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GLOSSARY 
 
 

Biface: Lithic artefact with observable use-wear or retouch on both the dorsal and ventral face 
 

Cmbd: Centimetres below datum (datum height is specific to each induvial Unit) 
 

Core: Lithic artefact with a minimum of one negative flake scar, which does not additionally have 

observable use-wear or retouch 

Darkhadyn Khögtör: Darkhad Depression (Mongolian translation) 
 

Dorsal face: Side of a lithic artefact facing the external portion of the core prior to detachment via 

percussion 

Flake Piece: Lithic artefact with no observable use-wear or retouch 

Flake Tool: Lithic artefact with observable use-wear or retouch 

Khog Gol: Khog River (Mongolian translation) 

KRI: Kuhn’s Reduction Index [value] 
 

Level: Excavation spit 
 

NBAT: Neolithic – Bronze Age Transition 
 

NOMAD Science: Northern Mongolia Adventure and Discovery in Science program, coordinated by 

Dr Julia Clark and Dr Jamsranjav Bayarsaikhan 

Projectile Point: Lithic artefact with observable use-wear or retouch, and with observable hafting 
 

SDI: Simpson’s Diversity Index [value] 
 

Soyo Tolgoi: Soyo Hill (Mongolian translation) 
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Unit: Excavation trench, square 
 

Use-wear: Wear present on the edge or surface of a lithic artefact that may be attributed to 

past utilisation 

Ventral face: Side of a lithic artefact facing the internal portion of the core prior to 

detachment via percussion 
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CHAPTER 1: INTRODUCTION 

The research outlined here has focussed on a sample of 96 stone tools recovered from the 

area surrounding Soyo Hill in north-central Mongolia. Study into the region has been 

conducted via the Northern Mongolia Adventure and Discovery in Science (NOMAD 

Science) field school program; however, limited analysis has been consecutively performed 

on these assemblages. The analysis undertaken as a component of this thesis will allow 

greater archaeological understanding of north-central Mongolia and will benefit future 

studies into Mongolia’s past. 

1.1 : RESEARCH QUESTION AND AIMS 

The principal research question addressed by this thesis is: 

“What do the lithic assemblages of Soyo (northern Mongolia) reveal about past human 

adaptions over time?” 

This research focusses on four major aims, the results of which should enable response to the 

above question. These are provided in the table below (Table. 1) 
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Table 1: Outlining major aims associated with this research project. 

Aim no. Aim details 

1 To determine the assemblage formality, assemblage diversity, and raw material 

variability of stone artefacts collected from Soyo throughout time. 

2 To approximate the relatedness of raw materials used to produce lithics that 

were discarded at Soyo and determine how this has changed over time. 

3 To identify the transition to pastoralism at the site of Soyo in context changes 

in the constitution of its lithic assemblage. 

4 To approximate the social structure, subsistence strategies, mobility patterns, 

and economic trends of past communities at Soyo throughout time 

1.2 : OVERVIEW OF RESEARCH 

Research into Mongolia’s Neolithic (5,500 – 3000 BP) and Bronze Age (1300 – 700 BP) 

periods has been extensive but has focussed largely on the central and southernmost regions 

of the nation (Elston and Brantingham 2002; Ėnkhtör et al. 2018; Farquhar 2019; Fitzhugh 

2002, 2006; Fitzhugh and Bayarsaikhan 2010; Houle 2010; Janz 2006, 2012; Miller et al. 

2018; Seitsonen et al. 2018; Rybin 2014; Taylor et al. 2015; Tyler 2018; White and Bush 

2010). Past northern Mongolian social structures, regional subsistence and mobility patterns, 

trade networks, and religious tendencies are poorly understood; further research into 

associated technologies will improve our comprehension of crucial periods in the country’s 

history. The 
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Figure 1: Indicating the location of Soyo Tolgoi, northern Mongolia; site marked by red dot. 
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site of Soyo, in the Darkhad Depression (Khövsgöl Province) of north-central Mongolia, has 

yielded stone and ceramic artefacts hypothesised to have been deposited within the Neolithic 

and Bronze Age. Analysis of these collections will increase our understanding of key 

technological and behavioural transitions in the Darkhad; however, such work has not yet 

been undertaken. Through associated modern mobility patterns and geomorphology have 

been reviewed (Clark 2014; Clark and Crabtree 2015; Vella 2018), much of the associated 

assemblages are yet to be analysed. Ongoing investigation of the Soyo collections will 

benefit researcher understandings of past human behaviour in the area. 

These issues are pertinent to numerous cultural groups throughout northern Mongolia; the 

significance of this project is also bolstered by the application of analytical methods that have 

not previously been performed on Mongolian lithic collections. As a result of this research, 

human behaviour throughout the Neolithic and Bronze Age, associated with severe climatic 

changes (Arzhannikov et al. 2012; Blayarkharchuk et al. 2004; Derevianko et al. 2013), will 

be better understood. In addition, knowledge of Mongolia’s north-central region will fill key 

research gaps currently plaguing the country’s archaeological record; little is known of this 

area from the perspective of lithic analyses. This research will aim to answer the above 

question through employment of a combined macroscopic and microscopic lithic analysis 

approach, enabling a detailed understanding of lithic technology during Soyo’s Neolithic and 

Bronze Age to be attained. Macroscopic analysis will include basic typological categorisation 

of artefacts, as well as metrical analysis and attribute descriptions (Andrefsky 1998; Farquhar 

2019). Conversely, the microscopic component (requiring the use of technology with at least 

500x magnification) is to include x-ray fluorescence analysis, proven to be beneficial to lithic 

researchers internationally (Frahm 2013a, 2013b; Frahm and Doonan 2014; Frahm et al. 

2014; Goodale et al. 2012; Shackley 2008; Tykot et al. 2013; Williams-Thorpe 2008; 

Williams-Thorpe et al. 1999). Analysis combining macroscopic and microscopic techniques 
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has been advocated for in recent years by numerous authors (Hyland et al. 1990 Luedtke 

1992; Marreiros et al. 2015; Odell 1975; Odell and Vereecken 1980; Prentiss 1998). This is 

additionally the first archaeological study of the northern Mongolian Neolithic and Bronze 

Age aiming to categorise the chemical relationship between chert samples. The analysis 

approach applied here will benefit the nation’s archaeological records and provide new 

perspectives on past raw material procurement. 

The archaeological research herein outlined will enable a more detailed understanding of 

northern Mongolia’s past to be established. As a result, key conclusions regarding the 

mobility patterns and stone artefact use of associated past groups will be produced. These 

results will benefit our understanding of Mongolia’s past, its contemporary Indigenous 

groups, and will contribute to global debates concerning the Eurasian Neolithic and Bronze 

Age. 

 
 
 

1.3 : ORGANISATION OF THESIS 
 

This thesis has been organised into 6 chapters, which aim to collectively discuss analysis 

conducted on assemblages from Soyo. Chapter 2 will introduce the reader to past 

archaeological studies of Mongolia, as well as key concepts and discussions regarding the 

analysis methods to be employed. This chapter will outline the global relevance of this study 

and detail the archaeological record of each of Mongolia’s regions. A brief overview of 

Soyo’s geographical context and history will be provided. Overview of both typological and 

chemical lithic analysis techniques will be given, with particular attention paid to those 

procedures to be employed here. 
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A detailed recount of the methods used will then be outlined in Chapter 3, again covering 

both macroscopic and microscopic techniques. In Chapter 4, the results of these analyses will 

be provided. Chapter 5 will then discuss the relationships between categories of data 

(macroscopic and microscopic techniques) and outline their implications for the 

archaeological record of northern Mongolia. Finally, Chapter 6, the conclusion, will 

summarise the research, and suggest possible avenues for future work. 
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CHAPTER 2: LITERATURE ANALYSIS 
 

Mongolia’s Bronze Age is characterised by the onset of nomadic pastoralism and is an era of 

immense social and economic change. Nomadic pastoralism, defined by Taylor (2017:270) as 

“those types of herding which rely on coordinated movement, and lack of permanent 

settlements”, is believed to have been immediately preceded by hunter-gatherer lifestyles 

(Fitzhugh and Bayarsaikhan 2010; Maringer 1963; Shelach 2014; Taylor 2017; Weber et al. 

2010). It is still practiced in many regions of modern Mongolia (Clark and Crabtree 2015; 

Fijn 2011; Vainshtein et al. 1983), and a significant body of research has been produced since 

the 20th century aiming to characterise its origins (Honeychurch 2013, 2014; Honeychurch et 

al. 2021; Fernández-Giménez 2000; Jeong et al. 2018; Orlando 2018; Taylor 2017; Taylor et 

al. 2019; Toshimitsu 1983; Wright 2017; Wright et al. 2008). 
 

Studies concerning Mongolia’s Neolithic period have also been produced, largely aiming to 

record key technological transitions and establish the nature of early hunter-gatherer groups 

(Derevianko and Dorj 1992; Séfériadés 2004; Tumen 2006). The development of microblade 

technology and its diffusion throughout Eurasia has been a primary focus of these studies 

(Gladyshev et al. 2010, 2012; Goebel 2002; Rybin et al. 2016; Smith 1974; Krivogonov et al. 

2016), as will be discussed further below. The history of much of northern Mongolia, 

however, is still little understood; unravelling the past of this area will likely have significant 

global implications, as shall herein be discussed. 

2.1 : GLOBAL RELEVANCE 
 

Worldwide, numerous studies have been produced characterising the Neolithic period of 

various nations (Bettinger 2013; Brumm and Rainey 2011; Clarkson 2007; Elston and 

Brantingham 2002; Flenniken 1980; Henrich 2004; Honeychurch 2010, 2013; Honeychurch 
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and Marakewicz 2016; Jeske 1992; Lycett and Bae 2010). Mongolia’s Neolithic period, 

however, is unique in that it is associated with the earliest evidence of pottery and complex 

burial traditions (Guan et al. 2020; Houle 2010; Iizuka et al. 2018; Janz and Burr 2015; 

Johannesson 2011; Khenzykhenova et al. 2016; Ma et al. 2000; Séréfiadés 2004). While such 

technological advancements are observed, the onset of pastoral nomadism is not evidenced 

until the nation’s Bronze Age (Allard and Erdenebaatar 2005; Johannesson 2015; Seitsonen 

et al. 2014; Taylor 2017; Wright 2006; Wright 2017; Zazzo et al. 2019). In many other 

regions of the world, groups are believed to have practiced semi-sedentism far earlier, and 

evidence of such behaviours is present from the Neolithic (Ambrose 1984; Bettinger 2013; 

Brumm and Rainey 2011; Clarkson 2007; Diamond and Bellwood 2003; Flenniken 1980; 

Henrich 2004; Kislev et al. 2006; Peltenburg and Wasse 2012; Sadowski 2017). The 

distinction between the Mongolian Neolithic and that of many other regions should be 

considered when assessing Mongolian archaeological assemblages. 

Figure 2: Depicting the timing of major agricultural revolutions throughout north Africa and Europe during the Neolithic 
period. from Gronenborn et al. (2020). Removed owing to copyright restrictions. 
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The Neolithic period is perceived by many researchers to be an era of immense technological 

and sociocultural evolution (Figure 2) (Ambrose 1984; Bettinger 2013; Brumm and Rainey 

2011; Clarkson 2007; Diamond and Bellwood 2003; Elston and Brantingham 2002; 

Flenniken 1980; Gronenborn et al. 2020; Henrich 2004; Kislev et al. 2006; Peltenburg and 

Wasse 2012; Sadowski 2017). Elston and Brantingham (2002:103) describe this transitional 

period as a time where “culture origin and typology are foremost”. These changes are seen 

internationally, with sites throughout the Levant, Africa, the Americas, Australia, and the 

wider Eurasian steppe zone yielding evidence of pastoral nomads (Ambrose 1984; Bettinger 

2013; Brumm and Rainey 2011; Clarkson 2007; Diamond and Bellwood 2003; Flenniken 

1980; Henrich 2004; Honeychurch 2010, 2013; Honeychurch and Makarewicz 2016; Jeske 

1992; Kislev et al. 2006; Lycett and Bae 2010; Peltenburg and Wasse 2012). The Neolithic 

period is associated with great technological change, in part through advancing variation or 

refinement in lithic and ceramic technologies (Hiscock 2015; Houle 2010; Janz 2012). In 

many cases, these changes have been seen as responses to changing environmental conditions 

(Bleed 1986; Beck and Jones 1990; Buchanan and Collard 2008; Clarkson 2007; Flenniken 

1980; Frison 1989; Jeske 1992; Jones et al. 2003; Henrich 2004; Hiscock 2015; Lycett and 

Bae 2010; Lycett and Norton 2010; Odell 1975), population constitution (Fitzhugh and 

Bayarsaikhan 2008; Henrich 2004; Taylor et al. 2015; Shelach 2009), or as a strategy to 

increase efficiency of tools (Bamforth 1986; Binford 1980; Clarkson 2007; Elston and 

Brantingham 2002; Hayward 2010; Jeske 1992; Newcomer et al. 1986; Watts 2013). The 

technological and social revolutions associated with the Neolithic Period have generated 

extensive discussion regarding their influences on human behaviour, largely revealed through 

analysis of stone and ceramic remains (Hiscock 2015; Houle 2010; Janz 2012). 
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Within Central Asia, however, major sociocultural and technological transitions are attributed 

to the Neolithic and Bronze Age Transition (NBAT), thought to be characterised by an 

intensification of site use and increased sedentism. Studies focussed on the NBAT of Central 

Asia have been conducted throughout the region (Bayar 2007; Bulag and Diemberger 2008; 

Honeychurch 2010, 2013, 2014; Janz et al. 2015, 2020, 2021; Liu et al. 2016; Park et al. 

2011; Taylor 2017; Taylor et al. 2015a, 2015b; Vainshtein et al. 1983). Perceived increases in 

settlement frequency and intensity are reported (Allard and Erdenebaatar 2005; Houle 2010; 

Schneider et al. 2016; Wright 2017; Zhao et al. 2021) in addition to widespread increases in 

assemblage diversity (Allard and Erdenebaatar 2005; Janz 2006; Janz et al. 2015, 2020, 2021; 

Houle 2010; Park et al. 2011; Rybin 2014, 2016; Schneider et al. 2016; Wright 2017; Zhao et 

al. 2021). Understandings of this period are crucial for further appreciation of the Silk Road 

economy (Honeychurch 2010, 2013, 2014) and perceived advances in social complexity 

throughout the region (Houle 2010; Wright 2017). 

Studies of Mongolia’s Neolithic period are further valuable in their capacity to provide 

evidence for social complexity in Xiongnu societies (Bayar 2007; Bulag and Diemberger 

2008; Derevianko et al. 2008; Fernandez-Giminez 2000; Fijn 2011; Honeychurch 2010, 

2013, 2014; Park et al. 2011; Taylor 2017; Taylor et al. 2015a, 2015b; Vainshtein et al. 

1983). Studies of the Xiongnu ethnic group (2159 –1857 BP), a “group… that formed a 

major focus of the Han imperial policy and military… [and] controlled the entire steppe belt 

of northeast Asia” (Wright 2017:373) are a major focus. The work of Honeychurch 

demonstrates Xiongnu participation in the Silk Road trade complex, as documented in 

Chinese historical literature (Honeychrch 2010; 2013, 2014). The Xiongnu were associated 

with a hierarchical social structure (Allard et al. 2002; Honeychurch 2010, 2013, 2014; 

Honeychurch and Makarewicz 2016; Park et al. 2010, 2015, 2016, 2017; Schneider et al. 

2016; Taylor et al. 2015b; Vella 2018, White and Bush 2010) believed to have formed as a 
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result of an “incremental process of combining different practices from across a larger and 

more diverse region” (Honeychurch 2013:313). Evidence of a structured social economy has 

been reported in numerous studies, but the precise nature of this complex is unknown 

(Honeychurch 2010, 2013, 2014; Park et al. 2010, 2015, 2016, 2017; Taylor et al. 2015b; 

Vella 2018). Despite the significance of Neolithic and Bronze Age groups to researchers of 

nomadic social complexity and the mechanisms of the Silk Road trade empire, the formation 

of relevant groups throughout Mongolia is little understood. 

The dispersal of various stone artefact forms throughout Eurasia and the Americas has been 

attributed by some to Central Asian influences, bringing Mongolian lithic technologies into 

the international spotlight (Fitzhugh 2002, 2006; Fitzhugh and Bayarsaikhan 2010; Lycett 

and Bae 2010; Lycett and Norton 2010). The appearance of hand-axes throughout the 

Americas is of particular interest (Lycett and Bae 2010; Lycett and Norton 2010). Lycett and 

Bae (2010) observe significant geological barriers that may have limited the spread of 

technological knowledge throughout Central Asia. However, they also assert that the 

similarities between Chinese, Korean, and western Eurasian hand-axe traditions are 

numerous, and that their development is likely to be intertwined (Fitzhugh 2002, 2006; 

Fitzhugh and Bayarsaikhan 2010; Lycett and Bae 2010; Lycett and Norton 2010). The spread 

of knowledge over such great distances is little understood; geographically, northern 

Mongolia is central to many proposed major trade networks, and as such its investigation will 

likely yield valuable information of relevance internationally. The research of Fitzhugh and 

Taylor (Fitzhugh 2002, 2006; Fitzhugh and Bayarsaikhan 2010; Taylor 2017; Taylor et al. 

2015a) throughout central and northern Mongolia has been focussed on the spread of 

“transformation images” (Fitzhugh 2002:8) depicted on Neolithic burial monuments. The 

prevalence of such imagery throughout the Eurasian steppe region suggests possible 

communication pathways throughout Russia and the Bering Strait (Fitzhugh 2002, 2006, 
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2017; Fitzhugh and Bayarsaikhan 2010; Gladyshev et al. 2012; Ishikawa and Yamkhin 2016; 

Zwyns et al. 2014). Though it is clear that Neolithic communication routes existed 

throughout Eurasia, Mongolia’s role in this is not well-understood; further investigation of 

their lithic technologies and social structures may be advantageous. 

Finally, Honeychurch (2010) has argued extensively against the marginalisation of modern 

nomadic groups and their perception as being unsophisticated, in both the archaeological 

record and in contemporary times. According to Honeychurch (2010), many contemporary 

pastoral nomads are considered minorities throughout Africa and Europe. These opinions are 

often reflected archaeological literature. Houle (2010:25) similarly discusses the perceived 

“’invisibility’ or ephemeral nature” of nomadic peoples and Fitzhugh (2002:15) admits that 

“habitation sites seem nearly non-existent”. Archaeological research throughout Mongolia 

has proven the presence of complex social systems throughout the Neolithic and Bronze Age, 

adverse to the claims of Fitzhugh, Houle and others (Clark and Crabtree 2015; Fijn 2011; 

Fitzhugh 2002, 2006; Fitzhugh and Bayarsaikhan 2010; Honeychurch 2010, 2013, 2014; 

Houle 2010). Honeychurch further observes that studies of Mongolia’s NBAT indicate 

“flexibility [of past groups] to modulate production according to changing conditions and 

dependency on social networks” (2010:407), regarding both environmental and social 

transitions. As such, arguments from both researchers and international governments that 

endorse the impracticality of nomadism are unlikely to be accurate (Honeychurch 2010; 

Taylor 2014). Further research into the resilience, innovativeness, and social complexity of 

past Mongolian nomads will advance global political recognition of pastoral groups and 

allow their capabilities to be appreciated. 
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2.2 : ARCHAEOLOGICAL INVESTIGATION OF MONGOLIA 

Extensive research has been conducted throughout central Mongolia over the past two 

decades (see section 2.2.2) (Figure 3), and has largely concerned subsistence and mobility 

practices of past groups, particularly during the NBAT (Arzhannikov et al. 2012; Choi et al. 

2014; Elston and Brantingham 2002; Ėnkhtör et al. 2018; Fernandez-Gimenez 2000; 

Gladyshev et al. 2010, 2012; Houle 2010; Ishikawa and Yamkhin 2016; Krivogonov et al. 

2016; Madsen et al. 2014; Seitsonen et al. 2018; Taylor et al. 2015a, 2015b; White and Bush 

2010), with work intensifying in the Gobi Desert (Farquhar 2019; Janz 2006; Janz et al. 2012, 

2015; Makarewicz et al. 2018; Miller et al. 2018) and northern regions (Clark and Crabtree 

2015; Derevianko et al. 2008; Khatsenovich et al. 2017; Park et al. 2010, 2015, 2016, 2017; 

Smith 1974; Vella 2018; Zwyns et al. 2014). Honeychurch (2013:284) observes that 

Mongolia has been characterised by “strongly independent local groups and marginal 

environments”, with the many regions of Mongolia each requiring unique human adaptions. 

However, he also asserts that Mongolia as a whole is ideal for pastoral groups due to its 

ecological variability (2010:407). Understanding the evolution and nature of this lifestyle 

throughout Mongolia thus continues to be a significant focus of archaeological work. 
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Figure 3: Map indicating locations of key research areas throughout Mongolia; Soyo Tolgoi marked in red. Adapted from 

Janz (2012:32). Reprinted with permission from L.Janz and Maps.com. 

2.2.1 : ARCHAEOLOGICAL RESEARCH OF SOUTHERN MONGOLIA

Research into southern Mongolia has largely focussed on regions throughout the Gobi Desert 

(Figure 4) (Derevianko and Rybin 2003; Farquhar 2019; Janz 2006, 2012; O’Malley et al. 

1999; Yoshida et al. 2004). Janz et al. (2012), studying sites throughout the East Gobi and 

Gobi-Altai, have used AMS radiocarbon dating to establish a chronology of pottery 

production in southern Mongolia. Their investigation has resulted in their allocation of the 

Mongolian Neolithic as beginning between at least 5720-5561 BP, although two of the 

studied areas suggested even earlier dates (extending to 7733 BP [Janz et al. 2015]). Previous 

to this research, the Neolithic period of the Gobi Desert was estimated to have spanned only 

from 4000 to 1500 BP (Janz et al. 2015). Janz et al. assert that “bead-making was an 

important craft and ostrich eggshell an essential material” (2015:126) during the Neolithic, 

and an abundance of eggshell has similarly been noted in many sites of the East Gobi and 

Gobi-Altai regions (Derevianko and Rybin 2003; Janz 2012; O’Malley et al. 1999, Yoshida 
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et al. 2004). Janz et al.’s work represents the most recent chronological reconstruction of 

Neolithic eggshell use. Increased complexity in ceramic vessel morphology further indicates 

possible interaction between small, mobile groups (Janz 2006, 2012; Janz et al. 2015, 2017); 

this subsistence style is in line with the pastoral nomadic lifestyle. The work of Janz 

throughout the East Gobi and Gobi-Altai has allowed for the reconstruction of past 

Mongolian lifeways in the Neolithic of southern Mongolia. 

Figure 4: Sites throughout the Gobi Desert of archaeological significance. 1) Jabochin-Khure; 2) Gashun; 3) Yingen-
Khuduk; 4) Dottore-Namak; 5) Mantissar; 6) Chikhen Agui; 7) Shabarkh-Usu; 8) Barun Daban; 9) Ulan Nor Plain; 10) 
Orok Nor; 11) Shara Kata Well; 12) Shara Murun Crossing; 14) Ta Sur Heigh; 15) Spring Camp; 16) Alkali Well; 17) 

Chilian Hotoga Well. From Janz et al. (2015:121). Removed owing to copyright restrictions. 
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Recently, numerous researchers (Farquhar 2019; Schneider et al. 2021) have worked 

extensively throughout the Ikh Nart Nature Reserve (East Gobi) and have dated the region’s 

Neolithic period to between 3000 and 4000 BP. Janz (2012) and Janz et al. (2015) have 

observed an abundance of lithic artefacts in ‘productive’ regions of the Gobi Desert. These 

sites are positioned most around “wetlands and small lakes [which] must have supported 

higher plant and animal diversity” (Janz 2012: 220). This trend is also observed throughout 

the Ikh Nart Nature Reserve; their work observes the clustering of assemblages around 

ecologically productive water holes and oases (Farquhar 2019). Their analysis additionally 

observes decreases in residential mobility during the Bronze Age, which has been argued to 

reflect a move to agricultural practices (Farquhar 2019; Janz 2012; Janz et al. 2017). 

However, archaeological understandings of the Gobi Desert’s Bronze Age and NBAT remain 

little understood. The work of Farquhar, Janz and Schneider et al. have thus enabled the 

lifeways of past southern Mongolian groups to be partly characterised. 
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2.2.2 : ARCHAEOLOGICAL RESEARCH OF CENTRAL MONGOLIA

Figure 5: Map of key archaeological sites of various periods throughout Mongolia. From Jeong et al. (2018:892). Reprinted with 
permission from Elsevier. 

Of all researched areas in central Mongolia, the assemblages of the Egiin Gol and Khanuy 

valleys have been the most extensively investigated (Figure 5) (Ėnkhtör et al. 2018; 

Gladyshev et al. 2012; Honeychurch 2010, 2013, 2014; Houle 2010; Makarewicz et al. 2018; 

Park et al. 2010; Rybin et al. 2016; Schneider et al. 2016; Wright et al. 2008; Zwyns et al. 

2014), resulting in the establishment of detailed timelines for the Neolithic period and Bronze 

Age. Honeychurch (2013:411) identifies the Egiin Gol Valley as a “region with a particularly 

complex history of pastoral adaption”. Assessment of various sites throughout Egiin Gol 

(Figure 1) reveals evidence of nomadism through “’ditch-like’ trash-filled [pits]” 

(Honeychurch 2013:381) containing the remains of herd animals and pottery sherds. Sites 

appear to be located between five and nine kilometres apart, typical of nomadic pastoralist 

mobility (Fijn 2011; Clark and Crabtree 2015; Taylor 2017; Wright 2017). Occupation has 

been interpreted as being seasonal in nature, intensifying during summer (Wright 2017). 
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Analysis of ceramic, stone, and bone assemblages show significant diversification of resource 

use and perceived specialisation in product manufacturing around the NBAT (Gladyshev et 

al. 2012; Honeychurch 2013, 2014; Wright 2017). Burials found throughout the region 

indicate extensive mixing of monumental burial styles over time (Honeychurch 2013, 2014; 

Houle 2010; Taylor 2017; Taylor et al. 2015b). Reuse of spatially diverse sites and evidence 

of animal herding suggest continual reliance on pastoral adaptive strategies throughout 

central Mongolia during the Bronze Age. 

The Neolithic of the Khanuy Valley (5450 – 2650 BP [Houle 2010]; uncalibrated) is 

associated with the Xiongnu Empire (Honeychurch 2013; 2014; Honeychurch and 

Makarewicz 2016; Houle 2010; Makarewicz et al. 2018; Seitsonen et al. 2018; Taylor et al. 

2015b). Analogies to modern nomadic lifestyles (Clark and Crabtree 2015; Fijn 2011) have 

allowed Houle (2010) to place the development of pastoralist lifestyles within the late 

Neolithic (5450 – 3250 BP; uncalibrated). Houle’s investigation of burial complexes 

throughout the Khanuy Valley has allowed him to conclude that “[groups] probably did not 

move more than a few kilometres from one seasonal campsite to another” (Houle 2010:180). 

Furthermore, he identifies “pan-regional similarities in ritual and burial structures” (Houle 

2010:182), implying the existence of large-scale organisational systems. Adversely, 

Seitsonen et al. (2018) have analysed lithic clusters throughout the Khanuy Valley, placing 

the development of microblade technology in the late Pleistocene (40000-25000 BP). On the 

basis of this, they have placed the development of pastoralism in the Neolithic. Both 

Seitsonen et al. (2018) and Houle (2010), however, admit that much more expansive work 

needs to be done in the region, with the precise age of pastoralism’s onset still open to debate. 
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2.2.2.1 : The Deer-Stone Khirigsuur Cultural Complex 

Figure 6: Example of a Bronze Age slab burial. From Bemmann and Brosseder (2017:9). Removed owing to copyright restrictions. 

A large body of research (Allard and Erdenebaatar 2005; Clark and Crabtree 2015; Ėnkhtör 

et al. 2018; Fitzhugh 2002, 2006; Fitzhugh and Bayarsaikhan 2010; Houle 2010; Makarewicz 

et al. 2018; Park et al. 2010; Taylor 2017; Taylor et al. 2015b) has been produced 

investigating the surface assemblages of the Deer-Stone Khirigsuur (DSK) cultural complex 

(1300-700 BP). The DSK is characterised by the presence of large stone monument/slab 

mound complexes from southern Siberia to the Gobi Desert (see Figure 6). Stone monuments 

often feature elaborate carvings depicting individuals and deer, though high thematic 

variability has been noted (Clark and Crabtree 2015; Fitzhugh 2002, 2006; Fitzhugh and 

Bayarsaikhan 2010; Taylor et al. 2015b). Destruction and vandalism of ‘competing’ cultures, 

which have been identified through regionally varying imagery, has been recorded both in the 

contemporary period and throughout Mongolia’s past (Fitzhugh 2002, 2006; Fitzhugh and 

Bayarsaikhan 2010; Honeychurch 2014; Taylor 2017; Rybin 2014; Rybin et al. 2016). The 

prevalence of such practices has been argued to indicate both competition between 

neighbouring Bronze Age groups (Honeychurch and Makarewicz 2016; Rybin 2014; Rybin 
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et al. 2016), and reinforce the need for preservation efforts by modern researchers (Fitzhugh 

2002, 2006; Fitzhugh and Bayarsaikhan 2010). Although often associated with human 

remains, these complexes “might not have been solely mortuary in function” (Taylor 

2017:272), although all are presumed to have had strong ritual significance (Allard and 

Erdenebaatar 2005; Clark and Crabtree 2015; Ėnkhtör et al. 2018; Fitzhugh 2002, 2006; 

Fitzhugh and Bayarsaikhan 2010; Houle 2010; Makarewicz et al. 2018; Park et al. 2010; 

Taylor 2017; Taylor et al. 2015b; Seitsonen et al. 2018; Zwyns et al. 2014). Analysis of both 

excavated remains and grave goods, as well as the monuments’ symbolic repertoire has given 

some insight into Bronze Age cultural complexity throughout Mongolia. 

Complex social systems have been associated with DSK monument construction, allowing 

further characterisation of Bronze Age groups. Taylor (2017) hypothesises that the tradition 

may have developed first among groups inhabiting the Mongolia-China border, and 

subsequently spread as far as modern Siberia. It is probable that a significant, multi-person 

effort would have been required to construct each monument, suggesting cooperation 

between groups (Fitzhugh 2002, 2006; Honeychurch 2014; Taylor 2017). Khirigsuur burials 

can reach up to 400m in length, and according to Fitzhugh (2002, 2006) may be up to 3m tall 

(see also Honeychurch 2013). It is unlikely that one person, or even a small group of people, 

could manoeuvre such large stones on their own (Honeychurch 2010, 2013, 2014). DSK sites 

are consistently dated to the Bronze age, with several researchers observing significant 

differences between these and burials in subsequent periods. In addition, pathological 

analysis of equine premaxilla excavated from deer-stone sites has indicated that Bronze Age 

Mongolian groups comprised a “pastoralist society, combining equine transport with a 

diverse livestock economy” (Taylor 2017:278). Such evidence contributes to arguments 

associating the Bronze Age with the emergence of nomadic practices. Analysis of DSK 

complexes throughout central and northern Mongolia has indicated to researchers that the 
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Bronze Age was likely characterised by pastoralist societies, with strong communicative ties 

likely existing between groups. 

2.2.3 : ARCHAEOLOGICAL RESEARCH IN NORTHERN MONGOLIA

Figure 7: a) spatial patterning of sites within northern Mongolia during the Neolithic period, b) spatial patterning of sites in 

northern Mongolia dated to the Bronze Age; c) locations of archaeological sites dated to the second and third millenniums 

BC in northern Mongolia. From Hosner et al. (2016:1589). Removed owing to copyright restrictions. 

In recent years, northern Mongolia has received far more attention than previously (Figure 7), 

though archaeological understanding is still minimal in comparison to that for central 

Mongolia and the Gobi Desert (Clark 2014; Clark and Crabtree 2015; Taylor 2017; Taylor et
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al. 2015a, 2015b, 2019). Archaeological research has been hindered by the inaccessibility of 

research papers produced by Russian institutions during the 20th century (Julia Clark 2018 pers. 

comm.; Vella 2018) and Fitzhugh (2002) has also observed that, prior to the early 21st century, the 

majority of work conducted throughout northern Mongolia focussed on its Palaeolithic. In the last 

ten years Clark and Crabtree (2015) have used agent-based modelling to examine the mobility 

patterns of contemporary nomads, observing seasonal movement between ecologically productive 

regions; research in adjacent areas has concluded that modern mobility patterns are likely to reflect 

those of the past (Fijn 2011). Research has also been produced by Taylor et al. (2015b) that has 

established the development of pastoralism in the region from 1200 BP, as evidenced through 

increased herding behaviour. This has been supported by the intensification of horse-riding between 

3000 and 4000 BP (Taylor et al. 2015b; Taylor 2017), in part evidenced by horse skeletal remains 

with “marked [depressions] to the bridge of the nose” (Taylor 2017:278) and incisions in teeth, both 

hypothesised to have been caused by bridle use. Semi-pastoralist reindeer herders (Tsaatan) are also 

ethnographically reported to have been most numerous during the Neolithic and Bronze Age 

(Fitzhugh 2002, 2006), and are thought to have varied their occupation patterns depending on 

environmental conditions (O’Brien and Surovell 2017; Rasiulis 2021; Taylor et al. 2019). 

Preliminary studies into the Neolithic and Bronze Age periods of northern Mongolia provide a 

pivotal starting point for future work, with the development of many nomadic processes are 

attributed to this period. 

2.2.3.1 : Archaeological Research of Soyo Tolgoi and the Darkhad Depression 

The research proposed here includes analysis of lithic assemblages from the site of Soyo in 

the south of north-central Mongolia’s Darkhad Depression (Darkhadyn Khögtör), a lake 

basin adjacent to the major tourist destination of Lake Khövsgöl (Fitzhugh 2002). Named 

after the nearby Soyo Hill (Soyo Tolgoi) (Julia Clark pers. comm. 2019), Soyo (Figure 3) 
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features several widespread clusters of (largely) chert, bone, and ceramic artefacts eroding 

out of riverine dune beds. Research into the region was instigated through the Northern 

Mongolia Adventure and Discovery (NOMAD) Science program, following the site’s 

discovery during the joint American-Mongolian Deer Stone Project (Fitzhugh 2005). As with 

many other regions of the nation, there is still much to be understood regarding its past. The 

exact character of the site’s Neolithic and Bronze Age periods has not been extensively 

researched (Clark and Crabtree 2015; Honeychurch 2013); however, preliminary 

investigations of the site suggest occupation throughout the Neolithic and Bronze Age (Clark 

2015, 2017, 2018; Clark and Bayarsaikhan 2016; Vella 2018). 

2.3 : CLIMATIC AND ENVIRONMENTAL TRENDS OF 
 

NORTHERN MONGOLIA 
 

The modern climate of Mongolia has been described by Taylor (2017:271) as “[an] arid 

climate, at both high latitude and high elevation”, as may be observed in Köppen-Geiger 

climate classification maps (Beck et al. 2018). Researchers such as Arzhannikov et al. (2012), 

Blyarkharchuk et al. (2004), Derevianko et al. (2008) and Gillepsie et al. (2008) have 

conducted studies into the environmental and climatic history of northern Mongolia. 

2.3.1 : GEOGRAPHIC CONTEXT 
 

The physiography of northern Mongolia has been extensively studied (Arzhannikov et al. 

2012; Blyarkharchuk et al. 2004; Derevianko et al. 2008; Gillepsie et al. 2008; Vella 2018). 

Khan and Clyde (2013) have identified that Lake Khövsgöl is currently bordered by the 

Sayan mountains, “[one of] the two oldest mountain chains in north-western Asia” (Sabloff 

2011:89). The basin is bordered by the Sayan, Bayan Nurhiin Nuruu, Horidol and Ulaan 

Taiga mountains, and is characterised by a steppe-taiga ecosystem. Mongolia shows 
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significant ecological variation between regions (Blyarkharchuk et al. 2004; Honeychurch 

2013, 2014; Kovalenko and Petrov 2017; Sabloff 2011; Taylor 2014; Taylor 2017; Taylor et 

al. 2015a; Vella 2018). While the southern region is dominated by a desert system and the 

north-east by mountainous taiga (Honeychurch 2013; Kovalenko and Petrov 2017; Sabloff 

2011; Taylor 2014; Taylor 2017; Taylor et al. 2015a), Mongolia’s northern and central 

regions are dominated by a steppe environment characterised by grass species and birch- 

dominated forest (Blyarkharchuk et al. 2004; Honeychurch 2013, 2014; Taylor 2014; Taylor 

2017; Taylor et al. 2015a; Vella 2018). Vella (2018) has outlined the character of 

stratigraphic levels at Soyo Hill along the basin’s Hog River (Khog Gol); Clark (Julia Clark 

pers. comm. 2019) has further noted the presence of two major paleosols in the region. Major 

paleosols have been identified throughout the Darkhad Basin (Derevianko et al. 2008; 

Gillepsie et al. 2008; Vella 2018), composed primarily of sandy silt. Of these, a later layer 

dated to 1200 BP (Vella 2018) is believed to be significant to Mongolia’s Bronze Age and 

contains the highest density of cultural artefacts of all layers (Clark 2017). The ecological 

character of the Darkhad Depression has been investigated with direct relevance to Soyo 

(Gillepsie et al. 2008; Vella 2018), benefitting research of the site’s key historical periods. 
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2.3.2 : DARKHAD BASIN GLACIATION

Gillepsie et al. (2008) argue that the 

glaciation of the Darkhad Basin likely took 

place during MIS-2 and MIS-3 (17,000 – 

19,000  BP  and  35,000  –  53,000  BP 

respectively) (Derevianko et al. 2008; 

Gillepsie et al. 2008; Vella 2018). Glacial 

moraines indicate the formation of a 

paleolake at ∼10,000 BP (Gillepsie et al. 

2008; Vella 2018) with a depth of up to 

Figure 8: Timing of major climatic changes as compared to 

glaciation periods. A) Indicating presumed glaciation periods 

throughout the Darkhad; B) showing correspondent oxygen isotope 

trends; C) Maximimum summer temperatures of the Darkhad. 

Adapted from Gillepsie et al. (2008). Removed owing to copyright 

restrictions. 

1602m. Arzhannikov et al. (2012) identifies 

four major glacial groups believed to have 

formed during the Last Glacial Maximum 

(LGM), including that of the Azaz Volcanic 

Plateau occupying the Darkhad Basin. 

Bylarkharchuk et al. (2004:269) suggest the 

presence of “retreating glaciers and barren areas” prior to ~15,900 BP, although Gillepsie et 

al. (2008) approximate highly variable glacial trends throughout much of the region’s 

prehistory (Figure 8); as such, regional trends are unlikely to accurately represent those of the 

Darkhad Basin. Trends discussed here are surmised in Table 2. 
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Table 2: Outlining ecological conditions of northern Mongolia from the Last Glacial Maximum 

(LGM) to present and the occupation phases associated with each major period. Adapted from Arzhannikov et al. 

(2012), Blyarkharchuk et al (2004), Derevianko et al. (2008), and Gillepsie et al. (2008).  

Climatic conditions Date Occupation phases 

Glacial maximum; ‘blocking’ of Darkhad Basin 

(restriction of human movement and vegetative 

spread). Constriction of forests to high altitudes. 

19000–17000 BP - 

Gradual warming event; spread of forest cover to 

lower altitudes 

15000–13000 BP Projected gradual 

increases in 

occupation 

Semi-aridity; “dry summers and wet winters” 

(Blyarkharchuk et al. 2004:272); spread of steppe 

environments and forest cover 

13000–2,500 BP 6,000 – 5,700 BP 

4,000 – 2,500 BP 

Semi-aridity; increased ecological productivity 2500–1200 BP 2500-1200 BP 

Modern conditions 1200 BP – present 1200 BP - Present 

2.3.3 : STONE TOOLS OF THE MONGOLIAN NEOLITHIC AND BRONZE AGE

Lithic collections have been used to characterise the Palaeolithic (Gillam et al. 2012, 2014; 

Kaifu et al. 2015) Bronze Age, and Neolithic of Mongolia (Deverianko et al. 2008; Farquhar 

2019; Fitzhugh 2002, 2006; Fitzhugh and Bayarsaikhan 2010; Houle 2010; Janz 2006, 2012; 

Janz et al. 2015; Khatsenovich et al. 2017; Seitsonen et al. 2018; Vella 2018; Zwyns et al. 

2014), and to argue for the complexity of nomadic pastoralist societies (Deverianko et al. 

2008; Honeychurch 2010, 2013, 2014; Houle 2010; Seitsonen et al. 2018; Zwyns et al. 2014). 

Application of Binford’s (1980) model has allowed for identification of foraging groups 

throughout Mongolia’s history (Farquhar 2019; Janz 2006, 2012; Janz et al. 2015), with 

recent emphasis on reduction models (Deverianko et al. 2008; Goodale et al. 2008; Farquhar 
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2019; Janz 2006, 2012; Janz et al. 2015; Gladyshev et al. 2010, 2012; Houle 2010; 

Khatsenovich et al. 2017; Park and Reichert 2015; Rybin 2014; Rybin et al. 2016; Seitsonen 

et al. 2018; Zwyns et al. 2014). Throughout southern Mongolia, Janz (2006, 2012; Janz et al. 

2015) has identified a heightened prevalence of bifacial technologies throughout the 

Neolithic of the Gobi Desert; prior to this period, unifacial technologies had dominated 

assemblages. This, she argues, provides evidence of increasing technological complexity 

(Janz 2006, 2012; Janz et al. 2015; Honeychurch 2010, 2013, 2014; Houle 2010; Taylor 

2017; Taylor et al. 2015b; Seitsonen et al. 2018). Similar patterns have been observed nation- 

wide (Deverianko et al. 2008; Farquhar 2019; Fitzhugh 2002, 2006; Fitzhugh and 

Bayarsaikhan 2010; Houle 2010; Janz 2006, 2012; Janz et al. 2015, Khatsenovich et al. 2017; 

Rybin 2014; Rybin et al. 2016; Seitsonen et al. 2018), with the emergence of key 

technologies, such as microblades, being highlighted in many studies (Fitzhugh 2002; 

Gladyshev et al. 2010, 2012; Honeychurch 2015; Janz 2006, 2012; Janz et al. 2015; 

Khatsenovich et al. 2017; Rybin 2014; Rybin et al. 2016; Seitsonen et al. 2018; Vella 2018; 

Zwyns et al. 2014). Janz (2006) has established a preliminary chronology outlining ages 

associated with the development of various lithic forms throughout Northern Asia (Figure 9). 

The stone artefact assemblages of Mongolia have been used in archaeological studies to 

characterise past human behaviour throughout the nation. 
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Figure 9: Depicting the approximate age of technological innovations and major climatic variations in northeast Asia. Taken from 

Janz (2006:31), concerning study of Shabarakh-Usu (Gobi-Altai site). Removed due to copyright restrictions. 

The emergence of microblade technologies in northern Mongolia during the early Holocene 

(11,230 BP – present [An et al. 2008]) has been argued to be of immense significance (Park 

et al. 2018; Derevianko et al. 2008; Gladyshev et al. 2012; Goebel and Buvit 2011; Ineshin 

and Tetenkin 2017). Gladyshev et al. (2012) and Smith (1974) both believe their 

development in northern Mongolia to have instigated the use of this technology throughout 

the wider north-eastern Asian region; their studies further suggest the origin of the 

microblade production technique as being within Mongolia. Increasing reliance on so-called 

‘ski-spalls’ as microblade cores (Figure 10) has been cited as evidence for this (Gladyshev et 

al. 2012; Smith 1974). These long, thin segments characterise reduction sequences 



42 

throughout central Asia and Siberia (Desrosiers 2012; Ineshin and Tetenkin 2017); in lithic 

literature, their use as microblade cores is often referred to as the Yubetsu or Diuktai 

technique (Goebel and Buvit 2011; Ineshin and Tetenkin 2017; Potter et al. 2013). Use of this 

procedure has been recorded worldwide (Clarkson 2007; Goebel and Buvit 2011; Ineshin and 

Tetenkin 2017; Lycett and Bae 2010; Lycett and Norton 2010; Newcomer et al. 1986). Such 

studies have been bolstered by the application of reduction indices (Deverianko et al. 2008; 

Farquhar 2019; Janz 2006, 2012; Janz et al. 2015; Gladyshev et al. 2010, 2012; Houle 2010; 

Khatsenovich et al. 2017; Kuhn 1991; Park and Reichert 2015; Rybin 2014; Rybin et al. 

2016; Zwyns et al. 2014), further exemplifying the value of this approach to stone artefact 

analysts. Evidence of microblade production techniques is considered a significant 

component of Mongolian archaeological assemblages and is associated with widespread 

technological revolutions throughout Central Asia. 

Figure 10: Showing a ski-spall (dk. grey) refitted to core. From Coutouly (2012:363). Removed owing to copyright restrictions. 
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2.5: CONCLUSION 
 

Lithic analysis has benefitted from the development of typological analysis schemes, as well 

as microscopic analysis methods; a combination of these approaches will herein be applied to 

assemblages from Soyo, north-central Mongolia. Data collected as a result of these 

approaches will allow for key questions regarding changing human adaptions throughout 

time to be characterised for the site and contribute to a growing research base from across the 

nation. The NBAT of Mongolia is perceived as a period of immense socio-technological 

change throughout the nation; however, these understandings fail to take into consideration 

archaeological evidence from the Darkhad. The assemblage of Soyo will assist in the 

reconstruction of past behaviours from this region. This will be supplemented by the 

performance of pXRF analysis, which has successfully been used to identify trace elements 

in chert (and other stone raw materials) worldwide. This thesis will contribute to an 

expanding body of work currently being produced on Mongolia, and benefit archaeological 

understandings of Central Asia. 
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CHAPTER 3: METHODS 
 

Artefacts were collected from the riverine surroundings of Soyo Tolgoi (Soyo Hill), located in 

the Darkhad Depression of northern Mongolia as a component of the 2015 – 2016 NOMAD 

Science field schools. The Soyo site comprises a discontinuous area of approximately 5 

hectares (Vella 2018) and is a largely flat in form with some undulating swells. The Khog 

Gol runs alongside the eastern edge of the site. 

Lithic artefacts identified at Soyo have been subsequently macroscopically analysed and 

subjected to pXRF testing to determine the degree of chemical relation between chert stone 

artefacts. Selected samples were transferred to the Flinders University Archaeology 

Laboratory in Adelaide, South Australia, following their storage at the National Museum of 

Mongolia. Several limitations have been identified in the chosen method, most significantly 

the lack of a robust lithic chronology. Sources of error, and their potential implications, are 

also discussed below. 

3.1 : 2015-2016 NOMAD SCIENCE FIELD SCHOOL 
 

The NOMAD Science field school runs annually from June-August, employing both 

domestic and international students under the guidance of professional archaeologists. At 

present, a total of 7 units (excavation squares) have been excavated at the Soyo site, with 

additional test pitting and pedestrian surveys being undertaken in parallel. Within the 2015 

and 2016 field schools, 340 lithic artefacts were recovered from excavated units; a further 

1351 stone artefacts were retrieved from the site surface. Bone fragments, charcoal, ceramic, 

and metal artefacts also contributed to the Soyo assemblage. An overview of the sampling 

and collection techniques employed by NOMAD Science, in addition to the analytical 

processes subsequently undertaken, are summarised below. 
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3.1.1 : GEOLOGICAL SAMPLING AND THE PRELIMINARY 
CONSTRUCTION OF A CHRONOLOGY 

In 2016, geologist Dr David Putnam was involved in the NOMAD Science project to 

undertake geological test pitting and establish a preliminary understanding of site 

stratigraphy. Seven 50cm x 50cm test pits were opened to complete this (Figure 11), 

orientated in a north-south line across the site, 20m apart. Spacing between test pits was 

controlled with a measuring tape, and their positions recorded with a static GPS; results were 

post processed using the AUSPOS service and correlated to GPR data (Clark 2016; Vella 

2018). 

In addition to test pits, 12 bone samples were selected from various Levels within Unit 6 for 

radiocarbon dating, providing an indication of site age; however, no ages have been 

established for other regions of the site. The results of this analysis have been presented by 

Vella (2018), in combination with the disposition of geomorphology as recorded in Test 

Pits 2-7. Table 3 provides a description of each test unit.

Table 3: Description of test pits opened in the 2016 NOMAD Science field school at Soyo, northern Mongolia. 

Test Pit Easting Northing Final Depth (cm) 

TI-2 0511342 5649325 150 

TI-3 0511342 5649315 93 

TI-4 0511342 5649305 86 

TI-5 0511342 5649295 85 

TI-6 0511342 5649285 83 

TI-7 0511342 5649275 123 
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Figure 11: Showing approximate location of test pits opened as a component of the 2016 NOMAD Science field school. 
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This analysis has here been used to approximate a complete chronology for all Units. 

Extrapolations of age for individual Levels have been concluded based on similarities in 

description of stratigraphic sections, and as such are highly subjective in nature. Research is 

currently being undertaken that aims to better establish a robust chronology for the site, 

which will greatly enhance our understandings of past site use. 

3.1.2 : PEDESTRIAN SURVEY 

Surface scatters have been identified and collected from across the Soyo site by way of 

pedestrian survey. As aforementioned, the site is a component of a large-scale eroding dune- 

dominated landscape, with ongoing erosional processes revealing materials of archaeological 

significance. Under the guidance of professional archaeologists, newly exposed artefacts 

have been recorded and collected via pedestrian survey of 20m x 20m grids. As with 

excavated materials, collected remains are catalogued and stored at the National Mongolian 

Museum. 

3.1.3 : EXCAVATION 

Areas of interest, identified either through cluster analysis following pedestrian survey, or 

based on photogrammetry and/or geophysical analysis results, have been subjected to test- 

pitting and potential formal excavation. Excavation squares or pits are referred to as Units in 

all summary documents of the excavations, and this terminology is also applied here; 

similarly, spits are referred to as Levels. The depth of individual Levels was consistently 5cm 

throughout both 2015 and 2016. 

The locations of Units opened as a component of the 2015 – 2016 NOMAD Science program 

are provided below (Figure 12; Table 4): trenches were excavated to varying depths and were 

abandoned when cultural material had not been observed for a minimum of 2 Levels. Units 

were excavated by hand, with removed materials then sieved through 1/8th of an inch meshes; 
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pits containing artefacts estimated to be smaller than 2mm in length were sifted instead 

through 1/16th of an inch mesh. Artefacts are bagged according to pit and context level and 

were stored on-site until their subsequent transfer to the National Mongolian Museum. 

Trench drawings were also produced (see Figures 13-19); lack of access to physical copies 

stored at the National Mongolian Museum over the duration of this project has resulted in the 

presentation of sketches here as opposed to formalised level forms or digitised copies. 

Figure 12: Showing locations of units opened in the 2015 and 2016 sessions of the NOMAD Science field school (Soyo 

Tolgoi, Soyo Bag, Khӧvsgӧl Sum, northern Mongolia). 

3.2 : ANALYSIS OF STONE TOOLS 

According to Flenniken, “99.5% of the history of mankind is represented by stone tools” 

(1980:1). Stone tool analysis has been implemented to facilitate understandings of a wide 

array of human behaviours, with such artefacts being found on every continent on Earth 
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(excluding Antarctica) (Beck 1995; Clarkson 2007, Shea 2011). A variety of models have 

been hypothesised by numerous authors (Andrefsky 1994, 2005, 2008a, 2008c; Binford 

1980; Bleed 1986; Clarkson 2007; Dibble and Pelcin 1995; Fernandez and Giminez 2000; 

Gladyshev et al. 2012; Goodman 1944; Hiscock 2015; Hiscock and Attenborough 2003; 

Knauth and Epstein 1976; Knauth and Lowe 1978; Knecht 1997; Luedtke 1992; Marreiros et 

al. 2015; Newcomer 1971; Odell 1975; Odell and Odell-Vereecken 1980) that attempt to 

explain human behaviour through lithic traits, with the design of such models often 

dependent on the methodological orientation of their creator. Lithic analysis may be either 

macroscopic or microscopic in nature; according to Andrefsky (1994) and Marreiros et al. 

(2015), magnifications of over 500x may be considered microscopic, and are appropriate for 

studies that incorporate residue and use-wear analysis. In contrast, macroscopic analysis 

methods involve the classification of artefacts into categories based on morphological traits 

(e.g., distribution of retouch, artefact shape and size), which are identified without the benefit 

of high magnification. Both macroscopic and microscopic analysis methods may be enhanced 

by the use of mathematical indices, which aim to quantitatively measure various aspects of 

stone artefact production (Andrefsky 2008a, 2008c; Clarkson 2002; Kuhn 1990, 1991; 

MacDonald 2008; Schott and Nelson 2008). 

3.2.1 : MACROSCOPIC LITHIC ANALYSIS 
 

Models for understanding the connections between lithics and past human behaviour have 

been developed and implemented since the early 20th century. Their use has allowed for the 

mobility and subsistence patterns of past human groups to be estimated, often permitting 

theories as to wider-scale trade networks, group dynamics, and global technological 

developments to be hypothesised (Ambrose 2002; Bettinger 2013; Bleed 1986; Jones et al. 

2003; Pecora 2001; Odell 1975; Odell and Odell-Vereecken 1980). Perhaps the most 

influential models have been those produced by Andrefsky (1991) and Binford (1980), whose 
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work has formed the basis for numerous subsequent studies (Chatters 1987; Goldstein 2019; 

Jeske 1992; Kuhn 1991; Pecora 2001; Watts 2013). 

Andrefsky’s model differentiates between two subsistence strategies; a group may either rely 

primarily on formal tools, or more expedient forms. Formal tools are defined by Andrefsky as 

being “tools with more effort expended in their production” (Andrefsky 1994:21), where 

expedient (or informal) tools are produced quickly and often for limited use. The work of 

Andrefsky has been widely implemented, although its effectiveness has been extensively 

debated (Bradbury and Carr 2004a, 2004b; Clarkson 2007; Elston and Brantingham 2002; 

Goldstein 2019; Holdaway et al. 2004; Janz 2012; Jones et al. 2003; Pecora 2002, 2003; 

Seitsonen et al. 2018, Watts 2013). Its accuracy has been questioned (Elston and 

Brantingham 2002; Pecora 2002, 2003) in cases where authors are perceived to have 

misunderstood key definitions integral to the model. Further, some researchers (Chatters 

1987; Jeske 1992; Kuhn 1991) have questioned the applicability of the term ‘expedient’ to 

certain assemblages. Flaws in Andrefsky’s model have been referenced in debates concerning 

the suitability of typological analysis systems (discussed below) (Bradbury and Carr 2004; 

Elston and Brantingham 2002; Farquhar 2019; Goldstein 2019; Jeske 1992; Pecora 2002, 

2003; Watts 2013). Although it has been relied upon for many decades, interpretive models 

produced by Andrefsky are widely critiqued in archaeological literature. 

Binford (1980) and colleagues (Bleed 1986; Chatters 1987; Jeske 1992; Kuhn 1991) use 

lithic analyses to differentiate between two classes of past peoples; ‘foragers’ and 

‘collectors’. Foragers may be defined as those who are “scattered but ubiquitous” (Bleed 

1986:741), travelling in small groups and using occupying wide expanses of land (Binford 

1980). Such populations must undergo “regular daily food-procurement” (Binford 1980:9). 

Characterised by the production of maintainable and varied toolkits, foraging groups will 

travel widely and manufacture tools that are functionally diverse. Bleed (1986) predicts the 
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use of multi-component toolkits by foraging groups as they would have been easier to 

maintain, allowing broken implements to be easily replaced (Binford 1980; Bleed 1986). In 

contrast, a ‘collector’ strategy revolves around stockpiling seasonally available resources 

(Binford 1980; Bleed 1986; Clarkson 2007; Janz 2012). This approach requires forward- 

planning, and often relies on hunting strategies that “optimally use reliable weapons” (Bleed 

1986:741) to maximise efficiency (Ambrose 2002; Bamforth 1991; Bettinger 2013; 

Flenniken 1984; Henrich 2004; Jeske 1992; Keeley 1974, 1982; Kelly 1988; Meltzer 1981; 
 

Moss 1983; Pecora 2002, 2003; Prentiss 1998; Seitsonen et al. 2018; Shott 1989; Speth 1972; 

White and Bush 2010). A collector strategy necessitates the transport of materials to more 

sedentary ‘bases’ (Ambrose 2002; Binford 1980) and requires that artefacts be prepared in 

anticipation of extensive use. As a result, the frequency of multi-component tools as 

described by Bleed (1986) will likely be less common in cases where a collector strategy is 

applied. Binford’s model aims to categorise past human behaviour and has been used as a 

basis for many subsequent studies. 

Many authors (Andrefsky 1991, 1994, 2005, 2008c; Binford 1980; Bradbury et al. 2008; 

Clarkson 2007; Hiscock and Attenborough 2003; MacDonald 2008) advise caution when 

applying generalised models, arguing that they should be used in conjunction with 

discussions of raw material availability and variability. Despite the advantages of 

homogenous, cryptocrystalline raw materials in controlling final flake form (Flenniken 

1980), their availability is often limited (Andrefsky 1991, 1994, 2005, 2008c; Binford 1980; 

Bleed 1986; Clarkson 2007; Hiscock and Attenbrow 2003). The use of high-quality materials 

must be carefully managed to extend the “amount of time that a [tool] is able to do its job” 

(Bleed 1986:739). Further, environmental, cultural, and social factors often present system 

pressures that may affect toolkit disposition. Variations in toolkit diversity and constitution 

are argued to reflect environmental and social context, wherein lithic producers had the 
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“capacity to create and control fracture” (Hiscock 2015:161) in response to emerging 

complications (Bousman 1992; Hiscock 2015). The behaviour of various groups can be seen 

as a response to changing conditions; in a response to the work of Binford (1980), Bleed 

(1986) predicts that the adoption of either a ‘foraging’ or ‘collecting’ will strategy more 

accurately “[reflect] different hunting patterns and different systematic relationships” with 

environmental factors (Bleed 1986:744). A vast number of researchers advocate for 

autonomous communities that produced stone artefacts most appropriate for their situation 

(Bamforth 1986; Binford 1980; Clarkson 2007; Elston and Brantingham 2002; Hayward 

2010; Jeske 1992; Newcomer et al. 1986; Watts 2013); this perspective is known as design 

theory (Clarkson 2007). In addition to environmental factors, numerous researchers 

(Andrefsky 1991, 1994, 2005, 2008a, 2008c; Clarkson 2007; Meltzer 1981; Parry and Kelly 

1987; Prentiss and Clark 2008; Schiffer and Hayden 1979) recommend “consideration of 

multiple lines of evidence” (Clarkson 2007:8). The effects of social pressures are suggested 

as a key consideration, and it has been proposed that they should not be disregarded in favour 

of perceived ecological demands (Metlzer 1981; Parry and Kelly 1987; Prentiss and Clark 

2008; Schiffer and Hayden 1979). In summary, toolkit constitution is seen by many as an 

attempt to “improve foraging returns” (Clarkson 2007:14) in the face of changing 

sociocultural and environmental factors. 

Particularly in recent years, a number of researchers have begun to question the use of 

typological analysis systems, faulting them for their assumption that an artefact’s function 

can be definitively identified on the basis of morphological traits (Blades 2008; Bleed 1986; 

Brumm and Rainey 2011; Clark 1982; Clarkson 2007; Dibble 1987; Hayden and Kamminga 

1979; Hiscock 2015; Hiscock and Attenbrow 2003; Meltzer 1981; Moore 2004; Moss 1983; 
 

Nelson 1991; Parry and Kelly 1987; Prentiss and Clark 2008; Quinn et al. 2008; Root 2004; 

Schiffer and Hayden 1979). Instead, many researchers are adopting the view that “continuous 
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variation reflects different stages in a continuous reduction process” (Hiscock and Attenbrow 

2003:239) (Bradbury and Carr 2004a, 2004b; Bradbury et al. 2008; Cotterell and Kamminga 

1987; Dibble 1987; Hiscock and Attenbrow 2003; Moss 1983; Nance 1971). One of the 

earliest contributors to this discussion was Dibble (1987:115) through his analysis of 

Mousterian assemblages recovered from a number of archaeological sites throughout France. 

His research indicated that there was “no association between particular types of scrapers and 

particular functions”, and that instead, typological variability was most likely to reflect 

“variability in the intensity of retouch” (Dibble 1987:116) (Hiscock and Clarkson 2008). 

Moore (2004) outlines an extensive study conducted on stone adzes collected from the 

Georgina River in northern Australia. The results of his study are akin to those produced by 

Dibble (1987), revealing that tools that had previously been categorised as having separate 

functions were more likely to be indicative of the various stages of tula production. Similar 

studies have been undertaken elsewhere in Australia (Bleed 1986, Brumm and Rainey 2011; 

Hayden and Kamminga 1979; Hiscock 2015; Hiscock and Attenbrow 2003). Hayden and 

Kamminga (1979) have commented on the issue more generally, dictating that the term 

‘scraper’ is overgeneralised and “almost certainly has little functional integrity as a 

category”. Many authors also predict that changes to artefact form may merely serve to 

“enhance certain performance characteristics” (Clarkson 2007:18) (Clarkson 2007; Eerkens 

and Bettinger 2001; Elston and Brantingham 2002; Nance 1971; Odell and Odell-Vereeken 

1980; Speth 1972; Stahle and Dunne 1982), or may simply represent mistakes in the 

manufacturing process; Henrich (2004) is in agreement with these claims and adds that the 

capacity of individuals in a group to successfully replicate modelled technologies is 

dependent on many factors, such as group size, effectiveness of the teacher, and accessibility 

of appropriate raw materials (Henrich 2004; Lycett and Bae 2010; Lycett and Norton 2010; 

Moss 1983; Smith 1974; Watts 2013). As can be seen from these studies, there are a number 
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of flaws inherent in the use of typologies for artefact analysis, with a number of researchers 

advising against their application. 

Despite the growing body of evidence advising against the use of typologies in lithic studies, 

many suggest they maintain value. While Dibble (1987) advises caution when applying 

classification schemes to lithic assemblages, he also notes that (in an ideal situation) 

“typological variability would be seen as reflecting variability of retouch” (116). In other 

words, while typologies may not be definitively reflective of specific functions, they may be 

useful in their capacity to outline specific stages in the reduction process. Odell (1981) 

similarly refutes that “a side-scraper is called a side-scraper… because it is retouched along 

at least one side, presumably for the use of that side” (336). It is suggested that researchers 

simply apply caution when analysing such collections (Dibble 1987; Flenniken 1984; Moore 

2004; Odell 1981; Wilmsen 1986) and acknowledge the inherent bias present in such 

methodologies. Such arguments are bolstered by experimental studies, many of which argue 

the accuracy of typological models (Flenniken and Raymond 1986; Jeske 1992; Newcomer 

1971; Odell and Odell-Vereeken 1980; Walker 1978). 

2.4.1.1: Mathematical Assessment in Lithic Analysis 
 

Lithic research has benefitted from the development of various indices designed to 

quantitatively measure factors such as retouch, similarity between artefact forms, and the 

flake removal process during retouch (Clarkson 2007; Eerkens and Bettinger 2001; Eren and 

Prendergast 2008; Henrich 2004; Kuhn 1991; Shott and Nelson 2008; Speth 1972; Wilson 

and Andrefsky 2008). The applicability of these indices is dependent on the assemblage in 

question; Eren and Prendergast note that “all indices are lacking somewhat when applied to 

diverse assemblages” (2008:70). A body of research exists comparing the accuracy of various 

measures. Perhaps the two most popular are Kuhn’s Reduction Index (KRI) (Equation 1) 
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𝑖𝑖 

i 

(Eren and Prednergast 2008; Farquhar 1989; Kuhn 1990, 1991; Shott and Nelson 2008; 

Wilson and Andrefsky 2008), and Clarkson’s (2002) Index of Invasiveness. 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑖𝑖𝑉𝑉𝑉𝑉𝑉𝑉 𝑉𝑉ℎ𝑖𝑖𝑉𝑉𝑖𝑖𝑖𝑖𝑉𝑉𝑖𝑖𝑖𝑖 𝑜𝑜𝑜𝑜 𝑜𝑜𝑉𝑉𝑉𝑉𝑖𝑖𝑉𝑉 𝑉𝑉𝑉𝑉 𝑉𝑉𝑉𝑉𝑉𝑉𝑡𝑡 𝑜𝑜𝑜𝑜 𝑉𝑉𝑉𝑉𝑉𝑉𝑜𝑜𝑟𝑟𝑉𝑉ℎ (𝑉𝑉) 
𝑀𝑀𝑉𝑉𝑀𝑀𝑖𝑖𝑡𝑡𝑟𝑟𝑡𝑡 𝑡𝑡𝑉𝑉𝑚𝑚𝑖𝑖𝑉𝑉𝑖𝑖 𝑉𝑉ℎ𝑖𝑖𝑉𝑉𝑖𝑖𝑖𝑖𝑉𝑉𝑖𝑖𝑖𝑖 𝑜𝑜𝑜𝑜 𝑜𝑜𝑉𝑉𝑉𝑉𝑖𝑖𝑉𝑉 (𝑇𝑇) 

 
 

Equation 1: Showing equation required for calculation of Kuhn's Reduction Index. Adapted from 

Kuhn (1991). 

Comparison of various reduction indices within individual assemblages indicates non-linear 

relationships (Eren and Prendergast 2008; Harper and Andrefsky 2008; Shott and Nelson 

2008; Wilson and Andrefsky 2008). As such, authors advise caution when selecting the index 

used. The KRI, for example, “should not be used as a proxy for mass” (Eren and Prendergast 

2008:75); Clarkson’s Index of Invasiveness “is not sensitive to resharpening after the 

reduction phase” (Wilson and Andrefsky 2008:95). Where necessary, researchers such as 

Henrich (2004) and Shott and Nelson (2008) advise the use of multiple reduction indices to 

permit understanding of numerous characteristics. While the Coefficient of Variation (CV) 

(Equation 2) is generally accepted as valid for most assemblages, this is not true in all cases. 

When considering mathematical assessment of stone assemblages, researchers must be 

careful to select the method most suited to their assemblage. 

𝐶𝐶𝑉𝑉 = Σ(𝑖𝑖𝑖𝑖 − 1)𝑖𝑖2 

 
Equation 2: Showing equation required for the calculation of the Coefficient of Variation. Where ni = 

the number of elements in the ith group, and s 2 = the variance of the ith group. Adapted from 

Drennan (2009). 
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3.2.2 : MICROSCOPIC LITHIC ANALYSIS 
 

Particularly within recent decades, a growing body of research has begun to recognise the 

value of microscopic lithic analysis (Andrefsky 1991, 1994, 2005, 2008a, 2008c; Marreiros et 

al. 2015; Moss 1983; Nance 1971; Odell 1975; Odell and Odell-Vereeken 1980). This 

approach incorporates a variety of possible analysis techniques, including chemical analysis, 

and more popularly, use-wear and residue analysis (Marreiros et al. 2015; Odell and Odell- 

Vereecken 1980). The benefits of microscopic methods have been heralded by numerous 

researchers (Andrefsky 1991, 1994, 1998; Moss 1983; Odell and Odell-Vereecken 1980), 

with such practices as residue and use-wear analysis attributed with the potential to permit 

more accurate appraisals of past tool use. Conversely, isotope analysis of carbonate lithic 

material has been used to provenance raw materials (Jahren et al. 1997; Ineshin and Tetenkin 

2017; Szakmány and Kasztovszky 2004; Kolodny and Epstein 1976; Marin-Carbonne et al. 

2014; Marreiros et al. 2015; Mathur et al. 2020; Pearsall et al. 2004; Price and Burton 2011; 

Tykot 2004). Similar analysis of silicate materials for archaeological purposes has not been 

attempted, though processes for isotope analysis of silicates have been developed. 

Andrefsky (1991, 1994, 2005, 2008a, 2008c) advocates for the use of a combined 

microscopic-macroscopic method, reporting that implementing microscopy can result in 

increased accuracy. The development of this field is such that collections of reference 

material have been produced which aim to guide the inexperienced researcher in 

identification of residue and use-wear attributes. Odell and Odell-Vereeken (1980) provide an 

in-depth list of use-wear patterns that may be found on stone tools. Marreiros et al. (2015) 

provides both imagery and a written classification scheme to assist with identification of 

residues on chert tools (Hyland et al. 1990). With direct regard to Mongolia, researchers such 

as Blyakharchuk et al. (2004) provide pollen identification resources that may be used to 

distinguish between individual species in the Altai-Siberia region. The use of microscopic 
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analysis methods to support lithic research is becoming increasingly popular, and the 

application of such procedures to northern Mongolian stone tool collections may significantly 

increase archaeological understanding of Neolithic and Bronze Age tool use. 

2.4.2.1: Chemical Analysis 
 

Analysis of the chemical constitution of stone tools has been applied to assemblages 

worldwide (Chakrabarti et al. 2012; Craig et al. 2007; Frahm 2013a, 2013b; Frahm and 

Doonan 2013; Frahm et al. 2014; Forster et al. 2011; Fouillac and Girard 1996; Glascock 

2002; Goodale et al. 2012; Jahren et al. 1997; Knauth and Epstein 1976; Knauth and Lowe 

1978; Kolodny and Epstein 1976; Makarewicz et al. 2018; Malyk-Selinova et al. 1998; 

Mathur et al. 2020; Pollard 2018; Reniere 2018; Shemesh et al. 1995; Stefurak et al. 2015; 

Stremtan et al. 2012; Szakmány and Kasztovszky 2004; Tártese et al. 2016; Tykot 2004; 

Williams-Thorpe 2008; Williams-Thorpe et al. 1999; Yang et al. 2013). Comparison between 

the chemical character of various artefacts and the soils in which they have originated in or 

been found within allows for materials to be sourced (Hermes and Ritchie 1998; Jenkins 

1989; Pollard et al. 2007). This occurs typically by either trace element analysis or isotope 

analysis. Isotope analysis involves the measurement of various stable isotopes and has been 

widely applied to numerous archaeological studies (Hardy et al. 2001; Knudson 2009; 

Knudson et al. 2005; Madgwick et al. 2021). Conversely, trace element analysis measures 

abnormalities in the chemical structure of the studied material in question; such irregularities 

often occur as a result of environmental or developmental factors. 

The geochemistry of Soyo has been preliminarily analysed by a number of researchers 

(Gillepsie et al. 2018; Putnam 2016; Vella 2018); however, a definitive chert source matching 

the characteristics of lithic artefacts recovered from Soyo is yet to be identified. Research 

undertaken by Putnam (2016) as a component of the NOMAD Science 2016 field school has 
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allowed for the identification of several sedimentary strata at the site. Test pitting revealed 

the presence of eight distinct strata, summarised below (Table 4). Most significantly among 

these are the presence of two paleosols, from which high quantities of artefacts have been 

collected (Julia Clark pers. comm 2018; Putnam 2016; Vella 2018). Among those lithics 

collected, the majority are composed of black chert; communication with local communities 

suggested a nearby outcrop. Investigation of this location revealed that cherts native to the 

area were of a different colour; as such, the possibility that chert artefacts may have been 

constructed of materials from this outcrop was rejected (Julia Clark pers. comm. 2019). 

Chemical analysis may be beneficial in this circumstance, with the potential to identify 

the degree of chemical similarity between samples. 

Table 4: Outlining the characteristics of strata as observed in Unit 6 of Soyo, northern Mongolia. From Putnam (2016). 

Stratum Characteristics 

I Limestone bedrock – early Cambrian carbonates. Outcrops observable to 

the South of Soyo 

II Glacial Till – coarse diamict. Largely granitic with some sandstone 

inclusions. 

III Glaciofluvial gravel and some glaciolacustrine sand 

IV Angular limestone colluvium 

V Paleosol 1; dark brown/black sandy substrate with dark brown lenses 

VI Fine aeolian sand 

VII Paleosol 2; Soil with fine aeolian sand. Distinct soil horizons evident. 

VIII Eolian sand 
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The development of x-ray fluorescent (XRF; portable XRF [pXRF]) is most used) 

technologies has allowed for the characterisation of lithic raw materials in several 

archaeological research settings (Craig et al. 2007; Frahm 2013a, 2013b; Frahm and Doonan 

2013; Frahm et al. 2014; Forster et al. 2011; Goodale et al. 2012; Stremtan et al. 2012; 

Williams-Thorpe 2008; Williams-Thorpe et al. 1999). Heralded for its non-destructive nature 

(Forster et al. 2011), pXRF has been applied in various research projects (Goodale et al. 

2012; Tykot et al. 2013; Williams-Thorpe et al. 1999) to enhance geochemical understanding. 

Some dispute over the reliability of XRF testing has been generated (Frahm and Doonan 

2013; Shackley 2008), however it remains an accessible technique proven to benefit 

archaeological understandings (Craig et al. 2007; Forster et al. 2011; Goodale et al. 2012; 

Tykot et al. 2013; Williams-Thorpe 2008; Williams-Thorpe et al. 1999). As with 

macroscopic lithic analysis, it is advised by various researchers that XRF techniques be used 

in combination with other geological approaches to achieve an accurate understanding of raw 

material origin (Frahm and Doonan 2013; Goodale et al. 2012; Williams-Thorpe et al. 1999). 

An understanding of a site’s geochemistry is imperative to such investigation; while 

carbonate and silicate materials are frequently present in the structure of lithic materials 

(Jenkins 1989; Madgwick et al. 2021; Marreiros et al. 2015; Pollard 2018), environment- 

specific elements likely to be included in the composition of materials should be understood 

prior to study. XRF analysis of lithic materials has not been undertaken in Mongolian-based 

research, however, may be of immense benefit to archaeological understandings of the 

region. 

3.3 INVESTIGATION OF THE SOYO LITHIC ASSEMBLAGE 
 

In late 2019, 92 stone artefacts (representing 28.23% of the total lithic assemblage) 

originating from Units 2-7 were transferred from the National Mongolian Museum to the 

Archaeology Laboratory located at Flinders University (Adelaide, South Australia). Also 
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included were 4 lithics collected from surface scatters retrieved from the 2015-2016 

NOMAD Science fieldwork. Two non-artefactual stone objects were catalogued with the 

lithic assemblage and subsequently included in the chosen sample. It is unclear whether these 

are manuports or environmentally transported samples. At least 50% of the stone artefacts 

from each distinct excavation level were randomly selected for inclusion in the sample, 

although the entirety of the Unit 6 collection (from which only one stone artefact was 

collected) was chosen. Following their transport to Flinders University, the dorsal and ventral 

sides of all artefacts were photographed. Appendix B contains artefact photos of all 96 lithic 

objects provided for use in this research. 

Collaboration with Jennifer Farquhar, an instructing professional participating in the 2019 

NOMAD Science field school, has allowed for the development of an analysis typology 

(Jennifer Farquhar pers. comm. 2019). Farquhar’s involvement in previous research 

conducted throughout the Gobi Desert resulted in the development of an analysis typology 

befitting artefacts recovered from those sites. This has been subsequently adapted to be 

representative of the Soyo lithic assemblage and applied here. 

A summary of the analysis typology is provided here with the full outline provided in 

Appendix A. Definitions of designated artefact categories are provided in the Glossary. Lithic 

artefacts were categorised into one of 5 divisions based on diagnostic features; the potential 

artefact classes were flake pieces, projectile points, bifaces, cores, and flake tools. Further 

sub-categorisation of artefact form has been avoided, to prevent inaccurate assumptions 

regarding past tool function. Definitions of each of these categories were deduced through a 

combined method of collaboration with Farquhar, and independent research. Following this 

overarching categorisation, artefacts were analysed according to class-specific requirements 

most appropriate for those types. Raw material types, dimensions, and weights have been 

recorded for all artefacts. In the case of flake pieces, artefact dimensions were not specifically 
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measured, but were instead placed onto a card containing overlapping circles of various 

known diameters increasing in 1cm increments. This is akin to the strategies employed by 

Farquhar and serves to give only a preliminary indication of flake piece size. The colour of 

artefacts was also recorded; in accordance with Farquhar’s methodology, a standardised 

colour identification scheme was not applied. Rather, colours were observed and recorded in 

pre-designated arbitrary classes according to the perspective of the researcher. The full results 

of these examinations are provided in Appendix D. 

3.3.1 : MATHEMATICAL ANALYSIS 
 

In addition to the calculation of the Kuhn’s Reduction Index (KRI) for flake tools (see 

Appendix A), assemblage formality and diversity have been calculated, in compliance with 

methods outlined by Andrefsky (1991, 1994, 2008a, 2008b; Farquhar 1989). The diversity of 

stone assemblages has been analysed according to distinct excavation levels via the 

Simpson’s Diversity Index (SDI) (Equation 3). 

 

Σn(n − 1) 
𝐷𝐷 = 1 − ( 𝑁𝑁(𝑁𝑁 − 1) ) 

 
Equation 3: Simpson's Diversity Index (SDI). D denotes diversity, N is the relative proportion of each 

class represented, and n is the number of tool class represented in a component assemblage. Adapted 

from Farquhar (2003). 

Assemblage formality has been assessed to approximate the frequency and duration of site 

visitation at Soyo; this will allow for claims of Neolithic and Bronze Age semi-pastoralism in 

the Darkhad to be evaluated. Formality is represented as a ratio between formal and informal 

tools (Andrefsky 1991, 1994, 2008a, 2008b; Binford 1980; Farquhar 1989). Formal tools are 

deemed to be those showing evidence of use or re-working; this included all flake tools 

identified, bifaces, and projectile points. Assemblage formality and diversity have been 
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calculated to enable approximation of past human behaviour at Soyo. The statistical 

significance of all calculated results has been established where α = 0.05, in accordance with 

practices outlined by Drennan (2009). The complete results of mathematical analysis on the 

Soyo assemblage are presented in Appendix F. The implications of these results are 

summarised in Appendix G. 

3.4 : MICROSCOPIC ANALYSIS 
 

pXRF analysis was performed on all artefacts to allow the degree of chemical relativity 

between them to be estimated. pXRF was performed by trained representatives of Flinders 

University, using a Bruker Tracer 5i handheld device. The device was remotely manipulated 

by the Bruker Remote Control program and set within a stand specifically designed for the 

Bruker Tracer. Artefacts were subjected to X-ray fluorescence for a duration of 60 seconds, a 

period considered sufficient given the research of Frahm (Frahm 2013; Frahm and Doonan 

2013). 

Data received from the Tracer 5i was transferred to Artax, a program allowing for chemical 

spectra to be visually produced; numeric levels of individual elements detected were also 

provided. Artax contains a variety of calibration curves specific to various materials; in this 

instance, the ‘Geoexploration’ setting was deemed most appropriate. Similar strategies have 

been applied by Frahm (Frahm 2013; Frahm and Doonan 2013). 

Following measurement of the chemical attributes of artefacts, results were categorised 

according to perceived raw material type, colour, and Level. According to Chatzimpaloglou 

(2020; Adachi et al. 1986; Morris and Horwitz 1983), chemical relation between chert 
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samples is most accurately established through analysis of trace elements present in such 

material, particularly iron; Fe/Ti and Al/(Al + Fe) results have been focussed on here in 

accordance with the observations of Chatzimpaloglou (2020; Mather et al. 2020; McCormick 

2021). The strength of inter-sample relationships has been established through single-tail 

analysis of variance (ANOVA) testing (McCormick 2021). The application of this technique 

will allow for comparison between the chemical compositions of artefacts from various 

origins simultaneously. Lithic samples have been subjected to pXRF testing and the degree of 

chemical similarity between chert artefacts has been subsequently analysed. The number of 

quartz, quartzite and sandstone artefacts included in the sample was too low to produce 

statistically significant results, and as such they have been omitted from the results of this 

analysis. A complete list of all data collected through this process is provided in Appendix E. 

3.5 : CONSTRAINTS OF THE STUDY 
 

Several potential sources of error have been identified in the research method described 

above. Subjective methods of analysis are here criticized, in addition to discussions regarding 

pXRF analysis, the absence of a robust chronology for the site, and inherent complications 

associated with the volatile landscape from which artefacts have been collected. 

Previous research that has aimed to establish a chronology of site use and technological 

evolution in and around Soyo is not applicable to this research project; this is a significant 

barrier to archaeological understanding of the region. As aforementioned, most of the 

research in the nation has focussed on the north-eastern and southern quadrants of Mongolia, 

with the north-west often being excluded from major investigations (Clark 2014; Clark and 

Crabtree 2015; Taylor 2017; Taylor et al. 2015, 2019). Until recently, limited funding 

opportunities have been available to NOMAD Science operators (Julia Clark 2018, 2019, 

pers. comm.), prohibiting geological and charcoal samples from being dated. While research 
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conducted by Vella (2018; Clark et al. 2016) has allowed for the aging of some Levels of 

Unit 6, contexts investigated were of a different composition to those from which lithics were 

recorded and are spatially separated from other Units. A general maximum age for the site 

can be assumed to be ~10,900 BP (see Chapter 4, Table 5) in at least the western portion of 

the site, however specific occupation dates cannot be determined for much of the Soyo lithic 

assemblage. Only relative dating methods can be applied to the sample analysed for this 

project, however, key transitional periods in the history of the site may still be identified 

through observable trends in the data. The ages of Levels containing stone artefacts at Soyo 

have not been confirmed, and as such, only approximations of past site use within the 

Neolithic and Bronze Age are provided here. 

The relatively small size of the stone artefact sample discussed here must be considered. 

Stone artefact assemblages often contain lithic objects numbering in the hundreds or 

thousands (Adams and Blades 2009; Beck and Jones 1990; Brantingham et al. 2004; Carlson 

and Magne 2008; Derevianko et al. 2008, 2013; Kuhn et al. 1996; Seitsonen et al. 2018) 

allowing statistically accurate deductions to be made regarding past human activities 

(Drennan 2009). As the sample discussed here contains only 96 artefacts, the statistical 

accuracy of claims made based on its analysis is weak relative to studies relying on larger 

samples (Adams and Blades 2009; Beck and Jones 1990; Brantingham et al. 2004; Carlson 

and Magne 2008, Derevianko et al. 2008, 2013; Kuhn et al. 1996). However, similar research 

conducted throughout Mongolia have relied on lithic assemblages of a similar size (Janz 

2012), implying that the Soyo lithic assemblage is consistent with that of the nation as a 

whole and robust conclusions may still be drawn. The small size of the Soyo assemblage 

sample must be considered when contemplating the significance of results, however, may be 

considered in line with Mongolian assemblages. 
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A crucial outlier has been identified in the lone artefact collected from within Unit 6. This 

artefact was retrieved from a deeper deposit than recognised in any other Unit, discovered at 

125cm below surface, the only Unit to contain cultural material deeper than at 110cm below 

datum. While this may be indicative of site occupation older than that represented in other 

areas, the numerous post-depositional factors (discussed below) affecting the site must be 

considered. It is possible that Level 25 is of the same age as higher excavation Levels. These 

issues impact on the validity of assumptions made regarding the Unit 6 deposit. Further, only 

one artefact was collected from this trench, and as such any analysis conducted that includes 

the Unit 6 assemblage is likely to be unrepresentative and holding little statistical validity 

(Drennan 2009). For this reason, this artefact has been excluded from most statistical 

analyses, given it cannot be anchored securely in the site chronology. The artefact associated 

with Unit 6 likely represents an outlier owing to post-depositional processes, and any 

conclusions drawn based on this example may be considered insecure. 

Analysis of results has been made with comparison to behavioural models proposed by 

Andrefsky and Binford; however, there are some potential sources of error that have been 

identified in their work. The methodologies developed by Andrefsky (1991, 1994, 1998, 

2008a, 2008b,) and Binford (1980) have largely been criticized for their over-reliance on tool 

form (Blades 2008; Bleed 1986; Brumm and Rainey 2011; Clark 1982; Clarkson 2007; 

Dibble 1987; Hayden and Kamminga 1978; Hiscock 2015; Hiscock and Attenbrow 2003; 
 

Meltzer 1981; Moore 2004; Moss 1983; Nelson 1991; Parry and Kelly 1987; Prentiss 1998; 

Prentiss and Clark 2008; Quinn et al. 2008; Root 2004; Schiffer and Hayden 1979; Wilmsen 

1986). Efforts have been made to reduce the effects of this here, by providing robust 

definitions for each artefact category and omitting commonly discussed tool forms and 

applying technological analyses (Andrefsky 1998; Hiscock 2015; Hiscock and Attenbrow 

2003; Hiscock et al. 2011; Kelly 1988; Moore 2004) from the applied analysis typology. It is 
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additionally acknowledged that the nomenclature applied within the chosen typology may not 

be representative of the artefacts’ true function. While efforts have been made here to avoid 

over-reliance on perceived artefact form, the behavioural models of Andrefsky and Binford 

(Andrefsky 1991, 1994, 2008a, 2008b; Bleed 1987; Binford 1980; Chatters 1987; Jeske 1992; 

Kuhn 1991) are inherently flawed in their dependence on such factors, which should be 

considered when applying these models to current research. 

The reliance of researchers on measures such as assemblage variability has also been 

criticised, further calling into question the validity of results proposed here. Eerkens and 

Bettinger criticize researchers emphasizing variability, claiming that their analysis often 

“lacks a robust statistical approach” (2001:494). According to Eerkens and Bettinger, the 

number of factors impacting artefact variability is too numerous for assertions made based on 

this measure to be valid. This is likely the case for the assemblage of Soyo and the results of 

its analysis; as aforementioned, the calculated variability of the assemblage fluctuated 

through time with no significant correlation evident between variability and level depth. 

Based on criticisms such as that presented by Eerkens and Bettinger (2001), this may be 

interpreted as a result of the inherent volatility of variability studies. The simultaneous 

measure of the KRI, assemblage diversity and raw material availability has allowed for 

approximations of past Darkhad transitions to sedentism to be made nonetheless; as such, it is 

unlikely that an ambiguous assemblage variability result will affect the validity of claims 

made here. A lack of obvious change in assemblage variability over time is contrary to the 

expectations of Andrefsky, Binford, and their supporters; however, measures of assemblage 

variability have been questioned in archaeological research and conclusions can still be 

drawn regarding major transitions in the behaviours of past Darkhad occupants. 

3.5.1 : VOLATILITY OF THE SOYO LANDSCAPE 
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The area surrounding Soyo Tolgoi is an unstable dune bed with ongoing erosional processes 

that regularly expose new surface assemblages. As a result, the NOMAD Science Program 

has been established partially to monitor this environment and catalogue revealed deposits 

(Clark 2015; Clark et al. 2016, 2017,2018; Fitzhugh 2009; Fitzhugh and Bayarsaikhan 2010; 

Vella 2018). This region is characterised by constant change, with numerous exposed dunes 

subject to ongoing weathering that is likely to affect not only surface deposits, but underlying 

stratigraphy (Vella 2018). As such, it can be assumed that post-depositional factors heavily 

influence the Soyo deposit, with significant movement between stratigraphic layers likely at 

the site. Research conducted by Vella (2018) has allowed for characterisation of other Units, 

and it is evident that stratigraphy is highly variable throughout the site (see Chapter 4). The 

use of relative dating may thus be insufficient to permit understandings of changes in lithic 

assemblage constitution over time. The significant geomorphological variability of the region 

surrounding Soyo Tolgoi is a significant barrier to archaeological understanding. 
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CHAPTER 4: RESULTS 

4.1 : INTRODUCTION 

In 2015 and 2016, a total of 340 stone artefacts were recovered from the region surrounding 

Soyo Tolgoi; 96 of these artefacts have been included in the sample analysed here. 

Investigations into assemblage constitution are outlined below, in addition to a preliminary 

chronology established for the site. The research conducted here has included macroscopic, 

mathematical, and microscopic analysis of stone artefacts collected from the site, which will 

provide clarity on the behaviours of past occupants. 

4.2 : GEOMORPHIC CATEGORISATION AND RADIOCARBON 

DATING 

Vella (2018) has outlined the geomorphic constitution of various test pits (Figure 6) at Soyo, 

and Unit 6. The site has been dated to between 10,900 BP and the 19th century BP, 

established through radiocarbon dating of bone samples retrieved from Level 22 and above. 

No lithic materials were recovered from these Levels or Unit 3 (most spatially related to Unit 

6). An indication of stratigraphic age can be interpreted from this data (Table 5). 

Stratigraphic imotscodes have been arbitrarily designated by Vella (2018) and are found in 

Table 5. Stratigraphy forms completed as a component of the 2015 (Figure 13–17) – 2016 

(Appendix I) NOMAD Science field investigations are presented below and in Appendix I; 

these have been used to establish a relative site chronology for Soyo. Figure 18 has been 

produced based on these reports. An overview of the process applied here in Appendix H. 



70 

Table 5: Showing results of radiocarbon dating undertaken on stratigraphy from Unit 6, Soyo, northern Mongolia. 

Adapted from the results of Vella (2018). 

Stratigraphic 

Level 

Soil Character Quantity of 

Bone Samples 

Retrieved 

Depth (m) Age 

A Light coloured 

soil; fine sand 

0 0.2 N/A 

B Slightly darker 

coloured soil; 

very fine sand 

3 0.19 115 BP – 

Present 

C Black paleosol; 

very fine sand 

with  abundant 

clay/silt 

2 0.11 265 BP – 85 

BP 

D Slightly darker 

coloured soil 

2 0.12 905 BP 

E Not described; 

silt/clay with 

very fine sand 

0 Not provided N/A 
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F 

 
Light coloured 

 
1 

 
0.37 

 
Inconclusive 

 aeolian? Sand; 

very  fine  sand 

with clay 

   

 
G 

 
Light coloured 

Aeolian? Sand, 

slightly darker; 

silt with some 

very fine sand 

 
3 

 
Not provided 

 
At 115cm 

below 

surface – 

1200 BP 

At 120 cm 

below 

surface – 

10,900 BP 

 
I Reddish; silt 

with some very 

fine sand 

 
0 

 
Not provided 

 
N/A 

 
J 

 
Reddish; 

abundant silt 

and some very 

fine sand 

 
0 

 
Not provided 

 
N/A 
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K Darker coloured 

bedrock? Sand; 

 
0 

 
0.4 

 
N/A 

 Very fine to fine 
 
sand 

   

 
O 

 
Not described 

 
1 

 
Not provided 

 
Inconclusive 
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C D 

Figure 13: Stratigraphy depictions and descriptions produced by Root and Jasparro (2015) of Unit 1 (pages 1-4; 9a, 9b, 

9c, and 9d respectively), Soyo Tolgoi. Reprinted with permission from Dr. Julia Clark. 

B A 
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Figure 14: Depiction and description of the stratigraphy of Unit 2, Soyo Tolgoi, as produced by Root (2015). Reprinted 

with permission from Dr. Julia Clark. 

Figure 15: Depiction and description of the stratigraphy of Unit 3 (pages 1-2, 11a and 11b 

respectively), Soyo Tolgoi, as produced by Root (2015). Reprinted with permission from Dr. Julia Clark. 

74 
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Figure 16: Depiction and description of the stratigraphy of Unit 4 (pages 1-3; 12a, 12b and 12c respectively), Soyo Tolgoi, as 

produced by Root (2015). Reprinted with permission from Dr. Julia Clark. 

C 
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Figure 17: Depiction and description of the stratigraphy of Unit 5 (pages 1-2; 13a and 13b respectively), Soyo Tolgoi, as 

produced by Root (2015). Reprinted with permission from Dr. Julia Clark. 

B 
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Figure 18: Depths excavated by NOMAD Science representatives in 2015-2016 at Soyo Tolgoi, northern Mongolia. 
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4.3 : RAW MATERIAL ANALYSIS 

4.3.1 : MACROSCOPIC ANALYSIS 

An overview of the number of stone artefacts recovered from individual Units at Soyo 

within the analysed sample can be found in Table 6. Units which did not contain lithics are 

excluded from further analysis. Summaries of the raw materials composing the Soyo 

assemblage are provided below. 

Table 6: Detailing the number of stone artefacts recovered from each Unit excavated at Soyo 

(northern Mongolia) in 2015 - 2016, and the proportion of the total sample represented. 

Unit Number Number of Stone Artefacts 

Included 

Percentage of Total 

Sample (%) 

Surface 4 4.17 

1 38 39.58 

2 7 7.29 

4 18 18.75 

5 7 7.29 

6 1 1.04 

7 21 21.88 

Table 6 and Figure 19 provide an overview of raw material types represented in the Soyo 

lithic assemblage; Figure 20 depicts examples of each raw material type as observed in the 

sample. Chert artefacts comprise much of the collection (69.79%), with quartzite and quartz 

both present in significantly lower frequencies (25.00% and 3.13% respectively). One 

sandstone artefact was also identified. A secondary anomaly is represented by A40, (other) 

(1.042%), being comprised of quartz granules encompassed in a clay-like matrix. 
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Figure 19: Indicating the proportions of distinct raw materials identified in the Soyo lithic assemblage. 

A B 

C D 

Figure 20: Examples of chert (17a, A82), quartz (17b, A29), quartzite (17c, A17) and sandstone (17d, A31) artefacts 

observed in the Soyo sample. 

80 

70 67 

60 

50 

40 

Chert 

Quartz 

Quartzite 

Sandstone 
30 

24 Other 

20 

10 
3 

1 1 
0 

NU
M

BE
R 



80 

Figures 18 – 20 indicate similar information as that in Figure 12, though displays the 

frequency of raw material types by levels in individual units. Four artefacts retrieved during 

pedestrian surveys of the site have also been included, representing 4.17% of the total 

sample. All artefacts included were composed of chert. 

Figure 21: Showing numbers of artefacts of various raw material types as identified in the Unit 1 assemblage from Soyo, 

northern Mongolia. 

Most stone artefacts collected from Unit 1 (Figure 21) were retrieved from 50cm below 

datum (cmbd) (20; 54.05%), of which a larger proportion of artefacts were quartzite than in 

any other level generated at the site. Only one lithic artefact was recovered from 20 and 

25cmbd (5.000%); two were retrieved from 65cmbd (10.00%). Level 11, at 55cmbd, 

contained the second-highest number of artefacts (6; 30.00%). 
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Seven lithics (7.292%) were collected from Unit 2. Two were identified in Level 3 (20cmbd), 

and 5 in level 7 (40cmbd) (28.57% and 71.43% of the Unit 2 assemblage respectively). The 

majority of stone artefacts from this unit were composed of chert (6; 85.71%), with one 

quartzite artefact being present. 

Figure 22: Showing numbers of artefacts of various raw material types as identified in the Unit 4 assemblage from Soyo, 

northern Mongolia. 

The assemblage associated with Unit 4 (Figure 22) is dominated by chert artefacts, with only 

2 quartz artefacts (6.897% of the Unit assemblage). Level 4 (20cmbd) contained the largest 

number of artefacts collected from this unit. Unit 5 contained relatively few artefacts. Of 

these, the vast majority were chert (85.71%) with one additional quartzite artefact. All 

artefacts were found in Level 3 (20cmbd). Unit 6 contained only one artefact (A76), 

composed of chert. 
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Figure 23: Showing numbers of artefacts of various raw material types as identified in the Unit 7 assemblage from Soyo, 

northern Mongolia. 

Most artefacts recovered from Unit 7 (Fig 23) were composed of chert (95.24%), with only 

one quartz artefact observed (4.762%). This artefact (A06) was significant in that it contained 

numerous veins of ochre, with pockets containing a high proportion of iron (identified 

through pXRF, section 4.3.1). 

Figure 21 provides an indication of the distribution of raw materials across all Units and 

Levels. The implications and limitations of this form of analysis are discussed in Chapter 6. 
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4.3.2 : X-RAY FLUORESCENCE 
 

Artefacts have been classified based on raw material types as identified through macroscopic 

analysis. Chert has been subsequently sub-categorised based on colour, given that this 

characteristic is a consequence of chemical variations in the structure of stone (Burchell et al. 

2013; Kolodny and Epstein 1976; Luedtke 1992; Sharp et al. 2002). The full chert sample has 

also been analysed as a whole, regardless of colour variations. Three distinct chert 

colourations were identified, with the majority of the chert assemblage being black (64; 

95.52%); all other chert samples were red (3; 4.478%). Non-artefactual objects were included 

in this analysis, as they have been considered representative of the site’s geomorphology. 

The chemical composition of chert artefacts appears in two major clusters (Figs 24 and 25) 

when considering the relative quantities of titanium (Ti), iron (Fe), and aluminium (Al) 

present. Variation is most significant between 30 and 35cmbd, indicated below as Levels 6 

and 7. A low percentage of iron appears to be present in all samples. The full geochemical 

report and preliminary interpretation of results is presented in Appendix E. 
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Figure 24: A binary representation of variance in the chemical composition of chert as observed in the lithic assemblage of 

Soyo, northern Mongolia. From McCormick (2021:2). Reprinted with permission from author. 

Figure 24 suggests that the majority of chert samples recovered from Soyo were characterised 

by a high Al/(Al+Fe) ratio and a low Fe/Ti ratio. However, the spread of data in this 

instance is significant. While there is a degree of chemical similarity between all chert 

samples tested from Soyo, their composition is not uniform. 
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Figure 25: Binary representations of the presumed depositional environment from which the chert samples of Soyo may have 

been originally collected; numbers within main body of graph are representative of Levels. From McCormick (2021:3). 

Reproduced with permission from the author. 

Two significant increases in chert chemical variability are evident in Figure 22. The first 

of these is observed at 60cmbd, where an additional source of chert is suggested from 

the assemblages of Units 4 and 7. Between 40cmbd and 30cmbd (Unit 7, Level 6 and 

Unit 6, Level 6 respectively), chert chemistry increases in complexity once again. 

However, a low Fe/Ti vs high Al/(Al+Fe) cluster is observed at all levels. It is thus 

probable that a single source was relied upon for the majority of chert artefacts, with 

possible additional sources exploited in later periods. 
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4.4 : MACROSCOPIC ANALYSIS 

4.4.1 : METRICAL ANALYSIS 

Variations in artefact size, represented by the volume of individual artefacts, is presented in 

Figure 26. Flake pieces were not individually measured but recorded as fitting one of several 

arbitrary size classes; as such, comparison between these samples at varying depths is 

presented separately in Figure 27. 

Figure 26: Indicating changing trends in stone artefact size at varying excavation depths as observed in the assemblage of 

Soyo, northern Mongolia. 
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Table 7: Indicating the nature and significance of relationships between deposition depth and stone artefact size at Soyo, 

as shown in Figure 26. 

Unit Exponential Equation R-Value Significance (P) 

1 y = 3577e-0.083x 0.7359 0.000095 

2 y = 186584e-0.17x 0.9994 0.0006 

4 y = 1008.8e-0.013x 0.0600 0.9101 

7 y = 3831.6e-0.035x 0.7921 0.0037 

Figure 26 suggests there is little relationship between depth and artefact size after 40cmbd; a 

decrease in artefact size is observed in Units 1 and 2 in deeper deposits. As shown in Table 7, 

these relationships are significant where α = 0.05; this is not the case, however, for Unit 4. As 

such, the suggested correlation between depth and artefact size in Unit 4 may be inaccurate; 

this should be considered when assessing the implications of results. 
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Figure 27: Indicating variations in the size of flake pieces across excavation depths as observed in the lithic assemblage of 

Soyo, northern Mongolia. 

Table 8: Indicating the nature and significance of relationships between deposition depth and flake piece size at Soyo, as 

shown in Figure 27. 

Unit Exponential Equation R value Significance (P) 

1 y = 0.9918e0.0173x 0.6277 0.0216 

2 y = 2 N/A N/A 

4 y = 2.584e0.0009x 0.0249 0.9841 

7 y = 1.8359e0.0045x 0.4463 0.4512 
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Figure 27 indicates that the relationship between flake piece size and depth (cmbd) at Soyo is 

highly variable. Results calculated for Unit 1, however, are the only observed that are 

significant when α = 0.05 (Table 8). As such, the accuracy of all other results may be 

questioned, which should be considered when considering the implications of this analysis. 

Unit 1 suggests there may be a positive correlation between flake piece size and depth. 

Figure 28: Indicating variations in artefact weight across excavated depths at Soyo, northern Mongolia. 
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Table 9: Indicating the nature and significance of relationships between deposition depth and stone artefact weight at 

Soyo, as shown in Figure 28. 

Unit Exponential Equation R value Significance (P) 

1 y = 0.8509e-0.019x 0.4524 0.0043 

2 y = 5e-0.098x 0.6455 0.1174 

4 y = 0.428e-0.002x 0.0648 0.7984 

5 N/A N/A N/A 

7 y = 0.5309e-0.011x 0.3772 0.0919 

As suggested in Figure 28, there is no correlation between artefact weight and deposition 

depth within the chosen sample. Excluding Unit 1, however, none of these relationships may 

be considered statistically significant when α = 0.05 (Table 9). This must be considered when 

analysing these results. 
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4.4.2 : ASSEMBLAGE COMPOSITION 

Figure 29 (below) provides an overview of lithic artefact types observed in the assemblage of 

Soyo, northern Mongolia; examples of each artefact type observed in the sample are given in 

Figure 30. The majority of the collection (51; 53.13%) have been identified as flake tools; the 

implications of this are reviewed in Chapter 5: Discussion. 

Figure 29: Showing frequencies of lithic artefact types as represented in the assemblage collected from Soyo, northern 

Mongolia. 

Secondary to flake tools, flake pieces represent the largest lithic classification of the sample 

(34; 35.42%). Bifaces and cores comprise a low percentage (3.125% and 6.250% 

respectively) of the Soyo assemblage. 2 specimens were identified as being non-artefactual. 

No projectile points were observed. 
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D C 

Figure 30: Examples of a flake tool (30a; A20), a flake piece (30b; A25), a core (30c, A56), and a biface (30d; A27) as 

observed in the Soyo lithic sample. 

Three of the artefacts included in the surface collection sample (75%) were identified as 

being flake tools, with only one being identified as a flake piece (25%). No projectile points, 

bifaces, cores, or non-artefactual objects were present in the surface collection. 
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Figure 31: Showing numbers of artefacts from distinct categories as present in Unit 1, Soyo, northern Mongolia. 

A wide range of artefact types are represented in the Unit 1 assemblage (Figure 31). Level 10 

(50cmbd) contains the highest number of artefacts (21; 53.85%), with flake tools (61.90% 

of the level assemblage), flake pieces (28.47%) and bifaces (9.52%) represented. Level 

6 (30cmbd) is second to this, with flake pieces (50%), cores (25%), and flake tools 

(25%) present. Levels 4 and 5 (20cmbd and 25cmbd respectively) contain only one artefact 

each, a core, and a flake piece respectively. Cores appear only in Level 10, though flake 

tools and cores appear to have been produced throughout the entirety of the sequence. 

One non-artefactual object was included, originating from the assemblage of level 10 (A34). 
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Figure 32: Showing numbers of artefacts from distinct categories as present in Unit 2, Soyo, northern Mongolia. 

Most artefacts retrieved from Unit 2 (Figure 32) were either flake pieces (3 from 40cmbd) or 

flake tools (1 from 20cmbd and two from 40cmbd). One core was also identified 20cmbd. 
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Figure 33: Showing numbers of artefacts from distinct categories as present in Unit 4, Soyo, northern Mongolia. 

As in Unit 2, the Unit 4 assemblage (Figure 33) is largely composed of flake tools 

(66.67%) and flake pieces (27.78%). One core was also identified in 30cmbd. Artefacts 

are most abundant at this depth, though Level 12 (60cmbd) also contains a high 

proportion of the Unit’s assemblage. 

Only one Level (3; 20cmbd) contained stone artefacts in Unit 5. The majority of these 

were flake tools (57.14%), with a notable number of bifaces (2; 28.57%) being present, as 

well as one non-artefactual object. 

Unit 6 contained only one artefact, a flake tool present in Level 25 (125cmbd). 
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Figure 34: Showing numbers of lithic artefacts from distinct categories as present in Unit 7, Soyo, Northern Mongolia. 

All artefacts recovered from Unit 7 (Figure 34) were either flake tools (16) or flake pieces 

(5). Stone artefacts are found in consistent numbers throughout the deposit, though 

the sample chosen for Level 19 (95cmbd) contains one additional object. Flake pieces are 

only evident above 95 cmbd. 

The emergence of various artefact types across all Units is represented below in Figure 

33. Only depths from which lithic artefacts were retrieved are included. The 

potential implications of this are presented in Chapter 6. 

4.4.3 : MATHEMATICAL ANALYSIS 

In accordance with behavioural approximations outlined by early lithic researchers, 

assemblage formality and diversity have been calculated for distinct contexts visible 

in Soyo’s archaeological record. Figures 35 – 38 indicate the frequency of artefacts 

with 
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varying numbers of worked edges within distinct Units. Only levels containing flake tools 

have been included, excluding Unit 6. 

Figure 35: Depicting the relationship between frequency of artefacts with varying numbers of worked edges and depth 

below datum in Unit 1. 

Figure 35 indicates that in Unit 1 there is a negative correlation between number of worked 

edges and deposition depth of artefacts that have either 2 or 3 worked edges. For those 

artefacts with 2 worked edges, this correlation is only slight, and the relationship has been 

calculated to be statistically insignificant (P = 0.97) when α = 0.05. The statistical 

significance of relationships concerning artefacts with 1 or 2 worked edges cannot be 

established given the low number of variables available in the chosen sample. 

All artefacts recovered from Unit 2 were shown to have 3 worked edges and were observed at 

40cmbd. The statistical significance of this relationship cannot be calculated due to the low 
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number of applicable artefacts within the chosen sample and cannot be assessed at varying 

depths. 

Figure 36: Depicting the relationship between frequency of artefacts with varying numbers of worked edges and depth below 

datum in Unit 4. 

Only artefacts with either 1 or 2 worked edges were recovered from Unit 4 (Figure 36). No 

relationship is suggested between frequency and depth below datum for either of these 

artefact types. Unit 5 contained only artefacts with either 1 or 2 worked edges, akin to Unit 4. 

Flake tools were only recovered from 20cmbd; as such, the strength of the relationship 
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between frequency of artefacts with varying numbers of worked edges and depth cannot be 

established. 

Figure 37: Depicting the relationship between frequency of artefacts with varying numbers of worked edges and depth below 

datum in Unit 7. 

As shown in Figure 37, a positive relationship is evident between frequency of artefacts with 

2 worked edges and deposition depth within Unit 7. This correlation has been calculated to be 

statistically insignificant (P = 0.0556) where α = 0.05. No relationship is identifiable between 

deposition depth and frequency of artefacts with 1 or 3 worked edges, however the former of 

these is present in the assemblage from this Unit. 6 cores were recovered from Soyo Tolgoi; 
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the majority of these were recovered from within Unit 1. Figure 38 suggests that there is a 

positive relationship between the number of rotations evident on cores recovered from within 

this Unit and deposition depth. Cores are also observed in the assemblages of Units 2 and 4; 

however, only one such artefact was recovered from each of these areas, and as they cannot 

be analysed for relationships between number of core rotations and deposition depth. 

Figure 38: Number of rotations on cores excavated from Unit 1 by depth (cmbd). 

The relationship indicated between number of core rotations and deposition depth (Figure 38) 

has been calculated to be statistically significant (P = 0.0294) when α = 0.05. This suggests 

that as excavation depth in Unit 1 increases, so too does the number of rotations evident on 

individual cores. 
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4.4.4 : KUHN’S REDUCTION INDEX (KRI) 

The intensity of worked edges has been calculated via the Kuhn’s Reduction Index (KRI); 

distribution of this in distinct excavation Units at Soyo Tolgoi is represented below in Figures 

36 – 38; Unit 6 is not included. 

Figure 39: Showing KRI values of Flake Tools recovered from Unit 1 at varying depths below datum. 

KRI values associated with artefacts excavated from Unit 1 do not appear to vary 

significantly over time (Figure 39). Mean values are consistently above 0.5, except in the 

case of one artefact discovered in 55cmbd with 3 worked edges; this artefact (A41) has a KRI 

of 0.2044. Within Unit 1, however, KRI can be seen to be largely static regardless of depth. 

Flake tools observed in the Unit 2 assemblage were found only at 40cmbd; all had either one 

or two worked edges. Mean KRI values for all artefacts are high, being above 0.8 in all cases. 

Change in KRI at varying depths cannot be established in this case. 
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Figure 40: Showing KRI values of Flake Tools recovered from Unit 4 at varying depths below datum. 

All flake tools found within Unit 4 had either one or two worked edges (Figure 40). 

While the majority of artefacts were associated with a mean KRI of 0.75 or higher, one 

artefact (A66) features a worked edge with a KRI of 0.3485. It can be assumed that mean 

KRI within Unit 4 remains relatively static at varying depths, with one notable exception 

at 60cmbd. Within Unit 5, flake tools were only observed at Level 3 (20cmbd). The 

mean KRI of all artefacts was 0.7 or greater; however, variation over time cannot be 

assessed in this case. 
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Figure 41: Showing KRI values of Flake Tools recovered from Unit 7 at varying depths below datum. 

As observed in the assemblages of other Units here assessed, flake tools of Unit 7 (Figure 41) 

have been calculated as having a mean KRI above 0.7 in most cases. However, a general 

decrease in mean KRI is observed from 105cmbd; in this case, mean KRI of artefacts found 

in Unit 7 remains static until 105cmbd, where a decrease is observed. 
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Figure 42: Indicating the relationship between KRI and number of retouched edges present on artefacts retrieved from Soyo, 

northern Mongolia. 

A negative correlation is observed between the number of worked edges present on an 

artefact and it’s KRI (Figure 42); the relationship between these factors has been calculated 

to be statistically significant (p = .00001) when considering a significance level of α = 0.05. 

There is a strong negative correlation between these results (-0.0882). 

4.4.5 : ASSEMBLAGE DIVERSITY 

Simpson’s Diversity Index (SDI) has been used to compare variations in assemblage 

complexity both over time (as cmbd) and between Units; this will enable the characterisation 

of temporal and spatial changes with regards to human behaviour over time. A full review of 

all SDI calculations is provided in Appendix C; representations of SDI trends over time for 

distinct Units are shown in Figures 43 – 46. 
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Figure 43: Variations in assemblage diversity (SDI) as observed in Unit 1, Soyo Tolgoi (north-central Mongolia). 

Figure 43 indicates a negative correlation between assemblage diversity and depth below 

datum within Unit 1. This relationship has been found to be statistically significant (P = 

0.0006) when α = 0.05. It may thus be stated that SDI increases proportionally to proximity 

to the surface. 
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Figure 44: Variations in assemblage diversity (SDI) as observed in Unit 2, Soyo Tolgoi (north-central Mongolia). 

As shown in Figure 44, there is little variation in SDI between 20cmbd and 40cmbd. This 

relationship is statistically significant (P = < 0.0001) when α = 0.05. It can thus be assumed 

that SDI increases slightly with proximity to surface in Unit 2. 
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Figure 45: Variations in assemblage diversity (SDI) as observed in Unit 4, Soyo Tolgoi (north-central Mongolia). 

A similar trend to that observed in Units 1 and 2 is evident when assessing the assemblage 

diversity of Unit 4 (Figure 45); a negative relationship exists between SDI and depth below 

datum. This has been calculated to be statistically significant (P = 0.2371) when α = 0.05. 

Assemblage diversity can thus be said to increase with proximity to surface. The relationship 

between deposition depth and assemblage diversity cannot be assessed for Unit 5, as stone 

artefacts are only observed in Level 3 (30cmbd). SDI at this depth has been calculated to be 

0.2778. 
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Figure 46: Variations in assemblage diversity (SDI) as observed in Unit 7, Soyo Tolgoi (north-central Mongolia). 

A slightly positive correlation is observed between deposition depth and assemblage diversity 

when considering the assemblage of Unit 7 (Figure 46). This relationship, however, has been 

calculated to be statistically insignificant (P = 0.4981) when α = 0.05. 

Figure 47 indicates variance in assemblage diversity (calculated via the SDI) between 

excavation units opened at Soyo. Unit 6 has been excluded from this analysis, as assemblage 

diversity in this case was too low to be accurately measured. Figure 8 (Chapter 4) indicates the 

spatial relationship between Units. Units 1 and 2 are in close proximity to one another; the 

SDI of each of these is within one standard deviation (1σ = 0.12), implying a possible 

relationship between proximity and diversity. Units 7, 5, and 4 are located west of Units 1 

and 2; SDI between these Units also appears to be similar. It is thus possible that diversity 

increases with proximity to the eastern extent of Soyo. 
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Figure 47: Indicating the assemblage diversities of various units excavated at Soyo, northern Mongolia 

(excluding Unit 6). 
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Figure 48: Showing relationship between east-westerly orientation of Units at Soyo and assemblage diversity (excluding Unit 

6). 

Relationships between Unit location and SDI implied in Figure 47 may be further analysed 

through consideration of Figure 48. A slight positive correlation is implied between Unit 

location and assemblage diversity; this relationship has been calculated to be statistically 

insignificant (P = 0.3301) when α = 0.05. Thus, it cannot be confidently asserted that there is 

a relationship between proximity to the eastern extent of Soyo and SDI. 
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4.4.6 : ASSEMBLAGE FORMALITY 

Formal tools have been defined as those showing evidence of intentional shaping or working 

for the purpose of later use (Downey 2009). Stone artefacts identified as flake tools or bifaces 

were selected only when such features were evident; as such, all artefacts here classified as 

flake tools may be considered formal. Figures 49 – 52, below, indicate the proportion of 

distinct Unit assemblages represented by bifaces and flake tools. 
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Figure 49: Showing formality of the stone artefact assemblage collected from Unit 1, Soyo (north- central Mongolia) as it 

relates to depth below datum. 

Assemblage formality is shown to increase proportionally to depth in Unit 1 (Figure 49); this 

has been determined to be statistically significant (P = 0.000069) when α = 0.05. Therefore, 

within Unit 1, formality can be said to increase proportionately to deposition depth of 

artefacts. 
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Figure 50: Showing formality of the stone artefact assemblage collected from Unit 2, Soyo (north- central Mongolia) as 

it relates to depth below datum. 
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Assemblage formality in Unit 2 (Figure 50) has been shown to increase proportionally to 

cmbd. This relationship has been calculated to be statistically significant (P = < 0.0001) when 

α = 0.05. 
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Figure 51: Showing formality of the stone artefact assemblage collected from Unit 4, Soyo (north- central Mongolia) as it 

relates to depth below datum. 

As shown in Figure 51, assemblage formality appears to increase proportionately to depth 

below datum in Unit 4. This correlation has been calculated to be statistically insignificant (P 

= 0.1999), however, when α = 0.05. Variations in assemblage formality at different depths 

could not be assessed with regards to Unit 5 of the Soyo assemblage, as stone artefacts were 

only retrieved from 30cmbd. Lithics collected from this Level were associated with a 

calculated formality of 0.8715. 
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Figure 52: Showing formality of the stone artefact assemblage collected from Unit 7, Soyo (north- central Mongolia) as it 

relates to depth below datum 

The formality of the Unit 7 assemblage appears to vary significantly over time (Figure 52). 

Two major plateaus can be identified, appearing from 55cmbd – 75cmbd, and between 

95cmbd – 110cmbd. 

The assemblage formality of individual Units has also been assessed and is represented below 

in Figure 50. 
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Figure 53: Indicating variations in assemblage formality between excavation units at Soyo, northern Mongolia. 

Figure 53 suggests that spatially related Units opened at Soyo are not associated with a 

similar assemblage formality. A slight positive correlation is suggested between formality 

and proximity to the eastern extent of the site; however, this has been calculated to be 

statistically insignificant (P = 0.9127) when α = 0.05. 

4.5 : CONCLUSION 

Analysis of the stone artefact assemblage sample discussed here has allowed for an 

understanding of past lithic use. Macroscopic analysis has allowed for the introduction 

of both raw material and lithic artefact types to be identified with regards to excavation 

depth. The variability and potential provenance of chert samples has also been 

preliminarily estimated via pXRF, suggesting two possible sources of this material at 

Levels 6 and 7. While a negative correlation has been established between the number of 

worked edges on flake tools and KRI, no quantifiable change is observed over depth. In 

contrast, assemblage 115 
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diversity appears to decrease with increasing depth, although no definitive relationship 

between the position of Units and SDI was identified. No relationship between formality and 

either depth or location was identified. The implications of these results are discussed further 

in Chapter 5. 
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CHAPTER 5: DISCUSSION 

Analysis of lithic assemblages collected from Soyo, northern Mongolia, permits insight into 

the potential behaviours of past occupants. Key behavioural transitions are evident, 

suggestive of a possible date for the transition from hunter-gatherer to semi-sedentary 

lifestyles. However, there is much that remains to be understood regarding the behavioural 

trends of Darkhad occupants of the Neolithic and Bronze Age. 

5.1 : THE NEOLITHIC AND BRONZE AGE AT SOYO 

Analysis of the chosen lithic assemblage has allowed for several approximations of past 

Darkhad behaviours to be made. While there may be a variety of issues associated with these 

deductions, this research has enabled a clearer understanding of human mobility and 

technological trends around Soyo Tolgoi and may give further indications as to potential 

group social dynamics in the Neolithic and Bronze Age periods of the Darkhad basin. 

5.1.1 : TEMPORAL CONTEXT OF THE SOYO ASSEMBLAGE

Soyo has been identified as being a Neolithic site given several diagnostic trends visible 

through data analysis of ceramic artefacts; a similar approach has been adopted here to 

confirm this hypothesis. In addition to the site age approximated by Vella (2018), the lithic 

assemblage of Soyo is typologically similar to that observed in other Neolithic sites 

throughout the country. Research conducted throughout the Gobi Desert (Farquhar 2019; 

Janz 2012; Janz et al. 2021; Derevianko et al. 2008; Wright 2017) has revealed the presence 

of microblade technologies and bifaces similar in form to those collected from the area 

around Soyo Tolgoi (Jennifer Farquhar 2019, pers. comm.). Many of these sites have been 

dated to within the Neolithic (Farquhar 2019; Derevianko et al. 2008; Wright 2017), with 

other assemblages representative of the transitional period between the Neolithic and Bronze 
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Age (Janz 2012; Janz et al. 2021). However, marked differences are also observed between 

Gobi Desert and northern Mongolian assemblages. Foremost is the absence of projectile 

points observed in the Soyo collection. Projectile points have been observed in Gobi Desert 

lithic assemblages (Farquhar 2019; Janz 2012; Janz et al. 2021); the implications of this 

technology being absent are discussed below. It should be considered, however, that 

Mongolia’s climate and environment varies significantly throughout the country 

(Honeychurch 2013, 2014; Rybin et al. 2016), requiring unique socio-economic adaptions to 

be developed in various regions (Honeychurch 2013, 2014; Rybin et al. 2016). The presence 

of distinct lithic technologies in the Soyo assemblage may suggest that the site dates to the 

Neolithic or early Bronze Age. 

Comparison between Unit stratigraphy and the work of Vella (2018) has allowed for a 

preliminary chronology to be established at Soyo. Several key periods (with relation to 

technological reliance) can be identified through analysis of the site’s lithic assemblage, each 

of which may be associated with unique behaviours. Assemblage diversity appears to 

increase in most cases with proximity to the surface; bifaces are only present in the 

assemblages of Unit 1, Level 10 (50cmbd) and Unit 5, Level 3 (20cmbd). Comparison with 

the research of Vella (2018) has allowed these deposits to be preliminarily dated to 10,900 

BP and 115 BP, respectively. The work of Janz (2006) suggests the introduction of bifacial 

technologies throughout the Gobi Desert from 5000 BP; it is possible that a similar 

introduction age is observed at Soyo. Similar trends are observed in raw material variability, 

quartz and quartzite artefacts observed once at 110 cmbd (Unit 7, Level 22), but most 

frequently from 50cmbd (Unit 1, Level 10) and above. It is likely that these deposits are 

representative of socio-behavioural change. Prior to this, the composition of lithic deposits at 

Soyo – both regarding artefact form and raw materials – remain largely static. Increases in 

chert chemical diversity (Figure 24 – 25) between 60 and 30cmbd further evidence these 
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potential changes in behaviour. It is likely that assemblages found 50cmbd and higher within 

the selected sample represent period of enhanced technological innovation and potential 

behavioural transitions. 

5.1.2 : LITHIC TECHNOLOGIES OF SOYO

The composition of the lithic assemblage collected from around Soyo Tolgoi can be used to 

form speculations of past human behaviour in north-central Mongolia. A number of stone 

artefact types frequently observed in both Mongolian and international deposits are absent in 

the Soyo assemblage. In addition to projectile points (discussed below), grindstones and 

hammerstones, documented throughout Central Asia and internationally (Andrefsky 1998; 

Eoin 2016; Janz 2006; Madsen 1984; Smith et al. 2015; Williams-Thorpe and Thorpe 1993) 

are not included in the analysed sample. Such stone artefact types have been argued to 

evidence seed and grass processing. Thus, their absence at Soyo may suggest that Neolithic 

and Bronze Age occupants of the region were not practicing these behaviours. If this is the 

case, groups habituating the region are likely to have relied on higher mobility occupancy 

patterns (Andrefsky 1991, 1994, 2008a, 2008b; Farquhar 2019; Prendergast et al. 2021; 

Scerri et al. 2018). This may have included the use of specialist sites for food production 

(Andrefsky 1991, 1994, 2008a, 2008b; Farquhar 2019; Jacomb et al. 2010; Wendorf and 

Goldfine 1991). Grindstones have been noted in select Neolithic deposits within the Gobi 

Desert, though are not universal (di Cosmo 1994; Farquhar 2019; Janz 2006; Janz 2012; 

Rosen et al. 2019); in numerous cases this has been interpreted as evidence of semi-sedentism 

(Farquhar 2019; Janz 2012; Rosenberg et al. 2016; Schneider et al. 2021). Similar lithic 

records in north-central Mongolia may be consecutively argued to have employed similar 

mobility strategies. The absence of grindstones and hammerstones in the analysed sample 

may be indicative of increased mobility and a lack of seed or grass processing at the site. 
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The employment of high-mobility habitation strategies in the Darkhad is further suggested by 

the presence of small-sized artefacts and evidence of artefact curation at Soyo. As shown in 

Figure 34, all flake tools within the assemblage had a KRI greater than 0.2; this may be 

evidence of increased resource provisioning. Such strategies are hypothesised to be employed 

to conserve high-quality materials where access to them is limited (Clark and Barton 2017; 

Dibble 1997; Dibble and Pelcin 1995; Hayden 1987; Newman 1994; Odell 1989, 1996; Shott 

1996; Shott and Nelson 2008). This may be the case in situations wherein groups move 

frequently (Clark and Barton 2017; Dibble and Pelcin 1995; Hayden 1987; Newman 1994; 

Odell 1989, 1996; Shott 1996; Shott and Nelson 2008). As will be discussed later, this may 

also be symptomatic of cases in which groups are reliant on trade networks or other separated 

sources for materials. In addition to consistently intensive retouch in the lithic record of 

Soyo, flake tools observed are consistently of a small size (compared to sites internationally) 

(Agam et al. 2015; Pargeter and Shea 2019; Venditti 2019), with evidence of increased 

decortification present. This further supports theories of resource provisioning, with such 

strategies employed to increase the use-life of raw materials (Kuhn 2004; Kuhn and Clark 

2015; Magnin 2015; Terry 2010; Thompson et al. 2014; Newman 1994; Schoville et al. 

2021). Similar behaviours are observed in contemporary nomadic groups in northern 

Mongolia (Fijn 2011), further supporting these arguments. Previous studies into the region 

surrounding Soyo Tolgoi have drawn parallels between contemporary and past Darkhad 

occupants, with similar conclusions being drawn regarding the likelihood of semi-pastoralist 

behaviours (Clark and Crabtree 2015; Fitzhugh 2002, 2008; Honeychurch 2013, 2014). 

Hightened KRI and small artefact sizes in the lithic assemblage of Soyo may be argued to 

evidence high-mobility strategies in the Darkhad’s Neolithic. 
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Figure 54: A18 - example of a microblade as observed in the lithic 
assemblage of Soyo, northern Mongolia. 

As aforementioned, no projectile 

points were observed in the studied 

lithic sample; this is likely 

representative of the behaviours 

being undertaken by past occupants 

of  the  Soyo  Tolgoi  region.  The 

presence of projectile points is often

interpreted as evidence of hunting 

(Andrefsky 2008c; Bousman 1992; 

Carlson and Magne 2008; Chatters 1987; Flenniken and Raymond 1986; Harper and 

Andrefsky 2008; Janz et al. 2017; Knecht 1997; Thomas 1986; Watts 2013); thus, their 

absence in the collection discussed here may be interpreted by some as representative of a 

lack of hunting behaviours. However, the presence of abundant and protein-rich species is 

observed in dated Neolithic assemblages of the area (Arzhannikov et al. 2012; Honeychurch 

2010, 2013, 2014, 2015; Taylor 2017; Taylor et al. 2015); exploitation of such resources is 

likely given their high accessibility. The assumption that hunting was not practiced also 

ignores the presence of microblade technology in the Soyo assemblage. The analysis 

typology here employed has omitted secondary flake tool types such as microblades; 

however, several of these were included in the analysed assemblage (Figure 54). Such forms 

are typically observed in central Asian assemblages (Gladyshev et al. 2012; Smith 1974) and 

are likely to have been inclusions in weaponry (Coutouly 2018; Gladyshev et al. 2010, 2012; 

Kato 2017; Smith 1974), allowing for hunting. The absence of identified projectile points in 

the selected sample of Soyo does definitively evidence that no hunting behaviours were 

undertaken in the area. 
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Employment of the Yubetsu technique (Goebel and Buvit 2011; Ineshin and Tetenkin 2017) 

is evident in the assemblage of Soyo; this is expected given the frequency of such 

technologies throughout Europe and Asia (Clarkson 2007; Goebel and Buvit 2011; Ineshin 

and Tetenkin 2017; Lycett and Bae 2010; Lycett and Norton 2010; Newcomer et al. 1986). 

The application of Yubetsu reduction is valuable in assessments of national mobility patterns 

and knowledge diffusion. The spread of microblade technologies throughout Eurasia is the 

subject of critical debates among archaeological researchers and is suggestive of a sudden 

and widespread information dispersal on a continental scale (Clarkson 2007; Gladyshev et al. 

2005; Goebel and Buvit 2011; Ineshin and Tetenkin 2017; Lycett and Bae 2010; Lycett and 

Norton 2010; Newcomer et al. 1986). The region has been described as a likely “seedbed for 

behavioural innovations” (Rybin et al. 2016:70) given the need for its inhabitants to adjust to 

perpetually changing conditions (Honeychurch 2013, 2014; Rybin et al. 2016); innovative 

production techniques that would assist in adaption to changing environments would thus be 

invaluable to Neolithic occupants throughout the country. The emergence of the Yubetsu 

technique in north-central Mongolia should thus be considered when approximating 

information dispersal routes, and potential routes of past migrations throughout Eurasia. 

5.1.3 : SOYO TOLGOI AND THE NEOLITHIC-BRONZE AGE TRANSITION

Trends observed in the lithic assemblage of Soyo may relate to crucial behavioural transitions 

observed throughout Mongolia, particularly those that may be dated to the Neolithic-Bronze 

Age transition (NBAT). Studies conducted throughout central Mongolia and the Gobi Desert 

have observed the mass diversification of archaeological assemblages around the NBAT 

(Allard and Erdenebaatar 2005; Burentogtokh 2017; Houle 2010; Jeong et al. 2018; Liu et al. 

2016; Schneider et al. 2016; Wright 2017; Zhao et al. 2021). Houle predicts that this period is 



likely to have been characterised by the “advent of social complexity” (2019:1). Researchers 

studying this vital transition zone have attributed it with the onset of agricultural pastoralism 

(Wright 2017; Zhao et al. 2021) and a marked increase in sedentary behaviour (Zhao et al. 

2021). Debates regarding the Neolithic emergence of widespread technologies are observed 

in Mongolian academic circles (Park et al. 2018; Rybin et al. 2016; Taylor 2014, 2017; 

Taylor et al. 2015), often centred around the spread of technologies through northern 

Mongolia. The presence of microblade technologies and evidence of technological evolution 

at Soyo is significant in this case and may be suggestive of widespread communication routes 

throughout Eurasia (Rybin et al. 2016). However, it is noted that lithic technologies of the 

Bronze Age are little understood in Mongolian archaeology (Houle 2016); the sample 

analysed will benefit the Mongolian stone artefact record. 

Figure 55: Indicating the spread of discrete genetic clusters in H. sapiens, one of many significant changes associated with 

the NBAT. From Jeong et al. 2018:E11251. Reprinted with permission from Elsevier. 

This transition is not only seen in contemporary Mongolia, but throughout Eurasia (Allard 

and Erdenebaatar 2005; Houle 2019; Schneider et al. 2016; Wright 2017; Zhao et al. 2021) 

(Figure 55), with debates over its character having international significance. The period is 

associated with increased sedentism (Burentogtokh 2017; Houle 2016; Schulting and 

Richards 2016; Spengler 2015; Vanwezer et al. 2021; Zhao et al. 2021), which may be 
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evidenced in lithic assemblages by low raw material variability, a low assemblage formality, 

and a high assemblage diversity (Andrefsky 1991, 1994, 2008a, 2008b, Bradbury and Carr 

2004; Elston and Brantingham 2002; Farquhar 2019; Goldstein 2019; Jeske 1992; Pecora 

2002, 2003; Watts 2013). The emergence of the Bronze Age in Mongolia’s archaeological 

record has been highlighted by many as a period of immense social and behavioural change 

and is associated with key models implemented worldwide. 

As previously discussed, (Chapter 2), artefact-rich deposits at Soyo are associated with 

distinct paleosols observable in site stratigraphy that have been attributed to the Mongolian 

Bronze Age (Julia Clark pers. comm. 2018, 2019). The high number of artefacts observed 

from 55cmbd (Units 6 and 7, Level 11; corresponding Levels in other Units show similar 

results) is likely to coincide with these deposits; approximations of site age provided in 

Chapter 4 suggest this may be attributable to the onset of the Bronze Age. If this is indeed the 

case, it acts as secondary evidence for an observable transition between the Neolithic and 

Bronze Age at Soyo and confirms the site’s importance to researchers of the NBAT (Allard 

and Erdenebaatar 2005; Houle 2019; Schneider et al. 2016; Wright 2017; Zhao et al. 2021). 

Despite this valuable coincidence, microblade technology has been observed throughout the 

Soyo assemblage at all levels and is not restricted to excavation Levels currently associated 

with the Bronze Age. While distinct socio-cultural and mobility-related changes are 

observable in the archaeological record of Bronze Age Soyo, a sudden emergence of 

microblades (often attributed to the NBAT) is not (Allard and Erdenebaatar 2005; Houle 

2019; Schneider et al. 2016; Wright 2017; Zhao et al. 2021). Mongolia has previously been 

suggested as the birthplace of widespread lithic assemblage developments across Eurasia, 

however, (Gladyshev et al. 2010, 2012; Smith 1974; Rybin et al. 2016) on the basis of this 

dataset, the consistent presence of microblade technologies throughout Soyo’s history 

supports these theories. Increases in assemblage size coincide with the onset of Mongolia’s 
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Bronze Age and may be indicative of international changes having originated within the 

country. 

5.1.4 : APPLICABILITY OF THE SOYO ASSEMBLAGE TO BEHAVIOURAL

MODELS 

Evidence of increased sedentism in the lithic assemblage of Soyo has been observed, 

however, the accuracy of these results may be questioned. Collections obtained from 50cmbd 

and above at Soyo evidence increased sedentism when compared with the expectations of 

Andrefsky, which suggest that increased sedentism should be accompanied by a decrease in 

raw material variability (Andrefsky 1991, 1994, 2008a, 2008b; Bradbury and Carr 2004; 

Elston and Brantingham 2002; Farquhar 2019; Goldstein 2019; Jeske 1992; Pecora 2002, 

2003; Watts 2013). Expansion of the raw material record, as observed from significant levels 

in the analysed sample, however, is contrary to the expectations of such researchers. It is 

argued here that while increased raw material availability is not traditionally associated with 

increased sedentism, increased reliance on native resources (quartzite, quartz, naturally 

occurring at Soyo) rather than those imported from outside sources (chert) may suggest 

decreased mobility and the possibility of longer site habitation. Assemblage formality is 

difficult to assess in this case, given a lack of obvious correlation between level depth and 

formality trends in many cases. While trends are observable in most assemblages, no uniform 

trend between all trenches has been observed at varying depths (Figure 49 – 52); there 

appears to be significant variation in the proportions of formal tool types. The assemblage of 

Soyo can be argued to be representative of the NBAT, despite deviations from Andrefsky’s 

often-applied model (Andrefsky 1991, 1994, 1998, 2008a, 2008b; Bradbury and Carr 2004; 

Elston and Brantingham 2002; Farquhar 2019; Goldstein 2019; Jeske 1992; Pecora 2002, 

2003; Watts 2013). 



126 

Flake tool analysis via the KRI has been applied here to assess the degree of material 

provisioning in the Neolithic and Bronze Age of Soyo, in comparison with relative 

percentages of decortication. Intensive reduction of artefacts may suggest resource curation 

as discussed by Binford (1980), which in turn are often indicative of higher reliance on long- 

term habitation sites and decreased mobility (Bleed 1986; Binford 1980; Chatters 1987; Jeske 

1992; Kuhn 1991). This is the likely case for artefacts found at Soyo Tolgoi, when compared 

with observable increases in raw material variability and assemblage diversity (discussed 

below). Rybin et al. (2016), however, notes that this is common in northern Mongolia, with 

heightened numbers of intense reduction notable in relevant sites; he associates this with 

increases in site frequency. If the models of Andrefsky (1991, 1994, 2008a, 2008b) and 

Binford (1980; Bleed 1986; Chatters 1987; Jeske 1992; Kuhn 1991) are accurate to 

Mongolia’s history, this may suggest a widespread adoption of increasingly sedentary 

lifestyles. The lack of available data concerning the Darkhad and north-central Mongolia 

must be remembered in this case, and claims of widespread behavioural changes are only 

implied at the area surrounding Soyo Tolgoi until further investigation is undertaken. 

Investigation of the Soyo lithic assemblage suggests a possible transference to increasingly 

sedentary lifestyles as represented in all Units above 50cmbd. 

Assemblage diversity in this case appears highly varied, which may be suggestive of the 

formation of a reliable toolkit employed by numerous generations of previous occupants of 

north-central Mongolians. This is in line with the suggestions of Honeychurch (2010, 2013, 

2014, 2015) who argues for complex social systems that survived over extensive periods of 

time. The lack of apparent trends in variability may be perceived as evidence of such 

systems, given the significant environmental diversity inherent to Mongolia (Arzhannikov 

2012; Gillepsie et al. 2008; Honeychurch 2013, 2014; Rybin et al. 2016). In such 

circumstances, it may be expected that lithic toolkit composition would vary to adapt to 
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variations in climatic and environmental conditions (Buvit and Terry 2011; Derevianko and 

Pääbo. 2007; Hiscock 2013, 2015; Janz 2006; Will et al. 2013; Young 1994; Yue et al. 2020; 

Zhao et al. 2021). Variations in the climatic and environmental character of Soyo, however, 

are not obvious when analysing the lithic assemblage alone. It is here suggested that wider 

sociocultural traditions may have impacted on assemblage constitution observed in the 

Darkhad; there is significant evidence of long-standing cultural traditions within this and 

nearby regions (Allard and Erdenebaatar 2005; Clark and Crabtree 2015; Ėnkhtör et al. 2018; 

Fitzhugh 2002, 2006; Fitzhugh and Bayarsaikhan 2010; Honeychurch 2013, 2014; Houle 

2010; Makarewicz et al. 2018; Park et al. 2010; Taylor 2017; Taylor et al. 2015b; Seitsonen 

et al. 2018; Zwyns 2014), confirming the possibility of cultural influence on toolkit 

composition over time. Further research into the archaeology of the Darkhad is required to 

best understand the homogeneity of assemblage variability perceived at Soyo, however 

sociocultural impacts are potentially a significant factor. 

5.2 : RAW MATERIALS VARIABILITY AND IMPLICATIONS 

FOR NEOLITHIC AND BRONZE AGE BEHAVIOURS AT SOYO 

While chert is ubiquitous in the archaeological record of Soyo, multiple raw materials have 

been identified in the lithic sample analysed. Reliance on various raw materials may be 

indicative of changing access to higher-quality materials, though may also be suggestive of 

changing socio-political environments (Andrefsky 1991, 1994; Honeychurch 2013, 2014; 

Rybin et al. 2016). Figures 18 – 20 provide an indication of this, however there are 

significant limitations associated with this method of analysis (macroscopic without 

supporting microscopic data) (Andrefsky 1991, 1994, 2005, 2008a, 2008c; Marreiros et al. 

2015; Moss 1983; Nance 1971; Odell 1975; Odell and Odell-Vereeken 1980). Chert is 

evidently depended upon most significantly, being present in all excavation levels at the site. 
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However, below 50cmbd, chert is used exclusively; in later deposits diversification of the raw 

material record is evident. pXRF analysis reveals increased raw material variation between 

25cmbd and 50cmbd, which may imply reliance on novel chert sources. Diversification of the 

raw material record of Soyo is evident around from 50cmbd (in Units 6 and 7; evidence from 

other Units does not contradict this claim), with the chemical composition of chert appearing 

to vary from 60 – 30 cmbd and later according to pXRF results. 

Most stone artefacts collected from the Soyo site (69.79%) were composed of black chert. 

However, current geological and archaeological studies have failed to identify a local source 

of chert (Derevianko et al. 2008; Gillepsie et al. 2008; Julia Clark 2018, 2019, pers. comm.; 

Vella 2018). pXRF results (see Chapter 4) suggest a high degree of similarity between black 

chert samples, which may be indicative of their procurement from a spatially limited region. 

Theories developed by Andrefsky (1991, 1994, 2008a, 2008b, 2008c) may be applied here to 

suggest mobility patterns based on these lithological relationships. The temporal organisation 

of major typological changes is akin to that seen in analysis of assemblage variability and 

formality, with Levels above 55cmbd (Unit 6, Level 11 typifies this) again evidencing 

changes in raw material access. It is suggested that earlier periods in Soyo’s history were 

characterised by increased mobility and the procurement of chert from significant distances; 

increased sedentary behaviours may then have coincided with the formation of chert trade 

networks throughout the region (discussed below). The formation processes underlying the 

generation of chert and similar materials, however, is highly susceptible to contamination, 

and significant chemical variation is often noted between cores removed from the same 

outcrop (Chakrabarti et al. 2012; Malyk-Selivanova et al. 1998; Stewart et al. 2020; Reynolds 

et al. 2007). This must be considered when formulating speculations about hominin 

movement and trade networks involving this material. 
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Quartzite was identified as a secondary major raw material relied upon by early Darkhad 

occupants. Quartzite deposits have been observed in the area surrounding Soyo, although the 

distance between the site and quartzite outcrop have not been outlined (Clark et al. 2015, 

2016, 2017, 2018). However, quartzite artefacts only become evident from between 55cmbd 

(Unit 6, Level 11). This is again likely representative of sporadic mobility patterns, with a 

more restricted area being used that may have forced Soyo’s inhabitants to rely more heavily 

on local resources. Quartz, similarly, only becomes evident in the archaeological record from 

55cmbd (Unit 6, Level 11) and does not appear after 50cmbd. Chert has been depended upon 

as a raw material over the entirety of Soyo’s lithic history and is known to be a suitable rock 

type for lithic manufacture (Andrefsky 1994, 1998; Clarkson 2007; Flenniken 1980; 

Goodman 1944; Luedtke 1992; MacDonald 2008). With such a high-quality material 

available, it is possible that increased reliance on quartz sources at Soyo was not perceived to 

be necessary by Neolithic and Bronze Age occupants (Andrefsky 1994, 2008c; Blades and 

Adams 2008). An abundant raw source of chert with pre-established accessibility may have 

been seen as an advantageous alternative to a singular quartz outcrop of unknown workability 

(Andrefsky 1994, 2008c; Blades and Adams 2008; Jones et al. 2003), promoting the ongoing 

exploitation of chert sources over locally available quartz. The quality of chert as a raw 

material for lithic manufacture may have encouraged past Neolithic occupants of the Darkhad 

to continue relying upon it over locally available materials. 

Alternative explanations for the neglect of quartz as a lithic raw material at Soyo are also 

possible; the behavioural traits associated with nomads and semi-pastoralists must be 

considered, as well as perceptions of quartz being a low-quality raw material. Excavation of 

Unit 1 revealed an artefact composed of quartz fragments in a sand matrix, unlikely to have 

been knapped in a controlled manner given the high frequency of imperfections included 

(Andrefsky 1994, 1998; Flenniken 1980; Luedtke 1992; MacDonald 2008). As a result, 
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similar materials may have been subsequently viewed as being insufficient for lithic 

manufacture. Finally, completed chert artefacts may have been transported into the site prior 

to use; this would be in line with theories of social organisation in semi-sedentary 

communities (Bettinger 2013; Brumm and Rainey 2011; Clark and Crabtree 2015; Clarkson 

2007; Fitzhugh 2002, 2006; Fitzhugh and Bayarsaikhan 2010; Flenniken 1980; Henrich 

2004; Honeychurch 2010, 2013; Honeychurch and Makarewicz 2016; Jeske 1992; Lycett and 

Bae 2010; Taylor 2014, 2017; Taylor et al. 2015a, 2015b, 2019). These societies are 

characterised by the seasonal use of resource-rich occupation sites, travelling between 

regions (Clark and Crabtree 2015; Fitzhugh 2002, 2006; Fitzhugh and Bayarsaikhan 2010; 

Taylor 2017). A neglect of quartz sources at Soyo is unlikely to be representative of generally 

higher mobility for such communities, and chert may have been a more accessible raw 

material in such cultural conditions. The behaviours of semi-pastoralists must be considered 

when analysing the lithic assemblage of Soyo. 

The presence of quartz artefacts in the Soyo Tolgoi area is geologically typical of the 

Darkhad; however, iron-rich ochre inclusions as observed in A06 have not been noted in 

previous studies investigating the region (Clark and Crabtree 2015). Quartz is abundant at 

Soyo, with outcrops occurring naturally throughout the area (Julia Clark pers. comm. 2018, 

2019; Clark et al. 2016). Ochre-painted surfaces have also been found in burials, though 

many of these have been dated to the Paleolithic period (Derevianko et al. 2013; Kovalev and 

Erdenebaatar 2009; Ochir et al. 2010). From these examples, it is evident that ochre paintings 

comprise a valuable component of Mongolia’s cultural traditions; however, the north-central 

regions of the country are little understood in this regard. Limited studies have been 

undertaken analysing rock art in northern Mongolia (Fitzhugh 2006; Jacobson-Tepfer 2006, 

2013; Vanwezer et al. 2021), with the most significant examples being associated with the 

DSK tradition (Fitzhugh 2006; Jacobson-Tepfer 2013, 2015; Rozwadowski 2018; Vanwezer 
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et al. 2021). Accessibility of ochre at Soyo would be beneficial to creators of these 

monuments. While being chemically similar to natural chert deposits at Soyo, it is possible 

that this ochre-rich sample has been procured elsewhere and introduced to the site. Further 

research is advised in this regard. The presence of quartz with ochre inclusions should be 

considered for its significance to researchers of the Mongolian Neolithic and Bronze Age. 

5.2.1 : TRADE NETWORKS IN THE NEOLITHIC OF THE DARKHAD

As alluded to previously, the presence of non-local chert in the area surrounding Soyo Tolgoi 

may be interpreted as evidence of extensive trade works and increased mobility of past 

settlers. This is supported by extensive historical and archaeological evidence highlighting 

Mongolian communities as crucial participants in the Silk Road trade network (Allard et al. 

2002; Honeychurch 2010, 2013, 2014; Miller 2011, 2012, 2014; Miller et al. 2018; Park et al. 

2011, 2016; Rogers 2012; Rybin et al. 2014, 2016; Sabloff 2011; Wright et al. 2008), 

particularly during the Xiongnu period. The establishment of extensive trade networks is a 

crucial prerequisite to such behaviour. In addition, the social complexity of semi-pastoral 

communities has been described ethnographically (Fijn 2011; Fitzhugh 2002, 2006, 2010; 

Honeychurch 2010, 2013, 2014; Honeychurch and Makarewicz 2016; Kaifu et al. 2015; 

Maringer 1963; Park et al. 2016; Rogers 2012; Salzman 1978; Vainshtein et al. 1983). It is 

likely that the Mongolian Neolithic was similarly characterised by such communication 

pathways, particularly given that the emergence of complex social structures is often 

associated with this period (Houle 2019; Taylor 2017). When considering the presence of 

non-local raw materials at Soyo, it is valuable to also keep such information in mind. While 

the tendencies of semi-pastoralists and the likelihood of groups to rely on known reliable 

sources is significant, trade networks may have affected the constitution of lithic assemblages 

in north-central Mongolia. 
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5.3 : CONCLUSION 

The site of Soyo (northern Mongolia) has yielded stone artefacts whose analysis has allowed 

for characterisation of past lifeways, and for the identification of crucial transition periods in 

the history of Mongolia’s Darkhad. While the sample selected for analysis is relatively small, 

and the archaeological record would benefit from much further research being undertaken, 

theories regarding raw material usage, social complexity, and group mobility may be 

estimated. These are significant discoveries for north-central Mongolian archaeology given 

the sparsity of available research; it is hoped that this research will benefit our understandings 

of the area. 
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CHAPTER 6: CONCLUSION 

The stone artefact assemblage retrieved from the surrounds of Soyo Tolgoi, northern 

Mongolia, has allowed for approximations of past nomadic lifeways to be made. The analysis 

provided here is sufficient to initiate important discussions regarding Mongolia’s past and for 

archaeological researchers to gain an appreciation for the complex and ever-evolving history 

of the Darkhad. 

Lithics collected from the area surrounding Soyo Tolgoi have provided insight into the 

NBAT, a crucial transition period frequently discussed by researchers throughout the country. 

Technological evolution in the Darkhad is evidenced in the shallowest parts of all excavation 

Units, through both increased diversity in tool forms and in raw material types. 

6.1 : DIRECTIONS FOR FUTURE RESEARCH 

Despite advancements made here, the history of Soyo, and north-central Mongolia as a 

whole, remains little understood. There are several possible directions for future research. 

Primary among these is the inherent need for more extensive dating, and correlation between 

excavations and stratigraphy. Clarity regarding understandings of key transitions in Soyo’s 

past is reliant on accurate dating mechanisms being applied. It cannot here be confirmed that 

the behavioural changes evidenced here are related to the Neolithic-Bronze Age transition in 

Mongolia. This issue will only become exacerbated where subsequent research projects rely 

on data presented here. Further research into the stratigraphic constitution of the Soyo 

subsurface is also required to validate claims made here. Characterisation of stratigraphy has 

been shown to allow for more accurate age assessments (Arzhannikov et al. 2012; 

Derevianko et al. 2012; Gillepsie et al. 2008; Harris 1979; Harris et al. 2014; Rybin et al. 

2016; Vanwezer 2021) where formal dating has not been confirmed, however, which has 



been attempted in this case. For researchers hoping to understand both the archaeological 

record of the site itself, and wider trends in lithic production throughout north-central 

Mongolia, accurate dating of Soyo will be invaluable. 

In addition to providing clarity regarding previous occupation of Soyo, an expanding 

database will enable comparisons to be made between other sites in northern Mongolia and 

Siberia and will allow for increasingly accurate behavioural models to be established. As 

previously outlined, the study discussed here has been undertaken with assistance from 

Farquhar (2019) and has relied upon their analysis methods to understand the Soyo 

assemblage. Comparison between the lithic record of the Gobi Desert and that presented here 

will allow for a greater appreciation of the nation’s archaeological record. Similar research 

projects have been undertaken throughout the country, however, have failed to consider the 

north-central region (Gladyshev et al. 2010; Zwyns et al. 2014; Zwyns and Lbova 2019) in 

their investigations. It is highly unlikely that these regions of the country would not have 

featured in migratory patterns of past human societies, given the likelihood of continual 

accessibility through various regions of north-central Mongolia (Rybin et al. 2016; Zwyns et 

al. 2014) and evidence of long-term occupation of nearby regions (O’Malley et al. 1999; 

Rybin et al. 2016; Stobbe et al. 2015; Taylor et al. 2019; Weber et al. 2016; White and Bush 

2010). The analysis presented here may be used to form further interpretations of human 

dispersal throughout Eurasia; this will be benefitted by comparison between Gobi Desert and 

Darkhad assemblages. 

A greater understanding of potential tool use may be established through further analysis of 

materials. Residue analysis may be used to identify resources processed with stone tools 

(Anderson 1980; Hayden and Kamminga 1979; Hyland et al. 1990; Marreiros et al. 2015; 

Nance 1971; Newcomer et al. 1986; Odell 1975; Odell and Odell-Vereecken 1980). Material 

provisioning as a method of risk reduction in regions with limited resource availability is a 
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strategy likely employed by nomadic populations of the Darkhad throughout the Neolithic, if 

behavioural models are accurate to northern Mongolia’s past (Andrefsky 1991, 1994; Binford 

1980; Bleed 1986; Chatters 1987; Jeske 1992; Kuhn 1991). The application of alternative 

measures of reduction intensity may provide more clarity, allowing understanding from 

multiple perspectives (Blades 2008; Clarkson 2007; Eren and Prendergast 2008; Goodale et 

al. 2008; Hiscock and Attenbrow 2003; Kuhn 1991; Sandgathe 2004; Schott and Nelson 

2008). Finally, analysis of raw materials by oxygen isotope analysis has been shown to be 

effective for chert (Burchell et al. 2013; Crespin et al. 2006; Karhu and Epstein 1986; Knauth 

and Epstein 1976; Knauth and Lowe 1978; Marin-Carbonne et al. 2014; Sharp et al. 2002; 

Tartése et al. 2016; Yang et al. 2013). The application of such analysis methods will allow for 

an enhanced understanding of the Soyo Tolgoi site, as well as comparison between 

assemblages researched in a similar manner. If further work is undertaken on the assemblage 

here discussed, it is advised that these methods are considered. 



136 

ACKNOWLEDGEMENTS 

Foremost, to Dr Julia Clark, Dr Ian Moffat, and Dr Daryl Wesley: thank you for your endless 

support, for always encouraging me, often for being incredibly patient with me, and for 

fostering my passion for archaeology. It is because of your perseverance and endless insight 

that this has been produced, and that I am in any way sane at the end of it. 

Thank you to Jennifer Farquhar, for sitting with me for hours in a tent and teaching me how 

to analyse tools… and then for answering all the follow-up questions. It is because of you 

that this has been possible. 

Thank you also to Dr Jamsranjav Bayarsaikhan, for all of the incredible work you have done, 

for coordinating the NOMAD Science program, and allowing me to do this. 

To Jane Lockton, Andrew Gribble, and David Gribble: thank you for your support, patience, 

and encouragement. To Philip Gribble, for being involved as you could be and always 

offering support. To Jessica Kenyon, Ashley Jayasuriya, Tarmia Klass, and Romy Friedli: 

thank you for being sounding boards, for your love and support, and for waiting for my 

responses. 



137 

APPENDICES 

Appendices may be found at the following address: 

https://osf.io/ys8v6/?view_only=fd571026e1da410e890049a4dd41b805 

https://osf.io/ys8v6/?view_only=fd571026e1da410e890049a4dd41b805


138 

REFERENCE LIST 

Adachi, M., K. Yamamoto and R. Sugisaki 1986 Hydrothermal chert and associated silicious 

rocks from the northern Pacific their geological significance as indication of ocean ridge activity. 

Sedimentary Geology 47(1-2):125–148. 

Adams, B. and B.S. Blades 2009 Lithic Materials and Paleolithic Societies. West Sussex: 

Blackwell Publishing Ltd. 

Agam, A., O. Marder and R. Barkai 2015 Small flake production and lithic recycling at Late 

Acheulian Revadim, Israel Quarternary International 361: 46–60. 

Allard, F., D. Erdenebaatar, N. Batbold, and B. Miller 2002 A Xiongnu Cemetery Found in 

Mongolia. Antiquity 76(293):637–38. 

Allard., and D. Erdenebaatar 2005 Khirigsuurs, Ritual and Mobility in the Bronze Age of 

Mongolia. Antiquity 79(305):547–63. 

Ambrose, S.H. 1984 The introduction of pastoral adaptions to the highlands of East Africa. In J.D. 

Clark and S.A. Brandt (eds), From Hunters to Farmers, pp.219–239. Berkeley: University of 

California Press. 

Ambrose, S.H. 2002 Small things remembered: origins of early microlithic industries in sub- 

Saharan Africa. Archeological Papers of the American Anthropological Association 12(1):9–29. 

An, C.-B., F.-H. Chen and L. Barton 2008 Holocene environmental changes in Mongolia: a 

review. Global and Planetary Change 63:283–289. 

Anderson, P.C. 1980 A testimony of prehistoric tasks: diagnostic residues on stone tool working 

edges. World Archaeology 12(2):181–94. 



139 

Andrefsky, W. 1991 Inferring trends in prehistoric settlement behaviour from lithic production 

technology in the Southern Plains. North American Anthropology 12(2):129–44. 

Andrefsky, W. 1994 Raw-material availability and the organization of technology. American 

Antiquity 59(1):21–34. 

Andrefsky, W. 1998 Lithics: Macroscopic Approaches to Analysis. Cambridge: Cambridge 

University Press. 

Andrefsky, W. 2008 An introduction to stone tool life history and technological organisation. In 

W. Andrefsky (ed.), Lithic Technology: Measures of Production, Use, and Curation, pp.3–22.

Cambridge: Cambridge University Press. 

Andrefsky, W. 2008 Projectile point provisioning strategies and human land use. In W. Andrefsky 

(ed.), Lithic Technology: Measures of Production, Use, and Curation, pp.195–215. Cambridge: 

Cambridge University Press. 

Andrefsky, W. 2008 The analysis of stone tool procurement, production, and maintenance. 

Journal of Archaeological Research 17(1):65–103. 

Arzhannikov, S.G., R. Braucher, M. Jolivet, A.V. Arzhannikova, R. Vassallo, A. Chauvet, D. 

Bourlès and F. Chauvet 2012 History of late Pleistocene glaciations in the central Sayan-Tuva 

Upland (Southern Siberia). Quaternary Science Reviews 49:16–32. 

Asryan, L., A Ollé and N. Moloney 2014 Reality and confusion in recognition of post-depositional 

alterations and use-wear: an experimental approach on basalt tools. Journal of Lithic Studies 1(1): 

9–32. 

Bamforth, D.B. 1986 Technological efficiency and tool curation. American Antiquity 51(1):38–50. 



140 

Bamforth, D.B. 1991 Technological organization and hunter-gatherer land use: a California 

example. American Antiquity 56(2):216–234. 

Bayar, N. 2007 On Chinggis Khan and being like a Buddha: a perspective on cultural conflation in 

contemporary inner Mongolia. In Tibetan Studies Library (ed.), The Mongolia-Tibet Interface: 

Opening New Research Terrains in Inner Asia, pp.197–222. Leiden: Brill. 

Beck, C. 1995 Functional attributes and the differential persistence of Great Basin dart forms. 

Journal of California and Great Basin Archaeology 17(2):222–243. 

Beck, C. and G.T. Jones 1990 The Late Pleistocene/Early Holocene archaeology of Butte Valley, 

Nevada: three seasons’ work. Journal of California and Great Basin Archaeology 12(2):231–261. 

Beck, H.E., N.E. Zimmermann, T.R. McVicar, N. Vergopolan, A. Berg and E.F. Wood 2018 

Present and future Köppen-Geiger climate classification maps at 1-km resolution. Scientific Data 

5:180214. 

Bemmann, J. and U. Brosseder 2017 A long-standing tradition – stelae in the steppes with a 

special focus on the slab grave culture. In B.V. Bazarov and N.N. Kradin (eds), Actual Problems 

of Archaeology and Ethnography of Central Asia, pp.14–33. Ulan-Ude: The Buryat Scientific 

Center. 

Bettinger, R.L. 2013 Effects of the bow on social organisation in western North America. 

Evolutionary Anthropology 22:118–123. 

Bettinger, R.L. 2013 Effects of the bow on social organisation in western North America. 

Evolutionary Anthropology 22:118–123. 

Beyries, S. 1999 Ethnoarchaeology: a method of experimentation. Urgeschichliche Materialhefte 

14:117–130. 



141 

Binford, L.R. 1980 Willow smoke and dogs’ tails: hunter-gatherer settlement systems and 

archaeological site information. American Antiquity 45(1):4–20. 

Blades, B. 2008 Reduction and retouch as independent measures of intensity. In W. Andrefsky 

(ed.) Lithic Technology: Measures of Production, Use, and Curation, pp.136–149. Cambridge: 

Cambridge University Press. 

Blades, B.S. and B. Adams (eds) 2009 Lithic Materials and Paleolithic Societies. Chichester: 

Wiley-Blackwell. 

Bleed, P. 1986 The optimal design of hunting weapons: maintainability or reliability. American 

Antiquity 51(4):737–747. 

Blyarkharchuk, T.A., H.E. Wright, P.S. Borodavko, W.O. van der Knaap and B. Ammann 2004 

Late glacial and Holocene vegetational changes on the Ulagan High-Mountain Plateau, Altai 

Mountains, Southern Siberia. Palaeogeography, Palaeoclimatology, Palaeoecology 209:259–279. 

Bousman, C 1992 Hunter-gatherer adaptions, economic risk and tool design. Lithic Technology 

18(½):59–86. 

Bradbury, A.P. and P.J. Carr 2004 Exploring mass analysis, screens, and attributes. In C.T. Hall 

and M.L. Larson (eds), Aggregate Analyses in Chipped Stone, pp.21–44. Salt Lake City: 

University of Utah Press. 

Bradbury, A.P. and P.J. Carr. 2004 Combining aggregate and individual methods of flake debris 

analysis: aggregate trend analysis. North American Archaeologist 25(1):65–90. 

Bradbury, A.P., P.J. Carr and D.R. Cooper 2008 Raw material and retouched flakes. In W. 

Andrefsky (ed.), Lithic Technology: Measures of Production, Use, and Curation, pp.233–254. 

Cambridge: Cambridge University Press. 



142 

Brandriss, M.E., J.R. O’Neil, M.B. Edlund and E.F. Stoermer. Oxygen isotope fractionation 

between diatomaceous silica and water. Geochimica et Cosmochimica Acta 62(7):1119–1125. 

Brantingham, P.J., S.L. Kuhn and K.W. Kerry (eds) 2004 The Early Upper Paleolithic beyond 

Western Europe. Berkeley: University of California Press. 

Brumm, A. and A. Rainey 2011 The Acheulean Downunder: modern human ‘handaxes’ from the 

Barkly Tableland of Northern Australia. Lithics: The Journal of the Lithic Studies Society 320:50– 

62. 

Buchanan, B. and M. Collard 2008 Phenetics, cladistics, and the search for the Alaskan ancestors 

of the Paleoindians: a reassessment of relationships among the Clovis, Nenana, and Denali 

archaeological complexes. Journal of Archaeological Science 35:1683–1694. 

Bulag, U.E. and H.G.M. Diemberger (eds) 2008 The Mongolia-Tibet Interface: Opening New 

Research Terrains in Inner Asia; Proceedings. Portland: Brill. 

Burchell, M., A. Cannon, N. Hallmann, H.P. Schwarcz and B.R. Schöne 2013 Refining estimates 

for the season of shellfish collection on the Pacific Northwest coast: applying high-resolution 

stable oxygen isotope analysis and sclerochronology. Archaeometry 55(2):258–276. 

Burentogtokh, J. 2017 Pastoralists, Communities, and Monumentality During the Mongolian 

Bronze Age. Unpublished PhD thesis, Yale University, New Haven. 

Buvit, I. and K. Terry 2011 The twilight of Paleolithic Siberia: humans and their environments 

east of Lake Baikal at the late-glacial/Holocene transition. Quaternary International 242(2):379– 

400. 

Carlson, R.L. and M.P.R. Magne 2008 Projectile Point Sequences in Northwestern North 

America. Burnaby: Archaeology Press. 



143 

Chakrabarti, R., A.H. Knoll, S.B. Jacobsen and W.W. Fischer 2012 Si isotope variability in 

proterozoic cherts. Geochimica et Cosmochimica Acta 91:187–201. 

Chase, P.G. 1985 Illustrating lithic artifacts: information for scientific illustrators. Lithic 

Technology 14(2):57–70. 

Chatters, J.C. 1987 Hunter-gatherer adaptions and assemblage structure. Journal of 

Anthropological Archaeology 6(1):336–375. 

Chatzimpaloglou, P. 2020 A geoarchaeological methodology for sourcing chert artefacts in the 

Mediterranean region: a case study from Neolithic Skorba on Malta. Geoarchaeology 35(6):897– 

920. 

Choi, Y., K.J. Kim, D. Cheong and Y.H. Kim 2014 Palaeoclimate Signals of Lake Hovsgol, 

Mongolia, over the Last 19,000 Years Using Authigenic Beryllium Isotopes. Radiocarbon 

56(3):1139–1150. 

Clark, G.A. 1982 Lithics, landscapes and la longue-durée: curation and expediency as expressions 

of forager mobility. Quarternary International 450:137–149. 

Clark, J. 2017 End of field work report 2017. Unpublished report prepared for NOMAD Science. 

Clark, J. 2018 Mongolian-American northern Mongolian archaeology project 2018 research 

report. Unpublished report prepared for NOMAD Science. 

Clark, J. and J. Bayarsaikhan 2016 Northern Mongolian archaeology project: Soyo end of year 

field report. Unpublished report prepared for NOMAD Science. 

Clark, J.E. 1982 Manufacture of Mesoamerican Prismatic Blades: An Alternative Technique. 

American Antiquity 47(2):355–376. 



144 

Clark, J.K. 2014 Modeling Late Prehistoric and Early Historic Pastoral Adaptions in Northern 

Mongolia’s Darkhad Depression. Unpublished PhD thesis, Graduate Faculty of the Kenneth P. 

Dietrich School of Arts and Sciences, University of Pittsburgh, Pittsburgh. 

Clark, J.K. and S.A. Crabtree 2015 Examining social adaptions in a volatile landscape in northern 

Mongolia via the agent-based model Ger Grouper. Land 4:157–181. 

Clark. J. 2015 Northern Mongolian Archaeology project 2015: Soyo, Darkhad Depression, 

Hovsgol Aimag, northern Mongolia. Unpublished report prepared for NOMAD Science. 

Clarkson, C. 2007 Lithics in the Land of the Lightening Brothers: The Archaeology of Wardaman 

Country, Northern Territory. Canberra: Australian National University Press. 

Clarkson, C. 2002 An index of invasiveness for the measurement of unifacial and bifacial retouch: 

a theoretical, experimental and archaeological verification.” Journal of Archaeological Science 

29(2):65–75. 

Cotterell, B. and J. Kamminga. 1987 The formation of flakes. American Antiquity 52(4):675–708. 

Coutouly, Y.A.G. 2012 Pressure microblade industries in Pleistocene-Holocene interior Alaska: 

current data and discussions. In P.M. Desrosiers (ed.), The Emergence of Pressure Blade Making, 

pp.347–374. New York: Springer. 

Coutouly, Y.A.G. 2018 The emergence of pressure knapping microblade technology in northeast 

Asia. Radiocarbon 60(3):821–855. 

Crabtree, S. 2016a Unit 6 stratigraphy form. Unpublished report prepared for NOMAD Science. 

Crabtree, S. 2016b Unit 7 stratigraphy form. Unpublished report prepared for NOMAD Science. 

Crabtree, S. 2016c Unit 8 stratigraphy form. Unpublished report prepared for NOMAD Science. 



145 

Craig, N, R.J. Speakman, R.S. Popelka-Filcoff, M.D. Glascock, J.D. Robertson, M.S. Shackley 

and M.S. Aldenderfer 2007 Comparison of XRF and PXRF for analysis of archaeological obsidian 

from southern Perú. Journal of Archaeological Science 34(12):2012–2024. 

Crespin, J., A. Alexandre, C. Sonzogni and F. Sylvestre 2006 A new protocol for oxygen isotope 

analysis of authigenic and biogenic fine silica grains using laser-extraction technique. Journal of 

Geochemical Exploration 88:423–426. 

de Groot, P. A. (ed.) 2004 Handbook of Stable Isotope Analytical Techniques. Amsterdam: 

Elsevier. 

Derevianko, A.P and E.P Rybin 2003 The earliest representations of symbolic behaviour by 

Paleolithic humans in the Altai Mountains. Archaeology Ethnology and Anthropology of Eurasia 

3(15)27–50. 

Derevianko, A.P., E.P. Rybin, S.A. Gladyshev, B. Gunchinsuren, A.A. Tsybankov and J.W. Olsen 

2013 Early Upper Paleolithic stone tool technologies of northern Mongolia: the case of Tolbor-4 

and Tolbor-15. Archaeology, Ethnology and Anthropology of Eurasia 41(4):21–37. 

Derevianko, A.P., J.W. Olsen, D. Tseveendorj, S.A. Gladyshev, T.I. Nokhrina and A.V. Tabarev 

2008 New insights into the archaeological record at Chikhen Agui rockshelter (Mongolia). 

Archaeology Ethnography and Anthropology of Eurasia 34(2):2–12. 

Derevianko, D. and D. Dorj 1992 Neolithic tribes in northern parts of Central Asia. In A.H. Dani 

and V.M. Masson (eds), History of Civilizations of Central Asia: The Dawn of Civilization – 

Earliest Times to 700 B.C., pp.169–190. Paris: United Nations Educational, Scientific and Cultural 

Organization Publishing. 

Desrosiers, P.M. 2012 The Emergence of Pressure Blade Making: From Origin to Modern 

Experimentation. Dordrecht: Springer Science+Business Media. 



146 

di Cosmo, N. 1994 Ancient inner Asian nomads: their economic basis and its significance in 

Chinese history. The Journal of Asian Studies 53(4):1092–1126. 

Diamond, J. and P. Bellwood 2003 Farmers and their languages: the first expansions. Science 

300(5619):597–603. 

Dibble, H.L. 1987 The interpretation of middle Paleolithic scraper morphology. American 

Antiquity 52(1):109–117. 

Dibble, H.L. 1997 Platform variability and flake morphology: a comparison of experimental and 

archaeological data and implications for interpreting prehistoric lithic technological strategies. 

Lithic Technology 22(2):150–170. 

Dibble, H.L. and A. Pelcin 1995 The Effect of Hammer Mass and Velocity on Flake Mass. 

Journal of Archaeological Science 22(1):429–439. 

Dibble, H.L. and J.C. Whittaker 1981 New experimental evidence on the relation between 

percussion flaking and flake variation. Journal of Archaeological Science 8, (3):283–296. 

Downey, J.T. 2009 Catequil’s Lithics: Stone Tools from an Andean Complex Society. 

Unpublished Master’s thesis, Trent University, Peterborough. 

Drennan, R.D. 2009 Statistics for Archaeologists: A Common Sense Approach. New York: 

Springer Science+Business Media. 

Dubbelboer, J., I. Nikolic, K. Jenkins and J. Hall. 2017 An agent-based model of flood risk and 

insurance.” Journal of artificial societies and social simulation 20(1):6. 

Dula, M.D. and J.L. Nobile 2010 The fallacy of online surveys: no data are better than bad Data. 

Human Dimensions of Wildlife 15(1):55–64. 



147 

Eerkens, J.W. and R.L. Bettinger 2001 Techniques for assessing standardization in artefact 

assemblages: can we scale material availability? American Antiquity 66(3):493–504. 

Elston, R. and P.J. Brantingham 2002 Microlith technology in northern Asia: a risk-minimizing 

strategy of the Late Paleolithic and Early Holocene. Archaeological Papers of the American 

Anthropological Association 12(1):103–116. 

Ėnkhtör, A., J. Bemmann and U. Brosseder 2018 The first excavations of Bronze and Iron Age 

monuments in the middle Orkhon Valley, Central Mongolia: results from rescue investigations in 

2006 and 2007. Asian Archaeology 1:3–44. 

Eoin, L.N. 2016 Geophytes, grasses and grindstones: replanting ideas of gathering in southern 

Africa’s Middle and Later Stone Ages. The South African Archaeological Bulletin 71(203):36–45. 

Eren, M.I. and M.E. Prendergast 2008 Comparing and synthesizing unifacial stone tool reduction 

indices. In W. Andrefsky (ed.), Lithic Technology: Measures of Production, Use, and Curation, 

pp.49–85. Cambridge: Cambridge University Press. 

Faivre, J.-P., B. Gravina, L. Bourguignon, E. Discamps and A. Turq 2017 Late Middle 

Palaeolithic lithic technocomplexes (MIS 5–3) in the northeastern Aquitaine Basin: advances and 

challenges.” Quaternary International 433:116–131. 

Farquhar, J.M. 1989 Organisation of Flaked Stone Technology and Settlement Mobility on the 

South Central Coast of California: A Perspective from Diablo Canyon and Point Sal. Unpublished 

Master’s thesis, California State University, Los Angeles. 

Farquhar, J.M. 2019 Human-environmental interactions: the role of foragers in the development of 

mobile pastoralism in Mongolia’s desert-steppe. Unpublished report prepared for the Society for 

American Archaeology. 



148 

Fernandez-Giminez, M.E. 2000 The role of Mongolian nomadic pastoralists’ ecological 

knowledge in rangeland management. Ecological Applications 10(5): 1318–1326. 

Fijn, N. 2011 Living with Herds: Human-Animal Coexistence in Mongolia. Cambridge: 

Cambridge University Press. 

Fitzhugh, W.W. 2006 American-Mongolian Deer Stone Project: Field Report 2006. Washington 

D.C.: Smithsonian Arctic Studies Center.

Fitzhugh, W.W. 2002 Mongolia’s Arctic Connections: The Hovsgol Deer Stone Project, 2001- 

2002 Field Report. Anchorage: Smithsonian Arctic Studies Center. 

Fitzhugh, W.W. 2005 The Deer Stone Project: Anthropological Studies in Mongolia 2002-2004. 

Washington D.C.: Smithsonian Arctic Studies Center. 

Fitzhugh, W.W. 2009 Stone shamans and flying deer of Northern Mongolia: deer goddess of 

Siberia or chimera of the steppe? Arctic Anthropology 46(1-2):72–88. 

Fitzhugh, W.W. 2017 Mongolian Deer Stones, European Minhirs, and Canadian Arctic Inuksuit: 

collective memory and the function of northern monument traditions. Journal of Archaeological 

Method and Theory 24:149–187. 

Fitzhugh, W.W. and J. Bayarsaikhan 2008 American Mongolian Deer Stone Project: Field Report 

2007. Washington D.C.: Arctic Studies Center. 

Fitzhugh, W.W. and J. Bayarsaikhan 2010 American-Mongolian Deer Stone Project: Field Report 

2009. Washington, D. C.: The Smithsonian Institution Arctic Studies Center. 

Flenniken, J.J. 1980 Replicative systems analysis: a model applied to the vein quartz artifacts from 

the Hoko River Site. Unpublished PhD thesis, Department of Anthropology, Washington State 

University, Pullman. 



149 

Flenniken, J.J. 1984 The past, present, and future of flintknapping: an anthropolgical perspective. 

Annual Review of Anthropology 13:187–203. 

Flenniken, J.J. and A.W. Raymond 1986 Morphological projectile point typology: replication 

experimentation and technological analysis. American Antiquity 51(3):603–614. 

Ford, A. 2017 Late Pleistocene lithic technology in the Ivane Valley: a view from the rainforest. 

Quarternary International 448:31–43. 

Forster, D.B., G.R. Carr and P.M. Downes 2011 Lead isotope systematics of ore systems of the 

Macquarie Arc – implications for arc substrate. Gondwana Research 19(3):686–705. 

Fouillac, A.-M. and J.-P. Girard 1996 Laser oxygen isotope analysis of silicate/oxide grain 

separates: evidence for a grain size effect? Chemical Geology 130(1):31–54. 

Frahm, E and R.C.P. Doonan 2014 The technological versus methodological revolution of 

portable XRF in archaeology. Journal of Archaeological Science 40(2):1425–1434. 

Frahm, E, B.A. Schmidt, B. Gasparyan, B. Yeritsyan, S. Karapetian, K. Meliksetian and D.S. 

Adler 2014 Ten seconds in the field: rapid Armenian obsidian sourcing with portable XRF to 

inform excavations and surveys. Journal of Archaeological Science 41:333–348. 

Frahm, E. 2013 Is obsidian sourcing geochemistry or archaeology? A reply to Speakman and 

Shackley. Journal of Archaeological Science 40(2):1444–1448. 

Frahm, E. 2013 Validity of ‘off-the-shelf’ handheld portable XRF for sourcing Near Eastern 

obsidian chip debris. Journal of Archaeological Science 40(2):1080–1092. 

Frison, G.C. 1989 Experimental use of Clovis weaponry and tools on African elephants. American 

Antiquity 54(4):766–784. 



150 

Gillam, J.C., S.A. Gladyshev, A.V. Tabarev, B. Gunchinsuren and J.W. Olsen 2012 Halfway to 

Mörön: shedding new light on Paleolithic landscapes of northern Mongolia. Legacy 16(2):14–17. 

Gillam, J.C., S.A. Gladyshev, B. Gunchinsuren, J.W. Olsen, A.V. Tabarev and E.P. Rybin 2014 

Update on Paleolithic research in northern Mongolia. Legacy 18(2):22–23. 

Gillespie, A.R., R.M. Burke, G. Komatsu and A. Bayasgalan 2008 Late Pleistocene glaciers in 

Darhad Basin, northern Mongolia. Quarternary Research 69:169–187. 

Gladyshev, S., A. Tabarev and J.W. Olsen 2010 Origin and evolution of the Late Paleolithic 

microindustry in northern Mongolia. Current Research in the Pleistocene 27:38–39. 

Gladyshev, S.A., J.W. Olsen, A.V. Tabarev, and A.J.T. Jull. 2012 The Upper Paleolithic of 

Mongolia: recent finds and new perspectives.” Quarternary International 281:36–46. 

Glantz, M.M. 2011 The history of hominin occupation of central Asia in review. C.J. Norton and 

D.R. Braun (eds), Asian Paleoanthropology, pp.101–112. Vertebrate Paleobiology and

Paleoanthropology. Dordrecht: Springer Netherlands. 

Glascock, M.D. 2002 Obsidian provinence research in the Americas. Accounts of Chemical 

Research 35(8):611–617. 

Goebel, T. 2002 The ‘microblade adaption’ and recolonization of Siberia during the late Upper 

Pleistocene. In R.G. Elston and S.L. Kuhn (eds) Thinking Small: Global Perspectives on 

Microlithization, Archeological Papers of the American Anthropological Association 12, pp.117– 

131. Arlington: American Anthropological Association.

Goebel, T. and I. Buvit 2011 From the Yenisei to the Yukon: Interpreting Lithic Assemblage 

Variability in the Late Pleistocene/Early Holocene Beringia. College Station: Texas A&M 

University Press. 



151 

Goldstein, S. 2019 The lithic assemblage from Sugenya, a pastoral Neolithic site of the 

Elmenteitan tradition in southwestern Kenya. Archaeological Research in Africa 54(1):4–32. 

Goodale, N.B., D.G. Bailey, G.T. Jones, C. Prescott, E. Scholz, N. Stagliano and C. Lewis 2012 

PXRF: a study of inter-instrument performance. Journal of Archaeological Science 39(4):875– 

883. 

Goodale, N.B., I. Kuijt, S. J. MacFarlan, C. Osterhoudt and B. Finlayson 2008 Lithic core 

reduction techniques: modeling expected diversity. In W. Andrefsky (ed.), Lithic Technology: 

Measures of Production, Use, and Curation, pp.317–35. Cambridge: Cambridge University Press. 

Goodman, M.E. 1944 The physical properties of stone tool materials. American Antiquity 

9(4):415–33. 

Goodwin, A.J.H. 1933 Some developments in technique during the Earlier Stone Age. 

Transactions of the Royal Society of South Africa 21(2):109–123. 

Gronenborn, D., H.-C. Strien, K.W. Wirtz, P. Turchin and R. van Dick 2020 Inherent collapse? 

Social dynamics and external forcing in early Neolithic and SW Germany. In F. Riede and P.D. 

Sheets (eds), Going Forward by Looking Back: Archaeological Perspective on Socio-Ecological 

Crisis, Response, and Collapse, pp.333–336. New York: Berghahn Books. 

Guan, Y., C. Wang, Z. Zhou, J. Cao, L. Ta and Z. Xiong 2020 Evidence from plant starch residues 

of the function of early pottery and the plant diet of Neolithic inhabitants of Inner Mongolia, north 

China. Quarternary International: In press. 

Guan, Y., D.M. Pearsall, X. Gao, S. Pei and Z. Zhou 2014 Plant use activities during the Upper 

Paleolithic in east Eurasia: evidence from the Shuidonggou site, northwest China. Quarternary 

International 347:74–83. 



152 

Hall, M., Ch. Amraatuvshin and E. Erdenbat 1999 X-ray fluorescence analysis of pottery from 

northern Mongolia. Journal of Radioanalytical and Nuclear Chemistry 240(3):763–773. 

Hardy, B.L., M. Kay, A.E. Marks and K. Monigal 2001 Stone tool function at the Paleolithic sites 

of Starosele and Buran Kaya III, Crimea: behavioural implications. PNAS 98(19):10972–10977. 

Harper, C. and W. Andrefsky 2008 Exploring the dart and arrow dilemma: retouch indices as 

functional determinants. In W. Andrefsky (ed.) Lithic Technology: Measures of Production, Use, 

and Curation, pp.175–191. Cambridge: Cambridge University Press. 

Harris, E.C. 1979 The laws of archaeological stratigraphy. World Archaeology 11(1):111–117. 

Harris, E.C., M.R. Brown and G.J. Brown 2014 Practices of Archaeological Stratigraphy. San 

Diego: Academic Press. 

Hayden, B 1987 From chopper to Celt: the evolution of resharpening techniques. Lithic 

Technology 16(2–3):33–43. 

Hayden, B. and J. Kamminga 1979 An introduction to use-wear: the first CLUW. In B. Hayden 

(ed.), Lithic Use-Wear Analysis, pp.413. New York: Academic Press. 

Hayward, J.A. 2010 Toolkits and Utility in Australian Lithics: A Comparison of a Comprehensive 

Woodworking Kit and Discard Assemblages. Unpublished Honours thesis, Flinders University, 

Adelaide. 

Henrich, J. 2004 Demography and cultural evolution: how adaptive cultural processes can produce 

maladaptive losses – the Tasmanian case. American Antiquity 69(2):197–214. 

Hermes, O.D. and D. Ritchie 1998 Nondestructive trace element analysis of archaeological felsite 

by energy-dispersive x-ray fluorescence spectroscopy. Geoarchaeology 12(1):31–40. 



153 

Hiscock, P 2015 Making it small in the Palaeolithic: bipolar stone-working, miniature artefacts 

and models of core recycling. World Archaeology 47:158–169. 

Hiscock, P. 2013 Occupying new lands: global migrations and cultural diversification with 

particular reference to Australia. In K.E. Graf, C.V. Ketron and M.R. Waters (eds), 

Paleoamerican Odyssey, pp.3–11. College Station: Texas A&M University Press. 

Hiscock, P. and C. Clarkson 2005 Measuring artefact reduction - an examination of Kuhn’s 

geometric index of reduction. In C. Clarkson and L. Lamb (eds), Lithics ‘Down Under’: 

Australian Approaches to Lithic Reduction, Use and Classification, pp.7-19. Oxford: 

Archaeopress. 

Hiscock, P. and C. Clarkson 2008 The construction of morphological diversity: a study of 

Mousterian implement retouching at Combe General. In W. Andrefsky (ed.), Lithic Technology: 

Measures of Production, Use, and Curation, pp.106–135. Cambridge: Cambridge University 

Press. 

Hiscock, P. and V.J. Attenbrow 2003 Early Australian implement variation: a reduction model. 

Journal of Archaeological Science 30:230–249. 

Hiscock, P., C. Clarkson and A. Mackay 2011 Big debates over little tools: ongoing disputes over 

microliths on three continents. World Archaeology 43(3):653–664. 

Holdaway, S. and N. Stern 2004 A Record in Stone: The Study of Australia’s Flaked Stone 

Artefacts. Canberra: Aboriginal Studies Press. 

Holdaway, S., J. Shiner and P. Fanning 2004 Hunter-gatherers and the archaeology of discard 

behaviour: an analysis of surface stone artefacts from Sturt National Park, western New South 

Wales, Australia. Asian Perspectives 43(1):34–72. 



154 

Honeychurch, W. 2010 Pastoral nomadic voices: a Mongolian archaeology for the future. World 

Archaeology 42(3):405–417. 

Honeychurch, W. 2013 The nomad as a state builder: historical theory and material evidence from 

Mongolia. Journal of World Prehistory 26:283–321. 

Honeychurch, W. 2014 Alternative complexities: the archaeology of pastoral nomadic states. The 

Journal of Archaeological Research 22:277–326. 

Honeychurch, W. 2015 Inner Asia and the Spatial Politics of Empire: Archaeology, Mobility, and 

Culture Contact. New York: Springer. 

Honeychurch, W. and C.A. Makarewicz 2016 The archaeology of pastoral nomadism. The Annual 

Review of Anthropology 45:341–359. 

Honeychurch, W., L. Rogers, C. Amartuvshin, E. Diimaajav, N.-O. Erdene-Ochir, M.E. Hall and 

M. Hrivnyak 2021 The earliest herders of East Asia: examining Afanasievo entry to Central

Mongolia. Archaeological Research in Asia 26(2):100264. 

Hosner, D., M. Wagner, P.E. Tarasov, X. Chen and C. Leipe 2016 Spatiotemporal distribution 

patterns of archaeological sites in China during the Neolithic and Bronze Age. The Holocene 

26(10):1576–1593. 

Houle, J. 2010 Emergent complexity on the Mongolian steppe. Unpublished PhD thesis, Graduate 

Facility of Arts and Sciences, University of Pittsburgh, Pittsburgh. 

Houle, J.-L. 2016 Bronze age Mongolia. Oxford Handbooks Online. Retrieved 13 July 2021 from 

<academic.oup.com/edited-volume/43506/chapter/364132151>. 

Hyland, D.C., J.M. Tersak, J.M. Adovasio and M.I. Siegel 1990 Identification of the species of 

origin of residual blood on lithic material. American Antiquity 55(1):104–112. 



155 

Iizuka, F., B. Gunchinsuren, B. Tsogotbaatar and D. Odsuren 2018 Manufacturing techniques and 

formal variability of pottery from five Neolithic sites in eastern steppe and the Gobi Desert, 

Mongolia. Studia Archaeologica Instituti Historiae Et Archaeologici Academiae Scientiarum 

Mongolici XXXVII:5–16. 

Ineshin, E.M. and A.V. Tetenkin 2017 Humans and the Environment in Northern Baikal During 

the Late Pleistocene. Newcastle upon Tyne: Cambridge Scholars Publishing. 

Ishikawa, M., and J. Yamkhin 2016 Formation chronology of Arsian Pingo, Darhad Basin, 

northern Mongolia. Permafrost and Periglacial Processes 27:297–306. 

Jacobson-Tepfer, E. 2013 Late Pleistocene and early Holocene rock art from the Mongolian Altai: 

the material and its cultural implications.” Arts 2(3):151–181. 

Jacobson-Tepfer, E. 2015 The Hunter, the Stag, and the Mother of Animals: Image, Monument, 

and Landscape in Ancient North Asia. Oxford: Oxford University Press. 

Jacomb, C., R. Walter and C, Jennings 2010 Review of the archaeology of Foveaux Strait, New 

Zealand. The Journal of the Polynesian Society 119(1):25–59. 

Jahren, A.H., N. Toth, K. Schick, J.D. Clark and R.G. Amundson 1997 Determining stone tool 

use: chemical and morphological analyses of residues on experimentally manufactured stone tools. 

Journal of Archaeological Science 24(3):245–250. 

Janz, L. 2006 Shabarakh-Usu and the Dune Dwellers of the Gobi: Explanations for Lithic 

Assemblage Variability in the Gobi Desert, Mongolia. Unpublished Master’s thesis, Department 

of Anthropology, University of Arizona, Tuscon. 

Janz, L. 2012 Chronology of Post-Glacial Settlement in the Gobi Desert and the Neolithization of 

Arid Mongolia and China. Unpublished PhD thesis, University of Arizona, Tuscon. 



156 

Janz, L., A. Cameron, D. Bukhchuluun, D. Odsuren and L. Dubreuil 2020 Expanding frontier and 

building the Sphere in arid East Asia. Quarternary International 559:150–164. 

Janz, L., A.M. Rosen, D. Bukhchuluun and D. Odsuren 2021 Zaraa Uul: an archaeological record 

of Pleistocene-Holocene palaeoecology in the Gobi Desert. PLoS ONE 16(4):e0249848. 

Janz, L., D. Odsuren and D. Bukhchuluun 2017 Transitions in paleoecology and technology: 

hunter-gatherers and early herders in the Gobi Desert. Journal of World Prehistory 30(1):1–80. 

Janz, L., J.K. Feathers and G.S. Burr 2015 Dating surface assemblages using pottery and eggshell: 

assessing radiocarbon and luminescence techniques in northeast Asia. Journal of Archaeological 

Science 57:119–129. 

Janz, L., R.G. Elston and G.S. Burr 2009 Dating north Asian surface assemblages with ostrich 

eggshell: implications for palaeoecology and extirpation. Journal of Archaeological Science 

36(9):1982–1989. 

Jenkins, D.A. 1989 Trace element geochemistry in archaeological sites. Ennvironmental 

Geochemistry and Health 11:57–62. 

Jeong, C., S. Wilkin, T. Angalantugs, A.S. Bouwman, W.T.T. Taylor, R.W. Hagan, S. Bromage, 

S. Tsolmon., C. Traschel, J. Grossmann., J. Littleton, C.A. Makarewicz, J. Krigbaum, M. Burri, A.

Scott, G. Davaasambuu, J. Wright, F. Irmer, E. Myagmar, N. Boivin, M. Robbeets, F.J. Rühli, J. 

Krause, B. Frohlich and C. Warinner 2018 Bronze Age population dynamics and the rise of dairy 

pastoralism on the eastern Eurasian steppe.” PNAS 115(48):E11248–E11255. 

Jeske, R.J. 1992 Energetic efficiency and lithic technology: an Upper Mississippian example. 

American Antiquity 57(3):467–481. 



157 

Johannesson, E.G. 2011 Landscapes of Death, Monuments of Power: Mortuary Practice, Power, 

and Identity in Bronze – Iron Age Mongolia. Unpublished PhD thesis, University of North 

Carolina at Chapel Hill, Chapel Hill. 

Jones, G.T., C. Beck, E.E. Jones and R.E. Hughes 2003 Lithic source use and Palaeoarchaic 

foraging territories in the Great Basin. American Antiquity 68(1):5–38. 

Kaifu, Y., M. Izuho, T. Goebel, H. Sato and A. Ono 2015 Emergence and Diversity of Modern 

Human Behaviour in Paleolithic Asia. College Station: Texas A&M University Press. 

Karhu, J. and S. Epstein 1986 The implication of the oxygen isotope records in coexisting cherts 

and phosphates. Geochimica et Cosmochimica Acta 50(8):1745–1756. 

Kato, S. 2017 The use of lithic raw materials during the Upper Paleolithic in eastern China: a 

focus on microblade industries. Quaternary International 442:66–77. 

Keeley, L.H. 1974 Technique and methodology in microwear studies: a critical review. World 

Archaeology 5(3):323–336. 

Keeley, L.H. 1982 Hafting and retooling: effects on the archaeological record. American Antiquity 

47(4):798–809. 

Keelly, C.T., Y. Taniguchi and Y.V. Kuzmin 2003 Understanding the beginnings of pottery 

manufacture in east Asia. The Review of Archaeology 24(2):3–14. 

Kelly, R.L. 1988 The three sides of a biface. American Antiquity 53(4):717–734. 

Khan, I.H. and W.C. Clyde 2013 Lower Paleogene tectonostratigraphy of Balochistan: evidence 

for time-transgressive Late Paleocene-Early Eocene uplift. Geosciences 3(3): 466–501. 



158 

Khatsenovich, A.M., E.P. Rybin, B. Gunchinsuren, J.W. Olsen, R.A. Shelepaev, L.V. Zotkina, T. 

Bolorbat, A. Popov and D. Odsuren 2017 New evidence for Paleolithic human behaviour in 

Mongolia: the Kharganyn Gol 5 site. Quarternary International 442:78–94. 

Khensykhenova, F.I., A.A. Shchetnikov, T. Sato, M.A. Erbajeva, E.Y. Semenei, E.A. Lipnina, K. 

Yoshida, H. Kato, I.I. Filinov, E.G. Tumurov, N. Alexeeva and D.N. Lokhov 2016 Ecosystem 

analysis of Baikal Siberia using Paleolithic faunal assemblages to reconstruct MIS 3 – MIS 2 

environments and climate. Quarternary International 425:16–27. 

Kislev, M.E., A. Hartmann and O. Bar-Yosef 2006 Early domesticated fig in the Jordan Valley. 

Science 312(5778):1372–1374. 

Knauth, L.P. and D.R. Lowe 1978 Oxygen isotope geochemistry of cherts from the Onverwacht 

Group (3.4 billion years), Transvaal, South Africa, with implications for secular variations in the 

isotopic composition of cherts. Earth and Planetary Science Letters 41(2):209–222. 

Knauth, L.P. and S. Epstein 1976 Hydrogen and oxygen isotope ratios in nodular and bedded 

cherts. Geochimica et Cosmochimica Acta 40(9):1095–1108. 

Knecht, H. (ed.) 1997 Projectile Technology. New York: Springer Science+Business Media. 

Knudson, K.J. 2009 Oxygen isotope analysis in a land of environmental extremes: the 

complexities of isotopic work in the Andes. International Journal of Osteoarchaeology 19(2):171–

191. 

Knudson, K.J., T.A. Tung, K.C. Nystrom, T.D. Price and P.D. Fullagar 2005 The origin of 

Juch’uypampa Cave mummies: strontium isotope analysis of archaeological human remains from 

Bolivia. Journal of Archaeological Science 32(6):903–913. 



159 

Kolodny, Y. and S. Epstein. 1976 Stable isotope geochemistry of deep sea cherts. Geochimica et 

Cosmochimica Acta 40(10):1195–1209. 

Kovalenko, D.V. and V.A. Petrov 2017 Paleomagnetism of Mongolia. Doklady Earth Sciences 

472(1):31–35. 

Kovalev, A.A. and D. Erdenebaatar 2009 Discovery of new cultures of the Bronze Age in 

Mongolia according to the data obtained by the international central Asian archaeological 

expedition. In J. Bemmann, H. Parzinger, E. Pohl and D. Tseveendorj (eds), Current 

Archaeological Research in Mongolia: Papers from the First International Conference on 

“Archaeological Research in Mongolia” Held in Ulaanbaatar, August 19th-23rd, 2007, pp.149- 

170. Bonn Contributions to Asian Archaeology. Bonn: Vor- und Frühgeschichtliche Archäologie.

Krause, J., L. Orlando, D. Serre, B. Viola, K. Prüfer, M.P. Richards, J.-J. Hublin, C. Hänni, A.P. 

Derevianko and S. Pääbo 2007 Neanderthals in central Asia and Siberia. Nature 449(7164):902– 

904. 

Krivogonov, S.K., S. Yi, J.C. Kim, T. Narantsetseg, T. Oyunchimeg, I.Y. Safonova, A.Y. 

Kazansky, T. Sitnikova, J.Y. Kim and N. Hasebe 2016 Solved and unsolved problems of 

sedimentation, glaciation and paleolakes of the Darhad Basin, northern Mongolia. Quarternary 

Science Reviews 56:142–163. 

Kuhn, S. 1991‘Unpacking’ reduction: lithic raw material economy in the Mousterian of west- 

central Italy. Journal of Anthropological Archaeology 10:76–106. 

Kuhn, S.L. 1990 A geometric index of reduction for unifacial stone tools. Journal of 

Archaeological Science 17(5):583–593. 

Kuhn, S.L. 2004 Upper Palaeolithic raw material economies at Üçağızlı Cave, Turkey. Journal of 

Anthropological Archaeology 23(4):431–448. 



160 

Kuhn, S.L. and A.E. Clark 2015 Artifact densities and assemblage formation: evidence from 

Tabun Cave. Journal of Anthropological Archaeology 38:8–16. 

L., Pan 2006 Utensils represented by two patterns on Mongolian Deer Stone. Frontier 

Archaeological Research 13(12):184–191. 

Leng, M.J. and P.A. Barker 2006 A review of the oxygen isotope composition of lacustrine diatom 

silica for palaeoclimate reconstruction. Earth-Science Reviews: ISOtopes in PALaeoenvironmental 

reconstruction (ISOPAL), 75(1):5–27. 

Liu, L., N.A. Duncan, C. Chen, H. Zhao and P. Ji. 2016 Changing patterns of plant-based food 

production during the Neolithic and Early Bronze Age in central-south Inner Mongolia, China: an 

interdisciplinary approach. Quarternary International 419(17):36–53. 

Lombard, M. 2005 A method for identifying stone age hunting tools. South African 

Archaeological Bulletin 60(182):115–120. 

Luedtke, B.E. 1992 An Archaeologist’s Guide to Flint and Chert. Los Angeles: Cotsen Institute of 

Archaeology Press. 

Lycett, S J., and C J. Bae 2010 The Movius Line controversy: the state of the debate. World 

Archaeology 42(4):521–544. 

Lycett, S.J. and C.J. Norton. 2010 A demographic model for Paleolithic technological evolution: 

the case of east Asia and the Movius Line. Quarternary International 211:55–65. 

Ma, Y., K.-B. Liu, Z. Feng, H. Meng, Y. Sang, W. Wang and H. Zhang 2000. Vegetation changes 

and associated climate variations during the past ~38,000 years reconstructed from the Shaamar 

Eolian-Paleosol section, Northern Mongolia. Quarternary International 311:25–35. 



161 

MacDonald, D.H. 2008 The role of lithic raw material availability and quality in determining tool 

kit size, tool function, and degree of retouch: a case study from Skink Rockshelter (46NI445), 

West Virginia. In W. Andrefsky (ed.), Lithic Technology: Measures of Production, Use, and 

Curation, pp.216–232. Cambridge: Cambridge University Press. 

Madgwick, R., A. Lamb, H. Sloane, A. Nederbragt, U. Albarella, M.P. Pearson and J. Evans 2021 

A veritable confusion: use and abuse of isotope analysis in archaeology. Archaeological Journal 

178(2):361–385. 

Madsen, B. 1984 Flint axe manufacture in the Neolithic: experiments with grinding and polishing 

of thin-butted flint axes. Journal of Danish Archaeology 3(1):47–62. 

Madsen, D.B., C.G. Oviatt, Y. Zhu, P.J. Brantingham, R. Elston, F. Chen, R.L. Bettinger and D. 

Rhode 2014 The early appearance of Shuidonggou core-and-blade technology in north China: 

implications for the spread of anatomically modern humans in northeast Asia?” Quarternary 

International 347:21–28. 

Magnin, L.A. 2015 Hunter-gatherer provisioning strategies in a landscape with abundant lithic 

resources (La Primavera, Santa Cruz, Argentina). Quarternary International 375:55–71. 

Makarewicz, C.A., C. Winter-Schuh, H. Byerly, and J.-L. Houle 2018 Isotopic evidence for 

ceremonial provisioning of Late Bronze Age Khirigsuurs with horses from diverse geographic 

locales. Quarternary International 476:70–81. 

Malyk-Selivanova, N., G.M. Ashley, M.D. Glascock and H. Neff. 1998 Geological-geochemical 

approach to sourcing of prehistoric chert artifacts, northwestern Alaska. Geoarchaeology 

13(7):673–708. 



162 

Marin-Carbonne, J., F. Robert and M. Chaussidon 2014 The silicon and oxygen isotope 

compositions of Precambrian cherts: a record of oceanic-paleotemperatures? Precambrian 

Research 247:223–234. 

Maringer, J. 1963 Mongolia before the Mongols. Arctic Anthropology 1(2):75–85. 

Marreiros, J.M., J.F. G. Bao and N.F. Bicho 2015 Use-Wear and Residue Analysis in 

Archaeology. Cham: Springer. 

Mathur, R., J. Burns, W. Powell, R. Boryk, B. Sheetz, P. D’Amico and P. Harney 2020 Evaluation 

of Fe isotope values as a provenance tool for chert artefacts from the north-eastern United States. 

Archaeometry 62(1):156–168. 

McCall, G.S. 2012 Ethnoarchaeology and the organization of lithic technology. Journal of 

Archaeological Research 20(2):157–203. 

McCormick, K. 2021 Black chert: overview of trace element diversity. Unpublished report 

prepared for NOMAD Science. 

Meltzer, D. J. 1981 A study of style and function in a class of tools. Journal of Field Archaeology 

8(3):313–326. 

Miller, B.K. 2011 Power Politics in the Xiongnu Empire. Unpublished PhD thesis, University of 

Pennsylvania, Philadelphia. 

Miller, B.K. 2012 Vehicles of the steppe elite: chariots and carts in Xiongnu tombs. The Silk Road 

10:29–38. 

Miller, B.K. 2014 Xiongnu ‘kings’ and the political order of the steppe empire. Journal of the 

Economic and Social History of the Orient 57(1):1–43. 



163 

Miller, B.K., C.A. Makarewicz, J. Bayarsaikhan and T. Tüvshinjargal 2018 Stone lines and burnt 

bones: ritual elaborations in Xiongnu mortuary arenas of inner Asia.” Antiquity 92(365):1310– 

1328. 

Moore, M.W. 2004 The tula adze: manufacture and purpose. Antiquity 78(299):61–73. 

Morris, R.C. and R.C. Horowitz 1983 The origin of the iron-formation-rich Hamersley Group of 

Western Australia – deposition on a platform. Precambrian Research 21:273–297. 

Moss, E.H. 1983 Some comments on edge damage as a factor in function analysis of stone 

artefacts. Journal of Archaeological Science 10:231–242. 

Nance, J.D. 1971 Functional interpretations from microscopic analysis. American Antiquity 

36(3):362–366. 

Nelson, M.C. 1991 The study of technological organization. Archaeological Method and Theory 

3(1):57–100. 

Newcomer, M., R. Grace and R. Unger-Hamilton 1986 Investigating microwear polishes with 

blind tests. Journal of Archaeological Science 13: 203–217. 

Newcomer, M.H. 1971 Some quantitative experiments in handaxe manufacture. World 

Archaeology 3(1):85–104. 

Newman, J.R. 1994 The effects of distance on lithic material reduction technology. Journal of 

Field Archaeology 21(4):491–501. 

O’Brien, M. and T.A. Surovell 2017 Spatial expression of kinship among the Dukha reindeer 

herders of Northern Mongolia. Arctic Anthropology 54(1):110–119. 

O’Malley, J.M., Y.V. Kuzmin, G.S. Burr, D.J. Donahue and A.J.T. Jull 1999 Direct radiocarbon 

accelerator mass spectrometric dating of the earliest pottery from the Russian far east and 



164 

Transbaikal. In Groupe des Méthodes Pluridisciplinaires Contribuant à l’Archéologie (ed.), Actes 

Du Colloque “14C et Archéologie”, pp.19–24. Paris: Revue d’Archéométrie. 

Ochir, A., T. Odbaatar, B. Ankhbayar and L. Erdenebold 2010 Ancient Uighur mausolea 

discovered in Mongolia. The Silk Road 8:16–26. 

Odell, G.H. 1975 Micro-wear in perspective: a sympathetic response to Lawrence H. Keeley.” 

World Archaeology 7(2): 226–240. 

Odell, G.H. 1981 The morphological express at function junction: searching for meaning in lithic 

tool types. Journal of Anthropological Research 37(4):319–342. 

Odell, G.H. 1989 Fitting analytical techniques to prehistoric problems with lithic data. 

Archaeological Papers of the American Anthropological Association 1(1):159–182. 

Odell, G.H. 1996 Economizing behaviour and the concept of ‘curation’. In G.H. Odell (ed.), Stone 

Tools: Theoretical Insights into Human Prehistory, pp.51–80. Interdisciplinary Contributions to 

Archaeology. Boston: Springer. 

Odell, G.H. and F. Odell-Vereecken 1980 Verifying the reliability of lithic use-Wear assessments 

by ‘blind tests’: the low-power approach. Journal of Field Archaeology 7(1):87–120. 

Orlando, L. 2018 Late Bronze Age cultural origins of dairy pastoralism in Mongolia. PNAS 

115(48):12083–12085. 

Pargeter, J. and J.J. Shea 2019 Going big versus going small: lithic miniaturization in hominin 

lithic technology. Evolutionary Archaeology 28(2):72–85. 

Park, J.-S. and S. Reichert 2015 Technological tradition of the Mongol Empire as inferred from 

bloomery and cast iron objects excavated at Karakorum. Journal of Archaeological Science 53: 

49–60. 



165 

Park, J.-S., D. Erdenebaatar and G. Eregzen 2017 Evolution of Mongolian bronze technology with 

the rise of the Xiongnu state.” Archaeological and Anthropological Science 9: 789–798. 

Park, J.-S., D. Erdenebaatar and G. Eregzen 2018 The implication of the metallurgical traditions 

associated with Chinese style wagons from the royal Xiongnu tomb at Goldmod 2 in Mongolia. 

Archaeological and Anthropological Science 10:1535–1546. 

Park, J.-S., E. Gelegdorj and Y.-E. Chimiddorj 2010 Technological traditions inferred from iron 

artefacts of the Xiongnu Empire in Mongolia. Journal of Archaeological Science 37(11):2689– 

2697. 

Park, J.-S., W. Honeychurch and A. Chunag 2011 Ancient bronze technology and nomadic 

communities of the middle Gobi Desert, Mongolia. Journal of Archaeological Science 38:805– 

817. 

Park, J.-S., W. Honeychurch and A. Chunag 2016 Complicating the frontier: armaments, 

fortifications, and identities beyond the Great Wall. Journal of Archaeological Science: Reports 

6:475–487. 

Parry, W.J. and R.L. Kelly 1987 Expedient Core Technology and Sedentism. In J.K. Johnson and 

C.A. Morrow (eds), The Organisation of Core Technology, pp.285–304. Boulder: Westview Press.

Patterson, L.W. 1990 Characteristics of bifacial-reduction flake-size distribution. American 

Antiquity 55(3):550–558. 

Pearsall, D.M., K. Chandler-Ezell and J.A. Zeidler 2004 Maize in ancient Ecuador: results of 

residue analysis on stone tools from the Real Alto site. Journal of Archaeological Science 

31(4):423–442. 



166 

Pecora, A.M. 2001 Chipped stone tool production strategies and lithic debitage patterns. In W.W. 

Andrefsky (ed.), Lithic Debitage: Context, Form, Meaning, pp.173–191. Salt Lake City: 

University of Utah Press. 

Pecora, A.M. 2002 The Organisation of Chipped-Stone Tool Manufacture and the Formation of 

Lithic Assemblages. Unpublished PhD thesis, Graduate School, Ohio State University, Columbus. 

Pecora, A.M. 2003 Chipped stone tool production strategies and lithic debitage patterns. In W. 

Andrefsky (ed.), Lithic Debitage, pp.173–88. Salt Lake City: University of Utah Press. 

Peltenburg, E.J. and A. Wasse (eds) 2004 Neolithic Revolution: New Perspectives on Southwest 

Asia in Light of Recent Discoveries on Cyprus. Oxford: Oxbow Books. 

Pollard, A.M., C.M. Batt, B. Stern, and S.M.M. Young 2007 Analytical Chemistry in 

Archaeology. Cambridge: Cambridge University Press. 

Pollard, M. 2018 Beyond Provenance: New Approaches to Interpreting the Chemistry of 

Archaeological Copper Alloys. Belgium: Leuven University Press. 

Potter, A.P., C.E. Holmes and D.R. Yesner 2013 Technology and economy among the earliest 

prehistoric foragers in interior eastern Beringia. In K.E. Graf, C.V. Ketron and M.R. Waters (eds), 

Paleoamerican Odyssey, pp.81–103. College Station: Texas A&M University Press. 

Prendergast, M.E., K.M. Grillo, A.O. Gidna and A.Z.P. Mabulla 2021 Grinding-stone features 

from the pastoral neolithic at Luxmanda, Tanzania. Antiquity 95(380). DOI: 

10.15184/aqy.2021.13. 

Prentiss, A.M. and D.S. Clarke 2008 Lithic technological organization in an evolutionary 

framework: examples from North America’s pacific northwest region. In W. Andrefsky (ed.), 



167 

Lithic Technology: Measures of Production, Use and Curation, pp. 357–284. Cambridge: 

Cambridge University Press. 

Prentiss, W.C. 1998 The reliability and validity of a lithic debitage typology: implications for 

archaeological interpretation. American Antiquity 63(4):635–650. 

Price, D.T. and J.H. Burton 2011 Provenience and provenance. In D.T. Price and J.H. Burton 

(eds), An Introduction to Archaeological Chemistry, pp.213–242. New York: Springer. 

Putnam, D.E. 2016 Preliminary interpretation of the Soyo site stratigraphy, formation processes, 

and chronology, Darkhad Basin, Mongolia. Unpublished report prepared for NOMAD Science. 

Quinn, C.P., W. Andrefsky, I. Kuijt and B. Finlayson 2008 Perforation with stone tools and 

retouch intensity: a Neolithic case study. In W. Andrefsky (ed.), Lithic Technology: Measures of 

Production, Use, and Curation, pp.150–174. Cambridge: Cambridge University Press. 

Rasiulis, N. 2021 Economic diversification among Mongolian reindeer herders: continuity and 

change in the Tannu Uriankhai Girdle. Nomadic Peoples 25(1):80–101. 

Reniere, S. 2018 Sourcing the Stone in Roman Northern Gaul: On the Provenance, Use, and 

Socio-Economics of Stone Tools in a Stoneless Landscape – the Case of the Northern Civitas 

Menapiorum. Unpublished PhD thesis, Faculty of Arts and Philosophy, Ghent University, Ghent. 

Reynolds, B.C., J. Aggarwal, C. Beucher, E. Engström, R.B. Georg, M. Land, M.J. Leng, S. 

Opfergelt, I. Rodushkin, H.J. Sloane, S.J.J.M. van den Boorne, P.Z. Vroon and D. Cardinal 2007 

An inter-laboratory comparison of Si isotope reference materials. Journal of Analytical Atomic 

Spectrometry 22(5):561–568. 

Rogers, J.D. 2012 Inner Asian states and empires: theories and synthesis. Journal of 

Archaeological Research 20(3):205–256. 



168 

Rolland, N. and H.L. Dibble 1990 A new synthesis of Middle Paleolithic variability. American 

Antiquity 55(3):480–499. 

Root, M. 2015 Soyo stratigraphy forms, Units 1–5. Unpublished report prepared for NOMAD 

Science. 

Root, M. 2015b Unit 2 stratigraphy form. Unpublished report prepared for NOMAD Science. 

Root, M. 2015c Unit 3 stratigraphy form. Unpublished report prepared for NOMAD Science. 

Root, M. 2015d Unit 4 stratigraphy form. Unpublished report prepared for NOMAD Science. 

Root, M. 2015e Unit 5 stratigraphy form. Unpublished report prepared for NOMAD Science. 

Root, M. and C. Jasparro 2015 Unit 1 stratigraphy form. Unpublished report prepared for 

NOMAD Science. 

Root, M.J 2004 Technological analysis of flake debris and the limitations of size-grade 

techniques. In C.T. Hall and M.L. Larson (eds), Aggregate Analysis in Chipped Stone, pp.65–94. 

Salt Lake City: University of Utah Press. 

Rosen, A.M., T.C. Hart, J. Farquhar, J.S. Schneider and T. Yadmaa 2019 Holocene vegetation 

cycles, land-use, and human adaptions to desertification in the Gobi Desert of Mongolia. 

Vegetation History and Archaeobotany 28(3):295–309. 

Rosenberg, D., Y. Rowan and T. Gluhak 2016 Introduction: leave no stone unturned - perspectives 

on ground stone artefact research. Journal of Lithic Studies 5(3):1–15. 

Rozwadowski, A. 2017 Rock Art of northern, central, and western Asia. In B. David and I.J. 

McNiven (eds), The Oxford Handbook of the Archaeology and Anthropology of Rock Art, pp.151- 

176. Oxford: Oxford University Press



169 

Rybin, E.P. 2014 Tools, beads, and migrations: specific cultural traits in the initial Upper 

Paleolithic of southern Siberia and central Asia. Quarternary International 347:39–52. 

Rybin, E.P., A.M. Khatsenovich, B. Gunchinsuren, J.W. Olsen and N. Zwyns 2016 The impact of 

the LGM on the development of the Upper Paleolithic in Mongolia. Quarternary International 

425:69–87. 

Sabloff, P.L.W. 2011 Mapping Mongolia: Situating Mongolia in the World from Geologic Time to 

the Present. Philadelphia: University of Pennsylvania Press. 

Sadowski,  R.F.  2017  Neolithic  revolution.  In  P.B.  Thompson  and  D.M.  Kaplan  (eds), 

Encyclopedia of Food and Agricultural Ethics (Online Edition). Dordrecht: Springer Netherlands. 

Salzman, P.C. 1978 Ideology and change in Middle Eastern tribal societies.” Man 13(4):618. 

Sandgathe, D.M. 2004 Alternative interpretation of the Levallois reduction technique. Lithic 

Technology 29(2):147–159. 

Scerri, E.M.L., M. Guagnin, H.S. Groucutt, S.J. Armitage, L.E. Parker, N. Drake, J. Louys, P.S. 

Breeze, M. Zahir, A. Alsharekh and M.D. Petraglia 2018 Neolithic pastoralism in marginal 

environments during the Holocene Humid Period, northern Saudi Arabia. Antiquity 92(365): 

1180–1194. 

Schiffer, M. B. and B. Hayden 1979 The place of lithic use-wear studies in behavioural 

archaeology. In B. Hayden (ed.), Lithic Use-Wear Analysis, pp.15–25. New York: Academic 

Press. 

Schmidt, R.W. and N. Seguchi 2016 Craniofacial variation of the Xiongnu Iron Age nomads of 

Mongolia reveals their possible origins and population history. Quaternary International 405:110– 

121.



170 

Schneider, J.S., T. Yadmaa, J.M. Farquhar and P. Hadel 2021 Entering new territory: a random- 

sample archaeological inventory at Ikh Nartiin Chuluu Nature Reserve, Dornogovi Aimag, 

Mongolia. Archaeological Research in Asia 25:100251. 

Schneider, J.S., T. Yadmaa, T.C. Hart, A.M. Rosen and A. Spiro 2016 Mongolian ‘Neolithic’ and 

Early Bronze Age ground stone tools from the northern edge of the Gobi Desert. Journal of Lithic 

Studies 3(3):479–497. 

Schoville, B.J., K.S. Brown and J. Wilkins 2021 A lithic provisioning model as a proxy for 

landscape mobility in the southern and middle Kalahari. Journal of Archaeological Method and 

Theory, 2021. DOI: 10.1007/s10816-021-09507-9. 

Schulting, R.J., and M.P. Richards 2016 Stable isotope analysis of Neolithic to Late Bronze Age 

populations in the Samara Valley. In D.W. Anthony, D.R. Brown, A.A.R. Brown, A.A. Khovlov, 

P.F. Kuznetsov and O.D. Mochalov (eds), A Bronze Age Landscape in the Russian Steppes: The 

Samara Valley Project., pp.127–148. Monumenta Archaeologica 37. Los Angeles: The Cotsen 

Institute Press. 

Seitsonen, O., J. Houle, L.G. Broderick, P. Woodley and J. Bayarsaikhan. 2018 Lithics in the 

steppe landscape: an off-site spatial analysis of stone artefacts in the Khanuy Valley, Mongolia. 

Archaeological Research in Asia 16(1):1–13. 

Séréfiadés, M.L. 2004 An aspect of Neolithisation in Mongolia: the Mesolithic-Neolithic site of 

Tamsagbulag (Dornod district). Documenta Preshistorica XXXI:139–149. 

Shackley, M. S. 2008 Archaeological petrology and the archaeometry of lithic materials. 

Archaeometry 50(2):194–215. 



171 

Sharp, Z.D., T. Durakiewicz, Z.M. Migaszewski and V.N. Atudorei 2002 Antiphase hydrogen and 

oxygen isotope periodicity in chert nodules.” Geochimica et Cosmochimica Acta 66(16):2865– 

2873. 

Shea, J.J. 2011 Stone tool analysis and human origins research: some advice from Uncle 

Screwtape. Evolutionary Anthropology: Issues, News, and Reviews 20(2):48–53. 

Shelach, G. 2009 Violence on the frontiers? Sources of power and socio-political change at the 

easternmost parts of the Eurasian steppes during the early first millennium BCE. In B. Hanks and 

K. Linduff (eds), Social Complexity in Prehistoric Eurasia, pp.241–271. Cambridge: Cambridge

University Press. 

Shelach, G. 2014 Prehistoric Societies on the Northern Frontiers of China: Archaeological 

Perspectives on Identity Formation and Economic Change During the First Millenium BCE. 

London: Routledge. 

Shemesh, A., L.H. Burckle and J.D. Hays. 1995 Late Pleistocene oxygen isotope records of 

biogenic silica from the Atlantic sector of the Southern Ocean. Paleoceanography 10(2):179–196. 

Shott, M.J. 1989 On tool-class use lives and the formation of archaeological assemblages. 

American Antiquity 54(1):9–30. 

Shott, M.J. 1996 An exegesis of the curation concept. Journal of Anthropological Research 

52(3):259–280. 

Shott, M.J. and M. Nelson 2008 Lithic reduction, its measurement, and implications: comments on 

the volume. In W. Andrefsky (ed.), Measures of Production, Use, and Curation, pp.23–46. 

Cambridge: Cambridge University Press. 



172 

Smith, J.W. 1974 The Northeast Asian - Northwest American Microblade Tradition (NANAMT).” 

Journal of Field Archaeology 1(3/4):347–364. 

Smith, M., E. Hayes and B. Stephenson 2015 Mapping a millstone: the dynamics of use-wear and 

residues on a central Australian seed-grinding implement. Australian Archaeology 80(1):70–79. 

Spengler, R.N. III 2015 Agriculture in the central Asian Bronze Age. Journal of World Prehistory 

28:215–253. 

Speth, J.D. 1972 Mechanical basis of percussion flaking. American Antiquity 37(1):34–60. 

Stahle, D.W. and J.E. Dunn 1982 An analysis and application of the size distribution of waste 

flakes from the manufacture of bifacial stone tools. World Archaeology 14(1):84–97. 

Stefurak, E.J.T., W.W. Fischer and D.R. Lowe 2015 Texture-specific Si isotope variations in 

Barberton Greenstone Belt cherts record low temperature fractionations in early Archean 

seawater. Geochimica et Cosmochimica Acta 150:26–52. 

Stewart, S.T., S. Murphy, P. Bikoulis, C. McCartney, S.W. Manning and R.G.V. Hancock 2020 

Early Neolithic chert variability in central Cyprus: geo-chemical and spatial analysis.” Journal of 

Archaeological Science: Reports 29:102088. 

Stobbe, A., M. Gumnior, A. Röpke and H. Schneider 2015 Palynological and sedimentological 

evidence from the Trans-Ural steppe (Russia) and its palaeoecological implications for the sudden 

emergence of Bronze Age sedentarism. Vegetation History and Archaeobotany 24:393–412. 

Stremtan, C., H. Ashkanani, R.H. Tykot and M. Puscas 2012 Constructing a database for PXRF, 

XRD, ICP-MS and petrographic analyses of Bronze Age ceramics and raw materials from Failaka 

Island (Kuwait). Proceedings of the 39th International Symposium for Archaeometry, Leuven:274–

279.



173 

Szakmány, G. and Z. Kasztovszky 2004 Prompt gamma activation analysis, a new method in the 

archaeological study of polished stone tools and their raw materials. European Journal of 

Mineralogy 16(2):285–295. 

Tarasov, P., E. Bezrukova, E. Karabanov, T. Nakagawa, M. Wagner, N. Kulagina, P. Letunova, A. 

Abzaeva, W. Granoszewski, and F. Riedel 2007 Vegetation and climate dynamics during the 

Holocene and Eemian interglacials derived from Lake Baikal pollen records. Palaeogeography, 

Palaeoclimatology, Palaeoecology 252(3-4):440–457. 

Tartése, R., M. Chaussidon, A. Gurenko, F. Delarue and F. Robert 2016 Oxygen isotope analysis 

of fossil organic matter by secondary ion mass spectrometry. Geochimica et Cosmochimica Acta 

182:24–39. 

Taylor, M. 2014 Mongolia - pastoralists, resilience, and the empowerment of climate. In M. 

Taylor (ed.), The Political Ecology of Climate Change Adaption: Livelihoods, Agrarian Change 

and the Conflicts of Development, pp.167–189. London: Routledge/Earthscan. 

Taylor, W. 2017 Horse demography and use in Bronze Age Mongolia. Quarternary International 

436:270–282. 

Taylor, W., J.K. Clark, B. Reichhardt, G.W.L. Hodgins, J. Bayarsaikhan, O. Batchuluun, J. 

Whitworth, M. Nansalmaa, C.M. Lee and E.J. Dixon 2019 Investigating reindeer pastoralism and 

exploitation of high mountain zones in Northern Mongolia through ice patch archaeology. PLoS 

One 14(11):e0224741. 

Taylor, W.T.T., J. Bayarsaikhan and T. Tuvshinjargal 2015 Equine cranial morphology and the 

identification of riding and chariotry in Late Bronze Age Mongolia. Antiquity 89(346):854–871. 

Taylor, W.T.T., J. Bayarsaikhan, T. Tuvshinjargal, S. Bender, M. Tromp, J. Clark, K.B. Lowry, J. 

Houle, D. Staszewski, J. Whitworth, W. Fitzhugh and N. Bovin 2015 Origins of equine dentistry. 



174 

Proceedings of the National Academy of Sciences of the United States of America 115(29):6707– 

6715. 

Terry, K. 2010 Extreme Measures: Upper Paleolithic Raw Material Provisioning Strategies and 

Settlement of the Transbaikal Region, Siberia. Unpublished PhD thesis, Department of 

Anthropology, Washington State University, Pullman. 

Thomas, D.H. 1986 Points on points: a reply to Flenniken and Raymond. American Antiquity 

51(3):619–627. 

Thompson, J.C., A. Mackay, V. de Moor and E. Gomani-Chindebvu 2014 Catchment survey in 

the Karonga District: a landscape-scale analysis of provisioning and core reduction strategies 

during the Middle Stone Age of northern Malawi. African Archaeological Review 31:447–478. 

Toshimitsu, Y. 1983 “Otru” notebook: over mobile cattle breeding in Mongolia. Human 

Geography 35(6):548–559. 

Tsydenova, N. and H. Piezonka 1983 The transition from the Late Paleolithic to the initial 

Neolithic in the Baikal region: technological aspects of the stone industries. Quaternary 

International 355:101–113. 

Tumen, D. 2006 Paleopathology of ancient populations in Mongolia. Mongolian Journal of 

Anthropology, Archaeology and Ethnography 2(254):90–108. 

Tykot, R.H. 2004 Scientific methods and applications to archaeological provenance studies. In M. 

Martini, M. Milazzo and M. Placentini (eds), Physics Methods in Archaeometry: Proceedings of 

the International School of Physics ‘Enrico Fermi’ Villa Monastero, 17–27 June 2003, pp.407– 

432. Bologna: Società Italiana di Fisica.



175 

Tykot, R.H., K.P. Freund and A. Vianello 2013 Source analysis of prehistoric obsidian artefacts in 

Sicily (Italy) using pXRF. In R.A Armitage and J.H. Burton (eds), Archaeological Chemistry VIII, 

pp.195–210. Washington: American Chemical Society. 

Tyler, J. 2018 Mass Spectometry for Next Generation Isotope Analysis of Silicate Materials. 

Unpublished report prepared for the University of Adelaide. 

Vainshtein, S., C. Humphrey, and M. Colenso 1983 Nomads of South Siberia: The Pastoral 

Economies of Tuva. Cambridge: Cambridge University Press. 

Vanwezer, N., W.T.T. Taylor, J. Bayarsaikhan, S.F.M. Breitenbach, N. Amano, J. Louys, N. 

Boivin and M.D. Petraglia 2021 Hunting, herding, and people in the rock art of Mongolia: new 

discoveries in the Gobi-Altai Mountains. Archaeological Research in Asia 26: 1–15. 

Vasiliev, S.G. and E.P. Rybin 2009 Tolbaga: Upper Paleolithic settlement patterns in the trans- 

Baikal region. Archaeology, Ethnology and Anthropology of Eurasia 37(4):13–34. 

Vella, A. 2018 On the Mongolian Steppe: A Subsurface Investigation of Soyo, Northern 

Mongolia. Unpublished Master’s thesis, Department of Archaeology, Flinders University, 

Adelaide. 

Venditti, F 2019 Understanding Lithic Recycling at the Late Lower Palaeolithic Qesem Cave, 

Israel: A Functional and Chemical Investigation of Small Flakes. Summertown: Archaeopress 

Publishing. 

Waber, N. 2006 The development of the microblade industry at the Richardson Island site, Haida 

Gwaii, British Columbia. Unpublished Master’s thesis, Department of Anthropology, University 

of British Columbia, Vancouver. 

Walker, P.L. 1978 Butchering and stone tool function.” American Antiquity 43(4):710–715. 



176 

Watts, J. 2013 Traces of the individual in prehistory: flintknappers and the distribution of 

projectile points in the eastern Tonto Basin, Arizona. Advances in Archaeological Practice 

1(1):25–36. 

Weber, A.W., M.A. Katzenberg and T.G. Schurr 2010 Prehistoric Hunter-Gatherers of the Baikal 

Region, Siberia: Bioarchaeological Studies of Past Life Ways. Philadelphia: University of 

Pennsylvania Press. 

Weber, A.W., R.J. Schulting, C.B. Ramsey and V.I. Bazaliiskii 2016 Biogeochemical data from 

the Shamanka II Early Neolithic cemetery on Southwest Baikal: chronological and dietary 

patterns. Quaternary International 405:233–254. 

Wendorf, M. and I.D. Goldfine 1991 Archaeology of the NIDDM: excavation of the ‘thrifty’ 

genotype. Perspectives in Diabetes 40(2):161–165. 

White, D. and A. Bush 2010 Holocene climate, environmental change and Neolithic biocultural 

discontinuity in the Baikal region. In A.W. Weber, M.A. Katzenberg, and T.G. Schurr (eds), 

Prehistoric Hunter-Gatherers of the Baikal Region, Siberia, pp.1–26. Philadelphia: University of 

Pennsylvania Press. 

Wiechert, U. and J. Hoefs 1995 An excimer laser-based micro analytical preparation technique for 

in-situ oxygen isotope analysis of silicate and oxide minerals. Geochimica et Cosmochimica Acta 

59(19):4093–4101. 

Will, M., J.E. Parkington, A.W. Kandel and N.J. Conard 2013 Coastal adaptions and the Middle 

Stone Age lithic assemblages from Hoedjiespunt 1 in the Western Cape, South Africa. Journal of 

Human Evolution 64(6):518–537. 



177 

Williams-Thorpe, O. 2008 The application of portable x-ray fluorescence analysis to 

archaeological lithic provenancing.” In P.J. Potts (ed.), Portable X-Ray Fluorescence Spectometry: 

Capabilities for In Situ Analysis, pp. 174–243. Cambridge: The Royal Society of Chemistry. 

Williams-Thorpe, O. and R.S. Thorpe 1993 Geochemistry and trade of eastern Mediterranean 

millstones from the Neolithic to Roman periods. Journal of Archaeological Science 20(3):263– 

320. 

Williams-Thorpe, O., P.J. Potts and P.C. Webb 1999 Field-portable non-destructive analysis of 

lithic archaeological samples by x-ray fluorescence instrumentation using a mercury iodide 

detector: comparison with wavelength-dispersive XRF and a case study in British stone axe 

provenancing. Journal of Archaeological Science 26(2):215–237. 

Wilmsen, E.N. 1986 Functional analysis of flaked stone artefacts. American Antiquity 33(2):156– 

161. 

Wilson, J. and W. Andrefsky 2008 Exploring retouch on bifaces: unpacking production, 

resharpening, and hammer type. In W. Andrefsky (ed.), Lithic Technology: Measures of 

Production, Use, and Curation, pp.86–105. Cambridge: Cambridge University Press. 

Wright, J. 2017 The honest labour of stone mounds: monuments of Bronze and Iron Age 

Mongolia as costly signals. World Archaeology 49(4):547–567. 

Wright, J. S. C. 2006 The Adoption of Pastoralism in Northeast Asia, Monumental 

Transformation in the Egiin Gol Valley, Mongolia. Unpublished PhD thesis, Department of 

Anthropology, Graduate School of Arts and Sciences, Harvard University, Cambridge. 

Wright, J., G. Ganbaatar, W. Honeychurch, B. Byambatseren and A. Rosen 2019 The earliest 

Bronze Age culture of the south-eastern Gobi Desert, Mongolia. Antiquity 93(368):393–411. 



178 

Wright, J., W. Honeychurch and C. Amartuvshin 2008 The Xiongnu settlements of Egiin Gol. 

Antiquity 83(2008):372–387. 

Yang, Z., N. Zhang, J. Dong, W. Xia and Z. Bao 2013 Carbon oxygen isotope analysis and its 

significance of carbonate in the Zhaogezhuang section of early ordovician in Tangshan, north 

China. Journal of Earth Sciences 24(6):918–934. 

Yoshida, K., J. Ohmichi, M. Kinose, H. Iijima, A. Oono, N. Abe, Y. Miyazaki and H. Matsuzaki. 

2004 The application of 14C dating to potsherds of the Jomon Period. Nuclear Instruments and 

Methods in Physics Research Section B: Beam Interactions with Matierals and Atoms 223–224: 

716–722. 

Young, L.C. 1994 Lithics and adaptive diversity: an examination of limited-activity sites in 

northeast Arizona. Journal of Anthropological Research 50(2):141–154. 

Yue, J.-P., Y.-Q. Li, Y.-X. Zhang and S.-X. Yang 2020 Lithic raw material economy at the 

Huayang site in Northeast China: localization and diversification as adaptive strategies in the Late 

Glacial. Archaeological and Anthropological Sciences 12(6):1–13. 

Zazzo, A., S. Lepetz, J. Magail and J.-O. Gantula 2019 High-precision dating of ceremonial 

activity around a large ritual complex in Late Bronze Age Mongolia. Antiquity 93(367):80–98. 

Zhao, C., L. Janz, D. Bukhchuluun and D. Odsuren 2021 Neolithic pathways in east Asia: early 

sedentism on the Mongolian plateau. Antiquity 95(379):45–64. 

Zwyns, N. and L.V. Lbova 2019 The initial Upper Paleolithic of Kamenka Site, Zabaikal region 

(Siberia): a closer look at the blade technology. Archaeological Research in Asia 17:24–49. 

Zwyns, N., S.A. Gladyshev, B. Gunchinsuren, T. Bolorbat, D. Flas, T. Dogandžić, A. Tabarev, 

J.C. Gillam, A.M. Khatsenovich, S. McPherron, D. Odsuren, C.H. Paine, K.-E. Purevjal and J.R.



179 

Stewart 2014 The open-air site of Tolbor 16 (northern Mongolia): preliminary results and 

perspectives. Quarternary International 347:53–65. 


	TABLE OF CONTENTS
	TABLE OF FIGURES
	GLOSSARY
	1.1 : RESEARCH QUESTION AND AIMS
	1.2 : OVERVIEW OF RESEARCH
	1.3 : ORGANISATION OF THESIS

	CHAPTER 2: LITERATURE ANALYSIS
	2.2 : ARCHAEOLOGICAL INVESTIGATION OF MONGOLIA
	2.2.3.1 : Archaeological Research of Soyo Tolgoi and the Darkhad Depression

	Northern Mongolia
	Construction of a Chronology
	3.1.2 : PEDESTRIAN SURVEY
	3.2 : ANALYSIS OF STONE TOOLS
	2.4.1.1: Mathematical Assessment in Lithic Analysis
	2.4.2.1: Chemical Analysis
	3.3 INVESTIGATION OF THE SOYO LITHIC ASSEMBLAGE

	3.4 : MICROSCOPIC ANALYSIS
	3.5 : CONSTRAINTS OF THE STUDY

	Dating
	4.4 : MACROSCOPIC ANALYSIS
	5.1 : THE NEOLITHIC AND BRONZE AGE AT SOYO

	for Neolithic and Bronze Age Behaviours at Soyo
	6.1 : DIRECTIONS FOR FUTURE RESEARCH


	ACKNOWLEDGEMENTS
	APPENDICES
	REFERENCE LIST



