts than those living in areas of 

lower effective temperature in the northern latitudes. These two areas differ in how resources are 

distributed across the landscape. Northern latitudes are more animal rich, in terms of greater 

number of individuals within an animal species, and patchier where some are only found in 

certain seasons whereas the lower latitudes have more homogenously distributed, that is greater 

number of species but with fewer individuals within each species, resources found in encounter 

types of situations, whereas northern latitudes have patchier stands of game. In northern areas 

tools were more specialized containing multiple parts to guard against their failure, whereas 

around the equator tools needed to be more flexible because of variation in resource acquisition.  

Maintainability and Reliability. Elaborating on this idea of tool complexity, Bleed (1986) 

turned to engineering design theory and proposed the ideas of "maintainable" and "reliable" 

technological design systems. These two systems are not mutually exclusive; a tool can have 
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aspects of both and many ethnographic foragers use both for tool optimality. Maintainable tools 

are those that are light and portable with modular designs where the tool user in the field can 

easily replace broken parts. He described !Kung San hunting technology as maintainable as it 

was light weight including a bow, a quiver with several arrows, a spear, and several spare arrow 

heads and foreshafts to manufacture new arrows if the need arose (Lee 1979). Maintainable 

systems are desirable for foragers who cannot anticipate when a tool will be needed and must 

rely on the tool to work when used. On the other hand, reliable systems are over-designed to 

temper the disastrous risk of failure. These systems are well made with many carefully fitted 

complex back-up parts that require large amounts of manufacture time. Subsequently reliable 

systems are repaired during a specific down time. Eskimo seal hunters (Boas 1968; Mathiassen 

1928), Bleed’s (1986) example, use reliable systems. Before the hunt there is a time to make 

tools for the hunt, as there is little time in the field to do so. Harpoons are carefully made and 

generally stronger than they need to be. Considerable amounts of other gear was carried 

including hole probes, seal indicators, harpoon rests, wound plugs, and drag lines to ensure that a 

seal could be secured. All of this gear, however, was carried via a sled pulled by a team of dogs, 

so portability is much less of a constraint in this situation.  

Here, we can see how the weight of the tool, or portability, factors into toolkit designs 

and whether the system is used within constraints placed on toolmakers by the technological 

provisioning strategy and mobility. Bleed’s (1986) ideas of tool design seem to be addressing the 

needs of hunter-gatherers in terms of tools used for direct resource procurement, such as those 

for hunting, since this is generally a critical time in terms of both time stress and high amounts 

risk due to resource loss.   
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Portability, Versatility, and Flexibility. The portability of tools, or costs of tool transport, 

affects the diversity, complexity, and possibly even the size of toolkits under various 

circumstances (Lee 1979; Shott 1986, 1989; Torrence 1983, 1989). Portability constraints also 

would be influenced by caching gear at specific locations on the landscape, as well as mode of 

transport such as boats, dog sleds, or pack animals (i.e. dogs). Included in this context of tool 

portability are the notions of versatility and flexibility (Shott 1986). Versatility is the relationship 

between the number of tools and the number of functions that a tool has, usually measured by the 

number of distinct functional attributes on the tool. Shott (1986) equates flexibility to evidence 

of prolonged use-life or curation such as hafting, including a fosreshaft to take up the stress to 

prevent damage to the main shaft, as flexibility is the potential the tool has to be applied to 

various tasks. As mobility frequency increases the diversity or number of tools in the toolkit 

tends to decrease because of the trade-off between toolkit size, transport costs, and the use of 

more generalized tools in these residentially mobile contexts (Shott 1986, 1989; Torrence 1983). 

In these situations versatility should be high, as the few tools present need to be applied to many 

tasks. Considerations of types of tools men and women might carry may also factor into transport 

costs of residential bases. Tool complexity, however, will increase in logistically mobile foraging 

toolkits because of the specialized extractive tasks that take place in these contexts (Shott 1986, 

1989; Torrence 1983). In both circumstances flexibility should be high to maximize lithic raw 

materials and the need for a few tools to perform several tasks, even those unforeseeable 

situations. Additionally, tools may become smaller and lighter in cases where mobility is high 

(Ebert 1979; Keeley 1982). 

Standardization. Standardization of tools or components is implied in Bleed’s (1986) 

discussion of technological systems in which it may be a component of a maintainable system 
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where parts are easily replaced and serviceable without modification of the entire system. Others 

have elaborated on this idea using examples of projectile tips, spear points, and inset tools 

(Elston and Brantingham 2002; Erkens 1998; Hayden 1979; Hiscock 2002; Jochim 1989; Keeley 

1982; Meyers 1989; Neeley and Barton 1994; Odell 1994; Torrence 1989). Standardization can 

also have the affect of conserving both lithic raw materials and time by providing maximum 

amount of cutting edge for the given amount of raw materials and increasing the efficiency to 

procure them (Bleed 2001; Elston and Brantingham 2002; Eren et al. 2008; Kelly 1988; Kuhn 

and Bar Yosef 1999; Nelson 1991; Rasic and Andrefsky 2001).  

Raw Material Acquisition and Consumption 

 Location of subsistence resources and the raw material to extract them (i.e., toolstone) 

are not necessarily linked either spatially or temporally, therefore tool-users must employ certain 

strategies to make sure that tools are not only present when needed but that they function 

efficiently (Bamforth 1986; Kelly 1988; Torrence 1983, 1989, 2001). Foragers who are more 

mobile have very different solutions to these problems than more sedentary groups, as they must 

constantly weigh tool needs against raw material acquisition. Mobile foragers need to ensure that 

they have raw material on hand when needed but cannot ensure that adequate raw material will 

be available in new locations. Therefore, location and abundance of tool stone is directly related 

to its consumption.  

In sedentary locations lithic raw materials should be used “expediently”, that is, there 

should be little effort to maximize its utility since there is no disjunction between its location and 

use (Parry and Kelly 1987). In situations where foragers are more mobile, raw material should be 

“conserved” as there is no guarantee that raw materials will be found at new locations (Bamforth 

1986; Kelly 1989). There are, however, several other factors affecting raw material consumption 
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including location, abundance, and quality of raw materials (Andrefsky 1994a, 1994b; Bamforth 

1989), dispersion of game (Blades 2003), and intensity of processing requirements (Tomka 2001; 

Hayden et al. 1996).  

Raw Material Acquisition. The first step to understanding this relationship is to 

demonstrate types of raw materials abundant at a site. Bamforth (1986, 1989), Andrefsky (1994a, 

1994b) and Gould (1980) have illustrated the role that raw material availability plays in forming 

the lithic assemblage at archaeological sites. Andrefsky’s (1994a, 1994b) study of sites of both 

sedentary and mobile foragers’ archaeological assemblages in Colorado and Washington 

determined that when high quality cryptocrystalline raw materials were abundant near or on the 

site then all tools, expedient (utilized flakes) and formal tools, should be made from this material, 

when there is no available raw material then all tools will be of non-local material, and when 

there is adequate local material of lesser quality then many of the formal tools will continue to be 

made of higher quality, but the less formal tools such as scrapers, shopper and the like will be 

made of the local stone material. These findings crosscut the role that sedentism had in site 

formation. This initial assessment of raw material availability is imperative to studies of mobility 

as raw material abundance not the degree of mobility might be the factor behind other 

assemblage characteristics.  

Mobile foragers, however, will transport raw materials with them to new locations to 

insure that they will have an ample supply, or carry replacement items such as finished projectile 

points or microblade inserts. Since they tend to move more often, not necessarily greater 

distances, tools of “exotic” raw material types not found locally should be brought with them 

(Goodyear 1989; Gramly 1982; Hall and Larson 2004; Kelly and Todd 1988; Kuhn 1995; Knell 

2004; Larson and Kornfeld 1997). Many of the tools should be retouched tools as well as tool 
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“blanks”, blade inserts, and possibly biface or small blade cores (Elston and Brantingham 2002; 

Kelly 1988; Kelly and Todd 1988; Kuhn 1994,1995). Mobile foragers should replenish raw 

material supplies at new locations, if it is adequate and abundant, and then transport this material 

to other locations. Both Brantingham (2003) and Ingbar (1994) used computer simulation to 

model this process and found that lithic raw material toolkit composition did follow a distance-

decay pattern when time since procurement was assessed. Because the availability of raw 

material has discrete temporal and spatial distribution, mobile foragers will need to manage the 

amount of utility that is extracted from the raw materials in terms of tool-use life. 

Tool Use-Life. The level of forager mobility influences how much tool stone utility is 

extracted in terms of tool production, use, and reuse. Related to mobility, Binford (1977, 1978, 

1980) also introduced the term "curation" when describing technology and the system within 

which it was situated. Binford (1977, 1978, 1980) noticed that Nunamiut foragers carried with 

them items known as "personal gear". Items included in personal gear might be those related to 

hunting, if going on a hunting trip, and might include a bow, arrow shafts, projectile points, and 

raw material to make new tools in case of failure. Tools generally were prepared or repaired 

prior to the trip at the residential base in an effort to "gear-up" before going on a logistical 

hunting trip so that it would be ready for use. Exhausted tools, therefore, would be found in the 

residential base and very little personal gear is found at the field camp unless repairs needed to 

be made. These tools were often resharpened and maintained, had relatively long use-lives, and 

were generally made from good raw material. This manner in which the Nunamiut handled 

personal gear was labeled “curated”. Curated items then, are typically found in the residential 

base, are carried with the person to the field camp, and are generally reused and maintained. 

Since the rather informal introduction of this term into the body of literature, curation has come 
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to mean many different things such as maintenance, recycling, multifunctional, or portable. 

Because of this problem many researchers have advocated the termination of its use (Hayden et 

al. 1996, see also Odell 2000), however the concept of curation is still useful if it is thought of as 

the “potential and realized utility of the tool” (Shott 1989:288). Other concepts such as recycling, 

maintenance, and portability are all consequences of curation (Shott 1996). Tool use-life is 

defined as the amount of time, or in some cases work, between production and discard of the tool 

(Schiffer 1976; Shott 1989; Shott and Weedman 2007). In many cases tool use-life and curation 

are synonymous (Shott 1989; Shott and Weedman 2007). Curation and tool use-life, are fairly 

good indicators of mobility.  

 In combining mobility strategy with curation it has become common to assume that 

curated items will be found in contexts where mobility is high. Because of raw material and time 

constraints on a forager, foragers will choose a strategy that avoids risk either by maximizing 

raw materials, likely through curation, or time (Kuhn 1995; Torrence 1983, 1989). On the other 

hand, when groups are more sedentary, constraints are lifted allowing foragers to curate their 

technologies less (Parry and Kelly 1987). However, there is more complexity in the problem of 

use-life than just mobility as the intensification of resource extraction and tool stone abundance 

and quality also affects the intensity with which tools and raw materials are used.  

 Recently, a number of studies have contradicted the assumed outcomes of mobility, 

especially in terms of "curation". Blades (2000, 2003) study of end scraper retouch and faunal 

assemblages from different occupations of an Upper Paleolithic site in France indicated that, 

when game was more dispersed and the occupants were likely more mobile, end scrapers were 

reduced less than when game was more aggregated and occupants were less mobile. Similarly, 

Hayden et al. (1996) found that retouch intensity of tools was high when Plateau groups moved 
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to permanent occupations during the winter months when they imported raw material that was 

used through the winter for intense processing tasks. Along these lines, Tomka (2001) reports 

use of more formal tools, thus more curated, during the historic period in Texas when 

populations were more settled but bison were intensively butchered and processed. In all of these 

cases it is both raw material availability and intensity of use that may be influencing tool-use 

lives. Finally, Terry et al. (2009) report that due to increased functional properties of durable 

local raw materials, scrapers of local stone show high intensity use rates in the Upper Paleolithic 

sites in the Transbaikal regardless of forager mobility practices. Extending the use-life, therefore, 

of tools is a good general strategy of reducing the risk of not having tools when needed. 

However, there are multiple factors that surround the situation in which higher rates of curation 

may be employed including increased residential and logistical mobility, but also the intensity of 

resource procurement and processing and raw material functional qualities for the task at hand.  

Summary: Predictions of Risk Management, Increasing Tool Utility, and Technological 

Provisioning  

Within these two tool stone provisioning tactics, provisioning people or places, managing 

risk is of major concern. Risk, as defined in technological studies is somewhat different from 

how it is used in evolutionary ecology. As discussed previously, risk in evolutionary ecology is 

simply variance in outcome due to uncontrollable circumstances (Fitzhugh 2001; Stevens and 

Krebs 1986; Winterhalder, Lu, and Tucker 1999). Risk in lithic technological studies has come 

to mean the unpredictable “probability of loss” from danger, hardship, or hazard (Bamforth and 

Bleed 1997; Halstead and O’Shea 1989; Hiscock 1994; Fitzhugh 2001; Torrence 1983, 1989, 

2001). Risk management is most prevalent in stone tool contexts as the interface between the 

scheduling of subsistence activities, such as procuring game, and tool manufacture to extract 
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those resources. The amount and type of risk is notably different under foraging behavior that 

involves relatively long-term use of a location to extract resources, and one that adopts a pattern 

that frequently moves foragers to areas to capture resources. Changes in forager mobility, 

therefore, are intimately tied to variations in the management of stone tool technology, as are 

changes in technology to increase the efficiency of capturing resources. Based on the above 

discussion of forager technological provisioning strategies, several predictions can be made 

about the nature of lithic assemblages under different circumstances.  

 A strategy of provisioning people with tools should occur under circumstances of high 

residential mobility or logistical mobility where groups are deployed to obtain resources from 

relatively distant due to unpredictable, mobile, or depletion of resources. To ease the pressures of 

time stress, these tools should be manufactured and maintained before they are put to use. 

Toolkits should be portable, versatile, flexible, maintainable, reliable, and complex to buffer the 

effects of risk. Foragers operating under high residential mobility should also have low diversity 

of tools but high tool versatility that can perform multiple tasks. Logistical foragers, on the other 

hand, should have more diverse and specialized toolkits that allow efficient resource extraction. 

Non-local raw materials may be transported with foragers in the form of cores, tools, or 

“blanks”, and local raw material should also be utilized if it is both abundant and adequate. Raw 

material should be consumed in a manner that extends its utility through either the use-life or 

standardization of tools including cores. 

 Provisioning places requires a different strategy, as the stresses of time and transport are 

effectively absent. This type of tactic should be used when resources are predictable and 

abundant and mobility is low, and may operate within a strategy of logistical mobility. Tool 

making materials should be transported to residential bases or residential bases should be located 
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near localities of abundant tool stone. There should be less transport of non-local raw materials 

because people are moving less. Forgers should not conserve raw materials by increasing the 

use-life of tools if intensity of processing resources or functional requirements of tools is not 

acting upon use-rates and raw material supplies.  

 Under circumstances of high forager subsistence risk, hunter-gatherers should employ 

other tactics such as increasing mobility, and technological innovation, to reduce this risk. If 

changing mobility strategies is employed rates of mobility should increase as either further 

distances of logistical foraging or higher rates of residential mobility become evident. Toolkits 

will have characteristics of those found in a provisioning places strategy. In these situations, 

foragers may also change or create new technology directly associated with subsistence activities 

to increase return rates, or when they focus on secondary prey, especially under conditions of 

rapid environmental changes or movement into unfamiliar habitats. Technological changes 

should occur first in those that are used to procure large game, as these are generally high-

ranking resources that will provide the largest return rates. Also, the diversification of available 

prey and use of smaller animals more commonly encountered, as opposed to those chance 

encounters of larger prey, may also act on technologies. If this increased mobility moves foragers 

into unfamiliar landscapes then experimentation with local raw materials should occur while 

conserving the transported non-local materials. Formal tools or those used to procure game may 

be of non-local high quality materials, if it is not locally available, to ensure that the tool gives 

the maximum value in terms of function as possible.  

Conclusion 

Obviously, the relationships are very complex between foraging behavior, technological 

provisioning strategies, optimal conditions of tool innovation, and social connections. By 
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structuring this study within a framework of what foragers should be doing taken from optimality 

models, better interpretations of stone tools assemblages, and the archaeological record for that 

matter, can be made. Temporal changes in technological provisioning strategies in the 

Transbaikal are evaluated and quantified directly on stone tool assemblages in terms of lithic raw 

material use, toolkit characteristics, core strategies, stone tool reduction and resharpening, and 

artifact transport. These results are then linked to gross environmental factors and faunal 

assemblages to determine both foraging patterns, and if and when technological innovation 

should arise in the Transbaikal and how the networks between foraging groups should be 

structured. This will provide a basis on which to evaluate if new technologies were the result of 

transmission into the region via diffusion or colonization or were the result of modifications or 

innovations to existing technology by Upper Paleolithic hunter-gatherers in the Transbaikal. 
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CHAPTER FOUR 

SITES IN THE TRANSBAIKAL REGION STUDY AREA 

The Transbaikal region lies between the East Siberian mountain taiga and Central Asian 

steppe. Due to its geographic position, several environmental zones are found within the region 

(as discussed in the previous chapter), both during the Pleistocene period and at present. In this 

chapter I will present details about Upper Paleolithic sites located in the southern Transbaikal 

region such as features, artifact, fauna, and pollen inventories, chronometric dating, and geologic 

and landform location as related to more extensive settlement patterns in Siberia as this will 

provide insights into described the variability of past settlement organization. Lithic artifacts are 

described in detail in following chapters, therefore only inventories will be listed here. There are 

discrepancies between counts of artifacts listed in Russian literature on site excavation data and 

those identified in this study likely caused by various factors. First of all, artifacts from more 

recent excavations not yet reported in the literature were present in museum collections resulting 

in more numerous artifact counts in the present study than those in excavation reports. In some 

cases I did not have access to some of the Russian literature. There is also a high probability that 

inter-observer error in the identification of artifact types, such as cores, tools, flakes, blades, and 

microblades is partly responsible for conflicting artifact counts between Russian literature and 

this study. Also, in some cases entire collections were unavailable therefore only those artifacts 

present in museums were included. Only about 50% of the Melnichnoe 2 lithic artifact 

assemblage was available, individual layers from Studenoe 2 layers 7/2, 7/3, 4/3, 4/2, 4/1, and 3 

were inaccessible, as well as Ust’ Menza 1 layers 24-21,19, 18, and 13, and Ust’ Menza 2 layers 

27-25, 18, 16, and 14-11. Unfortunately, these are the lower layers. All radiocarbon dates 

discussed are uncalibrated unless otherwise noted. Sites in this study that are found in the  
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Figure 4.1 Map of the Transbaikal region showing the study area with sites. 1 Tolbaga, 2 
Kunalei, 3 Priiskovoe, 4 Melnichnoe 1 and 2, 5 Chitkan, 6 Ust-Menza complex, 7 Studenoe 
complex (after Buvit 2000). 
 

Lake  
Baikal 

N 

=250 km 

108E 

56N 

52N  

52N 

48N 
108E 

Vit
im

 

Ude 
Se

len
ga

 

Khilo
k Ing

od
a 

Chikoi 

An
ga

ra Le
na

 

RUSSIA 

 

PA
CI

FI
C 

OC
EA

N 

ARCTIC 
OCEAN 

 

1 

2 
3 

4 5 6 
7 

MONGOLIA 

 



 90 

southeastern area of the Transbaikal along the Khilok and Chikoi Rivers include Tolbaga (EUP), 

Priiskovoe (MUP), Kunalei (MUP), Chitkan (MUP), Melnichnoe (MUP), Ust’ Menza (LUP), 

and Studenoe (LUP) (Figure 4.1). 

Early Upper Paleolithic (EUP) 

Tolbaga. M.V. Konstantinov discovered the Tolbaga site in 1971. From 1972-1979 and 

1985-1986 research was conducted at the site (Kirillov and Derevianko 1998; Konstantinov 

1994). The site is situated on a colluvial slope 30 to 60 m above the Khilok River about 200 m 

from the village of Tolbaga in the Chita District (51°14’N, 109°20’E) (Figure 4.2). Most EUP 

sites in the Transbaikal are found in this type of geomorphic setting (Buvit 2008; Lbova 2005). 

Four cultural layers contain archaeological material. Paleolithic materials were identified in 

colluvium consisting of cultural layers 2, 3, and 4 (Figure 4.3). However, the lowest level, 

cultural layer 4, contains cultural material in a relatively undisturbed context (Buvit 2008); 

therefore this layer is the focus of this study.  

Radiocarbon dates obtained from animal bone indicate that Cultural layer 4 was occupied 

between 34,000-25,000 14C BP.  Radiocarbon samples from the dwellings date to 34,860±2,100 

BP (SOAN-1522), 27,210±300 BP (SOAN-1523) (Konstantinov 1994), 26,900±225 BP (SOAN-

3078) (Orlova 1998), 25,200±260 BP (AA-8874), and 29,200±1000 BP (Goebel and Waters 

2000). Tolbaga, the type-site for the EUP in the Transbaikal, is a permanent residential location 

with dwellings containing numerous (30) stone-lined hearths and storage pits (Konstantinov 

1994; Konstantinov 2001; Konstantinov et al. 2003) (Figure 4.4, Table 4.1, and Table 4.2). 

Seven rock outlined dwellings situated in two lines roughly parallel to each other were identified 

during excavations. These dwellings measure 6-12 m in diameter containing from one to twelve 

rock-lined or unlined hearths for a total of approximately 30. According to records, three storage  
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Figure 4.2. Location of Tolbaga site above the Khilok River. (photo courtesy M. Izuho). 
 

 

 

Figure 4.3. Stratigraphic profile of Tolbaga showing radiocarbon ages from cultural layer 4 (after 
Buvit 2008). 
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Figure 4.4 Plan of Tolbaga cultural horizon 4 showing dwellings number 1, 4, 5 (b), 2 (a) with 
hearths, artifacts, faunal bones, and stones (representation of symbols is unknown) (after 
Konstantinov 1994).  



 93 

Table 4.1 Inventory of Cultural Material from Tolbaga Layer 4. P Denotes Presence of Artifact 
of Unknown Count. 

Terminology used by 
Konstantinov 1994; 

Konstantinov et al. 2003 

Excavated material counts (Konstantinov 1994; 
Konstantinov et al. 2003) 

Terminology 
utilized in this 

study 

Artifact 
counts 
of this 
study 

Cores and tested cobbles 209 Cores 194 
preform 90   
fragments 15   
Levallois 5   
subrismatic 59   
tortsovy wedge-shaped core 2   
Tools 748 Tools 200 
scrapers 43 scrapers (end and 

side) 
106 

points on blades 24 Levallois points 3 
burins 28 burins 8 
borers 28 perforator 2 
chisel/gouge 35 notch 20 
notch 7 wedge 3 
choppers 17 raclette 5 
  biface 1 
  knife 2 
  denticulate 7 
  mixed tool 2 
  truncated piece 2 
  other tools 1 
retouched blades 177 retouched blades 27 
fragments with retouch 303 retouched 

flakes 
12 

Blades and fragments 127  111 
Flakes and fragments 679  89 
Total 1763  594 
Bone tools ?   
spear-thrower handles P   
scraper handle P   
borers P   
awls P   
burins P   
cores P   
flakes P   
pendants P   
bear head carving P   
Fauna P   
Dwellings 7   
Hearths and storage pits 30 (?)   
Storage pits 3   
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Table 4.2 Identification of Site Types (Residential Base or Camp) for Each Cultural Layer Found 
within the Study Sites. 

 
Period Site Cultural Layer (site type) 

Early Upper Paleolithic Tolbaga (residential base) Layer 4 
Cultural Layer 2 zones 2, 3 and 4 (residential base) 

Cultural Layer 3 (camp) 
Cultural Layer 4 (camp) 
Cultural Layer 5 (camp) 
Cultural Layer 6 (camp) 

Chitkan 
(camp and residential base) 

 

Cultural Layer 7 (camp) 
Subhorizon 1 
Subhorizon 2 
Subhorizon 3 
Subhorizon 4 

Kunalei (camp) 

Subhorizon 5 
Melnichnoe 2 (camp) Cultural horizons 2 and 3 

 
 
 
 
 
 
Middle Upper Paleolithic 

Priiskovoe (residential 
base) 

Cultural horizon 2 

Cultural horizon 14 (residential base) 
Cultural horizon 15 (residential base 
Cultural horizon 16 (residential base) 
Cultural horizon 17 (residential base) 
Cultural horizon 18 (residential base) 

Cultural horizon 18/2 (residential base) 
Cultural horizon 19 (residential base) 

Cultural horizon 19/1 (residential base) 
Cultural horizon 19/3 (residential base) 

Studenoe 1 
(residential base) 

Cultural horizon 19/4 (residential base) 
Cultural horizon 4/4 (residential base) 
Cultural horizon 4/5 (residential base 
Cultural horizon 5 (residential base) 
Cultural horizon 6 (residential base) 

Studenoe 2 
(residential base) 

Cultural horizon 8 (residential base) 
Cultural horizon 14 (residential base) 
Cultural horizon 15 (residential base) 
Cultural horizon 16 (residential base) 
Cultural horizon 17 (residential base) 
Cultural horizon 20 (residential base) 

Ust’ Menza 1 
(residential base) 

Cultural horizon 25 (residential base) 
Cultural horizon 10 (residential base) 
Cultural horizon 17 (residential base) 
Cultural horizon 19 (residential base) 
Cultural horizon 20 (residential base) 
Cultural horizon 22 (residential base) 

 
 
 
 
 
 
 
 
Late Upper Paleolithic 

Ust’ Menza 2 
(residential base) 

Cultural horizon 23 (residential base) 
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pits were filled with fauna bones. Most of the numerous stone and bone tools and faunal remains 

were distributed throughout and around hearths and dwelling features, but there were no clear 

concentrations of artifacts (see Figure 4.4). 

The stone tool and bone assemblages are similar to other “transitional” EUP sites in 

southern Siberia. In addition to sub-prismatic and flat-faced cores (Goebel 1993), large blades 

were produced from Levallois-like cores and classic Levallois cores (Kirillov and Derevianko 

1998). A wide variety of tools at Tolbaga were manufactured on large blade blanks. Of the 3980 

artifacts, the chipped stone assemblage recovered from cultural level 4 consists of 1763 artifacts 

including scrapers, points, gravers, burins, notches, wedges, sub-prismatic blade cores, choppers, 

hammerstones, and retouched blades and flakes. Tolbaga has a rich bone artifact assemblage 

including spear-thrower handles, a “scraper handle” with a slot in the center of one margin 

presumably for the scraper insert, borers, awls, broken needles (3), pendants, and several 

polished bones (Goebel 1993; Konstantinov 1994). Of particular note is a bear head carving 

made from a fragment of rhinoceros vertebra.  Since the site is situated on a colluvial slope, 

some researchers caution that the features and other cultural material may be in a disturbed 

context as portions of the site may have been eroded and redeposited on top of cultural layer 4 

forming the upper cultural layers  (Buvit 2008; Goebel and Waters 2000; Konstantinov 1994). 

Konstantinov (1994) acknowledges that some of the artifacts may have been displaced by 2 m 

downslope. He believes, however, that the features were intact as their shapes were regularized 

and artifacts and animal bones were found in concentrations around them. The few pollen data 

currently available indicate that mostly arboreal species (18-40%) were present such as pine 

(Pinus silvestris), birch (Betula sp.), alder (Alnaster sp.), and willow (Salix sp.) with smaller 

amounts of grasses (Gramineae) and herbs (Artemisia sp.) (Bazarov et al. 1982). The extensive 
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collection of faunal remains from Tolbaga (Table 4.3) represent diverse species that inhabited 

steppe-tundra, steppe, and open woodland environments (Konstantinov 1994). It appears that 

occupants of the site exploited a wide variety of animal resources in a similar pattern to that 

found in other Siberian sites dating to this time period, however they concentrated on large herd 

species such as wooly rhinoceros (35%), argali sheep (25%), and horse (15%). Tolbaga is 

positioned on a high colluvial slope, a fairly stable surface away from the river, another pattern 

of EUP sites in the region (Buvit 2008). The environmental resources around Tolbaga during the 

EUP may have been less patchy than during the glacial periods, allowing for relatively long-term 

and intense human occupation. 

Middle Upper Paleolithic (MUP) 

Settlement patterns in the study area generally follow those outlined for the MUP in Siberia. In 

the southern Transbaikal, Buvit (2008) noticed a shift in site locations during the MUP to 

terraces close to a river (sites of Priiskovoe, Kunalei, Chitkan, and Melnichnoe 2). Sites include 

habitation areas with dwellings, hearths, and an abundance of artifacts inferred as permanent 

settlements (Priiskovoe and Chitkan cultural layer 2), and those with either hearths and artifacts 

or those with no features (Kunalei, Chitkan cultural layers 3-7, and Melichnoe 2) interpreted as 

campsites (see Table 4.2), a change from the EUP. These two site forms may indicate, as in other 

areas of Siberia, that prehistoric peoples followed a pattern of foraging from semi-permanent 

locations supplemented by forays from small campsites. Faunal species found at the sites are less 

diverse than during other time periods with seemingly more emphasis on larger varieties, 

however the environmental regimes that fauna inhabited were similar to those of the EUP (see 

Table 4.3). These are but tentative interpretations as Buvit (2008) demonstrated that preservation  
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Table 4.3 Large Mammals Recovered from the Study Sites (Konstantinov 2001; Konstantinov 1994). 
 EUP MUP LUP 
 Tolbaga Priiskovoe Kunalei Melnichnoe 2 Chitkan Ust-Menza 

1 
Ust-

Menza 2 
Studenoe 1 Studenoe 2 

Culture layer 4 2 3 3 3 zone 4 25 ? ? 19/4 17 15 14 5 4/5 

Woolly rhinoceros 
(Coelodonta 
antiquitatis) 

X (35%)  X X         X  

Woolly mammoth 
(Mammuthus 
primigenius) 

X              

Bison 
 (Bison priscus, 
Bison sp.) 

X (2%) X X  X(?) X   X (Bos?)     X(?
) 

Auroch(?) 
Bos (?) 

             X(?
) 

Bear 
(Ursus spelaeus) 

 X            X 

Wolf (Canis ?) X (7%)              
Baikal Yak 
(Poephagus baikalensis) 

        X     X(?
) 

Cave hyena 
(Crocuta speleae) 

X              

Horse 
(Equus caballus, Equus 
sp.) 

X (15%) X X            

Saiga 
(Saiga tatarica, Saiga 
sp.) 

X  X            

Asiatic wild ass (Equus 
hemionus) 

X              

Argali sheep 
(Ovis ammon) 

X (35%)            X X 

Siberian ibex 
(Capra sibirica) 

         X     

Antelope 
(Spiroceros kiakhtensis) 

X (3%)         X (?)     

Gazelle 
(Procapra gutturosa) 

X             X(?
) 

Roe deer 
(Capreolus pygargus) 

      X       X(?
) 

Red deer 
(Cervus elaphus) 

X (5%) X X    X   X X X(?) X X 

Ostrich 
(Struthio asiaticus) 
(eggshell) 

    X         X 
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at MUP sites in the study area is variable. Thus, these inferred subsistence patterns may be 

partially due to poor preservation of features and fauna within cultural layers. 

Priiskovoe. The site of Priiskovoe is located on the fourth alluvial terrace of the Chikoi 

River in the Chita District (50°10’N, 108°21’E). Excavations at the site of Priiskovoe begun in 

1985 by V. Kolosov continued intermittently through 1990. Paleolithic cultural remains from 

cultural layer 2 were found in paleosol 5a that is thought to have been deposited during 

landscape stability in the Middle Upper Paleolithic (Figure 4.5) (Buvit 2008; Konstantinov 

1994). Radiocarbon dates yielded ages of 21,080±190 BP (AA-67830) (Buvit 2008), 25,825±290 

BP (AA-8891) (Goebel 1993), and 29,900±1000 BP (Goebel 2006 cited in Buvit 2008). Two 

OSL ages from above and below the paleosol containing cultural layer 2 indicate it was formed 

between 30,060 (AA-8891) and 33,200 (UIC-1640) cal BP (Buvit 2008). This is a calibrated 

date, not a radiocarbon date, so it would be close to the age of the other uncalibrated dates.  

Excavations revealed a 6 x 4 m dwelling outlined by cobbles with a stone-lined hearth in 

the interior. A flake-based assemblage of 5708 lithic artifacts was recovered that included 

scrapers, notches, gravers, wedges, burins, cores, choppers, hammerstones, and retouched flakes 

and blades, and ochre. Artifacts were distributed into two zones (Table 4.4) (Karasev et al. 

1996). Faunal remains present at the site were less diverse than during the previous time period 

and included bison, horse, bear, and red deer (Goebel 1993; Karasev et al. 1996; Konstantinov 

1994) (see Table 4.3). Priiskovoe is thought to have been a long-term habitation site based on the 

number of cultural remains and dwelling. Although radiocarbon dates indicate Priiskovoe may 

have been occupied between roughly 21,000-25,000 14C BP, some Russian archaeologists 

consider these dates too young based on its "archaic" lithic assemblage and place it within the 

early Upper Paleolithic (Karasev et al. 1996). 
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Figure 4.5 Stratigraphic profile from Priiskovoe showing cultural layers and chronometric dates 
(after Buvit 2008). 
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Table 4.4 Inventory of Cultural Material from Priiskovoe Cultural Layer 2. P Denotes Presence 

of Artifact of Unknown Count. 
Terminology of Karasev et 
al. 1996; Konstantinov 1989 

Excavated material counts from 
Karasev et al. 1996; Konstantinov 

1989 

Terminology in 
this study 

Artifact counts 
included in this 

study 
Cores 90 Cores 102 
and worked/tested cobble 43   
Tools 472 Tools 141 
scraper P scraper (end and 

side) 
70 

borer/graver P notch 16 
chisel/gouge P burin 12 
knife P perforator 6 
bec ? P denticulate 5 
combination tool P wedge 3 
spoke-shave (notch) P other tool 2 
chopper P biface 1 
retouched flake P mixed tool 1 
  retouched flake 25 
Blades and blade fragments 57 Blades and blade 

fragments 
0 

Flakes and fragments 5038 Flakes and 
fragments 

195 

hammerstones 6   
Total 5663 Total 438 
Ochre P   
Fauna P   
Dwelling 1   
Hearths 1   

 
 

Kunalei. The site of Kunalei is located on the fourth terrace of the Khilok River in the 

Buriat Republic (50°36’N, 107°39’E). Excavations at Kunalei occurred in 1973, 1977, and again 

in 1991 (Konstantinov 1994). The site consists of three cultural components. Cultural layer 1 is 

Holocene in age, however, dating of cultural layers 2 and 3 is problematic (Figure 4.6). A 

radiocarbon age of 21,100±300 BP (GIN-6124) was obtained from cultural layer 3 

(Konstantinov 1994). Konstantinov (1994) argues that this date may be too young as it was 

extracted from a Karginsk soil, a marker horizon in the Transbaikal, and that the stone tool 

assemblage characteristics place the cultural layer between 30,000-25,000 14C BP either in the 

early or middle Upper Paleolithic periods. Buvit (2008), however, feels that this may be a “good” 
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radiocarbon date as it falls within the acceptable range after calibration (25,260±480 cal BP).  

There are no chronometric ages for cultural layer 2. Based on geological and archaeological data 

Konstantinov (1994) assigns the occupation of Cultural Layer 2 to date between 20,000-18,000 

14C BP during the middle Upper Paleolithic period (Konstantinov 1994).  

The focus of this study is on material obtained from cultural layer 3. One cobble-lined 

hearth feature was discovered during excavations. A total of 2283 lithic artifacts, the majority 

flakes, were recovered from cultural layer 3 from six subhorizons (Table 4.5) (Konstatinov 

1994). Large blade technology was present and artifacts consisted of scrapers, burins, notched 

gravers, wedges, cores, choppers, hammerstones, points, a bone needle fragment, and bone awls 

(3). Konstantinov (1994) noted the recovery of small cores that look like microblade cores, but 

he feels that these just may be unintentionally fashioned in this manner. Faunal materials from 

cultural layer 3 are similar to those found at other sites in the region of this age in steppe-tundra, 

steppe, and open woodland environments and consist of woolly rhinoceros, horse, saiga, bison, 

and red deer (Konstantinov 1994) (see Table 4.3). Fossil pollen data indicate that a steppe-forest 

vegetation consisting of mostly Artemisia and some Poaceae and Cheno-Am and the presence of 

arboreal pollen mostly of Betula with Pinus sylvestris, Pinus sibirica, Carpinus sp., Quercus sp., 

Corylus sp., and Alnaster sp. dominated the landscape around Kunalei (Buvit 2008; 

Konstantinov et al. 1981). 
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Figure 4.6 Stratigraphic profile of Kunalei showing cultural layers and radiocarbon date (after 
Konstantinov 1994). 
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Table 4.5 Inventory of Cultural Material from Kunalei. P Denotes Presence of Artifact of 
Unknown Count. 

Terminology of  
Konstantinov 1994 

Excavated material counts 
(Konstantinov 1994) 

Terminology in this 
study 

Artifact counts 
included in this study 

Cores 76 Cores 60 
Tools 299 Tools 141 
scrapers 91 scrapers (end and 

side) 
62 

end scrapers 18 notch 18 
end scrapers on blades 34 burin 15 
chisel/gouge 14 wedge 5 
borer/graver 18 denticulate  3 
burin 9 mixed tool 3 
point 2 biface  2 
retouched blades 3 other tool 2 
push-plane 1 perforator 2 
hammerstone 6 raclette 2 
retouched flakes 56 truncated piece 2 
anvil 3 retouched flake 15 
  retouched blade 2 
Blades and fragments 21 Blades and 

fragments 
4 

Flakes and fragments 1887 Flakes and 
fragments 

196 

Total 2283 Total 401 
Bone tools 4   
needle 1   
awls 3   
Fauna P   
Hearths 1   

 
 

Chitkan. The Chitkan site is one of the most southerly Paleolithic sites in the Transbaikal 

region. The site is located on the second terrace of the Chikoi River 2 km from the village of 

Zshindo near the Mongolian-Russian border. Fieldwork was conducted irregularly during the 

1970’s and was reopened for the 1988 and 1989 field seasons. Six Upper Paleolithic layers 

(cultural layers 2 through 7) were uncovered (Figure 4.7). Cultural material was contained within 

sheet-wash sediments overlaying alluvium (Buvit 2008). Cultural layers 3 through 7 are each 

within a buried soil (Buvit 2008). Two radiocarbon dates from cultural layer 4, 21,330±790 BP 

(AA-67828) and 25,510±230 BP (AA-67827), place the occupation of this layer before the Last 

Glacial Maximum (Buvit 2008). Based on geological and archaeological correlation,  
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Figure 4.7 Stratigraphic profile of Chitkan showing cultural layers and radiocarbon dates (after 
Buvit 2008). 
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Konstantinov (1994) estimated that cultural layers were occupied sometime between 20,000-

25,000 14C BP. 

Cultural layer 2 included four vertical zones of occupation and contain the only features 

identified at the site. Only lithic artifacts and bone were present in zones 1 and 2, however these 

layers are thought to represent redeposited material from zones 3 and 4 (Konstantinov et al. 

1990). Material from zone 2, 3, and 4 was combined with in this analysis because of the 

uncertainty of possible mixing. In zone 3 the remains of a dwelling partially outlined by stones 

with a stone-outlined hearth were identified. Lithic artifacts, bone fragments, possibly bison, and 

ostrich eggshell fragments were also recovered (Table 4.6 and Table 4.7).  Zone 4 contained a 

dwelling with a rock-lined hearth and a working surface of stone tools and bone fragments. 

Artifacts recovered from cultural layer 2 include prismatic cores, flaked cobbles, scrapers, 

burins, retouched blades, blades, and flakes. Each cultural layer 3 through 7 contained few (10-

42) lithic artifacts and bone fragments with no evidence of features. Lithic artifacts present in 

each cultural layer include blade cores, scrapers, blades, and flakes (Konstantinov 1994). Buvit 

(2008) concludes from pollen data collected from cultural layers 7 through 2 that during the time 

of occupation the area was a treeless steppe dominated by Artemisia and Cheno-Ams.  
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Table 4.6 Inventory of Cultural Material from Chitkan Excavations (Konstantinov 1994). P 

denotes Presence of Artifact of Unknown Count. 
Cultural layer 2 Terminology of 

Konstantinov 
1994 Zone 

2 
Zone 

3 
Zone 

4 

Cultural 
layer 3 

Cultural 
layer 4 

Cultural 
layer 5 

Cultural 
layer 6 

Cultural 
layer 7 

Total 

Cores 2 3 1 1  1 1 2 11 
Tools 8 19 5 5 1    36 
scrapers 1 3 2 2 1    
end scrapers  3 2 2     
wedges  1       
burins  4       
retouched blades 2 6 1 1     
choppers 1        
retouched flakes 3 2       
hammerstone 1        
fragments 3 1       

 

Blades and 
blade fragments 

21 23 3 3    1 51 

Flakes and 
fragments 

119 190 33 33 9 8 19 7 418 

Total 152 233 42 42 10 9 20 10 516 
Bone tools P        
Fauna   P P     
Dwellings  1       
Hearths  1       

 

 
 

Table 4.7 Lithic Inventory of Chitkan Included in this Study. 
Terminology of 
this study 

Cultural layer 
2 zones 2, 3, 4 

Cultural 
layer 3 

Cultural 
layer 4 

Cultural 
layer 5 

Cultural 
layer 6 

Cultural 
layer 7 

Total 

Cores 7 2 0 4 2 0 15 
Tools 31 1 3 3 2 1 41 
notch 9   2 1   
burin 6       
end scraper   2 1    
mixed tool 4       
wedge 2       
perforator 1       
rabot      1  
truncated piece  1      
retouched blade 5    1   
retouched flake 4  1     
Blades and 
blade 
fragments 

64 4 0 1 2 0 71 

Flakes 128 9 10 4 13 4 168 
Total 230 16 13 12 19 5 295 
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Melnichnoe. The Melnichnoe site is located at the confluence of the Chikoi River and 

Melnichnoe Creek roughly 1 km from the Studenoe site River (50°04’N, 108°15’E). Melnichnoe 

consists of two loci, Melnichnoe 1 and Melnichnoe 2 (Figure 4.8). M. V. Konstantinov 

conducted excavations at Melnichnoe 1 in 1974 uncovering two Upper Paleolithic cultural layers 

(cultural layers 1 and 2) and a Neolithic burial. Based on its geologic context the Paleolithic 

layers date between roughly 25,000 to 20,000 14C BP. Artifacts include subprismatic cores, 

choppers, scrapers, retouched and unretouched blades and flakes (Konstantinov 1994). Material 

from Melnichnoe 1 was not included in this analysis. 

Melnichnoe 2 is located roughly 50 m from Melnichnoe 1. Excavations by M. V. 

Meshcherin at this locus took place in 1999, 2000, and 2002 revealing two Upper Paleolithic 

cultural layers 2 and 3 and a Bronze Age occupation (cultural layer 1) (Figure 4.9)(Konstantinov 

2002). Mixing may have occurred between the Paleolithic layers, therefore they are combined in 

this study. Again, based on geological context these horizons are thought to date between 25,000 

to 20,000 BP (Konstantinov 2002). No features were identified in either cultural layer. Artifacts 

recovered include subprismatic blade cores, scrapers, burins, a knife, retouched and unretouched 

blades and flakes, as well as a bone tool and fragments (Table 4.8)(Konstantinov 2002).  Faunal 

remains were fragmented, however a rhinoceros vertebra was identified. 
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Figure 4.8 Location of Melnichnoe 1 and 2 looking south along the Chikoi River. 
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Figure 4.9 Stratigraphic profiles of Melnichnoe 1 and 2 showing cultural layers. 
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Table 4.8 Inventory of Cultural Material from Melnichnoe 2. P Denotes Presence of Artifact of 
Unknown Count. 

 Excavated material 
counts (Konstantinov 

2002). Incomplete data 
as no information on 

previous field seasons. 

 Artifacts counts 
included in this 

study 

Terminology of 
Konstantinov 2002 

Cultural 
layer 2 

Cultural 
layer 3 

Terminology included in this study  Cultural layers 2 and 
3 

Cores   Cores 10 
Tools 2 3 Tools 35 
scrapers  2(+?) notch 6 
burins 1(+?) 1(+?) burin 4 
retouched flakes   scraper  (end and side) 5 
knife 1(+?)  mixed tool  3 
worked stone/battered 
pieces 

 4(+?) perforator 3 

microblades 1(+?)  knife 2 
   raclette 1 
   wedge 1 
   retouched flake 8 
   retouched blade 2 
Blades and blade 
fragments 

13(+?) 9(+?) Blades and blade fragments 39 

Flakes and fragments 21(+?) 8(+?) Flakes and fragments 85 
Total 39+? 27+? Total 169 
Bone tools  1   
Fauna P P   

 

Late Upper Paleolithic (LUP) 

Late Upper Paleolithic settlement patterns along the Chikoi River are similar to those 

described for the LUP in other areas of Siberia. In Buvit’s (2008) study in the southern 

Transbaikal he found that LUP sites are located as close to the river as possible on gravel bars 

and terraces with reoccupations of the same locations over many millennia. These settlements 

were likely short-term as river sediments rapidly accrued burying the archaeological material 

(Buvit 2000; 2008).  The majority of cultural layers at LUP sites (Ust’-Menza 1 and 2, Studenoe 

1 and 2) are residential locales with dwellings, hearths, and relatively few artifacts. Prehistoric 

hunters and gatherers may have been moving their residences frequently and targeting few faunal 

species, mainly steppe and open forest species, during the occupations as noted in other parts of 
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Siberia. Even though sites are situated next to rivers there is no evidence of the exploitation of 

fish at any of these sites. 

Ust’ Menza. The site of Ust’ Menza lies 0.5 km from the confluence of the Chikoi and 

Menza rivers in the Chita District and is situated on multiple terraces of the Menza River (50°13’ 

N, 108°28’ E). Excavations by A. V. Konstantinov at Ust’ Menza began in 1980 by and continue 

today. Five loci, each on different terraces, were tested and revealed cultural occupations that 

dated from the Middle Upper Paleolithic through Mesolithic time periods (Konstantinov 1994; 

Konstantinov 2001; Konstantinov et al. 2003). The focus of this study is on the Late Upper 

Paleolithic occupations at Ust’ Menza 1 and 2 (Figure 4.10).  

Ust’ Menza 1 

Ust’ Menza 1 is located on the first terrace of the Menza River. Cultural layers 13 

through 25 were occupied during the late Upper Paleolithic. Radiocarbon ages from layers 13 

(11,350±250 BP GIN-5503) and 14 (11,820±120 BP GIN-7161) indicate that occupations of 

these upper layers was at the end of the Pleistocene (Konstantinov 1994; Buvit 2008) (Figure 

4.10). Late Pleistocene cultural layers are situated within alternating beds of sand and silts (Buvit 

2008). Stone outlined dwellings with a central hearth were excavated in layers 20 and 25 

(Konstantinov 1994; Konstantinov et al. 2003) (Figure 4.11). The 4.5 x 5m dwelling in cultural 

layer 25 was constructed on top of an exposed gravel bar and contained a central hearth (Figure 

4.12) (Konstantinov 1994; Konstantinov 2001).  Fifteen artifacts were found around hearths 

including a chopper, blade tools, flakes, microblades, a large bone tool (shovel?), a bison horn, 

and bone fragments (Table 4.9 and 4.10)(Konstantinov 2001). Cultural layer 20 also contained a 

charcoal smear with a thick layer of charcoal and artifacts (Konstantinov 2001).  In cultural  
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Figure 4.10 Map of the Ust-Menza site showing the location of Ust’-Menza 1 and Ust’-Menza 2 
(after Buvit 2008). 
 
 
layers 13 through 19, and 21 through 24 widely spaced river cobbles were discovered with 

cultural material. Charcoal smears were found in cultural layers 19, 18, 17, and 14 with a few 

river cobbles and artifacts (Table 4.9 and 4.10)(Konstantinov 2001). Stone tools recovered from 

the Paleolithic levels at Ust’ Menza 1 consist of microblade cores, burins, scrapers, gravers, 

bifaces, choppers, and retouched microblades (Table 4.9 and 4.10)(Konstantinov 2001; 

Konstantinov 1994; Konstantinov et al. 2003). Fauna from these levels consists mostly of red 

deer and roe deer (Goebel 1999; Kuznetsov 1996b). Lithic material included in this analysis 

includes layer 25, 20, 17, 16, 15, 14, 13.  
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Figure 4.11 Stratigraphic profile of Ust’-Menza 1 showing cultural layers and radiocarbon ages 
from Paleolithic levels (after Buvit 2008). 
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Figure 4.12 Dwellings from Ust’-Menza 1 cultural layer 12 (a) (artifacts denoted by Xs and 
small lines) and 25 (b) (hearth represented by stipples) (after Konstantinov 2001). 
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Table 4.9 Inventory of Excavated Cultural Material from Ust’ Menza 1 (Konstantinov 1994; 
Konstantinov et al. 2003; Konstantinov 2001). P Denotes Presence of Artifact of Unknown 

Count. 

 

Table 4.10 Inventory of Lithic Artifacts from Ust’ Menza 1 Included in this Study. 

 

 

 

Cultural Layer 25 24-13 no specific data 

Cores 1? P 
microblade cores  P 
tested nodule 1?  
Tools 4 P 
scrapers  P 
burins  P 
retouched blades and fragments 3  
borer/graver  P 
retouched microblades  P 
chopper 1 P 
biface  P 
Microblades and fragments 2  
Blades and blade fragments   
Flakes and fragments 4  
Total 15 ? 
Bone tools 1  
shovel (?) 1  
Fauna P P 
Dwellings 1 Present in layers 13, 19, 21, 24 
Hearths 2 One hearth in layers 14, 17, 18, 19, 20 

Cultural Layer 25 24 23 22 21 20 19 18 17 16 15 14 13 Total 

Cores 5     4   6 1 3 1  20 
Tools 1     16   10 1 2 1  31 
scrapers (end 
and side) 

     5   7      

perforator      1         
knife         1      
mixed tool      5   2 1     
chopper           2    
biface            1   
retouched blade      2         
retouched flake 1              
retouched 
microblade 

     3         

Microblades 
and fragments 

     17   1     18 

Flakes and 
fragments 

1     5   6  1  1 14 

Total 7     42   23 2 6 2 1 83 
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Ust’ Menza 2 

Ust’ Menza 2 lies on the second terrace of the Menza River roughly 30 m from Ust’ 

Menza 1 (see Figure 4.10). Cultural layers at Ust’ Menza 2 are found within roughly 9 m of 

sediments comprised of alternating bands of sand and silts (Buvit 2008; Konstantinov 2001; 

Konstantinov 1994). This locality contains 27 cultural layers of which layers 4 through 27 are 

Late Upper Paleolithic in age. Radiocarbon ages extracted from hearth charcoal suggest that 

layers 16 through 21 were occupied between 17,800-16,800 14C BP, although there are some 

unexplained reversals in the lower dates (Buvit 2008) (Figure 4.13). Only one radiocarbon date 

from cultural layer 11, 14,830±390 BP (GIN-6116) (Konstantinov 1994), indicates that cultural 

layers 15 through 4 may have been occupied during the final Pleistocene. Archaeological 

material from layers 10, 15, 17-24 was included in this analysis. 

Cultural layers 27-23 contained only artifacts with no evidence of features. In cultural 

layers 17, 20, 21, and 22 large stone outlined dwellings with one, two, or three stone-lined 

hearths were discovered (Konstantinov et al. 2003; Konstantinov 2001; Konstantinov 1994). A 

disturbed dwelling with multiple hearths (3?) was discovered in cultural layer 22 consisting of 

charcoal stains, dispersed stones, 30 artifacts including a core, chisel (gouge), borers (graver), 

combination tool, scraper, microblades, and flakes, and faunal remains (Table 4.11 and 4.12) 

(Konstantinov 2001). A 2.6 x 4 m rock outlined dwelling was discovered in cultural layer 21 

along with a rock-outlined hearth, charcoal stain, faunal remains, a borer (graver), a flake, and a 

bone needle (Table 4.11 and 4.12) (Konstantinov 2001). Cultural layer 20 had two loci 

measuring roughly 3 x 8 m each with  
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Figure 4.13 Stratigraphic profile of Ust’-Menza 2 showing cultural layers and radiocarbon ages 
from Paleolithic layers. Reference of radiocarbon ages: 1= Buvit 2008; 2= Konstantinov 1994 
(after Buvit 2008). 
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Table 4.11 Inventory of Cultural Material from Ust’ Menza 2 Excavations (Konstantinov 1994; 
Konstantinov et al. 2003; Konstantinov 2001). P Denotes Presence of Artifact of Unknown 

Count. 

 
 
 
 
 
 
 
 

Cultural 
Layer 

27 
no 

data 

26 
no 

data 

25 
no 

data 

24 23 22 21 20 19 
no 

data 

18 
no 

data 

17 16 15 
no 
dat
a 

10 
no 

data 

Cores      1  3       
Tools      7  10       
scrapers      1  1       
end scraper        2?       
burins      1  1       
retouched 
blades and 
fragments 

       2       

chisel/gouge      1         
borer/graver      3 1 1       
drill        1       
notch 
(spokeshave) 

       1       

combination 
tool 

     1         

Microblades 
and 
fragments 

     2  70   P    

Blades and 
blade 
fragments 

              

Flakes and 
shatter 

     20 1 374   P    

Total               
Bone tools       1 2       
needle       1        
pressure 
flaker 

       1       

polisher        1       
Antler tools        1       
needles        1       
Ochre        P       
Graphite        P       
Fauna      P  P   P    
Total           150    
Dwellings      1 1 2   2    
Hearths      3? 1 6   2 1?   
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Table 4.12 Inventory of Lithic Artifacts from Ust’ Menza 2 Included in this Study. 

 

the remains of a dwelling. Each dwelling contained three hearths, charcoal stains, piles of 

discarded rocks and faunal remains, and roughly 300 stone and bone tools (Figure 4.14) 

(Konstantinov 2001; Konstantinov et al. 2003). Artifacts that were scattered around the hearths 

included a scraper, burin, spoke-shave (notch), flakes, microblades, microblade cores, 2 graphite 

pieces, bone pressure flaker, bone polisher, and bone needle (Table 4.11 and 4.12) (Konstantinov 

2001; Konstantinov et al. 2003). Cultural layer 17 consists of two loci. One locus has stone and 

bone distributed around a charcoal stain with dispersed rocks, while the other locus has a well-

preserved stone-outlined hearth surrounded by a charcoal smear, and 150 artifacts including bone 

fragments, flakes, and microblades (Table 4.11 and 4.12) (Konstantinov 2001; Konstantinov et 

al. 2003). Although not incorporated into this study, most artifacts were recovered from cultural 

layers 8 and 6 through 4 (Konstantinov et al. 2003), however these layers, excluding cultural 

layer 4, had no features. Stone tools consist of microblade and flake cores, burins, scrapers, 

gravers, and retouched microblades and flakes while red deer and roe deer are the dominant 

fauna (Table 4.11 and 4.12) (Goebel 1999; Konstantinov et al. 2003; Kuznetsov 1996b).  

Cultural Layer 24 23 22 21 20 19 17 15 10 Total 

Cores        1  1 
Tools  3 7  2 1 1  1 15 
notch  1   1      
burin   2  1      
mixed tool   1    1    
perforator   2        
wedge   2        
retouched microblade      1     
retouched flake  2       1  
Microblades and fragments 5  4  11 4 40   64 
Blades and blade fragments   1    1   2 
Flakes and fragments 15 11 16 5 27 17 37  2 130 
Total 20 17 35 5 42 23 80 1 4 212 
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Figure 4.14 Plan of Ust’-Menza 2 cultural layer 20 showing dwellings (cobbles and dashed 
lines), hearths (cobbles and solid lines), and artifacts (small triangles and lines) (after 
Konstantinov 2001). 
 
 

Studenoe. Studenoe is a multi-locus site located at the confluence of the Chikoi River and 

Studenoe Creek (50°04’N, 108°13’E). Excavations began in 1970 by I. I. Kirillov. M. V. 

Konstantinov and A. V. Konstantinov currently lead ongoing investigations at the site 

(Konstantinov 1994). The site is situated on two river terraces of the Chikoi River, each 

containing an excavation location (Figure 4.15).  
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Figure 4.15 Map of the Studenoe site showing the location of Studenoe 1 and Studenoe 2 (after 
Konstantinov 2001; Konstantinov 1994). 
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Studenoe 1 

Studenoe 1 is located on the lower 5-6 m terrace of the Chikoi River. Late Upper 

Paleolithic cultural layers 14 through 19/4 are found within rapidly accruing sands and silts of 

the Chikoi River (Buvit et al. 2003; Buvit 2008). Radiocarbon ages from late Upper Paleolithic 

cultural layers date from 12,800 -10,800 14C BP (Figure 4.16) (Buvit 2000; Konstantinov 1994; 

Konstantinov et al. 2003). One or two stone-outlined dwellings with 1-2 central hearths were 

discovered in cultural layers 19/4, 19/3, 18/2, 18/1, 17, and 16, along with a few stone and bone 

artifacts and bone fragments. Dwellings vary in size from 1.7 x 2.6 m to 4.4 x 5.1 m 

(Konstantinov 2001). Two stone-outlined dwellings were found each with one hearth in cultural 

layer 19/4 (Figure 4.17). Artifacts consisting of scrapers, a borer, flakes, bone fragments, and 

pieces of ochre were scattered around the hearths (Table 4.13 and Table 4.14) (Konstantinov 

1994; Konstantinov 2001). Fauna recovered from cultural layer 19/4 include Baikal yak and 

bison or Bos (see Table 4.3) (Konstantinov 1994; Konstantinov 2001). One dwelling with one 

central hearth in cultural layer 19/3 was discovered along with eight artifacts including 

microblades and flakes, and bone fragments (Table 4.13 and Table 4.14) (Konstantinov 1994; 

Konstantinov 2001). Two dwellings with central hearths and a charcoal smear were found in 

cultural layer 18/2. Ten scrapers, three microblades, 35 flakes, and animal bone and tooth 

fragments were found around the hearths (Table 4.13 and Table 4.14) (Konstantinov 1994; 

Konstantinov 2001). A rib was also fashioned into a knife with a groove cut into the edge for 

stone insets (Konstantinov 1994; Kirillov and Derevianko 1998). An unlined dwelling with a 

stone-outlined hearth and charcoal smear was found in cultural layer 18/1 along with blades, 

flakes, and animal bone fragments (Table 4.13 and Table 4.14) (Konstantinov 1994;  
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Figure 4.16 Stratigraphic profile of Studenoe 1 showing cultural layers and radiocarbon ages 
from Paleolithic layers (after Buvit 2000). Radiocarbon ages Konstantinov 1994. 
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Figure 4.17 Studenoe 1 cultural layer 19/4 dwellings and hearths (artifacts denoted by triangles and small vertical lines) (after 
Konstantiniv 2001).



 125 

Table 4.13 Inventory of Cultural Material Excavated from Studenoe 1(Konstantinov 1994; 
Konstantinov 2001). P Denotes Presence of Artifact of Unknown Count. 

Cultural Layer 19/4 19/3 19/2 19/1 18/2 18/1 17 16 15 14 

Cores       7  3 2 
microblade cores       4  2 2 
other cores       2    
tested nodule       1  1  
Tools 10    10 1 14 2 20 3 
scrapers 1    10  4 1 3 3 
end scrapers       1  7  
microwedge 1          
burins       4  4  
retouched blades        1   
chisel/gouge 1      1    
retouched 
microblades 

        2  

retouched flakes 3          
chopper      1 5  4  
Microblades and 
fragments 

 3  1 3  103 2 190 70 

Blades and blade 
fragments 

     1 6  4 3 

Flakes and flake 
fragments 

30 5  1 35 25 1505 31 398 230 

Total 41 8 0 2 48 28 1629 35 615 308 
Bone tools     1  2  1  
awl       1  1  
shaft       1    
knife      1      
Antler tools       P    
needles       P    
worked pieces       P    
Ochre P        P  
Fauna P P P P P P P P P P 
Dwellings 2 1   2 1 2 2   
Hearths 2 1  1 2 1 2 2 4 4 
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Table 4.14 Inventory of Lithic Material from Studenoe 1 in this Study. * Denotes Artifact is from 
an Unknown Sublayer. 

Cultural Layer 19/4 19/3 19/2 19/1 19/? 18/2 18/1 18/? 17 16 15 14 Total 

Cores 1  1 1*   5  12 5 3 3 31 
Tools 2 3  4 2 6  2 11 8 16 4 58 
scraper (end and 
side) 

1    1 3   2 2 4   

burin    1  1    1 1   
notch         2   2  
mixed tool    1    1  1 1 1  
wedge         1 1 1 1  
other tool 1 1    1   1     
biface        1  1    
knife          2    
retouched flake  2  2 1 1   5  2   
retouched 
microblade 

          7   

Microblades and 
fragments 

1*    0 4 52 12 69 

Blades and blade 
fragments 

     1* 1 1 1 1 5 

Flakes and flake 
fragments 

1 78* 1* 62 15 18 5 180 

Total 94 16 85 34 90 26 343 
 

Konstantinov 2001). Bone fragments in cultural layers 18/2 and 18/1 were identified as ungulates 

(Konstantinov 1994).  

In cultural layer 17 archaeologists uncovered two dwellings each with one stone-outlined 

hearth, a charcoal smear, and bone and stone tools inside and around the hearths (Figure 4.18, 

Table 4.13, and Table 4.14) (Konstantinov 1994).   Most artifacts at Studenoe 1 were found in 

cultural layer 17. Over 1600 artifacts were recovered including microblade cores, scrapers, 

burins, microblades, blades, flakes, and choppers, a bone awl and needle, and antler needles and 

worked pieces (Table 4.13 and Table 4.14) (Konstantinov 1994; Konstantinov 2001). Fauna 

recovered from cultural layer 17 are red deer, Siberian goat (?), and spiral (?) antelope (see Table 

4.3) (Konstantinov 1994). Two stone-outlined dwellings each with one hearth, charcoal smears, 

along with bone and stone artifacts were found in cultural layer 16 (Konstantinov 1994; 
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Konstantinov 2001). The few artifacts found in the dwellings include a borer, retouched blade, 

microscraper, microblades, flakes, and animal bone fragments (Table 4.13 and Table 4.14) 

(Konstantinov 1994; Konstantinov 2001).   

Features in cultural layers 19/1, 15, and 14 include hearths with stone and bone tools and 

bone fragments dispersed around them (Konstantinov 1994: Konstantinov 2001: Konstantinov et 

al. 2003). One stone-lined hearth was found in layer 19/1 while four unlined hearths were 

uncovered in layers 15 and 14 (Konstantinov 2001; Konstantinov et al. 2003). Konstantinov 

(1994) believes that these are the remains of disturbed dwellings. A relatively high concentration 

of artifacts was uncovered in cultural layer 15 including microblade cores, borers, scrapers, 

microscrapers, burins, microblades, flakes, blades, a chopper, a bone awl, ochre chunks, animal 

bone and antler fragments)(Table 4.13 and Table 4.14). Faunal remains of red deer and roe deer 

were recovered (see Table 4.3) (Kirillov and Derevianko 1998; Konstantinov 1994; 

Konstantinov 2001). In cultural layer 14 microblade cores, borers, micro-scrapers, microblades, 

retouched flakes, flakes, blades, fragments of deer teeth and bone were present (Konstantinov 

1994; Konstantinov 2001).  Only bone fragments were recovered from cultural layer 19/2 

(Konstantinov 1994). Most layers had few lithic artifacts ranging from 8-40, whereas cultural 

layer 17 contained over 1500 artifacts mostly as debitage. Artifacts associated with dwellings 

include microblade cores, cores, scrapers, burins, gravers, choppers, microblades, flakes, and 

blades (Konstantinov 2001). 
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Figure 4.18 Studenoe 1 cultural layer 17 showing dwellings (large cobbles or dashed lines), 
hearths (large cobbles and stipples) and artifacts (triangles, vertical lines, Xs, Hs, and Zs) (after 
Konstantinov 2001). 
 

Studenoe 2 

Studenoe 2 is situated on the higher 9-10 m terrace of the Chikoi River (see Figure 4.13). 

Twelve late Upper Paleolithic cultural layers (3, 4/1, 4/2, 4/3, 4/4, 4/5, 4/6, 5, 6, 7/1, 7/2, and 8) 

are situated within sediments comprised of rapidly accruing sand and silt beds (Buvit 2008, 

2000; Buvit et al. 2003). Based on charcoal and bone samples collected from dwellings and 

hearths the oldest cultural layers at Studenoe 2 (4/5 through 8) formed between about 18,000 and 

21,000 14C BP (Figure 4.19) (Buvit 2008). Cultural layers 4/4 (12,200±2600 BP AA-67843)  
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Figure 4.19 Stratigraphic profile of Studenoe 2 showing cultural layers and radiocarbon ages 
from Paleolithic layers (after Buvit et al. 2005). Radiocarbon age references: 1= Buvit 2008, 2= 
Konstantinov 2001, 3= Goebel et al. 2000, 4= Buvit et al. 2005. 
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(Buvit 2008) through 3 most likely formed by after 17,000 14C BP. Dwelling features with 

central hearths, along with stone and bone tools and faunal remains, characterize most of these 

layers.  

In cultural layer 8 very few stone and bone tools were found with a dwelling feature 

constructed on a gravel bar (Konstantinov et al. 2003). Only one artifact was recovered from 

cultural horizon 7/2 and 7/1, and a core fragment and retouched blade from cultural horizon 6 

(Konstantinov et al. 2003). Small bone fragments were associated with all of these layers. A 

large (7 x 10 m) partially disturbed rock-outlined dwelling with three central hearths was 

uncovered in cultural layer 5 along with two charcoal smears, 908 artifacts, and 283 bone 

fragments (Figure 4.20) (Konstantinov 2001). Stone tools include burins, awls, spoke-shavers 

(notches), gouges (chisel), end scrapers, microblades, microblade cores, and cores (Tables 4.15 

and 4.16). Bone and antler tools include an awl, borer, needle, and burins. An incised baton de 

commandement  [shaft straightener] fragment on red deer antler was also recovered from within 

the dwelling (Konstantinov 2001; Konstantinov et al. 2003). Other artifacts include wooden tools 

(?), a rock with ground ochre, and an antler retoucher (Konstantinov et al. 2003). Most tools 

were found around the hearths and charcoal smears (Konstantinov 2001). Fauna recovered 

include rhinoceros, red deer, and argali sheep (see Table 4.3). Charcoal from hearths indicate the 

dwelling was occupied 17,000-18,000 14C BP (Konstantinov et al. 2003). 

 



 

131 

 
 
Figure 4.20 Studenoe 2 cultural layer 5 showing dwelling (cobbles) and artifacts (Xs and small lines) (after Konstantinov 2001).
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Table 4.15 Inventory of Cultural Material Excavated from Studenoe 2 (Konstantinov 1994; 
Konstantinov et al. 2003; Konstantinov 2001). P Denotes Presence of Artifact of Unknown 

Count. 

 
 
 
 
 
 
 

Cultural Layer 8 7/1 7/2 6 5 4/5 4/4 4/3 4/2 4/1 3 

Cores    1 11 7    6 1 
microblade cores          6  
Tools 2   1 26 67    9 9 
scrapers     1 7    1 1 
end scrapers     4       
burins     6 5      
retouched blades 
and fragments 

1   1 1 11    1 1 

chisel/gouge     3 5     3 
borer/graver     6 6    1  
retouched 
microblades 

     2    1 2 

retouched flakes     5 25    4 1 
chopper 1(?)           
biface           1 
projectile point      3      
notch (spokeshave)      3      
leaf-shaped tool          1  
Microblades and 
fragments 

    290 243    67 19 

Blades and blade 
fragments 

1    9 40    3 7 

Flakes and shatter 1    546 802    240 78 
Total 4 1 1 2 882 1159 ? 1 1 325 114 
Bone tools     6+ 4+      
awl     4       
borer     1       
needle     P 4      
burins      P      
shaft straightener     1       
Antler tools     1 P      
burins      P      
retoucher     1       
Ochre     P P      
Wooden tools?     P       
Fauna P P P P P P P   P P 
Dwelling 1    1 6 1(?)   1 1 
Hearths     3 6 1+   1 1 
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Table 4.16 Inventory of Lithic Material from Studenoe 2 in this Study. 

 

The large, rock-outlined, multi-hearth dwelling feature in cultural layer 4/5 formed 

during a brief time period of numerous occupations during rapid alluvial sedimentation ca. 

18,000 14C BP. (Figure 4.21) (Buvit 2000, 2008; Buvit et al. 2003; Goebel et al. 2000; 

Konstantinov 2001; Kuzmin et al. 2004; Razgilde’eva 2003). Razgilde’eva (2003) concludes that 

the six hearths were built at different times as the radiocarbon ages are not succinct and 

construction is not uniform. One-thousand-fifty-nine artifacts consisting of tools, microblades, 

microblade cores, flakes, blades, retouched flakes and blades, and 2100 pieces of faunal remains 

were found within the dwellings concentrated around hearths and charcoal smears (Konstantinov 

2001).  Stone borers, micro-scrapers, micro-spokeshaves (notches), points, gouges (chisels), 

burins, scrapers, and bone needles make-up the tool inventory (Table 4.15 and Table 4.16). 

(Konstantinov 2001). Small ostrich shell and rhyolite beads and quartzite river cobbles with 

polished edges were also found in the dwelling (Konstantinov 2001). Faunal remains were 

extremely fragmented, however bear, red deer (?), deer (roe?), Ovis, and ostrich eggshell were 

Cultural Layer 8 6 5 4/5 4/4 Total 

Cores  1 14 16  31 
Tools 1 1 23 38 6 69 
scraper (end and side)   6 4   
burin   3  1  
knife  1 1 5   
mixed tool   2 11 2  
notch   2    
other tools   1 1   
perforator   1 3   
raclette   1 1   
truncated piece    1   
wedge   1 1 1  
retouched blade 1  2 4   
retouched flake   3 7 1  
retouched microblade     1  
Microblades and fragments   39 130 23 192 
Blades and blade fragments   12 3 1 16 
Flakes and shatter 1  26 123 39 188 
Total 2 2 115 304 69 496 
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Figure 4.21 Studenoe 2 cultural layer 4/5 showing dwelling(s), hearths, and artifacts (after Buvit 2008; Konstantinov 2001).
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identified as well as possibly Procapra, Bos, Bison, or Poephagus (Table 4.3) (Konstantinov 

2001).  

Cultural layers 4/4 and 4/1 contained hearths and charcoal smears with artifacts and bone 

fragments (Konstantinov 2001; Konstantinov et al. 2003). Cultural layer 4/1 had one dwelling 

with a central hearth surrounded by artifacts including microblade cores, a leaf-shaped tool, 

scrapers, borer, retouched microblades and flakes, blades, flakes, and fragments of faunal bones 

and teeth (Table 4.15 and Table 4.16) (Konstantinov 2001).  Cultural layers 4/6, 4/3, and 4/2 

contained only one artifact (Konstantinov et al. 2003). In cultural layer 3 a stone-outlined 

dwelling, roughly 5 m in diameter, with a central hearth was unearthed (Konstantinov 1994; 

Konstantinov 2001; Konstantinov et al. 2003). Borers, a core, a biface fragment, a scraper, 

retouched and unretouched blades, microblades and flakes, and animal bones and teeth were 

discovered in association with the dwelling (Konstantinov 1994; Konstantinov 2001). Only lithic 

artifacts from cultural layers 8, 6, 5, 4/5, and 4/4 are included in this study. 

Conclusion 

 Settlement patterns from the study sites generally conform to the broader representations 

found throughout Siberia during the Upper Paleolithic. The EUP is marked by relatively long-

term settlement and use of resource rich areas located on landforms away from rivers. Large 

dwellings during this time period were inhabited by hunter-gatherers using a sub-prismatic blade 

and Levallois-like core technology. Middle Upper Paleolithic sites are more variable in structure 

as larger habitation sites with dwellings as well as short-term camps were used to extract less 

diverse array of fauna with a smaller sub-prismatic blade and core technology. During the LUP 

once again humans in the area moved their residences relatively frequently while they focused on 

the hunting of a few animal species at a time. Microblade technology was widespread to make 
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inserts for weaponry and other types of tools. These developments over the course of the Upper 

Paleolithic of the Transbaikal region will be the foundation upon which I will incorporate stone 

tool technological organization information in the following chapters. 
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CHAPTER FIVE 

THE STUDY OF LITHIC TECHNOLOGICAL ORGANIZATION 

Principles of lithic technological organization are employed in the study and 

interpretation of tool stone data from the southern Transbaikal region. The study of lithic 

technological organization began in the 1980's when archaeologists became dissatisfied with the 

direction in stone tool studies that emphasized the creation of artifact typologies, while the rest of 

archaeology was becoming more interested in how the archeological record could be interpreted 

to shed light on social aspects. Lithic technological organization is the study of how tools and 

their byproducts are used in terms of acquisition, reduction, reuse, and discard and how this is 

structured by the social and physical environments (Andrefsky 2006, 2009; Binford 1973, 1977; 

Carr 1994b; Kelly 1988; Nelson 1991; Shott 1986; Torrence 1983).  

In my study of how humans entered and dispersed into Siberia, I focused on lithic 

technological organization, and ultimately evolutionary ecology, as making and using stone tools 

is fundamentally associated with forager resource exploitation and land-use practices. Amounts 

of uncertainty and risk, settlement practices, and resource use are thus tied to lithic technology. 

Temporal variation in stone tools, therefore, may echo changes in settlement, subsistence, 

uncertainty, and risk as a response to changing environments during the late Pleistocene. 

Technological and typological comparisons of lithic assemblages during various time periods 

were assessed using morphological attributes, in the analysis of site tool composition, 

manufacturing systems, technological tool design elements, and raw material economy and 

provisioning strategies. Artifact attributes including raw material source location and quality 

coupled with artifact morphological and metric attributes are instrumental in identifying how 



 138 

their makers and users economized lithic raw material. This chapter presents methodological 

approaches to the analysis of lithic data from the southern Transbaikal region. 

Methods 

The Sample Assemblage 

 For my analysis I utilized stone tool assemblages from nine early, middle, and late Upper 

Paleolithic sites in the Transbaikal Region. Many of these sites contain several cultural layers 

from the same time period that are grouped here as representative collections of the period. Most 

sites have chronometric ages assigned to them, with the exception of Melnichnoe where 

geological correlation serves as the time control. Lithic assemblages include Tolbaga cultural 

layer 4 (EUP), Priiskovoe cultural layer 2 (MUP), Kunalei cultural layer 3 (MUP), Chitkan 

cultural layers 2-7 (MUP), Melnichnoe locus 2 cultural layers 2 and 3 (MUP), Ust’-Menza locus 

1 cultural layers 13-25 and locus 2 cultural layers 4-27 (LUP), and Studenoe locus 1 cultural 

layers 14-19/4 and locus 2 cultural layers 3-8 (LUP). The majority of artifact analysis was 

conducted at the Chita Pedogological Archaeology Museum where collections are housed from 

the sites of Priiskovoe, Chitkan, Kunalei, Melnichnoe 2, Ust’ Menza 1 and 2, and Studenoe 1 and 

2. The artifact assemblage from Tolbaga is curated at the Transbaikal Regional Museum of 

Natural and Human History also located in Chita. 

  In my lithic artifact studies I have characterized artifact types, core reduction strategies, 

as well as the production and use of tools from each site. Over 25 different attribute and metric 

data relating to typological and technological studies were recorded on lithic artifacts including 

cores, flake tools, bifaces, and detached pieces (flakes, blades, and microblades) greater than 0.5 

cm in size. Metric attributes were determined using Mitutoyo Digimatic calipers and an Ohaus 

portable digital scale. Analytical procedures are described below. 
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Typological Attributes of Tools 

 My typological classification of flake tools and bifaces was based on the morphological 

attributes developed by Bordes (1961) for the European Middle Paleolithic period and de 

Sonneville-Bordes and Perrot (1954-6) for the European Upper Paleolithic period. Artifact 

classification enables one to make comparisons of assemblages between and within time periods 

and to make judgments about their similarities and differences (Adams and Adams 1991; 

Andrefsky 2005; Odell 1981). Further it enables one to evaluate the temporal variation of artifact 

classes and their implications in terms of site function and mobility (e.g. Chatters 1987; Kelly 

1995; Shott 1986), and toolkit design (e.g. Brantingham et al. 2000; Bleed 1986; Kuhn 1994; 

Hayden et al. 1996; Shott 1996b). 

Sorting of formed flake tools into different groups is based on morphological 

characteristics including retouch type, retouch surface, location of retouched edge, and edge 

angle as outlined by de Sonneville-Bordes and Perrot (1954-56) for European Upper Paleolithic 

types, and Bordes (1961), and reiterated by Debéneth and Dibble (1994), for the Middle Upper 

Paleolithic types found within Upper Paleolithic assemblages (Table 5.1). Bifaces are described 

by their outline shape and, in some cases, cross-section (Bordes 1961; Debéneth and Dibble 

1994). In this study a flake or blade tool is defined as a flake, blade, or microblade that has been 

modified by retouch or wear from use (Andrefsky 2005). A biface is defined as an artifact that 

has two flaking surfaces that meet to form an edge around the entire piece (Andrefsky 2005).  
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Table 5.1 Selected Middle and Upper Paleolithic Flake Tool Types including Type Number 
(Bordes 1961; de Sonneville-Bordes and Perrot 1954). 

 
1-7  endscrapers on blades 
 1 simple end scraper 
 2 atypical endscraper 
 3 double endscraper 
 4 ogival endscraper 

5 end scraper on a retouched blade or flake 
 6 endscraper on an Aurignacian blade 
 7 fan-shaped endscraper 
8-10  endscrapers on flakes 
 8 endscraper on a flake 
 9 circular endscraper 
 10 thumb-nail scraper 
11-12  carinated endscrapers 
 11 carinated endscraper 
 12 atypical carinated endscraper 
13-14  nosed endscrapers 
 13 nosed endscraper 
 14 shouldered nosed endscraper 
15  nucleiform endscraper 
16  rabot or pushplane 
17-22  mixed tools 

17 scraper-burin 
18 truncated scraper-blade 
19 truncated burin-blade 
20 truncated borer-blade 
21 perforator-scraper 
22 perforator-burin 

23-24  perforators 
 23 perforator 
 24 atypical perforator on bec 
 25 perforator with multiple becs 
 26 micro perforator 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

27-32  dihedral burins 
34-40  truncation burins 
41  multiple mixed burin 
42-44  other burins 
45-59  tools with marginal retouch 
 58 marginally backed blade- complete 
 59 marginally backed blade- partial 
60-64  truncated pieces 
65-68  retouched blades 
 65 continuous retouch on one edge 
 66 continuous retouch on both edges 
 67Aurignacian blade 
73  pick 
74-78  various pieces (Middle Paleolithic forms) 

74 notched piece 
75 denticulated piece 
76 wedge (pièce esquillèe) 
77 side scraper 
78 raclette  

84-91  retouched bladelets 
92  other tools 
93 retouched/utilized flake 
94  retouch/utilized blade 
95  retouch/utilized microblade 
96 bifaces 

97 bifacial foliate 
 98 ovate biface 
 99 cordiform biface
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Technology 

Studies of lithic technological organization are grounded in the task of analyzing 

reduction sequences in North American terminology, or the chaîne opèratoire (operational 

sequence) in French literature, then conjoining the outcome with the cultural nexus of decisions 

the tool-makers must make in terms of daily constraints and needs. Since manufacturing chipped 

stone tools is a reductive technology, it tends to follow a more or less directional and irreversible 

process subtracting material along the way (Baumler 1987; Collins 1975; Flenniken 1984). 

William Holmes (1894) initially conceived of the reduction sequence in North America as he 

found it imperative to trace the “natural history” of implements with one line (of several) tracing 

the technological steps to fashion the implement.  Since his time many researchers have included 

replication into their studies of reduction stages (i.e. Wilson and Andrefsky 2008; Bradbury and 

Carr 1999; Callahan 1979; Collins 1975; Crabtree 1966; Sheets 1975) and have used them to 

address ideas of typological variation of tools (i.e. Dibble 1995; Goodyear 1974) and the 

organization of technological systems (i.e. Carr and Bradbury 2001; Kelly 1988; Morrow 1997; 

Rasic and Andrefsy 2001).  

The chaîne opèratoire is a method conceived and developed in France by Leroi-Gourhan 

(1964) and subsequently adopted in much of Europe and throughout many regions of the world. 

Some view reduction sequences as synonymous to the chaîne opèratoire (Andrefsky 2009; Shott 

2003; Tostevin 2006) as it strives to determine the process of all aspects of lithic technology, 

both cognitively and technologically, such as raw material acquisition, manufacture, use, 

maintenance, and discard (Boëda, Geneste, Meignen 1990; Dibble and Bar-Yosef 1995; Pelegrin 

1990; Sellet 1993). However, some feel that the chaîne opèratoire is distinct because the goal is 

to identify the mental processes used by the stone toolmaker as well as the technological 
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outcomes (Jelinek 1991; Simik 1994). Tostevin (in press) and Bleed (2001) view the two 

approaches similar in the context of lithic studies, however they liken the chaîne opératoire to 

Schiffer’s (1976; Shiffer and Skibo 1987, 1997) behavioral chain approach as it has been used 

across disciplines because of its broad scope. Bleed (2001) also recognizes that there are 

essentially two different approaches to how one conceives of sequences models. Telelogical 

approaches view the sequence as steps toward a predetermined end-product, whereas an 

evolutionary perspective models the sequence as steps taken in reaction to underlying 

circumstances within the reduction process to reach the final product. Researchers using methods 

of the reduction sequence or the chaîne opèratoire have incorporated both of these approaches in 

the analysis of stone tools. Bleed (2001) further argues that an evolutionary approach is 

particularly suited for the application of Darwinian principles to changes in stone tool systems 

through time. 

Reduction sequences follow the process of lithic raw material utilization from raw 

material acquisition, core reduction, tool blank selection and production, to discard of both 

retouched and unretouched pieces including cores, detached pieces (including flakes, blades, and 

microblades in this study) and tools.  Since reduction follows events from tool-stone acquisition, 

it is imperative to link the outcomes of detached pieces and tool sharpening and resharpening to 

the cores and raw material with which they are fabricated (i.e. Ahler 1989; Amick and Mauldin 

1989; Andrefsky 2001, 2004; Brantingham and Kuhn 2001; Carr and Bradbury 2001; Clarkson 

2007; Dibble 1995; Hiscock and Attenbrow 2003; Larson and Kornfeld 1997; Odell 1989; Rasic 

and Andrefsky 2001; Shott and Weedman 2007; Tomka 2001). As the production of stone tools 

is a reductive technology, I approach this study using metric and attribute data preserved on 

cores, detached pieces, and tools.  
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Raw Material Provenance 

 Because it is the first step in the technology of stone tool production, raw material 

acquisition is the logical place to begin the study. Location, quality, and size of lithic raw 

material in relation to the location of archaeological sites is an essential component to 

understanding how prehistoric foragers acquired and used this resource (Amick 1999; Andrefsky 

1994a, 1994b; Bamforth 1990, 1991; Blades 1999; Bradbury and Franklin 2000; Brantingham et 

al. 2000; Kuhn 1991). Potential raw material sources located and identified in this study in the 

Khilok and Chikoi River valleys in proximity to the study sites were compared with stone types 

found within site artifact inventories. Potential outcrops of stone suitable for the manufacture of 

stone tools were located using geologic and physiographic maps along with a systematic survey 

of the land and river floodplains within a 5 km radius of each site. Source locations were plotted 

along with a description of the outcrop, geomorphic context, and the lithic raw material. Samples 

collected from each source location were described and compared to those from the site artifact 

collections based on macroscopic qualities. Categories in raw material descriptions included 

stone type, color, cortex type, crystalline structure, luster, form, size ranges, and any 

miscellaneous features that would aid in identification (see Appendix A for details). 

Information about raw material source location was utilized in conjunction with lithic 

artifact analysis to provide data on the local technology, such as the reconstruction of core 

reduction sequences and tool manufacture (Brantingham et al. 2000; Kuhn 1995), as well as raw 

material provisioning strategies, such as raw material abundance and source utilization 

(Andrefsky 1994a, 1994b; Blades 1999; Kuhn 1995), and transport (Larson and Kornfeld 1995; 

Larson 2004, Knell 2004).   
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Core Reduction and Blank Production 

 Reduction of cores, masses of rock from which to detach pieces (Andrefsky 2005) such as 

flakes, blades, and microblades, is modeled by observing characteristics on both cores and 

detached pieces. Many basic variables of fracture mechanics affect how raw material is reduced 

and are preserved on cores and detached pieces. These factors include the shape and internal 

structure of raw material which will affect the morphology of the piece produced, the hammer 

mass and density used by the knapper to strike the piece affecting the type of fracture producing 

a flake (concoidal vs. bending or compression), and the location and angle of the blow to detach 

the piece relative to the raw material edge (or platform size) (Cotterell and Kamminga 1987; 

Tsirk 1979). Skilled flint knappers have intimate knowledge of how brittle stone breaks and at 

any point of core reduction manipulate these components along with the fashion that a core is 

reduced to achieve, at least much of the time, the desired outcome. Central to this study is the 

evidence of the steps taken by the knapper to reduce the core, thereby producing detached pieces, 

that remain on both the core and the pieces formed. Several researchers have used various 

attributes to model core reduction and the production of detached pieces based on experimental 

and archaeological data (Ahler 1989; Andrefsky 2004; Austin 1999; Baumler 1987; Baumler and 

Downum 1989; Bradbury and Carr 1999; Morrow 1997; Newcomer 1971, 1975; Odell 1989; 

Patterson 1982, 1990; Patterson and Sollberger 1978; Prentiss 1998; Prentiss and Romanski 

1989; Sellet 1993; Shott 1994, 1996; Stahle and Dunn 1984; Sullivan and Rozen 1985), 

however, caution must be taken when equating the presence of certain attributes to stages of 

reduction as a direct correlation is still unclear. In the absence of refit analysis, in this study I 

used general changes in attributes of cores and detached pieces of various lithic raw material 

types to provide broad reduction categories.   
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 As a core is reduced several changes take place. First, cortex on the exterior of the raw 

material is removed so that generally cores early in reduction will display more cortex than cores 

that have been reduced more. Remnants of previous removals of detached pieces, or flake scars, 

will increase on core faces as the core is reduced and their sizes tend to decrease as the overall 

mass of the core diminishes. The method of reduction is also preserved on flake scar patterns on 

core faces. As new parts of the raw material are exploited by the knapper the number of 

platforms on the core may increase and the overall core form may change shape. The method 

that a knapper used to prepare platforms for the removal of detached pieces can also be preserved 

on platforms.  If a platform becomes unproductive, a knapper may turn the core to set up a new 

platform thereby extending the utility of the core by attempting to extract more pieces (Clarkson 

2007). Alternatively platforms may be rejuvenated through the removal of the platform resulting 

in a platform tablet, a common practice in microblade core reduction. Given these general 

patterns in core reduction, several attributes were quantified on cores including cortex amount, 

core form, platform number and number of turns of the core, platform types, flake scar pattern on 

each face, sizes of flake scars and core faces, core size, as well as the type of pieces detached 

from the core (see Appendix A).   

 As the knapper reduces a core the detached pieces will also follow the above pattern. 

Cortex on dorsal surfaces of detached pieces tend to decrease as cortex is removed from the 

exterior of the core. Similarly, as pieces are detached from the core the number of flake scars on 

the dorsal surfaces of pieces increase. As the overall size of the core decreases as reduction 

continues the size of detached pieces also become smaller. Again, the method of core reduction 

is also preserved as flake scar patterns on dorsal surfaces of detached pieces. The preparation of 

platforms by the knapper prior to removal of the piece is often conserved on detached piece 
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platforms. Based on these broad parameters of core reduction, several attributes were quantified 

on detached pieces, including flake tools, such as dorsal cortex amount, dorsal flake scar amount 

and pattern, platform type and size, overall size, as well as the type of piece that was detached 

(see Appendix A). Of course at any given time within the course of core reduction the knapper 

can make various design decisions and adjustments altering the process and outcome of core 

reduction in reaction to several constraints including those imposed by the core itself, the task at 

hand, raw material quality and availability, available technology and costs of production and 

replacement, and land-use and transport patterns (Andrefsky 1994a, 1994b; Bamforth 1990; 

Bleed 1986; Hayden et al. 1996; Kuhn 1995; Shott 1986, 1989; Torrence 1983). The above 

attributes were quantified in the study assemblage to infer changes in the pattern of core 

reduction in relation to the constraints on the knapper over time (see Appendix A). 

Tool Blank Selection and Tool Reduction 

Identification of the characteristics of flakes and blades selected by a knapper for use as a 

flake tool, including blank morphology and method of production, is crucial to understanding 

core reduction (Baumler 1988; Kuhn 1995; Roth and Dibble 1998). Blank selection was 

determined by comparing the size and shape, number and pattern of dorsal scars, and platform 

types of retouched tools to unretouched debitage (Baumler 1988; Clarkson 2007; Kuhn 1995; 

Roth and Dibble 1998). Other aspects of tool design elements and constraints imposed by 

environmental and social circumstances were also explored through morphological comparisons 

of retouched and unretouched pieces. General sizes of blanks before they were used as tools were 

determined, thus, the use-life of a tool was estimated using general sizes of unretouched tool 

blanks and the amount of tool reduction quantified through a reduction index as outlined below 

(Shott and Sillitoe 2004). Comparing the morphology of retouched to unretouched pieces also 
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sheds light on the amount of standardization of pieces during blank production. Rates of blank 

production standardization were also assessed providing a proxy measure for the amount of 

utility the knapper extracted from a core (Clarkson 2007; Elston and Brantingham 2003). 

Because there are so few bifaces (N=7) present at any of the study sites (Tolbaga, Kunalei, 

Priiskovoe, Ust’ Menza 1, Studenoe 1 and 2) only their sizes (weight, length, width, thickness) 

were determined and compared and the identification of blank selection for bifaces was not 

undertaken (see Appendix A). 

As flake tools are used and retouched their overall size decreases, while edge angles on 

retouched margins and the amount of retouch covering the piece increases. Estimating the 

amount of retouch on a tool, therefore, has implications for various elements explored in this 

study related to land-use such as curation (Binford 1973; Shott 1996), tool use-life (Shott and 

Sillitoe 2004), and raw material location and quality (Andrefsky 1994a, 1994b; Bamforth 1990), 

and those linked to where each tool fits into the overall reduction continuum in terms of tool 

shape and form (Clarkson 2007; Dibble 1984, 1995; Frison 1968; Hiscock and Attenbrow 2003, 

2005). Again, this is a dynamic process where tool makers and users change elements of tool 

design in relation to multiple factors including the functional requirements of a tool for the work 

to be done, the amount of utility required from the tool, and the availability and costs of adequate 

materials to get the job done when needed.  

 Recently, much attention has been paid to various methods for assessing retouch rates on 

stone flake tools including geometry, volume, and allometry (Andrefsky 2006; Blades 2003; 

Clarkson 2002; Dibble1997; Eren et al. 2005; Hiscock and Attenbrow 2003, 2006; Hiscock and 

Clarkson 2005; Kuhn1990; Shott and Weedman 2007), therefore a thorough discussion of the 

procedure to measure this attribute is essential. After reviewing various methods of determining 
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amount of retouch on flake tools in terms of the best fit for various tool types and reliability, this 

study incorporated a modified Retouch Invasiveness Index (RII) (Clarkson 2002) and a slight 

modification of Hiscock and Attenbrow’s (2003) Retouch Perimeter Index (RPI), both measures 

that characterize relative amounts of retouch on tool edges. A third measure included Estimated 

Retouch Percentage (ERP) (Eren et al. 2005) that approximated the amount of tool lost through 

retouch to the remaining tool or volume lost. These retouch measures are highly reliable 

compared to other methods (Clarkson 2002; Eren et al. 2003; Eren and Prendergast 2009; 

Hiscock and Clarkson 2005; Shott and Weedman 2007). The Index of Reduction Curvature, 

developed by Hiscock and Attenbrow (2003, 2005), to assess the shape of the tool edge in 

relation to retouch amount was used in order to link individual tools to their position in the 

reduction continuum (Hiscock and Attenbrow 2003, 2005).  

 Modified Retouch Invasiveness Index (Clarkson 2002)(RII): All unifacial tools made on 

flakes, blades, or microblades, except burins, were assessed for reduction amount based on 

modification of Clarkson’s (2002) index. This measure assessed intensity of retouch by the 

amount of retouch around the perimeter of the tool and the extent of maximum retouch into the 

interior on the ventral and dorsal surfaces like the original (Figure 5.1). Interior “invasive” and 

outer “marginal” zones of flake scar invasiveness were first assigned over the surface of the 

piece. The lateral portions of the two zones were divided halfway between the lateral margin and 

the midpoint of the piece. At the proximal and distal ends of the piece the zones were divided at 

the halfway point between the distal or proximal end and the adjacent segment line. The piece 

was then divided into four segments, instead of the eight that Clarkson uses, on the ventral 

surface that are scored based on how far retouch scars penetrate each zone. Penetration into the 

“marginal” zone scores 0.5, into the “invasive” zone is marked 1, and no retouch is ascribed 0.  
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Figure 5.1 Modified Retouch Invasiveness Index (Clarkson 2002) showing segments (a) and two 
zones of invasiveness with scores for each. 
 

An average index of invasiveness for the tool is calculated by summing the ratings from each 

segment and dividing by 4 or: 

Index of Invasiveness= ΣSs/4. 

The tool will have a score ranging from 0-1.  

 This index was especially useful as it combines both the extent of retouch along the tool 

margin as well as the invasiveness of retouch into the interior, however the modified version is 

not as detailed as the original but proved more expedient during analysis. 

 Retouch Perimeter Index (modified from Hiscock and Attenbrow 2003) (RPI): This is a 

measure of how much of the blade element (edge of the flake or blade) exhibits evidence of 
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retouch. Retouch extent is the ratio of the total length of retouch along the blade element (r) to 

the total length of the blade element (b) (Figure 5.2). A higher value for the ratio of r/b indicates 

a higher portion of a blade element has retouch.  

 

 
 
Figure 5.2 Hiscock and Attenbrow’s (2003) Retouch Perimeter Index showing the length of 
retouch (r) and the length of the blade element. 
 

 Estimated Retouch Percentage (Eren et al. 2005) (ERP): This retouch measure is an 

allometric measure of the percentage of a tool used through the act of modification compared to 

that left behind. This measure uses principle of geometry and trigonometry to approximate of the 

original tool edge lost through retouch of a detached piece through a few key measurements of 

the tool that form a right triangle of the tool edge including the thickness at the midpoint “T”, 

length of retouch invasiveness from the tool edge toward the center of the tool “D”, the retouch 
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angle “a”, and the dorsal plane angle “b” (Eren et al. 2005)(Figure 5.3). With these 

measurements and the help of trigonometry, the area (Area=1/2 base*width) of the triangle “A” 

can be estimated using the formaula: 

  Area of triangle “A”=D2/2(sin2(a)cot(b)-sin(a)cos(a)) 

This is only the area of the triangle at that particular point but we want the volume so the length 

of the retouched blade must be measured and incorporated using the following formula: 

Estimated Retouch Volume=Length of retouch on blade*Area of triangle “A” 

Since some tools exhibit multiple discontinuous edges with retouch simply calculate and average 

the Area of triangle “A” for all edges with retouch then multiply by the total length of retouch 

along the tool edge. Because this measure is a comparison of the volume of the original tool lost 

compared to that remaining, or the Estimated Retouch Percentage (ERP) we must use the 

following formula to formula: 

Estimated Retouch Percentage= Estimated Retouch volume/tool volume(length*width*thickness) 

Experimental studies by Eren et al. (2005) produced highly precise measurements of the ERP to 

that actually lost.  

 
 
Figure 5.3. Measurements of a tool (in its cross-section) to determine the Estimated Retouch 
Percentage (ERP). T is the thickness at the midpoint of the tool, D is the length of retouch 
invasiveness from the tool edge to the maximum point of retouch, a is the tool edge angle of 
retouch, and b is the dorsal plane angle. 
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 In the absence of microscopic analysis, other retouch attributes were recorded that 

provided clues to possible tool functions, in this case only the relative hardness of the working 

material, including the type of retouch identified at the macroscopic level and the working edge 

angle. Harder materials will tend to cause more stepped retouch scars whereas softer materials 

will create feathered retouch or polish (Keely 1980). Similarly, larger tool edge angles may 

correspond to harder materials and smaller edge angles may be more suited for use on softer 

materials (see Appendix A)(Andrefsky 2005; Wilmsen 1968). 

Conclusion 

 Several techniques to assess changes in both technological organization and tool design 

elements examined in this chapter serve as the means through which broad changes in the Upper 

Paleolithic period in the Transbaikal region were evaluated in subsequent chapters. Data 

resulting from these analyses permitted multiple types of technological studies including changes 

in stone tool design as seen through reduction sequences, and also provide information pertinent 

to lithic raw material provisioning strategies through tool-use rates, tool diversity, tool curation, 

and raw material abundance providing information about how hunter-gatherers organized 

themselves on the landscape throughout the Upper Paleolithic period. 
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CHAPTER SIX 

MODELING RAW MATERIAL ACQUISITION, CORE REDUCTION, 

BLANK PRODUCTION, AND TOOL SELECTION 

 The very first place to begin exploring the intersection of risk, innovation, sharing, and 

raw material provisioning strategies is the manner in which foragers obtained tool stone and 

manufactured it into usable tools.  Different provisioning strategies are reflected in the various 

methods of acquiring lithic raw materials, the manner of preparing cores and detaching pieces, 

and determining which types of pieces would best serve a forager’s tool needs. This chapter 

explores these variables between time periods and foraging systems as evidenced by movements 

of residential bases or utilization of residential bases and campsites. Initially, I will concentrate 

on where toolstone was acquired relative to its abundance within assemblages in the Transbaikal 

region. Next, the manner by which raw material was processed into usable tools is evaluated in 

terms of core reduction and blank production and the selection of blanks for modification into 

tools. Finally, comparisons of these systems are made, which provide a foundation for analysis in 

subsequent chapters.  

Raw Material Provenance, Use, and Diversity  
 

Provisioning strategies were assessed in terms of the relative abundance of locally 

available toolstone to that of raw material found further from sites within specific tool 

assemblages. Numerous studies have shown that more mobile foragers should transport raw 

materials from distant sources to reduce the risk of not having adequate tool stone at new 

settings. In contrast, if sufficient lithic raw materials, in terms of package size and quality, are 

abundant near settlements, more sedentary groups should rely more heavily on these local 

sources (Parry and Kelly 1987; Bamforth 1990, 1991; Andrefsky 1994a, 1994b; Kuhn 1995). 
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Furthermore, if foragers from greater distances are in contact with one another more often during 

times of high resource stress, evidence of this contact through reciprocity may be revealed by the 

presence of non-local lithic raw material types found within tool assemblages. 

Based on ethnographic data, 5 km is the average distance a forager will travel roundtrip 

in one day (Kelly 1995), therefore, in this study, local raw materials are defined as those found 

within 5 km of a site whereas non-local is found outside of this distance (>5 km from a site). 

Other studies, however, define a greater foraging radius to local raw material sources with some 

10 km from Paleolithic archaeological sites in Australia (Clarkson 2007), up to 15 km from 

Paleolithic archaeological sites in France (Genest 1988). Although local raw material types 

should possibly be extended beyond 5 km in the Transbaikal sites, there is insufficient data to 

date to support this distance. Very little is known about “good” toolstone sources in the study 

area due to several factors related to the lack of research interest in lithic raw material studies by 

Russian archaeologists, the rugged and remote conditions of the area, and few published detailed 

geological maps of the entire Transbaikal region.  

All sites contain local very fine to medium grained argillite, as well as more durable raw 

materials such as quartzite (coarse-grained), diorite, basalt, andesite, tuff, siltstone, silicified 

siltstone and mudstone (Figure 6.1). These materials are fairly abundant at sites and are generally 

found as large cobbles in streambeds near sites in either the Khilok or Chikoi Rivers likely 

originating from bedrock in the region (see Chapter 2). High chipping quality cherts, quartzites, 

and obsidian are found in artifact assemblages from sites but are not known at sources close to 

the sites (i.e. <5 km from each site). Additionally, these non-local stone types are found in 

smaller package sizes than local material. Although cherts, quartzites, and obsidians can be 

found in the Transbaikal region within ophiolites and ancient volcanic flows (see Chapter 2), no 
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outcrops were discovered within a 5 km radius of each site. Exact locations of the source for 

these materials is currently unknown. Ideally, high-quality raw material sources should be 

located on the ground, a major fault in this study, however all that can be said to date is that they 

are not found within a 5 km radius of each site. 

 

 

Figure 6.1 Examples of local (a) and non-local (b) raw material types found in the study area. 

Lithic Raw Material Abundance and Diversity 

Abundance. If relative amounts of mobility are increasing from the EUP to the LUP, 

proportions of local raw materials should decrease while non-local tool stone should increase. 

Similarly, there should be greater proportions of tools made from non-local stone at camps 

during the MUP than at residential bases. Figure 6.2 compares all complete cores, detached 

pieces, tools, and bifaces based on location of sources, either local or non-local (Table 6.1).  Use 

of non-local stone increases through time from the EUP to the LUP while, overall, local stone  
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Figure 6.2. Mean percentage of local and non-local lithic raw materials found in assemblages 
including tools, cores, bifaces, and detached pieces. 
 

Table 6.1 Percentage of Local and Non-local Lithic Raw Materials Found in Assemblages 
including Tools, Cores, Bifaces, and Detached Pieces over Time by Site Type. (χ2=406.7, df=3, 

p-value <0.001) 
  Local raw material Non-local raw material Total 

N 488 50 538 EUP residential base 

%  91 9 100 
N 570 279 849 MUP residential base 
%  67 33 100 
N 610 202 812 MUP camp 
%  75 25 100 
N 573 757 1330 LUP residential base 
%  43 57 100 
N 2417 1321 3738 Total 
%  65 35 100 
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utilization decreases (χ2=492.4, df=2, p-value <0.001). The EUP assemblage of Tolbaga contains 

very little high-quality non-local stone types (11%), the expected pattern for a long-term 

residential base. Within all MUP assemblages non-local stone enlarges to (29%) of assemblages 

with local stone types (71%) still prominent during this time period. Non-local raw materials 

clearly dominate LUP residential base assemblages, the only type represented in the region, 

consisting of 57% of cores, tools, bifaces, and detached pieces. Contrary to the expectations 

based on site type, non-local stone was found in greater quantities at MUP residential bases 

(33%) than at campsites (25%) (see Table 6.1). 

Looking more closely at MUP sites reveals an interesting phenomenon where Priiskovoe, 

a residential base, and most subhorizons at Kunalei, a campsite, both had relatively few artifacts 

of non-local raw material (Table 6.2). Non-local raw material was fairly abundant within the  

 

Table 6.2 Percentages of Local and Non-local Stone Found within Individual Layers of All Sites 
for Camps and Residential Bases. 

Period Site Cultural Layer (site type) Local stone 
(%) 

Non-local stone 
(%) 

Early Upper 
Paleolithic 

Tolbaga (residential 
base) 

Layer 4 664 (89%)  83 (11%) 

Cultural Layer 2 zone 2, 3 and 4 
(residential base) 

40 
(16%) 

223 
(84%) 

Chitkan 
(camp and 

residential base) 
 

Cultural Layers 3, 4, 5, 6, 7 
(camp) 

36 (47%) 41 (53%) 

Kunalei (camp) Subhorizons 1, 2, 3, 4, 5  433 
(82%) 

98 (19%) 

Melnichnoe 2 
(camp) 

Cultural horizons 2 and 3 141 (69%) 63 (31%) 

 
 
 
 

Middle Upper 
Paleolithic 

Priiskovoe 
(residential base) 

Cultural horizon 2 530 (90%) 56 (10%) 

Studenoe 1 
(residential base) 

Cultural horizons 14, 15, 16, 17, 
18, 19/1, 19/3, 19/4 

339 (84%) 67 (16%) 

Studenoe 2 
(residential base) 

Cultural horizons 4/4, 4/5, 5, 6, 8 165 
(28%) 

416 
(72%) 

Ust’ Menza 1 
(residential base) 

Cultural horizons 13, 14, 15, 16, 
17, 20, 25  

47 
(41%) 

69 
(59%) 

 
 
 

Late Upper 
Paleolithic 

Ust’ Menza 2 
(residential base) 

Cultural horizons 10, 15, 17, 19, 
20, 21, 22, 23, 24  

22 
(10%) 

205 
(90%) 

 



 158 

Melnichnoe 2 assemblage, a campsite. Chitkan, however had the most abundant non-local types 

of raw material present. Within the earlier layers at Chitkan all represented by campsites, non- 

local stone made up 44% of the material, whereas within the higher layers that were represented 

by residential bases the amount of non-local stone was extremely high (see Table 6.2). 

Examining individual layers more closely reveals an interesting pattern. Kunalei (MUP camp) 

and Priiskovoe (MUP residential base) exhibit low proportions of detached pieces of non-local 

raw material types (Table 6.3), consequently these are the sites that also contain the least amount 

of non-local raw materials. Although there were fairly numerous cores of non-local raw materials 

at these sites, production of detached pieces was low whereas at Chitkan within both residential 

base and camp layers and at Melnichnoe 2 (campsite) many detached pieces were produced from 

non-local stone likely during tool manufacturing. These differences between residential base 

assemblages of Priiskovoe and Chitkan may be linked to time as Priiskovoe dates to the earlier 

part of the MUP between 25,000-29,000 BP while cultural layer 2 at Chitkan may date to the 

LGM as it is above layers dated to 21,000 BP but contains no microblades. These differences 

between Chitkan and Priiskovoe are further explored in Chapter 8. 
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Table 6.3 Proportions of Detached Pieces, Cores, and Tools within MUP Residential Base and 
Campsite Assemblages for Each Site. 

Residential base   detached 
piece core tool Total 

N 29 3 8 40 local raw material 
% within raw 
material type 73 7 20 100 

N 163 8 52 223 non-local raw 
material % within raw 

material type 73 4 23 100 

N 192 11 60 263 

Chitkan (layer 2 zones 2, 3, 4) 
χ 2=1.407, df=2, p-value>0.05 
 

Total 
% within raw 
material type 73 4 23 100 

N 193 92 245 530 local raw material 
% within raw 
material type 36 18 46 100 

N 7 12 37 56 non-local raw 
material % within raw 

material type 13 21 66 100 

N 200 104 282 586 

Priiskovoii 
χ 2=13.105, df=2, p-
value<0.05 

Total 
% within raw 
material type 34 18 48 100 

Camp       
N 25 5 6 36 local raw material 
% within raw 
material type 69 14 17 100 

N 23 4 14 41 non-local raw 
material % within raw 

material type 56 10 34 100 

N 48 9 20 77 

Chitkan (layers 3-7 
χ 2=3.083, df=2, p-value>0.05 
 

Total 
% within raw 
material type 62 12 26 100 

N 189 50 194 433 local raw material 
% within raw 
material type 44 12 45 100 

N 12 12 74 98 non-local raw 
material % within raw 

material type 12 12 76 100 

N 201 62 268 531 

Kunalei 
χ 2=35.783, df=2, p-
value<0.001 

Total 
% within raw 
material type 38 12 50 100 

N 85 6 50 141 local raw material 
% within raw 
material type 60 4 35 100 

N 39 4 20 63 non-local raw 
material % within raw 

material type 62 6 32 100 

N 124 10 70 204 

Melnichnoe 2 
χ 2=.583, df=2, p-value>0.05 

Total 
% within raw 
material type 61 5 34 100 
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Non-local Raw Material Diversity. Diversity of lithic raw material found within an 

artifact assemblage is influenced by both the availability of various stone types within the 

geographical area of a site, the level of forager mobility, and interregional trade between groups 

of people. Because trade relationships between various regions in the Transbaikal have not been 

identified at present, this study will only consider tool stone source location and forager mobility 

as factors affecting the diversity of lithic raw materials found in the study assemblages. It was 

already determined that proportions of non-local raw materials found in artifact assemblages 

increased from the EUP to the LUP indicating higher rates of patch use in more distant locations 

during the later time period. It could also signal increasing connections with other foragers 

within distant patches as well. In a similar vein, as hunter-gatherer mobility increases the variety 

of patch use increases thereby raising the chances of encountering various types of raw materials 

which are subsequently transported to new locations. Therefore, more diverse raw material not 

locally available found in artifact assemblages may be an indication of higher levels of either 

residential moves or a system utilizing logistical campsites. (Bamforth 1986; Clarkson 2007; 

Goodyear 1989; Gramly 1982; Hall and Larson 2004; Kelly 1988; Kelly and Todd 1988; Kuhn 

1995; Knell 2004; Larson and Kornfeld 1997; Torrence 1983, 1989).  

Diversity measures commonly use richness and evenness assessments of assemblages, 

whether in ecological, zooarchaeological, or artifact studies (Chatters 1987; Grayson 1984; 

Grayson and Cole 1998; Jones 2004; Jones et al. 1989; Kintigh 1984; Schmidt and Lupo 1995; 

Shott 1987, 1989; Simek 1989; Simek and Price 1990). Richness is the number of taxa, in this 

case raw material type sorted by characteristics of color, texture, inclusions, and cortex type, in 

each site assemblage. As the number of taxa within an assemblage increases assemblage richness 

also increases. Given the diverse sample size of artifact assemblages within the study sites the 
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number of raw material types at each site was plotted against the log number of artifacts 

(Chatters 1987; Grayson 1984; Grayson and Cole 1998). Evenness is the degree to which classes 

within an assemblage are equally represented by the individuals within the assemblage. In other 

words, evenness calculates the degree to which an assemblage is dominated by the most 

abundant taxon. Evenness was calculated using the reciprocal of Simpson’s dominance index: 

D=∑(n1(n1-1)/N(N-1)) 

where n1=number of individuals in a taxon, 

N=total number of individuals in the sample 

Simpson’s index is expressed as 1/D where the greater the value the more evenly individuals are 

distributed across the taxon, and lower values indicates the more the assemblage is dominated by 

the most abundant taxa. Richness and evenness values were calculated for each lithic artifact 

assemblage from individual cultural layers including cores, tools, and detached pieces (Table 

6.4).  

 Diversity indices for non-local raw material types in each site assemblage are reported in 

Table 6.4. Non-local raw material types were determined by the type of stone, color, texture, and 

inclusions and were dominated by a variety of fine-grained chert, fewer quartzite, and rare 

obsidian specimens. Regression analysis reveals that diversity measures are not significantly 

influenced by assemblage size (richness: r2=0.06, df=9, p-value>0.05; evenness: r2=0.382, df=9, 

p-value>0.05), therefore diversity indices were plotted directly against one another in Figure 6.3. 

Mean diversity indices follow predictions outlined above as values are highest for LUP 

residential bases and have the most different types of raw materials equally represented within 

assemblages. 
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Table 6.4 Mean Tool Assemblage Size and Mean Diversity Values of Non-local Raw Material 
by Site Type and Time Period. N Refers to the Number of Sites within Each Time Period by Site 
Type where EUP Residential Base= Tolbaga; MUP Residential Base= Chitkan layer 2 zone 2, 3, 
4 and Priiskovoe; MUP Camp= Chitkan layers 3-7, Kunalei, and Melnichnoe 2; LUP Residential 

Base= Studenoe 1 and 2 and Ust’ Menza 1 and 2. 
  N Mean Tool Assemblage Size (sd) Mean (sd) 

richness EUP Residential Base 1 83 14.0 
 MUP total 5 481 15.6 
 MUP Residential Base 2 140 (165) 12.5 (0.7) 
 MUP Camp 3 67(57) 17.7 (9.1) 
 LUP Residential Base 4 189 (349) 21.5 (8.3) 
evenness EUP Residential Base 1 83 7.4 
 MUP total 5 481 5.53 
 MUP Residential Base 2 140 (165) 4.6 (4.7) 
 MUP Camp 3 67(57) 6.2 (2.4) 
 LUP Residential Base 4 189 (349) 8.9 (4.5) 

 
 

 
Figure 6.3. Scatter plot of mean diversity values for non-local raw material types by time period 
and site type. 
 

mean richness

22.0020.0018.0016.0014.0012.00

m
e
a

n
 e

v
e
n

n
e
s
s

9.00

8.00

7.00

6.00

5.00

4.00

LUP residential base

MUP camp

MUP residential base

EUP residential base



 163 

As a whole MUP assemblages exhibited similar diversity measures as those found during 

the EUP. In terms of both the number of different types of non-local raw materials present and 

the proportion they represent in assemblages, MUP camps have higher values than residential 

bases. MUP residential base sites have the lowest diversity values represented by the fewest raw 

material types that were also dominated by a few types. The EUP residential base exhibits yet 

another pattern, with relatively few raw material types more equally represented within the 

assemblage.  Overall, encounter rates of non-local raw materials were similar during the EUP 

and MUP. The EUP residential base assemblage contains fewer non-local raw material types and 

was dominated by relatively fewer of these types, a pattern suggesting that relative residential 

mobility was fairly low. MUP assemblages were diverse with residential bases containing only a 

few varieties of non-local stone types, whereas MUP camps had several varieties represented 

more evenly in the assemblage following the predicted scenario. All diversity indices are high in 

LUP residential bases, concurrent with predictions of high residential mobility.  

Overall, EUP assemblages contain fewer non-local raw materials that are represented by 

more homogenous types likely the result of lower encounter rates with these types material. 

Although overall, proportions of non-local raw materials within MUP assemblages were higher 

than during the EUP, diversity of these materials did not change. MUP hunter-gatherers may 

have accessed more non-local raw materials but from relatively few locations on the landscape. 

This is a pattern especially seen at residential layers at Chitkan where intensive reduction of a 

few non-local raw material types occurred (Table 6.5 and see Table 6.2). There was, however, a 

wide range of variability between MUP sites in terms of both quantity and diversity of non-local 

stone within assemblages that, in the case of residential layers at Chitkan and Priiskovoe, may be 

due in part to changing raw material provisioning strategies during this time. High levels of non-
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local raw materials as well as their great variety found within LUP residential base artifact 

assemblages was likely influenced by the elevated rate at which hunter-gatherers were coming 

into contact with them on the landscape. 

 

Table 6.5 Non-local Lithic Raw Material Richness and Evenness Index for Each Site. Cultural 
Layers at Each Site are Grouped by Site Type. 

 
Period Site Cultural Layer (site type) Artifact 

Count  
Richness 

index 
Evenness 

index 

Cultural Layer 2 zone 2, 3 
and 4 (residential base) 

223 12 1.25 Chitkan 
(camp and 

residential base) 
 

Cultural Layers 3, 4, 5, 6, 7 
(camp) 

41 8 3.4 

Kunalei (camp) Subhorizons 1, 2, 3, 4, 5  98 19 6.9 
Melnichnoe 2 

(camp) 
Cultural horizons 2 and 3 63 26 8.2 

 
 
 

Middle Upper 
Paleolithic 

Priiskovoe 
(residential base) 

Cultural horizon 2 56 13 7.9 

 

Modeling Core Reduction Sequences, Blank Production, and Tool Blank Selection 

Because core reduction, blank production, and tool blank selection are essentially part of 

a dynamic system, its organization was assessed as a whole for each time period facilitating the 

ability to make comparisons of the various schemes between periods. Modeling this process 

began with core reduction, then the production of detached pieces, and finally the factors 

associated with tool blank selection.  

Core reduction sequences were modeled utilizing core attributes based on number of core 

rotations outlined in Chapter 5, where a core was turned to establish a new platform. Reduction 

of raw material may differ in part due to raw material characteristics such as size, durability, as 

well as abundance (Andrefsky 1994a, 1994b; Bamforth 1990, 1991; Bradbury and Franklin 

2000; Terry et al. 2009), therefore it is prudent to model reduction sequences based on raw 

material types if there is a significant difference between typological or technological 
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characteristics of each. If these characteristics differ, modeling core reduction in this manner 

produces a somewhat finer-grained analysis of stone reduction as a broad scale use of Minimum 

Analytical Nodule Analysis (MANA) or Generalized Nodule Analysis (GNA), or even nested 

aggregate analysis (Andrefsky 2004; Hall 2004; Knell 2004; Larson and Hall 2004; Larson and 

Kornfeld 1997).  

The classification system used for cores in this analysis was based on technological 

aspects such as the number of flaking surfaces (fronts) and manner in which pieces were 

detached from them (direction), coupled with general morphological characteristics of cores 

based on shape (see Appendix A). Such a classification scheme can reveal reduction patterns on 

a base level with which to evaluate possible influences of stone types. Cores were then assessed 

utilizing core rotations as proxy for core reduction and modeling the actual cores and their 

attributes utilizing event-tree analysis (Bleed 1991, 1996, 2001; Clarkson 2007). Event-tree 

modeling (Bleed 1991, 1997, 2001) mapped core reduction according to actual variables derived 

from the core data to place specimens into a sequence, in this case based on number of core 

rotations. Each core was placed into the series through various core attributes found to correlate 

to core rotation during each time period which might include number and types of platforms, 

core face flaking pattern, cortex presence, mean weight (g), maximum linear dimension (mm), 

and maximum flake scar area (length*width) (mm). In this scenario, core types categorized by 

form and platform locations and flaking patterns on each front (flaking surface) were evaluated 

using the aforementioned criteria and placed into the reduction sequence denoted by core 

rotation amounts. Percentages of cores within each event from the site were reported based on 

total complete cores found within each time period by raw material source location of either 

local or non-local.  
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 As core reduction progresses, changes in core morphology is also traced on pieces 

detached from the core. Blank production was correlated to core reduction by roughly correlating 

platform types to core reduction stages. Generally, as cores are reduced, cortex is removed first 

and the amount of detached pieces produced from the core increases. This broad view of 

reduction stages can be seen on the platforms of the detached pieces. Those that exhibit cortex 

tend to represent pieces removed early in core reduction. Flat platforms represent early removals 

after cortex was taken off, and those with complex or crushed platforms were, for the most part, 

removed late in the sequence. Detached pieces were placed into their designated sequences based 

on the most sensitive characteristics that correlated to platform type including platform size, 

dorsal flake scar pattern, and dorsal cortex amount. As in modeling core reduction sequences, 

blank production was evaluated based on raw material location of detached pieces, in this case 

flakes, blades, and microblades.  

Identification of flakes produced from core reduction as opposed to tool reduction is a 

key component when modeling blank production. To ensure that detached pieces included within 

the study represented those produced from a core, as opposed to tool reduction, the smallest flake 

scar lengths found on cores (EUP=16 mm, MUP=8 mm, LUP=10 mm) likely distinguish 

between removals due to core reduction and those part of shaping and resharpening tools. Only 

one detached piece was excluded from the EUP and LUP analysis because they were smaller 

than the minimum size limit, with none excluded from MUP assemblages.  

Finally, identification of detached pieces selected for tool blank manufacture is a key 

component because the creation of tools is the whole reason for the process in the first place. 

Tool blanks were evaluated against the unretouched detached piece population to determine 

preferences for raw material types, detached piece type, size, and when it was likely produced in 
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the process of core reduction and which types of blanks were selected to manufacture specific 

tool types.  

Modeling EUP Reduction Sequences 

EUP Residential Base Cores 

Overall EUP residential base core types were dominated by flat-faced blade and flake 

cores as well as amorphous types (χ 2=152.0, df=9, p-value<0.001) (see Appendix A for type 

descriptions)(Figures 6.4 and 6.5 and Table 6.6). Levallois and discoidal technology was present 

but in lower frequency than other types. Although there are fewer cores of non-local raw 

materials, core type rates are similar within cores of local stone (χ 2=7.234, df=9, p-value>0.05) 

with flat-faced blade and flake as well as amorphous cores consisting of large percentages in 

both local and non-local stone core populations. Since there was no significant difference in core 

types based on stone sources, reduction sequences of local and non-local materials were analyzed 

together.  Cores of different types of stone should be similar in terms of core rotations as core 

type attributes were based on form, platform placement, and flaking directions (see Appendix A).  

Of the core attributes evaluated against amount of core rotations only number and types 

of platforms, core face flaking pattern, mean weight (g), and maximum linear dimension (mm) 

were sensitive to the reduction of the core population whereas maximum flake scar area 

(F=0.117, df=4, p-value>0.05) and cortex presence ( 2=0.838, df=4, p-value>0.05) were not and 

were not utilized (Figures 6.6 and 6.7, Table 6.7 and 6.8). As core rotations increased platform 

numbers increased (χ2=169.557, df=8, p-value<0.001), conversely, as core rotations declined 

there were fewer cortical platforms while the amount of flat and crushed platforms increased 

(χ2=56.036, df=20, p-value<0.001). Patterns of flake removal on core faces also changed as  
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Figure 6.4 Percentage of core types within the EUP residential base assemblage (Tolbaga). 
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Figure 6.5 Early Upper Paleolithic (Tolbaga) core types. Levallois flake core (a), flat faced blade 
core (b), flat faced flake core (c), discoidal/subdiscoidal flake core (d), subprismatic blade core 
(e), and amorphous flake core (f). 
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Table 6.6 Table of Core Types in the EUP Residential Base Site (Tolbaga) for Complete Cores 
by Raw Material Source Location. 

 
Core Type  local non-local Total 

discoidal flake N(%) 2 (1.9) 1(9.1) 3(2.5) 
subdiscoidal flake N(%) 3(2.8) 0 3(2.5) 

conical flake N(%) 1(0.9) 0 1(0.8) 
Levallois flake N(%) 3(2.8) 0 3(2.5) 
flat-faced blade N(%) 19(17.8) 4(36.4) 23(19.5) 
flat-faced flake N(%) 26(24.3) 3(27.3) 29(24.6) 
subconical flake N(%) 9(8.4) 0 9(7.6) 
amorphous flake N(%) 39(36.4) 2(18.2) 41(34.7) 

subprismatic blade N(%) 4(3.7) 1(9.1) 5(4.2) 
subprismatic flake N(%) 1(0.9) 0 1(0.8) 

Total N(%) 107(100) 11(100) 118(100) 
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Figure 6.6 Direction of flake removal and platform types for EUP residential base (Tolbaga) 
cores. Values from Table 6.6 
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Table 6.7 EUP Residential Base (Tolbaga) Core Attributes of Platform Type and Flake Scar 
Pattern. 
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Figure 6.7 Attributes by core rotations of EUP residential base (Tolbaga) cores. Values from 
Table 6.8 
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Table 6.8 Table of EUP Residential Base (Tolbaga) Core Attributes including Platform Number, 
Percentage with Cortex Present, Maximum Flake Scar Area (mm), Maximum Linear Dimension 

(mm), and Weight (g). 
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cortex 
present 

mean sd mean sd mean sd N 

0 1 0.0 97.8 44 182 17.3 94 25 344 309 45 
1 1.36 0.49 97.4 38 166 11.6 88 23 269 207 39 
2 1.96 0.19 100 27 167 11.7 82 22 224 221 27 
3 2.83 0.48 100 6 154 6.1 71 9 152 63 6 
4 2 na 100 1 154 na 75 na 205 na 1 

 
 
 
rotations increased (χ2=73.341, df=16, p-value<0.001) where unidirectional core faces 

diminished as multidirectional flaking patterns (bidirectional, radial, tridirectional) increased. 

Core sizes in terms of both weight and maximum linear dimension diminished as the more 

rotations a core underwent.  

Based on these attributes, each core was placed into an event tree of a reduction sequence 

(Table 6.9 and Figures 6.8 and 6.9). In this scenario, core types categorized by form and platform 

locations and flaking patterns on each front (flaking surface) were evaluated using the 

aforementioned criteria and placed into the reduction sequence denoted by core rotation 

amounts. Percentages of cores within each event from the site are reported based on total 

complete cores found within the EUP residential base assemblage for local and non-local raw 

material types.  

Local Raw Material. Before the first core rotation only discoidal cores were 

differentiated from the other types exhibiting a radial flaking pattern on one front. Upon core  
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Table 6.9 EUP Residential Base (Tolbaga) Core Types and Rotations by Lithic Raw Material 
Source Location. 

  Local Raw Material (N=107) Non-Local Raw Material (N=11) 
  Core Rotations  Core Rotations  

Core Type   0 1 2 3 4 Total  0 1 2 Total 
Discoidal 

flake 
N 

(%) 
100(2) 0 0 0 0 100(2)  0 0 100(1) 100(1) 

Subdiscoidal 
flake 

N 
(%) 

33.3(1) 0 66.7(2) 0 0 100(3)      

Conical flake N 
(%) 

0 100(1) 0 0 0 100(1)      

Levallois 
flake 

N 
(%) 

0 100(3) 0 0 0 100(3)      

Flat-faced 
blade 

N 
(%) 

21.1(4) 26.3(5) 47.4(9) 16.7(1) 0 100(19)  25.0(1) 50.0(2) 25.0(1) 100.0(4) 

Flat-faced 
flake 

N 
(%) 

30.8(8) 38.5(10) 28.0(7) 0 3.8(1) 100(26)  100.0(3) 0 0 100.0(3) 

Subconical 
flake 

N 
(%) 

11.1(1) 66.7(6) 22.2(2) 0 0 100(9)      

Amorphous 
flake 

N 
(%) 

56.4(22) 23.1(9) 10.3(4) 10.3(4) 0 100(39)  50.0(1) 50.0(1) 0 100.0(2) 

Subprismatic 
blade 

N 
(%) 

25.0(1) 25.0(1) 25.0(1) 25.0(1) 0 100(4)  100.0(1) 0 0 100.0(1) 

Subprismatic 
flake 

N 
(%) 

0 100(1) 0 0 0 100(1)      

Total N 
(%) 

36.4(39) 33.6(36) 23.4(25) 5.6(6) 0.9(1) 100(107)  54.5(6) 27.3(3) 18.2(2) 100.0(11) 
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Figure 6.8 Event-tree of EUP residential base (Tolbaga) complete cores for local raw material types. Percentages of each core type 
within the entire core assemblage by raw material location are given, as well as the number of core fronts and flaking pattern. Cores 
contained within the same box can only be distinguished into core types based on shape.
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rotation of discoidal cores, an opposing surface was exploited also in a radial fashion from a 

single platform along the perimeter of the piece. This core type was reduced in this manner, from 

two opposing platforms until discard after two core rotations. All other cores found before the 

first rotation had unidirectional removals from one (flat-faced blade/flake, conical/subconical 

flake, amorphous flake), two (prismatic/subprismatic blade/flake), or three fronts 

(conical/subconical flake, amorphous flake). At this point, differentiation between flat-faced 

blade/flake, conical/subconical flake, amorphous flake, and prismatic/subprismatic blade/flake 

cores was based on core morphology and type of detach piece removal (flake versus blade). 

After cores were rotated the first time distinctions could be made between the different core 

types based on other attributes besides shape, namely Levallois, flat-faced, and subprismatic 

cores, which had discrete attributes of platform placement and flaking direction. Levallois cores 

exhibited a single platform around its perimeter from which flakes were removed radially from a 

single flake surface, then were discarded. 

Throughout reduction, flat-faced cores maintained one flaking surface from which pieces 

were removed from one platform at the first core rotation, however a second platform was 

created after this rotation that was also utilized to remove pieces from two directions on the same 

surface. After three core rotations all flat-faced cores had been discarded. Before 

prismatic/subprimatic flake and blade cores underwent rotation pieces were removed from two 

fronts unidirectionally. After one rotation of the core a second platform was created allowing 

exploitation of both flaking surfaces from two directions. A second rotation added one more face 

from which flakes were removed bidirectionally, in addition to the previous two, until it was 

discarded after it was turned one more time. Exploitation of conical/subconical cores proceeded 

in a unidirectional fashion on two surfaces until all cores were discarded by two rotations.  
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Finally, amorphous flake cores, which represent the majority of the cores present, were 

rotated once so that two fronts could be utilized to remove flakes in a unidirectional fashion. 

Subsequent core rotations added another platform to take advantage of flaking surfaces from 

another angle resulting in a bidirectional flaking pattern. After three and four core rotations one 

more face was added (totaling three) from which pieces were detached from two directions like 

the other two surfaces. Amorphous cores underwent the most rotations with all discarded by the 

fourth rotation.  

Non-local Raw Material. Core reduction of non-local raw materials proceeded in a 

similar fashion as those core types found of local stone (Figure 6.9). Early in the reduction 

sequence at zero core rotations, cores of non-local raw material types were, again, only 

differentiated by core shape.  These cores included flat-faced blade, amorphous flake, and 

subprismatic blade cores all with one flaking surface and a single flaking direction. Subprismatic 

blade cores underwent no more rotations and were discarded. Amorphous cores were turned once 

and another platform was added so that two surfaces of any location were exploited in two 

directions, then discarded. Flat-faced and discoidal cores underwent the most core rotations as 

they were all discarded after two rotations. Turning flat-faced cores once added another platform 

opposite the first from which removals were taken from two directions. Cores were exploited in 

this manner until they were disposed of. Discoidal cores were only found late in the sequence at 

three core rotations where flakes were removed in a radial fashion on opposing surfaces from a 

single platform. 
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Figure 6.9 Event-tree of EUP residential base (Tolbaga) complete cores for non-local raw 
material types. Percentages of each core type within the entire core assemblage by raw material 
location are given, as well as the number of core fronts and flaking pattern. Cores contained 
within the same box can only be distinguished into core types based on shape
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EUP Blank Production  

Of the EUP blank assemblage (N=130) flakes were most prevalent (68%) while blades 

made up only 32% of the assemblage (Table 6.10). Since there was no preference for raw 

material type based on souce location within the blank population (χ2=0.704, df=1, p-

value>0.05) all detached pieces were analyzed as a single population.   

 

Table 6.10 EUP Residential Base (Tolbaga) Detached Piece Type and Raw Material Source 
Location for Unmodified Detached Pieces and Tools. 

  Unmodified Detached Pieces Tools 
  

Local raw 
material 

Non-local 
raw 

material Total 
Local raw 
material 

Non-local 
raw 

material Total 
N 83 5 88 27 5 32 
% within detached piece type 94 6 100 84 16 100 

flake 

% within raw material source 
location 

67 83 68 48 50 49 

N 41 1 42 29 5 34 
% within detached piece type 98 2 100 85 15 100 

blade 

% within raw material source 
location 

33 17 32 52 50 52 

N 124 6 130 56 10 66 
% within detached piece type 95 5 100 84.8 15.2 100 

Total 

% within raw material source 
location 

100 100 100 100 100 100 

 

Attributes of detached pieces that correlated to core reduction were plotted by platform 

type and presented in Figure 6.10 and Tables 6.11 and 6.12. Dorsal cortex significantly 

decreased as reduction continued with the highest percentage of dorsal cortex found on cortical 

platforms thereafter increasing for flat, complex, and crushed types (χ2=38.227, df=15, p-

value<0.005). In terms of dorsal flake scar pattern, over 70% of detached pieces with cortical or 

complex platforms had a unidirectional flaking pattern, whereas a bidirectional flaking pattern 

was found in the highest percentage for detached pieces with flat platforms, but this category was 
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still dominated by the unidirectional flaking pattern. This configuration is understandable 

considering a unidirectional flaking pattern was the most common type associated with the cores 

from the EUP assemblage. Size differences did not correlate to platform types (F=1.859, df=3, p-

value>0.05) (Table 6.12). Detached pieces with flat platforms, presumably later in the reduction 

sequence, were found in larger sizes than cortical platforms, possibly because these pieces with 

high amounts of cortex were produced in the process of preparing platforms to remove larger 

flakes and blades. However, detached pieces with cortical, complex, or crushed platforms were 

smaller than those with flat platforms, the latter two likely representing smaller sizes due to a 

decrease in core sizes as reduction continued.  Comparison of platform types revealed that there 

were significantly more unmodified pieces within the early stages of reduction, while more tools 

were from later stages of reduction (Table 6.13). 
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Figure 6.10 Characteristics relating to platform type of unmodified detached pieces and tools at the EUP residential base (Tolbaga).
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Table 6.11 Dorsal Flake Scar Pattern and Dorsal Cortex Amount for Various Platform Types as Related to Reduction Stage of EUP 
Residential Base (Tolbaga) Unmodified Detached Pieces and Tools. 
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Table 6.12 Weight and Maximum Linear Dimension for Various Platform Types as Related to 
Reduction Stage of EUP Residential Base (Tolbaga) Unmodified Detached Pieces and Tools. 
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mean 14 44 23 36 61 6 Cortical 
sd 15 14  30 9  

mean 28 53 35 39 55 9 Flat 
sd 55 26  37 19  

mean 13 45 66 43 67 41 Complex 
sd 12 18  35 24  

mean 16 36 6 50 67 9 Crushed 
sd 30 17  32 22  

 
 
Table 6.13 Comparison of Platform Types for Unmodified Detached Pieces and Tools for EUP 

Residential Bases (Tolbaga). (χ2=11.367, df=3, p-value<.05) 
  Unmodified Detached Pieces Tool Total 

N 23 6 29 Cortical 
% 18 9 100 
N 35 9 44 Flat 
% 27 14 100 
N 66 41 107 Complex 
% 51 63 100 
N 6 9 15 Crushed 
% 5 14 100 
N 130 65 195 Total 
% 100 100 100 

 

EUP Tool Blank Selection 

 Although flakes outnumbered blades in the unretouched assemblage (N=66), slightly 

more blades (53%) were retouched into tools than flakes (47%). Local raw materials dominated 

the tool assemblage, however a higher percentage of unmodified detached pieces made from 

non-local raw materials were fashioned into tools (χ2=6.482, df=1, p-value<0.05) (see Table 
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6.10). Large tool blanks, significantly larger than the unmodified detached piece population 

(weight: F=11.470, df= 194, p-value<0.001, maximum linear dimension: F=1.551, df= 193, p-

value<0.001) (see Table 6.10 and Figure 6.10), were selected late in core reduction as most were 

found with complex or crushed platforms (χ2 =11.367, df=3, p-value<0.05) and multidirectional 

flake scar patterns (Figure 6.10, Table 6.10, and Table 6.13).  

Nearly all tools, with the exception of a biface and raclettes, were composed of local raw 

material types (χ2=12.517, df=14, p-value>0.05) (Figure 6.11 and Table 6.14). Flakes of local 

raw materials tended to be fashioned into end scrapers, notches, perforators, raclettes, retouched 

flakes, and wedges whereas blades were more often selected for use as burins, denticulates, 

knives, Levallois points, side scrapers, truncated pieces, and retouched blades (χ2=25.194, df=13, 

p-value<0.05)(Figure 6.12 and Table 6.15). Within non-local raw material types blades were 

preferentially utilized as end scrapers with all other tools such as notches, raclettes, side scrapers, 

and retouched flakes found on flakes (χ2=5.113, df=4, p-value>0.05). Interestingly, blanks for 

end scrapers and side scrapers differed by raw material source location and may represent 

manifestations of raw material characteristics. Tool selection also differed by weight for both 

local and non-local raw material types (local weight F=1.947, df=12, p-value=0.05, maximum 

linear dimension F=1.943, df=12, p-value=0.05; non-local weight F=4.254, df=5, p-value<0.05, 

maximum linear dimension F=5.619, df=4, p-value<0.05) (Figure 6.13 and Table 6.16). 

Levallois points, end scrapers, and side scrapers, all tended to be quite large, inferring their 

selection earlier in core reduction, and raclettes the smallest pieces, quite possibly selected later 

in the reduction of raw material.  

 



 186 

 
 
Figure 6.11 Percentage of tools within each tool class by lithic raw material source location 
within the EUP residential base (Tolbaga) assemblage. 
 
 

Table 6.14 EUP Residential Base (Tolbaga) Lithic Raw Material Source Location within Tool 
Classes. 

  Local raw material Non-local raw material Total 
N 0 1 1 biface 
% within tool class 0 100 100 
N 3 0 3 burin 
% within tool class 100 0 100 
N 4 0 4 denticulate 
% within tool class 100 0 100 
N 7 3 10 end scraper 
% within tool class 70 30 100 
N 2 0 2 knife 
% within tool class 100 0 100 
N 2 0 2 Levallois point 
% within tool class 100 0 100 
N 2 0 2 mixed tool 
% within tool class 100 0 100 
N 5 1 6 notch 
% within tool class 83 17 100 
N 1 0 1 perforator 
% within tool class 100 0 100 
N 2 2 4 raclette 
% within tool class 50 50 100 
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 % within tool class 100 0 100 
N 9 2 11 retouched flake 
% within tool class 82 18 100 
N 22 5 27 side scraper 
% within tool class 81 19 100 
N 1 0 1 truncated piece 
% within tool class 100 0 100 
N 2 0 2 wedge 
% within tool class 100 0 100 
N 64 14 78 Total 
% within tool class 82 18 100 

 
 

 
 
Figure 6.12 EUP residential base (Tolbaga) detached piece type for tool classes (excluding 
bifaces) of local and non-local raw material. 
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Table 6.15 EUP Residential Base (Tolbaga) Detached Piece Type for Tool Classes (Excluding 
Bifaces) of Local and Non-local Raw Material. 

local  non-local  
 flake blade Total flake blade Total 

N 1 2 3 0 0 0 
% within tool class 33 67 100 0 0 0 

burin 

% within detached piece type 3 7 5 0 0 0 
N 1 3 4 0 0 0 
% within tool class 25 75 100 0 0 0 

denticulate 

% within detached piece type 3 10 6 0 0 0 
N 6 1 7 1 2 3 
% within tool class 86 14 100 33 67 100 

end scraper 

% within detached piece type 18 3 11 13 40 23 
N 0 2 2 0 0 0 
% within tool class 0 100 100 0 0 0 

knife 

% within detached piece type 0 7 3 0 0 0 
N 0 2 2 0 0 0 
% within tool class 0 100 100 0 0 0 

Levallois point 

% within detached piece type 0 7 3 0 0 0 
N 1 1 2 0 0 0 
% within tool class 50 50 100 0 0 0 

mixed tool 

% within detached piece type 3 4 3 0 0 0 
N 4 1 5 1 0 1 
% within tool class 80 20 100 100 0 100 

notch 

% within detached piece type 12 3 8 13 0 8 
N 1 0 1 0 0 0 
% within tool class 100 0 100 0 0 0 

perforator 

% within detached piece type 3 0 2 0 0 0 
N 2 0 2 2 0 2 
% within tool class 100 0 100 100 0 100 

raclette 

% within detached piece type 6 0 3 25 0 15 
N 0 2 2 0 0 0 
% within tool class 0 100 100 0 0 0 

retouched blade 

% within detached piece type 0 7 3 0 0 0 
N 8 0 8 2 0 2 
% within tool class 100 0 100 100 0 100 

retouched flake 

% within detached piece type 24 0 13 25 0 15 
N 9 13 22 2 3 5 
% within tool class 41 59 100 40 60 100 

side scraper 

% within detached piece type 27 45 35 25 60 39 
N 0 1 1 0 0 0 truncated piece 
% within tool class 0 100 100 0 0 0 
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 % within detached piece type 0 3 2 0 0 0 
N 1 1 2 0 0 0 
% within tool class 50 50 100 0 0 0 

wedge 

% within detached piece type 3 3 3 0 0 0 
N 34 29 63 8 5 13 
% within tool class 54 46 100 62 39 100 

Total 

% within detached piece type 100 100 100 100 100 100 
 
 
 

 
Figure 6.13 EUP residential base (Tolbaga) tool type sizes of local and non-local raw material. 
 

end 
scraper

side 
scraper

retouched 
flake

bifaceraclettenotch 

m
ea

n

100
80
60
40
20
0

maximum linear 
dimension (mm)

weight (g)

Non-local Raw Material

Levallois 
point
side scraper
retouched 
blade 
end scraper 
notch 
knife
truncated 
piece
burin 
denticulate 
w

edge
perforator
retouched 
flake
m

ixed tool
raclette

m
ea

n

100

80

60

40

20

0

maximum linear 
dimension (mm)

weight (g)

Local Raw Material



 190 

Table 6.16 EUP Residential Base (Tolbaga) Tool Type Sizes of Local and Non-local Raw 
Material. 

Local Raw Material Non-local Raw Material 

 weight(g) maximum linear dimension(mm) weight(g) maximum linear dimension(mm) 
biface Mean na na 8 42 
 N   1 1 
 sd   . . 

Mean 23 65 na na 
N 3 3   

burin 

sd 15 23   
Mean 27 58 na na 
N 4 4   

denticulate 

sd 14 16   
Mean 64 67. 42 57 
N 7 7 3 3 

end scraper 

sd 44 20 13 13 
Mean 23 75 na na 
N 2 2   

knife 

sd 17 6   
Mean 75 89 na na 
N 2 2   

Levallois point 

sd 79 45   
Mean 11 44 na na 
N 2 2   

mixed tool 

sd 6 17   
Mean 45 64 5 29 
N 5 5 1 1 

notch 

sd 57 27 . . 
Mean 19 59 na na 
N 1 1   

perforator 

sd . .   
Mean 7 35 na na 
N 2 2   

raclette 

sd 5 15   
Mean 53 81 na na 
N 2 2   

retouched 
blade 

sd 40 15   
Mean 18 45 14 46 
N 9 9 2 2 

retouched 
flake 

sd 12 12 3 .2 
Mean 58 76 26 55 side scraper 
N 22 22 5 5 



 191 

 sd 24 19 12 5 
Mean 26 67 na na 
N 1 1   

truncated piece 

sd . .   
Mean 33 50 na na 
N 2 2   

wedge 

sd 30 12   
Mean 43 65 22 48 
N 64 64 14 14 

Total 

sd 34 22 16 12 
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Modeling MUP Reduction Sequences 

MUP Core Reduction  

MUP reduction sequences were derived from four sites consisting of three camps 

(Chitkan layers 3-7, Kunalei, and Melnichnoe 2) and two residential bases (Priiskovoe and 

Chitkan layer 2 zone 2, 3, 4). Amorphous flake cores represented the majority of the MUP core 

assemblage (N=158) (χ2= 576.646, df=19, p-value<0.001) with a diversity of other types based 

on morphology and type of blank detached (Figure 6.14, 6.15 and Table 6.17). Flake cores (78%) 

were the most abundant type within MUP assemblages, followed by microcores (12%), while 

blade and bipolar cores each consisted of 5 % of the assemblage (Figure 6.16).  

All MUP cores were assessed as a single population in terms of core attributes that could 

be related to the number of core rotations, however event trees were modeled for reduction 

sequences according to raw material source location because flake cores were typically made 

from local raw material while non-local stone was found mostly in the form of blade, 

microcores, and bipolar cores (x2=99.178, df=3, p-value<0.001)(Figure 6.17 and Table 6.18).  

 
 
Figure 6.14 Core types found in MUP residential base and campsite assemblages. 
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Table 6.17 Proportions of Core Types Found in MUP Assemblages within Local and Non-local 

Raw Material Types. 
Core Type  local Non-local Total 
discoidal flake N (%) 3 (100) 0 (0) 3(2.0) 
subdiscoidal flake N (%) 18 (100) 0 (0) 18(11.8) 
conical flake N (%) 1(100) 0 (0) 1(0.7) 
prismatic blade N (%) 0 (0) 2(100) 2(1.3) 
flat-faced blade N (%) 2(67) 1(33) 3(2) 
flat-faced flake N (%) 10(71) 4(29) 14(9.2) 
subconical flake N (%) 8(89) 1(11) 9(5.9) 
amorphous flake N (%) 68(96) 3(4) 71(46.7) 
subdiscoidal microcore N (%) 0(0) 1(100) 1(0.7) 
lenticular microcore N (%) 1(25) 3(75) 4(2.6) 
lenticular bipolar N (%) 1(33) 2(67) 3(2) 
triangular flake N (%) 3(75) 1(25) 4(2.6) 
subprismatic flake N (%) 5(63) 3(38) 8(5.3) 
subprismatic bipolar N (%) 0(0) 1(100) 1(0.7) 
flat-faced microcore N (%) 0(0) 2(100) 2(1.3) 
subconical blade N (%) 0(0) 1(100) 1(0.7) 
amorphous microcore N (%) 0(0) 2(100) 2(1.3) 
wedge-like microcore N (%) 0(0) 3(100) 3(2) 
subconical microcore N (%) 0(0) 2(100) 2(1.3) 
Total N (%) 120(79) 32(21) 152(100) 
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Figure 6.15 Some core types found in MUP assemblages.  Amorphous flake (a) (Priiskovoe), 
flat-faced flake (b) (Chitkan layer 5) and  (c) (Priiskovoe), subprismatic (d, e)(Chitkan layer 2 
zone 4), flat-faced blade (f) (Melnichnoe 2), subdiscoidal flake (g) (Melnichnoe 2), wedge-like 
microcore (h)(Chitkan layer 6) and (i) (Kunalei), flat-faced microcore (j) (Chitkan layer 5), 
subconical microcore (k) (Kunalei), amorphous microcore (l) (Melnichnoe 2), lenticular 
microcore (m) (Chitkan layer 2 zone 4), lenticular bipolar (n) (Priiskovoe).  
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Figure 6.16 Percentage of MUP cores types based on types of detached pieces. 
 
 

 
Figure 6.17 Percentages of MUP core types by raw material source location. Values from Table 
6.18. 
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Table 6.18 MUP Core Type by Raw Material Source Location. (χ2=112.879, df=19, p-
value<0.001) 

  Raw Material Source Location  
  Local Non-local Total 

N 116 7 123 
% within core type 94 6 100 

Flake core 

% within raw material location 96 19 78 
N 2 6 8 
% within core type 25 75 100 

Blade core 

% within raw material location 2 16 5 
N 1 18 19 
% within core type 5 95 100 

Microcore 

% within raw material location 1 49 12 
N 2 6 8 
% within core type 25 75 100 

Bipolar core 

% within raw material location 2 16 5 
N 121 37 158 
% within core type 77 23 100 

Total 

% within raw material location 100 100 100 
 

Most core attributes were responsive to core rotation amounts as presented in Figures 

6.18, 6.19 and Tables 6.19 and 6.20. Cores with unidirectional removals were most abundant 

before cores were rotated then quantities decreased as rotations increased, whereas other types, 

including bidirectional, radial, or a mixture of types, were lowest before cores were turned 

increasing thereafter (χ2=83.941, df=20, p-value<0.001). Similarly, cortical platforms decreased 

as core rotations increased, flat and crushed types were most abundant at one core rotation, while 

multiple platform types increased after a second turn of the core (χ2=93.715, df=24, p-

value<0.001). Platform numbers also grew with each core rotation (F=32.546, df=4, p-

value<0.001). Percentages of cores without cortex was highest after cores were rotated once, 

although not statistically significant (χ2=8.978, df=4, p-value>0.05), then decreased upon further 

turns. With subsequent core rotations values decreased in terms of maximum linear dimension 

(F=5.065, df=4, p-value<0.001), weight (F=3.054, df=4, p-value<0.05), and maximum flake scar  
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Figure 6.18 MUP (residential base and camp) core flaking direction and platform types for 
various core rotations. Values are found in Table 6.19. 
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Table 6.19 MUP (Residential Base and camp) Core Attributes of Platform Type and Flake Scar 
Pattern. 
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10.0 
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40 
(2) 

0 0 0 93.3 
(42) 

4.4 
(2) 

2.2 
(1) 

0 0 45 

1 36.5 
(19) 

44.8 
(13) 

60.0 
(30) 

20 
(1) 

50 
(4) 

50.0 
(3) 

12.5 
(1) 

47.9 
(34) 
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22.5 
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1.4 
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71 

2 1.9 
(1) 

24.1 
(7) 

18.0 
(9) 

20 
(1) 

0 33.3 
(2) 

62.5 
(5) 

44.0 
(11) 

36.0 
(9) 

0 20.0 
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0 25 

3 0 6.9 
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0 13 
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4.0 
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20 
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0 1 
(25.0) 

0 4 
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Figure 6.19 MUP (residential base and camp) core attributes by rotations. Values presented in 
Table 6.20. 
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Table 6.20 MUP (Residential Base and Camp) Core Attributes by Rotations including Platform 
Number, Percentage with Cortex Present, Maximum Flake Scar Area (mm), Maximum Linear 

Dimension (mm), and Weight (g). 
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0 1.04 0.21 13.8 4 2639 2552 103 50 504 565 45 
1 1.46 0.53 44.8 13 2252 1965 96 42 420 432 71 
2 1.88 0.44 31.0 9 1586 1360 68 36 188 255 25 
3 2.31 0.48 10.3 3 1465 1473 59 36 175 361 13 
4 2.50 0.57 0 0 2444 328 66 30 186 128 4 

 
 

area (length*width) (F=1.373, df=4, p-value>0.05). Size values, however, based on maximum 

linear dimension might be more robust than weight measurements because standard deviations 

are lower.  

Core types, categorized by form, platform location, and direction of removals from each 

front (see Appendix A for descriptions) were evaluated using the aforementioned criteria 

including platform number and type, flaking pattern, cortex presence/absence, and maximum 

linear dimension (mm), and placed into the reduction sequence for each core rotation as 

presented in Figures 6.20, 6.21, 6.22, and 6.23 and Table 6.21. Percentages of cores within each 

event from the site are reported based on total complete cores found within the MUP core 

assemblage for local and non-local raw material types.  
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Figure 6.20 Event tree modeling MUP (residential base and camp) core reduction sequence for local raw material types depicting 
Nodule to 1 core rotation. The figure is continued in Figure 6.21 depicting 2 and ¾ core rotations. Percentages of core type within core 
rotation are based on the total local core assemblage. 
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Figure 6.21 Continuation (from Figure 6.20) of event tree modeling MUP (residential base and camp) core reduction sequence for 
local raw material types depicting 2 and ¾ core rotations. Percentages of core type within core rotation are based on the total local 
core assemblage. 
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Figure 6.22 Event tree modeling MUP (residential base and camp) core reduction sequence for non-local raw material types depicting 
Nodule to 1 core rotation. The figure is continued in Figure 6.22 depicting 2 and ¾ core rotations. Percentages of core type within 
each rotation are based on the total non-local core assemblage. 
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Figure 6.23 Continuation (from Figure 6.22) of event tree modeling MUP (residential base and camp) core reduction sequence for 
non-local raw material types depicting 2 and ¾ core rotations. Percentages of core type within core rotation are based on the total local 
core assemblage.
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Table 6.21 MUP (Residential Base and Camp) Core Types and Rotations by Raw Material 
Source Location. 

  Local Raw Material (N=107) Non-Local Raw Material (N=37) 

  Core Rotations  Core Rotations  

Core Type   
0 1 2 3 4 

Total (N) (% in 
core type) 

 
0 1 2 3 4 

Total (N) (% in 
core type) 

discoidal 
flake 

N 
(%) 

0 3 (100) 0 0 0 100(3) (2.5%)  0 0 0 0 0 0  

subdiscoidal 
flake 

N 
(%) 

0 94.4(1
7) 

5.6(1) 0 0 100(18) (14.9%  0 0 0 0 0 0 

conical flake N 
(%) 

0 100(1) 0 0 0 100(1)(0.8%)  0 0 0 0 0 0 

prismatic 
blade 

N 
(%) 

0 0 0 0 0 0  50.0(1) 0 0 50(1) 0 100(2)(5.4%) 

flat-faced 
blade 

N 
(%) 

0 100(2) 0 0 0 100(2)(1.7%)  0 0 0 100(1) 0 100.0(1)(2.4%) 

flat-faced 
flake 

N 
(%) 

33.3(3) 33.3(3) 33.3(3) 0 0 100(9) (7.4%)  100(2) 0 0 0 0 100(2) (5.4%) 

subconical 
flake 

N 
(%) 

25.0(2) 50.0(4) 12.5(1) 0 0 100(8)(6.6%)  0 0 0 0 0 0 

amorphous 
flake 

N 
(%) 

39.1(27
) 

37.7(2
6) 

13.0(9) 5.8(4) 4.3(3) 100(69)(57.0%)  0 50.0(1) 50.0(1) 0 0 100.0(2)(5.4) 

subdiscoidal 
microcore 

N 
(%) 

0 0 0 0 0 0  100(1) 0 0 0 0 100.0(1) 

lenticular 
microcore 

N 
(%) 

0 100(1) 0 0 0 100(1)(0.8%)  0 20.0(1) 60.0(3) 0 20.0(1) 100.0(5)(13.5%
) 

lenticular 
bipolar 

N 
(%) 

0 50.0(1) 50.0 
(1) 

0 0 100(2)(1.7%)  0 20.0(1) 40.0(2) 40.0(2) 0 100.0(5)(13.5%
) 

triangular 
flake 

N 
(%) 

66.7(2) 0 33.3(1) 0 0 100(3)(2.5%)  0 0 0 100(1) 0 100(1)(2.7%) 

subprismatic 
blade 

N 
(%) 

0 0 0 0 0 0  0 100(1) 0 0 0 100(1)(2.7%) 

subprismatic 
flake 

N 
(%) 

40.0(2) 60.0(3) 0 0 0 100(5)(4.1%)   100(1) 0 0 0 100(1)(2.7%) 

subprismatic 
bipolar 

N 
(%) 

0 0 0 0 0 0  0 100(1) 0 0 0 100(1)(2.7%) 

flat-faced 
microcore 

N 
(%) 

0 0 0 0 0 0  33.3(1) 0 33.3(1) 33.3(1) 0 100(3)(8.1%) 

subconical 
blade 

N 
(%) 

0 0 0 0 0 0  50.0(1) 50.0(1) 0 0 0 100(2)(5.4%) 

amorphous 
microcore 

N 
(%) 

0 0 0 0 0 0  50.0(1) 0 50.0(1) 0 0 100(2) 

wedge-like 
microcore 

N 
(%) 

0 0 0 0 0 0  0 14.3(1) 28.6(3) 57.1(4) 0 100(7)(8.9%) 

subconical 
microcore 

N 
(%) 

0 0 0 0 0 0  0 0 0 100(1) 0 100(1)(2.7%) 

Total  29.8(36
) 

50.4(6
1) 

13.2(1
6) 

4.1(5) 2.5(3) 121(100)  21.6(8) 21.6(8) 29.7(1
1) 

29.7(1
1) 

2.7(1) 100(37) 
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Local Raw Material. In the earliest stage of core reduction, core types of local raw 

material were characterized by either removals from one or two fronts in one direction. At this 

early stage shape was the only distinguishing factor of the various core types including flat-

faced, subconical, amorphous, triangular, and subprismatic flake cores (Figure 6.20 and 6.21). 

No blade, microcore, or bipolar cores were found discarded before the first core rotation.  At the 

first core rotation cores began to diversify into several types based on core morphology as well 

as platform location, number and pattern, and removal type. Discoidal/subdiscoidal flake cores 

were reduced from two opposing fronts either with bidirectional or radial flake patterns at one 

turn of the core, and by radial removals as reduction continued at two core rotations, then were 

abandoned. Patterns of flake removal of conical/subconical flake core types were varied at the 

first turn of the core having one, two, or three flaking surfaces all with unidirectional removals, 

by the time the core was rotated three times a bidirectional pattern appeared on two fronts, 

subsequently the core was discarded.  

Flat-faced flake core types were rotated up to two times where cores with flake removals 

from one front appear earlier in core reduction than those with a bidirectional pattern. Flat-faced 

cores possessed either one or two fronts after the first rotation, from which pieces were removed 

from either unidirectionally or bidirectionally until it was deemed useless and discarded by the 

time it was rotated twice. An assorted mix of amorphous flake cores constituted the bulk of the 

local core assemblage having up to three flaking surfaces that were flaked in either a 

unidirectional, bidirectional, or radial manner within the first two core rotations, then after one 

more turn they had up to four fronts with unidirectional or bidirectional flaking pattern. A 

triangular core was distinguished at two core rotations that were reduced from two flaking 

surfaces in a bidirectional manner. It is unclear if triangular cores followed their own reduction 
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trajectory earlier within the sequence or reflect a stage of reduction of another core type.  

Flat-faced blade, lenticular microcore, and bipolar cores also appeared in the sequence 

after one core rotation, but in smaller percentages than flake cores. Subprismatic flake cores and 

flat-faced blade cores were discarded early in core reduction after a single rotation. Subprismatic 

flake cores were characterized by unidirectional flaking on three fronts, while, after one core 

turn, flat-faced blade cores had one or two faces from which blades were removed 

bidirectionally.  

Flat-faced blade cores were discarded early in the reduction trajectory, after the first turn 

of the core, and had either one or two fronts were bidirectionally flaked. Small nodules (mean 

weight=15.5 g, mean maximum linear dimension= 41 mm) with cortex served as the raw 

material from which the lenticular microcore and lenticular bipolar cores were made. These core 

types were likely part of the same reduction trajectory where at one core rotation both types 

exhibited three fronts with bidirectional flake removals, however, the bipolar technique was not 

used for lenticular microcores at this stage. The bipolar technique was likely utilized during the 

subsequent core rotation of lenticular microcores and lenticular bipolar cores because of their 

diminitive sizes, where removals were taken from two opposing surfaces from two opposing 

directions. 

 Non-local Raw Material. Unlike cores of local raw material, within the earliest phase of 

reduction before the core was rotated, several core types were distinguished based on 

morphology, platform location, size, and type of blank removal for non-local raw material types 

(Figure 6.22 and 6.23). Furthermore, some microcore and bipolar core types including 

subdiscoidal flat-faced, amorphous, and lenticular were produced from very small nodules (mean 

weight= 14 g, mean maximum linear dimension= 34 mm), whereas others represent late 
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reduction stages of larger cores. 

Flat-faced flake cores were the most abundant in the earliest stage of reduction and likely 

represent the earliest stages of reduction of flake-faced blade and microcores and possessed a 

single front from which flakes were removed in one direction. Further core rotations produced 

flat-faced blade or the small flat-faced microcores where reduction continued by creating a 

platform opposite the first both of which served to remove flakes or blades bidirectionally on one 

face. Flat-faced cores underwent at least three core rotations in their larger form and at least one 

more rotation and up to two more in their smaller form. Several flat-faced microcores were 

simply the end result of several rotations of flat-faced flake or blade cores that underwent at least 

one more core rotation, however others began reduction as small nodules that were reduced in 

the same manner as the larger flat-faced cores. Flat-faced blade cores that appeared late in the 

reduction sequence at 3 core rotations represent earlier stages or possibly larger core sizes of flat-

faced microcores. Flat-faced microcores were also found late in the reduction sequence at two, 

three, and four core rotations and may represent microcores manufactured from smaller nodules 

therefore found in smaller sizes within the same reduction sequence or large blade cores at late 

stages of reduction. After four core rotations any evidence of former rotations may be masked by 

subsequent turns leading to the equifinality of core reduction at this point, as may be the case in 

the assemblage. Turning flat-faced microcores one more time either continued the sequence or 

created late stage wedge-like microcores so that the former platform was now became the core 

front and the previous front was now the platform on the top of the core.  Subconical flake cores 

are another core type where reduction of larger pieces resulted in very small microcores by four 

core rotations. On these cores, two flaking surfaces were maintained throughout core reduction, 

but by the fourth core rotation, when it became the size of microcores, more platforms had been 
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created so that removals could be obtained from two directions. 

Subprismatic flake cores had a unidirectional pattern early in reduction but as cores were 

rotated platforms were added so that core faces could be exploited from two directions. These 

cores were discarded by two core rotations. Blades were removed from one surface in one 

direction from prismatic blade cores, then by the time a core was rotated it possessed three fronts 

and several platforms that were used to detach pieces from two directions. As these cores got 

smaller the bipolar technique was utilized to further reduce cores by at least two more core 

rotations, again on three fronts but unidirectionally. Amorphous flake cores were less numerous 

than in the local core population and appear only after one core rotation. Within the trajectory 

these cores had two platforms from which flakes were detached either on one or two surfaces in 

one or two directions. It is unclear whether amorphous cores represent earlier phases of 

subdiscoidal flake reduction.  

Amorphous microcores were fashioned from small nodules and represented the first stage 

of wedge-like, amorphous, lenticular microcore, or lenticular bipolar core reduction with flake 

removals flakes in one direction from three surfaces. After two rotations, some amorphous 

microcores had only one platform that was utilized to detach flakes unidirectionally. Turning 

some amorphous cores once produced lenticular microcores and bipolar cores with removals 

from two surfaces in two directions. At one core rotation these cores were composed of very 

small cobbles with cortex, however cortex disappears as reduction continued typically with 

pieces detached from two or three surfaces bidirectionally. Turning small amorphous microcores 

once also created wedge-like microcores, a core type that continued into late stages of reduction. 

Early on in reduction, wedge-like microcores had three fronts with flakes originating from one 

direction. After turning the core twice another platform was created to exploit three to four core 
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faces in a bidirectional manner. At this point flat-faced microcores could also have been turned 

one more time as previously discussed. The majority of wedge-like microcores were found in 

late stages of reduction.  

Microcores and bipolar cores displayed two types of reduction, one as a continuation of 

larger cores and the other as reduction of small nodules. Some microcores and bipolar cores were 

at the final stages of flake and blade core reduction as they were smaller than blade and flake 

cores in terms of weight (F=3.714, df=2, p-value<0.05) and maximum linear dimension 

(F=4.672, df=2, p-value<0.05), had significantly more cores without cortex (χ2=9.402, df=3, p-

value<0.05) (Figure 6.24 and Table 6.22), and were found in greater quantities after two or more 

core rotations (see Figures 6.22 and 6.23). However, the reduction of extremely small nodules 

was another trajectory for microcore and bipolar core reduction that began the sequence as 

amorphous microcores, as they were not yet rotated and had a great deal of cortex, then assumed 

a lenticular form as reduction continued either as microcores or in the bipolar fashion.  All of this 

is suggesting that there are no real core “types” as constructs as the shapes of the cores emerge as 

the result of blade or flake production.  The high number of rotations and platforms suggest also 

that there is either considerable skill involved or there is conservation of local or non-local raw 

lithic materials. 
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Figure 6.24 Size comparisons of core types within MUP assemblages (residential base and 
camp). 
 
 
Table. 6.22 Comparisons of MUP (Residential Base and Camp) Core Sizes and Cortex Amount 

by Type of Pieced Detached. 

 weight(g) maximum linear dimension(mm) 
cortex absent 

N(%)  
cortex present 

N(%) 
Mean 37.25 47.898 3(18.8) 13(81.2) 

N 16 16   
flake/blade cores 

sd 34.611 17.2614   
Mean 19.57 38.894 9(64.3) 5(35.7) 

N 14 14   
microcores 

sd 9.387 8.8587   
Mean 3.75 26.063 3(75.0) 1(25.0) 

N 4 4   
bipolar cores 

sd 2.217 7.2885   
Mean 26.03 41.621   

N 34 34   
Total 

sd 26.806 14.9257   
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Core Reduction and Site Type. Site type influenced the type of core reduction found 

within MUP assemblages. Residential base sites contained large quantities of flake, blade, and 

bipolar cores, whereas campsites contained more flake and microcore types (χ2=15.014, df=3, p-

value<0.001) (Figure 6.25 and Table 6.23). As discussed previously, the majority of flake cores 

were manufactured from local stone while blade, microcore, and bipolar cores tended to be of 

non-local raw materials. At residential base sites local raw material was utilized more for flake  

production, while mainly the bipolar technique was used for the reduction of very small nodules 

of non-local stone (Figure 6.26 and Table 6.24). These small flakes were mainly utilized for tools 

to manufacture composite tools. Foragers were transporting non-local raw materials to campsites 

and reducing it in the form of flake cores and microcores on the spot. This was likely a method to 

keep tools maintained away from the residential base possibly to refurbish composite tools with 

small blades or flakes and to produce blades to be used as tools, a pattern also duplicated in the 

next section on blank production.   

 

 
Figure 6.25 MUP core type for camps and residential bases.  
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Table 6.23 Comparison of MUP Core Types by Settlement Type. (χ2=10.275, df=3, p-
value<0.001) 

  MUP camp MUP residential base Total 
N 5 72 123 Flake core 
%  41 59 100 
N 1 4 8 Blade core 
%  20 80 100 
N 16 6 19 Microcore 
%  83 27 100 
N 3 8 8 Bipolar core 
%  27 76 100 
N 70 90 158 Total 
%  44 56 100 

 
 

 
 
Figure 6.26 Comparisons by site type of raw material source location for MUP cores. 
 

Table 6.24 Comparisons by MUP Cores by Site Type and Raw Material Source Location. 
(χ2=4.118, df=1, p-value<0.05) 

  Camp Residential Base Total 
N 49 72 121 
Expected N 54 66 121 
% within raw material location 41 59 100 

Local raw material 

% within site type 69 83 77 
N 22 15 37 
Expected N 16 21 37 
% within raw material location 60 41 100 

Non-local raw material 

% within site type 31 17 23 
N 71 87 158 
Expected N 71 87 158 
% within raw material location 45 55 100 

Total 

% within site type 100 100 100 

MUP campMUP residential base

%

60
50
40
30
20
10
0

non-local raw material
local raw material
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MUP Blank Production and Tool Blank Selection  

Assemblages of MUP unmodified pieces were comprised mostly of flakes (93%), most of 

these consisting of local raw material types, with very few blades (6%) or bipolar flakes (1%), 

the majority of which were represented by non-local raw materials (χ2=42.878, df=2, p-

value<0.001)(Table 6.25). Blanks were evaluated in terms of raw material location as stone 

location determined differences in core reduction trajectories. Comparison of platform types 

revealed that there were significantly more unmodified pieces of local raw materials within the 

early stages of reduction, while more non-local pieces were from later stages of reduction within 

both unmodified detached piece and tool assemblages (χ2=19.081, df=3, p-value<0.001) (Figure 

6.27 and Table 6.26). Turning to tools, again the population was composed mostly of flakes 

(95%), with very few blades (4%) or bipolar flakes (1%)(see Table 6.25). As with the 

unmodified pieces, flakes tended to be produced from local types of raw material while bipolar 

flakes were of non-local materials (χ2=7.589, df=2, p-value<0.05). Blades, however, were 

equally represented within both raw material types. There was no significant difference between 

platform types of local and non-local raw materials (χ2=3.578, df=3, p-value>0.05), however 

higher proportions of local stone flakes and blades had cortical platforms presumably in earlier 

stages of reduction (Figure 6.27 and Table 6.26). 
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Table 6.25 Raw Material Source Location for Unmodified Detached Pieces and Tools in MUP 
Assemblages (Residential Bases and Camps) by Detached Piece Type. 

  Unmodified Detached Pieces Tools 
  

Local raw 
material 

Non-local 
raw 

material Total 
Local raw 
material 

Non-local 
raw 

material Total 
N 469 151 620 166 61 227 
% of detached piece type 76 24 100 73 27 100 

flake 

% of raw material location 97 83 93 97 90 95 
N 14 29 43 5 5 10 
% of detached piece type 33 67 100 50 50 100 

blade 

% of raw material location 3 16 6 3 7 4 
N 0 2 2 0 2 2 
% of detached piece type 0 100 100 0 100 100 

bipolar 
flake 

% of raw material location 0 1 1 0 3 1 
N 483 182 665 56 168 239 
% of detached piece type 73 27 100 84.8 29 100 

Total 

% of raw material location 100 100 100 100 100 100 
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Figure 6.27 Comparison of unmodified detached pieces and tools by platform type for MUP 
assemblages (residential bases and camps).  
 
 

Table 6.26 Comparison of Unmodified Detached Pieces and Tools by Platform Type for MUP 
Assemblages (Residential Bases and Camps). 

  Local (χ2=9.512, df=3, p-value<0.05) Non-local (χ2=14.240, df=3, p-value<0.005) 
  

unmodified detached pieces  tools Total 
unmodified detached 

pieces  tools Total 
N 127 38 165 24 8 32 Cortical 
% 26 23 25 13 13 13 
N 146 43 189 57 16 73 Flat 
% 30 25 29 31 25 30 
N 158 55 213 86 23 109 Complex 
% 33 33 33 47 36 44 
N 51 33 84 15 17 32 Crushed 
% 11 20 13 8 27 13 
N 462 169 651 182 64 246 Total 
% 100 100 100 100 100 100 
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Local Raw Material. Dorsal cortex amount and size significantly decreased as blank 

production of local stone proceeded, however a unidirectional flaking pattern dominated all 

platform types with all other types considerably less common (Figure 6.28 and Table 6.27 and 

6.28). Turning to comparisons of unmodified detached pieces and tools, there were significantly 

more tools with crushed platforms than unmodified pieces partly due to the fact that the process 

of modifying the piece with retouch obscured the platform, however very little variation between 

other platform types based on modification of pieces existed. Tool selection from the population 

of unmodified detached pieces was based primarily on size as tools were larger than unmodified 

pieces within all stages of blank production (Figure 6.28 and Table 6.28). Fairly early in blank 

production, those with flat platforms and little dorsal cortex were selected for modification as 

these pieces were still large at the same time were not covered in cortex, while in later stages of 

core reduction blanks with more cortex were taken as these may have been the larger sized 

pieces. As with unmodified pieces, the unidirectional dorsal pattern was the most common type 

within the tool assemblage, as they were typically removed from cores early within the reduction 

sequence, although there were many unmodified blanks with bidirectional and radial dorsal scar 

patterns within all stages of reduction, (Figure 6.28 and Table 6.27 and 6.28). This is likely the 

result of being removed from cores later in core reduction after several platforms were created to 

exploit a core face, from a discoidal core or any of the numerous types that exhibited a 

bidirectional flaking pattern.  
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Figure 6.28 Attributes of unmodified detached pieces and tools of local raw material in MUP assemblages (residential bases and 
camps) by platform type. Data values in Tables 6.27 and 6.28. 
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Table 6.27 Dorsal Flake Scar Pattern and Dorsal Cortex Amount for Various Platform Types as related to Reduction Stage of MUP 

(Residential Bases and Camps) Unmodified Detached Pieces and Tools of Local Raw Material Types by Platform Type. 
  Unmodified Detached Pieces Tools 
  

dorsal cortex amount (χ2=25.252, df=15, 

p-value<0.05) 

dorsal flake scar pattern 
(χ2=3.850, df=9, p- 

value>0.05) 

dorsal cortex amount (χ2=18.757, df=15, 

p-value>0.05) 

dorsal flake scar pattern 
(χ2=9.054, df=9  , p- 

value>0.05) 
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N 61 12 14 13 17 10 127 61 25 9 10 105 20 7 4 0 5 2 38 18 12 2 2 34 

C
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al

 

% 48 9 11 10 13 8 100 58 24 9 10 100 53 18 11 0 13 5 100 53 35 6 6 100 

N 78 23 18 10 10 7 146 56 34 9 9 108 29 5 2 2 3 2 43 15 10 6 2 33 

Fl
at

 

% 53 16 12 7 7 5 100 52 31 8 8 100 67 12 5 5 7 5 100 45 30 18 6 100 

N 107 16 13 7 8 7 158 65 41 10 10 126 27 7 6 8 6 1 55 20 20 9 2 51 

C
om

pl
ex

 

% 68 10 8 4 5 4 100 52 33 8 8 100 49 13 11 15 11 2 100 39 39 18 4 100 

N 30 5 2 6 6 2 51 21 11 1 3 36 16 2 5 4 2 4 33 11 8 6 5 30 

C
ru

sh
ed

 

% 59 10 4 12 12 4 100 58 31 3 8 100 48 6 15 12 6 12 100 37 27 20 17 100 

N 276 56 47 36 41 26 482 203 111 29 32 375 92 21 17 14 16 9 169 64 50 23 11 148 

To
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l 

% 57 12 10 7 9 5 100 54 30 8 9 100 54 12 10 8 9 5 100 43 34 16 7 100 
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Table 6.28 Weight and Maximum Linear Dimension for Various Platform Types as related to 
Reduction Stage of MUP (Residential Bases and Camps) Unmodified Flakes and Blades and 

Tools of Local Raw Material Types. 
  Unmodified Detached Pieces  Tools 
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mean 33 45 127 104 75 38 Cortical 
sd 54 21  112 30  

mean 21 41 146 52 63 43 Flat 
sd 50 21  64 24  

mean 17 37 158 58 65 55 Complex 
sd 44 22  58 25  

mean 11 35 51 91 68 33 Crushed 
sd 27 18  137 26  

 
 

Non-local Raw Material. Most unmodified detached pieces displayed very little cortex 

regardless of platform type (Figure 6.29 and Table 6.29), indicating that cortex on core faces 

may have been removed early in core reduction or at locations other than the study sites. 

Unidirectional scar patterns were most abundant during early and late reduction stages, within 

cortical, complex, and crushed platform types, while bidirectional flaking occurred mainly 

during the middle stage, and to a lesser extent, during the final phase. Also, sizes of unmodified 

pieces decreased as blank production proceeded (Figure 6.29 and Table 6.29). As previously 

discussed, retouch near platforms might explain why crushed platforms were present in the tool 

assemblage in greater proportions than the unmodified detached pieces. Unlike local raw 

material types, tools of non-local raw materials were selected later in reduction with more 

complex platforms than unmodified pieces. Tool sizes were larger than blanks without 

modification, but this size differentiation was not as great as for local raw material, however, the 
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smaller nodule sizes of non-local stone influenced this relationship. The largest differentiation 

between dorsal cortex amount lies within the early stages of core reduction where the larger 

blanks with cortex were selected for modification from unidirectional or radial cores (Figure 6.29 

and Table 6.30), and late where larger pieces with little cortex were chosen from microcores with 

unidirectional and bidirectional flaking surfaces in the final reduction stages.   
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Figure 6.29 Attributes of unmodified detached pieces and tools of non-local raw material in MUP assemblages (residential bases and 
camps). Data values in Tables 6.29 And 6.30.  
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Table 6.29 Dorsal Flake Scar Pattern and Dorsal Cortex Amount for Various Platform Types as related to Reduction Stage of MUP 
Unmodified Detached Pieces and Tools of Non-local Raw Material Types. 

  Unmodified Detached Pieces Tools 
  

dorsal cortex amount (χ2=14.964, df=15, 
p-value>0.05) 

dorsal flake scar pattern 
(χ2=17.617, df=12, p- 

value>0.05) 

dorsal cortex amount (χ2=14.067, df=15, p-

value>0.05) 

dorsal flake scar pattern 
(χ2=6.559, df=9, p- 

value>0.05) 
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% 53 25 7 7 9 0 100 36 55 10 0 100 50 19 6 6 19 0 100 31 38 15 15 100 
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C
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Table 6.30 Weight and Maximum Linear Dimension for Various Platform Types as related to 
Reduction Stage of MUP Unmodified Flakes and Blades and Tools of Non-local Raw Material 

Types. 
  Unmodified Detached Pieces  Tools 
  

W
ei

gh
t (

g)
 

(F
=1

.7
60

, d
f=

3,
 

p-
va

lu
e>

0.
05

) 

M
ax

im
um

 li
ne

ar
 

di
m

en
si

on
 

(m
m

)(
F=

3.
23

8,
 

df
=3

, p
-

va
lu

e<
0.

05
) 

N
 

W
ei

gh
t (

g)
 

(F
=7

.0
91

, d
f=

3,
 

p-
va

lu
e<

0.
00

1)
 

M
ax

im
um

 li
ne

ar
 

di
m

en
si

on
 (m

m
) 

(F
=5

.5
38

, d
f=

3,
 

p-
va

lu
e<

0.
00

5)
 

N
 

mean 11 39 24 36 55 8 Cortical 
sd 13 14  33 20  
mean 9 34 57 14 43 16 Flat 
sd 16 17  14 16  
mean 6 29 86 7 32 23 Complex 
sd 8 15  9 12  
mean 7 31 15 10 36 17 Crushed 
sd 10 18  13 13  

 
 

Tool Blank Selection. Local raw materials were favored for bifaces, tuncated pieces, 

denticulates, end scrapers, side scrapers, notches, and perforators, while tools including raclettes, 

wedges, mixed tools, other tools, and retouched blades were made most often of non-local raw 

material types (χ2=75.611, df=14, p-value<0.001)(Figure 6.30 and Table 6.31). Flakes were the 

preferred tool type for most local and non-local tools (local χ2=29.555, df=12, p-value<0.005, 

non-local χ2=89.551, df=12, p-value<0.001) (Figure 6.31 and Table 6.32), and, naturally, the 

retouched blade class was composed of blades from both raw material source locations although 

more commonly were of non-local material. The few blades present within local raw material 

types were found within tool classes including perforators, side scrapers, and end scrapers. Tools 

of non-local flakes predominated in the majority of tool classes within burin, notch, mixed tool, 

retouched flake, wedge, and side scrapers. The few blades present were found within end 

scraper, burin, and retouched blade categories. Raclettes were comprised only of non-local raw 
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material types. Sizes varied by tool type as bifaces, side scrapers, and end scrapers tended to be 

made from larger pieces, and therefore these tool blanks were removed from cores at earlier 

reduction stages, and raclettes and burins were smaller than most other tools within both raw 

material locations indicating their late removal from cores (Figure 6.32 and Table 6.33) (local: 

weight F=2.820, df=12, p-value<0.005, maximum linear dimension F=5.998, df=12, p-

value<0.001; non-local: weight F=2.291, df=12, p-value<0.05, maximum linear dimension 

F=2.117, df=12, p-value<0.05). 

 

 
Figure 6.30 Percentage of local and non-local raw material in each tool class for MUP 
assemblages (residential base and camp). 
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Table 6.31 Percentage of Local and Non-local Raw Material in Each Tool Class for MUP 
Assemblages (Residential Base and Camp). 

  Local raw material Non-local raw material Total 
N 3 0 3 biface 
% within tool class 100 0 100 
N 16 20 36 burin 
% within tool class 44 56 100 
N 7 1 8 denticulate 
% within tool class 88 13 100 
N 36 5 41 end scraper 
% within tool class 88 12 100 
N 1 1 2 knife 
% within tool class 50 50 100 
N 3 8 11 mixed tool 
% within tool class 27 73 100 
N 33 15 48 notch 
% within tool class 69 31 100 
N 1 2 3 other tools 
% within tool class 33 67 100 
N 7 4 11 perforator 
% within tool class 64 36 100 
N 0 3 3 raclette 
% within tool class 0 100 100 
N 2 3 5 retouched blade 
% within tool class 40 60 100 
N 41 10 51 retouched flake 
% within tool class 80 20 100 
N 83 9 92 side scraper 
% within tool class 90 10 100 
N 3 0 3 truncated piece 
% within tool class 100 0 100 
N 3 8 11 wedge 
% within tool class 27 73 100 
N 239 89 328 Total 
% within tool class 73 27 100 
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Figure 6.31 MUP assemblages (residential base and camp) type of detached piece for tool classes 
of local and non-local raw material. 
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Table 6.32 MUP Assemblages detached Piece Type for Tool Classes of Local and Non-local 
Raw Material. 

Local Raw Material Non-local Raw Material 
 flake blade Total flake blade Total 

N 16 0 16 18 1 20 burin 

% within tool class 100 0 100 90 5 100 

N 7 0 7 1 0 1 denticulate 
% within tool class 100 0 100 100 0 100 
N 35 1 36 3 1 4 end scraper 
% within tool class 97 3 100 75 25 100 
N 1 0 1 1 0 1 knife 
% within tool class 100 0 100 100 0 100 
N 3 0 3 7 0 7 mixed tool 
% within tool class 100 0 100 100 0 100 
N 33 0 33 15 0 15 notch 
% within tool class 100 0 100 100 0 100 
N 1 0 1 2 0 2 other tools 
% within tool class 100 0 100 100 0 100 
N 6 1 7 4 0 4 perforator 
% within tool class 86 14 100 100 0 100 
N 0 0 0 3 0 3 raclette 
% within tool class 0 0 0 100 0 100 
N 0 2 2 0 3 3 retouched blade 
% within tool class 0 100 100 0 100 100 
N 41 0 41 10 0 10 retouched flake 
% within tool class 100 0 100 100 0 100 
N 81 2 83 7 0 9 side scraper 
% within tool class 98 2 100 78 0 100 
N 3 0 3 0 0 0 truncated piece 
% within tool class 100 0 100 0 0 0 
N 3 0 3 6 0 8 

 

wedge 
% within tool class 100 0 100 75 0 100 
N 231 5 236 77 5 82 

 

 Total 
% within tool class 98 2 100 89 6 100 
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Figure 6.32 MUP (residential base and camp) tool size by tool type by lithic raw material source 
location. 
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Table 6.33 MUP (Residential Base and Camp) Tool Size by Tool Type by Lithic Raw Material 
Source Location. 

Local Raw Material Non-local Raw Material 

 weight(g) maximum linear dimension(mm) weight(g) maximum linear dimension(mm) 
Mean 98 82 6 31 
N 3 3 20 20 

biface 

sd 74 17 6 12 
Mean 10 39 46 72 
N 16 16 1 1 

burin 

sd 8 13 . . 
Mean 71 73 15 45 
N 7 7 5 5 

denticulate 

sd 60 25 9 19 
Mean 70 68 13 50 
N 36 36 1 1 

end scraper 

sd 55 25 . . 
Mean 1 21 6 31 
N 1 1 20 20 

knife 

sd . . 6 12 
Mean 19 45 5 33 
N 3 3 8 8 

mixed tool 

sd 23 22 5 17 
Mean 51 54 25 45 
N 33 33 15 15 

notch 

sd 87 24 30 22 
Mean 61 53 13 43 
N 1 1 2 2 

other tools 

sd . . 2 0 
Mean 13 41 12 36 
N 7 7 4 4 

perforator 

sd 18 24 13 16 
Mean 0 0 4 27 
N 0 0 3 3 

raclette 

sd 0 0 3 7 
Mean 11 52 5 38 
N 2 2 3 3 

retouched 
blade 

sd 11 15 5 15 
Mean 37 56 10 35 
N 41 41 10 10 

retouched 
flake 

sd 38 26 13 14 
Mean 98 78 24 49 
N 83 83 9 9 

side scraper 

sd 111 24 23 15 
Mean 37 71 0 0 
N 3 3 0 0 

truncated 
piece 

sd 30 13 0 0 
Mean 71 56 5 31 
N 3 3 8 8 

wedge 

sd 101 34 4 7 
Mean 64 64 13 38 
N 239 239 89 89 

Total 

sd 84 27 18 16 
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Focusing on tool classes of small non-local flakes and blades from microcores will facilitate 

comparisons between MUP microcore technology and LUP microblade core technology in 

subsequent discussions. Since the maximum length of flake scars on microcores and bipolar 

cores did not exceed 35 mm all detached pieces including modified and unmodified pieces of 

non-local raw materials less than 36 mm in length (N=90) were assessed to explore tool types 

represented within these small blanks produced from microcores and bipolar cores (Figure 6.33).  

First, comparisons between non-local flakes and blades greater than those less than 35 mm in 

maximum linear dimension revealed that the larger flakes and blades were typically utilized for 

knives, denticulates, other tools, notches, and side scrapers, while flakes and blades of microcore 

sizes were fashioned into raclettes, mixed tools, burins, perforators, retouch blades, and 

retouched flakes, although this relationship is not significant at the 0.05 level (χ2=20.038, df=12, 

p-value=0.06) (Figure 6.34 and Table 6.34). Large (>35 mm) tools of non-local raw material 

types were found in equal proportions at campsites (N=18, 47% of large and small assemblage) 

and residential base localities (N=15, 48% of large and small assemblage) (χ2=0.007, df=1, p-

value>0.05). Of the non-local raw material types, small flakes and blades were primarily utilized 

to manufacture burins, wedges, notches, retouched flakes, and mixed tools, all tool types for the 

manufacture of organic tools with flake or blade insets (χ2=36.557, df=10, p-value<0.001)(Figure 

6.33). Furthermore, based on tool size similar activities were conducted at residential bases 

(large N=15, 48%; small N=16, 52%) and campsites (large N=18, 47%; N=20, 53%) as both 

large (>35mm) and small (,35mm) were found in similar proportions at both types of sites 

(χ2=0.007, df=1, p-value>0.05). Hunting tools were likely manufactured and repaired at 

residential bases and maintained at campsites. Larger tools, such as those for processing 

resources, were needed at both residential base and campsite locations  
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Figure 6.33 Histogram of maximum flake scar size of MUP non-local microcores and bipolar 
cores. 
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Figure 6.34 Proportions of MUP non-local tools with maximum linear dimension greater than 35 
mm and those less than 35 mm within each tool class. 
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Table 6.34 Proportions of Tools with Maximum Linear Dimension Greater than 35 mm and 
those Less than 35 mm within Each Tool Class for MUP Non-local Tools. (χ2=20.038, df=12, p-

value=0.06) 
  Tool< 36 mm Tool>36 mm Total 

N 12 4 16 

Expected N 9.3 6.7 16.0 

% within tool class 75 25 100 

burin 

% within tool size  30 14 23 
N 0 1 1 
Expected N .6 .4 1.0 
% within tool class 0 100 100 

denticulate 

% within tool size  0 3 1 
N 1 3 4 
Expected N 2.3 1.7 4.0 
% within tool class 25 75 100 

end scraper 

% within tool size  3 10 6 
N 0 1 1 
Expected N .6 .4 1.0 
% within tool class 0 100 100 

knife 

% within tool size  0 3 1 
N 5 1 6 
Expected N 3.5 2.5 6.0 
% within tool class 83 17 100 

mixed tool 

% within tool size  13 3 9 
N 3 8 11 
Expected N 6.4 4.6 11.0 
% within tool class 27 73 100 

notch 

% within tool size  8 28 16 
N 0 2 2 
Expected N 1.2 .8 2.0 
% within tool class 0 100 100 

other tools 

% within tool size  0 7 3 
N 3 1 4 
Expected N 2.3 1.7 4.0 
% within tool class 75 25 100 

perforator 

% within tool size  8 3 6 
N 3 0 3 
Expected N 1.7 1.3 3.0 
% within tool class 100 0 100 

raclette 

% within tool size  8 0 4 
retouched blade N 2 1 3 
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Expected N 1.7 1.3 3.0 
% within tool class 67 33 100 

 

% within tool size  5 3 4 
N 4 3 7 
Expected N 4.1 2.9 7.0 
% within tool class 57 43 100 

retouched flake 

% within tool size  10 10 10 
N 2 3 5 
Expected N 2.9 2.1 5.0 
% within tool class 40 60 100 

side scraper 

% within tool size  5 10 7 
N 5 1 6 
Expected N 3.5 2.5 6.0 
% within tool class 83 17 100 

wedge 

% within tool size  13 3 9 
N 40 29 69 
Expected N 40.0 29.0 69.0 
% within tool class 58 42 100 

Total 

% within tool size  100 100 100 

 

 
 
Figure 6.35 Percentage of MUP tools less than 36 mm within tool classes of non-local raw 
material assemblage (N=61). 
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 Modeling LUP Core Reduction Sequences 

LUP Core Reduction 

Once again amorphous flake cores (41.6%) were the most abundant type of core in the 

assemblage (N=77) (χ2=185.361, df=16, p-value<0.001), however wedge-shaped (14.3%) and 

wedge-like (15.6%) microblade cores were also found in large quantities (Figures 6.36 and 6.37). 

Overall, flake cores (58.4%) and microblade cores (29.9%)) dominated the assemblage, with 

fewer quantities of bipolar cores (6.5%), and blade cores (6.5%) (χ2=48.667, df=3, p-

value<0.001)(Figure 6.38, Table 6.35). Raw material source location also factored into core 

types where flake cores of local raw material types were found in greater quantities while the 

majority of microblade, blade, and bipolar cores were manufactured from non-local stone 

(χ2=40.610, df=3, p-value<0.001)(Table 6.36). As in the previous core studies, core attributes 

were correlated to core rotations as a single population, however core reduction sequences 

utilizing event trees was traced separately for local and non-local raw material types. 

 

 
 
Figure 6.36 Core types found within LUP residential base assemblage (N=72).
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Figure 6.37 Late Upper Paleolithic cores types. Amorphous flake (a) (Ust’ Menza 1 layer 16), 
subdiscoidal flake (b) (Studenoe 2 layer 5), flat faced blade (c) (Studenoe 2 layer 4/5), flat faced 
flake (d) (Studenoe 1 layer 17), lenticular flake (e) (Studenoe 2 layer 5), wedge-shaped 
microblade (f) (Ust’ Menza 1 layer 20) (g) (Studenoe 2 layer 5), (h) (Studenoe 1 layer 15), (i) 
(Studenoe 1 layer 15),  (j) (Studenoe 2 layer 4/5), (k) (Studenoe 2 layer 5), wedge-like 
microblade (l) (Ust’ Menza 2 layer 22), (m) (Studenoe 2 layer 4/4), (n) (Studenoe 2 layer 4/5), 
ski-spall (o) (Ust’ Menza 1 layer 20) (p) (Studenoe 2 layer 5), triangular bipolar (q) (Studenoe 1 
layer 15). 
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Table 6.35 Percentage of Core Types within LUP Assemblages within Local and Non-local Raw 
Material Types. 

 
  local non-local Total 
discoidal flake N (%) 0 (0) 1(100) 1(1.4) 
subdiscoidal flake N (%) 3(100) 0(0) 3(4.2) 
flat-faced blade N (%) 0(0) 2(100) 2(2.8) 
flat-faced flake N (%) 3(100) 0(0) 3(4.2) 
subconical flake N (%) 2(100) 0(0) 2(2.8) 
amorphous flake N (%) 27(93) 2(7) 29(40.3) 
lenticular bipolar N (%) 0(0) 3(100) 3(4.2) 
triangular bipolar N (%) 0(0) 1(100) 1(1.4) 
triangular flake N (%) 2(100) 0(0) 2(2.8) 
wedge-like microblade N (%) 1(11) 8(89) 9(12.5) 
wedge-like blade N (%) 0(0) 1(100) 1(1.4) 
lenticular blade N (%) 0(0) 1(100) 1(1.4) 
wedge-shaped microblade N (%) 1(9) 10(91) 11(15.3) 
subprismatic flake N (%) 0(0) 1(100) 1(1.4) 
amorphous blade N (%) 1(100) 0(0) 1(1.4) 
amorphous microblade N (%) 0(0) 1(100) 1(1.4) 
amorphous bipolar N (%) 0(0) 1(100) 1(1.4) 
Total N (%) 40(56) 32(44) 72(100) 

 
 
 

 
 
Figure 6.38 Percentages of core types based on types of pieces detached from cores for LUP 
residential base assemblages. 
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Table 6.36 Percentages of Core Types Based on Types of Pieces Detached from Cores for LUP 
Residential Base Assemblages. 

  Raw Material Location  
  Local Non-local Total 

N 37 8 45 
% within core type 82.2 17.8 100 

Flake core 

% within raw material location 92.5 24.6 58.4 
N 1 4 5 
% within core type 20 80 100 

Blade core 

% within raw material location 2.5 10.8 6.5 
N 0 5 5 
% within core type 0 100 100 

Bipolar core 

% within raw material location 0 13.2 6.5 
N 2 20 22 
% within core type 9.1 90.9 100 

Microblade core 

% within raw material location 5 54.1 28.6 
N 40 37 77 
% within core type 51.9 48.1 100 

Total 

% within raw material location 100 100 100 
 

Within LUP core assemblages, direction of flake removal was not an effective attribute to 

determine reduction sequences by core rotations as relatively similar percentages of removal 

patterns were found within several core rotations (χ2=10.636, df=16, p-value>0.05) (Figure 6.39 

and Table 6.37). Cores with cortical platforms were primarily found within one or two core 

rotations, after which all other types were common including crushed, flat, and multiple types 

(χ2=44.557, df=20, p-value<0.001)(Figure 6.40 and Table 6.38). Number of platforms decreased 

as rotations increased, although this relationship was not significant at the 0.05 level (F=2.298, 

df=4, p-value>0.05), and percentages of cores without cortex also increased (χ2=13.620, df=4, p-

value<0.005). Maximum flake scar area (length*width) (F=1.436, df=4, p-value>0.05), weight 

(F=1.885, df=4, p-value>0.05), and maximum linear dimension (F=2.844, df=4, p-value<0.05) 

also decreased as rotations increased, however maximum linear dimension was the most 

statistically significant measure. Overall, direction of removals was the least robust measure 
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associated with core rotations and was not utilized in this analysis, while other attributes 

generally correlate to how often cores were rotated. Figures 6.41 and 6.42 present event-trees 

constructed from the above data for cores of local and non-local raw material types (Table 6.39). 

 

 

 
 

 
Figure 6.39 LUP core direction of removals and platform types by core rotations. 
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Table 6.37 LUP core attributes of Platform Type (χ2=53.032, df=20, p-value<0.001) 
and Flake scar Pattern (χ2=10.636 ,df=16, p-value>0.05). 
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2 3.3(1) 35.7 

(5) 
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3 0 14.3(2) 4.2(2) 0 0 6.8(4) 0 0 0 0 4 
4 0 7.1 (1) 8.3(2) 0 0 5.1(3) 0 0 0 0 3 
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Figure 6.40 LUP core attributes by rotations including platform number, percentage with cortex 
present, maximum flake scar area (mm), maximum linear dimension (mm), and weight (g). 
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Table 6.38 LUP Core Attributes by Rotations including Platform Number, Percentage with 
Cortex Present, Maximum Flake Scar Area (mm), Maximum Linear Dimension (mm), and 

Weight (g). 
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Table 6.39 LUP Cores Types by Rotation for Local and Non-local Raw Material Types. 
 Local Raw Material Non-local Raw Material 

  Core rotations  Core rotations  

  

0 1 2 4 

Total 
(% in 
core 
type) 0 1 2 3 4 

Total 
(% in 
core 
type) 

Flake             

Discoidal 
flake 

N(%) 0 0 0 0 0 0 1(100) 0 0 0 1(2.7) 

Subdiscoidal 
flake 

N(%) 1(33) 2(67) 0 0 3(7.5) 0 0 0 0 0 0 

Flat-faced 
flake 

N(%) 0 0 3(100) 0 3(7.5) 0 0 0 0 0 0 

Subconical 
flake 

N(%) 2(100) 0 0 0 2(5.0) 0 0 0 0 0 0 

Amorphous 
flake 

N(%) 16(59.3) 8(29.6) 3(11.1) 0 27 
(67.5) 

2(40) 2(40) 0 0 1(20) 5(13.5) 

Triangular 
flake 

N(%) 0 2(100) 0 0 2(5.0) 0 0 0 0 0 0 
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Subprismatic 
flake 

N(%) 0 0 0 0 0 1(50) 1(50) 0 0 0 2(5.4) 

Blade             

Flat-faced 
blade 

N(%) 0 0 0 0 0 0 1(100) 0 0 0 1(2.7) 

Lenticular 
blade 

N(%) 0 0 0 0 0 0 1(100) 1(100) 0 0 2(5.4) 

Amorphous 
blade 

N(%) 0 1(100) 0 0 1(2.5) 0 0 0 0 0 0 

Bipolar             

Lenticular 
bipolar 

N(%) 0 0 0 0 0 1(33.3) 1(33.3) 1(33.3) 0 0 3(8.1) 

Triangular 
bipolar 

N(%) 0 0 0 0 0 0 0 1(100) 0 0 1(2.7) 

Amorphous 
bipolar 

N(%) 0 0 0 0 0 1(100) 0 0 0 0 1(2.7) 

Microblade             

Wedge-like 
microblade 

N(%) 1(100) 0 0 0 1(2.5) 0 6(54.5) 3(27.3) 1(9.1) 1(9.1) 11(29.7) 

Wedge-
shaped 
microblade 

N(%) 0 0 0 1(100) 1(2.5) 0 0 5(50) 4(40) 1(10) 10(27.0) 

Flat-faced 
microblade 

N(%) 0 0 0 0 0 0 1(100) 0 0 0 1(3.1) 

Amorphous 
microblade 

N(%) 0 0 0 0 0 0 0 1(100) 0 0 1(3.1) 

Total N(%) 20(50) 13(32.5) 6(16) 1(2.5) 40 
(100) 

5(13.5) 13(35.1) 11(29.7) 5(13.5) 3(8.1) 37(100) 
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Figure 6.41 Event-tree modeling LUP core reduction sequences of local raw materials. Percentages of core type within rotations are 
given in reference to the core assemblage of local raw materials (N=40). 
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Figure 6.42 Event-tree modeling LUP core reduction sequences for non-local raw material types. Percentages of core type within 
rotations are given in reference to the core assemblage of non-local raw materials (N=37)
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 Local Raw Material. All of the large core types could potentially be reduced enough so 

that they could be transformed into microblade cores. Of local stone types, amorphous flake 

cores, the most abundant core type, and subdiscoidal/discoidal cores were represented in the 

initial reduction stage (Figure 6.41). Subdiscoidal/discoidal flake cores had one flaking surface 

radially flaked, then upon one rotation created a second opposing core face that was reduced 

from two directions, at which point these cores could be modified to microblade cores. Before 

cores were rotated amorphous flake cores were variable in terms of morphology, however they 

exhibited either one or two flaking surfaces with removals from one direction. Rotating 

amorphous cores once produced more core forms based on core morphology and platform 

placement, however amorphous types (20%) were still the most abundant. These cores were 

turned so that either new platforms were used to produce flakes from one or two flaking surfaces 

or new fronts were exploited. Only amorphous cores exhibiting a unidirectional flaking pattern 

were found after two turns of the core. Triangular flake cores displayed two opposing 

unidirectional fronts and did not appear to undergo further reduction after being turned once. 

Amorphous blade and flake cores were likely reduced in the same fashion where flake or blade 

removal was interchangeable. After the first turn one platform was used to drive off pieces from 

the face unidirectionally, then another turn either created another platform to remove pieces from 

the same face or created another face either adjacent to or opposite the first utilizing the same 

platform.  

At this point in reduction most local cores were discarded, however, reduction continued 

for a few fine-grained pieces that ended the sequence as microblade cores. Any of the previous 

core types could potentially serve as blanks for microblade cores as long as they were not too 

globular in shape. Ski-spalls were struck from opposing edges of a flake or blade core parallel to 
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a platform ridge that guided the spall across the edge of the core producing both a new platform 

and flaking surface. This was the wedge-shaped core blank from which microblades were 

removed unidirectionally on one end while the platform was periodically renewed by removing 

one or several flakes, as was the wedge area, until the core was discarded. In some cases 

microblade cores were rotated setting up new platforms on an opposite end from the original, or  

a platform was created on the undersurface of the core to remove microblades bidirectionally 

from one face. The ski-spall was also utilized as a microblade core. This core type was not a true 

wedge-shaped microblade core as it did not have a bifacial keel, however it was still shaped like 

a wedge. The platform ridge of the original core found on the dorsal surface of the ski-spall 

served as the new platform surface. The spall was rotated onto a lateral margin so that 

microblades could be produced unidirectionally from the distal portion. At this point the core 

was discarded. 

 Non-local Raw Material. Reduction of non-local raw material types followed a similar 

fashion as for some local types including discoidal, amorphous, and wedge-shaped, however 

there are also blade cores, bipolar cores, and more microblade cores that were reduced to a later 

stage (Figure 6.42). The ubiquitous amorphous cores were present early in reduction. Before a 

core was rotated flakes were removed from one surface in one direction, was turned to exploit 

another face again unidirectionally. Discoidal flake cores might also represent a late stage of 

amorphous core reduction with flakes removed from two opposing surfaces. At this point the 

core could be transformed into a microblade core. Subprismatic flake cores were distinguishable 

early in core reduction by morphology and platform placement exhibiting unidirectional from 

two faces at both one and two core rotations. It is unclear whether flat-faced flake and lenticular 

blade cores were distinguishable from other types before core rotation. Flat-faced flake cores 
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exhibited unidirectional removals from one flaking surface, while lenticular blade cores had 

blades removed from opposing surfaces in a bidirectional fashion at both two and three core 

rotations. At this point in core reduction, as described for local cores, all core types with any 

pattern of removals and containing cortex could be potential candidates to be fashioned into 

microblade cores as long as two ski-spalls could be removed.  

Microblade cores were fashioned by removing two ski-spalls parallel to platform edges of 

the flake or blade cores in the later reduction stages. One removal formed the microblade core 

platform while another perpendicular removal served as the core face, while the unmodified 

section of the core that was previously reduced served as the wedge. The new wedge-shaped 

microblade core was then further reduced by striking microblades from the core face 

unidirectionally and rejuvenating the platform with one or multiple flake removals until the core 

became too small or exhausted. Sometimes another flaking surface was added at the opposing 

end of the core face, or microblades were removed bidirectionally from one front nearing the end 

of the core’s use-life. Ski-spalls also functioned as microblade cores that were wedge-like in 

appearance but lacked a bifacial keel. These flakes were rotated onto one lateral margin in which 

the platform edge of the former core located on the dorsal surface of the flake became the new 

platform for microblade removals from the distal end of the flake. Sometimes the flake was 

turned and the opposite lateral margin also served as a platform for microblade removals from 

the same flaking surface. Wedge-shaped and wedge-like microblade cores underwent up to four 

more core rotations, after their modification into microblade cores, before they were discarded.  

Corroborating this scenario, mean core size (F=7.585, df=3, p-value<0.01) and cortex 

absence indicated that flake or blade cores were in earlier stages of reduction in the trajectory 

whereas microblade cores were at the end (Table 6.40). As these larger core types were reduced 
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and their sizes got smaller, the trajectory switched to production of microblades. It may have 

been important to have cores within different reduction stages on hand so that larger sized flakes 

and blades or small microblades could be easily made depending on individual tool needs at any 

given time. Again, it seems that core rotations as proxy for reduction amount is only robust to a 

certain level after which previous rotations are masked by new ones. Rotations were still a useful 

device, however the sequence must start anew. To this end, comparisons of core reduction 

intensity should only be between similar sizes of cores such as microcores, microblade, and 

bipolar cores versus flake and blade cores. 

Table 6.40 Comparison of LUP Core Sizes and Cortex Amount for Non-local Raw Material 
(N=34). 

 weight(g) maximum linear dimension(mm) 
cortex absent 

N(%)  
cortex present 

N(%) 
Mean 21.63 38.5 2(25) 6(75) 

N 4 4   
Flake cores 

sd 30.8 21.3   
Mean 45.5 55.3 2(50) 2(50) 

N 4 4   
Blade cores 

sd 35.2 22.6   
Mean 2.2 20.0 4(80) 1(20) 

N 5 5   
Bipolar cores 

sd 1.3 4.7   
Mean 7.42 32.0 15(75) 5(25) 

N 19 19   
Microblade cores 

sd 4.8 9.3   
 

Bipolar cores represented yet another reduction trajectory. These cores were fashioned 

from extremely small nodules that were placed on an anvil and struck producing small flakes or 

blades bidirectionally from one, in the case of amorphous bipolar cores, or opposing surfaces in 

the case of lenticular bipolar cores. These cores had considerable amounts of cortex covering 

them. Lenticular bipolar cores were reduced in this fashion on two, or three flaking surfaces until 

discarded after one, two, or three rotations at extremely small sizes
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LUP Blank Production  

In LUP assemblages flakes were found in the highest proportions in both unmodified 

piece and tool populations (Table 6.40) that might be expected in the preparation of a microblade 

preform. Higher percentages of blades make up tools while more microblades were found within 

unmodified flakes, blades, and microblades. Perhaps microblades exhibit less modification 

because these tool types were not typically retouched before they were inserted into a slot, or 

their production entailed making several microblades from which a few were selected. In both 

unmodified detached piece and tool populations non-local raw material types were primarily 

utilized to manufacture blades and microblades while raw material location had no affect on 

flake proportions (Table 6.41). As core reduction trajectories were affected by raw material 

source location, comparisons of unmodified pieces and tools were made by stone tool source 

location.  

Proportions of flakes, blades, and microblades found in various stages of reduction were 

similar for local and non-local raw material types (Figure 6.43 and Table 6.42). Within both local 

and non-local tool stone types there were fewer tools with complex platforms and more with 

crushed platforms than unmodified flakes, blades, and microblades (Figure 6.43 and Table 6.42). 

Perhaps some of the increase in crushed platform types is due to tool modification, however, 

selection of tool blanks late in the reduction sequence may have also centered on those with 

crushed platforms rather than those with complex platforms. Regardless, tool blank selection in 

terms of platform type was similar despite raw material source location. 
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Table 6.41 Raw Material Source Location for Unmodified Detached Pieces and Tools in LUP 
Assemblages by Detached Piece Type. 

Unmodified Detached Pieces 
(χ2=68.796, df=2, p-value<0.001) 

Tools (χ2=6.893, df=2, p-
value<0.05) 

  

Local raw 
material 

Non-local 
raw 

material Total 
Local raw 
material 

Non-local 
raw 

material Total 
N 265 247 512 44 45 89 
% within detached piece type 52 48 100 49 51 100 

flake 

% within raw material source 
location 

88 60 72 79 58 66 

N 11 20 31 11 27 38 
% within detached piece type 36 65 100 29 71 100 

blade 

% within raw material source 
location 

4 5 4 20 35 28 

N 26 142 168 1 6 7 
% within detached piece type 16 85 100 14 86 100 

microblades 

% within raw material source 
location 

9 35 24 2 8 5 

N 302 409 711 56 78 134 
% within detached piece type 43 58 100 42 58 100 

Total 

% within raw material source 
location 

100 100 100 100 100 100 
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Figure 6.43 Comparison of unmodified detached pieces and tools by platform type for LUP 
assemblages. Data values in Table 6.42.  
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Table 6.42 Comparison of Unmodified Detached Pieces and Tools by Platform Type for LUP 
Assemblages. 

  Local (χ2=20.336, df=3, p-value<0.001) Non-local (χ2=21.619, df=4, p-value<0.001) 
  unmodified detached pieces  tools Total unmodified detached pieces  tools Total 

N 39 8 47 29 5 34 Cortical 

% 13 14 13 7 6 7 
N 103 15 118 139 21 160 Flat 

% 34 27 33 34 27 33 
N 129 15 144 191 27 218 Complex 

% 43 27 40 47 35 45 
N 31 18 49 50 23 73 Crushed 

% 10 32 14 12 30 15 
N 302 56 358 409 76 485 Total 

% 100 100 100 100 100 100 
 

Local Raw Material. As reduction proceeded dorsal cortex amount and overall size 

decreased within the category of unmodified flakes, blades, and microblades (Figure 6.44 and 

Table 6.43). Size differences were greatest between flakes, blades, and microblades with cortical 

and flat platforms, relating to the initial removal of cortex from cores. Dorsal flake patterns also 

varied by platform type again between cortical and all other platform types where high 

percentages of flakes produced during the initial stages of core reduction had either no flaking 

pattern present due to their cortical dorsal surfaces or had a unidirectional pattern corroborating 

the high percentage of local cores within the initial stages of reduction (Figure 6.44 and Table 

6.44). After removal of cortex unidirectional flaking patterns dominated removal patterns. Tools, 

however, tended to be larger in all reduction stages with less dorsal cortex even within the initial 

stage of reduction. Large blanks were selected from local raw materials for tool production. 

Proportions of tools exhibiting various platform types were similar to amounts found within  
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Figure 6.44 Characteristics of unmodified detached pieces and tools for local raw material types from LUP assemblages. Data values 
in Table 6.43 and 6.44.
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Table 6.43 Dorsal Flake Scar Pattern and Dorsal Cortex Amount for Various Platform Types as 

Related to Reduction Stage of LUP Unmodified Detached Pieces and Tools of Local Raw 
Material Types. 
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Table 6.44 Weight and Maximum Linear Dimension for Various Platform Types as Related to 
Reduction Stage of LUP Unmodified Flakes and Blades and Tools of Local Raw Material Types. 
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mean 41 48 32 146 101 7 Cortical 
sd 94 30  98 47  

mean 6 29 92 38 48 16 Flat 
sd 19 16  102 32  

mean 5 28 117 48 77 12 Complex 
sd 18 16  40 19  

mean 11 30 29 58 61 16 Crushed 
sd 34 29  66 29  

 

unmodified piece populations, except crushed platforms were found in greater proportions within 

the tool population as during all other time periods and may only relate to tools having retouch. 

Dorsal scar patterns differed significantly in the tool population near the final stages of 

reduction, namely complex and crushed platform types. Tools with complex platforms had high 

proportions of both unidirectional and bidirectional flake patterns, whereas those with crushed 

platforms, those complete tools with unidentifiable platform types, tended to be removed from 

unidirectional core faces. In sum, tool blanks of non-local raw material types were relatively 

large with little cortex, and were selected, where these attributes were found, during all stages of 

core reduction.   

Non-local Raw Material. Cortex was removed early in core reduction as most cortical 

platforms had some cortex, however, cortex nearly disappears during all later stages of reduction 

(Figure 6.45 and Table 6.45). Flakes and blades were removed primarily from core faces in one 

direction initially and as reduction continued pieces were removed in a unidirectional, 
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bidirectional, and radial fashion. Sizes of flakes and blades and microblades did not correlate to 

reduction stage as larger and smaller flakes and blades and microblades underwent similar 

reduction stages after initial cortex removal and the creation of microblade core blanks (Figure 

6.45 and Table 6.46). Again, tools tended to have high proportions of crushed platforms but this 

was largely due to modification of the flake, blade, or microblade after removal. Detached 

pieces, flakes, blades, and microblades, of all types were of relatively larger sizes selected during 

all stages of reduction, most with little cortex. These tool blanks were produced early in 

reduction from cores with removals from faces in either unidirectional or bidirectional manner, 

with increasing bidirectional and radial pattern of removal as blank production proceeded. 
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Figure 6.45 Characteristics of unmodified detached pieces and tools for non-local raw material types from LUP assemblages. Data 
values in Table 6.45 and 6.46. 
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Table 6.45 Dorsal Flake Scar Pattern and Dorsal Cortex Amount for Various Platform Types as 
Related to Reduction Stage of LUP Unmodified Detached Pieces and Tools of Non-local Raw 

Material Types. 
  

Unmodified Detached Pieces Tools 
  

do
rs

al
 c

or
te

x 
am

ou
nt

 
(χ

2 =6
2.

13
4d

f=
15

, p
-

va
lu

e<
0.

00
1)

 
  

do
rs

al
 fl

ak
e 

sc
ar

 p
at

te
rn

 
(χ

2 =3
2.

85
0,

 d
f=

9,
 p

- 

V
al

ue
<0

.0
01

) 

do
rs

al
 c

or
te

x 
am

ou
nt

 
(χ

2 =1
9.

09
4,

 d
f=

15
, p

-

va
lu

e>
0.

05
) 

  

do
rs

al
 fl

ak
e 

sc
ar

 p
at

te
rn

 
(χ

2 =5
.3

51
, d

f=
9,

 p
- 

va
lu

e>
0.

05
) 

  

0%
 

1-
25

%
 

26
-5

0%
 

51
-7

5%
 

76
-9

9%
 

10
0%

 

To
ta

l 

un
id

ire
ct

io
na

l 

bi
di

re
ct

io
na

l 

ra
di

al
 

no
ne

 

To
ta

l 

0%
 

1-
25

%
 

26
-5

0%
 

51
-7

5%
 

76
-9

9%
 

10
0%

 

To
ta

l 

un
id

ire
ct

io
na

l 

bi
di

re
ct

io
na

l 

ra
di

al
 

no
ne

 

To
ta

l 

N 8 6 5 5 3 2 29 20 6 1 2 29 2 1 1 1 0 0 5 3 2 0 0 5 

C
or

tic
al

 

% 28 21 17 17 10 7 100 69 21 3 7 100 40 20 20 20 0 0 100 60 40 0 0 100 
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N 144 18 11 6 5 0 184 82 70 32 0 184 21 1 1 0 3 0 26 16 4 6 0 26 
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Table 6.46 Weight and Maximum Linear Dimension for Various Platform Types as Related to 
Reduction Stage of LUP Unmodified Flakes and Blades and Tools of Non-local Raw Material 

Types. 
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mean 1 21 29 13 40 5 Cortical 
sd 0.9 6  9 11  

mean 3 22 135 8 37 22 Flat 
sd 7 13  12 18  

mean 2 23 184 6 35 25 Complex 
sd 6 12  8 19  

mean 1 19 50 4 31 23 Crushed 
sd 1 8  4 17  

 

LUP Tool Blank Selection 

Non-local raw materials were typically selected as blanks for perforators, mixed tools 

retouched microblades, end scrapers, burins, wedges and retouched blades, while local raw 

material was selected for larger tools including choppers, bifaces, truncated pieces, side scrapers, 

and other tool types (χ2=47.039, df=15, p-value<0.001) (Figure 6.46 and Table 6.47).  Flakes 

were the preferred blanks for the manufacture of burins, end scrapers, notches, other tools, 

raclettes, retouched flakes, side scrapers, and wedges, and blades were preferred for knives, and 

retouched blades of local and non-local raw material types (local χ2=98.467, df=24, p-

value<0.001; non-local χ2=133.514, df=24, p-value<0.001) (Figure 6.47 and Table 6.48). Tools 

made primarily of blades within the non-local assemblage include perforators, while mixed tools 

are found on both blades and flakes. Retouched microblades is the only tool class made from 

both non-local and local raw material types. Choppers, bifaces, side scrapers, and notches were 
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derived from larger pieces while raclettes, wedges, truncated pieces, and retouched microblades 

were made on small blanks derived from local raw material (local: weight F=3.322, df=12, p-

value<0.005, maximum linear dimension F=1.581, df=12, p-value>0.05)(Figure 6.48 and Table 

6.49). For non-local tools burins, side scrapers, raclette, other tools, and retouched microblades 

were smaller than other tools including end scraper, notch, knife, retouched flakes and blades, 

however this is not a statistically significant relationship (non-local: weight F=1.176, df=12, p-

value>0.05, maximum linear dimension F=1.914, df=12, p-value>0.05).  

 
 
Figure 6.46 LUP tool class by lithic raw material source location. 
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Table 6.47 LUP Tool Class by Lithic Raw Material Source Location. 

  Local Raw Material Non-local Raw Material Total 
N 3 0 3 biface 
% within tool class 100 0 100 
N 3 7 10 burin 
% within tool class 30 70 100 
N 2 0 2 chopper 
% within tool class 100 0 100 
N 4 9 13 end scraper 
% within tool class 31 69 100 
N 5 4 9 knife 
% within tool class 56 44 100 
N 4 24 28 mixed tool 
% within tool class 14 86 100 
N 4 4 8 notch 
% within tool class 50 50 100 
N 4 1 5 other tools 
% within tool class 80 20 100 
N 0 6 6 perforator 
% within tool class 0 100 100 
N 1 1 2 raclette 
% within tool class 50 50 100 
N 3 5 8 retouched blade 
% within tool class 38 63 100 
N 13 14 27 retouched flake 
% within tool class 48 52 100 
N 3 9 12 retouched microblade 
% within tool class 25 75 100 
N 16 1 17 side scraper 
% within tool class 94 6 100 
N 1 0 1 truncated piece 
% within tool class 100 0 100 
N 3 5 8 wedge 
% within tool class 38 63 100 
N 69 90 159 Total 
% within tool class 43 57 100 

 



 264 

 
 
Figure 6.47 LUP assemblages detached piece type for tool classes of local and non-local raw 
material. 
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Table 6.48 LUP Assemblages Detached Piece Type for Tool Classes of Local and Non-local 
Raw Material. 

Local Raw Material Non-local Raw Material 
 flake blade microblade Total flake blade microblade Total 

N 3 0 0 3 7 0 0 7 burin 
% within tool class 100 0 0 100 100 0 0 100 
N 3 1 0 4 7 2 0 9 end scraper 
% within tool class 75 25 0 100 78 22 0 100 
N 1 4 0 5 0 4 0 4 knife 
% within tool class 20 80 0 100 0 100 0 100 
N 4 0 0 4 13 11 0 24 mixed tool 
% within tool class 100 0 0 100 54 46 0 100 
N 3 1 0 4 4 0 0 4 notch 
% within tool class 75 25 0 100 100 0 0 100 
N 4 0 0 4 1 0 0 1 other tools 
% within tool class 100 0 0 100 100 0 0 100 
N 1 0 0 1 1 0 0 1 raclette 
% within tool class 100 0 0 100 100 0 0 100 
N 0 3 0 3 0 5 0 5 retouched blade 
% within tool class 0 100 0 100 0 100 0 100 
N 13 0 0 13 14 0 0 14 retouched flake 
% within tool class 100 0 0 100 100 0 0 100 
N 0 0 3 3 0 0 9 9 retouched microblade 
% within tool class 0 0 100 100 0 0 100 100 
N 15 1 0 16 1 0 0 1 side scraper 
% within tool class 94 6 0 100 100 0 0 100 
N 1 0 0 1 0 0 0 0 truncated piece 
% within tool class 100 0 0 100 0 0 0 0 
N 3 0 0 3 3 1 0 4 wedge 
% within tool class 100 0 0 100 75 25 0 100 
N 50 11 3 64 52 28 9 89 Total 
% within tool class 78 17 5 100 58 31 10 100 
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Figure 6.48 LUP tool size by tool type and stone location. 
 
 
 
 
 
 
 
 
 
 
 
 
 

me
an

400
300
200
100

0

ch
op

pe
r

bif
ac

e
sid

e s
cra

pe
r

no
tch

oth
er 

too
ls

ret
ou

ch
ed

 
fla

ke
en

d s
cra

pe
r

mi
xe

d t
oo

l 
bu

rin
ret

ou
ch

ed
 

bla
dekn
ife

we
dg

e
rac

let
te

tru
nc

ate
d 

pie
ce

ret
ou

ch
ed

 
mi

cro
bla

de
 

maximum linear 
dimension (mm)
weight (g)

Local Raw Material
me

an

100
80
60
40
20
0

en
d s

cra
pe

r
no

tchkn
ife

mi
xe

d t
oo

l

ret
ou

ch
ed

 
bla

de

ret
ou

ch
ed

 
fla

ke

pe
rfo

rat
or

we
dg

e
bu

rin
 

sid
e s

cra
pe

r
rac

let
te

oth
er 

too
ls

ret
ou

ch
ed

 
mi

cro
bla

de

maximum linear 
dimension (mm)
weight (g)

Non-local Raw Material



 267 

 
Table 6.49 LUP Tool Size by Tool Type and Stone Location. 

Local Raw Material Non-local Raw Material 

 weight(g) maximum linear dimension(mm) weight(g) maximum linear dimension(mm) 
Mean 97 106   
N 3 3   

biface 

sd 58 21   
Mean 31 50 2 26 
N 3 3 7 7 

burin 

sd 52 51 1 7 
Mean 328 94   
N 2 2   

chopper 

sd 135 9   
Mean 27 68 12 47 
N 4 4 9 9 

end scraper 

sd 15 14 10 23 
Mean 14 59 5 46 
N 5 5 4 4 

knife 

sd 11 19 1 14 
Mean 28 53 9 37 
N 4 4 24 24 

mixed tool 

sd 29 17 12 14 
Mean 72 68 12 40 
N 4 4 4 4 

notch 

sd 130 52 11 13 
Mean 63 65 1 18 
N 4 4 1 1 

other tools 

sd 70 28 . . 
Mean 0 0 3 38 
N 0 0 6 6 

perforator 

sd 0 0 2 17 
Mean 4 26 2 23 
N 1 1 1 1 

raclette 

sd . . . . 
Mean 11 62 3 41 
N 3 3 5 4 

retouched 
blade 

sd 6 6 3 14 
Mean 46 67 8 33 
N 13 13 14 14 

retouched 
flake 

sd 54 37 10 13 
Mean 1 13 0 16 retouched 

microblade N 3 3 9 9 
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 sd 0 3 0 5 
Mean 109 83 2 23 
N 16 16 1 1 

side scraper 

sd 111 34 . . 
Mean 1 19 0 0 
N 1 1 0 0 

truncated 
piece 

sd . . 0 0 
Mean 18 35 7 31 
N 3 3 5 5 

wedge 

sd 27 15 8 14 
Mean 63 66 7 35 
N 69 69 90 89 

Total 

sd 91 35 9 16 
 
 

Comparisons of Raw Material Selection, Core Reduction, Blank Production, and Tool 

Blank Selection Across Time Periods 

At this point it is apparent that selection of a broader array of non-local raw material 

stone types increased during the LUP. Furthermore, some techniques of core reduction were 

adjusted while others remained unchanged. During all time periods (EUP, MUP, and LUP) flake 

cores dominated the assemblages, however frequencies of other core types, such as blade, 

microcore, bipolar, and microblade cores varied (χ2=167.012, df=12, p-value<0.001)(Figure 6.49 

and Table 6.50). One of the biggest differences in blank production and tool selection across the 

Upper Paleolithic time periods was related to size differences of non-local raw material (Figure 

6.50, 6.51 and 6.52 and Table 6.51 and 6.52). Sizes of cores, unmodified detached pieces, and 

tools decreased from the EUP, exhibiting the large sizes, to the LUP with the smallest (weight: 

F=18.779, df=3, p-value<0.001; maximum linear dimension F=78.639, df=3, p-value<0.001) 

(Figure 6.50, 6.51, and 6.52 and Table 6.51 and 6.52). Even though detached pieces of the same 

sizes were present during all time periods there was a reduction in size from large to smaller 

sized pieces from the EUP through the LUP. This trend might make sense if, given the same 
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nodule dimensions, raw material conservation efforts or need for smaller types of blanks of high-

quality non-local types (i.e. for portability) were increasing through time, or both. 

 

 
Figure 6.49 Percentages of core types by time period and site type. Data values in Table 6.50 
 
 

Table 6.50 Percentages of Core Types by Time Period and Site Type. (χ2=163.949, df=12, p-
value<0.001). 

  EUP residential base MUP residential base MUP camp LUP residential base Total 
N 90 72 50 45 258 Flake cores 
% 76 80 71 58 73 
N 28 4 2 5 41 Blade cores 
% 23 4 3 7 12 
N 0 6 16 0 19 Microcores 
% 0 7 23 0 5 
N 0 8 3 5 13 Bipolar cores 
% 0 9 4 7 4 
N 0 0 0 22 22 Microblade 

cores % 0 0 0 29 6 
N 118 90 70 77 355 Total 
% 100 100 100 100 100 
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Figure 6.50 Mean core sizes of local and non-local raw material types by site type and time 
period. 
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Table 6.51 Mean Core Sizes of Local and Non-local Raw Material Types by Site Type and Time 

Period. (local; weight F=8.372, df=3, p-value<0.001; maximum linear dimension F=10.906, 
df=3, p-value<0.001) (non-local; weight F=18.619 df=3, p-value<0.001; maximum linear 

dimension F=14.484, df=3, p-value<0.001). 
 Local raw material Non-local raw material 

 weight(g) 
maximum linear 
dimension(mm) weight(g) 

maximum linear 
dimension(mm) 

Mean 297.3 87.9 121.5 69.2 

N 107 107 11 11 

EUP 
residential 
base 

sd 259.1 23.3 101.1 16.4 
Mean 414.8 97.4 24.2 42.1 
N 73 73 17 17 

MUP 
residential 
base 
 sd 374.5 36.2 24.6 16.8 

Mean 502.1 114.5 24.4 39.7 
N 45 49 21 21 

MUP camp 

sd 455.1 44.8 27.7 13.5 
Mean 614.5 117.8 13.1 33.9 
N 40 40 32 32 

LUP 
residential 
base 

sd 484.4 41.8 20.2 15.5 
Mean 412.3 99.8 33.1 41.9 
N 265 269 81 81 

Total 

sd 383.8 36.4 55.0 18.9 
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Figure 6.51 Mean sizes of unmodified detached pieces (left) and tools (right) by raw material 
location for each time period and site type. 
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Table 6.52 Mean Sizes of Unmodified Detached Pieces and Tools by Raw Material Location for 
Each Time Period and Site Type. 

 
 
 

 EUP residential base MUP residential base MUP camp LUP residential base 
 local non-local local non-local local non-local local non-local 
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Figure 6.52 Box-plots of non-local unmodified detached piece and tool sizes by time and site 
type. 
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 In the EUP tool stone was primarily selected from those found in abundance near the site, 

rarely were exotic types brought to the site. Core reduction centered on producing flakes and 

blades, exhibiting the highest intensity of blade production of all time periods. Core types present 

in high frequencies included flat faced blade and flake and amorphous flake, all cores types 

present in the EUP, with the exception of Levallois cores that disappeared during the MUP, were 

also found in later time periods (Figure 6.53). These cores included conical, discoidal, Levallois 

flake cores and prismatic flake and blade cores. Large pieces produced late in core reduction 

were typically selected from local raw material types for the manufacture of most tools (Figure 

6.54, Table 6.53, and Figure 6.55). The few tools of non-local raw material included a biface, 

raclette, end scrapers, retouched flakes, side scrapers, and a notch, however these were in small 

proportions that were expected given the assemblage size (Table 6.53 and Figure 6.55). Slightly 

more flakes (55%) than blades (45%) were selected for tool manufacture. Flakes were selected 

for raclettes, notches, end scrapers, and retouched flake and were also made into side scrapers, a 

wedge, and perforator. Blades were preferentially selected for the manufacture of Levallois 

points, knives, side scrapers, denticulates, burins, and retouched blades, and were sometimes 

fashioned into truncated pieces, a wedge, or mixed tool (Table 6.54, Figure 6.55, and Table 

6.55).  

Two major transformations of core reduction technology, microcore and bipolar 

reduction techniques, appeared at the onset of the MUP. These techniques supplemented the 

standard procedure of blank removal carried over from the EUP represented by high percentages 

of amorphous flake, flat-faced flake and blade, and other forms including discoidal and conical 

flake, as well as prismatic flake and blade cores (Figure 6.53). Although local raw materials 

served as the primary source of toolstone, the influx of high quality non-local types increased  
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Figure 6.53 Comparison of proportions of core types over time. 
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Figure 6.54 Percentages of tools with various platform types by raw material location, site type, 
and time period. 
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Table 6.53 Raw Material Source Location of Tool Classes for Each Time Period and Site Type. 
 

 Raw Material Source Location 
 Local % (N) expected N Non-local% (N) expected N 
EUP residential base  
(χ2=12.517, df=14, p-value>0.05) 

  

burin 100 (3) 2.5 0 (0) .5 
wedge 100 (2) 1.6 0 (0) .4 
truncated piece 100 (1) .8 0 (0) .2 
retouched blade 100 (2) 1.6 0 (0) .4 
perforator 100(1) .8 0 (0) .2 
mixed tool 100(2) 1.6 0 (0) .4 
Levallois point 100 (2) 1.6 0 (0) .4 
knife 100(2) 1.6 0 (0) .4 
denticulate 100 (4) 3.3 0 (0) .7 
notch 83(5) 5 17(1) 1 
side scraper 82 (22) 22 18 (5) 5 
retouched flake 82(9) 9 18(2) 2 
end scraper 70 (7) 8 30 (3) 2 
raclette 50(2) 3 50(2) 1 
biface 0 (0) .8 100 (1) .2 
   
MUP residential base  
(χ2=54.136, df=12, p-value<0.05) 

  

biface 100 (1) .7 0 (0) .3 
denticulate 100 (4) 3 0 (0) 1 
truncated piece 100(1) .7 0 (0) .3 
other tools 100(1) .7 0 (0) .3 
side scraper 96(45) 35 4(2) 12 
end scraper 92(12) 10 8(1) 3 
retouched flake 78(14) 13 22(4) 5 
notch 68(14) 10 32(6) 5 
retouched blade 50(1) 1.5 50(1) .5 
wedge 33(1) 2 67(2) 1 
perforator 33(2) 4 67(4) 2 
burin 29(4) 10 71(10) 4 
mixed tool 0 (0) 4 100(5) 1 
   
MUP camp  
(χ2=27.193, df=14, p-value<0.05) 

  

biface 100 (2) 1.4 0 (0) .6 
perforator 100 (2) 1.4 0 (0) .6 
truncated piece 100 (2) 1.4 0 (0) .6 
end scraper 83 (20) 17 17 (4) 7 
side scraper 83 (24) 21 17 (5) 8 
retouched flake 79 (11) 10 21 (3) 4 
notch 72 (13) 13 28 (5) 5 
burin 60 (9) 11 40 (6) 4 
mixed tool 60 (3) 3.5 40 (2) 1.5 
denticulate 50 (1) 1.4 50 (1) .6 
wedge 40 (2) 3.5 60 (3) 1.5 
retouched blade 33 (1) 2 67 (2) 1 
knife 0 (0) .7 100 (1) .3 
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other tools 0 (0) 1.4 100 (2) .6 
raclette 0 (0) 2 100 (3) 1 
   
LUP residential base  
(χ2=48.997, df=15, p-value<0.001) 

  

chopper 100 (2) 1 0 (0) 1 
biface 100 (3) .1 0 (0) 2 
truncated piece 100 (1) .4 0 (0) .6 
side scraper 94 (16) 7 6 (1) 10 
other tools 80 (4) 2 20 (1) 3 
notch 57 (4) 3 43 (3) 4 
knife 56 (5) 4 44 (4) 5 
raclette 50 (1) 1 50 (1) 1 
retouched flake 45 (10) 10 55 (12) 12 
wedge 43 (3) 3 57 (4) 4 
retouched blade 38 (3) 3 62 (5) 5 
end scraper 31 (4) 6 69 (9) 7 
burin 30 (3) 4 70 (7) 6 
retouched microblade 25 (3) 5 75 (9) 7 
mixed tool 11 (3) 12 89 (24) 15 
perforator 0 (0) 3 100 (6) 3 
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Figure 6.55 Percentages raw material source location within of tool classes by time period and 
site type. 

0 20 40 60 80 100

non-local
local

wedge
truncated piece

side scraper
retouched microblade

retouched flake
retouched blade

raclette
perforator

other tools
notch

mixed tool
Levallois point

knife
end scraper 
denticulate

burin

0 20 40 60 80 100

non-local
local

wedge
truncated piece

side scraper
retouched microblade

retouched flake
retouched blade

raclette
perforator

other tools
notch

mixed tool
Levallois point

knife
end scraper 
denticulate

burin

0 20 40 60 80 100

non-local
local

wedge
truncated piece

side scraper
retouched microblade

retouched flake
retouched blade

raclette
perforator

other tools
notch

mixed tool
Levallois point

knife
end scraper 
denticulate

burin

0 20 40 60 80 100

non-local
local

wedge
truncated piece

side scraper
retouched microblade

retouched flake
retouched blade

raclette
perforator

other tools
notch

mixed tool
Levallois point

knife
end scraper 
denticulate

burin

EUP residential base

MUP residential base

MUP camp

LUP residential base

% 

% 

% 

% 



 281 

Table 6.54 Type of Detached Piece for Tool Classes of Each Time Period and Site Type. Tool 
Classes in Bold Vary Significantly in Terms of Actual and Expected Counts. 

 
EUP residential base 
(χ2=27.994, df=13, p-
value<0.05) 

Flake % (N) expected Blade% (N) expected  

retouched flake 100 (10) 5.5 0 (0) 4.5  
perforator 100 (1) .6 0 (0) .4  
raclette 100 (4) 2 0 (0) 2  
notch 83 (5) 3 17 (1) 3  
end scraper  70 (7) 5.5 30 (3) 4.5  
mixed tool 50 (1) 1 50 (1) 1  
wedge 50 (1) 1 50 (1) 1  
side scraper 41 (11) 15 59 (16) 12  
burin 33 (1) 2 67 (2) 1  
denticulate 25 (1) 2 75 (3) 2  
retouched blade 0 (0) 1 100 (2) 1  
truncated piece 0 (0) .6 100 (1) .4  
Levallois point 0 (0) 1 100 (2) 1  
knife 0 (0) 1 100 (2) 1  
total 55 (42) 45 (34)  
MUP residential base 
(χ2=68.698, df=22, p-
value>0.001) 

Flake % (N) expected Blade% (N) expected Bipolar flake% 
(N) expected 

retouched flake 100 (18) 17.3 0 (0) .5 0 (0) .1 
notch 100 (19) 18.3 0 (0) .6 0 (0) .1 
end scraper  100 (13) 12.5 0 (0) .4 0 (0) .1 
mixed tool 100 (4) 3.8 0 (0) .1 0 (0) 0 
wedge 100 (3) 2.9 0 (0) .1 0 (0) 0 
side scraper 94 (44) 45.2 4 (2) 1.4 2 (1) .4 
burin 100 (14) 13.5 0 (0) .5 0 (0) .1 
denticulate 100 (4) 3.8 0 (0) .1 0 (0) 0 
retouched blade 0 (0) 1.9 100 (2) .1 0 (0) 0 
truncated piece 100 (1) 1 0 (0) 0 0 (0) 0 
other tools 100 (1) 1 0 (0) 0 0 (0) 0 
perforator 100 (6) 5.8 0 (0) .2 0 (0) 0 
    
MUP camp (χ2=66.021, 
df=26, p-value>0.001) 

Flake % (N) expected Blade% (N) expected Bipolar flake% 
(N) expected 

retouched flake 100 (14) 13.1 0 (.8) 0 0 (0) .1 
notch 100 (18) 16.8 0 (0) 1 0 (0) 0 
mixed tool 100 (5) 4.7 0 (0) .3 0 (0) 0 
wedge 100 (5) 4.7 0 (0) .3 0 (0) 0 
denticulate 100 (2) 1.9 0 (0) .1 0 (0) 0 
truncated piece 100 (2) 1.9 0 (0) .1 0 (0) 0 
other tools 100 (2) 1.9 0 (0) .1 0 (0) 0 
knife 100 (1) .9 0 (0) .1 0 (0) 0 
raclette 100 (3) 2.8 0 (0) .2 0 (0) 0 
side scraper 97 (28) 27.1 0 (0) 1.6 3 (1) .2 
burin 93 (14) 14.1 7 (1) .8 0 (0) .1 
end scraper  91 (21) 21.5 9 (2) 1.3 0 (0) .2 
perforator 50 (1) 1.9 50 (1) .1 0 (0) 0 
retouched blade 0 (0) 2.8 100 (3) .2 0 (0) 0 



 282 

    
LUP residential base 
(χ2=219.591, df=26, p-
value>0.001) 

Flake % (N) expected Blade% (N) expected Microblade% 
(N) expected 

retouched flake 100 (22) 14.4 0 (0) 5.8 0 (0) 1.8 
truncated piece 100 (1) .7 0 (0) .3 0 (0) .1 
other tools 100 (5) 3.3 0 (0) 1.3 0 (0) .4 
raclette 100 (2) 1.3 0 (0) .5 0 (0) .2 
burin 100 (10) 6.6 0 (0) 2.6 0 (0) .8 
side scraper 94 (16) 11 6 (1) 4.5 0 (0) 1.4 
notch 86 (6) 4.6 14 (1) 1.8 0 (0) .6 
wedge 83 (5) 3.9 17 (1) 1.6 0 (0) .5 
end scraper  77 (10) 8.5 23 (3) 3.4 0 (0) 1.1 
mixed tool 59 (16) 17.7 41 (11) 7.1 0 (0) 2.2 
perforator 17 (1) 3.9 83 (5) 1.6 0 (0) .5 
knife 11 (1) 5.9 89 (8) 2.4 0 (0) .7 
retouched blade 0 (0) 5.2 100 (8) 2.1 0 (0) .7 
Retouched microblade 0 (0) 7.9 0 (0) 3.1 100 (12) 1 

 
 

Table 6.55 Type of Detached Piece for Tool Classes of Local and Non-local Raw Material for 
Each Time Period and Site Type.  

 
Local (χ2=25.194, df=13, p-value<0.05) Non-local (χ2=5.113, df=4, p-value>0.05) EUP 

residential 
base  flake% (N) expected blade% (N) expected flake% (N) 

expected 
blade% (N) expected 

burin 33 (1) 1.6 67 (2) 1.4   
denticulate 25 (1) 2.2 75 (3) 1.8   
end scraper  86 (6) 3.8 14 (1) 3.2 33 (1) 1.8 67 (2) 1.2 
knife 0 (0) 1.1 100 (2) .9   
Levallois 
point 

0 (0) 1.1 100 (2) .9   

mixed tool 50 (1) 1.1 50 (1) .9   
notch 80 (4) 2.7 20 (1) 2.3 100 (1) .6 0 (0) .4 
other tools     
perforator 100 (1) .5 0 (0) .5   
raclette 100 (2) 1.1 0 (0) .9 100 (2) 1.2 0 (0) .8 
retouched 
blade 

0 (0) 1.1 100 (2) .9   

retouched 
flake 

100 (8) 4.3 0 (0) 3.7 100 (2) 1.2 0 (0) .8 

retouched 
microblade 

    

side scraper 41 (9) 11.9 59 (13) 10.1 40 (2) 3.1 60 (3) 1.9 

truncated 
piece 

0 (0) .5 100 (1) .5   

wedge 50 (1) 1.1 50 (1) .9   
total 54 (34) 46 (29) 62 (8) 38 (5) 
     
MUP Local (χ2=33.599, df=10, p-value<0.001) Non-local (χ2=5.113, df=4, p-value>0.05) 
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residential 
base  

flake% (N) 
expected 

blade% (N) 
expected 

Bipolar flake% 
(N) expected 

flake% (N) 
expected 

blade% 
(N) 

expected 

Bipolar 
flake% (N) 

expected 
burin 100 (4) 3.9 0 (0) .1  100 (10) 9.4 0 (0) .3 0 (0) .3 
denticulate 100  (4) 3.9 0 (1) 0     
end scraper  100 (12) 

11.6 
0 (4) 0  100 (1) .9 0 (0) 0 0 (0) 0 

knife       
Levallois 
point 

      

mixed tool    100 (4) 3.8 0 (0) .1 0 (0) .1 
notch 100 (13) 

12.6 
0 (0) .4  100 (6) 5.6 0 (0) .2 0 (0) .2 

other tools 100 (1) 1 0 (0) 0     
perforator 100 (2) 1.9 0 (0) .1  100 (4) 3.8 0 (0) .1 0 (0) .1 
raclette       
retouched 
blade 

0 (0) 1 100 (1) 0  0 (0) .9 100 (1) 0 0 (0) 0 

retouched 
flake 

100 (14) 
13.6 

0 (0) .4  100 (4) 3.8 0 (0) .1 0 (0) .1 

retouched 
microblade 

      

side scraper 96 (43) 
43.6 

4 (2) 1.4  50 (1) 1.9 0 (0) .1 50 (1) .1 

truncated 
piece 

100 (1) 1 0 (0) 0     

wedge 100 (1) 1 0 (0) 0  100 (2) 1.9 0 (0) .1 0 (0) .1 
total 97 (95) 3 (3)  94 (32) 3 (1) 3 (1) 
       

Local (χ2=43.965, df=10, p-value<0.001) Non-local (χ2=27.029, df=22, p-value>0.05) MUP camp  

flake% (N) 
expected 

blade% (N) 
expected 

Bipolar flake% 
(N) expected 

flake% (N) 
expected 

blade% 
(N) 

expected 

Bipolar 
flake% (N) 

expected 
burin 100 (9) 8.7 0 (0) .3  83 (5) 5.2 17 (1) .7 0 (0) .2 
denticulate 100 (1) 1 0 (0) 0  100 (1) .9 0 (0) .1 0 (0) 0 
end scraper  95 (19) 

19.3 
5 (1) .7  68 (2) 2.6 33 (1) .3 0 (0) .1 

knife    100 (1) .9 0 (0) .1 0 (0) 0 
Levallois 
point 

      

mixed tool 100 (3) 2.9 0 (0) .1  100 (2) 1.7 0 (0) .2 0 (0) .1 
notch 100 (13) 

12.6 
0 (0) .4  100 (4.3) 5 0 (0) .6 0 (0) .1 

other tools    100 (2) 1.7 0 (0) .2 0 (0) .1 
perforator 50 (1) 1.9 50 (1) .1     
raclette    100 (3) 2.6 0 (0) .3 0 (0) .1 
retouched 
blade 

0 (0) 1 100 (1) 0  0 (0) 1.7 100 (2) .2 0 (0) .1 

retouched 
flake 

100 (11) 
10.6 

0 (0) .4  100 (3) 2.6 0 (0) .3 0 (0) .1 

retouched 
microblade 

      

side scraper 100 (24) 0 (0) .8  80 (4) 4.3 0 (0) .6 20 (1) .1 
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23.2 
truncated 
piece 

100 (2) 1.9 0 (0) .1     

wedge 100 (2) 1.9 0 (0) .1  100 (3) 2.6 0 (0) .3 0 (0) .1 
total 97 (85) 3 (3)  86 (31) 11 (4) 3 (1) 
       

Local (χ2=96.442, df=24, p-value<0.001) Non-local (χ2=126.674, df=24, p-
value<0.001) 

LUP 
residential 
base 
(x2=219.591, 
df=26, p-
value>0.001) 

flake% 
(N) 

expected 

blade% 
(N) 

expected 

microblade% (N) 
expected 

flake% 
(N) 

expected 

blade% 
(N) 

expected 

microblade% (N) 
expected 

burin 100 (3) 
2.4 

0 (0) .5 0 (0) .2 100 (7) 4 0 (0) 2.3 0 (0) .7 

denticulate       
end scraper  75 (3) 

3.1 
25 (1) .7 0 (0) .2 78 (7) 

5.1 
22 (2) 3 0 (0) 1 

knife 20 (1) 
3.9 

80 (4) .8 0 (0) .3 0 (0) 2.3 100 (4) 
1.3 

0 (0) .4 

Levallois 
point 

      

mixed tool 100 (3) 
2.4 

0 (0) .5 0 (0) .2 54 (13) 
13.6 

46 (11) 
7.9 

0 (0) 2.5 

notch 75 (3) 
3.1 

25 (1) .7 0 (0) .2 100 (3) 
1.7 

0 (0) 1 0 (0) .3 

other tools 100 (4) 
3.1 

0 (0) .7 0 (0) .2 100 (1) 
.6 

0 (0) .3 0 (0) .1 

perforator    17 (1) 
3.4 

83 (5) 2 0 (0) .6 

raclette 100 (1) 
.8 

0 (0) .2 0 (0) 0 100 (1) 
.6 

0 (0) .3 0 (0) .1 

retouched 
blade 

0 (0) 2.4 100 (3) 
.5 

0 (0) .2 0 (0) 2.8 100 (5) 
1.6 

0 (0) .5 

retouched 
flake 

100 (10) 
7.5 

0 (0) 1.7 0 (0) .5 100 (12) 
6.8 

0 (0) 4 0 (0) 1.3 

retouched 
microblade 

0 (0) 2.4 0 (0) .5 100 (3) .2 0 (0) 5.1 0 (0) 3 100 (9) 1 

side scraper 94 (15) 
12.5 

6 (1) 2.7 0 (0) .8 100 (1) 
.6 

0 (0) .3 0 (0) .1 

truncated 
piece 

100 (1) 
.8 

0 (0) .2 0 (0) 0    

wedge 100 (3) 
2.4 

0 (0) .5 0 (0) .2 67 (2) 
1.7 

33 (1) 1 0 (0) .3 

total 78 (47) 17 (10) 5 (3) 56 (48) 33 (28) 11 (9) 
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Figure 6.56 Detached piece type for flake tool classes of local (left) and non-local (right) raw 
material within residential base and camp assemblages over time.  
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(Table 6.53). The majority of microcores were the result of intensive reduction of this non-local 

stone utilizing the flat-faced blade, subconical, or amorphous flake core method, while others 

were merely the reduction of smaller non-local nodules through the wedge-like or lenticular 

strategy, both new reduction methods. A similar scenario applied to bipolar cores consisting 

mainly of exotic raw material types, some were the outcome of continued reduction of 

subprismatic blade cores whereas others were small nodules with bipolar reduction resulting in a 

lenticular core type. However, a few flat-faced microcores were altered late in core reduction 

forming the wedge-like microcore, a critical point discussed further below. Furthermore, the new 

core techniques were primarily utilized to knap non-local high- quality stone with bipolar cores 

in the residential base site of Priiskovoe and microcores in camp settings in residential base 

layers at Chitkan (layer 2 zones 2, 3, 4).  

Blank selection for tool manufacture of local stone at campsites occurred at various 

stages during core reduction, whereas with non-local material selection it typically happened 

relatively late during core reduction (Figure 6.53). Flakes of local raw material were 

preferentially utilized for side scrapers, notches, denticulates, retouched flakes, mixed tools, 

burins, and some end scrapers (Table 6.55 and Figure 6.56) whereas some perforators and end 

scrapers were fashioned from blades. However, flakes of non-local raw material types were 

utilized to manufacture raclettes, other tools, wedges, knives, burins, notches, mixed tools, 

retouched flakes, and denticulates whereas the fewer blades that were present provided blanks 

for retouched blades, end scrapers, side scrapers, and burins. Microcores and small tool blanks 

consisted of non-local stone within tool types utilized to manufacture or maintain armatures such 

as burins, wedges, notches, retouched flakes (see Figure 6.35)  

In residential base situations at Priiskovoe, core reduction centered on reducing local raw 
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materials through flake cores, however the bipolar technique and, in some instances, microcores 

were utilized to reduce small non-local raw material. Selection of tool blanks of local stone 

occurred during the initial reduction stage, but more so late in the sequence (Figure 6.54). These 

pieces were typically flakes primarily used for side scrapers, end scrapers, retouched flakes, 

denticulates, and truncated pieces (Table 6.55 and Figure 6.56). At Chitkan residential base 

layers, nearly all reduction was of non-local raw material types utilizing flake, blade, microcores, 

and bipolar cores. Preferred tool blanks of non-local stone types were flakes chosen after cores 

were reduced considerably and were subsequently used as notches, burins, perforators, mixed 

tools, wedges, and retouched flakes. Blades were formed from non-local raw material and were 

used for some end scrapers as well as all retouched blades. Similar to campsites, bipolar cores 

and some microcores of non-local raw material were utilized to produce small tool blanks 

including burins, wedges, notches, retouched flakes (see Figure 6.35) for the manufacture of 

inset tools utilized at camp sites. 

Finally, during the LUP many of the same core reduction methods were retained from 

previous time periods predominately in the form of amorphous flake and flat-faced flake and 

blade types (Figure 6.53). Lenticular bipolar cores, found in abundance at LUP sites were likely 

the result of reducing small nodules of non-local raw material through a procedure present during 

the MUP, however in most cases microblades were removed. A somewhat revolutionary core 

type to emerge during the LUP was that for producing microblades. Microblade cores were 

chiefly composed of wedge-shaped and wedge-like forms. Both of these core types were a 

continuation of the reduction of larger blade and flake cores of various types, a characteristic also 

found in small cores during the MUP. Cores of various forms may have been kept readily 

available to provide an assortment of sizes of flakes and blades for immediate tool needs, 
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although batches of both larger flakes and blades as well as small sizes, including microblades, 

could have been produced possibly reducing a larger sized core to a micro-sized core in one 

sitting, thus tool blanks could be available when needed. A brand new technique of transforming 

larger core types to cores specifically for the production of microblades proliferated during the 

LUP. After two to three rotations two flakes (ski-spalls) were removed perpendicular to each 

other and parallel to the platform edge thus forming the new platform and flaking surface of the 

freshly formed wedge-shaped core, or were utilized as cores themselves. These blanks were 

removed late in core reduction.  

In general, tool blank selection occurred in the final stages of core reduction regardless of 

raw material location, however some local raw material types were selected during cortex 

removal (Figure 6.54).  Flakes produced from local raw material types were the preferred tool 

blank for side scrapers, and truncated pieces (Table 6.55 and Figure 6.56). Non-local blanks were 

more varied as flakes were favored for end scrapers, burins, and wedges, blades for perforators 

and retouched blades, and microblades. Apparently, the sole purpose of microblade production 

was to armor hunting weapons in the form of inserts. 

 Microblade technology was an innovative technique for removing small pieces for 

armatures not found during any other time period, or was it? Comparisons of microcores and 

microblade cores reveals that pieces detached from microcores were, in fact, larger than 

microblade cores (weight:F=17.797, df=1, p-value<0.001)(maximum linear dimension: F=5.532, 

df=1, p-value<0.05) (maximum flake length*width: F=23.904, df=1, p-value<0.001)(Figure 6.57 

and Table 6.56). Another key difference between the two core reduction strategies was the extra 

step of creating a new platform and front, in essence over-hauling the core form, from which 

microblades were produced (Figure 6.58). Microcores, on the other hand, were typically just 
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smaller versions of larger blade cores without any morphological changes. The key difference 

between many microcores and microblade cores lies in core preparation. Microcores continued 

reduction within the larger core type trajectory, and were thus overall quite variable, typically 

with removals from the the sides of cores. An extra step , in the form of ski spall removal,  was 

incorporated to prepare flake and blade cores for microblade production from the end of the core.  

 

 
Figure 6.57 Size comparisons of microcores and microblade cores. Data values from Table 6.53. 
 

Table 6.56 Size Comparisons of Microcores and Microblade Cores. 
 maximum linear dimension (mm) weight (g)  maximum detached piece length*width 

Mean 19 38 499  
N 19 19 16  

microcore 

sd 11 10 361  
Mean 7 32 101  

N 22 22 21  
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sd 5 9 88  
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Figure 6.58 Comparison of MUP microcores (top) to LUP microblade cores (bottom). MUP 
microcores: wedge-like microcore (a)(Chitkan layer 6) (b) (Kunalei), lenticular microcore (c) 
(Chitkan layer 2 zone 4), flat-faced microcore (d) (Chitkan layer 5), subconical microcore (e) 
(Kunalei), amorphous microcore (f) (Melnichnoe 2). wedge-like microcore (g) (Kunalei), 
lenticular microcore (h) (Melnichnoe 2), wedge-like microcore (i) (Priiskovoe) LUP microblade 
cores: wedge-shaped microblade (j) (Ust’ Menza 1 layer 20) (k) (Studenoe 2 layer 5), (l) 
(Studenoe 1 layer 15), (m) (Studenoe 2 layer 5),  (n) (Studenoe 2 layer 4/5), (o) (Studenoe 2 
layer 5), wedge-like microblade (p) (Ust’ Menza 2 layer 22), (q) (Studenoe 2 layer 4/4), (r) 
(Studenoe 2 layer 4/5), ski-spall (s) (Ust’ Menza 1 layer 20) (t) (Studenoe 2 layer 5).  
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However, a few wedge-like microcores underwent a less involved mutation of one core type to 

make another. Some flat-faced blade cores were rotated so that the previous platform now served 

as the core face and the core face was now the platform providing a similar morphology, in terms 

of platform and core face placement, as wedge-shaped microblade cores. These cores were now 

end struck with flake and blade removals from the ends rather than side struck with removals 

from core sides. However, the “wedge” area of the new core was relatively flat. This may have 

been an innovation that was the progenitor to the wedge-shaped core. Furthermore, although 

detached pieces from microcores were not exclusively utilized as weapon inserts, they were 

restricted to a variety of tools to manufacture composite tools, possibly including inserts in the 

form of retouched flakes, and to campsites where this type of activity was prominent. Microcores 

were also less regularized in the control of flake and blade detachments than blades from more 

isolated platforms on microblade cores. There may also have been differences in methods of 

detachment. Blades from microblade cores were likely detached by pressure or utilizing a punch, 

and many of the cores found in assemblages had evidence of crushing along the keel of the 

wedge (N=12, 57%) likely from resting on some sort of hard surface (anvil, crutch?) during 

microblade detachment. A few microcores (N=5, 23%) also have crushing along the surface 

opposite of platforms indicating a similar kind of technique of resting the core on a hard surface 

was present during the MUP, however it is unclear whether flakes and blades were detached 

through percussion or pressure flaking.  

In conclusion,  the abundance and location of raw material as well as amount of risk 

associated with forager strategies could have well influenced the choices of various techniques 

for the production and selection of  blanks based on tool needs. At the EUP residential base local 

stone proved adequate and plentiful to provide foragers with tools in  a relatively low risk 
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environment. Foraging strategies changed during the MUP which were reflected in two 

permutations of raw material resource use. As in the previous time period, toolstone present in 

and around the residential base site of Priiskovoe, an earlier MUP site, were sufficient to supply 

people with the tools they needed again in a setting where resource risk and time stress proved to 

be low. Residential base layers at Chitkan (layer 2 zone 2, 3, and 4) dating to the LGM may 

represent changing land-use strategies in a high risk environment where nearly all tools were 

supplied by non-local raw materials with few tools supplied by local stone sources, as well as 

differences in on-site tasks represented by little resource processing and more emphasis on tool 

manufacturing.  A different strategy was employed at campsites where risk was high. Foragers 

relied on local stone for some of their tool needs, mostly in the form of processing tools, while 

hunting tools, implements associated with greatest amount of risk, were supplied by high quality 

raw materials imported to sites. This trend was magnified within the LUP residential base sites, 

again a situation with high risk, where a diverse array of high-quality exotic raw material 

supplied foragers with most of their tool needs, while stone found at sites was relied upon only 

for some processing needs. The MUP and LUP is probably the scene in which the introduction of 

a new technology took place with an increased use of insets for spears cast by a spear thrower 

and possibly the bow and arrow. While these trends are striking, it is necessary to look to other 

types of evidence to fully understand how these tool makers took advantage of different aspects 

within the tool system, subjects that are the explored in the next chapters.  
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CHAPTER SEVEN  

LITHIC RAW MATERIAL PROVISIONING STRATEGIES 

Toolstone management was of great concern for foragers who could choose various 

permutations for organizing its flow and maintenance within and between sites. Some factors 

associated with the utilization of lithic raw materials include its abundance and availability, the 

movement of foragers on the landscape relative to placement of lithic raw materials, and the 

amount of resource scheduling and risk associated with foraging behavior. The manner in which 

lithic raw materials were consumed and transported across the landscape by hunter-gatherers was 

dependant upon costs associated with keeping toolstone on hand when needed. This chapter 

dissects the intricate relationships of raw material exploitation and transport of toolstone and the 

movement of hunting and gathering peoples during Upper Paleolithic period in the Transbaikal 

region. 

Factors associated with each issue, one of controlling the transport of raw material 

between foraging locations and from lithic sources and the second of managing the rate at which 

this stone was used up, require different sets of data. Consumption of raw material is derived 

from quantitative measurements from the cores, tools, and debitage, while mapping raw material 

transport patterns is obtained from the quantification of raw material types and the distribution of 

artifacts within these types, both factors explored in this chapter.  

The basic premise guiding the management of toolstone lies in whether abundant 

adequate raw materials were readily available to foragers. If toolstone was readily available then 

the costs of keeping it on hand were low and there should be little effort in managing its 

consumption. Conversely, if toolstone were difficult to obtain then the stress of keeping raw 

material readily available was high, subsequently the costs associated with it were high, and the 
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efforts to conserve it would also be high. These principles are applied to the study assemblages 

to explore variations in how the toolstone was kept in supply during the various time periods of 

the study assemblages.  

Raw Material Utility 

 How lithic raw materials were consumed provides evidence about the relative abundance 

or scarcity of certain raw material types within foraging systems during various time periods. If 

residential mobility was low and an adequate quality local lithic raw material types were 

available for manufacturing tools, these types should be consumed more than non-local stone. 

Inversely, more utility should be extracted from non-local stone and less from local types if 

residential mobility was high. Similarly, both of these scenarios should come into play within a 

foraging pattern that utilizes a residential base and extraction site pattern. Use of non-local raw 

materials should be high at campsites, while the residential base sites should have lower rates for 

non-local materials and higher rates for local stone. Within the study assemblages, raw material 

consumption was analyzed for various stages of toolstone reduction including core reduction, 

blank production, and tool use to provide an understanding of how raw material was managed 

throughout the reduction system.  

Comparisons of Core Utility Across Time  

  As core reduction proceeds more value is extracted from lithic raw materials, therefore 

the degree to which a core is used up signals the amount of utility that a knapper procured from 

it. As such, utility can be measured in terms of core rotations, sizes, and the level at which these 

sizes were standardized.  

Core Rotations. Since the amount a core was rotated serves as a proxy for how much core 

reduction ensued, the number of times a core was turned also reveals how much a core was used 
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up. In this manner, comparisons of cores of differing raw material types revealed how much 

overall utility was extracted from each during core reduction. However, some cores are not 

turned to set up a new platform, but existing platforms are rejuvenated as in the case of wedge-

shaped microblade cores where there is generally one platform. In Chapter 6, percentages of 

cores within each core rotation for local and non-local stone types were calculated when event-

trees of core reduction were constructed for each time period, and provide the raw data for this 

analysis. Figure 7. 1 and Table 7.1 map the relative percentages of cores found in relation to the 

number of times a core is rotated. Simplifying the data into early (0-1 core rotation) and late (2-4 

core rotations) stages of reduction revealed that EUP assemblages had the greatest percentage of 

local raw material cores showing late stages of core reduction. Amounts then decreased from the 

MUP camp assemblages to the LUP and MUP residential bases. Turning to non-local raw 

materials, LUP residential bases had the highest utility measures with MUP camps sites close 

behind. Cores from EUP residential bases were the least exhausted. Confounding the data, 

however, is the fact that microblade cores and some microcores were actually the result from a 

second round of core rotations. Doubling core rotations for microblade cores and a few 

microcores, including only wedge-like flat-faced cores, provided a rough estimate of the second 

reduction phase after four core rotations whose previous rotations were masked by subsequent 

turns (Figure 7.2 and Table 7.2). Although this was not an exact method, it does illustrate that 

utility extracted from non-local raw materials was extremely high at LUP residential base sites 

and fairly high at MUP campsites. 
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Figure 7.1 Core rotations for local and non-local raw material by time period and site type. Data 
values shown in Table 7.1. 
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Table 7.1 Core Rotations of Local Raw Material by Time Period and Site Type. (local: 

χ2=19.270, df=12, p-value>0.05) (non-local: χ2=15.883, df=12, p-value=0.05) 
Local Raw Material 

Core rotation  EUP residential base MUP residential base MUP camp LUP residential base Total 
N 39 20 16 20 95 0 
% 36 27 33 50 35 
N 36 40 21 13 110 1 
% 34 55 43 33 41 
N 25 8 7 6 47 2 
% 23 11 14 15 18 
N 6 3 3 0 11 3 
% 6 4 6 0 4 
N 1 2 2 1 5 4 
% 1 2 4 3 2 
N 107 73 49 40 269 Total 
% 100 100 100 100 100 
N 32 13 12 7 64 Total of 2-4 

rotations % 30 18 24 18 24 
Non-local raw material 

Core rotation  EUP residential base MUP residential base MUP camp LUP residential base Total 
0 N 6 5 4 5 19 
 % 55 29 19 14 24 

1 N 3 5 5 13 25 
 % 27 29 24 35 31 

2 N 2 3 6 11 21 
 % 18 18 29 30 26 

3 N 0 4 6 5 14 
 % 0 24 29 14 17 

4 N 0 0 0 3 2 
 % 0 0 0 8 3 

Total N 11 17 21 37 81 
 % 100 100 100 100 100 

N 2 7 12 19 40 Total of 2-4 
rotations % 18 41 57 51 49 
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Figure 7.2 Expanded core rotations for non-local raw material by time period and site type. Data 
values shown in Table 7.2. 
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Table 7.2 Expanded Core Rotations for Non-local Raw Material by Time Period and Site Type. 
(χ2 =30.440, df=18, p-value<0.05) 

Core rotations  EUP residential base MUP residential base MUP camp LUP residential base Total 
N 6 3 3 5 16 0 
% 55 18 14 14 20 
N 3 5 5 8 19 1 
% 27 29 24 22 24 
N 2 4 5 8 20 2 
% 18 24 24 22 25 
N 0 5 3 0 8 3 
% 0 29 14 0 10 
N 0 0 4 9 11 4 
% 0 0 19 24 14 
N 0 0 1 5 5 6 
% 0 0 5 14 6 
N 0 0 0 2 2 8 
% 0 0 0 5 3 
N 11 17 21 37 81 Total 
% 100 100 100 100 100 
N 0 0 5 16 21 Total of 4-8 

rotations % 0 0 24 43 26 
 

LUP residential base sites exhibited the highest core utility rates for non-local raw 

materials and one of the lowest for local stone, conversely EUP residential base site had 

relatively high utility rates for local stone and the lowest for non-local raw materials, scenarios 

that fit the foraging model. MUP sites, however, are not as simplistic in their explanation. Core 

utility estimates of local raw materials were low for local and fairly high for non-local stone 

within MUP residential base assemblages whereas camps showed slightly elevated values for 

local types and high rates for non-local types. These patterns were revealed in other utility 

measures therefore discussion about how they relate to foraging predictions is presented at the 

end of the section.  

Size. Core size based on raw material source location was also an indicator of core 

consumption where presumably more utility was extracted from smaller sized cores. A 
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comparison of core sizes by raw material source location accounted for the differential nodule 

sizes found in the study area. Local raw material types were the smallest at EUP residential 

bases, with increasing sizes from MUP residential base sites, to MUP camp sites, with the largest 

found at LUP residential base assemblages (weight: F=8.372, df=3, p-value<0.001) (maximum 

linear dimension: F=10.906, df=3, p-value<0.001) (Figure 7.3 and Table 7.3). Conversely, the 

largest cores of non-local raw materials were found in EUP residential base assemblages 

(weight: F=18.619, df=3, p-value<0.001) (maximum linear dimension: F=14.484, df=3, p-

value<0.001). Sizes of non-local stone types do not vary much between MUP residential base, 

MUP camp, and LUP residential base sites, however the smallest sizes, especially in terms of 

weight, were found during the LUP. These are patterns that follow expectations about mobility 

and site use, or could reflect that readily available supplies were dwindling. 

 



 301 

 
Figure 7.3 Mean core sizes for local and non-local raw material types by time period and site 
type. 
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Table 7.3 Core Sizes of Local and Non-local Raw Materials by Time and Site Type. 
 Local Raw Material (N=268) Non-local Raw Material (N=85) 

 weight(g) 
maximum linear 
dimension(mm) weight(g) 

maximum linear 
dimension(mm) 

Mean 297 88 122 69 
N 107 107 11 11 

EUP residential 
base 

sd 259 23 101 16 
Mean 415 97 24 42 

N 73 73 17 17 
MUP residential 

base 

sd 374 36 25 17 
Mean 502 114 24 40 

N 45 45 21 21 
MUP camp 

sd 455 45 28 13 
Mean 614 118 15 34 

N 40 40 37 37 
LUP residential 

base 

sd 484 42 24 15 
 

Standardization. Morphological comparisons in terms of size and shape can provide 

some insights into core standardization. A more regular core morphology allows for more 

efficient use of raw material, therefore a knapper might standardize core forms within the 

population in an attempt to extract more raw material.  Morphological comparisons of cores were 

made through the ratio of length/width plotted against thickness to determine core type (Figure 

7.5). Since core type was correlated to raw material source location where local stone comprised 

the majority of flake and blade cores with non-local toolstone consisting of mostly microcore, 

bipolar core, and microblade cores (χ2 =171.060, df=4, p-value<0.001)(Figure 7.4), core 

standardization was evaluated in terms of stone source location for each time period (Figure 7.5).  

EUP residential base cores were the most variable in morphology, with blade cores more 

tightly clustered than flake cores. This may be due to the fact that cores of local raw materials 

were found within several different stages of reduction as described in Chapter 6. Furthermore,  
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Figure 7.4 Core type by raw material source location for all cores. 
 

there was no size correlation between core type and raw material source location (χ2 = 3.164, 

df=1, p-value>0.05) nor were there tighter clusters based on raw material source location. 

Tighter clusters of all core types appeared within MUP residential base and camp and LUP 

residential base assemblages. Even though flake cores were predominately made from local raw 

material types at these sites their sizes were less variable than during the EUP. This phenomenon 

is likely due to the fact most cores were found within the very first reduction stages at MUP and 

LUP sites, thus sizes were regularized by the nodule, whereas local raw materials underwent 

more reduction at the EUP site, thereby increasing variability between several reduction stages. 

The tightest clusters within MUP residential base assemblages occur within blade and bipolar 

cores with microcores having a wider distribution. The highest core standardization overall was 

found within microcores at MUP campsites. Although microblade cores were tightly clustered 

they consisted of both wedge-shaped cores on core blanks as well as wedge-like cores made 

from flakes, a factor that augmented shape differences. Finally, bipolar cores were highly 

standardized at LUP residential bases.  
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Figure 7.5 Standardization in terms of length*width plotted against thickness for core types by 
time period and site type.
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Clearly, at the EUP residential base site raw source material location did not affect the 

level of core standardization. Raw material source location began influencing core 

standardization during the MUP, especially at campsites with the reduction of non-local stone as 

microcores and at residential bases with blade cores and bipolar cores, and continued into the 

LUP residential base sites at somewhat lower levels within microblade cores of exotic raw 

material. 

Core Utility and Foraging Behavior. Although sizes of non-local raw materials were 

similar during the MUP and LUP, and MUP microcores were more standardized, microblade 

technology utilized more raw material in terms of placement within the reduction continuum 

(core rotations) within LUP assemblages. Similarly, at these sites local raw material types were 

the least consumed in terms of their sizes and placement within the reduction continuum. In 

contrast, the EUP residential base site displayed a high utility rate of local stone with the smallest 

sizes, high percentages of cores late in reduction, and because of this, the most variable core 

forms, and the lowest utility values for non-local raw materials. LUP and EUP residential base 

assemblages appear to have contrasting strategies of raw material utilization in terms of core 

utility where the EUP assemblages follow a pattern of relatively long-term site use (provisioning 

places with raw material) whereas the LUP core population demonstrated a configuration of a 

short-term use of a residential base (provisioning people with stone). MUP sites contained a 

varied assemblage in terms of core utility because two types of foraging systems likely produced 

the assemblage. Comparisons of the foraging system during the MUP revealed that at residential 

base sites core utility was relatively low for local and non-local raw materials whereas utility was 

high for local and non-local stone at campsites. Foragers were intensively utilizing both raw 

material brought with them as well as that on location at camp localities, whereas extracting high 
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utility values from local raw materials and to some extent non-local material, as related to cores, 

was not as great of a concern in the residential base setting. 

Efficiency of Blank Production 

Edge Length to Flake Mass Ratio (EL/Mass). The Edge Length to Flake Mass Ratio 

(EL/mass) measures the efficiency in which the core mass is converted to usable flake edges 

(Braun 2005; Braun and Harris 2003; Mackay 2008). If residential mobility was low there should 

be no attempt to maximize non-local types of stone whereas if residentially mobility was high or 

camps were occupied for short durations non-local materials should exhibit higher rates of raw 

material utility. The focus of the following discussion is on non-local raw materials since they 

tend to be most sensitive to these factors. EL/mass estimates followed Mackay’s (2008) highly 

precise method of converting flake dimensions into edge length estimates where: 

 Edge length = length + maximum width + maximum linear dimension 

Edge length was then divided by flake mass (EL/mass) expressed as mm/g.  Higher EL/mass 

values indicate that longer cutting edges in mm were obtained per gram of raw material.  

Overall, EL/mass values increased over time for detached pieces and tools of both local 

and non-local (Figure 7.6 and Table 7.4). During all time periods EL/mass values were 

significantly higher for non-local than local raw material types with a spike during the LUP. 

(Figure 7.6 and Table 7.4). Examining difference in EL/mass values by type of detached piece in 

addition to raw material type reveals that some reduction sequences produced detached pieces 

with higher values than others.  

During the EUP non-local raw materials averaged 20,000 mm of cutting edge for 100 g 

of stone, whereas local stone gave 13,000 mm of cutting edge for the same amount (Figure 7.6 

and Table 7.4). Surprisingly, flakes produced during the EUP had higher values than blades,  
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Figure 7.6 EL/mass of unmodified detached pieces and tools by raw material source location of 
various site types and time periods. (local; F=48.76, df=3, p-value<0.001; non-local: F=42.74, 
df=3, p-value<0.001) 
 
 
 
Table 7.4 EL/mass of Unmodified Detached Pieces and Tools by Raw Material Source Location 

of Various Site Types and Time Periods. 
 EUP 

residential 
base 

(F=5.592,df
=1, p-

value<0.05) 

 MUP 
residential 

base 
(F=28.070,df=

1, p-
value<0.001) 

 MUP camp 
(F=17.328,df

=1, p-
value<0.001) 

 LUP 
residential 

base 
(F=71.946,df

=1, p-
value<0.001) 

 

 local Non-
local 

local Non-
local 

local Non-
local 

local Non-
local 

Mean 12.53 20.02 15.74 24.79 20.21 29.74 55.37 130.94 
sd 10.55 22.20 18.13 18.22 17.89 17.77 89.26 149.85 
N 180 15 323 174 327 75 357 484 

 
 

especially those of non-local raw materials (Figure 7.7 and Table 7.5). MUP assemblages 

showed higher EL/mass values for all types of raw material than the EUP (Figure 7.6 and Table 

7.4), but raw material was more efficiently converted to cutting edges at campsites. MUP 

residential base assemblages averaged 16,000 mm/100 g of local stone with the highest rates 

found within blades and 25,000 mm/100 g of non-local raw material with the highest conversion 

rates found within flakes (Figure 7.7 and Table 7.5). At MUP camp sites detached pieces and 
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tools from MUP campsites had higher values of both local (20,000 mm/100g) and non-local 

(30,000/100g) raw materials. Again, flakes of non-local stone had the highest EL/mass values 

whereas blades had the highest values for local stone types. Flakes produced using the bipolar 

technique were variable with low values in residential bases and a high value in campsites, 

possibly reflecting the irregularities of the bipolar technique for reducing nodules. Non-local 

detached pieces weighing less than 36 g, detached pieces that may have been produced from 

microcores, averaged 28,000 mm of cutting edge for 100 g of lithic raw material, slightly less 

than all non-local flakes.  Conversion of stone to cutting edges soared during the LUP, especially 

within non-local raw material types (Figure 7.6 and Table 7.4), with microblades usurping most 

of this variability. Microblade technology of the LUP was highly efficient at converting raw 

material to cutting edges (Figure 7.7 and Table 7.5), with roughly 329,000 mm of cutting edge 

produced from 100 g of non-local stone. This same type of efficiency was not duplicated within 

the blade (30,000 mm/100g) or flake (36,000 mm/100 g) population of non-local materials. 

Perhaps the utility for highly efficient use of raw material during manufacture of microblades 

was due to their relatively expedient nature of use. Rarely were microblades found that had 

evidence of retouch or in a form of a more formalized type of tool likely due to their size and 

possibly limited their function, therefore their utility for reuse was low. Similarly, if microblade 

size constraints were narrow numerous microblades produced may not have been “usable”. 

Larger blades or flakes, on the other hand, had more utility for future use as they were found in 

many tool forms and had more potential to be resharpened and reused.  
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Figure 7.7 Comparisons of EL/mass of various types of detached pieces by raw material source 
location of site types and time periods. 
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Table 7.5 Comparisons of EL/mass of Various Types of Detached Pieces by Raw Material 
Source Location of Site Types and Time Periods. 

  flakes blades bipolar microblades statistic 
Mean 13.54 10.93   
s.d. 11.50 8.7   

local 

N 110 70   

(F=2.649,df=1, p-
value>0.05 

Mean 28.59 7.18   
s.d. 25.43 3.88   

EUP 
residential 
base 

non-local 

N 9 6   

(F=0.98,df=1, p-
value>0.05) 

Mean 15.71 18.57   
s.d. 18.04 27.50   

local 

N 323 4   

(F=0.286,df=1, p-
value>0.05) 

Mean 25.37 22.48 16.01  
s.d. 18.55 17.02 5.56  

MUP 
residential 
base 

non-local 

N 144 28 2  

(F=0.526,df=2, p-
value>0.05 

Mean 20.03 23.93 82.87  
s.d. 17.8 19.77 *  

local 

N 312 15 1  

(F=0.679,df=1, p-
value>0.05) 

Mean 25.95 24.21   
s.d. 18.25 13.15   

MUP 
camp 

non-local 

N 69 5   

(F=0.512,df=2, p-
value>0.05) 

Mean 36.13 29.65  295.51 
s.d. 41.63 25.33  151.93 

local 

N 308 22  27 

(F=261.200,df=2, p-
value<0.001) 

Mean 44.31 38.73  329.37 
s.d. 42.03 29.88  114.12 

LUP 
residential 
base 

non-local 

N 290 46  148 

(F=823.758,df=2, p-
value<0.001) 

 

Comparisons of Tool Utility 

Once a blank has been selected it holds a certain amount of potential raw material that 

can be exploited by the tool maker/user that can be evaluated in several manners. There are 

various types of “potential” raw material bound up within a tool blank that can be exploited by 

the tool user and measured (Eren and Prenergast 2009; Eren and Sampson 2009; Shott and 

Weedman 2007), therefore it is advisable to incorporate several of these since there is no index, 

as of yet, that can reliably characterize the multidimensional exploitation of tool utility. This 

study included the amount of cutting edge exploited measured as Retouch Perimeter Index (RPI) 

(Hiscock and Attenbrow 2003, 2005), the amount of cutting edge exhausted measured as 

Retouch Invasiveness Index (RII)(Clarkson 2002), and the amount of raw material lost on a tool 
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measured as Estimated Retouch Percentage (ERP)(Eren et al. 2005) (see Chapter 5 for specifics 

of calculating indices). As these retouch indices are essentially quantifying different attributes of 

retouch on a tool, burins cannot be measured using estimates of RII as edge angles are created 

from detaching a piece parallel rather than perpendicular to the tool edge, nor of RPI as large 

portion of the edge may be truncated by the burin removal. Although the ERP is an appropriate 

measure for burins, burins were excluded from this analysis to enable comparisons of the three 

retouch indices. This analysis only includes tool made on flakes, blades, or microblades, even 

though expected retouch amounts are low for microblades, excluding choppers (N=2), a rabot 

(N=1), wedges (N=23) and bifaces (N= 9). 

Overall, tool utility was a dynamic and slightly messy calculation across time periods 

(Figure 7.8 and Table 7.6). Generally, RPI and RII increased and ERP decreased over time for 

non-local raw materials. For local raw materials, all indices were average during the EUP, 

decreased at MUP residential bases, were highest at MUP camps, and decreased again at LUP 

residential bases. During the EUP local raw material had more retouch on the perimeter (RPI) 

than non-local raw material, however non-local raw material exhibited slightly greater retouch 

invasiveness (RII) and amount of raw material lost (ERP). MUP assemblages varied with 

residential bases exhibiting higher retouch indices for non-local raw materials and low amounts 

of retouch for local stone, with the opposite trend at camps having higher or similar retouch 

values of local raw materials than non-local. Tools of non-local raw material found in LUP 

residential bases had higher retouch values than local stone only for retouch invasiveness (RII) 

for all retouch estimates, overall exhibiting high retouch values of RPI and RII, as compared to 

other time periods, however ERP is the lowest measure of all time periods and site types. This 

suggests that retouch measures are not as straight-forward as they may seem as there are multiple 
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factors at work affecting them. 

Conventional retouch indices only calculate the amount of retouch a tool has undergone 

or the amount of the original blank mass lost through tool reduction. These methods allow 

comparisons of tool retouch regardless of tool blank sizes, but what if size or mass of the initial 

tool blank matters? The potential raw material available and that actually utilized may be 

different between a large tool with little retouch and a small tool with retouch over its entire 

surface. It is this potential for use and that which is actually utilized that may also be an 

important component of understanding how raw material was utilized, especially in those such as 

this cases where detached piece sizes vary widely (Eren 2005, Eren and Pendegrast 2008, Eren 

and Sampson 2009, Shott and Weedman 2007). Data from a related experimental study of 

scraper size, raw material durability, and tool efficiency on scraping hard material (Terry et al. 

2009) provides an example, although limited, of how tool size may affect the amount of retouch 

a tool undergoes. In this experiment large scrapers (N=4) and small scrapers (N=4) were 

fashioned from chert and basalt, two of each scraper size, to mimic the types of scrapers found in 

the Transbaikal assemblage in terms of weight and form (Table 7.7). Tool blanks were measured 

for length, width, thickness, weight, and retouch index measurements including RPI, RII, and 

ERP were calculated before they underwent initial retouch shaping of the tool, and at each 

retouch episode after the tool was used to edge exhaustion. In this manner large scrapers and two 

small scrapers underwent two retouch episodes while two of the small scrapers were retouched a 

third time. Only data from the first two-retouch episodes are reported here. Comparisons of mean 

retouch indices of large and small scrapers for each retouch episode indicated that small scrapers  
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Figure 7.8 Comparison of mean retouch indices of all flake tools by time period, site type, and 
raw material source location.  
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Table 7.6 Mean Retouch Indices of all Flake Tools by Time Period, Site Type, and Raw Material 
Location. (RPI local F=3.602, df=3, p-value<0.05; non-local F=0.389, df=3, p-value>0.05) (RII 
local F=0.486, df=3, p-value>0.05; non-local F=2.008, df=3, p-value>0.05) (ERP local F=4.232, 

df=3, p-value<0.001; non-local F=1.424, df=3, p-value>0.05) 
 

 

Table 7.7 Retouch Indices of Experimental Scrapers by Retouch Episode and Total. (RII t=-
3.035, df=14, p-value =<0.05; RPI t=-2.136, df=14, p-value =<0.05; ERP t=-1.333, df=14, p-

value =>0.05) 
 Retouch Episode 1 Retouch Episode 2 Total 

 RII RPI ERP RII RPI ERP RII RPI ERP 
Mean .5937 .7015 .0185 .7187 .7515 .0291 .6562 .7265 .0238 

N 4 4 4 4 4 4 8 8 8 

large scraper (mean=50.5 g) 

sd .1196 .1060 .0202 .0625 .1744 .0177 .1108 .1363 .0185 
Mean .8125 .8937 .0307 .8125 .8495 .0751 .8125 .8716 .0529 

N 4 4 4 4 4 4 8 8 8 

small scraper (mean=8.5 g) 

sd .1250 .1556 .0281 .0721 .1312 .0772 .0944 .1353 .0587 
Mean .7031 .7976 .0246 .7656 .8005 .0521 .7343 .7990 .0384 

N 8 8 8 8 8 8 16 16 16 

Total 

sd .1628 .1605 .0236 .0801 .1522 .0573 .1280 .1511 .0447 
 

 

 

 

 EUP residential base 
(RPI: t= 0.877, df=69, p-
value>0.05; RII:  t= -
0.805, df=69, p-
value>0.05; ERP:  t= -
0.729, df=69, p-
value>0.05) 

MUP residential base (RPI: 
t= -1.555, df=110, p-
value>0.05; RII:  t= -2.217, 
df=110, p-value<0.05; 
ERP:  t= -0.853, df=110, p-
value>0.05) 

MUP camp (RPI: t= 2.30, 
df=97, p-value>0.05; RII:  
t= -1.285, df=97, p-
value>0.05; ERP:  t= 
1.274, df=97, p-
value>0.05) 

LUP residential base 
(RPI: t= 0.644, df=97, p-
value>0.05; RII:  t= -
2.256, df=97, p-
value<0.05; ERP:  t= 
0.775, df=97, p-
value>0.05) 

Local 
 mean  

RPI 
Mean 
RII 

mean 
ERP 

mean  
RPI 

Mean 
RII 

mean 
ERP 

mean  
RPI 

Mean 
RII 

mean 
ERP 

mean  
RPI 

Mean 
RII 

mean 
ERP 

mean 0.4247 0.6323 0.0568 0.3151 0.6356 0.0460 0.4542 0.7106 0.0966 0.4209 0.6446 0.0489 
N 57 57 57 90 90 90 73 73 73 49 49 49 
sd 0.3470 0.1771 0.0609 0.2069 0.7500 0.0549 0.3266 0.2267 0.1336 0.2950 0.2030 0.0889 
Non-
local 
 mean  

RPI 
Mean 
RII 

mean 
ERP 

mean  
RPI 

Mean 
RII 

mean 
ERP 

mean  
RPI 

Mean 
RII 

mean 
ERP 

mean  
RPI 

Mean 
RII 

mean 
ERP 

mean 0.3384 0.6786 0.0718 0.4072 0.7500 0.0581 0.4376 0.7788 0.0588 0.3844 0.7500 0.0373 
N 14 14 14 22 22 22 26 26 26 50 50 50 
sd 0.2396 0.2486 0.0965 0.3796 0.2773 0.07758 0.2854 0.2482 0.2482 0.2677 0.2580 0.0483 
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reached higher retouch indices more after only two retouch episodes, more quickly than large 

scrapers, and edges were exhausted to the point of not being able to rejuvenate them sooner than 

large scrapers (Figure 7.9 and Table 7.7). Large scrapers were ready for a third retouch episode, 

although the experiment did not warrant further reduction, while only two small scrapers could 

undergo a third retouch episode but with difficulty. Considering large and small scrapers on the 

same retouch continuum, small scrapers would have been considered exhausted earlier than large 

scrapers, undergoing less actual retouch, whereas large scrapers would have been able to 

undergo more retouch and therefore more of the tool would be used up without necessarily 

having higher RPI or RII rates. Therefore, RPI and RII rates do not have a one-to-one correlation 

with the actual mass extracted from a tool.  

In a similar vein, ethnographic studies of scraper reduction by Shott and Weedman 

(2007) found a difference in reduction amount between scrapers of different sizes, in this case 

larger Zucano scrapers underwent more reduction than the smaller tutuma scrapers suggesting 

that the smaller scrapers were used less, but their makers apparently used them until they could 

be used no more. Perhaps different sizes of tools with different uses have very different 

exhaustion points for the task at hand. Small scrapers from the experimental data were to the 

point of exhaustion for the particular task although they were only into the second retouch 

episode, while large scrapers could undergo more retouch episodes before they were exhausted 

from scraping hard material.  

Projecting these ideas onto the study assemblages, small tools of non-local raw materials 

in MUP camp and LUP residential base assemblages may have possessed less overall mass 

reduction measured as ERP than at MUP residential base assemblages because their initial sizes 

were generally smaller (see Table 7.8), but they may have been deemed exhausted for that  
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Figure 7.9 Retouch indices values for experimental small and large scrapers. 
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Table 7.8 Tool Weight (g) of Local and Non-local Raw Material within Assemblages based on 
Time Period and Site Type. 

 

EUP 
residential 

base 

MUP 
residential 

base 
MUP 
camp 

LUP 
residential 

base 

Experimental large 
scrapers (before 

retouch) 

Experimental small 
scrapers (before 

retouch) 
Mean 45.3 90.3 63.48 64.0 68.2 11.5 
N 57 90 73 49 2 2 

Local raw 
material 

sd 36.8 95.4 90.7 85.5 6.0 8 
Mean 26.9 25.14 11.4 7.2 35.5 10.6 
N 14 22 26 50 2 2 

Non-local 
raw 
material 

sd 21.8 26.7 12.0 10.8 25 4.8 

 
Table 7.9 Percentage of Mixed Tools in Assemblages by Time Period, Site Type, and Raw 

Material Location. 
 Local raw material 

N(% of tool assemblage) 
Non-local raw material 

N (% of tool assemblage) 
EUP residential base 2 (0.02) 0 (0.0) 
MUP residential base 0 (0.0) 5 (0.02) 
MUP camp 3 (1.8) 3 (1.8) 
LUP residential base 4 (2.5) 24 (15.0) 

 

particular task earlier with less tool mass lost. At MUP camp and LUP residential bases tools 

were required to work effectively when needed to reduce risk. If edges were exhausted they were 

not functioning effectively, therefore it may have been more beneficial to use new edges rather 

than resharpen exhausted ones. Of course, this is also dependent on how much effort is needed to 

either resharpen an existing tool versus produce a new tool. Furthermore, recycling of tools also 

played a role at LUP residential bases and to a lesser extent at MUP camps, but not as much at 

MUP or EUP residential bases (Table 7.9). Tools at these sites with “exhausted” edges for one 

task or tool type were likely recycled into another fresh edge useful for a different task, thereby 

increasing the use-life or tool utility of the tool without necessarily substantially increasing 

retouch amounts (Amick 2007). At MUP and EUP residential base assemblages tools of non-

local raw material could undergo more reduction because general initial sizes were larger and 

could be reduced more before the tool was deemed exhausted. These relationships are directly 

related to tool portability explored in Chapter 8 and includes the trade-off between tool size, 
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portability, and the amount of utility extracted from a tool. 

Turning to retouch amounts of local raw material types, there was little variation in 

retouch indices through time, except at MUP camps where local raw materials had high amounts 

of retouch in all three indices (Figure 7.10). Based on the afore mentioned experimental study by 

Terry et al. (2009) local raw material should be utilized for large tools that processed relatively 

hard materials because the durability of the local argillite proved much more efficient than more 

brittle chert of non-local origin. Table 7.8 indicated that most of the local raw material tools were 

sizeable. Even though foraging theory predicts that more mobile groups should not use local 

stone as intensively as non-local, in this case the durability of the stone and the large package 

size made it invaluable regardless of foraging pattern. Furthermore, other factors not explored in 

this study may include tool processing needs at work which attributes to the extremely high 

retouch values of local materials at MUP camp sites. 
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Figure 7.10 Comparison of scraping efficiency for small (a) and large (b) chert and basalt 
scrapers (from Terry et al. 2009). (large scrapers t=-3.302, df=6, p=.016; small scrapers t=.46, 
df=8, p=.658)  
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Raw Material Transport 

 The transport of raw material and artifacts over long distances can also illuminate the 

system of supplying raw materials within which foragers were choosing to operate. By exploring 

the relationships of cores, detached pieces, and tools in terms of raw material types a map can be 

constructed of how these raw materials were brought to sites, what occurred on site, as well as if 

and how they were removed from sites. Juxtaposing these relationships with raw material 

consumption patterns can create more meaningful depictions of raw material use. 

Elements of Generalized Nodule Analysis (GNA) developed by Knell (2004) were 

employed to bring to light the transport of lithic artifacts, or raw materials, to and from sites 

during different time periods within the study areas. GNA is a modification of Minimum 

Analytical Nodule Analysis (MANA) that applies refit concepts of MANA at a coarser scale 

within a particular site (Knell 2004). MANA was developed by Larson and Kornfeld (1997) as a 

way to expand concepts of refit studies to assemblages that contained very few artifacts that 

actually conjoined and can be utilized to trace the life-histories of individual pieces without 

actually having refits, considering types of artifacts present and those missing from reduction 

sequences. MANA can only be applied to assemblages that have very tight raw material studies 

in which individual stone nodules are reconstructed. GNA applies the same principles of MANA 

to more generalized versions of lithic raw material at the level of raw material types instead of 

individual nodules (Knell 2004).  Although a myriad of relationships can be analyzed using 

GNA, I was only interested in the frequency of different types of raw materials that were brought 

in and removed from the study site. 

For this study, generalized nodules were identified by grouping artifacts of the same raw 

material type by characteristics of color, inclusions, texture, and cortex. The following analysis 
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was based on comparisons of artifact types, cores, detached pieces, or tools, found within each 

raw material type. Table 7.10 presents definitions of the different types of GAN nodules as either 

transport or production, and various scenarios about inferred movement of artifacts to and from 

sites depending upon the presence or absence of certain types of artifacts (cores, detached pieces, 

or tools). Production nodules represent on-site core reduction and tool production, use, and 

discard, as they are represented by all types of artifacts produced during stone tool reduction 

including cores, detached pieces, and tools. Production nodules may be thought of as lithic raw 

materials brought unmodified to the site where core reduction and tool production ensued. 

Transport nodules represent the movement of previously manufactured artifacts, or previously 

modified raw material, to the site, or on-site production of artifacts that were subsequently 

carried from the site, scenarios in which only part of the reduction sequence is present (i.e. tools 

and flakes, etc.). Other researchers typically attribute transport of raw material only in the form 

of tools or debitage (see Hall 2004; Knell 2004), however, I included cores as well as they were 

likely transferred to new locations, especially in the form of microblade cores. Since I was 

interested in the flow of artifacts to and from sites, production cores only include nodules that are 

represented by cores, tools, and debitage since presumably none of the artifacts left the site that 

we know of, whereas transport nodules include a wide variety of scenarios depicting how 

artifacts entered and left the site.  

During the entire Upper Paleolithic transport nodules (84%) represented most of the 

different types of raw materials present at sites, this is not to say that most artifacts were 

represented by transport nodules as one generalized nodule may yield several, sometimes 

hundreds, to very few artifacts. Most artifacts, on the other hand, were obtained from production 

nodules (66%) whereas transport nodules had fewer (34%). General nodule types, overall, vary  
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Table 7.10 GNA Nodules and Inferred Behavior. 
Nodule 
Type 

Artifacts 
found within 
the nodule 

Transport to site On site behavior Discard Transport off-
site 

Production 
1 

Core, 
debitage, 

tools 

Transport of raw 
material or core to 

the site 

Core reduction, blank 
production, and tool 

reduction on site 

Discard on 
site 

 

Transport 
1 

Tools, 
debitage 

Transport of tools 
or blanks to the site 

(possibly cores) 

Production or 
maintenance of tools on 

site 

Discard of 
tools and 

debitage on 
site 

Possible 
transport of 

cores off-site 

Transport 
2 

Debitage Transport of tools, 
cores, or blanks to 

the site 

Production or 
maintenance of tools on 

site 

Discard of 
debitage on 

site 

Transport of 
tools and 

possibly cores 
off-site 

Transport 
3 

Tools Transport of tools Tool-use on site Discard of 
tool on site 

 

Transport 
4 

Cores Transport of raw 
material or core to 

the site 

Possible core reduction, 
blank production on site 

Discard of 
cores on site 

Possible 
transport of 
blanks and 

tools off-site 
Transport 

5 
Cores, tools Transport of raw 

material, core, or 
tool to the site 

Possible core reduction, 
blank production, and 
tool reduction on site 

Discard of 
cores and 

tools 

Possible 
transport of 

blanks off-site 
Transport 

6 
Cores, 

debitage 
Transport of raw 

material or core to 
the site 

Core reduction, blank 
production, and tool 

reduction on site 

Discard of 
cores and 

debitage on 
site 

 

Transport of 
tools off-site 

 

by raw material source location for the various site types and time periods (Figure 7.11 and 

Table 7.11) especially within transport nodules. The majority of GANs within all time periods 

and site types are represented by the movement of artifacts to or from sites in the form of 

transport nodules, whereas on-site production, represented by production nodules, was more 

uncommon.  We must remember, however, the distance of inferred movement as local stone may 

have only been transported a short distance, whereas non-local raw materials may represent great 

expanses of land.  

Consideration of GAN nodule types by raw material source location provided a more 

detailed scenario of how these stones were utilized and transported both on and off the site 
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location (Figure 7.12 and Table 7.11). As a whole, production nodules of local raw materials 

were highly abundant during all times and at all site types, however, more non-local stone in the 

form of production nodules were found within MUP residential base and LUP residential base 

sites than EUP residential base and MUP camp assemblages. Foragers were manufacturing and 

discarding more local stone on-site at EUP and MUP camps, while an increasing percentage of 

non-local stone was utilized on-site for all stages of tool manufacture and discard at MUP 

residential bases and especially LUP residential base locations. The use of non-local raw material 

types increased within transport nodules over time and varied by site type. These types of 

nodules were least abundant at EUP residential bases, increased within MUP residential base 

assemblages, with still higher percentages at MUP campsites, however, local raw material types 

dominated the entire transport nodule population. A complete reversal was found during the 

LUP. Non-local raw materials were found in greater abundance than local raw material types 

within transport nodules, where artifacts of non-local raw materials in different stages in terms of 

the reduction continuum were transported to and from sites.  
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Figure 7.11 GNA of general nodule types by site type and time period. 
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Table 7.11 GNA of General Nodule Types including all Production and Transport Nodules by 
Site Type and Time Period. 

  Production Nodule  
(nodule type χ2 =3.423, df=3, p-

value>0.05) 
 

Transport Nodule  
(χ2 =37.183, df=3, p-value<0.001) 

 
  Local raw 

material 
Non-local raw 

material Total 
Local raw 
material 

Non-local raw 
material Total 

N 9 3 12 35 9 44 EUP residential 
base % within 

nodule type 75 25 100 80 20 100 

MUP 
residential base 

N 11 4 15 26 14 40 

 % within 
nodule type 73 27 100 65 35 100 

N 12 7 19 56 46 102 MUP camp 
% within 
nodule type 63 37 100 55 45 100 

N 9 10 19 34 78 112 LUP residential 
base % within 

nodule type 47 53 100 30 70 100 

N 41 24 65 151 147 298 Total 
% within 
nodule type 63 37 100 51 49 100 
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Figure 7.12 GAN nodule type of local and non-local raw material by site time and time period.  
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Taking a detailed look at specific nodule types within each time period revealed nuances within 

the transport system of each time period (Figure 7.12 and Table 7.12). During the EUP the 

majority of local and non-local stone transported tended to be in the form of cores or tools. In the 

case of cores, either detached pieces and tools potentially produced from the core were removed 

to another location, or the core was transported to the site and discarded without further 

reduction. Tools were transported in their finished form and discarded on-site. At MUP 

residential bases the majority of local raw material was found within production nodules where it 

was reduced as nodules into cores, blanks, and tools. If local stone was transported to or from the 

site it was done so mostly as cores, tools, or blanks (transport nodule 2- Table 7.10) to the site 

where they were reduced, discarding the debitage, and then cores, blanks, or tools were 

transported off-site. The majority of non-local stone at these sites was brought in the form of 

cores, tools, or blanks, discarding the debitage on-site, and then transporting tools or cores away 

from the site (transport 3).  However a few non-local tools were produced on site and discarded 

(transport 2). A high proportion of non-local raw material also underwent on-site production 

where they were reduced as cores, blanks, and tools (production 1).  

Most raw material of any type was either transported to or from MUP campsites, 

however, there was some reduction of the entire sequence of cores, blanks, and tools on-site. 

MUP camps showed the highest rates of local raw material movement. Local raw materials were 

represented by the reduction of either cores or tools or tools only on-site then transporting them 

to a different location. Tools of local origin were also brought to the site, presumably used, then 

discarded without any tool maintenance. Occasionally, a local core was carried to the site and 

discarded while tools or blanks, if produced, were taken from the source (Table 7.10: transport 

nodules 5 and 6). Non-local raw materials were found in high quantities within transport nodule 
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Table 7.12 GAN Nodule Type of Local and Non-local Raw Material by Site Type and Time 

Period. 
GAN nodule type  

 production 1 
transport 

1 
transport 

2 
transport 

3 
transport 

4 
transport 

5 
transport 

6 
Tot
al 

N 9 4 5 7 14 2 3 44 
% within raw 
material 
location  

20 9 11 16 32 5 7 100 

local raw 
material 

% within 
nodule type 75 100 83 70 82 50 100 79 

N 3 0 1 3 3 2 0 12 
% within raw 
material 
location  

25 0 8 25 25 17 0 100 

non-local 
raw 
material 

% within 
nodule type 25 0 17 30 18 50 0 21 

N 12 4 6 10 17 4 3 56 
% within raw 
material 
location  

21 7 11 18 30 7 5 100 

EUP 
residential 
base 
(χ2 =4.601, 
df=6 p-
value>0.05) 

Total 

% within 
nodule type 100 100 100 100 100 100 100 100 

N 11 4 8 4 5 1 4 37 
% within raw 
material 
location  

30 11 22 11 14 3 11 100 

local raw 
material 

% within 
nodule type 73 80 73 33 83 50 100 67 

N 4 1 3 8 1 1 0 18 
% within raw 
material 
location  

22 6 17 44 6 6 0 100 

non-local 
raw 
material 

% within 
nodule type 27 20 28 67 17 50 0 33 

N 15 5 11 12 6 2 4 55 
% within raw 
material 
location  

27 9 20 22 11 11 7 100 

MUP 
residential 
base 
(χ2 =9.965, 
df=6 p-
value>0.05) 

Total 

% within 
nodule type 100 100 100 100 100 100 100 100 

N 12 15 21 11 7 0 2 68 
% within raw 
material 
location  

18 22 31 16 10 0 3 100 

local raw 
material 

% within 
nodule type 63 79 60 42 64 0 40 56 

N 7 4 14 15 4 6 3 53 

MUP camp 
(χ2 =15.090, 
df=6 p-
value<0.05) 

non-local 
raw 
material 

% within raw 
material 
location  

13 8 26 28 8 11 6 100 
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 % within 
nodule type 38 21 40 58 37 100 60 53 

N 19 19 35 26 11 6 5 121 
% within raw 
material 
location  

9 15 32 24 10 5 4 100 

 

Total 

% within 
nodule type 100 100 100 100 100 100 100 100 

N 9 9 14 6 4 0 1 43 
% within raw 
material 
location  

21 21 33 14 9 0 2 100 

local raw 
material 

% within 
nodule type 47 33 30 29 36 0 20 33 

N 10 18 32 15 7 2 4 88 
% within raw 
material 
location  

11 20 36 17 8 2 5 100 

non-local 
raw 
material 

% within 
nodule type 53 67 70 71 64 100 80 67 

N 19 27 46 21 11 2 5 144 
% within raw 
material 
location  

15 21 35 16 8 2 4 100 

LUP 
residential 
base 
(χ2 =3.530, 
df=6 p-
value>0.05) 

Total 

% within 
nodule type 100 100 100 100 100 100 100 100 

 

2 and 3 categories. Either raw material was brought to the site in the form of cores, tools, or 

debitage, most likely in the form of large flakes, reduced on site, then tools or cores were taken 

from the site, or stone was brought in the form of tools, used on site, then discarded. A fairly 

high amount of non-local raw material underwent production on-site as cores, tools, and blanks 

(production 1), but less than at residential bases during this time. Rarely, non-local raw materials 

were found in the form of transport nodules 1, 4, 5, and 6. On occasion, the following scenarios 

played out within stone of non-local origin. Non-local raw materials were carried to the site in 

the form of cores, tools, or blanks, tools were either produced or maintained then discarded, and 

the core was possibly carried away from the site (transport 1) or raw material was brought on-

site, cores were reduced and tools were produced, and either tools and blanks, tools only, or 

blanks only were taken from the site  (transport 4, 5, 6).  
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On-site core reduction and tool production was low overall during the LUP, however 

non-local raw materials were found in their highest percentage during this time period. More 

stone of non-local origin than any other time was brought to the site to undergo core reduction 

and blank and tool production, then were discarded on-site. Local raw materials of equal 

quantities were also utilized in this manner, likely due to their qualities of durability as discussed 

in the previous section. Most of the artifacts found represented transport nodules, with non-local 

stone dominating the category. The transport scenarios are similar for local and non-local raw 

material types, however exotic stone underwent transport in higher percentages than that of local 

origin. In the majority of cases for both raw material types, cores, tools, or blanks were 

transported to the site where tools were produced or maintained and debitage was discarded on-

site, then tools, cores, or possibly blanks were carried from the site (transport 2). To a lesser 

degree, scenarios for all stone types were characterized by tools, blanks, and possibly cores 

carried to the site, cores were reduced, blanks and tools were produced then discarded on-site, 

while cores could have possibly been transported from the site (transport 1). Or tools were 

brought to sites, used, then discarded on-site (transport 3). Rarely, raw material of local or non-

local origin was brought on-site, cores were reduced and tools were produced, and tools and 

blanks, tools only, or blanks only were taken from the site  (transport 4, 5, 6). The greatest 

difference between the use of raw material by source location during the LUP lies in quantity 

with non-local raw materials dominating toolstone brought to and from sites, while the reduction, 

production, and discard of tools on-site, although was overall represented by fewer nodules, was 

fairly equal in terms of raw material source location. 

Although local raw materials were favored for on-site production of cores, blanks, and 

tools during the EUP and MUP and they were transported either to or from the site more often 
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than non-local types, most of the artifacts of non-local raw material present were transported in 

some manner. This flow of non-local raw materials in the form of cores, tools, and debitage on 

and off of sites considerably increased from the EUP to the MUP, with slightly more movement 

during this time at campsites, and finally the LUP with high rates of artifact transport.  

Utilization of non-local raw materials for on-site core reduction and tool production was 

relatively high at MUP residential bases, and to a lesser extent at camps, then increased 

dramatically during the LUP. Furthermore, within the MUP more non-local raw materials were 

utilized for all stages of reduction from cores to tools at residential bases than at campsites, 

implying that tools of non-local raw material were manufactured at residential bases for use in 

the field at camp sites where cores were reduced presumably to maintain tools. Upon closer 

examination of MUP sites, proportions of production and transport nodules only differed in 

terms of local stone, not in regard to non-local (Table 7.13). Production of tools from local raw 

materials was high at Priiskovoe and extremely low at Chitkan. It appears, then, that the variation 

of extremely high percentages of non-local raw materials found from assemblages within 

residential base layers at Chitkan and low proportions at Priiskovoe (see Table 6.2) were really 

driven by the differential utilization of local material between the two locations. However, this 

relationship was not significant at the 0.05 level. Within camp assemblages, more local 

production nodules were found at Kunalei (Table 7.13), consequently driving the relatively lower 

proportions of non-local stone found in the assemblage (see Table 6.2).  
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Table 7.13 GAN Nodule Types of MUP Sites by Site Type and Raw Material Type. (local χ2 

=7.880, df=4, p-value>0.05; non-local χ2 =8.004, df=4, p-value>0.05) 
Artifact Count  

Local stone (%) Non-local stone (%) 

Site Cultural Layer (site type) 

production transport production transport 

Cultural Layer 2 zones 2, 3, 
4 (residential base) 

1 (1%) 10 (99%) 2 (25%) 6 (75%) 

Expected N 2.4 8.6 1.2 6.8 

Cultural Layer 3, 4, 5, 6, 7 
(camp) 

3 (14%) 8 (86%) 4(33%) 6 (67%) 

Chitkan 
(camp and 

residential base) 
 

Expected N 2.2 7.8 1.5 8.5 
Subhorizon 1-6  8 (24%) 26 (76%) 2(12%) 15 (88%) Kunalei (camp) 

Expected N 7.4 26.6 2.9 16.1 
Cultural horizons 2 and 3 

(likely mixed) 
2 (8%) 22 (92%) 1 (4%) 23 (96%) Melnichnoe 2 

(camp) 
Expected N 5.3 18.7 3.7 20.3 

Cultural horizon 2 10 (39%) 16 (61%) 2 (20%) 8(80%) Priiskovoe 
(residential base) Expected N 5.7 20.3 1.5 8.5 

 
 

The reduction of cores and production of tools of non-local raw materials was greatest 

during the MUP at residential bases, and most abundant during the LUP at residential bases. 

Most artifacts of non-local origin found in LUP residential bases were either carried to or taken 

from the site either as tools, cores, or blanks implying that non-local raw materials moved with 

foragers more whereas local stone was used near the point of origin. 

Summary: Effects of Raw Material Availability and Resource Risk on the Consumption 

and Transport of Lithic Raw Material 

Fusing data from how raw material was consumed with that of how it was transported in 

and out of sites over time clarified seemingly inconsistencies within the data. In sum, during the 

EUP very little effort was made to increase the utility of rare non-local raw materials in terms of 

core reduction, the amount of tool edges extracted from cores, or utility from tools, inferring 

long-term use of the residential base from a location that had adequate and abundant raw 
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material present. Furthermore, local stone was typically reduced on location to provide tools, 

whereas non-local materials, although represented in less quantity than local types, were 

typically transported to or from sites in the form of core, tools, or detached pieces, but were 

rarely represented by the entire production sequence on site. 

During the MUP two very different systems were in place, each represented by a unique 

pattern of raw material utility and a different transport pattern of abundant local raw materials as 

compared to the very small amounts of high quality raw material of non-local origin within 

circulation. At the residential base site of Priiskovoe, local raw materials underwent production 

on-site while non-local varieties were introduced in the form of tools and discarded or reduced 

on-site at both Priiskovoe and Chitkan (layer 2 zones 2, 3, 4). At Priiskovoe this may represent a 

pattern in which non-local tools were manufactured at the residential base, transported to camps 

for use, and were either discarded at camps or were transported back to the residential base 

where they were maintained, discarding exhausted tools on-site. Patterns found within residential 

base layers at Chitkan (layer 2 zones 2, 3, 4), however, may be signaling a more ephemeral 

occupation with little use of local raw material types, differences in activities carried out at sites, 

or more access to high-quality raw materials. Local and non-local raw material types were 

utilized in a more wasteful manner from core reduction and blank production than at camps, still 

tools of non-local raw materials were conserved more than local stone. This relationship makes 

sense if some of these tools represented those transported from campsites to residential base 

locations where they were discarded during retooling. Non-local raw materials were typically 

transported to campsites in the form of cores where they underwent reduction and tool 

production. Both raw material types were economized more at campsites, but not in every 

category. Utility rates of cores, detached pieces, and tools were relatively high for non-local and 
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local raw materials proportional to MUP residential bases. Of the non-local stone present, 

foragers worked to extract as much value as possible at the end of core reduction and blank 

production mainly through microcores and some bipolar cores at campsites, while bipolar cores 

typically were found at residential bases with a few microcores.  

There was a major shift of how lithic raw material was transported and utilized within the 

reduction continuum during the LUP. Non-local raw materials were taken to and from sites in 

large quantities in the form of cores, tools, and detached pieces, but this stone type was also 

brought to sites for core reduction and blank production, as well as tool reduction and discarded 

on site. Local stone was also utilized on site and discarded, however some of it was transported 

either to or from sites. Within LUP assemblages the conservation of stone began with core 

reduction as core utility was high with many cores of non-local materials found in late reduction 

stages. This trend continued through blank production with extremely high E/L mass values of 

microblades, but not within other types of detached pieces. High values were found within tool 

reduction. The main venue for raw material conservation then, began with core reduction and 

especially the production of microblades. Conserving raw materials within core reduction might 

have slightly eased the restrictions on tools. However, because tools were restricted to small 

sizes to increase their portability they likely were exhausted more quickly as edge angles 

steepened rapidly. There was more high-quality non-local material in circulation during the LUP 

than at any other time. Foragers were able to access these types and transported them to sites 

typically as cores for on-site tool production.  

Through this analysis elucidation of several distinct characteristics of the consumption 

and movement of stone over time have emerged, likely tied to alterations in land-use and 

provisioning tactics over time. Although this exploration has broadened the scope of the 
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technological system at play in the Transbaikal during the Upper Paleolithic period, the structure 

of these toolkits is a final critical piece of the system explored in the subsequent chapter. 
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CHAPTER EIGHT 

TOOL PROVISIONING STRATEGIES: ASSEMBLAGE COMPOSITION AND 

TECHNOLOGICAL COMPARISONS 

 Classification of artifacts and delineation of assemblages is a critical first step in any 

archaeological study that focuses on stone tools by allowing comparisons of collections in both 

time and space. For the Transbaikal region, assemblage analysis is the basis for assessing 

temporal variation of forager toolkits throughout the roughly 25,000 years enveloped by the 

Upper Paleolithic period. Additionally, studies incorporating technological organization (e.g. 

Andrefsky 1994a, 1994b; Bamforth 1986; Blades 2003; Bleed 1986; Bousman 1993; Bright et al. 

2002; Clarkson 2007; Collard et al. 2005; Elston and Brantingham 2002; Hayden et al. 1996; 

Kelly 1989; Kuhn 1995; Shott 1986, 1989; Torrence 1983, 1989; Ungan et al. 2003) can provide 

information about how groups organized themselves on the landscape in terms of social and 

environmental variables, key factors in our understanding of the differences between Early 

Upper Paleolithic groups who primarily produced large blades from Levallois-like cores, Middle 

Upper Paleolithic people with smaller flakes and blades, and Late Upper Paleolithic foragers 

who relied on microblade technology (see discussion in Chapter 2). Technological strategies in 

these cases is likely tied into solutions to differing external constraints, both social and 

environmental, and is manifested into different land and raw material use. 

This chapter initially explores the types of tools recovered at various archaeological sites 

during the Early, Middle and Late Upper Paleolithic periods and provides a comparison of them 

in terms of the distribution of tool classes within each period.  It is demonstrated that these tool 

class configurations, and ultimately tool design, are linked to temporally distinct technological 

provisioning tactics and foraging patterns through examination of formal characteristics of tools 
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related to toolkit design elements, most notably relative amounts of artifact diversity, toolkit size, 

and multi-functionality of tools within tool assemblages both through and within various time 

periods. Next, distribution of raw material types in terms of source location within tool classes is 

evaluated as they relate to aspects of tool design, mobility, and evidence of innovation.  

Assemblage Classification, Time, and Mobility Strategy 

 A brief discussion about tool classification and function is warranted as an introduction as 

both are intricately tied to one another in assessments of toolkit design. Historically, classifying 

artifacts to create typologies has been associated with addressing the periodization of the 

archaeological record and the organization of archaeological assemblages into “cultures” (Adams 

and Adams 1991; Andrefsky 2005; Odell 1981). The problems associated with classical views 

about typologies has provided ample material for more recent debates about whether form or 

function is the key difference between artifact assemblages (Binford 1973; Binford and Binford 

1966 Bordes 1961, 1972, 1973; Bordes and de Sonneville-Bordes 1970) and the role of artifact 

use-lives within the typological artifact tool-kit (Dibble 1984, 1987; Gordon 1993; Hiscock 

1996; Hiscock and Attenbrow 2003, 2005; Holdaway et al. 1996; Kuhn 1992, 1995; McPherron 

2000; Neeley and Barton 1994; Rolland and Dibble 1990). As form or function of an artifact 

changes through use and reuse, it can result in a changed appearance of an artifact or an entire 

toolkit. It has become clear that typologies are really the result of complex relationships between 

reduction continuums, function, and their “cultural” expressions by the toolmakers, or even their 

analyzer. Regardless of any of these debates about form and function, detailed assessment of 

assemblages in the form of typologies is a vital tool that allows comparisons of assemblages in 

both time and space and a way for archaeologist to express them to one another.  

 This dissertation takes a functional approach in describing temporal variability between 
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artifact populations by utilizing terminology that considers the shape and edge angle of tools 

(Andrefsky 2005; Odell 1981). For example, scrapers, the largest tool class category, were 

classified as such based on relatively high edge angles that would be most suitable for scraping 

materials. During classification tools were categorized into various types based on schemes 

developed for Middle and Upper Paleolithic periods in Europe (Bordes 1961; de Sonneville-

Bordes and Perrot 1954). These approaches use functional attributes of tools, such as edge angle, 

and retouch type, as well as formal attributes such as shape and size to organize tool classes into 

tool types. Although individual types are reported in this chapter, they will not form the basic 

units within which assemblages are discussed as they are too fine-grained for a more gross 

assemblage analysis for which tool classes, broad categories such as “scraper”, are better suited.   

Tool Assemblage Classification 

 Classification of Upper Paleolithic tool types based on Bordes (1961) and de Sonneville-

Bordes and Perrot (1954) are summarized in Tables 8.1, 8.2, and 8.3. Cores were not included in 

this analysis as they were assessed in Chapter 6, however they will be incorporated into final 

considerations of toolkits drawing from Chapter 6. Typical tool types found within the various 

assemblages are illustrated in Figures 8.1, 8.2, and 8.3. Not surprisingly, there is a trend where 

Middle Paleolithic forms, such as Levallois points and possibly side scrapers, are found within 

Early Upper Paleolithic assemblages. In contrast, Late Upper Paleolithic tool collections are 

characterized only by the diagnostic microblade technology. Middle Upper Paleolithic tool 

assemblages are a bit more a-diagnostic in terms of the presence or absence of specific of tool 

types. Only microblade, rabot, Levallois point, and chopper tool classes were distinctive to 

chronological periods. All of the remaining artifacts occur in all time periods although there are 

differences in percentages with distinctive temporal distributions (Figure 8.4). 
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Table 8.1 Early Upper Paleolithic Tool Types (Tolbaga). 
Tool Type N %  Tool Type N % 

Simple end scraper 9 4.5  Retouched blade: continuous 
retouch on both edges 

3 1.5 

Double end scraper 1 0.5  Aurignacian blade 7 3.5 
Ogival end scraper 1 0.5  Notched piece 20 10 
End scraper on an Aurignacian blade 4 2.0  Denticulated piece 7 3.5 
Scraper-burin 2 1  Wedge 3 1.5 
Perforator 2 1  Side scraper 91 45.3 
Truncation burin 7 3.5  Raclette 5 2.5 
Backed knife 1 0.5  Retouched Levallois point 3 1.5 
Knife on Chatelperronian point 1 0.5  Stemmed piece 1 0.5 
Marginally backed blade- complete 1 0.5  Retouched/utilized flake 12 6 
Marginally backed blade- partial 2 1  Retouch/utilized blade 13 6.5 
Straight truncated piece 1 0.5  Burin with retouch 1 0.5 
Oblique truncated piece 1 0.5  Bifacial foliate 1 0.5 
Retouched blade: continuous retouch 
on one edge 

1 0.5  Total 201 100 

 

Table 8.2 Middle Upper Paleolithic Tool Types (Chitkan, Kunalei, Melnichnoe 2, Priiskovoe). 
Tool Type N %  Tool Type N % 

Simple end scraper 24 6.9  Retouched blades: 
continuous retouch on both 
edges 

2 .6 

End scraper on a retouched blade/flake 2 .6  Notched piece 52 14.9 
Fan-shaped end scraper 6 1.7  Denticulated piece 8 2.3 
End scraper on a flake 7 2.0  Wedge 11 3.1 
Thumb-nail scraper 1 .3  Side scraper 98 28.0 
Carinated end scraper 1 .3  Raclette 3 .9 
Shouldered nosed end scraper 1 .3  Bifacial scraper 3 .9 
Rabot (push plane) 1 .3  Other tools 1 .3 

Scraper-burin 1 .3  Retouched/utilized flake 53 15.1 

Perforator 12 3.4  Retouch/utilized blade 8 2.3 

Dihedral burin 5 1.4  Notch-burin 2 .6 

Truncation burin 31 8.9  Retouched piece-burin 2 .6 

Multiple mixed burin 1 .3  Wedge-burin 4 1.1 

Backed knife 2 .6  Notch-perforator 1 .3 

Straight truncated piece 1 .3  Burin with retouch 1 .3 

Convex truncated piece 1 .3  Bifacial foliate 2 .6 

Double truncated piece 1 .3  Cordiform biface 1 .3 

    Total 357 100.0 
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Table 8.3 Late Upper Paleolithic Tool Types (Studenoe 1 and 2, Ust’ Menza 1 and 2). 
Tool Type N %  Tool Type N % 

simple end scraper 11 6.4  side scraper 18 10.4 
double end scraper 1 .6  raclette 2 1.2 
fan-shaped end scraper 5 2.9  bifacial scraper 2 1.2 
scraper-burin 14 8.1  denticulated blade 1 .6 
perforator-scraper 1 .6  other tools 4 2.3 
perforator-burin 4 2.3  retouched/utilized flake 28 16.2 
perforator 7 4.0  retouch/utilized blade 9 5.2 
dihedral burin 5 2.9  retouch/utilized microblade 12 6.9 
truncation burin 6 3.5  notch-burin 1 .6 
backed knife 2 1.2  notch-scraper 3 1.7 
knife on Chatelperronian point 2 1.2  burin-backed knife 1 .6 
marginally backed blade- complete 2 1.2  notch-backed knife 1 .6 
marginally backed blade- partial 4 2.3  burin with retouch 5 2.9 
oblique truncated piece 1 .6  bifacial foliate 2 1.2 
notched piece 7 4.0  naviform biface 1 .6 
wedge 9 5.2  chopper 2 1.2 
    Total 173 100.0 
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Figure 8.1 Early Upper Paleolithic tools from Tolbaga. 1 side scraper; 2 end scraper; 3 backed 
knife; 4 end scraper (double scraper); 5 end scraper on Aurignacian blade; 6 side scraper 
(alternate scraper); 7 end scraper; 8 double end scraper; 9 perforator; 10 biface fragments; 11 
retouched Levallois point; 12 Aurignacian blade; 13 retouched Levallois point; 14 wedge; 15 
raclette; 16 notch; 17 notch with truncation burins; 18 wedge. 
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Figure 8.2 Middle Upper Paleolithic tool types in campsites (a) and residential bases (b). 1, 14, 
33, 36 truncation burin; 2, 25 wedge; 3, 17, biface; 4, 20, 45 burin with retouch; 5 side scraper 
(alternate scraper); 6, 15, 18, 26, 44, 49, 50, 51, 52 notch; 7, 11 fan-shaped end scraper; 8 side 
scraper (dejeté scraper); 9, 10, 21, 28, 29, 41 simple end scraper; 12, 34, 38, 42, 47 perforator; 13 
wedge; 16 thumbnail end scraper; 19, 24, 30, 31 retouched blade; 22 double truncated piece; 23 
retouched blade with burin; 27 backed knife; 32, 35, 46 dihedral burin; 37 notch with burin; 39 
side scraper (transverse scraper); 40 side scraper (double straight scraper); 48 perforator 
(wedge?). 
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Figure 8.3 Late Upper Paleolithic tool types. 1, 19 side scraper (dejeté scraper); 2, 17, 22 biface; 
3, 4, 5, 11, 14, 24, 25, 30, 31, 38 utilized microblade; 6 burin on backed knife; 7 mixed burin; 8, 
35 notch; 9, 39 wedge; 10, 12, 15, 36 burin on perforator; 13 simple end scraper; 16, 20 fan-
shaped end scraper; 18, 23 marginally retouched blade; 21 side scraper (single convex); 26, 27 
truncation burin on end scraper; 28, 32, 34 perforator; 29, 33 notch with retouch; 37 bifacial end 
scraper; 40 chopper.  
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Figure 8.4 Graph showing cumulative percentages of tool classes of EUP (Tolbaga), MUP 
(Chitkan, Kunalei, Melnichnoe 2, Priiskovoe), and LUP assemblages (Studenoe 1 and 2, Ust’ 
Menza 1 and 2). 
 

 Interpretation of these distributions as shown in Figure 8.4 is summarized using 

correspondence analysis (CA) (Figure 8.5 and Table 8.4 and 8.5). Correspondence analysis is a 

multivariate graphical technique that uses row and column data to reveal relationships between 

data points (Benze´cri 1992; Greenacre 1993), in this case tool classes within a time period 

(EUP, MUP, or LUP). Associations between row and column data are calculated using chi-

squared distances and graphically displayed within two-dimensional space with best-fit lines. 

Many axes (or dimensions) can potentially be produced, however the first two axes (dimensions) 
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usually explain most of the variation between data points (Benze´cri 1992; Greenacre1993; 

Shennan 1997). Interpreting correspondence analysis biplots is straight forward as row and 

column points that are close together are more similar than points that are far apart (Shennan 

1997). Correspondence analysis was conducted using SPSS 17.0 software. This study uses 

symmetrical normalization plots.  

 

 

Figure 8.5 Correspondence analysis biplot of tool classes found in assemblages by time period. 
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Table 8.4 Table of the Percentage of Contributions of each Tool Class and each Time Period to 
the Inertia of each Dimension Comparing Tool Class and Sites by Time Period. 

 

Dimension 
1 % inertia 

Dimension 2 % 
inertia 

  

Dimension 1 
% inertia 

Dimension 
2 % inertia 

End scraper .000 .040  Side scraper .213 .068 
Rabot (push-plane) .001 .016  Raclette .003 .032 
Mixed tools .280 .023  Levallois point .017 .080 
Perforator .012 .025  Other tools .036 .000 
Burin .000 .141  Retouched flake .028 .090 
Knife .049 .085  Retouched microblade .212 .048 
Truncated piece .001 .000  Biface .009 .000 
Retouched blade .001 .244  Chopper .035 .008 
Notch .016 .093  EUP .258 .465 
Denticulate .033 .093  MUP .042 .475 
Wedge .033 .001  LUP .701 .060 

 

Table 8.5 Summary Statistics of Correspondence Analysis of tool class and time period. 
 % variance Singular value 

Dimension 1 73 .479 
Dimension 2 27 .295 

χ2 =229.169, p-value=<0.005 

 Correspondence analysis reveals that tool assemblages are temporally distinct from one 

another (Figure 8.5, Table 8.4 and 8.5). Dimension 1 accounts for 73% of the variance between 

assemblages clearly separating LUP assemblages from MUP and EUP tool assemblages. LUP 

assemblages (70%) account for most of the inertia in dimension 1 based mostly on differences in 

proportions of mixed tools (28%), side scrapers (21%), and retouched microblades (21%) (Table 

7.4). Dimension 2 contains 27% of the variances splitting the MUP and EUP assemblages. These 

assemblages are divided mainly based on quantities of burins (14%) and retouched blades (24%). 

The EUP tool assemblage is characterized by large proportions of side scrapers, retouched 

blades, denticulates, raclettes, and Levallois points. Notches, end scrapers, burins, perforators 

and retouched flakes cluster more around MUP assemblages, while wedges, bifaces, retouched 

microblades, knives, choppers, and mixed tools are more characteristic of LUP tool assemblages.  
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 EUP assemblages display similarities with typical Middle Paleolithic tool types found in 

assemblages across Siberia with Levallois points, side scrapers, and denticulates. LUP 

assemblages contained high proportions of wedges and microblades, a new technology to fashion 

inset tools. MUP assemblages seem to possess elements of both LUP and EUP assemblages. 

Tool assemblages show temporal variation with EUP and LUP assemblages on either end of the 

spectrum, while MUP tool populations contain intermediate proportions of diverse tool forms 

found within the EUP and LUP. These distributions most likely correspond to varying foraging 

and mobility patterns distinct to each time period, or the introduction of a new technology as 

noted for the LUP. 

 Based on interpretations of archaeological features in Chapter 4, such as presence or 

absence of dwellings and hearths, each time period is represented by varying settlement 

strategies. All LUP layers at Studenoe and Ust’ Menza sites are read as residential bases 

containing clearly demarcated dwellings outlined by cobbles, or inferred dwellings of scatterings 

of cobbles associated with artifacts (Konstantinov 1994). Because most sites contain multiple 

cultural layers representing relatively distinct occupational events, and in some cases are 

represented by different types of sites, this analysis includes the types of sites represented in each 

cultural layer as listed in Table 8.6. Tolbaga, the EUP site, consists of one cultural layer, in this 

study, and is likely the remains of a long-term residential base with numerous dwellings, storage 

pits, and numerous artifacts and faunal remains. MUP sites are represented by several cultural 

layers of residential bases characterized by stone-outlined dwellings with central hearths, or, 

more commonly, logistical resource extraction camps with stone outlined or unlined hearths and 

a few artifacts and faunal remains. Finally, short-term residential bases characterize all of the 

LUP cultural layers as they contain cobble outlined dwellings with central hearths, and relatively 
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few artifacts and faunal remains found within discrete fluvial layers likely representing annual 

flooding events (see Chapter 4 for discussion),  

 Plotting the tool classes according to the type of site within which they were found, 

Correspondence Analysis reveals that dimension 1 accounts for 73% of the inertia, or the amount 

of variation explained by the variable, dimension 2 accounts for only 19% of the inertia, and 

dimension 3 contains 8% of the variation (Figure 8.6, Table 8.7 and 8.8). Again, the pattern is 

essentially the same as before with EUP and LUP assemblages on either end of the spectrum, 

except now there is a slight difference between the MUP assemblages based on site type. 

Interestingly, although EUP and LUP assemblages are both those from residential bases their 

composition is very different as they usurp most of the variation between all of the assemblages 

implying that temporal variation as well as relative amounts of mobility may be driving this 

variation as EUP sites likely represent long-term settlements whereas LUP sites were likely 

formed by foragers with high residential mobility. Some of the differences in dimension 2 

between MUP sites and the EUP and LUP sites may also be a function of foraging patterns. Tool 

distributions in MUP sites may also appear distinct because foragers were using a strategy of 

more logistical mobility utilizing both relatively long term residential bases and short-term 

resource extraction camps where different sets of tools might have been needed. Logistical 

camps may have also been utilized during the EUP or LUP, however there are no sites that could 

be identified as camps during these time periods. The most influence on variation between sites 

is contained in assemblages from LUP (72%) and MUP (14%) residential bases. Again, LUP 

(72%) and MUP (14%) residential base assemblages have the most influence in dimension 1 

(73%) (Table 7.8). Mixed tools, retouched microblades, and side scrapers have the most 

influence (65%) on the variance between LUP and MUP residential bases. Dimension 2 is  
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Table 8.6 Identification of Site Types (Residential Base or Camp) for each Cultural Layer found 
within the Study Sites. 

Period Site Cultural Layer (site type) 
Early Upper Paleolithic Tolbaga (residential base) Layer 4 

Cultural Layer 2 zones 2, 3, and 4 (residential base) 
Cultural Layer 3 (camp) 
Cultural Layer 4 (camp) 
Cultural Layer 5 (camp) 
Cultural Layer 6 (camp) 

Chitkan 
(camp and residential base) 

 

Cultural Layer 7 (camp) 
Subhorizon 1 
Subhorizon 2 
Subhorizon 3 
Subhorizon 4 

Kunalei (camp) 

Subhorizon 5 
Melnichnoe 2 (camp) Cultural horizons 2 and 3 

 
 
 
 
 
 

Middle Upper 
Paleolithic 

Priiskovoe (residential base) Cultural horizon 2 
Cultural horizon 14 (residential base) 
Cultural horizon 15 (residential base 
Cultural horizon 16 (residential base) 
Cultural horizon 17 (residential base) 
Cultural horizon 18 (residential base) 

Cultural horizon 18/2 (residential base) 
Cultural horizon 19 (residential base) 

Cultural horizon 19/1 (residential base) 
Cultural horizon 19/3 (residential base) 

Studenoe 1 
(residential base) 

Cultural horizon 19/4 (residential base) 
Cultural horizon 4/4 (residential base) 
Cultural horizon 4/5 (residential base 
Cultural horizon 5 (residential base) 
Cultural horizon 6 (residential base) 

Studenoe 2 
(residential base) 

Cultural horizon 8 (residential base) 
Cultural horizon 14 (residential base) 
Cultural horizon 15 (residential base) 
Cultural horizon 16 (residential base) 
Cultural horizon 17 (residential base) 
Cultural horizon 20 (residential base) 

Ust’ Menza 1 
(residential base) 

Cultural horizon 25 (residential base) 
Cultural horizon 10 (residential base) 
Cultural horizon 17 (residential base) 
Cultural horizon 19 (residential base) 
Cultural horizon 20 (residential base) 
Cultural horizon 22 (residential base) 

 
 
 
 
 
 
 
 

Late Upper Paleolithic 

Ust’ Menza 2 
(residential base) 

Cultural horizon 23 (residential base) 
 

 

 

 



 350 

 

 

Figure 8.6 Correspondence analysis biplot of tool classes found in tool assemblages in each time 
period by site type. 
 
Table 8.7 Summary Statistics of Correspondence Analysis of tool class and site type for all time 

periods. 
 % variance Singular value 

Dimension 1 73 .464 
Dimension 2 19 .233 
Dimension 3 8 .156 

χ2=169.187, p-value<0.001 
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Table 8.8 Table of the Percentage of Contributions of each Tool Type and Site Type to the 
Inertia of each Dimension Comparing Tool Class and Site Type for all Time Periods. 

 Dimension 1 
inertia 

Dimension 2 
inertia 

  Dimension 1 
inertia 

Dimension 2 
inertia 

End scraper .011 .002  Raclette .001 .241 
Rabot (push-
plane) 

.002 .008  Levallois point .008 .369 

Mixed tools .270 .000  Other tools .029 .015 
Perforator .002 .026  Retouched flake .002 .003 
Burin .009 .119  Retouched 

microblade 
.249 .001 

Knife .089 .046  Biface .007 .004 
Truncated 
piece 

.001 .004  Chopper .042 .00 

Retouched 
blade 

.031 .006  EUP Residential 
Base .071 .790 

Notch .061 .079  MUP Residential 
Base .139 .138 

Denticulate .041 .059  MUP Camp .073 .071 
Wedge .009 .002  LUP Residential 

Base .717 .138 

Side scraper .134 .017     
 

dominated by variation between EUP (79%), MUP (14%) residential base, and LUP residential 

base (14%) assemblages. Much of this variance can be found in proportions of Levallois points 

(37%), raclettes (24%), and burins (12%) in the aforementioned toolkits, but many other tool 

classes contribute smaller proportions to the overall pattern. Levallois points, raclettes, and 

denticulates are found in higher proportions in EUPresidential base assemblages while burins 

and notches are more characteristic of MUP assemblages than EUP. My focus now turns to MUP 

assemblages exclusively to further explore specific differences between toolkits found within 

camp and residential base contexts.  

 Assemblages from MUP cultural layers show great similarities between site types 

(χ2=15.934, df=15, p-value>.05), however there tend to be more side scrapers in residential base 

locations whereas camps contained high proportions of end scrapers (Table 8.9). Comparisons of 
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individual MUP residential base sites reveals that this is a trend only found at the residential base 

site of Priiskovoe and layers from Kunalei attributed to camp sites (Table 8.10) MUP residential 

base (layer 2 zone 2. 3. 4) and camp site layers (layers 3-7) found at Chitkan and the camp site of 

Melnichnoe 2 contain few scrapers of any type. Evidently, more resource processing occurred 

during occupation of layers at Kunalei and Priiskovoe than at the other sites, however, all MUP 

sites contained tools for manufacturing composite tools, such as burins, notches, and 

  

Table 8.9 Contingency Table showing Proportions and Expected Proportions of Tool Classes for 
Middle Upper Paleolithic Residential Base and Campsite Assemblages. 

 Residential Base Camp 
 N (%) Expected N N (%) Expected N 
End scraper 14(8.2) 20.7 27(16.3) 20.3 
Rabot (push-plane) 0 (0) .5 1 (0.5) .5 
Mixed tools 5  (2.9) 5.6 6 (3.6) 5.4 
Perforator 5 (3.0) 5.6 6(3.5) 5.4 
Burin 18 (10.6) 17.8 18 (10.6) 18.2 
Knife 0 (0) 1 2 (1.2) 1 
Truncated piece 1 (.6) 1.5 2 (1.2) 1.5 
Retouched blade 3(1.8) 3 3(1.8) 3 
Notch 25 (14.7) 22 26 (15.7) 25.2 
Denticulate 5 (2.9) 4 3 (1.8) 4 
Wedge 5 (2.9) 5.6 6 (3.6) 5.4 
Side scraper 56(32.9) 47 38 (13.3) 46.4 
Raclette 0 (0) 1.5 3 (1.8) 1.5 
Levallois point 0 (0.0) 0 0 (0) 0 
Other tools 2 (1.2) 2 2 (1.2) 2 
Retouched flake 29 (17.1) 25.2 22(13.3) 25.2 
Retouched microblade 0 (0) 0 0 (0) 0 
Biface 1 (0.6) 1.5 2 (1.2) 1.5 
Chopper 0 (0) 0 0(0) 0 

Total 166 (100) 166 170(100) 170 
χ2=15.943, df=15, p-value>.05 
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Table 8.10 Contingency Table showing Proportions and Expected Proportions of Tool Classes 
for Middle Upper Paleolithic Camp and Residential Base Sites. Sites include Chitkan layer 2 
zone 2, 3, 4 (Residential Base), Chitkan layers 3-7 (Camp), Kunalei subhorizons 1-5 (Camp), 

Melnichnoe 2 (Camp), Priiskovoe (Residential Base). 
  Chitkan layer 2 

zone 2, 3, 4 
(residential 

base) 
Chitkan layers 

3-7 (camp) 

Kunalei 
subhorizons 
1-5 (camp) 

Melnichnoe 2 
(camp) 

Priiskovoe 
(residential 

base) Total 
N 0 0 2 0 1 3 

Expected N .3 .1 1.1 .3 1.2 3.0 
% within tool 
class 0 0 67 0 33 100 

biface 

% within site 0 0 2 0 1 1 
N 6 0 14 4 12 36 
Expected N 3.3 .6 13.7 3.4 14.9 36.0 
% within tool 
class 17 0 39 11 33 100 

burin 

% within site 19 0 11 13 9 11 
N 0 0 3 0 5 8 
Expected N .7 .1 3.0 .8 3.3 8.0 
% within tool 
class 0 0 38 0 63 100 

denticulate 

% within site 0 0 2 0 4 2 
N 1 1 22 4 13 41 
Expected N 3.8 .7 15.6 3.9 17.0 41.0 
% within tool 
class 2 2 54 10 32 100 

end scraper 

% within site 3 17 17 13 9 12 
N 0 0 0 2 0 2 
Expected N .2 .0 .8 .2 .8 2.0 
% within tool 
class 0 0 0 100 0 100 

knife 

% within site 0 0 0 6 0 1 
N 4 0 3 3 1 11 
Expected N 1.0 .2 4.2 1.0 4.6 11.0 
% within tool 
class 36 0 27 27 9 100 

mixed tool 

% within site 13 0 2 9 1 3 
N 9 3 17 6 16 51 
Expected N 4.7 .9 19.4 4.9 21.1 51.0 
% within tool 
class 18 6 33 12 31 100 

notch 

% within site 29 50 13 19 12 15 
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N 0 0 2 0 2 4 
Expected N .4 .1 1.5 .4 1.7 4.0 
% within tool 
class 0 0 50 0 50 100 

other tools 

% within site 0 0 2 0 1 1 
N 1 0 2 3 5 11 

Expected N 1.0 .2 4.2 1.0 4.6 11.0 
% within tool 
class 9 0 18 27 45 100 

perforator 

% within site 3 0 2 9 4 3 
N 0 1 0 0 0 1 

Expected N .1 .0 .4 .1 .4 1.0 
% within tool 
class 0 100 0 0 0 100 

rabot 

% within site 0 17 0 0 0 0 
N 0 0 2 1 0 3 

Expected N .3 .1 1.1 .3 1.2 3.0 
% within tool 
class 0 0 67 33 0 100 

raclette 

% within site 0 0 2 3 0 1 
N 3 1 1 1 0 6 
Expected N .6 .1 2.3 .6 2.5 6.0 
% within tool 
class 50 17 17 17 0 100 

retouched 
blade 

% within site 10 17 1 3 0 2 
N 4 0 15 7 25 51 
Expected N 4.7 .9 19.4 4.9 21.1 51.0 
% within tool 
class 8 0 29 14 49 100 

retouched 
flake 

% within site 13 0 12 22 18 15 
N 0 0 38 0 56 94 

Expected N 8.7 1.7 35.8 9.0 38.9 94.0 
% within tool 
class 0 0 40 0 60 100 

side scraper 

% within site 0 0 30 0 40 28 
N 1 0 2 0 0 3 

Expected N .3 .1 1.1 .3 1.2 3.0 
% within tool 
class 33 0 67 0 0 100 

truncated 
piece 

% within site 3 0 2 0 0 1 
N 2 0 5 1 3 11 wedge 
Expected N 1.0 .2 4.2 1.0 4.6 11.0 
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% within tool 
class 18 0 45 9 27 100  

% within site 6 0 4 3 2 3 
N 31 6 128 32 139 336 

Expected N 31.0 6.0 128.0 32.0 139.0 336.0 
% within tool 
class 9 2 38 10 41 100 

Total 

% within site 100 100 100 100 100 100 
χ2=181.659, df=60, p-value<0.001 

retouched blades, a similar conclusion noted in Chapter 6. It appears, then, that toolkit 

composition correlates to degree and type of residential mobility short- or long-term residential 

bases during the EUP and LUP, but not for MUP sites. Since MUP hunter-gatherers were 

operating within both camp and residential base systems, it appears that tools used to make and 

maintain hunting implements were used within residential bases to “gear-up” for trips to extract 

resources, as well as within camps sites to maintain and possibly make tools. However, at 

residential bases found in the upper most layers of Chitkan hunter-gatherers concentrated more 

on manufacturing these tools than processing resources, whereas resource processing was an 

intensive endeavor at the residential base site of Priiskovoe. Very little processing occurred at 

Melnichoe 2 and Chitkan campsites, however resource processing did occur at camp layers 

found at Kunalei. Toolkit characteristics, such as diversity, size, whether tools have multiuse 

characteristic, and patterns in raw material provisioning within tool classes, are explored to 

understand how raw material provisioning strategies are affecting these general differences in 

toolkit composition. 

Toolkit Diversity 

 Diversity of tool classes indirectly measures the duration of site occupation and the 

period within which resources are available. Yellen (1972) notes in his ethnographic study of 

!Kung San foragers that the longer the duration of site occupation the wider the range of site 
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activities, hence the greater diversity of debris. This notion has been extrapolated onto lithic 

assemblages in ethnographic and archaeological contexts and appears to confirm these cases 

(Chatters 1987; Shott 1986, 1989; Thomas 1983). Following this reasoning, at resource 

extraction sites tool diversity should be low because a limited set of activities would be 

performed at these localities (Chatters 1987; Price 1978; Shott 1989). Confounding this notion, 

however, Torrence (1983) posits that in order to achieve the highest possible efficiency in the 

time expended in preparation of tools and hence available to capture prey, tool diversity should 

increase as the diversity and duration of resource availability decreases. Therefore, if there is 

little time to capture prey, then tool diversity should be high to ensure that tools are on hand 

when needed. It follows then that sites occupied for longer periods of time should have higher 

diversity of tool classes than those occupied for shorter durations. However, if time to extract 

resources is limited, then there should also be high artifact diversity even in sites occupied for 

short durations. Given these various constraints, site type, should correspond to the amount of 

artifact diversity where residential bases with longer occupations should have higher diversity 

and larger amounts of artifacts than those occupied for shorter duration, if resource availability 

was relatively high. Likewise, campsites used for resource extraction or encounter sites where 

hunters are transporting toolkits specific for that activity should have few artifacts. If time was 

limited tool diversity may be high, otherwise artifact diversity may be low if relatively few 

activities were conducted at the locality, however some activities may not necessarily leave an 

artifact signature.  

Without microscopic use-wear analysis, toolkit diversity in this study is quantified using 

tool classes by making the assumption that tool class is associated, however loosely, with tool 

function. Tool class by no means bounds a tool to the implied function of its name (i.e., scraper), 
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however these classification systems do depend on characteristics such as edge angle and tool 

morphology that restrict certain functional capabilities of the tools in broad terms. 

As discussed in Chapter 6, diversity measures are, commonly, richness and evenness 

assessments of assemblages (Chatters 1987; Grayson 1984; Grayson and Cole 1998; Jones 2004; 

Jones et al. 1989; Kintigh 1984; Schmidt and Lupo 1995;Shott 1987, 1989; Simek 1989; Simek 

and Price 1990). Richness is the number of taxa, in this case tool class, in each site assemblage. 

As the number of taxa increases assemblage richness increases. Given the diverse sample size of 

tool assemblages the number of classes of each site is plotted against the log number of artifacts 

(Chatters 1987; Grayson 1984; Grayson and Cole 1998). Evenness is the degree to which classes 

within an assemblage are equally represented by the individuals within the assemblage. In other 

words, evenness calculates the degree to which an assemblage is dominated by the most 

abundant taxon. Evenness was calculated using the reciprocal of Simpson’s dominance index: 

D=∑(n1(n1-1)/N(N-1)) 

where n1=number of individuals in a taxon, 

N=total number of individuals in the sample 

Simpson’s index is expressed as 1/D where the greater the value the more evenly individuals are 

distributed across the taxon, and lower values indicates the more the assemblage is dominated by 

the most abundant taxa. Richness and evenness values were calculated for each tool assemblage 

from individual cultural layers (Table 8.11).  

Length of stay has been equated by Shott (1989) to assemblage size and richness 

relationship in both ethnographic and archaeological data. Since more artifacts are deposited into 

the archaeological record and the chances of greater diversity of artifact types increases as the 

duration of site occupation increases, then it follows that a positive size-richness correlation can 
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be used as a proxy for establishing relative duration of site occupation. Applying this model to 

the study data, Figures 8.7 and 8.8 indicate that sample size and richness are correlated with 90% 

of the variation explained by the relationship (r2=.915, F=400.130, df=38, p-value<.001) (Table 

8.12). Tolbaga, the EUP residential base, was occupied for a relatively long duration as it 

contains a large sample size and high degree of richness. Most of the MUP campsites are 

clustered along the middle of the best-fit line, although some sites have low values with few 

artifacts and low richness, Chitkan layers 5-7, and others such as Kunalei subhorizon 3 and 

Melnichnoe 2 have richness indices similar to Priiskovoe. MUP residential base assemblages are 

quite variable. Priiskovoe shows high numbers of artifacts and high richness, whereas all zones 

of Chitkan layer 2 were associated with fewer artifacts and high richness values. All MUP 

residential base sites contained a cobble outlined dwelling and hearth features, but it seems 

duration of occupation varied slightly. Priiskovoe may have been occupied for a longer duration, 

more like the EUP site of Tolbaga, whereas the uppermost layers at Chitkan in cultural layer 2 

(zones 2, 3, and 4) may represent a residential base inhabited for a more limited time. Chitkan 

cultural layer 2 may represent evidence of a shift in residential patterns from the MUP to the 

LUP. In this regard, MUP camp and residential bases do not form discrete groups, however 

camps tend to have fewer artifacts and be less rich than Priiskovoe.  

Generally, LUP residential bases were occupied for shorter times than other periods 

showing low diversity and low assemblage size. The two LUP sites that display high artifact 

diversity and large assemblage sizes, Studenoe layers 4/5 and 5, are a bit more complicated to 

interpret as they likely are the result of multiple occupations not discrete cultural layers 

(Razgil’deeva 2003).  
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Table 8.11 Richness and Evenness Index of each Cultural Layer by Site. Site Type is Identified 
for each Cultural Layer. 

Period Site Cultural Layer (site 
type) 

Tool Count 
N 

Richness index Evenness index 

Early Upper 
Paleolithic 

Tolbaga 
(long-term 
settlement) 

Layer 4 201 16 4.1  

Cultural Layer 2 zone 
2, 3, 4 (residential 

base) 

31 11 5.8 

Cultural Layer 5 
(camp) 

3 2 1.8 

Cultural Layer 6 
(camp) 

2 2 2  

Chitkan 
(camp and 
residential 

base) 
 

Cultural Layer 7 
(camp) 

1 1 1 

Subhorizon 1 13 8 7.0  
Subhorizon 2 21 7 5.2 
Subhorizon 3 57 10 4.2 
Subhorizon 4 21 9 6.8 

Kunalei 
(camp) 

Subhorizon 5 4 4 5.3 
Melnichnoe 2 

(camp) 
Cultural horizons 2 

and 3 
35 11 7.6 

 
 
 
 
 
 

Middle Upper 
Paleolithic 

Priiskovoe 
(residential 

base) 

Cultural horizon 2 141 11 4.4 

Cultural horizon 14 
(residential base) 

4 3 2.7 

Cultural horizon 15 
(residential base 

16 7 4  

Cultural horizon 16 
(residential base) 

8 6 5.3 

Cultural horizon 17 
(residential base) 

11 6 3.7 

Cultural horizon 18 
(residential base) 

2 2 2 

Cultural horizon 18/2 
(residential base) 

6 4 3 

Cultural horizon 19 
(residential base) 

2 2 2 

Cultural horizon 19/1 
(residential base) 

4 4 2.7 

Cultural horizon 19/3 
(residential base) 

3 3 1.8  

Studenoe 1 
(residential 

base) 

Cultural horizon 19/4 
(residential base) 

2 2 1 

Cultural horizon 4/4 
(residential base) 

6 5 4.5 

Cultural horizon 4/5 
(residential base 

38 11 6.2 

 
 
 
 
 
 
 
 

Late Upper 
Paleolithic 

Studenoe 2 
(residential 

base) 

Cultural horizon 5 
(residential base) 

23 12 8.7 
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Cultural horizon 6 
(residential base) 

1 1 1  

Cultural horizon 8 
(residential base) 

1 1 1 

Cultural horizon 14 
(residential base) 

1 
 

1 1 

Cultural horizon 15 
(residential base) 

2 1 1 

Cultural horizon 16 
(residential base) 

1 1 1 

Cultural horizon 17 
(residential base) 

10 4 3.3 

Cultural horizon 20 
(residential base) 

16 6 4.9 

Ust’ Menza 1 
(residential 

base) 

Cultural horizon 25 
(residential base) 

1 1 1 

Cultural horizon 10 
(residential base) 

1 1 1 

Cultural horizon 17 
(residential base) 

1 1 1 

Cultural horizon 19 
(residential base) 

1 1 1 

Cultural horizon 20 
(residential base) 

2 2 2 
 

Cultural horizon 22 
(residential base) 

7 4 3.8 

 

Ust’ Menza 2 
(residential 

base) 

Cultural horizon 23 
(residential base) 

3 2 1.8 
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Figure 8.7 The relationship between assemblage size and richness (number of tool classes) (a) 
and evenness (b) by time period and site type.  
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Figure 8.8 The relationship between assemblage size and richness (number of tool classes) (a) 
and evenness (b) showing individual cultural layers.  
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Table 8.12 ANOVA of Sample Size-Diversity Correlation in Linear Regression. 
  r2 (sd)  Sum of 

squares 
df Mean 

square 
F p-

value 
Total .915 (1.18) Regression 

Residual 
557.382 
51.541 

1 
37 

557.382 
1.283 

400.130 <.001 

EUP Residential 
Base 

No value Regression 
Residual 

No value No 
value 

No value No 
value 

No 
value 

MUP Residential 
Base 

No value Regression 
Residual 

No value No 
value 

No value No 
value 

No 
value 

MUP Camp .934 (1.04) Regression 
Residual 

108.292 
7.708 

1 
7 

108.292 
1.101 

98.346 <.001 

 
 
 
 

richness 

LUP Residential 
Base 

.861 (1.13) Regression 
Residual 

198.769 
31.972 

1 
25 

198.792 
1.279 

155.424 <.001 

Total .638 (1.31) Regression 
Residual 

112.484 
63.788 

1 
37 

112.484 
1.724 

65.246 <.001 

EUP Residential 
Base 

No value Regression 
Residual 

No value No 
value 

No value No 
value 

No 
value 

MUP Residential 
Base 

1 Regression 
Residual 

.980 
000 

1 
0 

.980 
 

No 
value 

No 
value 

MUP Camp .638 (1.57) Regression 
Residual 

30.439 
17.241 

1 
7 

30.439 
2.463 

12.359 <.05 

 
 
 
 

evenness 

LUP Residential 
Base 

.818 (.85) Regression 
Residual 

81.302 
18.118 

1 
25 

81.302 
.725 

112.182 <.001 

 

Turning to evenness, the degree to which an assemblage is dominated by one or a few 

tool classes, may or may not be correlated with length of site occupation as in richness measures. 

Sites occupied for longer durations would again have larger assemblages, however the types of 

activities conducted at the site will influence this measure. Artifact evenness should be high if 

many different types of activities were conducted at a site and low if one or a few tasks 

dominate. Sample size in the Transbaikal data is correlated to evenness with 64% of the variation 

explained between evenness and assemblage size (r2=.638, F=65.246, df=38, p-value<.001) 

(Table 8.12 and Figures 8.7 and 8.8). Sites are not tightly clustered around the best-fit line 

indicating that there are also other factors influencing evenness measures. The EUP residential 

base shows low evenness but contains relatively large numbers of artifacts. Again, MUP 

residential base assemblages were varied with Priiskovoe similar to the EUP site of Tolbaga, and 

Chitkan layer 2 zones 2, 3, and 4 had values comparable to MUP camps and LUP residential 
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bases with higher levels of evenness and, for the most part, smaller tool assemblages.  

This data of evenness and richness may be pointing to longer length of stay in the EUP 

and at Priiskovoe, it may not, however, provide accurate readings of toolkit diversity. Mean 

richness and evenness values are significantly correlated to assemblage size where larger 

assemblages have higher diversity values than those with a few artifacts (Table 8.13). Obviously, 

diversity measures are masked by sample size affects and do not provide accurate readings of 

toolkit diversity. 

 

Table 8.13 Mean Tool Assemblage Size, Mean Diversity Measure, and T-test Results of 
Diversity Values by Site Type and Time Period. 

  N Mean Tool Assemblage 
Size (sd) 

mean sd F df p-
value 

richness EUP Residential Base 1 201  16.0  7.769 3 <.001 
 MUP Residential Base 3 57 (72.00) 8.67 2.08    
 MUP Camp 9 17 (18.76) 6.00 3.80    
 LUP Residential Base 27 6.4 (1.62) 3.48 2.97    
evenness EUP Residential Base 1 201  4.10  2.097 3 >.05 
 MUP Residential Base 3 57 (72.00) 4.57 1.55    
 MUP Camp 9 17 (18.76) 4.40 2.44    
 LUP Residential Base 27 6.4 (1.62) 2.68 1.95    

 

 Prediction equations of size-diversity values based on regression equations generated for 

MUP camp and LUP residential base assemblages were used to produce diversity measures for 

sample sizes ranging from 31 to 201 tools presented in Table 8.14. The sample size was too 

small to generate prediction equations for EUP and MUP residential base sites, therefore the 

actual number of artifacts from each site was compared between the various time periods and 

plotted in Figure 7.9. Although direct comparisons between MUP residential base and EUP 

residential base assemblages based on exact assemblage size cannot be determined, this method 

provides more accurate comparisons between other time periods and site types.  
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Table 8.14 Comparison of Predicted Diversity Values Based on Regression Equations for 
Various Assemblage Sizes. 

Regression equations (MUP camp and LUP only)  
MUP Camp: Richness=6.035+.341 (log assemblage size 
LUP Residential base: Richness=5.721+.439 (log assemblage size) 
Predicted richness values: 
 Assemblage size 
 31  141 201  
Early Upper Paleolithic Residential base    16 (actual)  

Middle Upper Paleolithic Residential base      
Priiskovoe   11 (actual)   
Chitkan Cultural Layer 2 zone 2, 3, 4 (residential base) 11 (actual)     
Middle Upper Paleolithic Camp 9.5  13.7 14.7  
Late Upper Paleolithic Residential base 9.2  13.2 14.2  
Regression equations (MUP camp and LUP only) 
MUP Camp: Evenness=3.20+1.40 (log assemblage size) 
LUP Residential base: Evenness=3.659+.739 (log assemblage size) 
Predicted evenness values:  
 Assemblage size 
 31  141 201  
Early Upper Paleolithic Residential base    4.1 (actual)  
Middle Upper Paleolithic Residential base      
Priiskovoe   4.4 (actual)   
Chitkan Cultural Layer 2 zone 2, 3, 4 (residential base) 5.8 (actual)     
Middle Upper Paleolithic Camp 6.7  9.9 10.6  
Late Upper Paleolithic Residential base 6.6  9.4 10.1  
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Figure 8.9 The relationship between richness and evenness values projected for MUP camp site 
and LUP residential base assemblages sizes containing 31, 141, and 201 tools compared to actual 
artifact counts of the EUP and MUP (Priiskovoe, Chitkan layer 2 zones 2, 3, and 4) residential 
base assemblages. Values were obtained from Table 8.14. 
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High tool richness and low evenness characterize EUP residential bases where the toolkit 

contains many different types of artifacts but are dominated by side scrapers. It appears that 

inhabitants stayed at Tolbaga for a relatively long time period conducting many different types of 

activities with Levallois points, notches, and burins (related to making implements), denticulates, 

and retouched blades, but processing resources with side scrapers was of major concern (Figure 

8.10).  

 

 

 

Figure 8.10 Comparison of tool proportions in assemblages for time periods and site type. 
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Comparisons of MUP residential base sites indicate that Priiskovoe (N=141) has an 

average number of tool classes but low evenness as side scrapers tend to dominate tool classes, a 

pattern that was different from both LUP residential bases and MUP camps. Given a larger 

sample size, Priiskove may appear even more like the EUP residential base with low evenness 

and higher richness values.  MUP residential base layers found at Chitkan (N=31) tend to have 

more similarities with evenness values of both MUP camps and LUP residential base sites with 

assemblage sizes of 31 artifacts however Chitkan has higher richness values than either MUP 

camps or LUP residential bases. Chitkan layer 2 had small sample sizes with fairly ample artifact 

classes, such as burins, mixed tools, notch, retouch blades, retouched flakes, and wedges, with 

relatively equal proportions of tools within these classes. Hypothetically, increasing assemblage 

sizes of Chitkan layer 2 from 31 tools to 141, the size of Priiskovoe, would  increase both 

richness and evenness values of Chitkan layer 2 well above those for Priiskovoe, placing Chitkan 

layer 2 more in line with MUP camp and LUP residential base assemblages with 141 tools. 

Toolkits found in MUP camps have a high degree of diversity as there are many different types 

of tools that are relatively evenly distributed throughout the tool classes. Time stress may have 

been acting on these assemblages as foragers would need to ensure that they had the proper tool 

during short stays at resource extraction camps, thereby increasing different tool types within the 

suit of implements. These tools include those used to repair armatures such as notches, burins, 

wedges, and a few processing tools such as end and side scrapers (Figure 8.10). The MUP 

campsite of Kunalei layer 3, however, has more similarities with the residential base of 

Priiskovoe in terms of diversity measures and both are, consequently, associated with high 

proportions of scrapers within tool classes (Priiskovoe, Kunalei subhorizon 3). 

LUP residential bases also possess toolkits with high levels of both richness and evenness 
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most likely associated with the high degree of residential mobility of these foragers. These 

toolkits are similar to MUP camps as they contain many different types of tools found in 

proportions equally distributed across all tool classes to guard against the affects of time stress, 

in this case on foragers with a high degree of residential mobility, and guarantee that a tool was 

on hand when needed. LUP residential base toolkits contain an assortment of implements used 

for making and repairing armatures to capture game and those for processing resources including 

retouched microblades, wedges, burins, notches, mixed tools, end scrapers, side scrapers, and 

knives (Figure 8.10).  

  Generally, length of stay was relatively long with high proportions of scrapers within 

toolkits during the EUP and at Priiskovoe (MUP residential base), whereas tool assemblages 

from MUP campsites and LUP residential bases contained a high diversity of tools evenly 

distributed throughout tool classes as toolkits needed to be more diverse to efficiently handle 

many tasks during shorter stays at sites.  This trend of relatively high toolkit diversity and small 

assemblage size was also exhibited at the upper MUP residential base layers at Chitkan, possibly 

signaling a move to shorter stays at residential base localities thus requiring these same 

characteristics from tools. 

Toolkit Size 

The portability of tools is a constraint placed on foragers who frequently move around on 

the landscape either to logistical resource extraction camps or relocating residences. There is a 

trade-off, then, between relative mobility and the weight of tools, or transport costs, that one can 

carry around (Ebert 1979; Keeley 1982; Kuhn 1994, 1995; Shott 1986, 1989). One measure of 

portability is the relative size of tool assemblages in terms of weight. There is a significant 

difference in weights of all complete tools in the respective tool assemblages (F=7.435, df=3, p-
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value<0.001)(Table 8.15 and Figure 8.11). Median tool weights likely reflect sizes more 

accurately than the mean because tools with extreme values, all of which are found in MUP, 

LUP and to some extent EUP assemblages, do not have as much influence. Mobility factors are 

affecting toolkit sizes, the heaviest tools are found at EUP and MUP residential bases, while the 

more mobile LUP residential bases and MUP camps contain the lightest tools.  

EUP residential base assemblages display the least variance between tool sizes containing 

a high proportion of tools with values between 5-60 grams and a few larger tools with weights 

between 100-140 grams. Overall, tools are relatively bulky with less distinction between those 

that are hefty and undersized found in more mobile assemblages. Furthermore, there are fewer 

massive tools in EUP assemblages than all others, quite possibly due to sampling error. 

 

Table 8.15 Statistics for Tool Class Sizes of Study Site Assemblages. (Time period: F=7.435, 
df=3, p-value<0.001; Priiskovoe and Chitkan F=12.219, df=1, p-value<0.001) 

  EUP 
Residential 

Base 

MUP 
Residential 

Base 

Priiskovoe (MUP 
residential base) 

Chitkan layer 2 zones 
2, 3, 4 (MUP 

residential base) 
MUP 
Camp 

LUP 
Residential 

Base 
mean 39.5 63.6 73.5 18.77 35.96 31.13 
median 32.0 37.0 52.0 9.0 15.00 6.00 

Weight(g) 

s.d. 32.7 81.5 86.4 22.7 67.6 66.0 
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Figure 8.11 Box plots showing median weight of all tools and their distribution at 25% and 75% 
confidence intervals, whiskers containing 95% of the data, and outliers. 

 

Middle Upper Paleolithic residential bases contain the heaviest median tool weight, 

however Priiskovoe tools are a great deal heavier than those found at the residential layers at 

Chitkan layer 2 (Table 8.15), likely a function of both high percentages of local stone use and 

scrapers at Priiskovoe and high percentages of non-local stone utilization and the absence of 

scrapers at Chitkan layer 2. One would expect the lightest, and therefore the most portable, tools 

to be found in camp assemblages as a means of reducing the effort in packing tools to logistical 

forays of resource acquisition. As the distance to patches of resources increases, size distinctions 

between tools used at the residential base and those transported to logistical camps should also 

 LUP residential 
base

  MUP camp   MUP residential 
base

EUP residential 
base

we
igh

t (g
)

600

400

200

0



 372 

increase. In this case, mean tool weights found at campsites are less than half the weight of those 

found at Priiskovoe, while median weights are more than three times smaller. Residential base 

layers at Chitkan, however, were roughly half the size as those found in MUP camps. Variance 

between tool weights is also greatest at Priiskovoe, probably another by-product of the 

relationship between a logistical foraging strategy where smaller tools used for extracting 

resources at logistical camps are discarded at the residential base during tool manufacture and 

maintenance. This pattern is not detected at the residential base layers at Chitkan layer 2 where 

all tools were quite small with the smallest standard deviation. The residential base layers at 

Chitkan layer 2 point to a strategy where tools were portable possibly indicating that these tools 

were transported more often during residential moves as opposed to logistical forays due to the 

small sizes of most tools. However, the typically larger sized processing tools such as side and 

end scrapers were absent from Chitkan layer 2 influencing this relationship. 

LUP assemblages are by far the smallest with the median size more than half of even 

MUP camps. For the most part, LUP sites have high proportions of small tools weighing less 

than 20 grams, with the majority (70%) of these tools weighing less than 10 grams. Tool size 

may have been highly regulated during the LUP to severely reduce transport costs as 

demonstrated by this tight cluster of small tools. This discussion, however, is tempered by the 

fact that in all of the assemblages, regardless of residence pattern, there are tools that were not 

likely to have been intended to be transported from the site represented by the outliers with very 

large weights. In all cases these tools consist of choppers, scrapers, and notches prepared from 

locally available, durable, low-quality raw material. The role of function, size, and raw material 

durability is explored in the subsequent analysis of raw material utilization. In this context, tasks 

requiring these large tools are found in all time periods and likely represent the “non-portable” 
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elements of toolkits that supplemented the tools that were transported with people.  

 Portability, as measured by tool weight, it seems played a major roll in tool sizes. 

Keeping weight of tools and toolkits low likely allowed a relatively high diversity of tools in 

both MUP camp and LUP residential base tool assemblages, but also at MUP residential base 

layer at Chitkan layer 2. Decreasing tool size eased the trade-off between weight constraints and 

the advantage of having several different types of tools on hand to efficiently accomplish specific 

tasks. The size of items in toolkits decreased with microcore and bipolar core technology during 

the MUP, and especially microblade core technology during the LUP, especially for non-local 

raw material. The sizes of non-local cores themselves and flakes and blades removed from them, 

thus portability, significantly decreased (see Figure 6.49, 6.50, and 6.54) from the EUP to the 

LUP. 

Multiuse Tools 

 Tool flexibility and versatility need to be considered within the context of the trade-offs 

foragers must make in terms of tool assemblage composition and the items selected for transport. 

These qualities are directly related to tool function as flexibility is the potential a tool has to be 

applied to various tasks and versatility is the relationship between the amount of tools in the 

toolkit and the number of functions for a tool (Shott 1986). Tool versatility is a more fine-

grained approach to diversity that takes into account that certain tools within toolkits may be 

applied to multiple tasks. Flexibility, on the other hand, is evaluated with reference to the 

multitude of functions for which tools could possibly be used, thereby making its assessment a 

bit more straightforward. Without comprehensive microscopic use-wear analysis of tools from 

the Transbaikal, however, these qualities are difficult to evaluate.  

One exception to the functional problems discussed above may be the presence of a tool 



 374 

class within site assemblages termed “mixed tools”. Mixed tools are just that, an amalgamation 

of diverse tool attributes of end scrapers, retouched blades, borers, perforators, notches, burins, 

and knives usually found on different tool margins of a single flake or blade. In these cases, 

gross assessments of tool function through characteristics such as edge angle and shape may be 

reasonably associated with functional requirements of the tools.  

LUP residential bases have undoubtedly the highest percentage of mixed tools within its 

tool class assemblage (Figure 8.12) indicating that a fair number of tools (17%) most likely had 

multiple functions (χ2=47.818, df=3, p-value<.005). Of course, use-wear analysis might reveal 

that this number is even greater. MUP camps display slightly greater proportion of mixed tools 

than MUP residential bases, with EUP residential bases possessing the fewest. High proportions 

of mixed tools such as notches, wedges, and burins at MUP camps are those associated with 

maintaining inset tools most likely associated with armatures for hunting game (Table 8.16). 

MUP residential base sites are again variable with nearly all mixed tools occurring in the 

residential base layer of Chitkan layer 2 (Table 8.16). These tools at Chitkan layer 2 are similar 

to those found within MUP camp contexts composed of notches, wedges, and burins.  Not 

surprisingly, the only mixed tool at Priiskovoe is a scraping tool, again most likely attributed to 

the processing needs in the settlement, a pattern also found within the EUP residential base 

assemblage. LUP residential bases, however, have the most diverse type of mixed tools as an 

assortment of tools were needed for a wide variety of tasks within both of these contexts.  

As discussed in Chapter 3, in cases where risk is high foragers should use raw materials 

that will function efficiently when needed. The majority of mixed tools were fashioned using 

high-quality non-local raw materials in the MUP and LUP (Figure 8.13). High-quality cherts and 

quartzite may have been superior for making or performing many of tasks with mixed tools. 
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Furthermore, reusing a tool for various functions may also have increased the utility of exotic 

high-quality raw materials in the MUP and LUP. It seems that mixed tools may have been 

needed within contexts of both high degree of residential mobility and logistical forays to reduce 

the weight of the toolkit while retaining essential tools.  

 

 

Figure 8.12 Percentage of mixed tools in tool class assemblages of respective time periods and 
site types. 
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Table 8.16 Distribution of Mixed Tool Types within Sites. 
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Figure 8.13 Percentages of mixed tools of local and non-local raw materials. (χ2=12.233, df=3, p-
value<0.001) 
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Raw Material Provisioning within Tool Classes 

Provisioning strategies are also assessed in terms of the patterning of the relative 

abundance of locally available tool stone to raw material found further from sites within tool 

assemblages. Numerous studies have shown that more mobile foragers should transport raw 

materials from distant sources to reduce the risk of not having adequate tool stone at new 

settings. In contrast, if sufficient lithic raw materials, in terms of package size and quality, are 

abundant near sites, more sedentary groups should rely more heavily on these local sources 

(Parry and Kelly 1987; Bamforth 1990, 1991; Andrefsky 1994a, 1994b; Kuhn 1995).  

Based on ethnographic data, 5 km is the average distance a forager will travel roundtrip 

in one day (Kelly 1995), therefore, in this study, local raw materials are defined as those found 

within 5 km of a site whereas non-local is found outside of this distance (>5 km from a site). All 

sites contain local very fine-to medium-grained argillite, as well as more durable raw materials 

such as quartzite (coarse-grained), diorite, basalt (fine to coarse-grained), andesite, tuff, siltstone, 

silicified siltstone and mudstone. These materials are fairly abundant at sites and are generally 

found as large cobbles in streambeds near sites in either the Khilok or Chikoi Rivers. High 

chipping quality cherts, quartzites, and obsidian are found in artifact assemblages from the sites 

but are not known to occur in sources close to the sites (i.e. <5 km from each site). Although 

these types of high-quality raw materials can be found within the Transbaikal region, it is 

currently unknown the exact location of sources used by past hunter-gatherers within the Chikoi 

and Khilok river valleys a major shortcoming in this study. Additionally, these non-local stone 

materials are found in smaller package sizes than the local material. If relative amounts of 

mobility were increasing from the EUP to the LUP, the proportions of local raw materials should 

decrease while non-local tool stone should increase. Similarly, there should be greater 
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proportions of tools made from non-local stone at camps during the MUP than at residential 

bases.  

Quantities of local and non-local stone sources (χ2= 47.962, df=3, p-value<0.001) as well 

as the types of lithic raw materials  (χ2=153.859, df=36, p-value<0.001) vary temporally and by 

site type (Figure 8.14 and 8.15). In Early Upper Paleolithic assemblages of local stone (81%), 

mostly in the form of fine to medium grained argillites, were used to make tools whereas only 

19% of non-local stone consisting mostly of fine-grained cherts was found in tool assemblages. 

Other diverse local stone including tuff (5%), basalt (0.5%), quartzite (1.%), high quality 

quartzite (0.5%), siltstone (0.5%), silicified siltstone (1%), silicified mudstone (0.5%), diorite 

(0.5%) constitute less than 10% of the assemblage.  

During the Middle Upper Paleolithic residential bases contain tools fashioned mostly 

from locally available stone types (74%), while campsites contained slightly more non-local 

materials (30%). Locally available argillite was still the dominant raw material type found within 

tools during the MUP at both residential bases (47%) and camps (62%), however the proportion 

of fine-grained chert and other types of stone varies. While MUP residential bases contain fine-

grained cherts (24%) and quartzite (2.4%), they generally have greater amounts of other locally 

available stone types (totaling 27.1%) including basalt (mostly coarse-grained) (14.7%), 

quartzite (4.7%), tuff (0.6%), silicified siltstone (5.9%), and silicified mudstone (1.2%) than 

camp assemblages. Camps, however, contain more non-local fine-grained chert (29%) and high- 

quality quartzite (1.2%), while only 7.8% of the assemblage consists of other local types 

including basalt (mostly coarse-grained) (3.6%), quartzite (2.4%), siltstone (0.6%), silicified 

siltstone (0.6%), and diorite (0.6%). This pattern may indicate that more tools made from high 

quality cherts were being brought to camps while fewer tools were being manufactured of local  



 379 

 

Figure 8.14 Bar graph showing variation in proportions of local (< 5 km from sites) and non-
local (< 5 km from sites) tool stone found in tool assemblages by time period and site type. (χ2= 
47.962, df=3, p-value<0.001) 
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Figure 8.15 Graph showing percentages of raw material types in Upper Paleolithic tool 
assemblages. (χ2=153.859, df=36, p-value<0.001) 
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quality quartzite (12.4%), with very small amounts of local lithic raw material (12.9%) including 

basalt (3.2%), silicified sandstone (3.2%), and silicified mudstone (6.5%), while Priiskovoe was 

dominated by locally available (87.1%) argillite (56.8%), quartzite (5.8%), tuff (0.7%), basalt 

(coarse-grained) (17.3%), and silicified sandstone (6.5%), with minute amounts of chert (12.9%) 

(Figure 8.16). In terms of raw material provisioning assemblages MUP residential base layers at 

Chitkan layer 2 are patterned more like LUP residential assemblages discussed below, while 

Priiskovoe fits expectations of residential base sites.  

Late Upper Paleolithic assemblages are clearly distinct from most of these patterns as 

non-local (59%) stone now accounts for the majority of the raw material types (Figures 8.14 and 

8.15). During the Late Upper Paleolithic the largest part of the tool assemblage consists of non-

local fine-grained chert (57.2%), while locally available argillite (32.9%) is now found in 

considerably less quantities. The remaining roughly 10% of stone includes fewer types than 

previous time periods consisting of local types including basalt (1.7%), quartzite (2.9%), diorite 

(4.6%), and andesite (0.6%), and non-local obsidian (0.6%). Again, this is a configuration that is 

expected if foragers are more moving residences more frequently, transporting tools and raw 

materials with them. Likewise, these hunter-gatherers may have had a higher technological 

requirement from microblade technology for high-quality fine-grained stone. 

Various types of tool stone may possess qualities that render it more or less suitable for 

manufacture and use of specific tools. Raw material qualities in the study assemblages vary not 

only by size of individual crystals (i.e., fine-grained vs. coarse-grained), but also by package size 

and durability (Terry et al. 2009). Stone types that are more brittle containing high quantities of 

silica, such as cryptocrystalline silicates like chert, may be used for different types of tasks than 

those made of sturdier types of stone with lower silica content, such as basalt. Obviously, stone  
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Figure 8.16 Graph showing percentages of raw material types in MUP residential base layer 
assemblages of Priiskovoe and Chitkan layer 2 zones 2, 3, and 4. (χ2=96.241, df=8, p-
value<0.001) 
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types that come in larger sizes can be used for more massive tools than those found in smaller 

package sizes. In the Transbaikal assemblages, durable materials are found locally including 

basalt, silicified silstone, silicified mudstone, diorite, and andesite, and come in larger sizes than 

more brittle non-local fine-grained cherts and quartzites.  

Raw material type does not significantly differ by tool class in Early Upper Paleolithic 

assemblage (χ2=22.470, df=15, p-value=.096) (Figure 8.17 and 8.18). Over 60% of the tools in 

each class are composed of argillite, while chert is the next most abundant raw material type 

making up between 5 to 40% of the tools in various classes. Only chert is found in the other tools 

(N=2) category, which is represented by a diverse group of tool classes including a bifacial 

scraper and a core fragment with retouch. Various more durable types of raw materials are found 

in small amounts in the end scraper, denticulate, side scraper, retouched flake, and retouched 

blade tool classes.  

Turning to raw material comparisons between site types for Middle Upper Paleolithic 

assemblages, stone type significantly varies within tool classes in MUP camps (χ2=32.815, 

df=15, p-value<0.001) and residential bases (χ2=56.360, df=12, p-value<0.001)(Figures 8.17 and 

8.18). In both MUP residential base and camp assemblages non-local material is found in greater 

than expected quantities for burins, wedges, and mixed tools while more local materials were 

used to fashion side scrapers, end scrapers, and retouched flakes. Interestingly, high-quality 

brittle types of materials are associated with implements used to fashion inset tools, signaling the 

possibility that these materials were for some reason preferred for this purpose. Along these 

lines, foragers may have been using these high-quality materials to manufacture hunting gear to 

increase its efficiency and guard against risk.  Comparisons of MUP residential base sites 

indicates that some of the differences between  
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Figure 8.17 Proportions of stone type in tool classes in each time period and site type. (MUP 
camp χ2=32.815, df=15, p-value<0.001: MUP residential base χ2=56.360, df=12, p-value<0.001) 
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Figure 8.18 Stone types found in tool classes for site type during each time period. (MUP camp 
χ2=278.321, df=120, p-value<0.001: MUP residential base χ2=325.586, df=96, p-value<0.001).  
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proportions of high-quality non-local raw materials and local stone within assemblages may be 

due in part to differences tools found at the various sites (Figure 8.19). Priiskovoe was associated 

with high proportions of scrapers, a tool class dominated by local raw materials, while at Chitkan 

very few (N=1) scrapers were present. Wedges, perforators, and mixed tools were composed 

mostly of non-local types of material within both assemblages. At Chitkan most tool classes 

were dominated by non-local raw material types more similar to MUP camp or LUP residential 

base sites. 

Most tool classes during the LUP were dominated by non-local raw materials (χ2=52.741, 

df=15, p-value<.005). If risk was high, hunting implements should have been fashioned from 

high-quality raw materials as indeed they were with over 60% of non-local high-quality cherts 

comprising retouched microblade, wedge, and burin tool classes (Figure 8.17 and 8.18).  Other 

tool classes including end scrapers, mixed tools, perforators, retouched blades and flakes are also 

dominated by non-local raw material. However, side scraper and chopper tool classes are 

composed of nearly 100% local stone types. These types of tool are generally heavier duty with 

larger sizes (Figure 8.20) (F=10.387, df=18, p-value<.005) and side scrapers possess high edge 

angles (Table 8.17). Terry et al. (2009) found that raw materials vary by scraper size in these 

Transbaikal tool assemblages (Table 8.18) with large scrapers manufactured from durable local 

materials while small scrapers were made of non-local brittle stone. In experimental 

assemblages, Terry et al. (2009) found that durable raw materials, such as those found in 

abundance near sites in the Transbaikal, were significantly more effective for use as larger 

scrapers to scrape harder materials, in this case pieces of alder, than brittle fine-grained chert. 

Therefore, foragers would select local durable materials to fashion large choppers and large 

scrapers because it was found in large sizes, was locally abundant, and in the case of large 
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Figure 8.19 Proportions of stone type in tool classes in MUP residential base sites of Priiskovoe 
and Chitkan layer 2 zones 2, 3, and 4 (a) (χ2=17.158, df=8, p-value<0.001), and stone types 
found in tool classes within MUP residential base layers at Priiskovoe and Chitkan layer 2 zone 
2, 3, and 4  (b) (χ2=53.417, df=32, p-value<0.001). 
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Figure 8.20 Bar chart showing mean tool sizes for all time periods. (F=10.786, df=16, p-
value<0.001)  
 

Table 8.17 Mean Edge Angle of Tool Classes for all Study Assemblages. 
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Table 8.18 Comparison of Lithic Raw Material Source Location and Scraper Size Combining all 
Time Periods (after Terry et al. 2009). 

 Scraper 
small (>10g) large (<10g)  

N (%) N (%) 
Local raw material 18 (32) 224 (89) 
non-local raw material 47 (72) 28 (11) 

χ2=107.140, df=1, p-value<.005 

 

scrapers offered greater functional efficiency. In essence, this would effectively cancel out the 

need to import and use non-local, fine-grained, brittle cherts for these particular tools, especially 

if toolkit portability was of concern. This would explain why local durable stone is a steady 

component of the side scraper tool class through out the Upper Paleolithic period.  

Raw Material Provisioning and Tool Design System 

 Over the millennium, the most glaring changes within tool types were between the EUP 

before Levallois points fell out of use, and the LUP when retouched microblades appeared, 

however other tool categories remained fairly analogous in their morphologies across time 

periods. The greatest changes in toolkit composition then, occurred within the amounts different 

types of tools were represented in various assemblages. Several lines of evidence explored in this 

chapter indicate a robust change in the manner in which foragers provisioned tool stone material 

and the tools from which they were made over the 25,000-year period in the Transbaikal region. 

These changes echo those found in foraging systems within which hunter-gatherers operated. 

From these analyses a general model of the manner in which foragers provisioned themselves 

through distinct technological systems is constructed. Technological systems are assessed by 

Bleed (1986) in terms of technological attributes such as maintainability and reliability. 

Maintainable systems are generally advantageous to foragers who cannot anticipate when a tool 

will be needed and must rely on the tool to work when used. In these instances, light, portable 
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tools with modular designs are favored facilitating their repair through replacement of parts 

during use. To reduce the risk of failure during vital times of use, reliable systems are over-

designed. These systems typically require sizeable amounts manufacture time as they have built-

in complex back-up systems, subsequently requiring a specific time for repair. In general, these 

types of technologies are found in foraging societies that hunt large game because both time 

stress and variability in return rates of high-ranking prey are factors that require their attention.  

Within this framework, temporal variation of design systems found in the Transbaikal is 

evaluated combining aspects of toolkit design from the above analyses and data on core 

reduction modeling from Chapter 6. Unfortunately, preservation of perishable materials such as 

bone, antler, and wood, make the task of evaluating these systems more challenging thereby 

requiring more subjectivity and proxy data to interpret them.  

All periods utilized composite tools with a combination of bone or antler used for the 

implement and stone for armatures, with stone enhancing the deadliness of the weapon by 

providing sharp edges to incur large amounts of tissue damage, while bone or antler offered 

strength and resilience to the tool, even in extremely cold environments (Ellis 1997; Elston and 

Brantingham 2002).  It has been noted that these systems require considerable numbers of 

different tool types to create and maintain them including hard and soft hammers, anvils, 

pressure tools, slotting tools, wedges, grinders, and resin (Flenniken 1987; Tabarev 1997). 

Design systems in all periods have maintainable and reliable qualities, however the degree to 

which each system possess these qualities is temporally distinct.  

 Early Upper Paleolithic. The tool design system within which Early Upper Paleolithic 

foragers operated was both maintainable and reliable. Large retouched blades, and possibly bone 

or antler, were hafted onto shafts and propelled utilizing spear-throwers, like that found at 
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Tolbaga. These types of tools were both complex and reliable, with several parts and back-up 

systems. Points could be easily replaced in the field with spare parts, however failure of shafts 

and spear-throwers would need considerable manufacture time so these parts would be 

maintained at the residential base and extras might have been carried as there was likely low 

probability of their breakage. Hunters likely transported few tools or cores for manufacturing 

weaponry or processing game as they were quite large and heavy. An elaborate toolkit was not 

necessarily needed on these hunting excursions because tools were maintained at residential 

bases during downtime. Locally available stone was fashioned into tools for armatures as well as 

implements for processing resources. Infrequent relocation of residential bases and a relatively 

close foraging radius would allow this type of system.  

 Middle Upper Paleolithic. Working within a logistical foraging scheme, MUP tool design 

was as complex as that of the EUP with its inset tools, but tool maintenance needs changed. 

Smaller blades or flakes may have been fitted into slots on bone or ivory shafts outfitting spears. 

There is evidence that tools were repaired at logistical camps using a fairly lightweight toolkit 

consisting of microcores, wedges, burins, notches, and smaller flakes and blades. These tools 

were fashioned using high-quality non-local raw materials that may have increased their 

efficiency for capturing game. Retrofitting slotted points with smaller blades or flakes increased 

the tools reliability, if a section of blade or flake failed the entire tool did not and, hopefully, the 

prey was not lost. The initial time required to fashion a slotted point would have been greater 

than affixing a stone blade as a point as during the EUP, however maintenance and repairs would 

have been easier in the field after the initial investment of time.  Portability of tools in logistical 

campsites was a concern as tool and non-local core weights were considerably less than those 

found in the residential base of Priiskovoe. Foragers could have also kept tool weights low 
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during logistical forays by utilizing locally available stone for large scrapers, a pattern in many 

of the MUP camp assemblages but especially noted at Kunalei subhorizon 3. Toolkits brought to 

resource extraction camps contained a high diversity of tools, both in terms of different types of 

implements as well as how evenly these tools were appropriated in the toolkit. Both factors are 

the artifacts of time stress, tools needed to be on hand when needed and needed to function 

efficiently. Inhabitants of the MUP residential base site of Priiskovoe were not under these same 

constraints, thus tool weights were significantly higher, local stone was used for most of the 

processing implements, and the diversity of tools was low, more in line with the EUP. It appears 

that resource processing was a major concern here. However, the MUP residential base layer at 

Chitkan layer 2 left signatures more similar to MUP camp and LUP residential base assemblages 

with high levels of non-local raw material types, small tool sizes for portability, small tool 

assemblage sizes signaling short duration of stay, and relatively high artifact diversity. Evidently 

tool manufacture or maintenance was of great concern at these sites with little resource 

processing. These patterns point to higher levels of time stress acting on the inhabitants of 

Chitkan layer 2 (zones 2, 3, and 4) as well as a possibly higher degree of residential mobility. 

 Late Upper Paleolithic. Qualities of toolkit maintainability and reliability were taken to 

an extreme during the Late Upper Paleolithic. Tools were highly complex as bone points were 

armed with microblade inserts all along the margins. Although these tools took a long time to 

manufacture, as a task performed during spare time at the residential base, they could be easily 

maintained with small standardized blades that could be either manufactured on the spot or 

readied in a single sitting (Elston and Brantingham 2002).  Foragers transported tools with them 

to new locations bringing with them high-quality non-local raw materials to ensure that tools 

were on hand when needed as they moved residences frequently. Hauling around a functionally 
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efficient toolkit was a key concept as weights of cores and tools were kept extremely low to 

maintain a relatively high diversity of tools. Utilizing various multifunctional tools was another 

means of increasing the assortment of implements on hand. Again, another means of keeping 

toolkit weights low was to rely on locally available raw materials for manufacturing large 

scrapers and chopping tools. Using microblades, instead of small blades, likely increased the 

reliability of armatures by decreasing the likelihood of catastrophic damage to one or even a few 

blades. Furthermore, their standardization allowed tools to be easily retrofitted with microblades. 

Given the large initial investment of time into their manufacture, armatures, then, could be used 

multiple times, were easily repaired, and tended to function when needed. A final advantage of 

microblade inserts was the conservative use of raw material if it was a constrained resource. A 

slotted bone knife found at Studenoe 1 cultural layer 18 may indicate that these features were of 

high priority in other tools as well. 

Conclusion 

 Provisioning strategies in the Transbaikal varied temporally following forager settlement 

strategies. During the Early Upper Paleolithic inhabitants utilized a strategy of supplying places 

with tools and toolstone as the residential base was moved relatively infrequently. Both 

provisioning systems were at work during the MUP as foragers needed to supply people going 

on logistical forays to extract resources with adequate tools to perform the required tasks, 

whereas these constraints were not operating on foragers occupying fairly long-term residential 

bases where a system of supplying places was in effect. However, the beginnings of a more 

residentially mobile pattern may have emerged at the upper most cultural layers at Chitkan layer 

2. People were provisioned with tools during the Late Upper Paleolithic using many efficient 

toolkit design aspects for this life-style of frequently moving residences on the landscape. These 
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modifications of technological design system are the basis for modeling forager responses due to 

increased resource uncertainty, risk, and mobility in reaction to environmental changes during 

the end of the Pleistocene, and how these changes correspond to technological innovation and 

the spread of human populations into uninhabited territories explored in the next chapter.   
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CHAPTER NINE 

INCREASING SOCIAL LANDSCAPES IN THE TRANSBAIKAL: IMPLICATIONS 

AND CONCLUSIONS 

Now that the various pieces of the relationship between technology to foraging strategies 

have been explored, comparisons can be made between these patterns and those expectations of 

the foraging model laid out in Chapter 3, as well as implications in terms of technological change 

and social interactions within Northeast Asia and the rise of various stone tool technologies. 

Before looking to social interactions as impetus for cultural change, we must evaluate whether 

these changes were a technological response to increased resource uncertainty, including 

subsistence and lithic raw material, due to changing climatic and environmental factors during 

the end of the Pleistocene. Temporal variation in stone tools may in fact echo changes in 

settlement, subsistence, uncertainty and risk as a response to these changes, therefore an 

articulation between these factors is advanced. 

The Question, Expectations, and Model Summary 

 Over the roughly 20,000 year period represented in the lithic data from the Transbaikal 

region, several changes occurred within stone tool technologies while other aspects of it were 

relatively unaffected. Of primary concern is whether these changes intersect with environmental 

pressures as a direct response to rapidly changing climates in the region in the form of 

technological innovation, or from shifts in populations with the movement of people in and out 

of the Transbaikal region, again in reaction environmental changes.  

 Modeling raw material provisioning strategies and technological changes within the 

various time periods and how they conjoin to large-scale environmental changes in the region is 

a first step in understanding toolkit variability over time. However, a brief review of expectations 
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of ways in which foragers should cope with resource risk based on Human Behavioral Ecology 

models is in order. Next, data on raw material provisioning tactics and technological 

characteristics from each time period is superimposed over environmental and other 

archaeological data gleaned from the study sites to provide a portrayal of how these factors were 

interrelated. Discussion then follows about how the various patterns emerged in regard to 

technological innovation, mobility, and social interactions on the regional scale as well as how 

these data relate to more widespread patterns across northeast Asia. 

Modeling Risk Minimizing Tactics: Optimal Times of Innovation, Increased Mobility, and Social 

Interactions 

 Foragers exhibit a diversity of behaviors from which they can select tactics to reduce the 

dangers around resource variance in unique situations. Several methods have been employed by 

hunter-gatherers to reduce this risk during times of resource short-falls including resource 

diversification, storage, sharing, increased mobility, and technological change as outlined by 

Human Behavioral Ecology models (Chapter 3). Of concern in this study are technological 

innovation, mobility, and sharing as these are the most visible within the dataset from the 

Transbaikal. A brief review of each strategy and expectations of how their archaeological 

signatures should appear is in order before applying these models to the patterns in the study 

area. 

 Increases in forager mobility and technological innovations are sometimes intricately 

linked. If encounter rates of high ranked food resources decrease foragers should employ 

techniques to try to increase these rates through a more efficient technology, as outlined by the 

diet breadth model, and/or increasing either residential moves or movements of task groups 

predicted by the central place foraging model. Technological changes have been shown to 
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directly increase access to food resources either by increasing encounter rates or by effectively 

increasing travel distances of task groups by reducing travel costs associated with bringing food 

stuffs back to a residential base.  

Furthermore, if return rates for securing food are low foragers should try new 

technologies because even small additions will provide a high pay-off. These foragers should be 

using a “risk prone innovators” strategy.  Innovations should also occur within those 

technologies utilized to capture high ranking prey, those with high return values, and should 

utilize the highest quality lithic raw materials to improve chances of capturing those resources. 

When return rates are high foragers should be operating under a “conservative innovators” 

strategy whereby they will not try new technologies in an effort to limit variance around return 

rates. Technological innovation should be highest, then, in rapidly changing environments to 

increase return rates, or in new environments to meet the demands of the new surroundings. 

Under these circumstances not only are environments in flux, but the knowledge a forager has 

about them is uncertain or low.  

 The patch-choice model predicts that if environmental productivity is high less time 

should be spent in patches thereby increasing mobility, whereas foragers should be more 

sedentary when productivity in patches is high but distances between patches are low. A further 

permutation on this scenario is, that if patch productivity is low and distances between patches 

are great, a forager would stay in the patch as long as possible to avoid the high costs associated 

with moving. Again task groups may be employed to delay the high costs of moving as long as 

patches are not too far away. 

 Sharing, in terms of social exchange is yet another way of reducing resource stress. 

Fusing several models on reciprocity and land tenure including the food sharing model 
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(Winderhalder 1986a), the economic-defensibility model (Dyson-Hudson and Smith 1978), and 

the social-boundary defense model (Cashdan 1983), and Kelly’s (1995) sharing between groups 

model, can provide several predictions depending on the degree of resource variance within and 

between groups. Foragers should defend strict boundaries from outsiders and use storage 

facilities when variance is high both within and between groups. This is a means of protecting 

resources from others who may want them. These measures are lifted and passive territories are 

maintained, however, when within group variance is low while between group variance is high. 

Social-defense boundaries in the form of controlled reciprocity between groups should be 

maintained when variance is high within a group but low between groups. In this scenario 

individuals within a groups seek out neighboring groups for access to resources but access may 

only be granted if social obligations have been maintained. Finally, there is little social-boundary 

defense when there is low within and between group variance because there is little stress on 

resources, however some exchange would probably occur to keep social connections as a 

precautionary measure.  

Concepts laid out in this model inspired Whallon (2006) to construct a network mobility 

model of how social “safety-nets” or exchange networks should be organized on a regional scale 

based on resource variation. Increased social networks within distant geographic locations and 

decreased relations at the local level should be maintained if variation in resource availability is 

high at both the regional and interregional level as these distant neighbors will be sought out to 

use resources found in their areas. Conversely, high levels of regional social networks should be 

preserved and long distant relations should be low when resource variability is high regionally 

but low within adjacent areas. Finally, little intergroup contact should be made if resource 

variability is low both locally and regionally. 
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Now some predictions can be made: 

1) If new technologies emerge in an area they should roughly correlate to a time of 

unproductive or unpredictable environments, or the movement of people into an 

unfamiliar environment, not just a new element within a system. 

2) If there is movement of people into an abandoned area or new area there should be 

changes in an entire suite of behaviors including several aspects of those centering 

around stone tool technology (i.e. different types of tools or core reduction 

techniques).  

3) If there is movement of people into an abandoned area or new area there should be 

evidence of experimenting with local stone while conserving non-local varieties.  

4) Other methods of reducing resource risk should also appear during times of resource 

risk such as diversifying diet, storage systems, sharing, or change in mobility patterns.  

5) Social interactions should increase locally if resource variability is low locally and 

increase within distant geographic locations if resource stress is high both on a local 

and interregional scale.  

Raw Material Provisioning, Technological Organization, and Risk Minimizing Tactics in 

the Transbaikal 

 Fusing several lines of data including those on local environments in the Transbaikal 

(Chapter 2) and elements from sites such as location, fauna, and features (Chapter 4), with those 

pertaining to technological and raw material provisioning studies evaluated in Chapters 6-8, a 

tentative picture emerges of the interaction of risk management and technology in the 

Transbaikal during the Upper Paleolithic (Table 9.1).   
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Early Upper Paleolithic 

 During the EUP the climate was warmer and more humid up to 30,000 BP then began 

cooling and drying. At this time an open parkland steppe of grasses and trees supported steppe-

tundra, and to a lesser degree, an open woodland fauna. Patches were likely quite productive 

during this time as reflected in foraging behavior. The site of Tolbaga contained numerous well-

made dwellings equipped with central hearths and storage facilities, all indicators of long-term 

occupation. Abundant diverse fauna were captured from the site including large and smaller 

species that inhabited mostly steppe-tundra environments, such as woolly rhinoceros, woolly 

mammoth, bison, cave hyena, horse, saiga, Asian wild ass, argali sheep, with some from the 

woodlands such as red deer (Table 9.1). Most of these species were abundant in large or medium 

sized herds that grazed on the prolific steppe grasses.  The site was positioned on a colluvial 

slope away from the river possibly to exploit both plentiful fauna in the area as well as the raw 

material found within the river cobbles. Risk factors due to resource variance and time stress, 

therefore, were relatively low.  

The local raw material tended to be of relatively high quality argillite and was typically 

used to manufacture cores, blanks, and tools on site. Rare high-quality non-local chert was 

seldom brought to the site in the form of cores, blanks, or tools and underwent no further 

reduction before discard. Amorphous and flat-faced cores were typically reduced for the 

production of both large flakes and blades, with some use of the discoidal procedure. Although 

foragers utilized the Levallois technique during core reduction, it was uncommon. Blanks 

selected for use as tools were relatively large but produced during the later stages of core 

reduction. Most of the tools utilized and discarded on-site included those for manufacturing 

armatures, such as retouched blades, notches, and a few Levallois points, as well as those for 
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Table 9.1 Summary Data Merging Regional Climate and Environments, with Data on Site Type, Location, Features, Fauna, and 
Radiocarbon Ages, and Raw Material Provisioning Strategies and Inferred Foraging Strategy for each Time Period. 

 EUP  
(40,000-27,000 14C yr BP) 

MUP  
(27,000-18,000 14C yr BP) 

LUP  
(18,000-10,000 14C yr BP) 

Climate Karginsk Interstadial- OIS 3/ 
MIS 3, warmer and more humid 
up to 30,000 14C yr BP then 
cooling to 24,000 14C yr BP 

End of Karginsk interstadial (up to 24,000 14C yr BP) cooling to Sartan glacial 
(24,000-10,00014C yr BP) OIS 2 
cold and dry with LGM 22,000-17,000 BP 

Sartan glacial (24,000-10,000 14C 
yr BP) OIS 2 
(LGM 19,500-16,500 14C yr BP), 
then graudually warming to 
17,000-10,000 BP with several 
cold periods in between 

Environment Open parkland steppe of grasses 
and trees 

Mountain tundra and cold steppe in valleys increased with few trees Montane forests and periglacial 
steppe at maximum warmth 

Regional 
fauna 

Steppe-tundra, steppe, open 
woodland 

Tundra steppe and forest-steppe (open woodland) fewer Tundra steppe and forest-steppe 
(open woodland) more 

Site type Residential base (Tolbaga) Residential base 
(Priiskovoe, Chitkan layer 
2) 

Camp (Chitkan layers 3-7, Kunalei, Melnichnoe 2) Residential base (Studenoe 1 and 
2, Ust’ Menza 1 and 2) 

Ages of sites 
(14C yr BP) 

34,000-25,000 14C yr BP 25,000 14C yr BP 
(Priiskovoe) -21,000 14C 
yr BP (Chitkan layer 2) 
 

25,000- 20,000 14C yr BP 21,000-18,000 14C yr BP (low 
density) (Studenoe 2 layers 8-4/5 
and Ust’ Menza 2 layers 27-20) 
18,000-10,800 (high density) 
(Studenoe 2 layers 4/4-3, 
Studenoe 1 layers 19/4-14 and 
Ust’ Menza 2 layers 19-4, and 
Ust’ Menza 1 layers 13-25) 

Fauna in sites Steppe-tundra and open forest: 
woolly rhinoceros, woolly 
mammoth, bison, cave hyena, 
horse, saiga, Asian wild ass, 
argali seep, Mongolian gazelle, 
and red deer 

Steppe-tundra and open 
woodland: bison, horse, 
bear, red deer 
(Priiskovoe), bison (?) and 
ostrich (Chitkan layer 2 
zone 4) 
 

Steppe-tundra and open woodland: woolly 
rhinoceros, bison, horse, saiga, red deer (Kunalei) 

Open woodland and steppe-
tundra: 
woolly rhinoceros, argali sheep, 
red deer (Studenoe 2 layer 5) 
bison (?), auroch (?), bear, 
Baikal yak (?), argali sheep, 
gazelle (?), row deer (?), red 
deer, ostrich (Studenoe 2 layer 
4/5- likely several occupations) 
bison, Baikal yak (Studenoe 1 
layer 19/4) 
Siberian ibex, antelope, red deer 
(Studenoe 1 layer 17), 
red deer (Studenoe 1 layer 15 
and layer 14) 

Features Large cobble lined dwellings, 
central hearths, storage pits 

Cobble outlined dwelling, 
hearths 

Cobble outlined or unlined hearths Cobble outlined dwellings, 
central cobble outlined and 
unlined hearths 
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Raw material 
acquisition 

Local with little non-local Local with little non-local Local with some non-local Diverse non-local with some 
local 

Raw Material 
transport 

On-site production of local raw 
materials (primary); Transport of 
non-local only as core or tool  

On-site production of local 
raw materials (primary); 
Transport of non-local 
only as tools  

On-site production of local raw materials; More 
transport of non-local material as cores for on-site 
production of blanks and tools  

On-site production of local 
(secondary); On-site production 
and discard of non-local raw 
materials as cores, blanks, and 
tools (primary) 

Raw material 
reduction  

Amorphous and Flat-faced cores 
(discoidal present), Levallois 
present, Flakes and blades, 
overall larger tools 

Amorphous, flat-faced, 
discoidal, some bipolar, 
flakes and blades, over all 
smaller sizes 

Amorphous, flat-faced, discoidal, bipolar, 
microcores, flakes and blades. Small non-local 
flakes as hunting maintenance tools, overall smaller 
sizes 

Amorphous, flat-faced cores, 
flakes, blades, and microblades, 
microblades exclusively as 
armature inserts, overall smallest 
tools 

Raw material 
consumption  

No difference between local and 
non-local 

Local materials wasteful 
use, non-local highly 
consumed 

High utility rates of local and non-local in within 
cores, non-local but detached pieces and tools 
lower 

High utility rates of all types of 
non-local cores, high utility rates 
within microblade production 
and tool reduction; lower rates 
for local raw materials in all 
categories 

Tool types High percentages of Side 
scrapers, retouched blade, notch, 
end scraper, denticulate, raclette, 
Levallois point unique 

High percentages of side 
scraper, retouched flake, 
notch, burin, end scraper 

High percentages of side scraper, end scraper, 
notch, burin, retouched flake, wedge 

High percentages of mixed tools, 
retouched flakes, end scraper, 
side scraper, burin, wedge, 
microblades (unique) 

Toolkit design Maintainable, complex, and 
reliable with large blades inset 
into spear points fashioned from 
local material, maintained at 
residential base, large tools not 
transported with foragers 

Mostly Non-portable 
larger tools, low diversity 
of tools with emphasis on 
large processing 
implements 

Maintainable, complex, and reliable, portable and 
diverse, non-local tools transported including inset 
armatures (slotted?) and cores and 
repaired/maintained with wedges, burins, notches, 
retouched flakes produced from microcores, Local 
stone used for large scraping implements. 

Highly maintainable, complex, 
and reliable bone/antler tools 
with microblade inserts, 
extremely portable and highly 
diverse non-local tools 
transported to sites, use of local 
stone for large tools. 

Inferred 
foraging 
strategy 

Long-term use of abundant 
resources near residential base 
above valley floor, and storage, 
enabling infrequent relocation 

Locate residential base on 
high river valleys near 
abundant lithic raw 
material and tundra-steppe 
game, (maybe woodland 
game) 

Short-term camps for resource extraction (hunting) 
located on high river terraces abundant lithic raw 
material and tundra-steppe game, (maybe woodland 
game) 

Short-term use of residential 
base in valley bottoms adjacent 
to rivers to exploit woodland 
habitat and raw material with 
frequent relocation. 
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resource processing including side scrapers, end scrapers, denticulates, and raclettes. Tools for 

capturing game, in this case mostly large migratory herd animals, was geared around large 

retouched blades, manufactured from local raw materials, hafted on to spear shafts that were 

propelled using spear throwers. These tools were relatively complex with several parts, and 

consequently could be refitted with tips in the field, which also increased the chance that they 

could work when needed. Shafts and spear throwers were likely maintained at residential bases 

as they required considerable manufacture time. Other parts of spears were also maintained 

during down time at the residential base. Resource processing took place at residential bases 

through the utilization of local lithic raw materials to fashion tools. Overall, tools were seldom 

transported long distances by foragers owing to their large sizes. 

Raw material consumption rates were high for local and low for non-local lithic raw 

material types in terms of core reduction amounts and standardization. Blanks produced, 

however, provided a great deal of cutting edge relative their mass especially for non-local raw 

materials. This scenario was likely augmented by the high rate of large blade production as 

values correlated to detached piece size. In terms of tool-use, local and non-local raw materials 

were consumed at similar rates.  

 Overall, this type of system indicates that the residential base was occupied for fairly 

lengthy time periods situated in areas with abundant lithic and subsistence resources, and that 

distances between productive patches may have been great. Foragers were able to extract game 

fairly close to the residential base and possibly utilized a storage system to prolong the duration 

the location could be inhabited and guard against shortfalls.  

Middle Upper Paleolithic 

The climate continued to become colder and dryer during the MUP in the Transbaikal 
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from 24,000 – 17,000 14C BP with a culmination during the LGM from 19,500-16,100 14C BP.  

Mountain tundra with cold steppe grasslands increased supporting few trees due to both a 

decrease in mean annual temperatures by at least 6°C  below the previous period (8-10 °C below 

current temperatures) as well as an increase in aridity. Fauna inhabiting the landscape at this time 

consisted mostly of the tundra-steppe types with few open woodland species. Environments 

deteriorated until 17,000 14C BP in the Transbaikal when the cold phase started warming. This 

extreme cold and dryness would have placed the highest amount of stress on foragers as the 

environment likely became patchier with a decrease in forests, a time that would be most 

propitious to employ safeguards against resource risk.  

During the MUP a pattern emerged where task groups were sent out from residential 

bases to extract resources for transport back to habitations. Stone outlined dwellings with central 

hearths, like those found at Priiskovoe and Chitkan layer 2, were constructed at residential bases. 

More ephemeral campsites with cobble lined or unlined hearths were utilized, including Kunalei, 

Chitkan layers 3-7, and Melnichnoe 2. These types of sites were positioned over the landscape 

on alluvial terraces near river valley bottoms. This type of system effectively increased the 

foraging radius from a residential base without actually moving it, a tactic useful when patches 

become less productive and distances not so great between patches as to denigrate the benefits of 

transport. Furthermore, the greater the distance to an extraction site the more a forager should 

focus on high ranked resources and ignore those lower ranked items, thus decreasing resource 

diversity outlined by the single-prey loader model (Orians and Pearson 1979). Prey animals of 

primarily steppe-tundra environments were taken at both types of sites, some of which were 

grazers typically found in fairly large herds like wooly rhinoceros, bison, horse, and saiga, and 

those found in more woodland environments such as red deer. There is no evidence that wooly 
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mammoth, likely a high ranked resource, was taken at these sites. From the relatively meager 

data on fauna in MUP assemblages, there was little difference between fauna at residential bases 

and campsites, perhaps owing to the relatively short distances between the two. Consequently, 

two systems were in place to supply and manage lithic resources available to foragers at both 

types of sites. Local raw materials were utilized to provision places with raw material at the 

residential base site of Priiskovoe providing raw material for residential bases and campsites 

primarily for large processing tools such as scrapers. Non-local raw material types were 

transported to residential base sites to fashion hunting implements, especially at Chitkan layer 2, 

and were also taken to camps, likely in the form of microcores and larger sized cores, by hunter-

gatherers primarily to provide high-quality toolstone for repair of hunting implements.  

Sites were positioned where resources were abundant in terms of lithic raw material and 

game at the interface of both sparse woodlands along rivers and grassy plains. Most raw material 

was acquired from this local stone at both types of sites, however high-quality non-local 

materials were reserved for transport and use at camp sites where cores were taken with foragers 

to supply the stone needed to fashion tools and repair and maintain armatures in field locations. 

In turn, tools were transported back to the residential base where they were serviced and 

exhausted parts were discarded. 

At the residential base site of Priiskovoe flakes of local raw material types were produced 

from large amorphous, flat-faced, and discoidal cores. Typically late in the reduction sequence 

large flakes were selected for the production of mostly side scrapers, end scrapers, and retouched 

flakes. The bipolar technique, a novel approach to core reduction, present at both residential base 

sites was typically used for the reduction of very small high-quality non-local raw materials, 

possibly the result of exhausted cores returned in toolkits from camp sites, and small nodules. 
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Tools of non-local raw materials were selected late in core reduction represented by small 

notches, burins, perforators, and retouched flakes. At Priiskovoe these tools may have been the 

result of those transported from campsites and not necessarily the result of on-site production as 

very little reduction of non-local cores occurred here. However, at Chitkan layer 2 there was a 

focus on the use of non-local raw material types for the production of these tools including small 

notches, burins, perforators, and retouched flakes. At Priiskovoe local stone was utilized in a 

wasteful manner during all phases of use including core reduction, blank production, and tool 

use. Very few local raw material types were utilized at Chitkan layer 2. High consumption rates 

of non-local stone was likely the result of exhausted cores and tools transported to the residential 

base where they were discarded during retooling. However, if high-quality raw materials 

possessed characteristics preferred for tools associated with hunting implements they would also 

be conserved if they were not readily available locally. Toolkits at Priiskovoe were constructed 

around a relatively low diversity of implements with emphasis on large processing tools such as 

side scrapers, retouched flakes, notched, burins, and end scrapers, that were not portable. Chitkan 

layer 2, however, had high levels of diversity within toolkits. 

Local raw materials at campsites were reduced using the same methods as at residential 

bases with large amorphous, flat-faced and discoidal flake cores. Flakes were chosen at various 

stages during core reduction for the production of large side scrapers, end scrapers, and notches. 

High quality non-local raw materials were reduced through flat-faced, subconical, and prismatic 

core techniques to produce smaller sized flakes and blades. Tool blanks were selected near the 

end of the reduction sequence. Flakes were used to fashion burins, notches, mixed tools, and 

retouched flakes, and blades were typically used as retouched blades, end scrapers, and burins. 

Continued reduction of these non-local cores resulted in small microcores mostly unchanged 
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from their larger versions, a novel approach not found in the previous time period. Some flat-

faced microcores were rotated creating a new “wedge-like” morphology. These detached pieces 

were typically small flakes for use as burins, wedges, notches, and retouched flakes for the 

maintenance of armatures at camps. Small non-local cores, in the form of microcores or bipolar 

cores, were transported to camps where they underwent considerable reduction to supply 

foragers with the tools needed in the field. At camps local and non-local raw materials were 

efficiently reduced into tool blanks, especially utilizing microcore and bipolar core techniques. 

However this high efficiency of stone use did not translate into flakes and blades detached from 

these cores in terms of cutting edge proportions. Reduction techniques of the larger local raw 

materials were more efficient at providing high amounts of cutting edges, likely due to their 

larger sizes. These tools also tended to be highly spent, possibly due to a processing need at 

campsites. Non-local tools also tended to be used a great deal, however their small sizes may 

have restricted their consumption before the tool was deemed useless, and on occasion were 

transformed into another type of tool. Tools used in campsite localities were diverse with those 

for both maintaining hunting implements and processing game consisting of side scrapers, end 

scrapers, notches, burins, retouched flakes, and wedges. Some small tools of non-local raw 

materials were transported to campsites, however typically cores and microcores were brought to 

camps and reduced on-site for the production of tools for repairing composite hunting weapons 

including wedges, burins, notches, and retouched flakes. All of these characteristics are part of a 

maintainable, complex, and reliable technological system that revolved around hunting 

technology. It is unclear whether these tools were slotted or if retouched flakes or blades were 

affixed only to the tips. To maintain the portability of toolkits, tools and cores of non-local raw 

materials were small and local stone was reduced on the spot for large scraping implements, a 
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characteristic especially noted at Kunalei sublayer 3.  

In general, the foraging system during the MUP signaled a reduction of patch 

productivity, also predicted by environmental data, around residential base localities with the 

new system of employing campsites for extracting resources and transporting them back to the 

residential base. The residential base and camp sites were both positioned in areas of abundant 

raw materials, but not necessarily of high quality, located close to rivers on alluvial terraces.  

With caution it may be assumed that fauna in the area of residential bases may not have been as 

abundant or diverse as the previous time period as the diversity of species was slightly reduced 

within individual sites. Bison, horse, bear, and red deer were found at Priiskovoe, bison (?) and 

ostrich  at Chitkan layer 2 zone 4, and woolly rhinoceros, bison, horse, saiga, and red deer at 

Kunalei (a camp site). Wooly mammoth may not have been available in large quantities during 

this time. Changes in technology to possibly utilizing small flake and blade inserts on hunting 

weapons may indicate a response by hunter-gatherers during the MUP to the need for a weapon 

the worked well in both the grassland and woodland environments, and conserved scarce high-

quality lithic raw material that likely increased the effectiveness of the tool, an important 

characteristic to hunter-gatherers in an environment in flux. Higher costs of making projectiles 

with small inserts may mark the increase in the value of prey, or  possibly the difference in prey, 

from the EUP to the MUP (Griffin 1997). Chitkan layer 2 may provide evidence of a shift to a 

more short-term occupation of residential bases during the LGM roughly 21,000 14C BP just 

before the appearance of microblade technology during the LUP. 

High-quality non-local raw material was not procured in abundance, however, that in 

circulation was utilized specifically for the manufacture of hunting implements. These types of 

raw materials must have possessed qualities that were more effective for the manufacture of tools 
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or the capture of game that were heightened during times of significant resource and time stress. 

It is within the hunting technology in which these high quality non-local raw materials were 

utilized and where novel techniques appeared during the MUP. Tools were supplied at camps by 

transporting these non-local raw materials as cores then reducing them to extremely small sizes 

resulting in microcores or using bipolar cores, both novel technological items. By reducing cores 

to extremely small sizes, non-local raw material was maximized and provided larger blanks for a 

few processing tools such as scrapers, and small flakes for burins, wedges, notches, and 

retouched flakes. Whether these tools were utilized to make composite tools like those of the 

EUP, or a new slotted type tool appeared is debatable without well-preserved or unambiguous 

bone or antler implements from sites within the Transbaikal during the MUP. Very few bifaces 

existed at this time, as is the case during other time periods, and there were few tools that had the 

general morphology of a “pointed” implement that could be affixed as a tip. It is possible that the 

high quantities of small retouched flakes could have been retrofitted into slots created by burins 

along the side of points, however this is only conjecture at this point. At camp locations two raw 

material provisioning tactics were operating, one of supplying foragers with the raw material to 

make and repair primarily hunting implements, and another of utilizing stone found on location 

for the production of the larger processing tools too heavy for transport. 

Late Upper Paleolithic 

In the Transbaikal the beginning of the LUP arose during the LGM around 19,000 14C BP 

and lasted until the culmination of a warming trend from 17,000- 10,000 14C BP that marked the 

end of the Ice Age. At the time of maximum warmth, montane forests and periglacial steppe 

regime covered the terrain supporting tundra-steppe biota but now with the addition of more 

open woodland species. Patch productivity increased again but was fairly unstable during this 
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time with numerous cold phases, at 15,000-12,700 14C BP and again at 12,700-10,300  14C BP, 

within a rapidly warming climate. Although overall landscape productivity was high after the 

initial phase, the climatic unpredictability may have influenced foraging patterns in relation to 

resource risk management. 

In the Transbaikal, the LUP is marked by the presence of microblade technology, seen on 

the ground by at least 19,000 14C BP, and possibly earlier as most of the deepest layers in the 

region are undated at Studenoe 2 and Ust’ Menza 2, during the LGM. This is not the most 

advantageous time for the expansion of foragers northward. Some of these layers are associated 

with microblade technology, such as at Ust’ Menza 2 layer 24, whereas to date microblade 

technology has not been found at Studenoe 2 layers 6-8. Whether these layers at Studenoe 2 

dating to 21,000-19,000 14C BP represent the pre-microblade technology time period is unclear at 

present, but they are represented by low density of features and artifacts. After 19,000 14C BP 

foragers with microblade technology positioned ephemeral residences, typically with only a 

scattering of artifacts, on low-river terraces composed of typically one or two stone outlined 

dwellings with at least one cobble-lined central hearth. These sites were reoccupied over several 

millennia that were flooded annually by the river.  Early on patches were probably relatively 

unproductive during the late part of the LGM, however their productivity likely increased overall 

as time progressed. There were also times during cooling periods in which patch productivity 

may have been variable. From these sites a diverse set of open woodland and steppe-tundra fauna 

species are represented as a whole but only a few species composed of both woodland and steppe 

environments were exploited within individual occupations (see Table 9.1). Red deer and roe 

deer, however, were probably of major importance represented by larger quantities, especially 

within layers from later times, signaling the expanding woodland environments. Sites may have 



 411 

been visited repeatedly for red deer and roe deer hunting but other species were also taken, 

possibly opportunistically, as a back-up (Fisher 2002, Schmidt 1998). Furthermore, sites may 

have been positioned deep in the valleys to target these woodland resources near waterways, and 

possibly to escape the cold during winter.   

A strategy of provisioning places and people with raw material was in place in the LUP, 

as was the case with the tactic employed at camp sites and to some extent at the residential base 

layer at Chitkan layer 2 during the MUP. Locally abundant lithic raw material of high to low 

quality was exploited to provide foragers with the raw material needed to make large processing 

tools on-site, a pattern also found during the MUP. However, these stone sources supplied 

material needed for few tools including side scrapers and choppers. Typically large flakes for 

these tools were selected early during the reduction of amorphous flake cores. In rare instances 

other core reduction strategies were employed for local raw materials including 

discoidal/subdiscoidal, flat-faced, sub-conical, triangular, and wedge-shaped microblade cores 

when raw materials were sufficiently fine-grained.  This locally abundant stone was utilized 

fairly carelessly with less attention to conserving it at all levels of core reduction, tool production 

and use. There is no evidence for the experimentation in use of local raw materials only a 

continuation of the pattern from the previous time period. 

In contrast, diverse high quality non-local raw materials were transported to localities in 

relatively large quantities as small cores, tools, and possibly blanks, but were also later reduced 

on-site to provide a wide-array of small tools and then discarded. Larger cores were reduced 

using amorphous, discoidal, subprismatic flake, or flat-faced or lenticular blade core techniques, 

all techniques found during the EUP and MUP, to produce relatively larger sized blanks for end 

scrapers, mixed tools, perforators, and retouched blades and flakes. After these core types were 
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sufficiently reduced to the appropriate morphology a ski-spall was removed perpendicular to a 

platform, thus forming two separate pieces, a wedge-shaped core on the original core and a 

wedge-like core on the ski-spall, for the production of microblades, a rather innovative approach 

in core reduction technology. Thus, core reduction of exotic raw material was highly 

conservative in terms of waste. The translation of raw material into usable cutting edges was not 

as high for flakes and blades as for the extreme values microblades afforded. However, tools 

fashioned from flakes and blades were utilized reasonably efficiently considering their small 

sizes.  Microblades were strictly utilized to armor slotted tools for both the capture of game, 

within point technology, and likely processing it or other resources, with evidence of a possible 

knife found at Studenoe 2. Again within hunting technology, and perhaps expansion into other 

arenas, high-quality non-local raw materials were used to arm a complex, reliable, and highly 

maintainable implement system, which was also, consequently, highly portable, a pattern also 

found during the MUP. 

This type of a system was efficient for displacing risk associated with resource stress due 

to low productivity of patches, as well as time stress of ensuring that a tool worked when rare 

resources were encountered. This technological system likely flourished during the LUP even 

during times of high patch productivity as it provided a buffer during those times of 

environmental deterioration.  

It appears that the technology providing microblade inserts for bone or antler tools was a 

second novel approach within hunting technology that appeared in the Transbaikal during times 

of environmental degradation to colder and drier conditions, the first to emerge was microcore 

technology, culminating at the LGM to guard against risk during resource variability. Perhaps 

there came a point that it was more beneficial to relocate residences often to fairly unproductive 
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patches rather than sending task forces to camps to bring resources back to residential bases, and 

may be linked to a shift in exploiting woodland types of fauna, such as red deer and roe deer, 

more often. Other types of game would have also been taken, especially during the early LUP, as 

the opportunity arose. In the Transbaikal during the LGM there was a mixture of a steppic 

landscape with light woodlands typically near waterways within a cold and dry climate (Kuzmin 

2008). Sites were positioned in these areas, as during the MUP, to exploit woodland fauna as 

well as fauna found within the steppe grasslands. This pattern emerged in the Transbaikal by 

19,000 14C BP before warming began (17,000 14C BP in the Transbaikal), not after the LGM as 

models of colonization or recolonization predict. Changing residences often required the primary 

toolkit to have qualities like those found for use at campsites during the MUP, qualities taken to 

an extreme with microblade technology. This technology may have been a second novel 

approach by “risk-prone innovators” to provide portable stone for hunting implements in a 

context of high time stress when environmental strain was at its peak during the Upper 

Paleolithic in terms of the reorganization of large prey exploitation. Again, the cost acquiring 

game may have been high, especially early on and during climatic fluctuations, due to the 

standardization of microblade inserts (Griffon 1997; Fisher 2002). Other aspects of the toolkit 

also provided lightweight diverse implements easily transportable. 

Discussion 

 It is apparent that several risk-reducing techniques were chosen over time largely 

depending on the type and extent of resource variance. During the EUP when environmental 

productivity was high storage facilities in more permanent locations may have been adequate to 

get people through lean times and technological systems, based on large blades and flakes 

manufactured from local raw material, functioned efficiently for the capture of diverse grazing 
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species on the steppe-tundra. However, as the climate became colder and dryer the landscape 

became patchier and this system proved ineffective. Task groups were sent to secure resources of 

both steppe and woodland environments from distant patches thereby enacting a new raw 

material provisioning strategy supplying both places and people with raw material as well as a 

new method to capture prey based on bone or antler composite points with small inserts 

fashioned from high-quality non-local lithic raw material. This restructuring within hunting 

technology was likely a way to increase encounter rates with game due to a decrease in the 

availability of large migratory prey species that inhabited the steppe-tundra with emphasis on 

both these species that were available and more emphasis on solitary woodland species along 

rivers. With further environmental deterioration that peaked at the LGM residences needed to be 

moved often in order to more efficiently exploit small unproductive patches, typically of sparse 

woodlands along waterways. Steppe-tundra fauna was also taken when encountered. Again, 

technology was reorganized around this strategy allowing raw materials to be transported 

efficiently with foragers to various locations while utilizing some raw materials present at those 

locations, as well as the resourceful manner of arming slotted points with stone inserts.  

Innovation, Borrowing, or Immigration? 

 Technological change in the Transbaikal correlates closely with the environmental 

deterioration leading up to the LGM during the MUP and the LGM itself during the LUP, a time 

of great environmental transformation. The first period of technological innovation appeared 

during the MUP initiated at about 25,000 14C BP, roughly at the end of the Kargan (OIS 3) and 

beginning of the Sartan (OIS 2), as a response to deteriorating or changing patch productivity as 

the climate got cooler and dryer, with evidence of cryoturbation, solifluction and loess deposition 

starting at 24,000 14C BP (Chlachula 2002c) leading up to the LGM. A second new technology 
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emerged in the Transbaikal by about 19,000 14C BP at the peak of the LGM when the climate had 

reached the maximum of low temperatures and aridity. In the Transbaikal a mosaic environment 

existed with steppe biomes and small stands of woodlands along river valleys. This occurred 

before the warming phase documented in the Transbaikal at 17,000 14C BP when woodlands 

expanded during warmer phases. As predicted, these new technologies were created within 

resource extraction technology, specifically implements to fashion and likely arm bone or antler 

points during the MUP, and to provide regularized inserts for slotted points during the LUP as 

hunter-gatherers shifted from heavy use of large herds of migratory animals to more emphasis on 

those more solitary species inhabiting woodland environments. Also, these technologies were 

developed utilizing high-quality non-local raw materials as they likely provided better 

functioning tools to increase the rate of capturing game. Furthermore, with the onset of both of 

these new technologies there was also a reorganization of land-use patterns to increase resource 

return rates from resource poor environments beginning with more sedentary residential mobility 

during the EUP, to logistical mobility during the MUP, to the frequent movement of residential 

bases during the LUP. All of these changes called for a restructuring of lithic economy both 

during the MUP and LUP, especially in terms of managing high quality raw materials not locally 

available. During all time periods abundant stone found in riverbeds was utilized for 

provisioning places, which took different forms depending on residence patterns. Local stone 

was key within the toolkit in EUP residences as all tools were obtained from this material. 

Similarly, residences of the MUP also relied on local stone sources for all types of tools utilized 

at the residential base. However local stone was utilized for large processing tools at both MUP 

campsites and LUP residential bases to keep toolkit weights low.  

Although some components of core technology were the result of novel approaches to 
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risk and the extraction of more utility from scarce raw material, other aspects were steadfast over 

time, namely techniques revolving around amorphous and discoidal flake and flat-faced flake 

and blade cores. These types of cores predominated in all time periods and were the primary 

mode of reduction for microcores and cores before undergoing transformation into microblade 

cores. Similarly, formed tools were highly analogous, especially those of MUP and LUP 

assemblages.  Entire toolkits were not replaced during either the MUP or LUP when only 

specific elements of tool assemblages were transformed. Major differences in toolkits overall 

were in their sizes within those portions in which portability was of importance. Possessing 

lightweight tools was of major concern for tool assemblages used at camps during the MUP and 

at LUP residential bases. Where portability constraints were lifted tool sizes were large. These 

large sized tools were abundant at the EUP and MUP residential bases, but also prominent as 

tools produced on-site from local raw material types at MUP campsites and LUP residential 

bases. Furthermore, there is no evidence during any time period of experimentation with local 

stone. Raw material found at site locations was congruous in both form and use. 

Since a replacement of local populations by new ones moving into the Transbaikal was 

probably not the process whereby new technology emerged, we must look elsewhere, namely if 

this technology was truly a pristine technology only found in the region, or if it may be the result 

of social connections between foraging groups.  

Social Connections Across Northeast Asia 

Microcores and its associated technology of providing small blanks for the manufacture 

of a composite spear points may well have been a more regional development to cope with 

resource stress. Bipolar reduction of high quality lithic raw materials is documented at during 

this time in Siberia, namely in the Angara valley at Igeteyskiy Log 1 (Medvedev 1998) and small 
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cores abound in the literature attesting to “microblade” or microcore technology during the MUP 

such as at Malta’ and Buret’ (Medvedev 1998), Mogogita-1 (27,000 BP and 30,000 BP), Ui 1 

(22,800 BP), Kashtanka 1 (21,800-20,800 BP), Novoselovo 13 (22,000 BP), and Ust-Ulum 

(27,000 BP) (Derev'anko 1998; Goebel 2002; Kuzmin 2002, 2004; Kuzmin and Orlova 1998; 

West 1996), or as early as the EUP  at Ust’ Karakol in the Altai (Derervanko 1998) and 

Kamenka, Mukhor-Tala-4, and Kurtak-4 (Lbova 2005) in the Transbaikal. Some of these 

representations may not be microblade technology as defined here as the reduction of small 

pieces specifically for use as inserts into slotted tools, but evidence for the production of small 

flakes or blades not necessarily for the exclusive use of slotted inserts. In many of these sites 

abundant bifaces, rare in the Transbaikal assemblages within this study, may have armed point 

tips (Goebel 1999). These similarities throughout a broad landscape point to some sort of social 

connections, not necessarily the movement of people into adjacent areas. Higher rates of high-

quality local stone within assemblages in the Transbaikal during the MUP may indicate social 

links were expanded to those groups found in more distant regions.  

Tolbaga, on the other hand, with very little non-local lithic material may have maintained 

some social connections but did not have the need for concentrated interactions in a plentiful 

environment. Hunter-gatherers may have entered the Transbaikal from the west, most likely from 

the Altai with sites such as Kara-Bom, possessing Levallois and flat-faced core technologies 

found at Tolbaga and at other sites in the Transbaikal region such as Khotyk, Varvarina Gora, 

and Kamenka (Lbova 2005). Tsagaan Agui and Chikhen Agui located in Mongolia, and 

Shuidonggou in China with similar technology are likely the result of this population movement 

(Brantingham et al. 2002, 2004; Derev'anko et al. 2004; Bettinger et al. 2004). However, new 

evidence from Middle Paleolithic sites recently uncovered in the Transbaikal, Henger-Tyn 1, 2, 
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and 5, Henger-Tyn Skalnaya, and Barun-Alan 1 and 3 (Tashak 2004, 2005), may point to a 

different scenario upon their analysis. Although these technologies support evidence of 

affiliations between groups especially within the Transbaikal region, they may not have resulted 

from the intense interactions of gift-giving as there is little evidence of “exotic” types of items 

found in artifact assemblages.  

As the environment deteriorated, foragers looked more and more towards social 

relationships as a way of reducing risk. Other researchers have also noted stronger social 

connections in terms of  “social storage” across larger tracts of land in other areas of Siberia to 

cope with environmental stress of living on the mammoth-steppe during the MUP namely at 

Malt’a, Buret’, and Ust’ Kova along the Angara River with the presence of exotic lithic raw 

materials and art (Goebel 1999). These connections may have loosely extended into northern 

China where a similar technology existed for small blade inserts (Barton et al. 2009). In the 

Transbaikal, bipolar core and microcore reduction to produce small flakes for composite 

armatures was part of this larger region of interaction. Small cores with “wedge-like” qualities 

were found, although rarely, in other sites within Siberia including Buret’ (Medvedev 1998) and 

Ust’ Karakol (Derev’anko 1998). In this context, foragers might have begun by increasing 

peaceful interactions with those in adjacent regions during the initial MUP when stress may have 

been more regional in nature, then moving these interactions further afield to include those in 

regions more distantly located as climatic variation became more intense. Foragers in adjacent 

patches would be coping with the same resource variation thereby turning to other regions 

further away.  

Suddenly, during the peak LGM at 19,000 14C BP a sharp increase in the use of high 

quality raw materials that were rarely considered during earlier times not only signals a broader 
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range of human movement across the physical landscape, but likely a greater concentration of 

social interactions.  Wide ranging social networks over large tracts of land may have been 

imperative during the peak LGM because of a mosaic of severely depressed resources, in some 

locations there may have been at least increased summer temperatures such as in coastal regions 

of western Beringia (Brigham-Grette 2004), while many other areas may have witnessed 

resource depression with cold and dry conditions across the vast region of Northeast Asia 

(Kuzmin 2008).  In either case, a reorganization of the manner within which to secure resources 

would have strained the practices of hunter-gatherers in terms of coping with high variability in 

mosaic environments and extreme resource depression in other regions. Population pressure was 

likely not a cause of resource competition as populations apparently did not increase until after 

the LGM at roughly 16,000 14C BP (Kuzmin and Keates 2005; see also Graf 2009; see also Buvit 

and Terry in press), however a decrease in the carrying capacity of the landscape could result in 

this sort of resource competition. This social connectedness to a wider range of people would 

have provided another means of alleviating resource stress that was greatly needed during the 

LGM. Since resource strain and in many cases variation was high both locally and regionally 

during the LGM to an extreme likely not encountered by many, if any, extant hunter-gatherers, 

foragers during this time should have created and maintained far reaching social networks across 

large geographic areas. These interactions would have been created by gift giving of various 

items, one of these items may have been high-quality fine-grained cherts, quartzites, and even 

obsidian found at the Studenoe and Ust’ Menza complexes in the Transbaikal but also similar 

high quality lithic raw materials present at many sites across Siberia at this time. From this social 

network microblade technology could have been quickly transmitted across long distances 

without necessarily mobilizing people to  “colonize or re-colonize” an inhabited or uninhabited 



 420 

area (as discussed by Barton et al. 2007). Thus, key elements of technology could be transmitted 

without the entire reorganization of a tool system. This may also be part of the source of such 

great variation within the technique of microblade core reduction documented across Northeast 

Asia, at least early on. On Hokkaido, by 20,000 14C BP three techniques were present to produce 

microblades (Nakazawa et al. 2005), all different than those documented in the Transbaikal. 

Bifacial preparation of microblade cores for ski-spall removal, as well as the use of flakes for 

end microblade cores (tortsoveyi cores) were techniques utilized throughout Siberia. However, 

foragers in the Transbaikal incorporated the technique of producing microblades into their own 

core reduction schemes to prepare “bifaces”, actually reduced cores, then created their own 

method of producing a ski-spall and of reducing both the detached piece as well as the core itself 

not documented elsewhere to date. Other evidence of wide social connections during the LGM in 

association with microblade technology also comes from the Russian Far East from the site of 

Ogonki, dated to nearly 18,000 14C BP on Sakhalin Island where obsidian was sourced to 

Hokkaido Island and amber came from 100 km away (Kuzmin 2008; Nelson et al. 2006; 

Vasil’ievski 2003). 

It would appear that the benefits of a wide social network and efficient and flexible 

extraction technology was the key factor in the initial rapid dispersal of microblade technology 

across much of Northeast Asia. This social network supplied needed high-quality lithic raw 

materials, but could have also been the source of information, access to shared territories, food 

resources, and mates. This central Asian group then spread from Mongolia/northern China 

through the Transbaikal and populated northern Siberia and Japan after 21,000 years ago.  

Genetic evidence that Central Asian groups centered in Mongolia and northern China 

became separated from the Caucasian group located in the Altai and Causasus around 24,000 14C 
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BP, then spread through the Transbaikal and into northern Siberia and Japan after 21,000 14C BP  

(Uinuk-ool et al. 2002) may be an indication of some of this genetic flow. In some areas of 

Northeast Asia where populations may have abandoned regions during the LGM, such as parts of 

northern China (Barton et al. 2007) and the Yenesei region in Siberia (Graf 2008, 2009), groups 

with microblade technology moved into those locations, in essence repopulating the region. In 

these areas an entire replacement of toolkits is documented as in parts of northern China (Barton 

et al. 2007). Barton et al. (2007) laid out a similar scenario based on social interactions in 

Northern China where they fused HBE models with those based on social transmission. Their 

results identified the swift transmission of microblade technology across Northeast Asia both 

during and after the LGM.  

Conclusions and Further Considerations 

As new studies surface dealing with the problem of the emergence of microblade 

technology, more evidence points towards the establishment of long-range social interactions as 

a possible source, but not necessarily to a specific region. New developments in technology that 

emerged along the Chikoi and Khilok River valleys in response to extreme environmental 

variability were created out of interactions between those who inhabited the region and those 

with whom they had regular social ties during the entire Upper Paleolithic period. It is the degree 

within which those interactions were maintained that may be of real importance. In this way, 

technological innovation within the Transbaikal was in part a local behavior response that 

melded with inputs from foragers in more distant areas. As such, the development of microcores 

or microblade technologies to manufacture inserts into composite tools did not necessarily 

originate in the Transbaikal, however, the inhabitants within the region did develop novel ways 

of producing these inserts. By turning the flat-faced microcore in a different manner a core form 
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reminiscent to the wedge-shaped microblade core found during the LGM was created. This extra 

step of turning the core was the forerunner of the technique for producing wedge-shaped and 

wedge-like microblade cores for the production of small inserts into composite tools in the 

Transbaikal, suggesting that there was a cultural continuum and no abandonment of the region 

during the LGM.    

This study has only identified more problems and produced more questions regarding 

lithic technology and social interactions within the Chikoi and Khilok River valleys. First of all, 

more absolute dates from layers dating to the LGM need to be obtained from Chitkan, 

Melnichnoe 2, Studenoe 2 layers 6 and 7, and Ust’ Menza layers 22-27 in order to refine exactly 

when microblade technology appeared and if a residentially mobile residence pattern also 

accompanied the new technology. Because there is a paucity of charcoal within these levels these 

dates will have to be obtained using relatively new radiometric techniques. Similarly, 

comprehensive studies of fauna regimes from most sites in Siberia will provide critical data 

about not only which animals were exploited but in which proportions and possibly which 

seasons. This type of study may aid in determining whether sites were reoccupied on a seasonal 

basis, especially those of the LUP where reoccupation of surfaces was the norm. Detailed studies 

locating and describing sources of high-quality lithic raw materials within the Transbaikal as 

well as most other regions in Siberia is in order to make more meaningful interpretations about 

their use by defining how far they circulated and patterns of these movement. This study is 

hobbled by this lack of detailed data. Lastly, exhaustive studies of reduction sequences and lithic 

raw material provisioning strategies are imperative to our understanding of stone tools 

represented at sites of all time periods, however, very few studies exist incorporating this type of 

data. A better understanding of microcore and microblade core technology would ensue 
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hopefully reducing confusion between the two.  

The use of human ecological models in this study has provided a pragmatic approach to 

the problem of both technological innovation and forager interactions within the Transbaikal 

region and Northeast Asia. Recently, several studies of this sort have appeared dealing 

specifically with the microblade problem (Barton et al. 2007; Graf 2008, 2009). These studies 

are redefining our understanding of human dispersal and interactions on a regional scale that will 

revolutionize large-scale models of this vast area.  
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Appendix A 
 

Attributes Recorded on Lithic Raw Material and Lithic Artifacts Including Cores, Tools, 
and Debitage 

 
Lithic Raw Material Source Characteristics 
The following attributes are recorded for lithic raw material found at sources on the 
landscape. 
1. color: range of stone color(s) found on 
specimens within the source. 
2. stone type: type of stone found within 
the source.  
3. cortex type: type of cortex found on 
specimens in the source based on type of 
weathering. Cortex produced through 
mechanical weathering changes the 
texture but not usually the color of the 
stone. Chemical weathering changes the 
texture and color of the stone surface 
(Andrefsky 2005). Color, texture and 
relative thickness of cortex is identified. 
4. luster: the way light reflects off the 
surface of the stone. Description 
includes very dull (where no light is 
reflected), dull, slight luster, waxy, 
shiny, very shiny (glassy). 

5. crystalline structure/texture: 
Describes the size of stone crystals to the 
naked eye from very fine (unable to 
identify individual crystals, glasslike), 
fine, medium, coarse, and very coarse 
(able to identify individual large crystals 
with little concoidal fracture). 
6. other qualities : Identification of other 
features of the stone. Examples include 
inclusions such as quartz crystals, 
bedding planes, or vesicles.  
7. form: The form that the stone is in at 
the source including nodules, tablets, or 
blocks.  
8. maximum and minimum size range: 
measurement of the largest and smallest 
package size of raw material observed at 
the source. 

 
Raw Material Type (cores, flake tools, bifaces, and detached pieces) 
This category provides a description of lithic raw material for each artifact including 
cores, flake tools, bifaces, and detached pieces. Raw material types of artifacts are 
compared and grouped with those found at source locations to make inferences about 
core reduction technology and provisioning strategies. 
1. color: range of stone color(s) found on 
specimens within the source. 
2. stone type: type of stone. 
3. cortex type: type of cortex found on 
specimens in the source based on type of 
weathering. Cortex produced through 
mechanical weathering changes the 
texture but not usually the color of the 
stone. Chemical weathering changes the 
texture and color of the stone surface 
(Andrefsky 2005). Color, texture and 
relative thickness of cortex is identified. 
4. luster: the way light reflects off the 
surface of the stone. Description 

includes very dull (where no light is 
reflected), dull, slight luster, waxy, 
shiny, very shiny (glassy). 
5. crystalline structure/texture: 
Describes the size of stone crystals to the 
naked eye from very fine (unable to 
identify individual crystals, glasslike), 
fine, medium, coarse, and very coarse 
(able to identify individual large crystals 
with little concoidal fracture). 
6. other qualities : Identification of other 
features of the stone. Examples include 
inclusions such as quartz crystals, 
bedding planes, or vesicles.  
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7. form: The form that the stone is in 
including nodules, tablets, blocks, or 

indeterminable.

 
Attributes Recorded on All Cores (broken and unbroken) 
Core Removal Type 
This category describes the type of detached pieces, number of surfaces of detached 
pieces removal (front or face) and the direction of the flake scars on the core (after 
Goebel 1993; Medvedev et al. 1974). First is a review of terminology with the removal 
type following. 
 
Terminology 
Flake core: mass of rock used to detach 
pieces that are larger than 3 cm. The 
detached pieces do not have parallel 
sides and are not twice as long as they 
are wide. The core is larger than 5 cm in 
maximum linear dimension and weighs 
more than 30 g. 
Blade core: mass of rock used to detach 
pieces that have parallel sides and are 
twice as long as they are wide and longer 
than 3 cm. 
Microblade core: mass of rock used to 
detach pieces that have parallel sides and 
are twice as long as they are wide and 
smaller than 3 cm. 
Microcore: mass of rock used to detach 
pieces that are smaller than 3 cm. The 
detached pieces do not have parallel 

sides and are not twice as long as they 
are wide. The core is smaller than 5 cm 
in maximum linear dimension and 
weighs less than 30 g. 
Monofrontal : one surface of flake 
removal. 
Bifrontal: two surfaces of flake removal. 
Trifrontal: three surfaces of flake 
removal. 
Unidirectional: one direction of flake 
removal. 
Bidirectional: two directions of flake 
removal. 
Radial: three or more direction of flake 
removal on one front. 
Multidirectional: three or more 
directions of flake removal on two or 
more fronts 

 
Removal Type 
1. core fragment: a core that has been 
broken 
2. monofrontal unidirectional flake core 
3. bifrontal unidirectional flake core 
4. trifrontal unidirectional flake core 
5. monofrontal bidirectional flake core 
6. bifrontal bidirectional flake core 
7. trifrontal bidirectional flake core 
8. monofrontal radial flake core 
9. bifrontal radial flake core 
10. monofrontal unidirectional blade 
core 
11. bifrontal unidirectional blade core 
12. trifrontal unidirectional blade core 
13. monofrontal bidirectional blade core 

14. bifrontal bidirectional blade core 
16. monofrontal unidirectional 
microblade core 
17. bifrontal unidirectional microblade 
core 
18. trifrontal unidirectional microbalde 
core 
19. monofrontal bidirectional microblade 
core 
20. bifrontal bidirectional microblade 
core 
21. trifrontal bidirectional microblade 
core 
22. bifrontal multidirectional microblade 
core 
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23. monofrontal radial blade core 
24. bifrontal radial blade core 
25. monofrontal unidirectional 

microcore 
26. bifrontal unidirectional microcore 

27. trifrontal unidirectional microcore 
28. monofrontal bidirectional microcore 
29. bifrontal bidirectional microcore 
30. trifrontal bidirectional microcore 
31. monofrontal radial microcore 

 
Core Form (shape) 
This category describes the shape of a core with reference to the location and shape of the 
platform(s) and surface of detached pieces or face. 
 
1. discoidal: having a flat, circular shape 
where two convex faces or surfaces of 
detached pieces meet at the striking 
platform.   
2. conical: shaped like a cone so that the 
striking platform is flat and circular and 
the sides, which are the faces, meet at a 
point opposite the platform. 
3. wedge-shaped: shaped like a wedge 
where there is usually one striking 
platform and one adjacent face with two 
opposite surfaces forming a wedge 
(Morlan 1976). Microblades are struck 
from the platform. Wedge shaped when 
viewed from the front and from the 
platform. 
4. Levallois: using the volumetric 
approach to maintain a parallel plane 
between the core face where pieces are 
detached and the bottom of the core that 
contains the exploitable material. The 
core face is convex (Boëda 1995). 
Platforms are angled and facetted and 
the topology of the core is maintained 
through detachments from the sides 
creating a central ridge for Levallois 
flake and/or blade removal. 
5. prismatic: two triangular platforms on 
opposite ends are used to detach pieces 
from three surfaces.  

6. subprismatic: one triangular platform 
used to detach pieces from three flaking 
surfaces.  
7. flat faced: one striking platform to 
remove pieces from one face. Similar to 
Levallois volumetric approach where a 
parallel plane is maintained between the 
core face where pieces are detached and 
the back of the core.   
8. subconical: shaped like a cone but the 
platform is any shape. Non-Levallois. 
9. amorphous: no real shape or form. 
10. subdiscoidal: having a flat, circular 
shape where one flat and one convex 
face or surface of detached pieces meet 
at the striking platform.   
11. lenticular:  having an elongated 
shape where striking platforms at 
opposite ends of the core form “points” 
and the faces are convex.  
12. triangular: a striking platform  on 
one end of the core is used to detach 
pieces from opposing fronts forming a 
point on one end (with the striking 
platform) with no detachments from the 
opposite surface (profile looks like a 
triangle).  
13. wedge-like: in form looks like a 
wedge-shaped core but having no 
bifacial wedge retouch.

 
Weight: measured in grams. 
 
Maximum Linear Dimension: the greatest linear length of the core (mm). 
 
Core Face Dimension. This category combines several metric attributes to determine 
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which pieces were detached both early and late in the reduction sequence based on blank 
size related to the cores (Baumler 1987). For cores with multiple faces the dominant face 
is used to determine these measurements.  

1. maximum linear dimension (mm): the greatest linear length across the core face. 
2. maximum length (mm): maximum dimension across a core face measured 
perpendicular to the platform and parallel the direction that pieces are detached 
(Andrefsky 2005).  
3. maximum width (mm): maximum dimension perpendicular to the maximum 
length. 
4. maximum thickness (mm): maximum dimension measured at the midpoint of 
the length and width. 

 
Flake Scar Dimension: A measurement of the largest flake scar present on the core both 
in length and width size. This category can be used as a proxy for the measurement of the 
core face if more than one core face is present. 

1. maximum length (mm): maximum linear dimension of the longest flake scar 
from the point of initiation to termination. 
2. maximum width (mm): maximum linear dimension of the widest flake scar 
measured perpendicular to the maximum length. 

 
Number of Platforms: How many platforms are present on a core. 
 
Platform Type: Type of platform(s) present on a core. Indicates types of preparation for 
removal of detached pieces. 
1. cortical: natural surface of the raw 
material. No platform preparation 
present. 
2. flat: the platform is created from one 
removal of a detached piece creating a 
smooth surface. 
3. crushed: the platform is too 
fragmented to determine a type. 
4. complex: removal of more than one 
detached piece to create the platform. 

5. flat and complex: a combination of 
flat and complex platforms are found on 
a core with multiple platforms. 
6. flat and cortical: a combination of flat 
and cortical platforms are found on a 
core with multiple platforms. 
7. cortical and complex: a combination 
of cortical and complex platforms are 
found on a core with multiple platforms.

 
Flaking Pattern for each Front: This category describes the direction and pattern 
In which detached pieces are removed from a front. The flaking pattern is an indicator in 
the manner in which detached pieces were removed from a front.  
1. unidirectional: detached piece 
removals are initiated from one direction 
on the front. 
2. bidirectional: detached piece 
removals are initiated from two 
directions on the front. 
3. radial: detached piece removals are 
initiated from four directions on the 

front. 
4. irregular: there is no pattern. 
5. indeterminate: a pattern cannot be 
discerned.  
6. unidirectional and bidirectional: 
detached piece removals from two or 
more fronts are initiated from one 
direction and two directions on 
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individual fronts. 
7. unidirectional and tridirectional: 
detached piece removals from two or 
more fronts are initiated from one 
direction and three directions on 
individual fronts. 
8. bidirectional and radial: detached 

piece removals from two or more fronts 
are initiated from two directions and four 
directions on individual fronts. 
9. unidirectional and radial: detached 
piece removals from two or more fronts 
are initiated from one direction and four 
directions on individual fronts.

 
Number of Turns: A count of how many times the core has been rotated to set up new 
platforms. This is a way to measure how much utility or amount of detached pieces a 
knapper attempted to extract from a core (Clarkson  2007).  
 
Detached Pieces and Flake Tools (flakes, blades, microblades, and flake and blade 
tools) 
Detached Piece Type (or blank type for flake and blade tools): A detached piece is a part 
of lithic raw material that is removed through direct or indirect percussion. Detached 
pieces in this category must have a ventral and a dorsal surface. This category is based on 
morphology of the detached piece and will provide information linking the various types 
of core reduction with the detached pieces. Broken pieces are included in this category as 
some of the study sites contain very few artifacts. Blank Type refers to the type of 
detached piece intentionally retouched or used to produce a tool.
1. flake: a detached piece that is 
relatively short with an outline that is 
oval,  round, or irregular.    
2. blade: a detached piece that is twice 
as long as it is wide, greater than 2 cm in 
width and 5 mm in thickness, with 
parallel edges, and parallel ridges from 
previous blade removal.  
3. flake fragment: a detached piece that 
is relatively short with an outline that is 
oval,  round, or irregular that is broken 
leaving only the proximal, medial, or 
distal section. 
4. blade-like flake: a detached piece that 
is twice as long as it is wide without 
parallel edges or parallel ridges from 
previous blade removals. 
5. blade fragment: a detached piece that 
is twice as long as it is wide, greater than 
2 cm in width and 5 mm in thickness, 
with parallel edges, and parallel ridges 
from previous blade removal. The blade 
is broken leaving only the proximal, 
medial, or distal section.  
6. bipolar flake: a detached piece that is 

relatively short with an outline that is 
oval,  round, or irregular displaying two 
points of impact with two bulbs of 
percussion. 
7. microblade: a detached piece that is 
twice as long as it is wide, less than 2 cm 
in width, less than 5 mm in thickness, 
with parallel edges, and parallel ridges 
from previous blade removal. 
8. microblade fragment: a detached 
piece that is twice as long as it is wide, 
less than 2 cm in width, less than 5 mm 
in thickness, with parallel edges, and 
parallel ridges from previous blade 
removal. The blade is broken leaving 
only the proximal, medial, or distal 
section. 
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Dimension: This category determines the size of the detached piece in mm. Size 
measurements will facilitate the linkage of individual detached pieces to the cores that 
they may have come from as well as determine the size of detached pieces selected for 
tool manufacture. 

1. length: measurement in mm from the point of force to the termination as a 
straight line.  

 2. width: maximum measurement in mm perpendicular to the length. 
 3. thickness: maximum thickness measured in mm perpendicular to the width.  

4. maximum linear dimension: the longest linear dimension of the piece measured 
in mm. 
 

Platform Characteristics: Platform features including type and size provide clues to how 
platforms were prepared for removal of the piece as well as the stage of production.  
 Platform Type: 
  1. cortical:  cortex covers at least 50% of the platform. 
  2. flat: the platform is smooth with only one flake scar. 

3. complex/abraded: the platform has more than one flake scar or shows 
evidence of grinding. 
4. broken/crushed: the platform is missing or is unable to be characterized 
because of damage during the removal of the piece. 

Platform Size: 
1. thickness: the maximum thickness in mm of the platform from the 
ventral to the dorsal surface of the detached piece.  
2. width: maximum width in mm from each edge where the dorsal and 
ventral surfaces meet.  

 
Dorsal Cortex Amount: The amount of cortex present on the dorsal surface of the 
detached piece has been used to determine the relative production stage of the piece 
based on the notion that as a mass of raw material is reduced the cortex, or outside, 
should be removed first eventually leaving only the non-cortical interior (Baumler 1988; 
Magne and Potylko 1981; Mauldin and Amick 1989). Dorsal cortex is measured by 
placing a grid of dots (9 dots per 1 cm2) over the dorsal surface of the detached piece then 
comparing the number of dots within the dorsal cortex to the total number of dots on the 
dorsal surface thereby determining the percentage of the ventral surface with cortex. 0= 
0%; 1= 1-25%; 2=51-75%; 3= 76-99%; 4= 100%  
 
Dorsal Cortex Placement: The location of cortex on a detached piece can also illuminate 
how the cortex was removed from the mass of raw material (Baumler 1987). To measure 
this characteristic the detached piece is divided into four quadrants with the point of 
origin at the top. A “+” is superimposed over the piece dividing it into four quadrants. 
Presence (1) or absence (0) of cortex is recorded for each quadrant (Baumler 1987).  
 
Dorsal Flake Scar Number: Typically, early in the reduction of a core detached pieces 
have few flake scars, but as reduction continues flake scars also increase. A count of all 
flake scars greater than 2 mm on the dorsal surface of a detached piece is recorded.  
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Dorsal Flake Scar Angle: The angle of flaking origin relative to the axis of the detached 
piece from the point of origin to termination. An “X” is imposed over the detached piece, 
with the point of origin at the top, dividing it into four quadrants. The number of flake 
scars originating from each of the four quadrants is recorded (Baumler 1987). 
 
Dorsal Flake Scar Pattern: The flaking pattern of the core front from which the piece 
was detached to further characterize core reduction. The direction of the origin of flake 
scars on the dorsal surface of a detached piece is recorded in relation to the point of 
origin of the detached piece are recorded.  
 1. unidirectional: pieces detached from one direction. 
 2. bidirectional: pieces detached from two directions. 
 3. radial: pieces detached from three or more directions. 
 4. none: no flake scars are present. 
 5. irregular: no discernable pattern. 
 
Termination: The type of termination of a detached piece reflects the types of forces 
present when the piece released from the core.  
 1. feather: the distal end gradually tapers. 
 2. hinge: the distal end is rounded or sloped. 

3. outré passé: the force of impact rolls toward the objective piece (the core) 
removing large portions of the objective piece on the end of the detached piece. 
4. step/broken: detached pieces that snap or shatter forming a 90° angle with the 
ventral surface. 

 5. indeterminable: the termination is missing. 
 
 
Flake and Blade Tools 
Retouch Amount 
Clarkson’s (2002) Index of Invasiveness: All unifacial and bifacial tools except side 
scrapers and bifaces were assessed for reduction amount based on Clarkson’s (2002) 
index. This measure assesses intensity of retouch by the amount of retouch around the 
perimeter of the tool and the extent of maximum retouch into the interior on the ventral 
and dorsal surfaces. This index is calculated by assigning an interior “invasive” and an 
outer “marginal” zone of flake scar invasiveness over the surface of the piece. For the 
lateral portions the two zones are divided halfway between the lateral margin and the 
midpoint of the piece. At the proximal and distal ends of the piece the zones are divided 
at the halfway point between the distal or proximal end and the adjacent segment line. 
The piece is then divided into eight segments on each surface that are scored based on 
how far retouch scars penetrate each zone. Penetration into the “marginal” zone scores .5, 
into the “invasive” zone is marked 1, and no retouch is ascribed 0. An average index of 
invasiveness for the tool is calculated by summing the ratings from each segment and 
dividing by 16 or: 

Index of Invasiveness= ΣSs/16. 
The tool will have a score ranging from 0-1.  
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Kuhn’s Geometric Index of Reduction Averaged (1990) (for side scrapers only): This 
retouch index is used for side scrapers in the study as the retouch on this tool type is steep 
(Clarkson 2007; Hiscock and Attenbrow 2005: Hiscock and Attenbrow 2003). This 
measurement is the ratio of the thickness of the piece at the maximum point of retouch (t) 
and the thickness of the piece at the midpoint (T) or (t/T). As the tool edge is resharpened 
the ratio between the retouched edge and the tool midpoint approaches 1. Several 
measurements are required to formulate this index of scraper reduction including 
thickness at the midpoint of the tool (T), thickness at the maximum point of retouch (t), 
the length of retouch invasiveness from the tool edge to the maximum point of retouch 
(D), and the tool edge angle of retouch (a) (see figure below). Because it may be difficult 
to measure t Kuhn created the following formula to calculate the index:  

I=sin a(D)/T 
In this study many tools have multiple retouched edges with some displaying more or less 
retouch than others. To estimate an average amount of scraper reduction a tool is divided 
into four quadrants with the point of origin at the top and this measure was calculated for 
each retouched edge within a quadrant. The values were summed and averaged by the 
number of quadrants with retouch to determine the average reduction index for each side 
scraper. 
 

 
 
Retouch Perimeter Index (modified from Hiscock and Attenbrow 2003) (r/b): This is a 
measure of how much of the blade element (edge of the flake or blade) exhibits evidence 
of retouch. Retouch extent is the ratio of the total length of retouch along the blade 
element (r) to the total length of the blade element (b). A higher value for the ratio of r/b 
indicates a higher portion of a blade element has retouch. The blade element retouch 
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extent is another index of retouch extent.  
 

 
 
Retouch Location: Identifies the number and location of retouched edges on the tool 
blade. An “X” is superimposed over the tool with the point of origin at the top. Retouch 
presence (1) or absence (2) is recorded for each of the quadrants. 
 
Retouch Type: This category scores tools based on the type of retouch on each edge in 
four segments along the tool. An “X” is superimposed over the surface of the tool with 
the point of origin positioned toward the top. Different retouch types identified at the 
macroscopic level may be an indicator of the hardness of the working material 
(Andrefsky 2005; Keeley 1980). 
 0. none: no retouch in the quadrant 

1. feathered: alteration along the edge where the majority of flake scars have 
feathered terminations.  
2. stepped: alteration along the edge where the majority of flake scars have step 
terminations. 
3. smooth: alteration along the edge where the majority of flake scars are 
obliterated by polish or abrasion. 
4. burin: alteration along the edge where  a burin spall is removed. 
 

Edge Angle: Edge angle is also related to the type of material worked with the tool. 
Larger edge angle may correspond to use on harder material whereas smaller edge angles 
may be suited for use on softer materials (Andrefsky 2005; Wilmsen 1968). Since edge 
angle measurements are difficult to replicate using a goniometer, a card with notches in 
5° intervals was utilized to find the best approximate fit for each edge angle on a tool. 
This method proved very reliable in this study as I was able to obtain the same measure 
several times on a single tool edge. 
 
Bifaces 
Length: Length is measured in mm at the line perpendicular to the flake scar pattern 
across the surface of the biface (Andrefsky 2005). Only complete bifaces are measured 
for length. 
Width: Width is measured in mm at the maximum value perpendicular to the length 
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(Andrefsky 2005). Only complete bifaces are measured for width. 
Thickness: Thickness is measured as the maximum value from one face of the biface to 
the other. 
Weight: Weight is measured in grams. 
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