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In this paper, we present aew stable isotope data from central, southern and eastern Kazakhstan (KZ) that date to
the Early Iron Age. Our primary data together with results from previously published studies demonstrate that
the consumption ofg@fiplants, pessibly millet, started in the Final Bronze Age in central KZ and continued into
the Early Iron Age. Data from southern KZ, however, demonstrate that over half the human population con-
sumed C,4 crops in the Early Iron Age’as opposed to the central regions of KZ, where just a few individuals within

Agriculture 4 C o . . T .
Cf plants the population, oftemimalés buried in elite kurgans, have high §'>C values indicative of C4 plant consumption. In
Millet this pap€ér we aim first to understand if any dietary changes can be seen in the central KZ population during the

transitional period between the Bronze and Iron Ages; secondly, we investigate the extent of C,4 plant con-
sumptiomyin central KZ during these time periods. Here we present new human isotopic data from nine central
sites of the Fasmola culture (n = 11), two eastern KZ sites (n = 3) and two southern KZ sites (n = 26).

1. Introduction

Kazakhstan is located 4in the“centef” of the Eurasian continent.
Understanding the social'and economic processes there is particularly
important as their develgpment “Could potentially affect both the
eastern and westerft portions'of the continent. Soviet archaeology used
to see the transitionalfperiod from Bronze (ca. 2500-800 BCE") to Iron
(ca. 800 BCE-500CE) Ages as marking the rise of early nomadic cul-
tures in the Kazakh steppe (e.g. Habdulina et al., 2013). Some scholars
still argue that in the Late Bronze Age settlements became less abundant
and therefore less visible archaeologically as people adapted to a more
mobile econemy (Kuzmina, 2000), that eventually gave rise to “pure
nomadism”. The origins of pastoral nomadism and the transitions to it

* Corresponding author.
E-mail address: elina.ananyevskaya@if.vu.lt (E. Ananyevskaya).

have been reviewed and discussed by several scholars proposing causal
relationships with climatic fluctuation, population pressure, and terri-
torial expansion (e.g. Hanks, 2002; Honeychurch and Makarewicz,
2016; Khazanov, 1994; Koryakova and Epimakhov, 2007; Spengler,
2014). During the past decades, however, the idea of a purely nomadic
Early Iron Age economy the Early Iron Age has been critiqued and
challenged by a growing body of archaeological evidence which points
to a more complex economic situation in the steppes in the beginning of
Iron Ages (Chang et al., 2003; Chang, 2012; Frachetti, 2008). Sys-
tematic archaeological research carried out mainly in south-eastern
Kazakhstan has improved our understanding of Early Iron Age socio-
economics (e.g. Benecke, 2003; Chang et al, 2003; Chang and
Beardmore, 2016; Haruda, 2007; Rosen, 2001; Rosen et al., 2000;

1 All dates in this manuscript are in calibrated, calendar years BC (unless specified otherwise).
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Spengler et al., 2013a). Nevertheless, Early Iron Age archaeological
realities remain largely enigmatic for other regions of the Kazakh
steppe. Recent discoveries of Early Iron Age settlements in central and
northern Kazakhstan (e.g. Beisenov, 2015; Habdulina, 2003) and large
geometric earthworks (see below) (Motuzaite Matuzeviciute et al.,
2016), argue against “pure nomadism” in the region and call for more
thorough archaeological research to understand the cultural and eco-
nomic situation in the heart of the Kazakh steppe during the transitional
period.

The transition from the Bronze to Iron Ages in the Kazakh steppe is
connected to cultural changes that can be seen from archaeological
material. Data for the Early Iron Age of Kazakhstan point towards an
increase in a social complexity as suggested by the appearance of very
rich burials showing the rise of an elite social order (e. g. Akishev, 1978;
Gryaznov, 1980; Rudenko et al., 1971; Samashev, 2011), new forms of
warfare (Hanks, 2008), the development of elaborate animal-style or-
naments (Yablonskyi, 2000) and the increasing importance of iron. The
appearance of massive geometrical earthworks during the Early Iron
Age period, ca. 800-750 BCE indicates the presence of centralized
power and the consolidation of people into large social units (Motuzaite
Matuzeviciute et al., 2016).

Until recently, no stable isotope or macro-botanical research has
been carried out for the Early Iron Age of central Kazakhstan. In this
paper, we present new stable isotope evidence for human diet during
the Early Iron Age in Kazakhstan. Through stable isotope analysis of
human and animal bone collagen we examine dietary change during
the transitional period between the Bronze and Iron Ages of central
Kazakhstan, and we evaluate the role of C,4 plants in the economy and
lifestyle of communities in central Kazakhstan during the Final Bronze
and Early Iron Ages. Though we focus on the central regions of
Kazakhstan, we include both primary and published data from other
parts of the country for comparison.

2. Background
2.1. Geography, archaeology, and environment of central Kazakhstan

Central Kazakhstan is situated within the Kazakh @plands, which is
frequently referred to as Sary-Arka. The Kazakh Uplands consist largely
of lowland steppes with rocky hills and rare low mountains that reach
up to 1000-1500 m above sea level. These mountains ‘often contain
small oases with pine forest patches, m@untain“creeks, and natural
shelters from wind created by granite rogk otiterops.“In contrast to the
open steppe landscapes, the enviremment and/resource diversity in
these geographic niches attracted humans, during the Bronze and Iron
Ages, which is evident by the latge number of archaeological sites lo-
cated near mountains withift Kazaklipyplands (Beisenov et al., 2016a).

During the Late and Final“Bronze Ages (~1300-800 BCE), the
Sargary/Alekseevo and Begazy-Dandybaevo archaeological cultures
developed in centfal Kazakhstan. Both cultures are identified archae-
ologicallygby “valikovaya” pottery types (Chernykh, 1984), which
predomiinated during the{l.ate Bronze Age. The Begazy pottery type is
represented by fine vessels with elaborate design. This type is often
found“in, mausoleums, unique funerary monuments typical of the Be-
gazy culture (Varfolomeev, 2003). In contrast, the Sargary/Alekseevo
pottery is found at Late and Final Bronze Age settlements and ceme-
teries. Varfolomeev (2011a) suggests that the Begazy-Dandybaevo and
Sargary/Alekseevo cultures represent the same cultural community due
to the scarcity of Begazy vessels at Late and Final Bronze Age sites in
central Kazakhstan, and their association with rich mausoleum burials.
A great input of time and energy required for construction of mauso-
leums suggests that Begazy-Dandybaevo funerary monuments were
built for high status individuals (Habdulina et al., 2013), which points
to the existence of the elite.

Massive settlement sites such as Kent (~30 ha) are also known in
the Late Bronze Age period in central Kazakhstan (Varfolomeev,
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2011b). The archaeological complex of Kent represents a concentration
of smaller settlements located in the Karkaraly mountain oasis. Kent has
features of a proto-city such as large territory; monumental archi-
tecture; production of ceramic vessels, bone tools, ornaments, metal
items; developed trade (Varfolomeev, 2011b), which suggest an in-
crease of social complexity in central Kazakhstan in the Late and Final
Bronze Ages.

Major metal production centers dated to the Late and Final Bronze
Ages were identified in the steppes of central Kazakhstan @Beisenov and
Ermolayeva, 2016). The metallurgical district Alat, which\is a part of
the Kent complex, provided evidence of iron refining furnaces
(Evdokimov and Zhauymbayev, 2013) dated teSabout,1300 cal. BCE
(“Research Center of Ancient East Asian Iz@® Culture”, 2@16-2017
pamphlet). This indicates the transition tofthe Iron Age economy had
already begun in the Final Bronze Age.

In the Early Iron Age (~800-200 BCE), a new,cultural community
Tasmola developed in the steppes of Kazakhstan. Sites of the Tasmola
culture are dated to the 800-400 BCE (Beisengy et al., 2016a). Early
Iron Age Tasmola settlements in.eentraliKazakhstan are often located
on hill slopes and rocky surfacgs near mountains and near small creeks,
such as the Edirey settlements'in the eastérn part of central Kazakhstan
(Beisenov, 2015). sMost, of them arefsmall, comprise 2-3 dwellings
(Beisenov, 2014), andydo netshave intense cultural layers, which might
indicate their seasonal'character. Settlements Sarybuirat and Keregetas-
2, however, are quite large. Sarybuirat, dated to 747-403 cal. BCE
(Beisen@wfet @ly, 2016b) is about 1 ha (Beisenov, 2015). In the past
decades, Early|lromAge settlements have been more frequently found in
central Kazakhstan steppes than previously. Geographical positions and
plans\ofithe Early Iron Age settlements indicate their considerable dif-
ference, from the Early and Middle Bronze Age settlement sites
(Baisenov, 2015). Nevertheless, some similarities between the Late
Bronze Age and Early Iron Age settlements are seen in the architectural
design of the dwellings, planning of the settlements and their topo-
graphic location (Habdulina, 2003). Excavated Early Iron Age settle-
ments look similar to the ethnographic Kazakh winter settlements -
kystau (Usmanova and Boyaubayeva, 2011). Dwellings within a Kazakh
ethnographic settlement also stand close to each other; they are rec-
tangular in shape, and have large amount of stone in the base. More-
over, few Early Iron Age settlements were found near or occupying the
same area as Kazakh kystau (Beisenov, 2015). Burial grounds of the
Tasmola culture are represented by kurgans, which can be divided into
two types: ordinary mortuary complexes and large (tsarskyi) kurgans.
Tsarskyi kurgans can be characterized as rich burials with elaborate
artifacts, vast sacrifices of animals, complex constructions of burial
chambers, golden jewelry and art objects (Beisenov et al., 2011). Such
mortuary monuments dated to the Iron Age were discovered in different
areas of Kazakhstan.

It has been suggested that the climatic conditions changed fre-
quently during the Early Iron Age, which forced people to adopt new
economic strategies (Koryakova and Epimakhov, 2007). Environmental
reconstructions in central Kazakhstan suggest that the climate became
colder and moister about 1200-1100 cal. BCE; however, by
1000-900 cal. BCE the conditions changed towards less continental and
dryer climate (Kremenetskyi et al., 1994). Palynological data from ar-
chaeological sites in the Trans-Ural region indicate an increase in
continental climatic conditions during the transitional period from
Bronze to Iron Ages (Larin and Matveeva, 1997). Archaeological in-
vestigations carried out at Early Iron Age settlements in central Ka-
zakhstan suggest a cold and wet climate during the period of occupa-
tion (Beisenov, 2015). Early Iron Age settlements are often located far
from river banks, which might indicate that frequent floods made areas
around rivers unavailable for human use. Moreover, dwellings within
Early Iron Age settlements are often clustered close to each other, and
significant quantities of stone were used for wall foundations (Beisenov,
2015). This suggests that inhabitants may have tried to create a defense
against the wind and preserve a warm temperature inside the dwellings.
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2.2. Diet in the Bronze and Iron Ages

Over the past few decades, investigations of economic strategies in
Kazakhstan during the Bronze and Iron Ages have provided evidence
for the consumption of a variety of food resources that include fish,
domestic and hunted animals, dairy products, and a wide range of crops
(Benecke and von den Driesch, 2003; Chang et al., 2003; Chang and
Beardmore, 2016; Doumani et al., 2015; Frachetti and Benecke, 2009;
Frachetti et al., 2010; Gaiduchenko and Loman, 2015; Haruda, 2007;
Kasparov and Outram, 2013; Kosintsev, 2000; Lightfoot et al., 2015;
Motuzaite Matuzeviciute et al., 2015; Motuzaite Matuzeviciute, 2016;
O'Connell et al., 2003; Outram et al., 2011, 2012; Potemkina, 1985;
Rosen, 2001; Rosen et al., 2000; Spengler et al., 2013a,b; Spengler
et al., 2014; Ventresca Miller et al., 2014). Herding was an important
component of the economy in Kazakhstan during the Bronze and Iron
Ages. Zooarchaeological data from the Middle Bronze Age northern and
central Kazakhstan sites demonstrated a major focus on cattle pastor-
alism (Kosintsev, 2000), while caprines and horses were kept in smaller
numbers. However, by the beginning of the Final Bronze Age, evidence
from central Kazakhstan points to the increase of horses and decrease of
cattle (Evdokimov and Varfolomeev, 2002; Gaiduchenko and Loman,
2015; Outram et al., 2012; Potemkina, 1985; Varfolomeev, 2003).
Analysis of lipid residues in ceramic vessels carried out using northern
and central Kazakhstan Late Bronze Age material suggested that horse
meat was most likely reserved for special feasts (Outram et al., 2011),
while ruminant meat and dairy products were consumed on a daily
basis. Stable isotope data also suggests a reliance on meat and milk in
the Middle and Late Bronze Ages in northern Kazakhstan (Ventresca
Miller et al., 2014), and from the Early to Late Bronze Ages in the
central region (Lightfoot et al., 2015). Zooarchaeological investigations
conducted at a number of southern Kazakhstan sites demonstrate a
major focus on caprine herding both in the Bronze Age (Frachetti an
Benecke, 2009) in the Iron Age (Benecke, 2003; Haruda, 2007; Cha
et al., 2003).

The use of crops in Kazakhstan started in the south-eastern
the Early Bronze Age onwards (Doumani et al., 2015; Fr

2015). The earliest evidence of cultivated plants
zakhstan date to ca. 2600-2500 cal. BCE for wh

otithwest Asian and
al., 2003; Doumani
001; Spengler et al.,
ope investigations point to-
during the Early Iron Age in
hstan (Motuzaite Matuzeviciute,
., 2015), while intake of C4 produce
egions of the country only by the Final

Tseganka 8, indicate that cultivated cro
Chinese origin were used and consume
et al.,, 2015; Frachetti et al.,
2013a,b; Spengler et al., 2014).

3.1. Stable isotope methodology

Stable isotope analysis of bone collagen has been applied to evaluate
past human and animal diets. Food consumed by animals and humans
during their lifetime corresponds with the chemical composition of
their bones. Collagen carbon isotope values tend to reflect mainly the
protein part of the diet (Ambrose and Norr, 1993). Isotopic analysis of
bone collagen, however, indicates the most regular diet over the adult
life and might not demonstrate small changes in the food intake
(Hedges et al., 2007). Isotopic values of 8'3C in collagen tend to be
more enriched in comparison to the primary food sources (Ambrose and
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Norr, 1993). The difference between a food source and collagen §'°C
value can be about + 5%o (van der Merwe and Vogel, 1978).

Stable isotope analysis can be used to detect the consumption of C4
plants. Plants that use C3 and C4 photosynthetic pathways have average
8'3C values of —27.1 = 2.0%0 and —13.1 * 1.2%o respectively
(O'Leary, 1988), therefore enriched 813C values might indicate direct or
indirect (through consumption of animals that grazed on C, pastures)
intake of C4 plant food. Some C,4 plants constitute indigenous steppe
ecosystems (Winter, 1981), and may therefore provide
human regularly consumes meat or dairy products of an a
on pastures with C, vegetation. Although most of the popu

in Kazakhstan (Frachetti et al., 2010; Cha
tosynthetic pathways.

Isotope values of nitrogen indicate th
animals and humans. Most of the plants
and 5%o, while herbivores tend to
There is a 3-5%o increase of §'2
(O'Connell and Hedges,
human collagen reflec
protein and the ty,

levels of analyzed
signal between 0

ogical data from the same geo-
t vary chronologically and spatially

More arid and temperate environments usually
ion of C4 vegetation (van Klinken et al., 1994).
ants growing in such climatic zones tend to be ele-

have
s13¢

Materials

Overall, 47 human and 29 animal bone samples were analyzed
isotopically (Table 1, Appendices A and B). Samples were often ob-
tained from different sites (Fig. 1) due to the scarcity of the bone ma-
terial. Materials were provided by Buketov Karaganda State University
(Saryarka Archaeological Institute), Margulan Institute of Archaeology,
“Archaeology Expertise LLC” and Nazarbayev University.

Samples were prepared and analyzed at the Mass Spectrometry
Laboratory, Centre for Physical Science and Technology, Vilnius,
Lithuania using pre-treatment procedures outlined below. First, the
bone surface was cleaned with the use of a Dremmel™ 3000 polishing
point, then approximately 500 mg of bone was sampled from the
middle of each specimen. Samples were then demineralized with 0.5 M
aq. HCl solution at ~3-5°C for 1-5 days. After demineralization, sam-
ples were rinsed 3 times with deionized water, frozen with liquid ni-
trogen and freeze-dried. Samples between 0.85 and 1.0 mg in weight
were then placed in tin capsules and prepared for the measurement.

An elemental analyzer coupled to the isotope ratio mass spectro-
meter (EA-IRMS, Flash EA1112—Thermo V Advantage) via ConFlo III
interface was used for the 8§'3C and 8'°N analysis (see details in Karlson
etal., 2015; Masalaite et al., 2015). Carbon isotopic ratio measurements
presented here are expressed relative to the Vienna Pee-Dee Belemnite
(VPDB) standard, while the nitrogen isotopic ratio coincides with the
air N». The analytical precision and calibration of reference gas CO, (for
8'3C measurements) to VPDB were evaluated by the repeated analysis
of secondary reference material caffeine IAEA-600, and oil. The IAEA-
600 standard was used for calibration of reference gases N, (§15N
measurements) to air.

4. Results

Overall, 41 out of 47 human (87.2% success rate) and 24 out of 29
animal (82.8% success rate) samples showed good preservation of
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Fig. 1. Map with main sites discussed in the paper.

1. Tobolskyi, 2. Kyzylsuir-2, 3. Abylai, 4. Tandaily, 5.
Bakybulak, 6. Baike-2, 7. Karatobe, 8. Kotyrkora, 9.
Shatyrkul', 10. Turgen, 11. Karakemer, 12. Kyzylshilik, 13.
Okule-5, 14. Dongal.

Yellow points mark sites that contain individuals with high
8'3C values during Final Bronze and Early Iron Ages in
central Kazakhstan in this study: 15.Karashoky,
16.Myrzhyk-6; those published previously by Svyatko and
Beisenov (2017): 15.Karashoky, 17.Akbeit, 18. Koitas; 19.
Taldy-2; and those published by Lightf@ot et al. (2015):
20.Kent, 21.Tegiszhol, 22.Tasyrbai, 23.Kyzyl (The map was

185

o 19185y
3 -;'7 S0 14

gt o 8o
1

color in this figure legend,
version of this article.)

collagen with C:N ratio from 2.9 to 3.6 (DeNiro, 1985).

4.1. Central Kazakhstan

Human samples from central Kazakhstan sites dated to the Early
Iron Age (—~900-200 BCE) (n = 11) range from — 22.1%o to — 16.1%o
with a mean value of — 18.3%o in §'3C; and from 13.5%o to 15.2%o with
a mean value of 14.5%o in 8'°N. Although the sample size is limited,
great diversity in §'3C values can be observed. Samples LT-KZ-2 and L,
KZ-18, in particular, show enriched signals of §'°C, which points ti

iods. A recent study carried out by Svyatko and Beisenov
7) demonstrates high variability in diet indicated by a wide range
er ha 13C values. Although the sample size is limited, this study con-
has 8'3C value of — 22.1%o. This is indicative of a C3 diet withli r utes to the stable isotope dietary evidence in central Kazakhstan. A
no consumption of C4 plants. Samples of cattle, caprin S scatter plot of isotopic values from Bronze Age and Early Iron Age
humans from central Kazakhstan, herbivores from central Kazakhstan,
and fish from eastern Kazakhstan (Fig. 2) reveals greater diversity of
8'3C values among the Early Iron Age humans, while Bronze Age §'3C
values tend to cluster in one group,

with the exception of four Final Bronze Age individuals that stand
out on the graph. Average 8'3C values for central Kazakhstan from this

value of —20.0%o in 8'C. Animal samples sho
values with the highest value of 10.5%o. Carbon iso

4.2. Eastern Kazakhstan and other (Lightfoot et al., 2015; Svyatko and Beisenov, 2017) studies
are — 18.3%o for the Bronze Age and — 17.9%o for the Early Iron Age.
A small sample size of hu and animal (n = 1) bone In comparison to the Early Iron Age isotopic values from central
material from the east of monstrates a range of 8'3C Kazakhstan, data from the southern region suggests that over half of the
values in humans (from 6.0%0 with a mean value of population consumed C4 plants (Fig. 3). However, it also points to the
—17.3%o0), which indic: sumption of C4 plants in eastern increase of C4 plants consumption in the Early Iron Age in comparison
Kazakhstan in the 800 BCE-300 CE). The signal of §'°N in to the Bronze Age (Fig. 3). Overall, the changes happening in the
.2%o0 to 15.2%o0 with a mean value of transitional period are less clear in southern Kazakhstan than in the
ample from an eastern Kazakhstan archae- central region. Early Iron Age settlements, for example, were situated in
) onstrates 813C value of —19.0%o0 and 8'°N the same areas and, often, even on the same spots as Bronze Age set-

6o. This is indicative of animal diet consisting mainly of C3 tlements (Goryachev, 2011).

This study presents the first published isotopic data from the Early
Iron Age sites of eastern Kazakhstan. Although the sample size was very
limited, sample LT-KZ-40 from Karatobe indicated high §'3C value of
4.3. Southern Kazakhstan —16.0%o0. A ceramic vessel filled with remains of Polygonaceae identi-

fied by a local botanist was discovered at the site of Karatobe. The plant

Human samples (n = 26) from two Early Iron Age (~900-200 BCE) could have been used for medical purposes. More research has to be

sites in southern Kazakhstan demonstrate 8'C values ranging from done in order to analyze the importance of plants in eastern Kazakhstan
—17.7%o to — 12.2%o0 with a mean value of — 15.5%o and §'°N values Early Iron Age communities. Nevertheless, the available data suggest
ranging from 11.6%o to 15.7%o0 with a mean value of 13.3%o. This in- that some individuals there could partially rely on C,4 plants for sub-

dicates that C4 plants were a major component of the diet, however sistence.
some individuals did not rely solely on C, crops for subsistence.

160
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Table 1
Results of the study.

Human samples

Lab numb. Site Context Date Element 813C%o §1°N%o C/N at.
Central Kazakhstan

LT-KZ-1 Akbeit Kurgan 6 ~900-500 BCE" Rib -18.0 14.5 3.3
LT-KZ-23 Baike 2 Kurgan (with whiskers) 3 ~800-400 BCE” Clovicle —-19.1 14.8 3.3
LT-KZ-19 Bakybulak Kurgan 9 ~900-500 BCE" Skull —18.4

LT-KZ-24 Karakemer Kurgan 3 ~800-400 BCE" Rib -17.9

LT-KZ-3 Karashoky Kurgan 6 760-430 cal. BCE® Rib —18.0

LT-KZ-2 Karashoky Kurgan 7 ~900-400 BCE" Clovicle —16.1

LT-KZ-4 Karashoky Kurgan 9 ~900-400 BCE" Vertebra -17.8

LT-KZ-21 Kyzylshilik Kurgan 5 ~800-400 BCE" Clovicle -221

LT-KZ-18 Myrzhyk 6 Kurgan 3 ~700-500 BCE" Skull -16.8

LT-KZ-20 Tandaily Kurgan 1 ~800-400 BCE" Bone fragm. -19.5

LT-KZ-25 Tegiszhol Construction 27, burial 2 ~900-200 BCE" Clovicle -17.8

Eastern Kazakhstan

LT-KZ-41 Karatobe Kurgan 1 ~200 BCE-200 CE” Radius

LT-KZ-40 Karatobe Kurgan 2 Ulna

LT-KZ-39 Karatobe Kurgan 3 Radius

LT-KZ-42 Kotyrkora Kurgan 1 ~800 BCE-300 CE”

Southern Kazakshtan

LT-KZ-9 Shatyrkul' Kurgan 3, burial 7 ~900-200 BCE"

LT-KZ-5 Shatyrkul' Kurgan 3, burial 9

LT-KZ-7 Shatyrkul' Kurgan 4, burial 10

LT-KZ - 15 Shatyrkul' Kurgan 4, burial 11 14.8 3.4
LT-KZ-6 Shatyrkul' Kurgan 11, burial 1 ’ 14.4 3.3
LT-KZ-13 Shatyrkul' Kurgan 11, burial 2 15.7 3.3
LT-KZ-8 Shatyrkul' Kurgan 11, burial 4 13.8 3.4
LT-KZ-11 Shatyrkul' Kurgan 12, burial 2 14.1 3.4
LT-KZ-14 Shatyrkul' Kurgan 12, burial 5(1) 15.0 3.5
LT-KZ-16 Shatyrkul' Kurgan 12, burial 5(2) 12.8 3.4
LT-KZ-12 Shatyrkul' Kurgan 12, burial 6 Bone fragm. —15.5 14.2 3.5
LT-KZ-10 Shatyrkul' Kurgan 12, burial 9 1st plnx -15.7 12.9 3.4
LT-KZ-17 Shatyrkul' Burial 4 1st plnx —15.8 13.7 3.4
LT-KZ-26 Turgen' Kurgan 5, burial 1 ~ 200 B Bone fragm. -17.7 13.4 3.4
LT-KZ-38 Turgen' Kurgan 12, burial 1 Vertebra -16.9 13.0 3.3
LT-KZ-27 Turgen' Kurgan 12, burial 2 Vertebra —16.4 13.8 3.5
LT-KZ-28 Turgen' Kurgan 13, burial 2 Bone fragm. -16.3 13.3 3.4
LT-KZ-29 Turgen' Kurgan 17, burial 1 Vertebra -17.3 135 3.4
LT-KZ-30 Turgen' Kurgan 17, burial 2 Vertebra -16.1 12.6 3.5
LT-KZ-31 Turgen' Kurgan 17, burial 4, Vertebra -16.0 11.9 3.6
LT-KZ-33 Turgen' Kurgan 18, buri Bone fragm. -15.9 12.5 3.3
LT-KZ-32 Turgen' Kurgan 19, buri Skull -16.4 12.3 3.4
LT-KZ-34 Turgen' Kurgan 19, buria 1st plnx —16.1 121 3.3
LT-KZ-36 Turgen' Vertebra —16.1 12.6 3.3
LT-KZ-37 Turgen' Kur Vertebra -16.0 13.5 3.4
LT-KZ-35 Turgen' 1st plnx -15.4 11.6 3.3
Animal samples

Lab numb. Site Date Specie 813C%o0 81°N%o C/N at.
Central Kazakhstan

LT-KZ-74 Square Al ~800-400 BCE" Caprine —19.4 8.7 3.4
LT-KZ-75 Square A3 ~800-400 BCE" Horse —-21.2 7.1 3.5
LT-KZ- Kurgan 1 ~900-500 BCE* Cattle -19.9 8.0 3.6
LT- Kurgan 7, individ. 1 ~900-500 BCE* Caprine —-18.6 10.5 3.2
L Kurgan 7, individ. 3 ~900-500 BCE" Caprine -19.9 7.8 3.5
LT- Kurgan 7, individ. 4 ~900-500 BCE" Caprine —19.0 10.2 3.3
LT-KZ- Akbeit Kurgan 7, individ. 6 ~900-500 BCE* Horse —20.8 5.3 3.5
LT-KZ-66 Akbeit Kurgan 7, individ. 5 ~900-500 BCE* Caprine —20.4 6.7 3.3
LT-KZ-79 Dongal settlement layers ~1000-800 BCE” Cattle —20.2 8.3 3.5
LT-KZ-76 Karashoky Kurgan 6, individ. 4 ~900-400 BCE” Caprine —-19.2 8.2 3.3
LT-KZ-77 Karashoky Kurgan 6, individ. 3 ~900-400 BCE” Caprine -19.7 9.0 3.3
LT-KZ-80 Kent Settlement layers ~1300-800 BCE” Cattle —-20.3 7.0 3.4
LT-KZ-81 Kent Settlement layers ~1300-800 BCE" Animal bone -19.8 7.6 3.4
LT-KZ-82 Kent Settlement layers ~1300-800 BCE" Cattle —-19.8 10.1 3.4
LT-KZ-67 Kyzylsuir 2 Settlement layers ~700-500 BCE" Cattle —20.5 6.9 3.3
LT-KZ-68 Kyzylsuir 2 Settlement layers ~700-500 BCE" Cattle —-19.5 7.8 3.3
LT-KZ-69 Kyzylsuir 2 Settlement layers ~700-500 BCE” Cattle —20.0 9.5 3.3
LT-KZ-70 Kyzylsuir 2 Settlement layers ~700-500 BCE" Cattle —20.3 8.3 3.3
LT-KZ-71 Kyzylsuir 2 Settlement layers ~700-500 BCE" Cattle -19.9 8.6 3.3
LT-KZ-73 Kyzylsuir 2 Settlement layers ~700-500 BCE" Cattle —20.2 7.8 3.3

(continued on next page)
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Table 1 (continued)
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Animal samples

Lab numb. Site Context Date Specie §13G%o0 8'°N%o C/N at.
LT-KZ-78 Okule 5 Kurgan ~700-600 BCE" Caprine —20.9 7.4 3.4
Northern Kazakhstan
LT-KZ-56 Tobolskyi Central burial ~1000-800 BCE” Horse —-21.3 4.3 3.3
LT-KZ-57 Tobolskyi Eastern half of the kurgan ~1000-800 BCE” Caprine -19.7 9.2 3.6
Eastern Kazakhstan
LT-KZ-83 Karatobe Kurgan 3 ~ 200 BCE-200 CE" Caprine —19.0 10.3 3.3
@ Calibrated dates for these sites were published earlier by Beisenov et al. (2016b).
" The features are dated by cultural affiliation.
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X Eastern KZ fish

Fig. 2. Scatter graphs demonstrate distribution of human isotopic values: CKZ - central

Kazakhstan, BA - Bronze Age, EIA — Early Iron Age, herbivores - caprines, cattle and horse
values from archaeological sites of the Bronze and Iron Ages; (includes previously pub
lished data by Lightfoot et al., 2015; Motuzaite Matuzeviciute et al., 2015; Svyatko aré
Beisenov, 2017); eastern Kazakhstan fish values were taken from a previously

study by Svyatko et al. (2015).
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Beisenov, 20
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5.2. Individuals with C, signal in central Kazakhstan

X Eastern KZ fish

e distribution of human isotopic values: SKZ — southern
onze Age, EIA - Early Iron Age, herbivores - caprines, cattle and horse
aeological sites of the Bronze and Iron Ages; (includes previously pub-
Lightfoot et al., 2015; Motuzaite Matuzeviciute et al., 2015; Svyatko and

Stable isotope evidence suggests that there was limited consumption
of C4 crops in central Kazakhstan during the Early Iron Age. Enriched
carbon values are identified at various Final Bronze Age and Early Iron
Age sites. However, only one individual per site demonstrates con-
sumption of C, plants, with the exception of Karashoky cemetery,
where two individuals (LT-KZ-2 and UBA-23674) have enriched §'*C

values (Table 2).
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# CKZ EIA humans ~ m SKZ EIA humans

aphs demonstrate distribution of human isotopic values during the Early
al and Southern Kazakhstan: CKZ EIA - Central Kazakhstan Early Iron
A - Southern Kazakhstan Early Iron Age (this graph uses previously published
ightfoot et al., 2015; Motuzaite Matuzeviciute et al., 2015; Svyatko and
ov, 2017).

At least three samples (LT-KZ-2, LT-KZ-18 and UBA23672) with
enriched 813C values belong to adult males according to the anthro-
pological identification. Two more samples (UBA23674 and UBA-
23667) could also belong to adult males. Archaeological data from
mortuary ritual contexts of the Middle Bronze Age Petrovka culture
cemetery at Bestamak located in northern Kazakhstan suggests that
women and men had similar public status (Logvin, 2002). Sintashta and
Petrovka burials indicate differences associated with sex and age of the
individuals, however, special treatment of the deceased related to
higher social status is not as prominent (Koryakova and Epimakhov,
2007). In the Early Iron Age, on the other hand, we see not only social
differentiation, but also gender differences reflected in the funerary
ceremony and evident by rich burials.

Analysis of lifestyle and social structure in the Early Iron Age so-
cieties of central Kazakhstan has been carried out by researchers
working with sites of Tasmola culture (Habdulina, 2007; Yarygin and
Lapin, 2015). They suggested that the Early Iron Age community in-
habiting central and northern regions of Kazakhstan was highly strati-
fied. At least five samples with enriched values (Table 2) were collected
from the elite (tsarskyi) kurgans: Akbeit, kurgan 1 (UBA23672), Kara-
shoky, kurgans 1 (UBA-23674) and 7 (LT-KZ-2), Koitas, kurgan 1 (UBA-
23664) and Taldy-2 (UBA-23667). The presence of enriched 8'°C values
in individuals buried in rich kurgans indicates that social elites were
consuming Cy4 crops, an observation that has been noted by Svyatko and
Beisenov (2017). It is not clear, however, if C4 produce, possibly millet,
was reserved only for the high society. Osteological investigations of
Tasmola population (Beisenov et al., 2015) indicated that some samples
with high 8'3C values were obtained from individuals with trepanning
holes in the skull (LT-KZ-2, UBA-23672). One more sample could also
come from a child with four trepanning holes (UBA-23674). The
character of the holes suggests that they were done after death
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Table 2

Isotopic data of the individuals with enriched 8*3€ values from Final Bronze Age and Early Iron Age in central Kazakhstan.

8N%o C/Nat. Source

813C%o

Other information

Age

Site Context Sex

Date

Sample ID

Lightfoot et al., 2015

3,1

13

—16.4
—-15.7
—-16.8
-16

-16.1
—-16.8
—-15.7

Kurgan 3

Tegiszhol
Tasyrbai
Kyzyl

~1300-800 BCE"
~1300-800 BCE”
~1300-800 BCE"
~1300-800 BCE"
~900-400 BCE”
~700-500 BCE”

KZ025
KZ053
KZ092
KZ104

Lightfoot et al., 2015

17.7
13

Kurgan 10, grave 1

Kurgan 8

Lightfoot et al., 2015

Lightfoot et al., 2015

This study
This study

3,3
3.3
3.4

3,3

13.5

Single human femur discovered

Adult

Cultural layers
Kurgam?7

Kent (settlément)
Karashoky
Myrzhyk 6
Akbeit

14.6

The individual has 7 trepanning holes in the skull

Buried with inventory of a «<warrior»

35-45 y.o.

LT-KZ-2

15.2

25+ y.o.

Kurgan 3

LT-KZ-18

Svyatko and Beisenov, 2017

16.2

The individual has 3 trepanning holes in the skull
The child has 4 trepanning holes in his skull

Kurgan 1 55+ y.o.

829-546 cal. BCE"

UBA-23672
UBA-23674
UBA-23664
UBA-23667

Svyatko and Beisenov, 2017

3,2
3,2

16.9
3,3

16
-14.1
—14.5

Child or adult

Kurgan 1

Karashoky

Koitas

791-542 cal. BCE"

Svyatko and Beisenov, 2017

14.3

Kurgad 1

791-536 cal. BCE®

Svyatko and Beisenov, 2017

15.2

Female and male from plundered burial

F (55 y.o. Or more) or M (45-55 y.o.)

Kurgan 2

Taldy-2°

807-540 cal. BCE"

2 Calibrated dates for these sites were published earlier by Beisenovet al«(2016H)

b The features are dated by cultural affiliation.

¢ The context of the sample is not clear.
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(Beisenov et al., 2015, 127). Trepanning holes could be performed as a
part of embalming process to secure the preservation of body until the
burial ceremony. Beisenov et al. (2015, 128-129) also consider tre-
panning holes as a marker of status and indication of social stratifica-
tion in the Early Iron Age.

Isotopic data from human enamel from the Southern region of
Kazakhstan shows that millet was consumed by younger members of
the society as well as by adults, probably in the form of porridge
(Motuzaite Matuzeviciute, 2016). For central Kazakhstanga single high
8'3C value (UBA-23674) published earlier in Svyatko amnd Beisenov
(2017) may belong to a 1-year-old child.

5.3. Social change and the introduction of C4plants in central Kazakhstan

Despite widespread acceptance of an Early Iron,Age date for the rise
of nomadic pastoralism in the central Kazakhstan stéppes, the evidence
suggests that people started to consume C, plants in the Final Bronze
Age, a diet that continued into_the, Early, Iron ‘Age. Evidence for the
cultural changes that happened'in the,Earlyylron Age such as the ap-
pearance of elites, increase in ‘soci@l complexity, new forms of warfare
and ornament styles coincides with the introduction of C,4 agriculture
both chronologically and spatially.

As to the economigjimplications of the beginning of crop con-
sumption i central Kazakhstan, there are two possible hypotheses that
fit the existing evidence. Firstly, Final Bronze Age and Early Iron Age
populations couldigrow C4 plants, possibly millet, which does not ne-
cessarily imply; that‘their primary economic strategy was not pastoral
nomadism. For \example, ethngraphic research has examined agri-
cultural activity within pastoral nomadic societies. Nomadic Kazakhs
cultivated millet, wheat, and barley (Masanov, 1995). Growing crops,
however, did not transform a nomadic population into a sedentary one.
Nomadic groups that cultivated crops traveled around their pastures
while growing spring-sown crops. After the reaping, they processed the
harvest, took part of it and put the rest in the soil until the next season
(Bevshin, 1832). A review of ethnographic and archaeological evidence
for steppe nomadic communities suggests that nomads did not require
large amounts of agricultural products to survive (Di Cosmo, 1994),
which suggests that evidence for agriculture in Early Iron Age nomads
can be difficult to find.

On the other hand, high C,4 values are only seen in individual re-
presentatives of the Final Bronze and Early Iron Age society in central
Kazakhstan, which might point to the development of long-distance
trade with agricultural communities. It has been previously suggested
that a long-distance exchange between desert-oasis cities and the hin-
terland population could influence the spread of trade items as in-
dicated by discoveries of luxury artifacts made in animal-style over a
vast geographic territory (Chang, 2008). In the case of southeastern
Kazakhstan Early Iron Age sites Chang (2008), suggests that the image
of “early nomads” could be biased by the evidence coming from rich
kurgans of the nomadic elite, since archaeological evidence from the
Early Iron Age settlements does not demonstrate major social differ-
ences. Similarly, for central Kazakhstan, the stable isotope results pre-
sented here and published earlier (Lightfoot et al., 2015; Svyatko and
Beisenov, 2017) suggest that only a small percentage of the population
consumed C,4 plants. However, rich kurgan graves targeted by archae-
ologists do not represent the overall diet of the population in the region,
as there is a chance that the majority of the sampled population be-
longed to the class of warriors that practiced a mobile lifestyle and did
not have frequent access to a plant based diet. Possible agricultural
tools found at some Early Iron Age settlement sites in central Kazakh-
stan, however, indicate that local populations could have been involved
in agriculture as well (Beisenov, 2015). Further research and archae-
obotanical investigation in particular of those settlement sites in central
Kazakhstan, could therefore lead to a better understanding of the
human diet during the transitional period from Bronze to Iron Ages.
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6. Conclusion

This paper presents the results of a stable isotope analysis based on
samples from the Final Bronze and the Early Iron Age sites of central,
southern, and eastern Kazakhstan. The evaluation of previously con-
ducted isotopic studies together with the new data indicate that C4
crops were already consumed in central Kazakhstan in the Final Bronze
Age, and that this trend continued in the early Iron Age. Isotopic data
suggest that C4 plants were more important to the people of southern
Kazakhstan during the Early Iron Age than they were to the people of
central Kazakhstan during the same time. Despite the limited sample
size, the data suggest that the people of eastern Kazakhstan also con-
sumed C, plants to some degree during the Early Iron Age. Our research
suggests that certain individuals who consumed C, plants in central
Kazakhstan during the Early Iron Age often represent high class males
buried in elite kurgans. This could point to both the beginning of the
development of C, agriculture in the region and/or the expansion of
trading networks with other areas that produced C, crops such as
millet. Yet the origins of these plants remains unclear; we have no direct

Archaeological Research in Asia 15 (2018) 157-173

evidence for the local cultivation of them. Nevertheless, we can con-
clude that the earliest appearance of C4 plant consumption in the
central Kazakhstan region coincides with important social and eco-
nomic changes in the region.
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Appendix A
Sample  Site Context Period Element 81%C%0  8'°N%o C/N Region  Source
ID atomie
LT-KZ-1  Akbeit Kurgan 6 EIA Rib —17.95 1454, 3.3 Central  This study
LT-KZ-2  Karashoky Kurgan 7 EIA Clovicle —16.14),14:59 3.3 Central  This study
LT-KZ-3  Karashoky Kurgan 6 EIA Rib —-1801 15.12 3.3 Central  This study
LT-KZ-4  Karashoky Kurgan 9 EIA Vertebra —17.76),15.05 3.3 Central  This study
LT-KZ-5 Shatyrkul' Kurgan 3, burial 9 EIA Human bone =12.80 “18.27 3.4 Southern This study
(fragm)
LT-KZ-6  Shatyrkul' Kurgan 11, burial EIA Phalanx =1560 14.42 3.3 Southern This study
1
LT-KZ-7  Shatyrkul' Kurgan 4, burial ~ EIA Phaflanx —13.85 13.05 3.3 Southern This study
10
LT-KZ-8  Shatyrkul' Kurgan 11, burial EIA Human bone —14.05 13.82 34 Southern This study
4 (fragm)
LT-KZ-9  Shatyrkul' Kurgan 3, burial 7 EIA Phalanx —15.03 13.73 3.4 Southern This study
LT-KZ-10 Shatyrkul' Kurgan 12, burial EIA Phalanx —15.71 1291 34 Southern This study
9
LT-KZ-11 Shatyrkul' Kurgan 12, burial “3EIA Human bone —-14.16 1411 34 Southern This study
2 (fragm)
LT-KZ-12 Shatyrkul' Kurgan 12, burial| | EIA Human bone —15.50 14.19 35 Southern This study
6 (fragm)
LT-KZ-13 Shatyrkul' Kurgan 115 burial EIA Vertebra —-15.73 15.71 3.3 Southern This study
2
LT-KZ-14 Shatyrkul' Kurgan'12, burial EIA Vertebra —15.14 15.01 3.5 Southern This study
5
LT-KZ-15 Shatyzkl! Kurgan 4, burial ~ EIA Phalanx —14.99 1476 3.4 Southern This study
11
LT-KZ416“Shatyrkul' Kurgan 12, burial EIA Human bone —-12.24 1281 34 Southern This study
5 (fragm)
LT-KZ-17 £ Shatyrkul' Burial 4 EIA Phalanx —15.79 13.67 3.4 Southern This study
LT-KZ-18 Myrzhyk 6 Kurgan 3 EIA Human skull —-16.79 15.24 34 Central  This study
(fragm)
LT-KZ-19 Bakybulak Kurgan 9 EIA Human skull —18.35 13.61 3.5 Central  This study
(fragm)
LT-KZ-20 Tandaily Kurgan 1 EIA Human bone —19.47 13.58 3.3 Central  This study
(fragm)
LT-KZ-21 Kyzylshilik Kurgan 5 EIA Human clovicle —22.10 13.51 3.3 Central  This study
LT-KZ-23 Baike 2 Kurgan 3 EIA Human clovicle —19.08 14.83 3.3 Central  This study
LT-KZ-24 Karakemer Kurgan 3 EIA Human rib —17.88 1490 3.3 Central  This study
LT-KZ-25 Tegiszhol Construction 27,  EIA Human clovicle —17.79 14.59 3.4 Central  This study
burial 2
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LT-KZ-26 Turgen
LT-KZ-27 Turgen
LT-KZ-28 Turgen
LT-KZ-29 Turgen
LT-KZ-30 Turgen
LT-KZ-31 Turgen
LT-KZ-32 Turgen
LT-KZ-33 Turgen
LT-KZ-34 Turgen
LT-KZ-35 Turgen
LT-KZ-36 Turgen
LT-KZ-37 Turgen
LT-KZ-38 Turgen
LT-KZ-39 Karatobe
LT-KZ-40 Karatobe

LT-KZ-41 Karatobe
LT-KZ-42 Kotyrkora

GM_028 Qi-Dzailau VII
GM_029 Oi-Dzailau VII
GM_025 Oi-Dzailau VII
GM_033 Oi-Dzailau VII
GM_035 Oi-Dzailau VII
GM_034 Oi-Dzailau VII
GM_020 Oi-Dzailau VII
GM_026 Oi-Dzailau V.
GM_024 Oi-Dzailau
GM_02 Oi-

G -Dzai I
GM_0 Kyzyl Bulak-1
GM_031 Kyzyl Bulak-1
GM_021 Kyzyl Bulak-1
GM_030 Kyzyl Bulak-1
GM_049 Karatuma
GM_050 Karatuma

Kurgan 5, burial 1 EIA

Kurgan 12, burial EIA
2
Kurgan 13, burial EIA
2
Kurgan 17, burial EIA
1
Kurgan 17, burial EIA
2
Kurgan 17, burial EIA
4
Kurgan 19, burial EIA
2
Kurgan 18, burial EIA
2
Kurgan 19, burial EIA
3
Kurgan 26, burial EIA
1
Kurgan 19, burial EIA
4
Kurgan 25, burial EIA
1
Kurgan 12, burial EIA
1

Kurgan 3 EIA
Kurgan 2 EIA
Kurgan 1 EIA
Kurgan 1 EIA
Grave 5/ LBA
construction 2

Grave 1/ LBA
construction 2

Grave 5/ LBA
construction 3

Kurgan 1

Kurgan 9/grave A
Grave 2/ LBA
con gtion 3

K a LBA
LBA
C ruction 3
Grave 1/ LBA
nstruction 3
Grave 1/ LBA
construction 2
Grave 7 LBA

Construction 38/ LBA
grave 9

Construction 65 LBA
Construction 42 LBA
Construction 45 LBA

Kurgan 55 EIA

Kurgan 19/grave 2 EIA

Human bone —-17.73 13.35 3.4

(fragm)
Human —16.35 13.76 3.5
vertebra
Human bone —16.30 13.30 3.4
(fragm)
Vertebra —17.25 13.46 3.4
Vertebra —16.10 12.57 3.5
Vertebra —15.97 11.93 3.6
Skull —16.38 12.30 3.4

Human bone —15.86 12.48 3.3

(fragm)

Phalanx —16.12 12.13
Phalanx —15.40 11.59
Vertebra —16.10 12.60
Vertebra —16.03 13.50
Vertebra - 16.88’13.00
Radius 3.3
Ulna A 4
Radius 3.3
Human bone . 3.3
(fragm)

—18.51 13.76 3.4

—-16.9

13.89 3.2

—16.15 13.14 3.2

—14.79 14.51 3.2

—14.44 13.22 3.2

—14.5

13.38 3.1

—13.71 14.62 3.3

—13.33 14.73 3.2

—14.06 14.32 3.3

—16.83 13.73 3.5

—16.27 12.76 3.2

—18.41 10.23 3.2

—19.01 9.72 3.2

—-17.63 10.21 3.4

-15 13.37 3.2

—151 1483 33
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Southern This study
Southern This study
Southern This study
Southern This study
Southern This study
Southern This study

Southern Thi dy

Southern This study

This study

Southern This study

Eastern  This study
Eastern  This study
Eastern  This study
Eastern  This study

Southern Motuzaite Matuzeviciute
et al., 2015'

Southern Motuzaite Matuzeviciute
et al., 2015'

Southern Motuzaite Matuzeviciute
et al., 2015’

Southern Motuzaite Matuzeviciute
et al., 2015’

Southern Motuzaite Matuzeviciute
et al., 2015'

Southern Motuzaite Matuzeviciute
et al., 2015'

Southern Motuzaite Matuzeviciute
et al., 2015'

Southern Motuzaite Matuzeviciute
et al., 2015'

Southern Motuzaite Matuzeviciute
et al., 2015'

Southern Motuzaite Matuzeviciute
et al., 2015'

Southern Motuzaite Matuzeviciute
et al., 2015'

Southern Motuzaite Matuzeviciute
et al., 2015'

Southern Motuzaite Matuzeviciute
et al., 2015'

Southern Motuzaite Matuzeviciute
et al., 2015’

Southern Motuzaite Matuzeviciute
et al., 2015

Southern Motuzaite Matuzeviciute
et al., 2015'

Southern Motuzaite Matuzeviciute
et al., 2015'
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GM_051
GM_053
GM_054
GM_055
GM_058
GM_059
GM_062
GM_063
GM_065
GM_068
GM_070
GM_072
GM_074
GM_075
GM_076
GM_077
GM_079
GM_080
GM_082
GM_083
GM_086
GM_087
GM_090
GM_092
GM_095

GM_098

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

Karatuma

GM_077B Karatuma

GM_077A Karatuma

GM_F78

GM_148

GM_155

Karatuma

Karatuma

Karatuma

Kurgan 10

Kurgan 90

Kurgan 80/grave 2
Kurgan 80/grave 2
Kurgan 36

Kurgan 62

Kurgan 35

Kurgan 112
Kurgan 165/grave
2

Kurgan 11

Kurgan 26

Kurgan 59

Kurgan 35

Kurgan 20/grave 1
Kurgan 112
Kurgan 26

Kurgan 52

Kurgan 34

Kurgan 26

Kurgan 21

Kurgan 20/g1

Kurgan 2

Kurgan 107
Kurgan 150

Kurgan 8

Kurgan 7

Kurgan 65
Kurgan 45
Kurgan 64

Kurgan 59

EIA -16
EIA -16.3
EIA -155
EIA —-15.2
EIA -16

EIA - 145
EIA -14.9
EIA -15

EIA -16.2
EIA —14.4
EIA -16.2
EIA -13.2

EIA -129 ’

EIA ~169. 1 3.2
EIA <‘;!ir‘h 3.2

11.75

12.13

14.18

11.09

12.03

12.41

8.98

13.5

12.08

13.04

12.12

12.43

3.2

3.2

3.1

3.1

3.2

3.1

3.3

3.2

EIA .51 31
EIA 54 1274 3.1
EIA —16 12.21 3.1
EIA —-159 1228 3.1

—15.8 1274 3.1

—-16.1 13.39 3.2

—16.3 10.69 3.2
EIA —16.8 12.89 3.4
EIA —-15.1 1233 3.2
EIA —-15.2 13.31 3.2
EIA —-13.8 13.18 3.1
EIA —-15.8 11.75 3.1
EIA —-17 9.01 3.3
EIA —-14 12.61 3.3
EIA —14.8 13.49 3.3
EIA —-16.5 11.34 3.3
EIA —-15.1 125 3.3
EIA —13.5 11.86 3.4
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Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Southern

Motuzaite Matuzeviciute
et al., 2015’
Motuzaite Matuzeviciute
et al., 2015'
Motuzaite Matuzeviciute
et al., 2015'
Motuzaite Matuzeviciute
et al., 2015'
Motuzaite Matygeviciute
et al., 2015'
Motuzaite Matu

ot@@aite Matuzeviciute
et al., 2015'
Motuzaite Matuzeviciute
et al., 2015'
Motuzaite Matuzeviciute
et al., 2015’
Motuzaite Matuzeviciute
et al., 2015'
Motuzaite Matuzeviciute
et al., 2015'
Motuzaite Matuzeviciute
et al., 2015'
Motuzaite Matuzeviciute
et al., 2015’
Motuzaite Matuzeviciute
et al., 2015’
Motuzaite Matuzeviciute
et al., 2015
Motuzaite Matuzeviciute
et al., 2015'
Motuzaite Matuzeviciute
et al., 2015'
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GM_156
GM_157
GM_082
GM_158
GM_118
GM_120
GM_123
GM_128
GM_132
GM_130
GM_116
GM_135
GM_125B
GM_115
GM_125A
GM_126
GM_127
GM_129
GM_117
GM_119
GM_121
GM_046
GM_047

GM_044

Karatuma
Karatuma
Karatuma
Karatuma
Kainarbulak-1
Kainarbulak-1
Kainarbulak-1
Kainarbulak-1
Kainarbulak-1
Kainarbulak-2
Kainarbulak-1
Kainarbulak-2
Kainar Bulak-1
Kainarbulak-1
Kainarbulak-1
Kainar Bulak-1
Kainar Bulak-1
Kainarbulak-2
Kainarbulak-1
Kainarbulak-1
Kainarbulak-1
Kargaly-I
Kargaly-I
Kargaly-I

Kargaly-1

GM_040

GM_042
GM_041
GM_43

GM_131

Kamenka
Kamenka
Kamenka
Khatau-1

Shymkent

Kurgan47
Kurgan49

Kurgan 26

Kurgan 59

urgan 6/grave 3?
Kurgan 11/grave 2
Kurgan 6

Kurgan 3/grave 2

Kurgan 11/grave 2
Kurgan 7/grave 2
Kurgan 3
Kurganl3/grave 1
Kurgan 7/grave 1
Kurganl3/grave 2
Kurgan 8

Kurgan 3/grave 2
Kurgan 11/grave 1
Kurgan 11/grave 1
Kurgan 5

Kurgan 4

Kurgan 1/12

Kurgan 2/14
Kurgan 1/grave 1
Kurgan 1/grave 2
Kurgan 1/grave 3
Kurgan 5/grave 1
Kurgan 5/grave 2
Kurgan 12
Konstruction 12/

grave 1
Kurgan 9

EIA —-15.7 11.37 3.3
EIA —16.4 10.61 3.4
EIA —16.83 13.72 3.3
EIA —-15.2 8.77 3.5
EIA —14.2 134 3.3
EIA -13 13.6 3.1
EIA —-12.7 12.4 3.1
EIA —-13.9 111 3.1
EIA —-12.6 131
EIA —10.5 10.4
EIA -11.2 129
EIA -109 117
EIA - 11.1)10.51 .
EIA —11.86 1 3.2
EIA -1 3.3
EIA 47 3.2
EIA 4.52 11.97 3.1
EIA —-13 10.1 3.3
EIA —12.68 12.03 3.2
—11.28 12.54 3.2
—15.39 14.72 3.4
—13.56 12.36 3.3
EIA —15.47 12.45 3.4
EIA —14.16 10.35 3.4
EIA —15.01 11.99 3.2
EIA —16.18 10.9 3.1
EIA —17.27 9.97 3.2
EIA —-15.9 11.6 3.3
EIA —-16 10.33 3.3
EIA —15.31 9.66 3.2
EIA —15.55 12.28 3.2
EIA -15 15.86 3.2
EIA —11.28 10.67 3.3
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KZ001
KZ002

KZ003

KZ004
KZ005
KZ007

KZ008

KZ009
KZ010

KZ011

KZ012

KZ013

KZ014
KZ015
KZ016
KZ017
KZ018
KZ019
KZ020

KZ021
KZ023
KZ024
KZ025
KZ026
KZ095
KZ103

KZ027
KZ042
KZ043
KZ044
KZ045
KZ046
KZ047
KZ048
KZ049
KZ067
KZ068
KZ069
KZ070
KZ071

Tegiszhol
Tegiszhol

Tegiszhol

Tegiszhol
Tegiszhol
Tegiszhol

Tegiszhol

Tegiszhol
Tegiszhol

Tegiszhol
Tegiszhol
Tegiszhol

Tegiszhol
Tegiszhol
Tegiszhol
Tegiszhol
Tegiszhol
Tegiszhol
Tegiszhol

Tegiszhol
Tegiszhol
Tegiszhol
Tegiszhol
Tegiszhol
Tegiszhol
Tegiszhol

Nurataldy
Dariya
Dariya
Dariya
Tashik
Tashik
Tashik
Tashik
Tashik
Tashik
Tashik
Tashik
Tashik
Tashi

KZ054

KZ055

KZ056

Aschisu

Aschisu

Aschisu

Aschisu

Kurgan 26 FBA
Kurgan 7, grave 1 MBA-
LBA
Kurgan 8 MBA-
LBA
Kurgan 26, grave 3 FBA
Kurgan 29 FBA
Kurgan 32, grave 1 MBA-
LBA
Kurgan 31, grave 1 MBA-
LBA
Kurgan 9 BA
Kurgan 9, grave 1 MBA-
LBA
Kurgan 9, grave 2 MBA-
LBA
Kurgan 9, grave 3 MBA-
LBA
Kurgan 9, grave 4 MBA-
LBA
Kurgan 27, grave 1 EIA
Kurgan 24 MBA
Kurgan 20 MBA
Kurgan 19 BA
Kurgan 18 MBA
Kurgan 17 MBA
Kurgan 31, grave 2 MBA-
LBA
Kurgan 21 MBA
Kurgan 5 BA
Kurgan 4 FBA
Kurgan 3 FBA
Kurgan 1 BA

Kurgan 27, grave 1 EIA
Kurgan 10, grave 1 MBA-

LBA
EBA

Grave 9 E

Grave 5

Grave 7

Kurgan 3, grave A

Kurgan 8, 4

Kurgan 8; gr A
EBA
EBA
EBA
EBA

an 10, grave 5 EBA
Kurgan 10, grave 1 EBA
urgan 10, grave 5 EBA
Kurgan 7, grave 1 EBA
Kurgan 10, grave 5 EBA
Kurgan 12 EBA
Kurgan 17, grave 1 EBA
Kurgan 5, grave 1 EBA
Kurgan 5, grave 1 EBA-
MBA

Kurgan 1, grave 1 EBA-
MBA

Kurgan 1, grave 2 EBA-
MBA

Kurgan 1, gravel  EBA-
MBA

Kurgan 2, grave 1 EBA-
MBA

Rib -17.9
Rib —-18.3
Rib - 185
Rib —18.1
Rib —-18.3
Rib —18.5
Rib —18.3
Rib —-17.4
Rib —18.6
Rib —18.1
Rib —18.4
Long bone —-18.1
Rib -17.3
Rib —18.4
Rib —18.9
Crania —-19.1
Crania —-18.1
Rib -17

Rib —18.6

13.3
13.4

12.7
12.7
13.7
12.1
12.8

13.3
11.9

12.7
12.9
12.9

14.4
12.1
12.6
11.8
15.5

1
1

Rib -1

Rib 1 3.
Rib .9
Rib 13
Rib 8. 12.8

Mandible 18.2
Cr —18.9
Jaw —-18.6
ib - 18
—-18.1
Ri -17.7
Radius —-18.7
Pelvis —18.7
Rib —18.6
Clavicle —18.5
Femur —-18.5
Mandible —18.2
Pelvis —-18.9
Crania —-18.1
Colar bone? —-18.3
Pelvis —18.2
Pelvis —18.7
Humerus —-18.2
Crania —18.7
Crania —-18
Mandible —18.3
Crania —-18.9
Rib —-17.2
Rib —18.7
Rib —18.6
Humerus —-19.1

168

14.1
13

14.3
14.3
14.2
14.2
12.6
13.1
13.8
13.3
13

13.6
12.7
14.7
14

14.9
12.6
13.1
12.9
12.9
12.5
12.4

14.2

11.9

11.7

11.5

3.2
3.2

3.2
3.2
3.2
3.2
3.2

31
3.2

3.2

3.2

3.2

3.

3.2
3.2
3.2

3.2
3.2
3.2
3.1
3.1
3.3
3.2

3.3
3.2
3.2
3.2
3.2
3.3
3.3
3.2
3.2
3.3
3.3
3.2
3.2
3.3
3.2
3.2
3.2
3.3
3.3
3.2

3.3
3.2
3.2

3.2
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Kz057 Aschisu
KZ058 Aschisu
KZ059 Aschisu
KZ076 Aschisu
Kz051 Ayapbergen
KZ053 Tasyrbai
KZ066 Tasyrbai
KZo61 Kopa-I
KZ062 Akimbek
KZ063 Akimbek
KZ064 Akimbek
KZ065 Akimbek
KZ087 Akimbek
KZ075 Kudryavaya
Sopka-1
KZ085 Kudryavaya
Sopka-1
Kz077 Kyzylkol
Kz078 Kyzylkol
KZ079 Kyzylkol
KZ080 Kyzylkol
KZ081 Kyzylkol
KZ082 Kyzylkol
KZ083 Kyzylkol
KZ084 Kyzylkol
KZ092 Kyzyl
KZ093 Temirkash
KZ094 Temirkash
KZ096 Karatugai
KZ097 Karatugai
KZ098 Kara
KZ099 arz

K71 ra

K artas
KZ airakty
KZ104 nt
UBA- Akbeit
2367-
2
UBA- Akbeit
2367-
0
UBA- Akbeit
2835-

Kurgan 5, grave 2
Kurgan 1, grave 1

Kurgan 2, grave 1

Kurgan 1, grave 2
Kurgan 10, grave 1
Kurgan 13

Grave 1

Grave 4

Kurgan 1

Kurgan 1, grave 1
Kurgan 2, grave 1
Kurgan 5, grave 1
Kurgan 1, grave 2
Kurgan 1, grave 1
Kurgan 1, grave 9
Kurgan 1, grave 8
Kurgan 1, grave 6
Kurgan 1, grave 5
Kurgan 1, grave 4
Kurgan 1, grave 3
Kurgan 1, grave

Kurgan 1, gr:

urgan 10
Kurgan 6
Kurgan 8

Kurgan 1

Kurgan 2

Kurgan 7

EBA-
MBA
EBA-
MBA
EBA-
MBA
EBA-
MBA
EBA-
MBA
FBA

FBA

EBA-
MBA
EBA-
MBA
EBA-
MBA
EBA-
MBA
EBA-
MBA
EBA-
MBA
FBA

MBA
FBA
FBA
FBA
FBA
FBA
FBA
FBA
FBA
EIA
EBA-
MBA
FBA
EIA

EIA

EIA

Rib

Rib

Rib

Rib

Rib

Vertebra

Crania

Crania

Rib

Femur

Femur

Femur

Crania

Femur

Crania

Rib

Rib

Rib

Ri

Ri

Rib

Long bone

Mandible
Crania
Crania
Crania
Crania
Mandible
Crania
Mandible
Mandible
Crania

Femur
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—18.4 128
—18.8 11.7
—18.4 125
—-17.8 13.6
—185 123
-15.7 17.7
—18.6 114
—-183 125
—18.4 144
—181 141
—18.2 133
—-18.4 129
—18.5 155
- lS.lJlSB
—18.4, 1

—18.4 151
—18.8 13.4
—-18.9 13

—19.2 13.2
—18.4 14.4
—-16.8 13

—18.8 127
-17.6 133
—18.4 128
-17.7 14

-17.8 13.9
—18.1 143
—-18.8 127
—18.6 145
—-19 11.6
—16 13.5
—15.7 16.2
-17.7 15

—-17.3 154

3.2

3.2

3.2

3.2

3.2

3.2

3.3

3.3

3.2

3.2

3.2

3.2
3.2
3.4
3.3
3.2
3.3
3.3
3.3
3.2
3.2
3.2
3.3
3.2
3.2
3.2
3.2
3.2
3.2
3.3
3.3
3.3

3.2
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UBA-
2836-
6
UBA-
2834-
4
UBA-
2366-
6
UBA-
2834-
5
UBA-
2835-
2
UBA-
2835-
3
UBA-
2491-
8
UBA-
2367-
4
UBA-
2367-
1
UBA-
2366-
8
UBA-
2366-
4
UBA-
2491-
7
UBA-
2547-
4
UBA-
2834-
6
UBA-
2491-
6
UBA-
2835-
0
UBA-
2366-

Bakybulak

Bakybulak

Bakybulak

Bektauata

Birlik

Birlik

Complex «37

voinovy

Karashoky

Karashoky

Karashoky-6

Koitas

Kosoba

Kyzyl

Kyzylkoi

Kyzylshilik

Kyzylshilik

Nazar-2

Taldy-2

Tandaily-2

Taisoigan

Kurgan 2

Kurgan 14

Kurgan 15

Kurgan 1

Kurgan 15

Kurgan 29

Kurgan 11

Kurgan 1

Kurgan 8

Kurgan 1

Kurgan 2

Kurgan 3, left

burial

Kurgan 1

Kurgan 2

Kurgan 2

Kurgan 1, lower

skeleton

Kurgan 2

Kurgan 2

Kurgan 3

EIA

EIA

EIA

EIA

EIA

EIA

EIA

EIA

EIA

EIA

EIA

EIA

EIA

EIA

EIA

EIA

EIA

EIA

EIA

EIA

—-18.2 15
—19.1 145
—-17.1 15.8
—-17.2 16.6
—-18.6 14.1
—-17.5 14
—18.4 155
—-16 16.9
- 17.6)15.4
—-17.7
.3
185 13.6
-189 137
—-18 15.9
—18.2 131
—-19.2 14
—-18.7 13.9
—18.4 141
—-17.3 145
—14.5 152
—-18.7 133
—18.2 133
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UBA-

Kurgan

2834- Zhamantas

9

EIA -189 137
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3.2 Central  Svyatko and Beisenov,

2017'

BA - Bronze Age, EBA - Early Bronze Age, MBA - Middle Bronze Age, LBA - Late Bronze Age, FBA - Final Bronze Age; IA - Iron Age, EIA - Early Iron Age.

Appendix B
Sample ID Site Period Specie 813C%o 8°N%o C/N atomic  Region Source
LT-KZ-56 Tobolskyi EIA Horse —-21.28 431 3.3 Northern  This study
LT-KZ-57 Tobolskyi EIA Caprine —-19.72 9.15 3.6 Northern  This study
LT-KZ-60 Akbeit EIA Cattle —-19.85 7.97 3.6 Central This study
LT-KZ-62 Akbeit EIA Caprine —18.64 10.54 3.2 Central This study
LT-KZ-63 Akbeit EIA Caprine —-19.94 7.83 3.5 Central This study
LT-KZ-64 Akbeit EIA Caprine —1895 10.20 3.3 Central This stud
LT-KZ-65 Akbeit EIA Horse —-20.82 5.31 35 Central This st
LT-KZ-66 Akbeit EIA Caprine —20.36 6.74 3.3 Central i
LT-KZ-67 Kyzylsuir 2 EIA Cattle —20.51 6.91 3.3 Central
LT-KZ-68 Kyzylsuir 2 EIA Cattle —-19.46 7.80 3.3
LT-KZ-69 Kyzylsuir 2 EIA Cattle —20.00 9.50 3.3
LT-KZ-70 Kyzylsuir 2 EIA Cattle —20.32 8.27 3.3
LT-KZ-71 Kyzylsuir 2 EIA Cattle —-19.91 857 3.3
LT-KZ-73 Kyzylsuir 2 EIA Cattle —20.15 7.84 3.3
LT-KZ-74 Abylai EIA Caprine —-19.40 8.69 B.u Centr: This study
LT-KZ-75 Abylai EIA Horse -21.23 7.07 3. Central This study
LT-KZ-76 Karashoky EIA Caprine —-19.16 8.21 3.3 entral This study
LT-KZ-77 Karashoky EIA Caprine —19.66 9.04 3 ntral This study
LT-KZ-78 Okule 5 EIA Caprine —20.92 Central This study
LT-KZ-79 Dongal FBA Cattle -20.17 Central This study
LT-KZ-80 Kent FBA Cattle —20.25 Central This study
LT-KZ-81 Kent FBA -19.77 Central This study
LT-KZ-82 Kent FBA Cattle Central This study
LT-KZ-83 Karatobe EIA Caprine Eastern This study
Temirlanovka EIA Caprine Southern  Motuzaite Matuzeviciute et al., 2015'
Karatuma EIA Caprine Southern  Motuzaite Matuzeviciute et al., 2015'
Karatuma EIA Caprine Southern  Motuzaite Matuzeviciute et al., 2015'
Kainar Bulak-1 EIA Southern  Motuzaite Matuzeviciute et al., 2015’
Kainar Bulak-1 EIA Southern  Motuzaite Matuzeviciute et al., 2015
Kainar Bulak-1 EIA Southern  Motuzaite Matuzeviciute et al., 2015'
Kainar Bulak-1 EIA Southern  Motuzaite Matuzeviciute et al., 2015’
Kainar Bulak-1 EIA Southern  Motuzaite Matuzeviciute et al., 2015’
Kainar Bulak-1 EIA Southern  Motuzaite Matuzeviciute et al., 2015’
Kainar Bulak-1 2 R Southern  Motuzaite Matuzeviciute et al., 2015’
Kainar Bulak-1 prine —19.03 Southern  Motuzaite Matuzeviciute et al., 2015'
Kainar Bulak:-1 Caprine —-19.15 Southern  Motuzaite Matuzeviciute et al., 2015'
’ Caprine —18.42 Southern  Motuzaite Matuzeviciute et al., 2015'
Caprine —18.53 Southern  Motuzaite Matuzeviciute et al., 2015'
Cattle —-17 Southern  Motuzaite Matuzeviciute et al., 2015’
Cattle —19.72 Southern  Motuzaite Matuzeviciute et al., 2015'
Cattle —18.96 Southern  Motuzaite Matuzeviciute et al., 2015’
Cattle —18.06 Southern  Motuzaite Matuzeviciute et al., 2015’
Cattle —18.1 Southern  Motuzaite Matuzeviciute et al., 2015’
Kainar Bulak-1 EIA Horse —20.66 Southern  Motuzaite Matuzeviciute et al., 2015’
Kainar Bulak-1 EIA Horse —17.98 Southern  Motuzaite Matuzeviciute et al., 2015’
Kainar Bulak-1 EIA Horse —20.08 Southern  Motuzaite Matuzeviciute et al., 2015’
Kainar Bulak-1 EIA Horse —-18.9 Southern  Motuzaite Matuzeviciute et al., 2015’
KZF05 Temirkash LBA Herbivore —18.8 Central Lightfoot et al., 2015'
KZF06 Temirkash LBA Herbivore  —20.4 Central Lightfoot et al., 2015'
KZF06B Temirkash LBA Herbivore —19.2 Central Lightfoot et al., 2015'
KZF07 Temirkash LBA Herbivore —18.6 Central Lightfoot et al., 2015'
KZF09 Temirkash LBA Herbivore —20.4 Central Lightfoot et al., 2015'
KZF10 Temirkash LBA Herbivore —18.6 Central Lightfoot et al., 2015'
KZF11 Temirkash LBA Herbivore —18.9 Central Lightfoot et al., 2015'
KZF13 Temirkash LBA Herbivore —19.7 Central Lightfoot et al., 2015'
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KZF14 Temirkash LBA Herbivore —19.3 8.2
KZF14B Temirkash LBA Herbivore —18.8 6.9
KZF15 Temirkash LBA Herbivore —19.6 7.6
KZF16 Temirkash LBA Herbivore —19.1 6.3
KZF17 Temirkash LBA Herbivore —18.8 6.3
KZF18 Temirkash LBA Herbivore —19.4 8.3
KZF19 Temirkash LBA Herbivore —18.4 7.5
KZF20 Temirkash LBA Herbivore —18.8 7.1
KZF21 Temirkash LBA Herbivore —20.6 5.7
KZF22 Temirkash LBA Herbivore —19.4 6.9
KZF23 Temirkash LBA Herbivore —18.8 6.1
KZF24 Temirkash LBA Herbivore —20.3 6.1
UBA-23677  Tagybaibulak EIA -19.1 8.5
UBA-24915  Kyzylshilik, k. 2 EIA —-19.6 13.4

Archaeological Research in Asia 15 (2018) 157-173

3.2 Central Lightfoot et al., 2015'
3.2 Central Lightfoot et al., 2015'
3.1 Central Lightfoot et al., 2015'
3.1 Central Lightfoot et al., 2015'
3.2 Central Lightfoot et al., 2015'
3.2 Central Lightfoot et al., 2015'
3.1 Central Lightfoot et al., 2015'
3.2 Central Lightfoot et al., 2015'
3.2 Central Lightfoot et al., 2015'
3.2 Central Lightfoot et al., 2015'
3.2 Central Lightfoot et al., 2015'
3.2 Central Lightfoot et al.,

3.2 Central Svyatko and

3.1 Central Svyatko a

References

Akishev, K.A., 1978. Issyk Mound. The Art of Saka in Kazakhstan. Iskusstvo, Moscow.

Ambrose, S.H., Norr, L., 1993. Experimental evidence for the relationship of the carbon
isotope ratios of whole diet and dietary protein to those of bone collagen and car-
bonate. In: Lambert, J.B., Grupe, G. (Eds.), Prehistoric Human Bone. Archaeology at
the Molecular Level. Springer-Verlag, Berlin, pp. 1-37.

Beisenov, A.Z., 2014. Poseleniya rannesakskogo vremeni Tcentralnogo Kazakhstana. In:
Zapiski Instituta Istorii Materialnoi Kultury. vol. 9. pp. 92-102.

Beisenov, A.Z., 2015. Studies of the Saka settlements in the east part of Central
Kazakhstan. In: Arkheologiya Zapadnoy Sibiri i Altaya: opyt mezhdistsiplinarnykh
issledovaniy, pp. 289-293.

Beisenov, A.Z., Ermolayeva, A.S., 2016. Atasuskyi mikrorayon: novye issledovaniya na
poselenii Myrzhyk. In: Baitanayev, B.A. (Ed.), Aktualnye Problemy Arheologii
Evrazii, Almaty, pp. 75-83.

Beisenov, A.Z., Tairov, A.D., Zaikov, V.V., Blinov, L.A., 2011. Sostav zolotyh izdelyi iz
mogilnika Taldy-2. In: Baitanayev, B.A. (Ed.), Sakskaya kultura saryarki v kontekste
izucheniya etnosotcialnyh processov stepnoi Evrazii 21. Karagandy, pp. 21-25.

Beisenov, A.Z., Ismagulova, A.O., Kitov, E.P., Kitova, A.O., 2015. Naseleniye Centralndg
Kazahstana v I tysyacheletii do n. e. Margulan Institute of Archaeology, Almaty.

Beisenov, A.Z., Duisenbay, D., Akhiyarov, 1., Sargizova, G., 2016a. Dromos b
Tasmola culture in Central Kazakhstan. Anthropologist 26 (1,2), 25-33.

Beisenov, A.Z., Svyatko, S.V., Kassenalin, A.E., Zhambulatov, K.A., Duise:
P.J., 2016b. First radiocarbon chronology for the Early Iron Age si
Kazakhstan (Tasmola culture and Korgantas period). Radiocarb,

perspective from the Talgar region in the Ily River Valley (.
Eurasia Antiqua 9 (6), 63-85.

Benecke, N., von den Driesch, A., 2003. Horse exploitati
the Eneolithic and Bronze Age. In: Levine, M.A.
and the Horse. McDonald Institute for Archae:
69-82.

Chang, C., 2008. Mobility and sedentism of th
Kazakhstan. In: Wendrich, W., Barna
Cotsen Institute of Archaeology, Uni

Chang, C., 2012. Cycles of Iron Age

ic Stéppe Adaptation
Cambridge, pp.

astoralists of southeast
ifornia, pp. 329-342.

entism: Climate, landscape, and
tark, S. (Ed.), Nomads and

tale of¥a mud brick: lessons from Tuzusai and de-
algar alluvial fan in southeastern Kazakhstan. In:

hyrax middens: a palaeoenvironmental archive for southern African

Quat. Sci. Rev. 56, 107-125.

Chernykh, E. 984. Obschnost' kultur valikovoi keramiki Evrazii. Etnogenez narodov
Balkan i Severnogo Prichernomorya. Nauka, Moscow.

DeNiro, M.J., 1985. Postmortem preservation and alteration of in vivo bone collagen
isotope ratios in relation to palaeodietary reconstruction. Nature 317, 806-809.

Di Cosmo, N., 1994. Ancient inner Asian nomads: their economic basis and its significance
in Chinese history. J. Asian Stud. 53 (4), 1092-1126.

Doumani, P.N., Frachetti, M.D., Beardmore, R., Schmaus, T.M., Spengler, R.N.,
Mar'yashev, A.N., 2015. Burial ritual, agriculture, and craft production among bronze
age pastoralists at Tasbas (Kazakhstan). Archaeol. Res. Asia 1, 17-32.

Evdokimov, V.V., Varfolomeev, V.V., 2002. Epokha Bronzy tsentralnogo i severnogo
Kazahstana. Karaganda State University, Karaganda.

Evdokimov, V.V., Zhauymbayev, S.U., 2013. Gorizont zhelezovarochnyh gornov proiz-
vodstvennoi ploschadki poseleniya Alat epokhi srednei bronzy. In: Beisenov, A.Z.
(Ed.), Begazy-Dandybayevskaya Kultura Stepnoi Evrazii, Almaty, pp. 228-237.

Frachetti, M.D., Benecke, N.,
structure at the pastoralj
Antiquity 83 (322),

15. Faunisticheskyi Kompleks Poseleniya Dongal v
hkin, A.A. (Ed.), Archeologiya Zapadnoi Sibiri I

leksa Turgen-2. In: Beisenov, A.Z. (Ed.), Voprosy Arheologii
ty, pp. 325-341.

rad.

M.K., 2003. Poselenija rannesakskogo vremeni na r. Selety. In: Zholdasbekov,

. "), Stepnaya Civilizaciya Vostochnoi Evrasii 1, Drevniye Epohi. Kultegin,

stana, pp. 189-214.

lina, M.K., 2007. Tasmolinskaya arheologicheskaya kultura: sovremennoye sos-

toyanie. Voprosy Istorii i Arheologii Zapadnogo Kazahstana 2, 181-194.

bdulina, M.K., Gavrilov, D.A., Sviridov, A.N., 2013. Arheologiya severnogo i cen-

ralnogo Kazahstana. Saryarka, Astana.

Hanks, B., 2002. The Eurasian steppe ‘nomadic world’ of the first millennium BC: Inherent
problems within the study of Iron Age nomadic groups. In: Boyle, K. (Ed.), Ancient
Interactions: East and West in Eurasia. McDonald Institute Monographs, Cambridge,
pp. 183-197.

Hanks, B., 2008. Reconsidering warfare, status, and gender in the Eurasian Steppe Iron
Age. In: Linduff, K.M., Rubinson, K.S. (Eds.), Gender Roles on the Ancient Eurasian
Steppe. AltaMira Press, Lanham, pp. 15-34.

Haruda, A., 2007. Nomadism or Not? An Examination of the Use of Animals in the Talgar
Alluvial Fan, Kazakhstan, Through the Iron Age, 800 BC-200 AD. Unpublished
doctoral thesis. Institute of Archaeology.

Hedges, R.E., Clement, J.G., Thomas, C.D.L., O'Connell, T.C., 2007. Collagen turnover in
the adult femoral mid-shaft: modeled from anthropogenic radiocarbon tracer mea-
surements. Am. J. Phys. Anthropol. 133 (2), 808-816.

Honeychurch, W., Makarewicz, C.A., 2016. The archaeology of pastoral nomadism. Annu.
Rev. Anthropol. 45, 341-359.

Karlson, A.M., Duberg, J., Motwani, N.H., Hogfors, H., Klawonn, 1., Ploug, H., ... Larsson,
U., 2015. Nitrogen fixation by cyanobacteria stimulates production in Baltic food
webs. Ambio 44 (3), 413-426.

Kasparov, A.K., Outram, A., 2013. The Faunal Remains from Lisakovsk Settlement and
Cemeteries: excavation seasons 1997-2000, 2003-2005. In: Usmanova, E.R. (Ed.),
Pamyatniki Lisakovskoi Okrugi: arheologicheskie siuzhety. Tengri Ltd, Karaganda —
Lisakovsk, pp. 230-238.

Khazanov, A.M., 1994. Nomads and the Outside World, second ed. University of
Wisconsin Press.

van Klinken, G.J., van der Plicht, H., Hedges, R.E., 1994. Bond 13C/12C ratios reflect
(palaeo-) climatic variations. Geophys. Res. Lett. 21 (6), 445-448.

Koryakova, L.V., Epimakhov, A.V., 2007. The Urals and Western Siberia in the Bronze and
Iron Ages. Cambridge University Press.

Kosintsev, P.A., 2000. Kostnye ostatki zhivotnykh iz ukreplennogo poseleniya Arkaim. In:
Zdanovich, S.Y. (Ed.), Arheologicheski istochnik i modelirovaniye drevnih tehno-
logyi. Institute of History and Archaeology of RAS, Chelyabinsk, pp. 17-44.

Kremenetskyi, K.V., Tarasov, P.Y., Cherkinskyi, A.E., 1994. Istoriya ostrovnyh borov
Kazahstana v golotcene. Bot. J. 79 (3), 13-29.

Kuzmina, E., 2000. The Eurasian steppes the transition from early urbanism to nomadism.
In: Davis-Kimball, J. (Ed.), Kurgans, Ritual Sites and Settlements: Eurasian Bronze
and Iron Age. BAR International Series, Oxford, pp. 118-189.

Larin, S.I., Matveeva, N.P., 1997. Rekonstrukciya sredy obitaniya cheloveka v rannem
zheleznom veke v severnoi chasti Tobolo-Ishimskoi lesostepi (po palinologicheskim
materialam arheologicheskih pamyatnikov), Vestnik arheologii, antropologii i


http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0005
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0010
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0010
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0010
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0010
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0015
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0015
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0020
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0020
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0020
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0025
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0025
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0025
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0035
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0035
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0035
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0040
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0040
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0045
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0045
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0050
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0050
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0050
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0055
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0055
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0055
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0060
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0060
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0060
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0060
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0065
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0065
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0065
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0070
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0070
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0070
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0070
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0075
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0075
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0075
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0075
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0080
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0080
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0085
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0085
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0085
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0090
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0090
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0095
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0095
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0100
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0100
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0105
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0105
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0105
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0110
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0110
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0115
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0115
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0115
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0120
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0120
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0125
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0125
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0125
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0130
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0130
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0130
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0135
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0135
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0135
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0135
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0140
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0140
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0140
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0145
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0145
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0150
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0150
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0150
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0155
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0155
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0160
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0160
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0165
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0165
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0165
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0165
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0170
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0170
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0170
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0175
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0175
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0175
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0180
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0180
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0180
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0185
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0185
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0190
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0190
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0190
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0195
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0195
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0195
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0195
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0200
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0200
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0205
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0205
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0210
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0210
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0215
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0215
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0215
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0220
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0220
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0225
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0225
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0225
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0230
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0230
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0230

E. Ananyeyskaya et al. Archaeological Research in Asia 15 (2018) 157-173

etnografii 1. Tyumen. pp. 133-140. age Saka-Wusun agro-pastoralists in southeastern Kazakhstan. Antiquity 74 (285),
Levshin, A.L, 1832. Opisanie Kirgiz-kazachih ili Kirgiz-kaisatckih ord i stepei. P. I. 611-623.
Izvestiya Geograficheskie, Saint Petersburg. Rudenko, S.I., Thompson, M.W., Fritz, S., Schacht, R., Simmonds, J.D., Sitney, P.A., 1971.
Lightfoot, E., Motuzaite-Matuzeviciute, G., O'Connell, T.C., Kukushkin, I.A., Loman, V., Frozen Tombs of Siberia: The Pazyryk Burials of Iron-Age Horsemen. Littlehampton
Varfolomeev, V., ... Jones, M.K., 2015. How ‘pastoral’ is pastoralism? Dietary di- Book Services Ltd.
versity in Bronze Age communities in the central Kazakhstan steppes. Archaeometry Samashev, Z.S., 2011. Berel. Taimas, Almaty.
57 (S1), 232-249. Spengler, R.N.LLIL, 2014. Niche dwelling vs. niche construction: landscape modification
Logvin, V.N., 2002. The cemetery of Bestamak and the structure of the community. In: in the bronze and iron ages of central Asia. Hum. Ecol. 42 (6), 813-821.
Jones-Bley, K., Zdanovich, D. (Eds.), Complex Societies of Central Eurasia from the Spengler III, R.N., Frachetti, M.D., Doumani, P., Rouse, L., Cerasetti, B., Bullion, E.,
3rd to the 1st Millenium BC: Regional Specifics in the Light of Global Models. Journal Mar'yashev, A., 2014. Early agriculture and crop transmission among Bronze Age
of Indo-European Studies. Monograph Series 45. Institute for Study of Man, mobile pastoralists of Central Eurasia. Proc. R. Soc. Lond. B Biol. Sci. 281 (1783),
Washington, D.C, pp. 189-201. 20133382.
Masalaite, A., Remeikis, V., Garbaras, A., Dudoitis, V., Ulevicius, V., Ceburnis, D., 2015. Spengler, R.N., Chang, C., Tourtellotte, P.A., 2013a. Agricultural produgfion in the
Elucidating carbonaceous aerosol sources by the stable carbon §'C TC ratio in size- Central Asian mountains:Tuzusai, Kazakhstan (410-150 BC). J. Field#Archaeol. 38

segregated particles. Atmos. Res. 158, 1-12. (1), 68-85.

Masanov, N.E., 1995. Kochevaya tcivilizaciya kazahov: osnovy zhiznedeyatelnosti no- Spengler, R.N.LLIL, Frachetti, M.D., Fritz, G.J., 2013b. Ec aging
madnogo obschestva. Socinvest, Almaty. practices in the steppe/mountain ecotone of centra a during the Brofize and Iron

van der Merwe, N.J., Vogel, J.C., 1978. 13C content of human collagen as a measure of Ages. J. Ethnobiol. 33 (1), 125-147.
prehistoric diet in woodland North America. Nature 276 (5690), 815-816. Stevens, R.E., Hedges, R.E., 2004. Carbon and nitroge: le isotope analySis of north-

Motuzaite Matuzeviciute, G., 2016. Ratcion pitaniya naseleniya Karatumy, opredelennyi s west European horse bone and tooth collagen, 40,00 —present: Palaeoclimatic
pomoschiu analiza kostnogo kollagena. In: Baipakov, K.M., Voyakin, D.A., Zaharov, interpretations. Quat. Sci. Rev. 23 (7), 977-99,

S.V. (Eds.), Mogilnik Karatuma. Nekropol’ rannego zheleznogo veka v Semirechye. Svyatko, S.V., Beisenov, A.Z., 2017. Pervye izotq ann te naseleniya
Appendix 3. Arheologicheskaya Ekspertiza, Almaty, pp. 623-633. Tasmolinskoi kultury. Samarskyi Nauchn; i 223-227.

Motuzaite Matuzeviciute, G., Lightfoot, E., O'Connell, T.C., Voyakin, D., Liu, X., Loman, Svyatko, S.V., Mertz, L.V., Reimer, P.J., 2015. F ervoir effect on redating of
V., ... Jones, M.K., 2015. The extent of cereal cultivation among the Bronze Age to Eurasian steppe cultures: first resul, ? Early Bronze Age Northeast
Turkic period societies of Kazakhstan determined using stable isotope analysis of Kazakhstan. Radiocarbon
bone collagen. J. Archaeol. Sci. 59, 23-34. Usmanova, E.R., Boyaubaye .S. i . In: Erofeeva, L.V. (Ed.),

Motuzaite Matuzeviciute, G., Logvin, A.V., Shevnina, 1., Seitov, A.M., Feng, J., Zhou, L., Istoriko-Kulturnyi Atlas 3 Print-S, Almaty, pp. 103-126.

2016. OSL dates for the ancient geometric earthworks of Kazakhstan. Archaeol. Res. Varfolomeev, V.V., 20! ckotorye itogi paleoekonomicheskogo i
Asia 7, 1-9. sotciokulturnogo an i vostochnoi Sary-Arki). In: Zholdasbekov, M.

O'Connell, T.C., Hedges, R.E., 1999. Investigations into the effect of diet on modern (Ed.), Stepnaya Civilizal i Evrazii. Book 1: DrevniyeEpokhi. Kultegin,
human hair isotopic values. Am. J. Phys. Anthropol. 108 (4), 409-425. Astana.

O'Connell, T.C., Levine, M.A., Hedges, R.E.M., 2003. The importance of fish in the diet of Varfolomeev’/.v 2011a. Begazyg@andybaevskaya kultura stepei Tcentralnoi Evrazii.
central Eurasian peoples from the Mesolithic to the Early Iron Age. In: Levine, M.A. Arh 1ya stana v Epohu nezavisimosti: itogi, perspektivy, materialy mezh-

(Ed.), Prehistoric Steppe Adaptation and the Horse. McDonald Institute for dunarodnoi
Archaeological Research, Cambridge, pp. 253-268. 1
O'Leary, M.H., 1988. Carbon isotopes in photosynthesis. Bioscience 38 (5), 328-336. . .
Outram, A.K., Stear, N.A., Kasparov, A., Usmanova, E., Varfolomeev, V., Evershed, R.P., Varfol . 11b. Kent — gorod bronzovogo veka. Novye issledovaniya v epokhu
2011. Horses for the dead: funerary foodways in Bronze Age Kazakhstan. Antiquity : Baitanayev, B.A. (Ed.), Arheologicheskaya Nauka Kazahstanaza 20
85 (327), 116-128. 1). sbornik nauchnyh statei, Almaty, pp. 85-96.

Outram, A.K., Kasparov, A., Stear, N.A., Varfolomeev, V., Usmanova, E., Evershed, R.P., iller, A., Usmanova, E., Logvin, V., Kalieva, S., Shevnina, 1., Logvin, A, ...
2012. Patterns of pastoralism in later Bronze Age Kazakhstan: new evidence from eier, M., 2014. Subsistence and social change in central Eurasia: stable iso-
faunal and lipid residue analyses. J. Archaeol. Sci. 39 (7), 2424-2435. pe analysis of populations spanning the Bronze Age transition. J. Archaeol. Sci. 42,

Potemkina, T.M., 1985. Bronzovyi vek lesostepnogo Pritobolya. Nauka, Moscow. 5-538.

Research Center of Ancient East Asian Iron Culture (AIC), Ehime University, a ter, K., 1981. C4 Plants of high biomass in arid regions of Asia-Occurrence of C4
2016-2017. http://www.ccr.ehime-u.ac.jp/aic/2016-2017AICPamphlet.p photosynthesis in chenopodiaceae and polygonaceae from the Middle East and USSR.
cessed 23.05.2017). ecologia 48 (1), 100-106.

Rosen, A.M., 2001. Phytolith evidence for agro-pastoral economies in Yablonskyi, L.T., 2000. Scythian Triad’ and ‘Scythian World. In: Davis-Kimball, J. (Ed.),
of southern Kazakhstan. In: Meunier, J.D., Colin, F. (Eds.), Th Kurgans, Ritual Sites and Settlements: Eurasian Bronze and Iron Age. British
Applications in Earth Science and Human History. A.A. Bal Archaeological Reports International Series, vol. 890. pp. 3-8.
pp. 183-198. Yarygin, S.A., Lapin, N.S., 2015. Population and social structure of Tasmola culture.

Rosen, A.M., Chang, C., Grigoriev, F.P., 2000. Palaecoenvironm economy of iron Anthropologist 22 (3), 530-536.

i konferencii, posvyaschennoi 20-letiyu Nezavisimosti

173


http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0230
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0235
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0235
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0240
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0240
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0240
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0240
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf5000
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf5000
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf5000
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf5000
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf5000
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0250
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0250
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0250
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0255
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0255
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0260
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0260
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0265
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0265
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0265
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0265
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0270
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0270
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0270
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0270
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0275
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0275
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0275
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0280
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0280
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0285
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0285
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0285
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0285
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0290
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0295
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0295
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0295
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0300
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0300
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0300
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0305
http://www.ccr.ehime-u.ac.jp/aic/2016-2017AICPamphlet.pdf
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0310
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0310
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0310
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0310
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0315
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0315
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0315
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0320
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0320
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0320
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0325
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0330
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0330
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0335
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0335
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0335
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0335
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0340
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0340
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0340
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0345
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0345
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0345
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0350
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0350
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0350
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0355
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0355
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0360
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0360
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0360
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0365
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0365
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0370
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0370
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0370
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0370
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0375
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0375
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0375
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0375
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0375
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0380
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0380
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0380
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0385
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0385
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0385
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0385
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0390
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0390
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0390
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0395
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0395
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0395
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0400
http://refhub.elsevier.com/S2352-2267(17)30051-X/rf0400

	Early indicators to C4 plant consumption in central Kazakhstan during the Final Bronze Age and Early Iron Age based on stable isotope analysis of human and animal bone collagen
	Introduction
	Background
	Geography, archaeology, and environment of central Kazakhstan
	Diet in the Bronze and Iron Ages

	Materials and methods
	Stable isotope methodology
	Materials

	Results
	Central Kazakhstan
	Eastern Kazakhstan
	Southern Kazakhstan

	Discussion
	Discussion of stable isotope results
	Individuals with C4 signal in central Kazakhstan
	Social change and the introduction of C4 plants in central Kazakhstan

	Conclusion
	Acknowledgements
	Appendix A
	Appendix B
	References




