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INTRODUCTION  1 

1. Introduction 
 
Southern Central Asia has long been considered as periphery to the developments of the great empires 

of the Near East. As no written sources are handed down historically, its role in the international game 

has long been underestimated or even ignored.1 The situation changed in the 2nd half of the 20th cen-

tury with the excavations of sites like Anau, Namazga Depe, Altyn Depe, and Gonur Depe (cf. fig. 1.1). 

Impressing monumental buildings as the “tower” in Namazga (Khlopina 1981: 38–42), the “palace” in 

Gonur (Sarianidi 2005: 31), and the “caravanserai” or “qala” in Adji Kui (Barfield 2010: 163) came to 

light. Moreover, crafting areas with a highly specialized production of utilitarian and artistic items (“hill 

of craftsmen” in Altyn Depe Masson 1981: 64) made scientists rethink. The existence of huge fortifica-

tion systems as in Adji Kui (Barfield, 2010: 188; Lamberg-Karlovsky 2013: 44) or Namazga Depe 

(Khlopina 1981: 39) pronounced a distinct social differentiation of the communities.2 Luxurious items, 

as the famous Indus elephant seal from Gonur Depe (Sarianidi 2005: 258 fig. 114), or the grave finds 

from Adji Kui (e.g., Rossi-Osmida et al. 2020: 90 fig. 6) sprouted numerously from the ground. Their 

presence indicated widespread connections and a certain role in the interregional trade network (e.g., 

Hiebert 1994; Possehl 2002), and dispelled the last doubts. Today we know southern Central Asia has 

formed a crossroad during millennia between East and West, but its role in the evolution of civilizations 

is still not understood. 

Mobility, migration and subsistence strategies of prehistoric societies have always been of ma-

jor importance in archaeological research. In the meanwhile, the application of isotopic investigations 

represents well-established methods to follow questions on mobility, possible migrations, and dietary 

patterns. In this study the communities in southern Central Asia and Tepe Sialk will be described using 
87Sr/86Sr, δ18O, δ15N and δ13C analyses. Due to the correlation between the geological surroundings and 

human body metabolism strontium isotope analyses enable the identification of locals and non-locals, 

moreover movements between different geological regions in a lifespan of humans and animals can 

be reconstructed. Oxygen isotopic ratios derive from local meteoric water such as rain, snow, and 

moisture and are generally used to reconstruct drinking water sources. Although these are impacted 

by climatic and environmental conditions – thus blurring the data – basic characterizations are possi-

ble. The combination of both enables the description of small- and large-scale mobility and migratory 

impacts. Moreover, the results substantiate possible migration routes and distances, respectively ex-

isting interregional connections, not only through cultural distributions, trade and trade goods. The 

results provide precise information about human interactions, respectively social connections and ac-

tive dynamics. On the other hand, the analyses of carbon and nitrogen isotopes out of bone collagen 

of the same human individuals supply data on dietary habits, as well as economical strategies and land-

use. Next to the migratory impacts and dietary reconstructions, the overall standing question in this 

region concerns the mobility, respectively subsistence strategies like nomadism, pastoralism (including 

semi- and agro-pastoralism), transhumance, and seasonal movements. Agro-pastoralism comprises 

the combination of crop cultivation like cereals and pulses with animal husbandry of domestic sheep, 

goats, and cattle, as well as the exploitation of wild resources. Knipper summarized “Agro-pastoral 

communities were usually sedentary, and stock keeping either concentrated in the hinterlands of the 

settlements or involved seasonal mobility and transhumance. Farmers consumed a mixed diet with 

 
1 Recent studies raise the possibility that the Central Asian communities may have been known in Mesopotamian sources as 
the country of Marhashi (cf. Guichard 2021), but scientists did not reach a consensus yet.  
2 Assured fortification systems have been identified in Gonur Depe, Adji Kui, Namazga Depe, Ulug Depe, Altyn Depe, Kelleli, 
Taip, and Togolok in Turkmenistan; Sapallitepa, Molalitepa and Dzharkutan in Uzbekistan, and Dashly in Afghanistan (cf. Mu-
radov 2021). 
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varying proportions of plant food and animal products, such as meat, milk, and dairy products, among 

which the vegetable component generally dominated. In contrast, pastoral communities were more 

mobile and dominant in the Eurasian steppes. Meat, fat, and dairy products from domestic animals 

encompassed most of their produced food.” (Knipper 2020: 4 cf. also Bellwood 2005; Pearson et al. 

2015; Makarewicz 2018). The communities in southern Central Asia were sedentary agriculturalists, 

archaeological remains evidence a high degree of specialization and several different lifestyles, prac-

ticed by separated groups of people, which existed within these societies (Vinogradova and Kuz’mina 

1996; Hiebert, Moore 2004; Kohl 2007; Cattani 2008; Frachetti 2011, 2012; Luneau 2017, forthcoming). 

On the one hand pastoralists (sedentary or mobile?), moved for herding and breeding of animals, and 

maybe lived in nearby villages or seasonal campsites (Biscione 1976; Schetenko, Kutimov 1999; 

Kuzmina 2007; Kutimov 2014; Rouse, Cerasetti 2018), on the other hand, sedentary communities, spe-

cialized in agricultural developments (e.g., Spengler et al. 2014a,b). Especially with the growth of the 

settlements during the Oxus period, when an increasing population demand a certain security in the 

food supply, the establishment of functional structures seemed hardly necessary. Therefore, pastoral 

movements have always been considered to be an essential part of the provision of the communities 

in southern Central Asia. The same applies to Tepe Sialk and the communities on the Iranian Plateau. 

The incipient urbanisation during the Chalcolithic period, implicates further changes in the agricultural 

organization, the development of manuring techniques, as well as the exploitation of new territories 

(e.g., Hole 1987a,b; Bernbeck 2001; Weeks 2013).  

The content of this thesis includes two main projects, organized, coordinated, and funded by 

different groups of researchers and institutions. One part represents the first multi-isotopic character-

ization of Bronze Age communities in southern Central Asia with a focus on the sites Ulug Depe in 

Turkmenistan, and Dzharkutan in Uzbekistan. The project was conducted in the Laboratoire Archéo-

zoologie, Archéobotanique, Sociétés, Pratiques et Environnements (UMR 7209) and the Laboratoire 

Eco-anthropologie (UMR 7206) in the Muséum National d´Histoire Naturelle (MNHN) Centre national 

de la recherche scientifique (CNRS) in Paris. It also benefited from collaborations with French archae-

ological missions of the Ministry of Europe and Foreign Affairs, the French Archaeological delegation 

in Afghanistan (DAFA), and the General Directorates of Antiquities in Turkmenistan, Uzbekistan, Tajik-

istan and Iran. Thanks to the generosity of colleagues from the German Archaeological Institute and 

the Ludwig Maximilian University, it was possible to perform further analyses on contemporary sam-

ples from Tilla Bulak, Sapallitepa, and Bustan in southern Uzbekistan, Bashman 1 in central Uzbekistan, 

Saridzhar, and the nearby graveyards of Gelot and Darnaichi in southern Tajikistan. These lucky cir-

cumstances enable a broader view on the isotopic distribution in southern Central Asia. Moreover, a 

reliable amount of reference samples can be presented. The second part represents a sub-project of 

the multi-disciplinary approach focusing on the Ghirshman collection of Tepe Sialk from the Musée de 

l´Homme and the Institut de Paléontologie Humaine in Paris, involving scientists of the Muséum Na-

tional d´Histoire Naturelle. Both approaches need to be published individually, which influenced the 

arrangement of this thesis. The original plan of this study was to follow cultural connections between 

southern Central Asia and Iran using isotopic applications. But a comparison between the sites turned 

out to be challenging, since the selection of the samples was performed long before the work on this 

thesis started and no chronological conformity is provided. The human samples from Central Asia date 

from the Early Bronze to the Middle Iron Age, while the human samples from Tepe Sialk cover the 

Neolithic, Chalcolithic and Iron Age periods. Unfortunately, no Bronze Age samples were available from 

Tepe Sialk, just as no earlier (Chalcolithic) or later (MIA/LIA) samples from Central Asia. Since no chron-

ological overlapping exists correlations can only be drawn in a broader range and Tepe Sialk will be 

discussed separately.  
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Fig. 1.1: The world of the Oxus Civilization after Lyonnet and Dubova 2021: 10 fig. 1.1. Sites: 9 Tell Brak; 10 Tell Leilan; 11 Tepe 
Gawra; 12 Mari; 13 Assur; 14 Nuzi; 15 T. Asmar/Eshnunna; 16 Babylon; 17 Ur; 18 Failaka; 19 Tarut; 20 Bahrain/Dilmun; 21 Umm an-Nar; 22 
Hili; 23 Tell Abraq; 24 Susa; 25 Godin-Tepe; 26 Deh Hosein; 27 Tepe Sialk; 28 Anshan; 29 Tepe Yahya; 30 Jiroft; 31 Bampur; 32 Khurab; 33 
Miri Qalat; 34 Mehi; 35 Shahdad; 36 Shahr-i Sokhta; 37 Tepe Hissar; 38 Namazga-Depe; 39 Altyn-Depe; 40 Geoksjur; 41 Togolok; 42 Kelleli; 
43 Gonur-Depe; 44 Dashly-Tepe; 45 Bactra; 46 Sapallitepa; 47 Dzharkutan; 48 Zamanbaba; 49 Karnab (tin mines); 50 Sarazm; 51 Mushiston 
(tin mines); 52 Farkhor; 53 Shortughai; 54 Taluqan; 55 Sar-i Sang (lapis-lazuli mines); 56 Mundigak; 57 Harappa; 58 Mehrgarh and Sibri; 59 
Nausharo; 60 Mohenjo Daro; 61 Chanhu Daro; 62 Lottal. 

 

 

Hence, the main aspects of this thesis are the determination of bio-available local isotopic sig-

nals and in this context the evaluation of the applicability of isotope analyses in the particular region; 

the characterisation of mobility and subsistence patterns of the investigated archaeological sites; and 

the identification of potential migrants. Mobility of populations, respectively migration of single indi-

viduals or groups are lively discussed in archaeological circles and often described. Several theories 

and models exist, beside a short introduction the author decided for several reasons not to include 

general models in this study. Basically, the small sample number rendered comparative evaluations 

and generalization inaccurate, as only few other studies are available and could be used for compari-

sons. Moreover, several excellent doctoral theses already exist applying the methods and comparisons 

between different isotopic approaches (e.g., Knipper 2004; Tütken 2003; Katzernberg 2008; Gerling 

2015). The method and reliability of isotopic results has long been established and will not be 
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questioned here. The application of chemical analyses represents an irreversible destruction of archae-

ological material, which is especially valuable as the political situation in the investigated regions hardly 

enables the export of samples. Therefore, beside some minor experiments deviating from the standard 

lab methods concerning the different types of material and adaptation of the poorly preserved sam-

ples, this thesis desisted from methodical experiments concerning the general application of isotopes 

in archaeological material. Instead, the focus was laid on the background definition of the particular 

isotopes to obtain the most accurate description of the natural isotopic distribution as well as possible 

climatic impacts. 

Different problems and changes appear during every PhD thesis, several factors also made the 

evaluation of the obtained data in this study challenging, including the small sample size of each site, 

as well as the chronological differences, very few comparative studies, and several uncertainties con-

cerning the chronological classification. Harald Hauptmann once said “Inshallah – Mashallah – guar-

anty yok”, a wisdom known and experienced by every PhD student and a sentence that accompanied 

this thesis every day. The work with sensible material and destructive methods regularly brings sur-

prises, fears, and uncertainties. Additional complications were caused by the SARS COV2 pandemic, 

which impacted the access to libraries and labs so that several experiments could not be finished. Nev-

ertheless, this doctoral thesis presents the first substantial multi-isotopic descriptions from southern 

Central Asia and provides the fundament of a biogeochemical data set for future studies. 

The first chapter introduces the fundamental questions this thesis is based on, and the princi-

pal methods that have been applied. Chapter 2 provides a general overview on the archaeology of the 

two regions. After a short summary of the history and current state of research, follows an introduction 

on the methodical background of isotopic applications. Chapter 3 comprises the collection of the in-

vestigated samples and the applied lab methods, technical details of the lab equipment and adapta-

tions of protocols. Chapter 4 presents the determination of bio-available local 87Sr/86Sr and δ18O sig-

nals. After a short discussion of the geological realities and the selection of suitable reference samples, 

the determined local 87Sr/86Sr ranges from southern Central Asia and Iran are discussed. The second 

part discusses the calculations for the determination of local δ18O ranges of the investigated sites, as 

well as potential inaccuracies und problems. Chapter 5 focuses on Ulug Depe, chapter 7 on Dzharkutan, 

and chapter 9 on Tepe Sialk. For the sake of uniformity and comparability, these three chapters are 

structured as follows: short presentation of the archaeological background, subsistence and surround-

ing landscape, burial customs and the detailed description of the investigated burials. Followed by the 

reconstruction of spatial movements and mobility pattern according to 87Sr/86Sr and δ18O isotopes, and 

the nutrition habits of humans and animals based on δ15N and δ13C isotopes. In between two case 

studies were added to highlight the most amazing results of this thesis. Chapter 6 was added to demon-

strate the combination of isotopic and paleogenetic investigations, which were performed on the same 

individuals from Ulug Depe. Chapter 8 presents another case study on the isotopic results of a very 

special LBA burial from Gelot in southern Tajikistan. Chapter 10 provides a comparative look in a 

broader view, discussing different studies of nutrition patterns, possible trade routes, and migratory 

movements. Chapter 11 summarizes the key conclusions that were drawn throughout this study. Fi-

nally, chapter 12 contains a summary of this thesis and the main results in English, German, and French. 

Last but not least, all produced data are itemized in the appendix. 
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Fig. 2.1: Reconstruction of Gonur North.3 

 

2. Background 
 

 

2.1. Archaeological background 
 

This chapter will give a brief, general overview on the archaeological background of southern Central 

Asia and the Iranian Plateau during the time periods of interest for this study. Southern Central Asia 

and Iran represent complex archaeological situations with a long history of research. The examination 

of this wide range of geographic regions from Zagros to Hindukush, with hundreds of archaeological 

sites comprising time periods of 7 millennia would go beyond the scope of this thesis. Concerning Iran, 

the author decided to restrict the general introduction of the Central Iranian Plateau to a focus on the 

subsistence, ancestry, and inter-regional connections. The specific archaeological situation and the 

history of research of the investigated sites Ulug Depe, Dzharkutan and Tepe Sialk will be discussed in 

detail in the particular chapter. The history of research in this chapter focuses on the application of 

isotopic analyses, since excellent summaries on the history of research of the archaeology in southern 

Central Asia can be found e.g., in Luneau (2010) and Lhuillier (2010), on the Iranian Plateau in e.g., 

Nokandeh (2010) and Fahimi (2011). In the last decades, several international groups of researchers 

expanded our knowledge immensely through numerous new archaeological expeditions (the absolute 

current state of research is excellent presented in Lyonnet and Dubova 2021), but also the natural 

scientific part has caught up. Thanks to numerous results of paleogenetic, isotopic, archaeobotanical 

and -zoological studies, we have a much brighter picture of the subsistence, mobility and dynamic 

interactions. Before diving into the matter, some general issues have to be clarified and theoretical 

aspects defined, as between researchers some aspects are not concordant either. 

 

 

 

2.1.1. Terminology 
 

Many discussions have been led on the terminology and chronology, describing the cultural commu-

nities of southern Central Asia during the Bronze Age. The concept of the Oxus Civilization or BMAC 

(Bactria-Margiana-Archaeological Complex) was originally very narrow in terms of temporal extension 

 
3 After http://www.heritageinstitute.com/zoroastrianism/images/turkmenistan/ 

http://www.heritageinstitute.com/zoroastrianism/images/turkmenistan/
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(Teufer 2018a) but has been expanded significantly by now (Salvatori 2016). In the meanwhile, three 

different terms have to be distinguished that stay in contrast and even opposition to each other, as up 

to today the boundaries, respectively the “core area” and the “area of influence” expand with every 

new discovery (Vahdati and Biscone 2021). The first discovered Bronze Age settlements in southern 

Central Asia were denoted by the term “Oxus Civilization”, comprising the cultural communities settled 

along the ancient Oxus river (today Amu Darya river). Due to ongoing studies and an expanding cultural 

area, Viktor Sarianidi coined the term “BMAC” – Bactria Margiana Archaeological Complex – in the 

1970s (Sarianidi 1976). Bactria comprises the region north of the Hindukush to the Amu Darya River: 

today northern Afghanistan, southern Uzbekistan, and southern Tajikistan. Margiana is traditionally 

the region around the city of Merv and along the Murghab river in southern Turkmenistan (cf. fig. 1.1). 

Archaeologists still discuss the territorial boundaries of the BMAC and Oxus Civilization, respectively 

the terminological containments of “Bactria” and “Margiana” concerning the local distribution (cf. 

Lamberg-Karlovsky 2013; Salvatori 2016; Teufer 2018a). Especially the accumulation of settlements 

along the northern Kopet Dagh foothills led to discussions, as the region officially does not belong to 

the BMAC area, and differs indeed concerning the structure of the settlements (cf. e.g., Lamberg-Kar-

lovsky 2013). But archaeological remains and also burial customs evidenced a clear affiliation (Lecomte 

2013; Vahdati et al. 2020, Biscione and Vahdati 2021). Moreover, two recently investigated sites south 

of Kopet Dagh Mountains, Tepe Chalow (Vahdati et al. 2019), and Tepe Damghani (Francfort et al. 

2014), indicate cultural analogues to southern Central Asia too. New surveys evidenced the spread of 

BMAC sites to Sistan and North-Khorasan, as well as into Quetta-Mehrgarh region in Pakistan 

(Thornton 2013a; Biscione and Vahdati 2018). For this reason, archaeologists created the new term of 

the GKC – “Greater Khorasan Civilization”, which comprises the traditional core area expanded to the 

Kopet Dagh mountain range, but also includes an area of influence in southern and eastern Iran 

(Vahdati et al. 2020, Biscione and Vahdati 2021). These issues concerning the territorial boundaries 

need to be further clarified by archaeologists and will not be discussed deeper here. In the context of 

this thesis, the term “Oxus civilization”, is used as a general description for the communities of south-

ern Central Asia between 2400–1500 BCE including the core areas and the Kopet Dagh Mountains.  

 

 

 

2.1.2. Chronology 
 

Moreover, the chronological classification in southern Central Asia is not as clear as it would be desir-

able. Since a long time, archaeologists discussed the classification of the material of the particular pe-

riods in the different regions of Central Asia. Due to blurring boundaries, a clear distinction is often 

difficult (personal talks with Elise Luneau). Especially for the sites investigated in this study, the chron-

ological classification led to problems, since German scientists follow a different chronology system 

for southern Uzbekistan and Tajikistan, than the French archaeologists established for southern Turk-

menistan (cf. Teufer 2018: 77–78; Bendezu-Sarmiento and Lhuillier 2019: 99 fig. 1): implicating that 

the MBA graves from Ulug Depe belong to the Oxus occupation during the late MBA, and are contem-

poraneous to the MBA/LBA and LBA graves from Dzharkutan at the same time. This still ongoing dis-

cussion remains the matter of the excavators and cannot be solved here. Hence, this thesis will keep 

the terminology of the excavators for reasons of comparability with already published data. In general 

though it follows the most current state of research recently overworked and published in Lyonnet 

and Dubova 2021 (cf. tab. 2.1).  
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Of particular importance is the new correlation between the Namazga periods and the abso-

lute chronological dates. The MBA and LBA layers are often hard to seperate since architectural struc-

tures were used continuously. But the pottery is distinguishable and can now be connected to the 

reworked absolute dates. The material from Central Asia studied here belongs thus to:  

 

• the Namazga IV period (NMG IV), dating between 2800 and 2400 BCE, correlating 

to the Early Bronze Age (EBA) 

• the Namazga V period (NMG V), dating between 2400 and 2000 BCE, correlating 

to the Middle Bronze Age (MBA) 

• the Namazga VI period (NMG VI) dating between 2000 and 1700/1600 BCE, cor-

relating to the Late Bronze Age (LBA) 

• and the Early and Middle Iron Age (EIA, MIA), dating between ca. 1500 and 1000 

BCE (Yaz I) and ca. 1000–540 BCE (Yaz II) 

 

 
Table 2.1: Comparative chronology of Central Asia after Lyonnet and Dubova 2021: 8 table 1 
with references. 

 

For the sake of a certain uniformity in this thesis the general terms of e.g., “Late Bronze Age” 

and “LBA” in correlation to the absolute dates will be used during the discussions, instead of the local 

terminology of “Namazga”. Based on the absolute dates a comparison between the sites in Central 

Asia and Iran is possible, as the Iranian Plateau follows a different chronology as well, which differs 
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among scholars. Especially the stratigraphic sequence of Tepe Sialk is still lively discussed (e.g., Pollard 

et al. 2013; Heidari 2016; Fahimi 2019; Fazeli and Nokandeh 2019), and could not be fully reconciled 

yet. The chronological sequence of Tepe Sialk used here will follow the work of Fazeli and Nokandeh 

for the early periods (cf. tab. 2.2 and Fazeli and Nokandeh 2019: 6 table 2.1 conform also with Helwing 

2010: 8 tab. 1) and of Fahimi for the later periods (Fahimi 2019: 342 fig. 5). Hence, the material from 

Tepe Sialk studied here belongs to these periods: Sialk I corresponds to the Late Neolithic to Chalco-

lithic periods dating ca. 6000–5200 BCE. Sialk II includes the Transitional Chalcolithic periods dating to 

ca. 5200–4600 BCE, while Sialk III comprises the Chalcolithic period dating between 4000 and 3400 

BCE. Sialk IV (ca. 3400–2900) correlates to the Early Bronze Age Phase, but was not studied here, as 

well as the later Bronze Age phases (ca. 3000–1500 BCE). After a gap of occupation, Sialk V period 

corresponds to the Early Iron Age (Iron I, ca. 1200–1000 BCE) followed by the Sialk VI period, the middle 

Iron Age (Iron II) dating to ca. 1000–800 BCE. A correlating table of the chronological periods of the 

sites investigated in this study can be found in chapter 3.1. 

 

 
Table 2.2: Comparative chronology of the Central Plateau after Fazeli et al. 2009: 10 table 7, *without 14C 
dates. 

 

 

 

2.1.3. Initial Situation in southern Central Asia 
 

Due to the geographic situation between Iran in the west, the Indus Civilizations in the southeast, and 

the Eurasian pastoral communities in the north, Central Asia exhibits a colorful mix of different ethnics, 

languages, cultures, and gene pools (e.g., Hiebert and Lamberg-Karlovsky 1992; Lamberg-Karlovsky 

1992; Hiebert 1994; Kircho 2014). Recent paleogenetic studies exhibit genetic ancestries in Iran, Ana-

tolia, the Levante, and the northern steppes (Quintana-Murci 2004; Heyer et al. 2009; Haak et al. 2015; 

Damgaard et al. 2018a,b; Narasimhan et al. 2019). The location between harsh deserts and high moun-

tain ranges formed natural passages, which enabled dynamic exchanges among the populations since 
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Neolithic times (e.g., Thomalsky et al. 2013), and later became the “Silk Road” or the historical Great 

Khorasan Road (Litvinskij 1998; De la Vaissière 2002; Wilkinson 2014). Central Asia represents there-

fore one of the regions where mobility and migrations of human populations had a deep impact on 

the development of the cultural communities (Khazanov 1984; Kohl 2007; Kuz’mina 2007). The strate-

gically favorable location caused intensive cultural transformations of the different populations 

through all times and played a key role in linking cultures (Luneau 2016).  

The Chalcolithic period (ca. 5000–4300 BCE) was characterized by small settlements with 

mainly one-room mud brick houses suggesting that core families or family clans constituted the basic 

social unit. Subsistence economies relied on small-scale farming and herding. With the beginning of 

the Early Bronze Age (ca. 2800–2500 BCE) remarkable changes towards a more complex social struc-

ture took place (Masson 1981; Kohl 1984, 2007). Villages grew larger, coming along with an increase 

in animal husbandry and the beginning of systematic irrigated agriculture. The first industry of cold 

hammered copper was established as well as the earliest fortification systems. Interregional trade is 

attested by the presence of exotic materials such as turquoise and lapis lazuli (Klopina 1981; Masson 

1981; Kohl 1984, 2007; Lecomte 2013). Through the excavations at the graveyard of Farchor in recent 

years, the Early Bronze Age could finally also be verified in southern Tajikistan (Teufer et al. 2015; 

Vinogradova 2021).  

Towards the end of the 3rd mill. BCE two main cultural entities coexisted in Central Asia: In the 

north – present day Southern Siberia, Kazakhstan, Kyrgyzstan and northern Uzbekistan – was the 

steppe territory, occupied by the Andronovo Cultural Community (ca. 2000–1200 BCE, c.f. Kohl 2007; 

Bendezu-Sarmiento et al. 2007; Kuz´mina 2007; Frachetti 2011; Luneau 2017). In the south – present-

day southern Uzbekistan, Turkmenistan, Tajikistan, northern Afghanistan, and northeastern Iran – was 

the zone occupied by the Oxus Civilization or GKC (ca. 2400–1500 BCE, c.f. Hiebert 1994; Salvatori 

2008a; Francfort 2009; Lamberg-Karlovsky 2013; Teufer 2015; Luneau 2014, 2019; Lyonnet and 

Dubova 2021). The Andronovo “tribes” are characterized by a mobile pastoralism, mainly based on 

animal husbandry of cattle and sheep/goat, but also on systematic agriculture and crop cultivation 

(Kuz´mina 2007; Frachetti 2012; Luneau 2017). Recent excavations of graves in Kumsai in southern 

Tajikistan discovered that the presence of material related to the Andronovo tradition coexisted with 

graves of the Oxus tradition. Some burials also show the merge of both traditions (e.g., Kanuith et al. 

2006, Luneau personal communication4). The appearance of the Oxus Civilization is still not fully un-

derstood (Luneau 2017, 2019), but archaeological remains evidence urbanism and population growth, 

which caused major changes in southern Central Asian societies also affecting different aspects of the 

local subsistence economies (Francfort 1989; Moore et al. 1994; Nesbitt and O’ Hara 2000; Francfort 

and Lecomte 2002; Lamberg-Karlovsky 2013). Organization systems grew into complex, centralized 

structures, larger settlements acted as structuring units for the surrounding land and main localities, 

where trade and distribution of human and animal food took place (Biscione 1976; Kohl 1984; Salvatori 

2008b; Spengler et al. 2014a, 2016b). Agricultural developments were promoted through sophisti-

cated irrigation systems and opened up new territories (e.g., Lisitsina 1969; Gentelle 1989; Hiebert 

1994a,b; Nesbitt, O’Hara 2000; Francfort and Lecomte 2002). This period witnessed the growth of the 

first structured urban centers – among the biggest, Gonur Depe, Namazga Depe, Altyn Depe, Ulug 

Depe, Sapallitepa, and Dzharkutan – with thousands of inhabitants (cf. fig. 1.1, cited in order of the 

sites: Sarianidi 2007, 2005; Khlopina 1981; Masson 1981; Bendezu-Sarmiento 2013; Lecomte 2013; 

Askarov 1973, et al. 1983; Bendezu-Sarmiento et al. 2013; Huff et al. 2001; Huff 2010). The construc-

tions of huge fortification systems and the archaeological and anthropological evaluation of more than 

 
4 https://www.dainst.blog/archaeology-in-eurasia/kumsaj-tadschikistan-bronzezeit/ 

https://www.dainst.blog/archaeology-in-eurasia/kumsaj-tadschikistan-bronzezeit/
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4000 graves argue for a strong social inequality and the existence of a hierarchical structure within 

these societies (Askarov et al. 1993; Salvatori 2008b; Teufer 2015; Avanesova 2016; Bendezu-Sar-

miento and Lhuillier 2016; Dubova et al. 2018). 

Especially the huge number of exotic artefacts attracted the attention of archaeologists, as 

they were obviously “imported or, more probably, made locally under strong foreign influences by 

itinerant craftsmen – which point to an “interaction sphere” of unprecedented level” (Lyonnet and 

Dubova 2021: 14). For a better understanding Possehl created for this phenomenon the term “Middle 

Asian Interaction Sphere” or MAIS (Possehl 2002; and cf. fig. 2.2). A dynamic network of cultural inter-

action and interregional exchanges and trades, connected the Indus Civilization, the Syro-Anatolian 

area, Mesopotamia, the Iranian Plateau, the Persian Gulf region, and the Eurasian Steppes (Amiet 

1986; Possehl 2002, 2007; Kohl 2007; Kaniuth 2010; Frachetti and Rouse 2012; Wilkinson 2014; Bonora 

2021). 

 

   
Fig. 2.2: Left: Middle Asian Interaction Sphere (MAIS). Right: Sites across Middle Asia have revealed BMAC, or BMAC-like, 
artifacts after Possehl 2007: 41 fig. 4, 5 with references. 

 

 

The fall and disappearance of the Oxus Civilization is characterized by new significant changes 

concerning various sociocultural aspects (Luneau 2014, 2021), which extended at the beginning of the 

Early Iron Age. Around 1500 BCE, after a short, gradual transition period, without any sign of violence, 

an economic and ideological shift took place. Southern Central Asia was then occupied by a mosaic of 

smaller cultures, known as the “Yaz I Cultures” or Handmade Painted Ware Cultures (Lhuillier 2013a,b, 

2016). It spread over a territory larger than the Oxus territory coming along with a radical transfor-

mation of the settlement pattern (Lhuillier 2013a). Archaeological remains evidenced a pattern back 

to smaller villages, small-scale, de-centralized organisation units and a more basic lifestyle, often re-

lated to adaptations of livestock husbandry and farming practices (Biscione 1976; Lecomte 2007b, 

2011; Lhuillier 2013a,b, 2016). A specific handmade pottery, decorated with red geometric designs is 

characteristic of these periods (Lhuillier 2013b). Luxury goods, glyptic and all other forms of iconogra-

phy are replaced by utilitarian objects, mostly agrarian tools. Material culture and architectural sim-

plicity do not give any indication concerning the social organization; a social homogenization has been 

suggested (Bendezu-Sarmiento and Lhuillier 2015). But other expressions of social inequality may have 

existed, leaving no traces in archaeological remains.  

The communities again evolved towards a new material culture during the pre-Achaemenid 

period, known as Yaz II (ca. 1000–540 BCE), and during the Achaemenid period as Yaz III culture (ca. 

540–330 BCE). Although a continuity of the settlement pattern and social organization is evidenced, a 

new evolution of the material, especially in pottery, is obvious (Lhuillier and Boroffka in press). Several 
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hypotheses, which are not mutually exclusive, could be considered: an internal evolution (as a re-

sponse to climatic changes or an evolutionary adaptation due to an internal weakening of the Oxus 

Civilisation), or the arrival of a new population being the most popular explanations (Vidale 2017). 

Many questions remain, the theories on cultural roots, the intensity and impact of migration, as well 

as subsistence strategies and possible land use cause lively discussions among scholars. Most scientists 

assume a wide variation and the merging of different economical strategies, which are related to the 

mobility of humans and animals (Barnard 2008; Salvatori 2008b; Frachetti 2011, 2012; Lamberg-Kar-

lovsky 2013; Luneau 2017; Rouse and Cerasetti 2018).  

 

 

 

2.1.4. The Iranian Plateau 

 

The earliest archeological remains on the Central Plateau date back to the lower Paleolithic (ca. 

100.000 BCE), where people lived in shelters and caves (e.g., Coon 1951; Biglari et al. 2006, 2007; for 

a summary cf. Conard et al. 2013: 29–32). All known Paleolithic and early Neolithic sites are located in 

regions with good water sources and arable land, where rain-fed agriculture was possible. Moreover, 

natural opportunities like a high offer of wild plants and animals, favored a sedentary way of life, but 

people continued to gather and hunt (Hole 1987; Bernbeck 2001; Mathews and Fazeli Nashli 2022). 

Settlements were few and often widely spread along the fertile mountain valleys of Zagros, Elburz, and 

Kopet Dagh. The emergence of farming communities is evidenced on the Iranian Plateau since the 10th 

mill. BCE, documented at sites like Sheikh-e Abad (Matthews et al. 2013), Abdul Hossein and Ganj 

Dareh in the Kermanshah region (Smith 1974; Willcox 1978; van Zeist et al. 1984, Thomalsky 2014), or 

Tepe Sang-e Chakhmaq in Shahrud province (Masuda et al. 2013; Mashkour et al. 2014; Roustaei et al. 

2015). Archaeological remains in Sheikh-e Abad provided no architecture in the first stages, but in-

cluded traces of local wild plants, like almonds, pistachios and lentils, and a variety of wild animal bones 

mainly of wild sheep and goats (Whitlam et al. 2018). The later stages (around 8000 BCE) displayed 

architectural remains in form of small huts made of mud-bricks or chineh (Matthews et al. 2013). The 

introduction of clay as raw material for pottery or figurines, is evidenced soon after the earliest settle-

ments emerged (cf. Weeks 2013). The continuous sequence from the Aceramic Neolithic (PPN) to the 

Neolithic (PN) is well documented also in Tepe Sang-e Chakhmaq, in the north-eastern area of the 

Iranian Highland (Masuda et al. 2013; Thornton 2013b; Roustaei et al. 2015; Roustaei and Mashkour 

2016). The phenomenon of increasing sedentism is remarkable throughout the whole Iranian Plateau 

around 6000 BCE. The reasons are not clear yet, but the appearance of a certain economic complexity 

is a general characteristic of this time period (cf. e.g., Hole 1987; Bernbeck 2001; Weeks 2013; Roustaei 

and Mashkour 2016, Mathews and Fazeli Nashli 2022). The development of irrigation systems for a 

secured food provision, might have been an additional reason, also enabling the expansion into more 

arid regions. According to Hole a typical Neolithic settlement consisted “of only 50–100 inhabitants 

who lived in houses of unbaked brick, or in tents or brush shelters, and kept their livestock in pens. 

The form of the houses and their nucleation into small settlements has characterized rural villages until 

the present, some 9,000 years after they first appeared. During the Neolithic there is no apparent 

evidence of social differentiation among individuals, nor are there temples or other special structures” 

(Hole 2004: 2). The Neolithic sites on the Central Plateau revealed obsidian from central Anatolia, tur-

quoise and lapiz lazuli from Afghanistan, and shells from the Persian Gulf, indicating widespread con-

tacts already in the 7th/6th mill. BCE (Bernbeck 1995). Paleogenetic studies of early Neolithic human 

genomes from Abdul Hossein and the Wezmeh Cave in the Zagros Mountains revealed no relation to 
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Anatolian or European genomes, instead they were identified as a previously undescribed Neolithic 

population (Broushaki et al. 2016). The results showed a spreading of Iranian agriculturalists east-

wards, as hunter gatherer populations in Neolithic SW-Asia adopted farming through an expansion 

from the Zagros region (Broushaki et al. 2016). Another study documented at multiple sites in the Indus 

valley a distinctive mixture of ancestry related to the Zagros agriculturalists (Narashiman et al. 2019). 

Recent investigations proved the existence of long-distance trade routes for raw materials like lapis 

lazuli, or turquoise and therefore a dynamic exchange between Afghanistan and Mesopotamia since 

the 7th mill. BCE (Thomalsky et al. 2013). Already in the 4th mill. BCE these inter-regional trade routes 

expanded from Afghanistan in the east to Egypt in the west, and from the Kazakh steppes in the north 

to the Indus valley in the south (cf. Thomalsky et al. 2013: 200 fig. 1). Many authors consider the for-

mation of these trade networks along permanent established routes as the reasons for the emergence 

of complex society structures, respectively the rise of urban centers on the Central Plateau (e.g., Hel-

wing 2006; Fazeli and Nokandeh 2019; Neumann forthcoming). Fazeli et al. (2009: 1–2) summarized 

the transition from pastoral hunting and gathering to sedentary agrarian economies during the Tran-

sitional Chalcolithic with a systematic pattern of: herding and breeding of domesticated sheep, goats, 

and cattle (Mashkour 1999); the development of irrigation systems for organized crop cultivation (Gill-

more et al. 2009); the specialization in crafting industries with differentiated crafting areas; the begin-

ning of standardized production; and according to mortuary practices, a certain social differentiation. 

The sociocultural changes are often associated with the influence of other, neighbored communities. 

The establishment of long-distance trade routes and connections is characteristic for this time period 

as well (e.g., Hole 1987; Bernbeck 2001; cf. fig. 2.3; Mathews and Fazeli Nashli 2022). 

As the urbanization started in the second half of the fourth millennium BCE (e.g., Petrie 2013; 

Meyer et al. 2020), the Central Plateau is characterized by the appearance of the so-called proto-elam-

ite horizon. The region maintained mutual connections to south-western Iran and the elamite capital 

Susa (cf. Potts 2016), as well as to the south and sites like Tal-e Malyan in Fars province (e.g., Sumner 

2003), or Tepe Yahya in the Kerman region (e.g., Mutin, Lamberg-Karlovsky 2013). The term “proto-

elamite” describes “a chronological period, a set of shared material culture, and/or a shared script or 

language. These attributes, however, do not allow a closely circumscribed social unit, culture, or even 

a political or ethnic group” (Helwing 2013: 93). Hence, archaeologists still discuss the definition of a 

proto-elamite period or rather phenomenon or horizon. Characteristic for the proto-elamite period is 

the development of an urban lifestyle, with complex administration structures, and a distinct system 

of division of work (Helwing 2013). According to the archaeological remains, the rise of the proto-

elamite horizon correlated with the eastward expansion of the early states of lowland Mesopotamia. 

The evidence of “Uruk” influences, such as the mass-produced bevel-rim bowls, or seals and clay tab-

lets with proto-elamite characters, were found in numerous sites: among the biggest e.g., Susa, Godin 

Tepe, and Tepe Sialk in the west, and Tepe Yahya in the south, representing the earliest complex urban 

societies of highland Iran (cf. Ghirshman 1938; Young 1969; Potts 2001). Although external cultural 

influences on the prehistoric highland Iranians are evidenced since the Late Neolithic periods, reflect-

ing the presence of different cultural communities, it stays questionable how deep these foreign influ-

ences were adapted into the way of life of the local people and their daily life organization. The situa-

tion in Godin Tepe (Godin V cf. Young 1969, Weiss and Young 1975; Gopnik and Rothman 2011) reflects 

the concomitant presence of two different material cultures but in different spaces: on the one hand 

the local pottery, which was more frequent in the lower town (BKC), on the other hand the Uruk 

influenced pottery and glyptic tradition on the citadel (cf. Weiss and Young 1975). Potts (2009) sug-

gested a possible adaptation of nutrition habits through the introduction of the bevel-rim bowls, which 

are often seen as unit of measurement, respectively vessels for portioning food, but processes of 
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economic adaptations, culinary exchanges or dietary changes remain largely unknown. Miller (1990) 

mentioned one interesting point concerning the diversity of barley in correlation with the changes 

brought by the Uruk expansion. In the 4th mill. the more original form of 2-row barley was predomi-

nantly grown in the mountain regions of Iran, as it is more robust against climatic impacts and extreme 

habitats. Whereas in the lowlands of Mesopotamia, where the surroundings consisted of a dry, steppe-

like environment, 6-row barley was cultivated, since artificial irrigation was necessary anyway. 6-row 

barley is more sensitive, but also more productive. Remains of 6-row barley were found on the citadel 

of Tall e–Malyan as well as Godin Tepe, so she concluded, that the residents of the citadel in Godin 

and Malyan adapted grain cultivation techniques from the Mesopotamian lowlands (Miller 1990: 5). 

Following Weiss and Youngs suggestion “that the foreigners, or the element of the local society most 

influenced by foreign ways or most closely in contact with foreigners, were living in somewhat isolated 

circumstances on the summit of the mound, while the people occupying the lower town, though 

touched by these outside influences, generally pursued older, more local cultural patterns, perhaps in 

more traditional ways” (Weiss and Young 1975: 13–14). The question remains how deep the cultural 

influences really impacted the local traditions and people in terms of agricultural techniques and eco-

nomic strategies. It also remains open how these cultural influences looked like, whether it was the 

spread of material and a bureaucratic system, adapted by the locals, or if two different entities existed, 

“living somewhat isolated”, or the merge of both.  

 

 
Fig. 2.3: Cultural interactions in the 3rd Mill. ВС, a: proposed cultural regions; b: imports of Harappan seals 
and objects; с: cultural contacts and trade; d: proposed contacts manipulated after Kircho 2016: 1 fig 1. 

 

  



BACKGROUND  14 

2.2. Methodical background 
 

 

2.2.1. History and current state of research 
 

The beginning of applications of isotopic variations were established during the 50s and 60s of the last 

century by geochemists and biochemists. The first steps in archaeological questions were undertaken 

in the 70s by Smith and Epstein (1971) on carbon ratios of higher plants, followed by Vogel and van 

der Merwe (1977, 1978), and DeNiro and Epstein (1978) on carbon isotope metabolism in human col-

lagen. Also, the distribution of nitrogen isotopes (DeNiro and Epstein 1978), and trophic level changes 

of marine and terrestrial animals (Schoeninger and DeNiro 1984) were established in these years. Krue-

ger and Sullivan (1981, 1984) made first distinctions concerning the chemical phases in modern and 

fossil bones and the carbon isotope fractionation between diet and bones. The first investigations on 

prehistoric farmers and herders were carried out by Ambrose (1986) and Ambrose and DeNiro (1986). 

Also, first remarks on the impact of climatic issues were published in these years (Ambrose and DeNiro 

1987). A detailed overview of further investigations all over the world is given by Katzenberg (2008: 

413–415) and Gerling (2015: 44–45). Due to an enormous increase of isotopic studies in the last 20 

years, especially on methods applying nitrogen and carbon isotopes of different archaeological con-

texts, only a summary of studies of surrounding regions will be given in the following, which are rele-

vant to this thesis. The first isotopic investigations on steppe pastoralists in Central Asia were under-

taken by O´Connell et al. (2003) on nutrition patterns of Eolithic to EIA populations in central Kazakh-

stan. Earlier and in the meanwhile well investigated are the Russian areas of Lake Baikal and southern 

Siberia, where Lam (1994) examined evidence for change in dietary patterns during the Baikal Neo-

lithic. It was followed by studies of Katzenberg and Weber (1999) about the ecology and paleodiet in 

the Lake Baikal region of Siberia and later about the reconstruction of paleodiet of Early Bronze Age 

Siberians (Katzenberg et al. 2009). Nutrition pattern of prehistoric populations from southern Siberia 

were analysed by Svyatko et al. (2013), while Murphy and colleagues (2013) studied dietary compo-

nents of Early Iron Age communities in this region. To the east Zhang and colleagues investigated die-

tary habits and millet consumption of Bronze Age communities in Xinjiang, western China (Zhang et al. 

2009, 2010; Zhang and Li 2006; Zhang and Zhu 2011). The subsistence pattern of Bronze Age popula-

tions in the northern Kazakh steppes were studied by Ventresca Miller et al. (2014, 2018, 2020), while 

Lightfood and colleagues studied dietary diversity in Bronze Age communities in the central Kazakh 

steppes (Lightfood et al. 2013, 2015, 2016). In the meanwhile, the regions of the Caspian steppes and 

the northern Caucasus were systematically studied. Investigations on the seasonal practice, paleodiet, 

and climatic impacts on sedentary and pastoral populations were performed by e.g., Shishlina (et al. 

2009, 2012, 2017), Gerling (2013, 2015), Hollund et al. (2009), Higham et al. (2010) and Knipper et al. 

(2020). Farming activities and dietary interferences of Neolithic and Bronze Age human and animal 

populations in the southern Caucasus were analysed by Messager et al. (2015) and Herrscher et al. 

(2018). Fundamental studies on nitrogen and carbon isotopes in Iran and southern Central Asia were 

undertaken by Bocherens, Mashkour and colleagues (2000) on faunal remains dating from Neolithic to 

Iron Age in the Qazvin Plains (Zagheh, Qabrestan and Sagzabad) on the Central Iranian Plateau, and 

from Geoktchik Depe, an Iron Age and Islamic site in southwestern Turkmenistan (Bocherens et al. 

2006). Due to a detailed description of the different elements of the trophic groups and an exemplary 

ensemble of investigated animal taxa, they established the isotopic baseline in the region, which is 

irreplaceable for this work. Concerning nutrition studies in Iran, diachronic studies on the human 
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population from Tepe Hissar in north-eastern Iran, including carbon and nitrogen analyses, were un-

dertaken by Afshar (2014). A general investigation on isotopic ecology of humans from different sites 

and periods in ancient Iran were carried out by Rameroli et al. (2010). Another study, conducted by 

Iranian colleagues focused on paleodietary patterns of the IA population in Gohar Tepe (Sheikh Shoaee 

2009; Sheikh Shoaee and Mousavi Kohpar 2017), as well as dietary gender differences (Sheikh Shoaee 

and Niknami 2018). Recent results were obtained by an international team lead by A. Vahdati and R. 

Biscione, who conducted several excavations at a new BMAC site in north-eastern Iran, Tepe Chalow 

on the southern foothills of the Kopet Dagh (Vahdati et al. 2019). Isotopic analyses on the diet of this 

population were performed, but not published yet (Soltysiak et al. submitted). The results were kindly 

provided by Arkadiusz Soltysiak, and are of great importance to this study, as Tepe Chalow represents 

another BMAC site in the direct vicinity of Ulug Depe.  

Since an excellent summary of the history of research and applications of strontium isotopes 

in archaeological research is presented by Knipper 2004: 591–595, only a short summary there will be 

given here focusing on the Near East and Central and South Asia. The application of strontium and 

oxygen was established by geochemists since the 1950s when appropriate mass-spectrometers ena-

bled precise measurements of isotopic compositions, focused on the dating of the formation of rocks. 

Ericson (1981, 1985) was the first who realized the potential of strontium isotopes for the reconstruc-

tion of mobility and land use of prehistoric societies. Luz (1984) and Longinelli (1984) recognized at the 

same time the potential of oxygen isotopes for the reconstruction of past climates through human and 

animal remains. Sealy and colleagues (1991) were not only the first who distinguished water and land-

living animals based on their strontium isotopic composition; they were also able to identify the land-

living animals according to the soil their food grew on. In the following years several studies on the 

dynamics of populations and migration patterns were undertaken (among many other cf. Price et al. 

1994a,b, 2000, 2001, 2002; Sealy and Armstrong 1995; Grupe et al. 1997; Balasse et al. 2002, 2003; 

Burton et al. 2003; Bentley et al. 2004; Bentley and Knipper 2005; Bentley 2006). Methodical ap-

proaches on diagenetic processes, the impact of environmental conditions and preservation, respec-

tively the grade of destruction of archaeological material represents an always present problem for all 

researchers. Essential studies in this field were undertaken e.g., by Budd et al. (2000), Hobbes et al. 

(2003) Tütken (2003, 2004, 2010), Maurer et al. (2012), and Styring et al. (2019). Many studies all over 

the world were carried out on the mobility of humans and animals, it would be too much to mention 

all the researchers here, although they for sure obtained elementary results and would deserve it. In 

any case the fundamental work of Price and his colleagues should be mentioned, who established the 

isotopic application on archaeological questions (1994a,b, 2000). His school generated scholars whose 

work extended our knowledge immensely, especially in methodical developments (Price et al. 2002; 

Knipper 2004). Models of seasonal mobility of prehistoric herders were obtained (Balasse et al. 2002), 

as well as migration patterns on prehistoric humans all over the world (e.g., Price et al. 2001, 2004). In 

terms of oxygen analyses fundamental research in questions of animal management, seasonal feeding 

practices and seasonality of birth as well as weaning practices of domestic animals were undertaken 

by Balasse and colleagues (2002, 2003, 2006, 2007, 2012).  

Although isotopic analyses based on strontium and oxygen are meanwhile an accepted and 

well-established tool in archaeology, the investigated regions in the Near East and Central and South 

Asia are still rare. Extensive studies about important neighbors in the Indus Valley were carried out by 

Kenoyer and scholars respectively Chase with colleagues. Kenoyer (et al. 2013) examined based on 

strontium analyses the connections between the Indus Valley and Mesopotamia. Later they went more 

into detail and studied the patterns of selective urban migration in the Indus Valley applying lead and 

strontium analyses (Valentine et al. 2015). Chase (et al. 2014) analysed faunal remains and the pastoral 
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land-use of the Indus Civilization in Bagasra in the lower Indus Valley. Further east, a working group 

from Beijing University established the first bioavailable strontium map for China (Wang and Tang 

2020) and examined the mobility of pre-Silk Road populations in the Pamir Mountains (Wang et al. 

2016) as well as multi-approaches on populations in the Lop Nur region in Central China (Wang et al. 

2020). To the southwest, intensive studies were carried out by Gregorizka (2013) on residential mobil-

ity and social identity during the EBA on the Arabian Peninsula. She included material from Bahrain, 

UAE, the Failaka Island and Tepe Yahya in Iran in her studies. In the northwest, Gerling (2012, 2013, 

2015) analysed a huge ensemble of human remains from the Pontic Steppe and the Volga Region and 

wrote a very detailed PhD thesis on the mobility and subsistence pattern between the 4th mill. BCE and 

the 3rd cent. BCE. She obtained important strontium and oxygen ranges which will be relevant for fol-

lowing discussions. Closer and quite important for this work are the studies of Makarewicz and her 

students who for years advanced intensive studies on the pastoral communities in Central Asia (cf. 

Ventresca Miller and Makarewicz 2018). Based on strontium and oxygen analyses, they examined the 

mobility of Bronze Age populations from northern Kazakhstan (Ventresca Miller et al. 2017, 2018), as 

well as their subsistence patterns, pastoral land-use and seasonal animal management (Ventresca Mil-

ler et al. 2014, 2019a,b, 2020; Ventresca Miller and Makarewicz 2018). Further they studied the die-

tary connectivity of urban and nomadic humans along Central Asia’s Silk Road (Hermes et al. 2018), 

and the millet cultivation and sheep/goats mobility along the Inner Asian Mountain Corridor (Hermes 

et al. 2019). Concerning the examination on strontium and oxygen isotopes, Iran and southern Central 

Asia remains a little bit a blank area. One study (not accessible outside of Iran) was performed on 

subsistence patterns based on strontium analyses of the Parthian and Sasanian site of Valiran in the 

suburbs of Damavand city east of Tehran (Azizipour et al. 2010). Several isotopic and trace elements 

analyses on obsidian from north-western Iran were examined by Abedi and colleagues (2018), but 

strontium analyses on human or animal remains are still rare. Kasiri and Karimi (2017) performed 

strontium and trace element analyses on Iron Age humans from the Blue Mosque in Tabriz. Also inves-

tigated was site of Tepe Silveh, in Piranshahr region in north-western Iran revealing a high rate of im-

migrants of this Late Chalcolithic to BA site (Kasiri and Abedi 2020). Another study was performed on 

human remains from the Iron Age cemetery in Gohar Tepe on the Caspian Sea shore, also indicating a 

high rate of immigration for this site (Sheikhshoaee and Niknami 2018). Unfortunately, the Iranian data 

were conducted using a single collector ICP–MS (quadrupoles) and are therefore not comparable to 

the data discussed in this study.5  

Not related to isotopic investigations but in any case, relevant to this thesis are paleogenetic 

studies (e.g., Heyer et al. 2009; Haak et al. 2015; Broushaki et al. 2016; Damgaard et al. 2018; Mehrjoo 

et al. 2019; Narasimhan et al. 2019). Results showed, that already multiple, genetically differentiated 

hunter gatherer populations in Neolithic SW-Asia adopted farming through an eastward expansion 

from the Zagros region (Broushaki et al. 2016). A large study of the Harvard University generated ge-

nome-wide data from 362 Bronze and Iron Age individuals from eastern Iran, Pakistan, Uzbekistan, 

Turkmenistan, Tajikistan, and Kazakhstan. They obtained a spread of genetic ancestry southward from 

the Eurasian Steppe, which correlates with archaeological expansion of pastoralist sites from the 

Steppe to Turan during the MBA. The Steppe communities were genetically mixed with the people of 

the Oxus Civilisation in the IA periods, but there is no evidence that the main Oxus population 

 
5 Because of having only one collector, this ICP-MS must change its voltage from AC to DC continuously to be 
able to measure different masses. As a result, the 87Sr and 86Sr are not measured at the same time with the same 
condition and therefore the precision of the 87Sr/86Sr cannot go beyond 4 digits. With the multi-collector ICP MS, 
such as the one used for this study, all masses are measured at the same time and therefore the NEPTUNE can 
provide the precision up to 6 decimal places. 
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contributed genetically to later South Asians. Instead, Steppe communities integrated farther south 

throughout the 2nd millennium BCE (Narasimhan et al. 2019).  

 

 

 

2.2.2. Mobility and migration in theory 

 

“Cultures do not migrate. People do!” (Anthony 1990: 908) is probably the most cited and famous 

sentence in terms of migration and perfectly reflects the discussion led among researchers, respec-

tively not led. Because hardly tangible through archaeological remains, moreover unsystematic, mi-

gration was long ignored by archaeologists, or reduced to the spread of material cultures. Since iso-

topic and paleogenetic investigations offer scientists a reliable source to record regular and sporadic 

movements of humans and animals, this abstract matter became catchable and present-day indispen-

sable. The subject of mobility and migration was never of more importance than today, where political 

events and economic, respectively ecological crises force millions of people all over the world to leave 

their homes and search for a better future in faraway countries. Per definition mobility and migration 

are existential elements of life on earth. All creatures are subject to migrations for reasons of foraging, 

space limitation, reproduction, evolutionary pressure, competition, climatic changes or maintaining 

power. Just as the migration of people and merging of cultures took place in any region of the world 

through all times. The definition of migration encloses all migratory movements, such as i.e., optional 

migrations like the search for better living, working or education conditions; structural migration like 

pastoralism and nomadism for the use of natural, economic and social resources; and even migrations 

forced by political, social and economic hardship (Nuscheler 1995: 44). The research history of mobility 

and migration concepts in archaeological contexts were described in detail by e.g., Anthony (1990: 

896–897), Burmeister (2000: 539–540), Prien (2005: 11–48), Knipper (2004: 632–638). The underlying 

theories were discussed in great depth in Prien (2005: 12–23), a summary is provided by Gerling (2015: 

73–82). The material investigated in this study turned out to be unsuitable for the application of theo-

retical models since the number of samples is too small and no comparative studies are available. 

Hence, only a short introduction into the general models will be given here. 

The foundation for many following migration models was laid, when Ravenstein postulated 

eleven laws of migration in 1885, based on studies in Great Britain and the United States. He pointed 

out a mobility pattern, which included a usual short-distance pattern, but if long-distance migration 

took place, urban centres were mainly the destination of the migrants (Ravenstein 1885, 1889). Greab-

ner shortly afterwards established the concept of cultural areas (“Kulturkreise”) (Greabner 1911). Gor-

don Childe adapted this approach to postulate the expansion of Neolithic farming, he stated that mi-

gration and diffusion between defined societies were among the primary factors in intersocietal rela-

tions and social evolution (Childe 1925, 1930, 1958), but argued that archeological cultures neverthe-

less really do stand for “societies” (Childe 1958: 10). The fundamental problem of recording migration 

due to material legacies arises from the fact, that there is no inseparable connection between the 

human individual and material culture. For this reason, many different models and definitions exist in 

the meanwhile and were subject to different archaeological studies (e.g., Burmeister, 1998; 2000; 

Prien 2005; Wendrich and Barnard 2008; Anthony, 1990; 1992; 1997; 2000, Neustupný 1981, 1983; 

Chapman and Dolukhanov 1992; Chapman and Hamerow 1997a). Kristiansen postulated “Migration is 

likewise a covering concept of the movement of people, from whole populations to smaller groups” 

(Kristiansen 1989: 220). Anthony´s work is probably the most impacting. He summarizes “migration 

can be understood as a behaviour that is typically performed by defined subgroups (often kin-
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recruited) with specific goals, targeted on known destinations and likely to use familiar routes” (An-

thony 1990: 895–896). Clark stated “migration is a relatively short-term, long-range process or event 

involving mass population movement” (Clark 1994: 306). Migration is generally seen as a necessary 

process, correlating with subsistence strategies like nomadism, or pastoralism. The terms of “mobility” 

and “migration” are often used simultaneously; indeed, both are tightly connected to each other and 

mobility patterns like nomadism or pastoralism are as well designated as structural migration. But in 

the general definition, different ways of movements are associated: migration generally implies a per-

manent spatial relocation of one or several individuals, subgroups, or complete populations (fig. 2.4; 

Clark 1994; Prien 2005), whereas mobility represents the wider variety of special movements and 

therefore the more complex dynamic interactions.  

 

 
 

Fig. 2.4: General scheme of a migration process after Gerling 2015: 80 fig. 4.2. Stars symbol-
ize temporary stays or residences. 

 

 

Burmeister (2013: 36–37) defines mobility as a social or spatial change of single individuals or 

groups of people. Social mobility is subject of anthropological and applied social studies and will not 

be further discussed here. Spatial mobility concerns movements of humans and animals, but also the 

transfer of objects (Knipper 2004: 632). Two general types can be distinguished: the regular mobility 

in non-sedentary or partly sedentary societies; and the irregular mobility in sedentary communities 

(Champion 1990: 214). The definition stays vague since these two groups are not always clearly delim-

itable, and fully nomadic or entirely settled lifestyles can rarely be defined (fig. 2.5). Instead, a variety 

of different degrees of mobility exist, which were especially in Central Asia deeply connected to each 

other (Khazanov: 1984), not only through trade or the exchange of resources, but also through a ge-

netic mix (Quintana-Murci 2004; Damgaard et al. 2018; Narasimhan et al. 2019). Sedentary communi-

ties are generally assumed to stay in one place, but including short term movements or sporadic mo-

bility of subgroups like herders, traders, or craftsmen (Wendrich and Barnard 2008: 11). In connection 

with animal husbandry several transitional forms of mobility existed in sedentary communities, such 

as e.g., transhumance, sedentary pastoralism, or distant-pastures husbandry (Knipper 2004: 658). Mo-

bility patterns like nomadism and semi-nomadism, as well as pure hunter-gatherer societies, are not 

assumed for the communities in southern Central Asia, and will therefore not further be discussed. A 

summary on the different lifestyles in the northern steppe communities is provided by Gerling (2015: 

75–78), and a discussion of mobility and migration concepts in Central Eurasia is given by Frachetti 

(2011).  
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Fig. 2.5: General schemes of mobility patterns, where circles indicate social groups with small 
inner circles representing group segments and stars symbolize resources or pastures after 
Gerling 2015: 76 fig. 4.1. 

 

 

 

2.2.3. Biological background 
 

The mammals´ body is made of food and drink consumed during life, or better “you are what you eat” 

(Kohn 1999). The chemical differences of what we´re consuming during a lifetime are transmitted and 

recorded in the body tissues. The here relevant chemical elements carbon and nitrogen (C, N) enter 

the body mainly through food, while the elements oxygen and strontium (O, Sr) are mainly ingested 

through water (Tütken 2010: 33–36). Hence, the isotopic composition of body tissues as bones, teeth, 

nails, and hairs reflects the characteristics of the consumed food and ingested water.  

 

 
Fig. 2.6: Pie charts of the chemical composition of tooth enamel (left) and bone (right). Data taken from Chieruzzi et al. 
2016: 3 table 1. 

 

 

Bones are living tissue supplied with blood, and represent the stabilizing part of vertebra skel-

etons. They consist of a “soft” organic matrix (25%) and a “hard” bound mineral phase (65%) which 

enable a strong endoskeleton that is still light and flexible (cf. fig. 2.6). For an excellent description of 

the detailed histology and chemical composition of the body tissues and their metabolisms cf. Tütken 

2003: 2–14, 2010: 33–36. The organic matrix is mainly buildup of the structural protein collagen, which 
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consists of amino acids bound together in form of a triple helix known as the collagen helix. Collagen 

is synthesized out of the protein content in the food; the collagen helices mainly consist of carbon, 

nitrogen, and sulphur compounds, which accordingly determine the ratios of δ13C/12C, δ15N/14N and 
34S/32S6 isotopic composition of the collagen. The inorganic mineral phase mainly consists of calcium-

phosphate compounds as Hydroxyapatite (60%) but also of other phosphatic minerals as Dahlit, 

Monetit, Whitlokit, and Brushit (Tütken 2003: 3). Hydroxyapatite [Calcium-hydrogen-phosphate 

Ca10(PO4)6(OH)2] is the basic substance of all hard tissues in the body and the main bone and tooth 

mineral (in enamel 95%, dentine 70%, bones 45%). It derives from body fluids bonding several trace 

elements as e.g., strontium (Katzenberg 2008: 416; Tütken 2010: 34) and is relatively simple extracted 

by chemical treatment, hence perfectly suitable for isotopic analyses. 

 

 

 
Fig. 2.7: Top: Formation periods of human bone tissues after Tütken 2010: 35 fig. 2. Bottom: Mineralization phases 
of tooth enamel (black) and dentine (white) after Knipper 2004: 602 fig. 6 and Tütken 2010: 35 fig. 2. 

 

Bones are, in contrast to tooth enamel, remodeled throughout the whole life and store chem-

ical information over the last years of life. The remodeling rate is depending on age, health and type 

of the bone, the isotopic composition of the bone reflects the long-term averages of the last years of 

life. The provided time span is depending on the analysed bone and can vary between 5 and 20 years 

(cf. fig 2.7; Tütken 2010: 35). The remodeling rate of cortical bones is 2–3% per year, while the rate of 

cancellous bones is around 24%. Hence, long-bones as femur, tibia or cranium have slow remodeling 

 
6 Analyses of sulphur have not been performed in this study and will therefore not be further discussed. 
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rates of 20 to 30 years, whereas ribs or pelvic bones have faster turnover rates of 5 to 10 years (Knipper 

2004: 610–615; Tütken 2010: 35). 

The teeth of mammals consist of a crown and a root. The crown, the visible part of the tooth, 

is consisting of a thin layer of enamel (1–2 mm), which is underlain by a thicker layer of dentine (2–

3mm) (Hillson 1986, 1996, 2005). Tooth enamel is the hardest biologically formed tissue in the human 

body, consisting up to 97% of minerals such as apatite crystals. The highly mineralized tooth enamel 

has a much lower porosity than dentin and bone (Hillson 2005) and does therefore undergo little dia-

genetic processes, what renders them a very suitable material for isotopic investigations (cf. Tütken 

2010). Humans undergo two phases of dentition: the primary teeth (deciduous or milk teeth) are al-

ready formed at the time of birth, erupting within the first 1–3 years of life. The secondary or perma-

nent teeth also start formation before birth and replace the primary teeth between the ages of five 

and twenty (Hillson 1986; 2005). The first molars are the earliest and start mineralizing already before 

birth. The third molars are the last of the permanent teeth; however, they start variably between the 

7th and 14th year of life and complete their genesis between the 12th and 18th (cf. fig. 2.7).  

The mineralization of tooth enamel occurs continuously from the crown to the root. The same 

can be stated for dentine, although it follows a different metabolism. The mineralization of enamel 

takes place during the formation of the teeth in childhood and does not undergo any changes after. 

Therefore, this fixed elemental and isotopic composition reflects the food and drinking water con-

sumed within the first years of life or childhood (Hillson 2005). Dentine builds up the most part of the 

root and the crown. Three types of dentine can be distinguished: primary, secondary and tertiary den-

tine. The structural organization and chemical composition of primary and secondary dentine are iden-

tical. But primary dentine represents the biggest fraction (cf. fig. 2.8) and is only synthesized until the 

root complete formation as it does not undergo remodelling after. On the other hand, secondary den-

tine, which is present only as a thin layer in the pulp, is synthesized at a lower rate than primary dentine 

and is continuously renewed during the whole life of the tooth. Tertiary dentin is the reparative form 

of dentine and synthesised only when the tooth 

undergoes pathological stimulations (Hillson 

1996; Bleicher et al. 2015). 

 

 

 

Fig. 2.8: General organization of a tooth after Goldberg 2014: 
fig.5.1. 
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2.2.4. Isotope analyses on archaeological material 
 

Stable isotope analysis provides individual, quantitative evidence about past life. Human or animal 

body tissues reflect the isotopic composition of ingested food and water during lifetime. The fact that 

tooth enamel is synthesized during childhood and does not change afterwards, and that bones un-

dergo a continuous modification during the whole life, allows to gather information on humans´ and 

animals’ origin and mobility on the scale of lifetime (Sr, O). Furthermore, they enable the reconstruc-

tion of nutrition patterns of ancient populations (C, N), as well as the reconstruction of paleoenviron-

mental conditions (O, C) (fig. 2.9). 

 

 
 

Fig. 2.9: Schema of elements and their isotopes in hydroxyapatite and the organic collagen matrix of bones which are 
relevant for nutritional and environmental reconstruction and their possible applications after Tütken 2010: 34 fig. 1. 

 

 

 

2.2.4.1. Mobility and migration according to strontium and oxygen 
isotopes 

 

The concept of mobility, respectively migration, is comprised of three distinct patterns, which can be 

identified through isotopic studies (Chapman and Hamerow 1997; Banard 2008). Long term migration, 

demonstrated by the movements of whole populations to a new region, which actually has more im-

pact on the genetic diversity but can with luck be distinguished through isotope analyses (isotopes can 

only expose first-generation migrants). Lifetime mobility of single individuals or groups, including the 

movement between the place of birth to another place to live, can be clearly distinguished through 

isotopic studies. The same is true for yearly mobility or seasonal movements of single humans, groups, 

or populations. In the meanwhile, analyses of strontium (87Sr/86Sr) and oxygen (18O/16O) constitute a 

reliable method for tracking human and animal origins and mobility at a lifetime scale. Many studies 

were carried out to investigate and prove this approach on archeological material (among many others 

Ericson 1981, 1985; Longinelli 1984; Luz et al. 1984; Sealy and Armstrong 1995; Price et al. 1994a,b, 

2002; Grupe et al. 1997, 2017; Poage and Chamberlain 2001; Knipper 2004; Slovak and Paytan 2011; 

Gerling 2015; Lightfood and O´Connell 2016; Ventresca Miller and Makarewicz 2018) 
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2.2.4.1.1. Basic Principle of 87Sr/86Sr isotopes 
 

Strontium (Sr) belongs to the alkaline earth metals and is present in almost all rocks and soil types as 

a trace element in measurable contents. Strontium occurs naturally in four stable isotopes, of which 

three are not radiogenic (not evolved through radiogenic decay): 84Sr (w0.56%), 86Sr (w9.87%), and 88Sr 

(w82.5%). 87Sr is the only radiogenic daughter isotope of strontium, involving approximately 7.04% of 

total natural strontium. 87Sr evolves through the radioactive decay of Rubidium 87 (87Rb) with a half-

life of 48.8 × 109 years (Faure 1986: 119; Stanley and Faure 1979). The 87Sr content is thus correlated 

to the concentration of 87Rb and influences the 87Sr/86Sr ratio. The more 87Rb was present in the rock 

and the older the rock, hence the more time 87Rb had to decay into 87Sr, the higher is the content of 
87Sr. Regarding the earth's “only” approximately 4.6 × 109 years of history, the decay of 87Rb into 87Sr 

happens so slowly that it has no relevance to our “young” archaeological periods. Hence, the content 

of 87Sr is measured against the content of the non-radiogenic 86Sr isotopes to answer archaeological 

questions and can be considered as characteristic of the respective rock (Knipper 2004: 596–597). Old 

geological formations and felsic rocks, such as granitoids, are characterized by very high content of 
87Rb and have therefore a high 87Sr/86Sr ratio between 0.710 – 0.740 (e.g., Goldstein and Jacobsen 

1988; Rudnick and Goldstein 1990; Fernandez et al. 2016). Nevertheless, old rocks or felsic rocks can 

reach values higher than 0.8 for rocks characterized by a very high 87Rb content and low 87Sr content 

resulting in a very high 87Rb/87Sr ratio. Younger rocks and basic rocks, like basalts, have a low 87Rb 

content, resulting in lower 87Sr/86Sr ratios of 0.703 – 0.704 (Knipper 2004: 597; Bosch et al. 2014). At 

present the 87Sr/86Sr ratio of ocean water is 0.70918 (McArthur et al. 2000). This value is homogenous 

throughout the whole world. It is impacted by the weathering of the continental crust, volcanic activi-

ties and the dissolution of marine carbonates. The strontium content in the ground is depending on 

weathering minerals, ground and running waters, atmospheric precipitation and modern fertilizers 

(Faure and Mensing 2005). 

 

 
Fig. 2.10: Simplified sketch of the strontium cycle showing important processes that affect the 
strontium composition before it reaches the skeletal material of animals and humans after 
Willmes 2015: 25 Figure 1.1. 
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The ratio of 87Sr/86Sr in the mammals´ bodies depends on water sources and the mineral salts 

extracted from rocks by water (fig. 2.10). The water drunk and food eaten by an organism is thus di-

rectly connected to geological substrates of the habitat. Dissolved out of rocks by the groundwater 

strontium permeates through rivers and other water sources into the soils and therefore into the 

plants. Eaten by herbivores and omnivores it enters the human body and is incorporated into hydrox-

yapatite of hard tissues in substitution to Ca2+. Strontium ions are chemically very similar to calcium 

ions (Ca ions) and can replace them in the crystal lattice. Although strontium does not have a relevance 

to mammals’ metabolisms, a certain percentage is incorporated in different body tissues throughout 

the whole life and can be used to create an individual curriculum vitae.  

The results of strontium isotope analysis describe the content of 87Sr in a sample compared to 

the content of 86Sr applicating the following equation and are expressed as 87Sr/86Sr: 

 

 
 

Due to fractionation processes some stable isotope ratios vary in geochemical and biological systems. 

Strontium, in contrast to the light isotopes of oxygen, carbon and nitrogen, is a heavy isotope, which 

does not undergo fractionation processes through natural processes, caused by temperature, body 

metabolism, or photosynthesis (Price 2007: 427). Hence, the 87Sr/86Sr ratios can be directly compared 

to the surrounding geological formations. 
 

 

 

2.2.4.1.2. Basic Principle of δ18O isotopes 
 

Oxygen is one of the main elements for life on earth and with 21% the second most occurring element 

in the atmosphere. Plants synthesize oxygen through photosynthesis, humans and animals ingest ox-

ygen through breathing (O2), the intake of water (H2O), and in a smaller percentage also in the form of 

food (Campbell 1997: 1255–1260). The inhaled oxygen is transported by the blood, ending up in the 

mitochondrial respiratory chain. Whereas the oxygen ingested through water and food is incorporated 

in the phosphate compound (PO4
3-), the structural carbonate (CO3

2-), and the OH-group of hydroxyap-

atites of bones and teeth. The ratio of the oxygen isotopes 18O/16O (δ18O) in homoeothermic mammals 

therefore mirrors the different sources of incorporated water, like drinking water and the water con-

tained in edible plants (e.g., Balasse et al. 2002, 2009). These isotopes are also significant in relation to 

the surrounding habitat, as it reflects the constitution of local meteoric water, derived from precipita-

tion as rain, snow, and moisture. Water from food and atmospheric oxygen can be considered as mi-

nor, secondary sources (Luz et al. 1984; Sjögren and Price 2012). Rainwater, respectively clouds contain 

both isotopes, H2
18O has a greater mass than H2

16O and therefore requires more energy to evaporate 

and more to stay in the atmosphere. After evaporating over the sea, clouds move into the continent 

and the heavier H2
18O will rain down earlier while H2

16O stays longer in the clouds (fig. 2.11). Hence, 

the oxygen composition is varied by different factors such as humidity, temperature, rain shadow ef-

fects, altitude, latitude, and distance from the sea (Longinelli 1984; White et al. 2004; Sjögren and Price 

2012). It can be an evidence of local water sources and climate conditions in which an individual grew 

up and lived, and therefore another indicator for the origins and movements of humans and animals 

(Luz et al. 1984; White et al. 2004; Bentley and Knipper 2005; Sjögren and Price 2012).  
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Fig. 2.11: Oxygen isotopes in hydrological cycles and geographic variation after Sjögren and 
Price 2012: 693 fig. 3. 

 

Oxygen occurs in three stable isotopes: 16O (99.76%), 17O (0.04 %), and 18O (0.2%) (Faure 1977: 

430; Sjögren and Price 2013: 4). For isotopic measurements the content of 18O against 16O are com-

pared to each other and expressed after the following equation (after Faure 1977: 430):  

 

 
 

Oxygen isotope ratios in structural carbonate (δ18Oapa) are reported relative to the PDB (Pee 

Dee Belemnite) or V-PDB (Vienna Pee Dee Belemnite) standard. Whereas oxygen ratios in the phos-

phate group (δ18OPhospate) are measured relative to the SMOW (Standard Mean Ocean Water) or V-

SMOW (Vienna Standard Mean Ocean Water) standard. Both are linearly correlated to each other and 

can be converted for comparisons (Faure 1977: 431–432; Chenery et al. 2012: 309–319). In the past, 

the application of δ18OPhospate was more prevalent. Nowadays, although structural carbonate undergoes 

more diagenetic alterations (Katzenberg 2008: 417, Tütken 2010: 33), the use became more common, 

as the chemical extraction is much easier and cheaper, less material is needed and the results between 

laboratories are more comparable (e.g., Chenery et al. 2012). 

The oxygen signal of an individual is not only impacted by the surrounding habitat but also by 

several physiological factors, such as individual metabolism and water intake, body temperature, or 

heat loss mechanisms (Makarevicz and Pederzani 2017). Moreover, culturally related manners like the 

intake of brewed, fermented, or cooked beverages can affect the oxygen ratios, as studies showed 

alterations of up to 1.5‰ (Brettell et al. 2012; Royer et al. 2017). Another factor alternating the δ18O 

ratio is weaning: in body tissues milk is enriched of around 1–2‰ in δ18O (White et al. 2004: 233). 

Additionally, seasonal variations have to be taken into account: The mineralization of body tissues 

generally covers a period of several years and might be impacted by seasonal changes through time. 

Central Asia is dominated by a dry, hot, and arid vegetation. Groundwater sources like springs, wells, 

rivers, or lakes may have been available on a seasonal basis differing over time (Ventresca Miller 2018). 

Moreover, many regions in the world as e.g., tropical zones have similar δ18O values, ranging from 
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approximately -2.0 to -8.0, rendering an isotopic distinction of these regions difficult (Bowen et al. 

2005, Sjögren, Price 2013). Due to all these different impacts and the thereby resulting uncertainties, 

oxygen ratios represent the most challenging part of isotopic interpretation and will be treated with 

caution.  

 

 

 

2.2.4.1.2.1. Variations in the δ18O ratios 
 

Oxygen in precipitation underlies different natural factors such as humidity, temperature, rain shadow 

effects, altitude, latitude, and distance from the sea (Longinelli 1984; White et al. 2004). Concerning 

the here investigated region, the impact of temperature and aridity represents the strongest effect. 

The δ18O ratio of precipitation is increasing with higher temperature. Studies give for a moderate cli-

mate an approximate alteration between -0.4 and -0.6‰ per °C in the δ18O ratio of precipitation 

(Siegenthaler and Oeschger 1980: 317; Rozanski et al. 1993). But high temperatures, respectively high 

aridity and a low rain-fall lead to adaptations of plants and animals, further impacting the human iso-

topic compositions. Plants that flourish in dry environments developed special mechanisms to avoid 

water loss (stoma) and cover their water supply through humidity such as dew, resulting in an enrich-

ment of δ18O. Animals that live in dry habitats like gazelles, camels, but also ovicaprids adapted their 

metabolism and cover their water need mainly through the consumed plants. Again, both mechanisms 

depend on different factors as seasonal periods, the grade of heat and prevailing temperatures, thus 

the standardized calculation for hot and arid vegetations zones remains difficult. 

The “continental effect” describes the correlation between δ18O of precipitation and the dis-

tance from the sea. After the clouds formed over the ocean, with each rain shower over the continent, 

the heavier 18O isotopes rain down first, while the lighter 16O stay in the clouds. Hence, an increased 

distance to the sea causes a decrease in 18O resulting in lower δ18O ratios. Sharp established an ap-

proximated correlation of 1.5‰ in summer and 3‰ in winter for each 1000 km (Sharp 2007: 83). 

The “altitude effect” describes the decrease of δ18O in precipitation with increasing altitude, 

caused by similar reasons and the raining out of the heavier 18O. Depending on the region different 

correlations between 0.2‰/100 m and 0.4‰/100 m were established (e.g., Siegenthaler and Oeschger 

1980; Longinelli et al. 2006). Poage and Chamberlain compared different studies all over the world 

with elevations up to 5000 m and obtained a gradient of 0.26‰ per 100 m difference in altitude (Poage 

and Chamberlain 2001).  

The “latitude effect” describes the decrease of δ18O in precipitation with increasing latitude. It 

correlates with the temperature, the continental effect, and the rate of rain, hence the “washing out” 

of 18O. Studies showed different correlations between approximately -0.5‰ per 1000 km (Sharp 2007: 

83) and -2.1‰ (Lécolle 1985: 174).  

 

 

 

2.2.4.2. Paleodiet according to nitrogen and carbon isotopes 
 

Collagen is the main cell-wall protein in all mammals and it exists in all body tissues (even enamel with 

1.5%, fig. 2.6). Hence, theoretically it can be extracted from all body tissues. Bone compacta yield an 

average content of 28.5% of collagen, tooth dentin 18% (Hedges and Reynard 2007; Tütken 2003). In 

archaeological science the extraction of collagen out of bone compacta is a common and comparable 
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tool to gain insights on the diet of a person and nutrition pattern of population, established by many 

studies all over the world (among many others: Chisholm et al. 1983, 1989; Hare and Estep 1983; Am-

brose 1987, 1993; DeNiro 1987; Grupe et al. 1987; Keegan, DeNiro 1988; Dorozynski, Anderson 1991; 

Schwarcz and Schoeninger 1991; Schoeninger and Moore 1992; Norr 1995; Koch 1998). 

 

 
Fig. 2.12: Marine and terrestrial nutrition chain after Campbell 1997: 
1247 fig. 49.1. 

 

 

2.2.4.2.1. Basic Principles of δ15N isotopic ratios 
 

Nitrogen is one of the primary nutrients essential for the survival of all living organisms. Although ni-

trogen is very abundant in the atmosphere (N2 78.08% with 0.36% 15N and 99.64% 14N), it is largely 

inaccessible in this form to most organisms. Nitrogen isotopes which can be further processed into 

amino acids, are critical to all mammals since they are the basic modules of all proteins, and can be 

ingested only through the intake of food, respectively out of the proteins in the food (cf. fig. 2.12). The 

ratio of nitrogen 15N/14N (δ15N) in bone collagen therefore provides information on the content of pro-

teins in the diet. Plants form the basis of the nitrogen cycle. They are the only creatures which are able 

to bind the nitrogen and synthesize it into collagen for their cell-walls through a symbiosis with nitro-

gen fixing bacteria (Rhizobia). Humans and animals are depending on this ability of the plants to yield 

their essential nitrogen. Due to several fractionation processes during the metabolism, the δ15N ratio 

is increasing with the trophic level of a species (cf. e.g., Campbell 1997: 1247–1249 and fig. 2.13).  

As producers like plants, mushrooms, and lichen form the basis of the nutrition pyramid, they 

are commonly used to establish an isotopic baseline (cf. fig. 2.12), specific for the biological habitat, 

vegetation, and climate of an ecosystem. Wild and domestic herbivores as e.g., sheep/goats, cattle, 

deer, gazelles, onagers as specialists in food consumption represent the first step of the consumers in 

the food web. Omnivores represent the second step of the nutrition pyramid. Also called generalists, 

they cover a high variability in the animal kingdom, belonging to all species. Typical omnivores are next 
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to humans, boars, bears, monkeys, but also crows, cockroaches, fish, ants and mushrooms can be om-

nivores. Also, foxes, wolfs and dogs, although preferable carnivores, but especially dogs when living 

contiguously to man are opportunistic generalists. The classification of carnivores depicts the topmost 

step of the food chain, but depending strongly on natural opportunities. Typical carnivores are cats, 

raptors or scavengers, but especially in sparse environments they sometimes tend to an omnivore diet. 

To summarize, omnivores show enriched δ15N values compared to herbivores, and carnivores show 

enriched δ15N values compared to omnivores. Assuming known and uniform values of the plants at the 

base of the food chain, a distinction can be made between herbivores, omnivores, and carnivores due 

to the “trophic level effect”. The trophic level effect causes an increasing δ15N value of 3–5‰ with each 

step of the food chain (Bocherens and Drucker 2003; Hedges and Reynard 2007) and is the base for 

the calculation of the trophic level of an individual. 

 

 
Fig. 2.13: Nitrogen cycle after Campbell 1997: 1258 fig. 49.11. 

 

 

The 15N/14N (δ15N) ratios are measured and reported relative to the AIR standard (atmospheric 

nitrogen) after the following formula and expressed in parts per million (‰) (Faure 1977: 513–514; 

Schoeninger and DeNiro 1984: 630).  

 

 
 

Absolute δ15N values of humans and animals not only depend on the content of proteins in the 

diet, but also on different factors as e.g. water accesability, temperature, salinity, or soil types (e.g. 

Bocherens and Drucker 2003, Schwarcz and Schoeninger 2011). Water stress in plants, caused by arid-

ity and dryness due to low rainfall, can lead to an increase in δ15N, its consumption impacting the δ15N 

ratios of herbivores and omnivores (Heaton 1987; Ambrose et al. 1991; Hollund et al. 2010; Schwarcz 

and Schoeninger 2011). Several studies also showed a correlation between a high salinity of the soil 
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animals are grazing on and an enrichment in δ15N (Heaton 1987; Britton et al. 2008). Moreover, the 

arise of manuring techniques and an increased application through times lead to an enrichment in δ15N 

in animal and therefore also in human tissues (Frasier et al. 2011; Bogaard et al. 2013, 2016). The 

consumption of freshwater and marine fish also leads to an increase of the δ15N values. Fish live in 

diverse marine and freshwater habitats and belong to different trophic levels (detritivore, omnivore, 

piscivore), resulting in highly variable δ15N values (Katzenberg and Weber 1999; Katzenberg 2008; 

Göhring et al. 2016). Additionally, the consumption of fish is not always clearly detectable, since its 

part of the diet strongly depends on the availability, especially in dry environments, when rivers or 

lakes are seasonal. Also, the remains of fish in archaeological excavations are often overseen as they 

can mainly be detected through systematic sieving, which was rarely done especially in older excava-

tions. Another factor procuring an enrichment of δ15N is nursing (Katzenberg 2008; Reynard and Tuross 

2015). The higher percentage of proteins in milk, and the fact that it´s being the sole ingredient of the 

nurslings diet lead to an increase between 2–3‰ of nursed children to their mother. But also depend-

ing on the species, different mammals´ mothers milk display very diverse contents of proteins (e.g. 

camel, cow 3–3.5%, human 4–4.5%, polar bear 33%). Finally, the consumption of legumes like lentils 

or peas, which were quite frequent in Central Asia and Iran in pre-history, leads to a decrease in δ15N. 

As symbionts of nitrogen fixing rhizobia, legumes provide lower δ15N signatures, whereas non-legumi-

nous plants are more enriched in δ15N, thus having higher δ15N values. Consumers of legumes there-

fore have lower δ15N values than those eating non-leguminous plants (Katzenberg 2008), but a mix of 

both can hardly be distinguished.  

 

 
Fig. 2.14: Compilation of δ15N averages of herbivores from Central Asia. References: Yergueni (Y) Zund-Tolga 1 after 
Shishlina et al. 2009; Velikent (V), Aygurskiy (A) after Hollund et al. 2010; Mentesh Tepe (MT) after Herrscher et al. 
2018; Qabrestan (Q), Zagheh (Z), Sagzabad (S) after Bocherens et al. 2000; Tepe Chalow (TC) after Soltysiak at al. 
submitted, Geokchik Depe (GD), Misrijan (M) after Bocherens et al. 2006; Tashik, Temirkash after Motuzaite 
Matuzeviciute et al. 2015; Bestamak, Lisakovsk after Ventresca Miller et al. 2014. 
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Studies on European animals established for moderate climate zones δ15N ranges of herbivores 

around 6–7‰ and carnivores around 9–10‰ (Hedges and Reynard 2007: 1241–1242). But climatic and 

regional differences have a strong impact, so that in Central Asia different ranges were obtained (fig. 

2.14). Herbivores show an extremely wide range, strongly depending on the site and surrounding hab-

itat. The lowest results were measured on ovicaprids from Mentesh Tepe between 5.7‰ and 8‰ (af-

ter Herrscher et al. 2018). This is also the case for Velikent in the northern Pontic steppe, where low 

ranges from 4.6‰ to 7.4‰ are known (after Hollund et al. 2010). A red deer from Novosvobod-

naya/Klady in the northern Caucasus provided with 4.0‰ (after Shishlina et al. 2009) the lowest δ15N 

ratio of an herbivore. The highest were obtained from cattle in ranges between 13‰ and 14‰ (cf. 

Bocherens et al. 2006), but also ovicaprids from Yergueni and Aygurskiy revealed quite high δ15N ratios 

between 11‰ and 13‰ (cf. Shishlina 2009; Hollund et al. 2010).  

 

 
Fig. 2.15: Models for trophic level shifts in δ13C and δ15N. Top: general model from Europe 
after Gerling 2015: 248 fig. 6.1. Bottom: modified for Central Asia with references from 
Katzernberg 1999; Bocherens et al. 2000, 2006; Ventresca-Miller et al. 2014, 2018; Herrscher 
et al. 2018 and the results of this thesis. 
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Summarized herbivores δ15N ratios around the Caspian Sea range between 4‰ and 13‰ with 

a strong dependence on the surrounding habitat. Results of omnivores are less frequent, mainly wild 

boars were analysed, revealing δ15N ranges between 9.7‰ and 13.2‰ (cf. Bocherens et al. 2000; 

2006). Dogs showed a wide variety of δ15N ratios between 7‰ and 12‰, ranging between all trophic 

steps. Single carnivores were analysed providing highly diverse δ15N ratios. One cat from Geoktchik 

Depe (felix indet.) revealed a ratio of 16.4‰, a wolf from Sagzabad was in similar high ranges with 

15.5‰. A golden jackal from Tepe Chalow instead revealed a ratio of 10.9‰, hence carnivores ranged 

between 10.0‰ and 16.5‰ (cf. Bocherens et al. 2000; 2006; Soltysiak submitted).  

Fish are more independent of climate but due to very different nutrition forms they reveal 

highly variable δ15N ranges. Analyses of freshwater fish were performed by Katzernberg (et al. 1999) 

on fish from Lake Baikal. Ventresca-Miller et al. (2014) analysed fish from northern Kazakh rivers, and 

Herrscher et al. (2018) from Mentesh Tepe in the Kura Valley. The fish showed ranges between 6‰ 

and 7.3‰ of detritivore, omnivores ranged between 8.4‰ and 11.9‰, while piscivores ranged be-

tween 7.8‰ and 12.5‰ (cf. Katzernberg and Weber 1999: 656; Ventresca Miller et al. 2014: 534; 

Herrscher et al. 2018: 8). Richards and Hedges (1999) proposed an average of 9‰ ±3‰ for freshwater 

fish and marine carnivores between 8‰ and 22‰. For consumers of pure marine food, the δ15N aver-

age is proposed with 14‰ ±2.5 ‰ (Schoeninger and DeNiro 1984: 631; Chisholm et al. 1982: 1132). 

The illustration and comparison in fig. 2.15 demonstrate well the obvious alterations and the wider 

variety of both, δ15N and δ13C ratios. The results obtained in southern Central Asia and around the 

Caspian Sea show a strong dependence on climatic impacts (e.g., Knipper et al. 2020). Especially the 

results of plants indicating a complex adaptation to a hot and arid climate through a wide variety of 

δ15N ratios, impacting a distinct enrichment of the first consumers of herbivores. The enrichment of 

δ15N through external influences is also well reflected in the δ13C results, displaying increased δ13C 

ratios through all trophic groups. 

 

 

 

2.2.4.2.2. Basic Principles of δ13C isotopic ratios 
 

The ratio of stable carbon 13C/12C isotopes (δ13C) in vertebrate hard tissue provides information on 

different components in the diet and varies characteristically between different ecosystems and pho-

tosynthetic pathways (Smith and Epstein 1971; DeNiro and Epstein 1978; Schoeninger and DeNiro 

1984). Carbon, although one of the main building elements of living creatures, is relatively rare in the 

“earth-sphere”. Carbon isotopes are present in all spheres in different conditions of aggregations, 

mostly in the Lithosphere (99.8% in form of carbonate sediments; Hydrosphere 0.045% as H3CO4 and 

dissolved CO2), but only 0.001% in the Atmosphere (CO2) and the Biosphere (in form of proteins, fats, 

carbohydrates). Producers as plants, mushrooms, or phytoplankton absorb CO2 and convert it into glu-

cose and other carbohydrates, fats, and proteins through photosynthesis. Consumers as humans and 

animals, feed on these nutrients and metabolize them to their own carbohydrates, fats and proteins 

(cf. fig. 2.16). Hence, the nature of the carbon isotopes in body tissues depends on the plants eaten by 

humans and animals (Lee-Thorp et al. 1989; Ambrose and Norr 1993). 
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           Fig. 2.16: Carbon cycle after Campbell 1997: 1256 fig. 49.10. 

 

Plants can be generally distinguished according to the three different photosynthetic path-

ways. C3 plants synthesize glucose directly through the Calvin-Cycle as part of the photosynthesis. C4 

plants bind CO2 first and transport it into isolated compartments to avoid respiration before they run 

over into the Calvin-Cycle (cf. Campbell 1997: 214). CAM plants (Crassulacean acid metabolism) follow 

a special day-night cycle and are adapted to very arid regions, cactus plants e.g., belong to them, as 

well as bromeliads (pineapple) or agaves. As they are often uneatable, respectively not common in the 

studied regions, they will not be further discussed.  

Most food crops such as cereals, fruits, and vegetables, nuts just as all marine plants use the 

C3-cycle. C4 plants flourish in arid vegetation zones. Common C4 plants are sedge and gras families 

(Cyperaceous, Poaceae), millet, amaranth, corn, sugar cane and several herb species such as rosemary 

or harmala. C3 plants fractionate CO2 in a higher degree than their C4 cousins and reveal δ13C ratios 

between -20‰ to -30‰, as the C4 cycle leads to a reduction between -13‰ and -16‰ due to the 

intermediate step of C4 plants (O’Leary 1988). In hot and arid vegetation zones even between -17‰ 

and -9‰ (Bentley and Knipper 2005: 632). Concerning the regions studied here, not many investiga-

tions on plants exist. Some floral remains from the Caucasus were analysed by Shishlina et al. (2017) 

and Herrscher et al. (2018), revealing average δ13C values between -28.6‰ and -20.8‰ of C3 plants 

and between -12.6‰ and -12.1‰ of C4 plants. C3 plants from northern Kazakhstan, performed by 

Ventresca Miller et al. (2018), displayed δ13C values ranging from -30‰ to -23.6‰, while C4 plants 

δ13C values ranged between -15.2‰ and -14.5‰. According to the literature, the δ13C ratios of the 

consumer range between 0–5‰ higher than the consumed food (Schoeninger and DeNiro 1984; 

Chisholm 1989). Average δ13C ranges and the expected consumer ranges are summarized in tab. 2.3. 
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Table 2.3: Carbon isotopes ratio breakdown spanning from plants to carni-
vores showing the +5‰ collagen enrichment factor after Chisholm 1989: 33–
35. 

 

 

Carbon has three naturally occurring isotopes (12C 98,89%, 13C 1,11%, 14C 10−10%), while only 
13C and 12C are stable isotopes (the instable isotopes 10C, 11C, 15C, 16C existing only synthetic). For the 

reconstruction of paleodiet and past climatic conditions, the ratio of 13C to 12C is measured and ex-

pressed as δ13C in parts per million (‰). The δ13C ratio reported relative to the Vienna Pee Dee Belem-

nite carbonate standard (V-PDB) calculated after the following formula (after Faure 1977: 491).  

 

 
 

Carbon can be extracted from collagen and bioapatite. The δ13C ratio out of bone collagen 

reflects the contents of proteins in the diet (Bocherens and Drucker 2003). Structurally bound carbon 

in bioapatite derives from body fluids in general and comprises a mixture of all dietary components. 

The δ13C ratio out of bone apatite therefore reflects the whole nutriment spectrum. The difference 

δ13CCollagen and δ13CApatite (δ13Capa-col) can be used to infer trophic levels of humans and animals (Krueger 

and Sullivan 1984; Lee-Thorp et al. 1989; Ambrose and Norr 1993; Balasse et al. 1999; Codron et al. 

2018).  

The δ13C ratios are not only affected by the photosynthetic pathways, but also by factors as 

temperature and precipitation, as well as altitudes and seasonality (Bentley and Knipper 2005). An 

increasing temperature and aridity result in an alteration of +0.3 ‰ per °C. Plants growing in higher 

altitudes reveal, due to a lower partial pressure of CO2, an alteration of approximately +1‰ per 1000 

m difference in altitude. Also, the floral density of the habitat has an impact on the availability of CO2 

and therefore on the δ13C ratios. Plants growing at the bottom of the forest show more depleted δ13C 

of approximately 1–2‰ compared to plants growing on the top of the forest roof (Drucker et al. 2008).  

 

 

 

2.2.4.2.3. Diagenesis 
 

The term diagenesis describes the ambition of isotopes to penetrate from the surrounding milieu into 

the material. It represents another cause of possible alterations, that has the potential to critically 

Diet  

Average Carbon 

Isotopic Ratio 

Expected 

Consumer Ratio 

C3 plants only  - 26,5 ‰ - 21,5 ‰ 

C3 herbivore meat -25.5‰ -20.5‰ 

C4 plants only -12.5‰ -7.5‰ 

C4 herbivore meat -11.5‰ -6.5‰ 

Marine plankton only -19.5‰ -14.5‰ 

Marine herbivores´ meat -18.5‰ -13.5‰ 

Marine carnivores’ meat -17.5‰ -12.5‰ 
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impact isotopic results, as bones and tooth dentine are very sensible to this process – one that can 

strongly modify the original isotopic composition. Tütken (2003) wrote a very detailed PhD thesis about 

the diagenetic impact on different skeletal materials, which can be considered as the fundamental 

work, hence only a short summary will be given here.  

When a vertebra dies and the physiological activities stop, the body is exposed to post-mortem 

weathering and decay processes such as autolysis, putrefaction, decomposition and skeletonization 

(cf. fig. 2.17 and Behrensmeyer 1978; Budd et al. 2000; Denys 2002; Hedges 2002; Tütken 2003). In 

addition to bone size, temperature and humidity play a rigorous role in the diagenetic processes of the 

skeletal remains. Furthermore, environmental conditions like macro- and microbiological activities, 

ion-availability, Eh (redox potential of the availability of electrons), pH (availability of protons), but also 

biological conditions as the bone density impact the diagenetic processes (Tütken 2003, 2010: 37; 

Maurer et al. 2012: 227). The diagenetic processes are not fully understood yet, but the degree of the 

alternation is depending on ground conditions as aridity, temperature, soil watering. Sites with active 

water movements prove a higher dissolution of the buried material, whereas cold temperatures de-

crease the dissolution (Hedges 2002). Especially extreme conditions as very hot or very cold climate, 

can reduce or prevent the microbiological attack which is the opening door for diagenetic alterations. 

Based on the intensity of these chemical and geological factors the diagenetic alterations can endure 

over decades or might not take place at all (Tütken et al. 2004: 92). Depending on the conservation of 

the bones, but also age and origin, diagenesis effects, especially of “young”, well preserved material 

(compared to dinosaurs or neandertals even our Neolithic samples can be considered to be young), 

can be more or less completely eliminated by careful mechanical ablation of the topmost layers (~2 

mm) of the bone compacta followed by a specific leaching treatment with NaOCl and NaOH or acetic 

acid solutions (Hedges 2002: 322; Hoppe et al. 2003: 26; Tütken 2003: 217). But potential diagenetic 

alterations always have to be taken into account when interpreting isotopic data.  

The strong homogeneity in strontium results for Ulug Depe bones attracts attention, as all of 

them fall within a very narrow range. It may 

be feared that these results are caused by 

contamination through diagenetic pro-

cesses. Although Ulug Depe bones were in 

quite good conditions and leaching with 

strong acid should remove the diagenetic 

impact for isotopic measurements, the 

proof and comparison with the concentra-

tion of strontium in ppm was not per-

formed in this study. But both chemical ex-

tractions and the MC–ICP–MS measure-

ments were conducted in multiple sessions 

over a period of two years with each ses-

sion incorporating samples of different ma-

terial, species, and origins. Therefore, sys-

tematic mistakes within the analytical pro-

cess can be excluded. 

 

 
Fig. 2.17: Schema of post-mortal, taphonomic pro-
cesses impacting the fossilization before, during and 
after burying after Deny 2002: 470 fig. 1. 
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3. Material and Methods 
 

 

3.1. Material 
 

 

 

Fig. 3.1: Pie chart of performed isotope analyses. 

 

The project of isotopic investigations in southern Central Asia and Iran existed already several years 

before the work on this thesis started. The provided material was selected during different missions of 

archaeologists in the last years. The human material from Ulug Depe, Dzharkutan, Sapallitepa and 

Bustan were kindly provided by Julio Sarmiento-Bendezu and Johanna Lhuillier from the Centre na-

tional de la recherche and heads of the Mission archéologique franco-turkmène (MAFTur) and the 

Mission archéologique Franco-Ouzbèke Protohistoire (MAFOuz-P). The material from Tilla Bulak was 

granted by Kai Kaniuth from the Ludwig-Maximilian-University Munich, head of the excavation in Tilla 

Bulak. Elise Luneau from the German Archaeological Institute (DAI) liberally accomplished the material 

from Uzbekistan with the samples from Bashman 1 and Mike Teufer from the DAI kindly provided the 

human material from Gelot, Darnaichi and Saridzhar. The human remains from Tepe Sialk were sup-

plied by the Musée de l´Homme and kindly selected by Amelie Chimens. All faunal remains were liber-

ally provided by Marjan Mashkour out of the collection of the Muséum National d´Histoire Naturelle 

(MNHN) and of the Institut de Palé-

ontologie Humaine (IPH), the botani-

cal samples were generously se-

lected by Margareta Tengberg out of 

the collection of the Muséum Na-

tional d´Histoire Naturelle. The selec-

tion of the samples and the export 

out of the countries was undertaken 

in the years the excavations took 

place. Due to the initial situation and 

also political events in the studied re-

gion, a further export was not possi-

ble afterwards.  

 

 

 

 
Fig. 3.2: Compilation of all analysed samples 
from southern Central Asia and Iran. 
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Fig. 3.3: Compilation of all analysed human samples after periods and sites. 

 

A total of 74 humans, 102 animals and 55 plants from southern Central Asia and Iran were 

analysed in different isotopic compositions (cf. fig. 3.2 and Appendix I table 1–4). Strontium analyses 

were performed on 167 samples, collagen analyses on 133 samples, as well as 78 analyses of bone 

apatite and 58 analyses of tooth enamel apatite (fig. 3.1). As summarized in fig. 3.3 and table 3.1 the 

human samples cover periods from Neolithic to Middle Iron Age. The highest number are humans from 

the LBA, the transition and the MBA from Central Asia, while Sialk samples cover the very early (Neo-

lithic, Chalcolithic) and the very late periods (MIA).  

 

 
Fig. 3.4: Topographic map of Iran and southern Central Asia with the sites investigated in this study. 
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The geographic locations of all sites investigated in this study are shown in fig. 3.4. Analyses 

were performed on samples from Ulug Depe and Geokchik Depe in southern Turkmenistan. Further, 

samples from Dzharkutan, Sapallitepa, and Bustan in southern Uzbekistan, as well as from Bashman 1, 

Erkurgan, Sangir-tepe, and Koktepe in central Uzbekistan. Additional references were available from 

Gelot, Darnaichi, and Saridzhar in southern Tajikistan. The Iranian material includes the sites Tepe Sialk, 

Khaftar Khoun, and Zagheh on the Central Plateau, Hasanlu in north-western Iran, Shirvan, Tepe 

Naderi, and Tepe Damghani in north-eastern Iran. Further, single samples from Kalateh Khan in the 

Semnan Province, Tepe Taleb Khan in Sistan, Nurabad and Tepe Pahlavan in Fars province were ana-

lysed. Additional investigations to establish the respective isotopic baseline were performed on plants 

from Lut desert and the the Gorgan Plains. 

 

 
Table 3.1: Table of Chronology of Central Asia and the Central Plateau showing the divergent terminology and absolute dates. 
Central Asia Neolithic/Proto-Chalcolithic after Lecomte 2011: 223 table 1, Chalcolithic – LBA after Lyonnet, Dubova 2021: 8 
table 1, Yaz after Luneau 2014: table 1. Iranian periods Sialk I – IV after Fazeli 2009: 10 table 7; Sialk V/VI after Fahimi 2019: 
342 fig. 5, periods in bold comprise the periods analysed in this study. 

 

 

 

3.1.1. Material from southern Turkmenistan 
 

The samples of humans and animals from southern Turkmenistan are listed in Appendix I table 1 and 

summarized in fig. 3.5 and 3.6. The human material from Ulug Depe was collected and provided by 

Julio Sarmiento-Bendezu and Johanna Lhuillier in the course of the Mission archéologique franco-

Period Phase cal. BC Turkmenistan Uzbekistan Tajikistan Period cal. BC Sialk

Middle Iron 

Age
Yaz II         1000-540 Iron II 1000-800 Sialk VI 

Early Iron Age Yaz I          1500-1000 Iron I  1200-1000 Sialk V 

Late Bronze 

Age
NMG VI 2000-1600

Gelot/ Darnaichi 

Saridzhar

Late Bronze 

Age
Hiatus

Middle Bronze 

Age
NMG V 2400-2000 Ulug Depe Gelot/ Darnaichi

Early Bronze 

Age  II
2900-2000 ?

Early Bronze 

Age
NMG IV 2800-2400 Ulug Depe

Early Bronze 

Age I
3400-2900 Sialk IV

Late 

Chalcolithic
NMG III 3200-2800 Ulug Depe

Late 

Chalcolithic
3700-3400 Sialk South III 6-7

Middle 

Chalcolithic
NMG II 3800-3200 Ulug Depe

Middle 

Chalcolithic
4000-3700 Sialk South III 4-5

Early 

Chalcolithic
NMG I  4000-3800 Ulug Depe

Early 

Chalcolithic
4300-4000 Sialk South III 1-3

Late 

Transitional 

Chalcolithic
4600-4300 ?

Early 

Transitional 

Chalcolithic

5200-4600 Sialk North II

Late             

Late Neolithic
5600-5200 Sialk North I 4-5

Early            

Late Neolithic
6000-5600 Sialk North I 1-3

Dzharkutan
Ulug Depe 

Geokchik Depe

Neolithic

Proto- 

Chalcolithic

Central Asia Iran

Anau I

Djeitun 

ca. 5200-4800

ca. 6200-5000

Ulug Depe

Ulug Depe

Dzharkutan 

Sapalli           

Tilla Bulak 

Bashman 1 

Bustan
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turkmène (MAFTur) (e.g., Lecomte 2007a, 2011, 2013; Bendezu-Sarmiento 2013; Bendezu-Sarmiento 

and Lhuillier 2015, 2016, 2019). The remains of in total 15 human individuals were analysed: four bur-

ials (2 men, 1 not determined adult, 1 child) dating back to the EBA (NMG IV), roughly between 2800–

2500 BCE; two individuals (1 woman, 1 child) belong to the transition from the EBA to the MBA (NMG 

IV–NMG V, ca. 2500/2400 BCE); five individuals (1 man, 1 woman, 2 not determined adults, 1 child) 

date to the late MBA (NMG V, ca. 2200–2000 BCE); four individuals (2 women, 2 children) to the tran-

sition from the Early to the Middle Iron Age (EIA–MIA, ca. 800–1000 BCE). The Ulug group consists of 

three adult men, four adult women, four 

undetermined adults and five children.  

 

 

 

Fig. 3.5: Bar chart Ulug humans after periods and gender. 

 

The reference material consists of diverse bones and teeth that can be attributed to different 

animal taxa and plant species. The faunal remains from Ulug Depe were provided by Marjan Mashkour 

out of the collection of the Muséum National d´Histoire Naturelle (MNHN) and of the Institut de Palé-

ontologie Humaine (IPH), the botanical samples were selected by Margareta Tengberg out of the col-

lection of the Muséum National d´Histoire Naturelle (Mashkour 2013a, 2015; Tengberg 2013, et al. 

2020). In order to determine the local strontium range three rodents (Mus sp.), two carnivores (Canis 

fam., Panthera sp.), and six plants in the form of carbonized grains (Hordeum vulg., Triticum aest.) and 

wood (Juniperus sp., Tamaris sp.) were analysed. The animal collection used for collagen analyses con-

sisted of 24 samples: nine sheep and goat (caprine), seven samples of gazelles (Gazella sub.), one cattle 

(Bos taurus), four dogs (Canis fam.), one fox (Vul-

pes vulpes), one big cat (Panthera sp.), and one pig 

(Sus scrofa). To extend the information of the re-

gional strontium distribution two rodents from 

Geoktchik Depe were additionally analysed 

(Lecomte 2005, 2007b). The material from Geok-

chik Depe was as well selected and studied by 

Marjan Mashkour (Mashkour 1998, et al. 2016b). 

At this site remains from the Iron Age just as from 

the Islamic period were found. The here analysed 

animals date to the MIA period. 

 
 
 
 

Fig. 3.6: Pie chart of the composition of all samples from 
Turkmenistan. 
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3.1.2. Material from southern and central Uzbekistan 
 

The analysed humans and animals from Dzharkutan, Sapallitepa, Bustan, and Bashman 1, are listed in 

Appendix I table 2 and summarized in fig. 3.7 and 3.8. The human material from Dzharkutan, Sapal-

litepa and Bustan were provided by Julio Sarmiento-Bendezu and Johanna Lhuillier collected during 

the Mission archéologique Franco-Ouzbèke Protohistoire (MAFOuz-P) and Mission Archéologique 

Franco–Ouzbèke de Sogdiane (MAFOUZ-Sogdiane) in cooperation with the Archeological Institute of 

Samarkand (e.g., Bendezu-Sarmiento and Mustafakulov 2009, 2013; Bendezu-Sarmiento and Lhuillier 

2015, 2019). The material of all sites was poorly preserved, as the harsh prevailing conditions led to a 

strong elutriation of the stabilizing elements resulting in a high porosity. The 14 individuals from 

Dzharkutan date back to the transition of the MBA to the LBA, to the LBA, and to the transition of the 

EIA to the MIA. A woman and a not determined adult dated back to the end of the 3rd/beginning of the 

2nd mill. BCE (MBA/LBA). Furthermore, 10 individuals (1 man, 4 women, 4 n.d. adults, 1 child) dating 

back to the LBA, ca. 1900 and 1700 BCE, while two individuals, a woman and a child, date back to the 

transition of the EIA to the MIA (1263–1216 

cal. BCE). The group consists in total of six 

adult women, one man, four undetermined 

adults and two children.  

 

 

 

 

 

 

 

Fig. 3.7: Bar chart Dzharkutan humans after periods and gender. 

 

Further individuals from nearby Sapallitepa (Askarov 1973) and Bustan (Avanesova 2016) were 

analysed: the burials 8 and 20 from Sapallitepa, both adult, not sexed individuals, date back to the end 

of the 3rd/beginning of the 2nd mill. BCE. The eponymous site of the Sapalli Culture, is located about 40 

km southwest of Dzharkutan, not far from the northern bank of the Amu Darya River, in the valley 

where Ulanbulaksaj and Amu Darya converge. Sapallitepa was another cultural center in the region 

coinciding with the earliest phase of Dzharkutan. The hills of Bustan are located 5 km south of 

Dzharkutan. The site dates to the final episode of the Bronze Age (Avanesova 2016). The investigated 

remains of burial 23 were poorly preserved and not sufficient for collagen and tooth enamel carbonate.  

Additionally, two individuals from Bashman 1 in central Uzbekistan were examined. The sam-

ples were collected by Elise Luneau during the years 2019/2020 and kindly provided for further inves-

tigations. The excavated structures of Bashman 1 are culturally related to the Andronovo Culture and 

date to ca. 1600–1400 BCE. Two cist graves of an adult and a young child originating from this context 

were selected for isotopic analyses (Luneau personal communication).  
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The faunal and botanical samples from all Uzbek sites were collected and studied by Marjan 

Mashkour and Margareta Tengberg (Mashkour et al. 2016a; Tengberg et al. 2020). References for 

strontium analyses consist of two samples of mice (Mus sp.) and five botanical samples: three samples 

of barley (Hordeum vulg.), one of a willow (Salix sp.), and another one of a tamarisk (Tamaris sp.). Two 

rodents from Sangir-tepe and Erkurgan were also analysed for strontium (Mashkour et al. 2016a). Fur-

ther plant samples were added from Tilla Bulak west of Dzharkutan (Kaniuth 2007, 2009, 2016): Seven 

samples of barley (Hordeum vulg.) and wheat (Triticum aestivum) were collected and studied by Mi-

chael Peters during excavations in 2009 and 2010 (Peters in Kaniuth 2009: 89–91) and provided by Kai 

Kaniuth. The examined animal ensemble for collagen consisted only of five ovicaprids. To gain a certain 

number of references, four ovicaprids from Sangir-tepe and Koktepe, two cattle from Erkurgan and 

Koktepe, and two dogs from Sangir-tepe and Erkurgan were selected (Mashkour et al. 2016a). Sangir-

tepe, Erkurgan and Koktepe are contemporaneous 

settlements in southcentral Uzbekistan (fig. 3.4).  

 

 

 

 

 

 
 
 
 
 
 
 
 
 

Fig. 3.8: Pie chart of the composition of all samples from 
Uzbekistan. 

 

 

 

3.1.3. Material from Iran 
 

The samples from Iran are listed in Appendix I table 3 and summarized in fig. 3.9 and 3.10. The human 

material from Tepe Sialk was excavated by R. Ghirshman during the 1930´s (Ghirshman 1938, 1939) 

and stored in the collection of the Musée del Homme, CNRS, Paris, during the last decades. The re-

mains are poorly preserved, due to harsh environmental conditions of this site, long storage periods, 

and restauration procedures. Therefore, the content of carbonate and the preservation of collagen 

was not sufficient for all individuals and an extraction only achievable through the adaptations of the 

lab methods (cf. chapter 3.2.).  

Additionally, the processing was rendered even more difficult because of the glue applied for 

restauration. It can be assumed that after 70 years of storage, the glue infiltered the whole bone and 

is not completely solvable and removable through organic solvents. In some cases, several samples 

even had to be discarded, due to glue, made of animal proteins (“animal glue”), especially used in the 

decades after the 2nd world war. Hence no isotopic analyses were performed on these samples.  
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Fig. 3.9: Bar chart of humans from Tepe Sialk after periods and gender. 

 

A total of 18 human individuals from Tepe Sialk were analysed for the present study: three 

individuals, two adult men and one woman, date back to the 5th mill. BCE corresponding to the archaic 

Sialk I period (ca. 5600–5200 BCE after Fazeli, Nokandeh 2019); five individuals, two adult men, and 

three adult woman, assignable to the transitional chalcolithic Sialk II period (around 5200 BCE); four 

tombs of an adult women, an adult man and two children are attributed to the Sialk III period (ca. 

4300–3400 BCE after Fazeli, Nokandeh 2019); one adult male can be dated to the Sialk V period, (ca. 

1200 and 1000 BCE after Fahimi 2019) corresponding to the Early Iron Age (Iron I); and five individuals, 

four adult women, one man, are attributed to the Sialk VI period, corresponding to the Middle Iron 

Age (ca. 1000–800 BCE after Fahimi 2019). Hence, the group consists of nine adult women, seven adult 

men, and two children. 

The faunal and botanical remains from all Iranian sites investigated in this work were collected 

and studied by Marjan Mashkour, Margareta Tengberg and collaborators of different archaeological 

projects supported by ICHHTO Iran (geographic locations of the sites are shown in fig. 3.4 and 4.9–

4.13). Concerning animals the following species were analysed: seven ovicaprids (Capra aegagrus, Ovis 

vignei), 3 cattle (Bos taurus), one gazelle (Gazella sub.), and one buffalo (Bubalus sp.) as herbivores. 

Further, eleven dogs (Canis fam.) and one pig (Sus scrofa), as well as one fox (Vulpes vulpes), one cat 

(Felix sylvestris), and five hyenas (Hyena sp.). In order to determine the local strontium range of Tepe 

Sialk analyses on five samples of sheep/goats, two canids, a fox and a hyena were performed (Mash-

kour 2004a,b, et al. 2019). To get a better picture of the surroundings four samples of coprolites of 

hyenas from Kaftar Khoun close to Tepe Sialk were added (Monchot and Mashkour 2010; Djamali et 

al. 2020). Additionally, 40 plants and eight rodents (Mus sp.) were added to establish the isotopic base-

lines. As the material allowed, five modern samples from Khorasan Province were analysed for stron-

tium. The samples were collected by Marjan Mashkour and Margareta Tengberg in the surroundings 

of modern Shirvan city during the excavation field season in Tappeh Naderi in 2018 directed by Ali 

Vahdati (ICHHTO). Analyses were performed on one bone samples from a modern hyena (Hyena sp.) 

and one modern tamarisk (Tamaris sp.) from Shirvan itself, as well as three modern plants from the 

Goljogh river region (Asteraceae and Alhagi). Single samples of rodents (Mus sp.) from several sites in 

Iran were analysed to extend the map of strontium results. To complete the picture of north-eastern 

Iran Tepe Pahlavan (Vahdati 2010; BeyzaeiDoust et al. 2017), Tepe Damghani (Mashkour 2008; 

Francfort et al. 2014) in North-Khorasan, and a bit further Kalateh Khan in the Semnan Province 
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(Mashkour 2007, et al. 2016b) were investigated. Further rodents were analysed from Hasanlu in 

north-western Iran (Davoudi 2017) and Tepe Zagheh on the Qazvin Plains (Mashkour et al. 1999, 2001, 

2002). Of special importance is the sample of one rodent from Tepe Taleb Khan (Fathi and Mashkour 

2018), the only sample from south-eastern Iran, providing an impression of the bio-available strontium 

signal around Shahr-i Sokhte. In the western part of Iran one rodent was analysed from Sarvestan Pal-

ace (Mashkour and Askari 2017) in addition to one rodent and three modern dried plants (Pistacia, 

Amygdalus, cereal) from Nurabad in the Fars province (Mashkour 2006). Moreover, strontium analyses 

were performed on charred plants (species not determined) collected along the Gorgan Wall by Marjan 

Mashkour during the excavation field season in 2016 (Mashkour 2013b, Mashkour et al. in press). 

Moreover, modern plants from the Lut desert were provided. The material was collected by Marjan 

Mashkour and Alexander Rudov (Lyons et al. 2020; Rudov et al. 2020) during an expedition in 2016 in 

the southern Lut Desert under the direction of Hossein Akhani (Trescher 2017). A total of 21 modern, 

dried plants were provided and analysed for nitrogen and carbon isotopes, while seven were addition-

ally analysed for strontium. The species were classified by Margareta Tengberg and included six sam-

ples of rosemary (Salsola sp.), seven samples of tamarisks (Tamaris sp.), four sample of hammada (Am-

aranthacea) and three sample of calligonum (Calligonum sp.). 

The group of reference animals for collagen consisted of four goats and one sheep, one pig 

and one fox from Tepe Sialk (Mashkour 2004a,b, et al. 2019). Additionally, two cattle and one gazelle 

from Tepe Naderi (Mashkour and Fathi 2019), one goat from Tepe Pahlavan (Beyzaei Doust et al. 2017) 

and one buffalo from the Gorgan Wall (Mashkour 2013b, Mashkour et al. in press) were analysed to 

get a certain number of herbivores. Several analyses of dogs from different sites in Iran were per-

formed: seven from Hasanlu (Davoudi 2017), and one each from Tepe Naderi (Mashkour and Fathi 

2019), Nishapur (Khazaeli 2014), and Qoli Dar-

vish (Khazaeli et al. 2017). One cat was ana-

lysed from Neolithic Tepe Sang-e Chakhmaq 

(Mashkour et al. 2014; Rousatei et al. 2015), 

located about 1 km north of the village of 

Bastam on the south-eastern flank of the El-

burs Mountains in Semnan Province. 

 

 

Fig. 3.10: Pie chart of the composition of all samples from Iran. 
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3.1.4. Material from southern Tajikistan 
 

The human material from southern Tajikistan was provided by Mike Teufer and Elise Luneau, selected 

in the course of the archaeological research project in the southern Tajik Yakh-Su Valley. The excava-

tions were carried out as a cooperation between the Institute of History, Archeology and Ethnography 

of the Academy of Sciences of Tajikistan, the Institute for Oriental Studies of the Russian Academy of 

Sciences (Moscow), the Eurasia Department of the German Archaeological Institute (Berlin), the Insti-

tute for the History of Material Culture (St. Petersburg), and the Museo Nazionale d'Arte Orientale 

(Rome). The excavations in Gelot-Darnaichi were conducted between 2007 and 2013 (for a summary 

cf. Vinogradova and Kutimov 2018: 39–88). The graveyards of Gelot and neighbouring Darnaichi are 

located on the banks of the Yakh-Su River in the Kulyab District south of the Khodzhasartes Mountains 

in the very south-east of Tajikistan (Teufer and Vinogradova 2010; Lombardo et al. 2014, Vinogradova 

and Kutimov 2018). The settlement of Saridzhar is located ca. 20 km further north (Teufer 2018b). 

Several Bronze Age burials were discovered, dating between 2450 and 1900 cal. BCE, respectively be-

tween 1800–1400 cal. BCE from Saridzhar (Teufer et al. 2014). The material of 21 humans was provided 

for the present study (cf. fig. 3.11 and Appendix I table 4). Analyses of carbon and oxygen isotopes 

were carried out on all samples, but since no nutrition analyses were performed, the group will only 

serve as reference population. Be-

cause of their conspicuous oxygen re-

sults two individuals were chosen for 

strontium analyses.  

 

 

 

 

 

 

 
 

Fig. 3.11: Bar chart of the composition of all samples from Tajikistan. 

 

 

 

 

 

3.2. Methods 
 

The analyses of the skeletal material were performed in two individual procedures: those on collagen 

(protein fraction out of human bones) and those on structural carbonate (mineral phase out of tooth 

enamel). In cases where only teeth were at hand, tooth dentine was analysed instead, to gain some 

results at least. In order to prevent complications with the influence of fertilizers or imported diets of 

modern animals (Böhlke et al. 2000; Bentley et al. 2005; Maurer et al. 2012) all faunal samples were 

collected during the excavations in levels well dated to the Bronze or Iron Ages. To avoid a mixed signal 

of different individual charred cereals, one grain of each cereal sample has been selected for analysis.  
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3.2.1. Cleaning and sample preparation 
 

Depending on the material, the cleaning, leaching and rinsing procedures differed, respectively were 

adjusted to the material: If possible, bone compacta were taken out of the medium layers, at places 

where compacta was thickest. The following amounts were inserted as samples for the isotope prep-

aration:  

 
Table 2.4: Amounts of inserted samples  

Material Collagen Strontium Carbonate 

Bone Compacta 75–250 mg 20–25 mg 25–50 mg 

Tooth enamel - 15–25 mg 5–15 mg 

Tooth dentine - 10–20 mg - 

Dried plants 500 mg 1–2 g - 

Charred grains - 10–25 mg - 

 

 

All steps were performed in a sterile atmosphere, tools were sterilized with ethanol and in the ultra-

sonic bath. The different materials were cleaned and prepared after the following protocols: 

 

Bone compacta samples: 

• cleaning of dirt and calcifications with toothbrush and diamond drill (removal of macro-

scopic dirt, colored parts and the topmost layers) 

• sampling with a micro saw at the best-preserved part 

• pulverization with agate mortar and pestle, divided into two grain sizes by a micro-sieve 

(cf. fig. 3.12): the bigger size was the initial substance for the collagen and strontium ex-

traction, while the powder was used for the carbonate preparation 

• leaching procedure as described below for the particular extraction 

 

Enamel samples: 

• cleaning of dirt and calcifications with a toothbrush and a diamond drill (removal of mac-

roscopic dirt, colored, and carious parts) 

• sampling with a diamond drill in horizontal lines from the uppermost part of the tooth 

crown 

• rinsing in ultrapure distilled H2O in an ultrasonic bath and oven-drying 

 

 

Dentine samples: 

• cleaning of dirt and calcifications with a toothbrush and a diamond drill (removal of mac-

roscopic dirt, colored, and carious parts) 

• sampling with diamond drill in horizontal lines at the middle part of the tooth  

• rinsing in ultrapure distilled H2O in an ultrasonic bath and oven-drying 
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Fig. 3.12: Cleaning and leaching from left to right: cleaning and crushing of bones with mortar and pistil; fractions 
of bone compacta; diamond drill for taking samples (pictures taken by the author during the lab work). 

 

Charred plants: 

• mechanical cleaning of sand and dust with needle and tweezers under the microscope 

• careful crushing 

• treatment with 6 M HCl for 24 hours after Styring et al. 2019  

• transformation into ash in a ceramic beaker at 750°C for 12 hours (cf. fig. 3.13) 

• dissolution in 1 ml 13 N HNO3 in the ultrasonic bath  

• evaporation of the acid solution on a hot plate (100°C) overnight  

 

       
Fig. 3.13: Preparation of charred plants from left to right: charred grain samples; Volca V50 Oven for burning 
samples; remains of burnt plant samples (pictures taken by the author during the lab work). 

 

Dried plants for strontium: 

• mechanical cleaning of sand and dust with needle and tweezers under the microscope 

• careful cutting into small pieces with a scalpel 

• rinsing with ultrapure distilled H2O in an ultrasonic bath at 65°C (changing the solution 

every 10 min until solution stayed clear, cf. fig. 3.14) 

• dissolution in 2 ml aqua regia (3:1 13 N HNO3 and 11 N HCl) + 2 drops H2O2 (30%) for 24–

48 hours 

• centrifugation (5 min 15.000 rpm) to remove macroscopic residues 

• evaporation of the acid solutions on a hot plate (100°C)  

• further dissolution in 2 ml 13 N HNO3  

• evaporation of the acid solution on a hot plate (100°C)  

Dried plants for collagen: 

• mechanical cleaning of sand and dust with needle and tweezers under the microscope 

• rinsing in ultrapure distilled H2O in an ultrasonic bath and oven-drying 

• careful cutting into small pieces with a scalpel 

• pulverization with an automatic mortar 
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Fig. 3.14: Cleaning and leaching of dried plants for strontium from left to right: sample before preparation; dried 
plants rinsing with H2O MilliQ in the ultrasonic bath; leaching procedure of all samples in the ultrasonic bath (pic-
tures taken by the author during the lab work). 

 

 

 

3.2.2. Preparation and purification of strontium (87Sr/86Sr) 
 

The leaching procedure to remove the contribution of diagenetic strontium in teeth and bones was 

undertaken with 5% Acetic Acid in an ultrasonic bath (45°C) for 30 minutes followed by several rinsing 

steps with ultrapure distilled H2O in an ultrasonic bath, changing the solution every 10 minutes until it 

became clear (ca. 5–10 times). Although not necessary, as tooth enamel does not undergo diagenetic 

changes, tooth enamel samples were also treated after the same procedure to achieve the exact same 

background treatment of all samples for ICP–MS measurements.  

The cleaned, leached and oven dried samples were transferred into a clean Teflon beaker and 

dissolved in 1 ml 13 N HNO3 in the ultrasonic bath at 65°C. Acid has been evaporated overnight at 100°C 

and samples were resolved in 2 ml 2 N HNO3. Strontium was extracted through a Teflon column using 

“Sr-Eichrom” resin (Pin et al. 1994) after the following protocol (cf. fig. 3.15): 

 

• washing columns 6 times alternately with 5 ml 6 N HCl and 0.05 N HNO3 

• conditioning step with 3 ml 2 N HNO3 

• uploading the samples 

to remove other elements than strontium, columns were treated with: 

• 2 ml 2 N HNO3  

• 3 ml 7 N HNO3 

• 0.5 ml 3 N HNO3  

• extraction of strontium with 4 ml 0.05 N HNO3 

 

The lab work executed for strontium extraction has been carried out in the clean isotope la-

boratory of the Geoscience Montpellier (CNRS – University of Montpellier). The measurements were 

realized using a Thermo Scientific MC–ICP–MS (MultiCollector–Inductively Coupled Plasma Mass Spec-

trometer) Neptune Plus at the AETE–ISO Platform from the OSU–OREME (Montpellier). The samples 

were adjusted to a signal of minimum 3 V and maximum 50 V. In the case when the signal was too low, 

samples were evaporated again and dissolved in 1–2 ml 0.05 N HNO3. Ulug and Dzharkutan human 

samples were measured in cycles of 40 measurements per sample, Sialk humans and all references 

were measured in cycles of 60 measurements per cycle. To assess the reproducibility and accuracy of 

the isotopic ratios, standards were repeatedly run every five samples. All ratios were normalized using 

a value of 0.1194 for the 88Sr/86Sr ratio. The standard average values were 0.710243 ± 6 (2σ) (n = 20) 

for the NBS987 Sr standard.  
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Fig. 3.15: Strontium extraction from left to right: samples drying on the hot plate; chemical extraction of strontium; MC–
ICP MS in the laboratory of the Geoscience in Montpellier (pictures taken by the author during the lab work). 

 

 

 

3.2.3. Extraction of Collagen 
 

The extraction of collagen was performed according to the strategy of Longin (1971) modified by 

Bocherens et al. (1991). The cleaned and weighed samples were transferred into centrifuge tubes and 

treated after the following protocol (cf. fig 3.16):  

 

• stirring in 5 ml 1 M HCl for 1 hour at room temperature (if discoloration persisted solution 

was changed and procedure repeated)  

▪ DZH 1006, 1028-1, 1034-4, 1051, SK17-23 were treated with 0.5 M HCl for 2 hours 

▪ Sialk samples 27270, 27271, 27272, 27274, 27275, 27295 were treated with 0.25 M 

HCl for 4 hours (but only 27272, 27295 were successful) 

• rinsing with distilled H2O until pH   2̴ (4–5 times, centrifugation: 3500 rpm 5 min) 

• removal of contaminants with 0.125 M NaOH for 20–40 min stirred at room temperature (if 

discoloration persisted NaOH solution was changed every 10 min until became clear (2h–o/n) 

• rinsing with distilled H2O until pH 7–8 (4–5 times, centrifugation: 3500 rpm 5 min) 

• gelatinization in 0.01 M HCl (pH2) for 18–24h at 95°C 

• freezing with liquid Nitrogen and freeze-dried for 1–2 days 

 

 

     
Fig. 3.16: Collagen extraction from left to right: leaching with HCl; samples before gelatinization; freezing in fluent nitrogen; 
freeze dryer loaded with samples; final product of pure collagen (pictures taken by the author during the lab work). 

 

The laboratory work of collagen has been carried out in the Cosmochemistry Laboratory of the 

Mass Spectrometry Service of the National Museum of Natural History (SSMIM) in Paris. The inserted 

amount of collagen sample weighed between 340 µg and 650 µg. The measurements were undertaken 

with a Thermo Scientific Mass-spectrometer DeltaV-Advantage with a Flash 2000 Organic Elemental 

Analyzer (fig. 3.17). Based on replicate analysis of the international standard IAEA 600, the analytical 

error is estimated to be 0.02‰ (σ) for δ13C and 0.34‰ (σ) for δ15N. Bone carbon values are compared 
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to the universally accepted standard Pee Dee Belemnite (PDB) and bone nitrogen values are put in 

relation to the atmospheric nitrogen standard ambient inhalable reservoir (AIR). A substance with an 

isotope ratio less than that of the standard will have a negative δ value, and is said to be depleted 

relative to the standard. A substance that is enriched relative to the standard will have a positive δ 

value. 

 

   
Fig. 3.17: Equipment in the Mass Spectrometry Service of the National Museum of Natural History in Paris from left to right: 
Mettler Toledo special accuracy weighing machine, Thermo Scientific MS DeltaV-Advantage; DeltaV-Advantage MS with Kiel 
IV device (pictures taken by the author during the lab work). 

 

 

 

3.2.4. Preparation of structural carbonate 
 

The preparation of structural carbonate was performed on teeth and bones from all sites. Due to the 

state of preservation of the bones from Ulug Depe, Dzharkutan, and Tepe Sialk varying amounts of 

mechanical cleaned bone compacta has been inserted as sample: Ulug bones 10–15 mg; Dzharkutan, 

Tepe Sialk bones 20–30 mg; for all sites 5–10 mg of pure tooth enamel has been used. The preparation 

of carbonate was performed after the protocol of Balasse at al. (2005): 

 

• removal of diagenetic carbonate of bone samples with 2–3% NaOCl for 48h at room temper-

ature (vortexed every 4–6h)  

• rinsing with distilled H2O (4–5 times, centrifuge: 3 min 15000 rpm) 

• extraction of carbonate with 1M CH3COOH for 1 hour at room temperature (vortexed every 

20 minutes)  

• rinsing with distilled H2O (4–5 times, centrifuge: 3 min 15000 rpm) 

• drying at 50–70°C for 24–36 hours until all water was thoroughly evaporated 

 

The laboratory work executed for carbonate preparation has been carried out in the Cosmo-

chemistry Laboratory of the Mass Spectrometry Service of the National Museum of Natural History 

(SSMIM) in Paris. The inserted amount of sample consisted of 580–620µg of bioapatite. The measure-

ments were performed in an automated cryogenic distillation system (Kiel IV device) interfaced with a 

DeltaV-Advantage isotope ratio mass spectrometer (fig. 3.17). The analytical precision estimated from 

repeated analyses of the carbonate standard Marbre LM (normalized to NBS19) was lower than 0.06‰ 

for δ18O values and lower than 0.03‰ for δ13C values. Oxygen measurements are expressed as δ18O 

which refers to the ratio δ18O/16O in the given sample relative to a standard in parts per thousand (‰). 

A substance with an isotope ratio less than that of the standard will have a negative δ value, and is said 

to be depleted relative to the standard. A substance that is enriched relative to the standard will have 

a positive δ value (Bowen et al. 2003). 
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Fig. 4.1: The Alpine-Himalayan orogen stretches from Spain to New Zea-
land manipulated after Rosenbaum, Lister 2002: 1 fig. 2. 

 

 

 

4. Determination of local ranges 
 

 

4.1. Geological realities 
 

Strontium belongs to the heavy elements, mainly bound as trace element in different minerals of ge-

ological formation. The composition of 87Sr/86Sr does not underlie fractionation processes, and remains 

both unaffected by weathering and biological processes such as photosynthesis, or body metabolism 

(e.g., Bentley 2006). Since strontium isotopes are assimilated in body tissues without alteration and 

fractionation processes, and human tooth enamel mineralization does not allow any changes after-

wards, information is stored permanently in the tooth enamel of an individual (cf. chapter 2.2.). There-

fore, 87Sr/86Sr isotopes are perfectly suitable for mobility studies of humans and animals. For the iden-

tification of one´s origin, the determination of the local, bioavailable isotopic signature is one of the 

most important issues. But archaeological sites do not show a specific 87Sr/86Sr value, instead a bioa-

vailable range, which needs to be determined for every site or region. Therefore, the geographic dis-

tribution of isotopes was one of the main issues of this thesis and the basis for all following investiga-

tions. Early in the beginning of isotopic research on archaeological material, scientists recognized a 

strong correlation of isotopic ratios with the geographic location and prevailing natural conditions 

(e.g., Ericson 1981, 1985; Sealy 19991; Price et al. 1994a,b, 2000, 2001, 2002). Tepe Sialk, as well as 

Ulug Depe and Dzharkutan are located along the Alpine Belt on the Iranian Plateau. The Iranian Plateau 

describes a geological termination, which extends over an area of 2.5 million km2, far beyond today's 

political borders, including the area from the Zagros Mountains in the west to Hindukush in the east 

(fig. 4.1). Today it covers the national territories of Iran, Afghanistan, Pakistan, and Turkmenistan. In 

the north it is limited by the Caucasus Mountains, the Caspian Sea and the Karakarum Desert, in the 

south, respectively southwest by the Persian Gulf, the street of Hormus, and the Gulf of Oman. The 

landscape is characterized by a high topographical, geological, and ecological diversity. The plateau is 

formed by the tectonic movements of the Arabic plate against the Eurasian and the Indian plate. The 

high mountain ranges as the Zagros, the Kuhruz, Elborz, Kopet Dagh and Hindukush were formed 
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through the “Alpine Orogeny” along the Alpine Belt. A process started during Cretaceous and is ongo-

ing till today (Rosenbaum and Lister 2002). Due to the geological location along the turning circle, and 

the high mountain ranges, which surround the plateau like a crown, rain clouds are prevented from 

passing. Therefore, some extremely dry regions have formed and some of the hottest places on earth 

developed in the lowlands of the plateau, such as the Kavir Desert, Lut Desert, or Margo Desert (Ros-

enbaum and Lister 2002: 1–2). Wide areas of Central Asia are dominated by a dry, hot and arid steppe 

vegetation, groundwater sources like springs, wells, rivers, or lakes are generally rare, and often sea-

sonal. The here investigated regions are all located in rather hot and arid vegetation zones (fig. 4.2), 

the climate in Ulug Depe is similar to the Karakum Desert but more moderate through the influence of 

the Kopet Dagh Mountains. Average annual temperature is 16°C, maximum is 48 °C, minimum is -26°C; 

the annual precipitation is 228 mm. (Orlovsky 1994: 31–33). The climate of the lower Surkhan Darya 

region is characterized by seasonal rainfalls in winter and early spring, giving an early and short growing 

season. From May to October climate is dry and hot. Average annual precipitation is 200–240 mm, the 

mean annual temperature is +16.8°C, maximum +47°C and minimum -32°C (Mukin 1997: 767). The 

western sub-province of the Kashan province shows an average annual rain- and snowfall of 137 mm 

and annual average temperatures around 19°C, with cold temperatures around 0°C in winters and up 

to 50°C in the summer months (Zanjani 2012: 2). 

 

  
Fig. 4.2: Map of mean annual rainfall (left) and mean annual temperature (right) of the Near East and southern Central 
Asia after Roaf 1998: 22–23. 

 

 

 

4.1.1. Kopet Dagh foothills 
 

Ulug Depe is located in the northern sub montane plains of the Kopet Dagh mountain range. The Kopet 

Dagh range is part of the alpine folded mountains developed by the collision of the Eurasian and the 

Iranian tectonic plates. The region has high seismic activity (Fet 1994: 198). The chain is formed by a 

number of separate anticlinal ranges comprised of Cretaceous and Paleogene sediments as sandstone, 

limestone, clay, and marl (fig. 4.3). In the north, the Kopet Dagh is limited by the sub montane plain, 

rising from 50 to 300 m. The sub montane region is formed from alluvial fan deposits and younger 

Quaternary loess deposits represented by different types of loam layers. The Central Karakum lies di-

rectly northward from the sub montane plain of the Kopet Dagh. Almost 80% of Turkmenistan is cov-

ered by the Karakum Desert (“black sand”). The Karakum reaches air temperatures up to 45°C degrees 

and ground temperatures up to 70°C degrees (Babae 1994: 6–7).  



DETERMINATION OF LOCAL RANGES  51 

 

Fi
g.

 4
.3

: G
eo

lo
gi

ca
l m

ap
 o

f 
so

u
th

er
n

 C
e

n
tr

al
 A

si
a 

af
te

r 
H

ag
h

ip
o

u
r 

et
 a

l. 
2

0
0

9
, r

ed
 s

ta
rs

 m
ar

k 
th

e 
in

ve
st

ig
at

ed
 r

eg
io

n
s.

 



DETERMINATION OF LOCAL RANGES  52 

After Fet the surrounding area of Ulug is characterized by three types of deserts: 1. “Sand-clay 

deserts with intermittent sand massifs and clay areas (usually takyrs). This desert type occupies the 

alluvial plain; strata of groundwater lie relatively close to the surface.” 2. “The Stony submontane de-

serts are formed on alluvial fan deposits in the piedmont area of Kopet Dagh, they accumulate rubble 

and gravel and have low levels of substrate salinization. Soils here are desert sierozems (gray desert 

soils) covered by sagebrush or ephemerous vegetation. Groundwater is usually scattered and does not 

form strata.” And 3. “The Loess (and gravel-loess) deserts are widespread in piedmont areas and are 

the transitional zone from the plain to the low mountain belts. Extremely fertile soils, which are mostly 

used for agriculture with artificial irrigation” (Babae 1994: 15). 

 

 

 

4.1.2. The Surkhan Darya region 
 

The Surkhan Darya valley is located at the eastern foothills of the Kugitang Mountains, where the 

stream of the Surkhan Darya flows from north to south along the Kugitang range (highest range up to 

3.137 m), which belongs to the Ghissar Mountains, rising in the easternmost part of Turkmenistan east 

of the Amu Darya River. The Kugitang mountain chain is comprised mainly of Mesozoic (Jurassic) lime-

stone and intrusive (Paleozoic?) granite and forms steep slope eastward toward Uzbekistan (fig. 4.3; 

cf. Babae 1994: 12; Kaniuth 2021: 460). The valley around Dzharkutan (in 350 m altitude a.s.l.) is 

bounded to the west by the Karachagyl mountain chain, only a few kilometres from Dzharkutan and 

continues to the plateau where Tilla Bulak is located some 500 m above the Surkhan Darya valley. The 

Karachagyl chain consists of folded Mesozoic (Jurassic, Cretaceous) and Neogene sediments and sedi-

mentary rocks (mud-rock), while quaternary sediments of gravel and loess fill the intermediate depres-

sions (Kaniuth 2021: 460).  

 

 

 

4.1.3. The Kashan Plains 
 

The Central Iranian Plateau comprises five large plains: the north-western plains of Qazvin and Tehran, 

the Semnan plains in the east, the flat region around Qom, bordering the Kavir desert, and the south-

ern Oasis of Kashan. The plains of Kashan are divided by the mountains into two different climatic and 

vegetational regions: the arid eastern lowlands and the more moderate western highlands (e.g., Shi-

razi, Tengberg 2012; Zanjani 2012). The western valley is formed by volcanic and intrusive rock out-

crops as a natural pathway along the eastern foothills of Karakas Mountains, which follows from the 

northern plains of Qom to Kerman province in the south (fig. 4.3; cf. Zanjani 2012: 1–2). For a detailed 

description of the topography and geology of the region cf. Heydari-Guran (2014: 19–24). The western 

sub-province shows an average annual rain- and snowfall of 137 mm and annual average temperatures 

around 19°C, with cold temperatures around 0°C in winters and up to 50°C in the summer months. 

Rivers are in general rare, small, and temporary (Zanjani 2012: 2). Geomorphological soundings proved 

the former existence of a river which flowed between the two mounds of Sialk, and assured the water 

supply of the settlement (Heidari 2002). Further water sources are several springs in the surroundings, 

the biggest and, due to its beautiful gardens famous till today, is the Fin spring (Fin čašma), 4 km south 

of Tepe Sialk.  
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4.2. Determination of the bio-available local 87Sr/86Sr 
 

The isotopic composition of an individual is impacted by several physiological factors, but mainly by 

the surrounding habitat. Studies discuss different methods and calculations of how to get the most 

reliable local bio-available 87Sr/86Sr range, as an accurate basis for comparisons (Price et al. 2002; Knip-

per 2004; Bentley et al. 2004; Gerling 2015). The number of reference samples, respectively the kind 

of species and therefore the range of influence represents crucial preconditions. For reliable results a 

combination of i.e., faunal and botanical remains, sediment or soil, and water samples provide a good 

basis of the biologically available 87Sr/86Sr at a site (e.g., Knipper 2004: 627; Bentley et al. 2004). Several 

studies were carried out on different combinations of reference material approaches and provided 

persuading results (Price et al. 2002; Bentley et al. 2004; Bentley and Knipper 2005; Gregorizka 2013; 

Gerling 2015; Ventresca-Miller et al. 2017).  

The local 87Sr/86Sr signals obtained in this study for southern Central Asia and Iran were calcu-

lated following the traditional method of expanding the mean value with 2 standard deviations after 

Price et al. (2002: 132). Approaches like the calculation of the local 87Sr/86Sr signature using Microsoft 

Excel Macro Isoplot (e.g., Vohberger 2011), as well as other statistical evaluations (IsoConc, MixSiar) 

which have not been applied in this study, since the number of samples was too small for statistically 

accurate results (personal communication with Arash Sharifi). 

 

 

 

4.2.1. Definition of locals and non-locals 
 

Several different methods on the determination of locals and non-locals have been applied (e.g., Grupe 

et al. 1997; Price et al. 2004; Bentley et al. 2004). The research in this subject is lively discussed and 

new insights deliver more reliable approaches (e.g., Styring et al. 2019). Common and often applied 

are intra-individual comparisons of tooth enamel and bone ratios. In the best case in correlation with 

available 87Sr/86Sr out of biological material, like plants and animals (Bentley and Knipper 2005). Fur-

thermore, the determination of the local signal through geological sediments, soils, or rocks, is possi-

ble, but bearing some uncertainties as bedrocks often consist of a variety of minerals and rocks, which 

differ in the 87Sr/86Sr ratios. Additionally, they undergo different weathering processes, hence, analyses 

of surrounding sediments or bedrocks deliver comparable results of the bio-available 87Sr/86Sr signa-

ture, but might slightly differ to ancient compositions (Price et al. 2002: 122). Moreover, comparisons 

with groundwater or surface water, like rivers, or lakes are possible, but seasonal variations or small-

scale geological variability might be responsible for variations in the 87Sr/86Sr signature in water sam-

ples (Knipper 2004: 620). A detailed overview is given in Knipper 2004: 616–624. She summarized three 

main criteria to identify immigrants in archaeological material according to the 87Sr/86Sr ratio of tooth 

enamel and bones: 1) An intra-individual difference of 0.001 in the 87Sr/86Sr ratio between bone and 

tooth enamel (e.g., Grupe et al. 1997: 520; Price et al. 2004: 30). 2) The aberration of ± 2 standard 

deviations of the enamel ratios from the mean of all bone data (Price et al. 2002: 131). 3) The aberra-

tion of ± 2 standard deviations from the mean enamel ratios of faunal remains from the same site 

(Price et al. 2002: 124–125; Bentley and Knipper 2005). But she pointed out, that a purely mathematic 

approach does not always deliver true insights (e.g., Knipper 2004: 624–626), hence a systematic in-

vestigation of the wider environment or possible regions of origin represent the optimal basis for 



DETERMINATION OF LOCAL RANGES  54 

reliable results (Knipper 2004: 627). The different combinations and possibilities of interpretation of 

tooth enamel and bone signals are summarized in fig. 4.4. 

 

 

 
Fig. 4.4: Possibilities of interpretation of tooth enamel and bone strontium alterations manipulated after 
Knipper 2004: 631 fig. 19. 

 

 

 

4.3. Selection of samples 
 

The determination and reliability of the bio-available local signal of a site strongly depends on the 

available material. Especially concerning older excavations, it is often not easy (sometimes even im-

possible), to obtain suitable material. The samples should have been selected during the excavations 

and date to the corresponding period to avoid complications with the influence of fertilizers and mod-

ern pollution (good overviews in this issue are given in Böhlke and Horan 2000; Price et al. 2002; Bent-

ley and Knipper 2005). Proven as precise and reliable are for example water and soil samples, local 

plants, sedentary mammals, or reptiles (cf. chapter above). More usual, in contrast, is the situation 

that sheep, goats and cattle, represent the main animal bone repertoire of excavations. Especially in 

pastoral communities, they might provide a wide signal as they travelled around with the humans and 

reflect a similar wide signal, and not necessarily a precise range of the settlement. Knipper recommend 

the use of pigs, since they were relatively common animals in human company in the Near and Middle 

East. Pigs are considered to be little mobile, and were therefore rather unlikely herded to farther pas-

tures, but obtained their food from the settlement itself or from a relatively limited area around the 

settlement. Hence, they appear to be best suited for determining the isotopy of the local bioavailable 
87Sr/86Sr (Knipper 2004: 623). But availability determines the protocol, for the determination of the 

local 87Sr/86Sr signals obtained during this study, mainly rodents, and charred plants were taken, more-

over, ovicaprids, one dog and several wild carnivores were added (large felid, fox, hyena, considering 



DETERMINATION OF LOCAL RANGES  55 

wild predators might have widespread territories). When only human material was available, tooth 

dentine is suitable, as it strongly underlies diagenetic changes, and can be considered as a mirror of 

the isotopic composition of the surrounding soil. The method has been proven by several studies (e.g., 

Gerling 2015) and provided reliable data. In this study, the local 87Sr/86Sr range of Bashman 1 was de-

termined by human dentine samples, and the 87Sr/86Sr range of Dzharkutan was verified by two dentine 

samples. Several 87Sr/86Sr results of single rodents were additionally obtained during this study, espe-

cially from Iran, but can hardly be considered as reliable local signals. Too many different factors im-

pacting one random result. Therefore, the single results will serve as indicators for the isotopic 87Sr/86Sr 

distribution of the archaeological sites, but may also be considered as fortuitous. 

 

 

 

4.4. The local 87Sr/86Sr signals from southern Central Asia 
 

The itemized results of all references from Ulug Depe, Dzharkutan, Tilla Bulak, Sangir-tepe, and Erkur-

gan are described in Appendix table 4, and illustrated in fig. 4.5. The geographic locations of the sites 

are shown in fig. 3.4. The local 87Sr/86Sr signals obtained from southern Central Asia were calculated 

expanding the mean value with 2 standard deviations after Price et al. (2002: 132). The deviations were 

negligible small, error bars were overlapped by the applied symbols in the figures. Hence, symbols 

encompass the error margins at 2σ level for the 87Sr/86Sr ratios and 1σ level for δ18O ratios. 

 

 

 

4.4.1. Ulug Depe 
 

Ulug Depe is located at the northern foothills of Kopet Dagh Mountains in southern Turkmeinstan (fig. 

3.4 and fig. 5.5, the geographic location of Ulug Depe is in detailed discussed in chapter 5). The material 

used for the determination of the bio-available local 87Sr/86Sr range of Ulug Depe consisted in total of 

11 samples: three samples of mice (Mus sp.), two carnivores and six carbonized samples of ancient 

plants. The plants are represented by four samples of barley (Hordeum vulgare), supposed to be grown 

locally; one sample of juniper wood (Juniperus sp.), a mountainous species; and one sample of tamarisk 

(Tamaris sp.), with a high variety of adaptation, but in this region mainly growing along rivers and in 

the plain. The carnivores are represented by a dog (Canis familiaris), assumed to have lived close to 

the humans; and a large felid (Panthera sp.) whose habitat was the wilderness. The results moved 

between 0.707885 (± 0.000004, mouse R-CH5) and 0.708045 (± 0.000003, juniper SK18-02) with an 

average of 0.707964 ± 0.000045, resulting in a local 87Sr/86Sr range for Ulug Depe of 0.707874 – 

0.708054 (2σ, n = 11) (fig. 4.5). 
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Fig. 4.5: Local 87Sr/86Sr signals from southern Central Asia (sites are in geographical order from west to east): orange 
circles correspond to animals, blue triangles to human dentine, green rhombs to plants, yellow squares to rodents. Grey 
boxes mark the measured results of the references, dashed boxes mark the calculated local 87Sr/86Sr signals including the 
error margins at 2σ level, yellow box marks the calculated regional range (dark ± 1σ, light ± 2σ). 

 

 

 

4.4.2. Dzharkutan 
 

Dzharkutan is located in the southern valley of the Surkhan Darya river in southern Uzbekistan (fig. 3.4 

and fig. 7.3, the geographic location of Dzharkutan is in detailed discussed in chapter 7). The samples 

used for the determination of the bio-available local 87Sr/86Sr range of Dzharkutan included two sam-

ples of rodents, five botanical samples and two human dentine samples. The plants consisted of three 

samples of barley (Hordeum vulg.), most probably locally grown; one sample of willow (Salix sp.), riv-

erine and probably locally grown too; and one sample of tamarisk (Tamaris sp.). In addition to the two 

rodents (Mus sp.), the dentine of burial DZH 1049 and 1051 were added to gain a certain number of 

references. The results ranged between 0.708191 (± 0.000004, willow SK18-07) and 0.708356 (± 

0.000003, barley SK18-09-1) with an average of 0.708273 ± 0.000062, resulting in a local 87Sr/86Sr range 

for Dzharkutan 0.708149 – 0.708397 (2σ, n = 9) (fig. 4.5).  

 

 

 

4.4.3. Tilla Bulak 
 

To get a better idea of the surrounding situations, further faunal samples were added from Tilla Bulak, 

a small village 25 km west of Dzharkutan (fig. 3.4 and 7.3; Kaniuth 2007, 2009, 2016). Tilla Bulak is 

situated in the Pashkurt plains some 500 m above the eastern Surkhan Darya valley, separated through 
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a small mountain chain. A walkable path exists there, which ends near Dzharkutan. It represents a new 

settlement chamber of the same time period, dating to 2000–1750 BCE (Kaniuth 2016). The analyses 

of seven samples of wheat and barley (Peters in Kaniuth 2009: 89–91) resulted in a range between 

0.708930 (± 0.000011, barley SK18-79) and 0.708968 (± 0.000008, barley SK18-75) with an average of 

0.708948 ± 0.000015, resulting in a narrow, but significantly different local 87Sr/86Sr range of 0.708918 

– 0.708978 (2σ, n = 7) (fig. 4.5). The lower Surkhan Darya valley is formed by two alluvial fans: 

Dzharkutan and Bustan were fed by the Sherabad River, which comes from the Derbent region; Tilla 

Bulak was fed by the Ulanbulaksaj River, which runs through the Pashkhurt valley and continues to 

Sapallitepa. The two groundwater sources are reflected and well distinguishable through the differ-

ences of the local strontium signals of Tilla Bulak and Dzharkutan. Although we have no determined 

local signals, it can be assumed that the local strontium range of Sapallitepa is in a similar range as that 

of Tilla Bulak, while Bustan most likely shows a similar local strontium range to Dzharkutan.  

 

 

 

4.4.4. Bashman 1 
 

The site Bashman 1 is located in the northern range of the Nuratau Mountains in the district of Koshra-

bad in central Uzbekistan (fig. 3.4). The material was collected by Elise Luneau in the course of an 

archaeological field project of the German Archaeological Institute in 2018. The two human individuals 

from Bashman 1 were tested for their strontium ratios. The results of the dentine samples were close 

to each other (0.709297 ± 0.000005 and 0.709343 ± 0.000005), giving, due to diagenesis, an impression 

of the strontium distribution in the surrounding. The enamel ratio of the child was also close to the 

two dentine ratios; as it was a young child (below 7 years), it seems acceptable to assume it was born 

in the region and to include the result in the local range, to gain more reliable data. Then, the results 

range between 0.709297 (± 0.000005) and 0.709445 (± 0.000007) with an average of 0.709362 ± 

0.000062 resulting in a local 87Sr/86Sr signal of 0.709238 – 0.709485 (2σ, n = 3) (fig. 4.5).  

 

 

 

4.4.5. Geoktchik Depe 
 

The site of Geoktchik Depe is located in the Dehistan Plain, in southwestern Turkmenistan, adjacent to 

the eastern Caspian Sea Shore, which is today an arid and hot region (Lecomte 2005, 2007b, cf. fig. 

3.4). Two mice provided for strontium analyses displayed with 0.708480 and 0.709237 two completely 

different strontium ratios, with an average of 0.7088585 ± 0.000378. More samples will be necessary 

to gain a more precise result. Until now, Geoktchik Depe shows a wide 87Sr/86Sr signal of 0.7081015 – 

0.7096155 (2σ, n = 2) (fig. 4.5).  

 

 

 

4.4.6. Other sites in Central Asia 
 

Further references consist of the bone material of two rodents (Mus sp.): one from Sangir-tepe, and 

one from Erkurgan (Mashkour et al. 2016). Erkurgan and Sangir-tepe are located in the Kashka-Darya 
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Province in southcentral Uzbekistan (cf. fig. 3.4). Erkurgan is located in an inner-continental, fertile 

region with moderate climate. Sangir-tepe is located on the western foothills of the Gissar Mountains 

at 500 m a.s.l. With a 87Sr/86Sr ratio of 0.709224 ±0.000006 (1σ) the rodent from Sangir-tepe was near 

the upper limit of Tilla Bulak, while the rodent from Erkurgan was with 0.708273 ± 0.000003 (1σ) in 

the same range as the one of Ulug Depe (fig. 4.5). 

 

 

 

4.5. The local 87Sr/86Sr signals from Iran 
 

The itemized results of all references from Iran are described in Appendix table 5, and illustrated in fig. 

4.6, the sites are shown in fig. 3.4 and fig. 4.7 – 4.11. The local 87Sr/86Sr signals obtained from Iran were 

as well calculated expanding the mean value with 2 standard deviations (2σ) after Price et al. (2002: 

132). The results from the Gorgan Wall demonstrated, that the calculated local range obtained with 

this equation does not always conform with the bio-available range as the equation is based on the 

average and the standard deviation. To get a more reliable local range for this region, the highest and 

lowest result were expanded with two standard deviations. The deviations were negligible small, error 

bars were overlapped by the applied symbols in the figures. Hence, symbols encompass the error mar-

gins at 2σ level for the 87Sr/86Sr ratios and 1σ level for δ18O ratios.  

 

 

 

4.5.1. Tepe Sialk 
 

Tepe Sialk is located on the Central Iranian High Plateau in the southwestern suburbs of Kashan city. 

(cf. fig. 3.4, the geographic location of Tepe Sialk is in detailed discussed in chapter 9). The samples 

used for the determination of the bio-available local 87Sr/86Sr range of Tepe Sialk consisted of three 

samples of ovicaprids, two goats, one sheep, and two canids, a fox, and a hyena, as well as six samples 

of human dentine. The 87Sr/86Sr ratios ranged between 0.707956 and 0.708256 with an average of 

0.708070 (± 0.000095, n = 11) resulting in a local 87Sr/86Sr range of 0.707880 – 0.708260 in Tepe Sialk. 

Additionally, three samples of coprolites of hyenas from Kaftar Khoun, a wild area 5 km west of Tepe 

Sialk, were analysed (Monchot and Mashkour 2010; Djamali et al. 2020). Hyenas are territorial scav-

engers and predators, in rich environments their territories cover an area of around 10 km2, while in 

dry and arid regions territories can be up to 1000 km2. The 87Sr/86Sr results from Kaftar Khanoum hye-

nas indicate the animals as inhabitants of the direct surroundings. The obtained range for this site of 

0.707919 – 0.708155 with an average of 0.708011 (± 0.000096, n = 3) resulted with a local 87Sr/86Sr 

range of 0.707820 – 0.708203 in the exact same range than Tepe Sialk (fig. 4.6).  
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Fig. 4.6: Local 87Sr/86Sr signals from Iran: orange circles correspond to animals, blue triangles to human dentine, green 
rhombs to plants, yellow squares to rodents. Grey boxes mark the measured results of the references, dashed boxes mark 
the calculated local 87Sr/86Sr signals including the error margins at 2σ level, yellow box marks the calculated regional ranges 
(dark ± 1σ, light ± 2σ). 

 

 

 

4.5.2. Along the Gorgan Wall 
 

The collection from Iranian samples also included 12 samples of charred plants from the Gorgan Plains 

in north-eastern Iran (Mashkour 2013b, et al. in press; Sauer 2017, et al. 2013, Rudov et al. 2020). The 

material collected at different stations of Dasht Qaleh, Qaleh Kharabch, Fort 4, Ban Saran Fort, Qelich 

Qoineh along the Gorgan Wall (fig. 4.7) resulted in values between 0.708573 (± 0.000004) and 

0.708831 (± 0.000003) with an average of 0.708774 ± 0.000065 ending in a calculated local 87Sr/86Sr 

range of 0.708645 – 0.708904. The case of the Gorgan Wall demonstrates that the mathematic equa-

tion does not always conform with the reality of the bio-available signal, as the lowest result, obviously 

bio-available, is not included in the calculated range. Hence, the expanding of the maximum and min-

imum with 2 standard deviations deliver a more accurate result of 0.708565 – 0.708837 (2σ, n = 12, 

fig. 4.6). 
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             Fig. 4.7: Geographic locations of the investigated sites in the Gorgan Plains (©Google Earth maps). 

 

 

 

4.5.3. North-Khorasan 
 

From North Khorasan province in northeastern Iran analyses of different species of modern plants and 

animals in the region around Shirvan were carried out. Shirvan city is located only 190 km linear dis-

tance from Ulug Depe on the southern side of the Kopet Dagh Mountains and provides interesting 

results concerning the distribution of strontium in this region (fig. 3.4, 4.8). The river of Gholjogh, a 

branch of the Atrak river, is located about 20 km of north of Shirvan city. Two modern samples were 

collected and analysed from Shirvan: the tooth enamel of a hyena and the dried wood of a tamarisk. 

The 87Sr/86Sr results of the tamarisk with 0.708064 ± 0.000003 (1σ) and the value of the hyena of 

0.708072 ± 0.000006 (1σ) combined to a very small 87Sr/86Sr range of 0.708058 – 0.708084 (2σ, n = 2). 

From Gholjogh three samples of modern, dried plants were analysed (Asteraceae and Alhagi). They 

showed the lowest value of 0.708094 ± 0.000002 (1σ) and the highest value of 0.708385 ± 0.000007 

(1σ), resulting in a local 87Sr/86Sr signal of 0.708090 – 0.708399 (2σ, n = 3). Both ranges can be summa-

rized in an average of 0.708159 ± 0.000120 providing a calculated local 87Sr/86Sr signal for Shirvan re-

gion of 0.707918 – 0.708399 (2σ, n = 5) (fig. 4.6). 

The north-eastern areas are completed by one rodent from Kalateh Khan (fig. 4.8), a Neolithic 

site in the Shahroud Plain south of the Gorgan Plains, in south Khorasan province (Mashkour and Mo-

haseb 2016; Roustaei 2016, Cucchi et al. 2020). Although unexpected, but very nice, the 87Sr/86Sr result 

fits with 0.708538 ± 0.000003 (1σ) well in the determined local signal of the Gorgan plains (fig. 4.6). 

Another rodent was analysed from Tepe Damghani, a Bronze Age site in Semnan province, which is 

culturally related to southern Central Asia and the Oxus Civilisation (Mashkour 2008; Francfort et al. 

2014; Vahdati et al. 2014). Although geographically close, the results were with 87Sr/86Sr 0.707587± 

0.000003 (1σ) completely different to all the other results obtained in the region (fig. 4.6).  

All measured ratios from North Khorasan can be summarized, resulting in an average of 

0.708538 ±0.000357 (including the Gorgan Wall) and a calculated local range of 0.707581 – 0.708838 

(2σ, n = 19) (fig. 4.6). 
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Fig. 4.8: Geographic location of the investigated sites in north-eastern Iran. 

 

 

 

4.5.4. Nurabad 
 

The two mounds of Nurabad are located in the outskirts of the modern town Nurabad in the fertile 

Dasht-e Nurabad in Fars province (fig. 3.4; Mashkour 2006; Potts and Roustaei 2006, Weeks et al. 

2006). Analyses were performed on one Indian gerbil (Gerbillinae sp.), and charred grains of an inde-

termined cereal, an almond tree (Amygdalus sp.) and a pistachio tree (Pistacia sp.). The results ranged 

between 0.708244 (± 0.000003, almond tree) and 0.708746 (± 0.000007, cereal) with an average of 

0.708375 ± 0.000215 resulting in a wide 87Sr/86Sr range of 0.707946 – 0.708804 (2σ, n = 4) (fig. 4.6). 

Additional samples from western Fars province which can be added to the local range of Nurabad: two 

rodents, one from Tepe Pahlavan northwest of Nurabad (Vahdati 2010) and one from Sarvestan Palace 

90 km south of Shiraz (Mashkour and Askari 2017, cf. fig. 4.9). Both results fit with 0.708552 ± 0.000003 

(1σ) (Pahlavan) and 0.707995 ± 0.000003 (1σ) (Sarvestan) well in the local 87Sr/86Sr signal of Nurabad.  

 

 
Fig. 4.9: Geographic location of the investigated sites in southern Iran. 
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