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Editorlerden

Bir yil sonra yine bir Subat ayi, besinci sayimizla herkese merhaba diyoruz. Bu kez
birbirinden ¢ok farkli alt1 yazi ile karsinizdayiz. Her biri gerek arkeolojik diisiince yelpa-
zemizin sinirlarini genigleten, alternatif diigiinmeye ydnlendiren gerek disiplinin kendi

icindeki yontemsel gelisimini gosteren arasgtirma sonuglari.

Giiniimiizde var olan ve miicadele i¢inde oldugumuz gevresel, ekonomik, sosyal pek
¢ok sorunun gegmiste hangi kosullarda nasil yasandigi, kiigiik gruplardan biiyiik or-
giitlii toplumlara kadar degisen ve doniisen yasamla o donem kosullar: icinde nasil bag
edildigi, toplumlarin verdikleri tepkileri, gelistirdikleri ¢oztimleri ge¢misin derinlikle-
rinde arastiran arkeoloji disiplinine bu sayimizdaki yontemsel, etnografik, deneysel, yo-

rumlamaci yaklagimlara sahip yazilarla katki vermeyi siirdiirmenin mutlulugu i¢indeyiz.

Iyi okumalar.

Giines Duru & Mihriban Ozbasaran
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Note from the editors

A year has passed, and as February returns, we are pleased to present the fifth issue
of the Turkish Journal of Archaeological Sciences. This issue brings you six different
articles, each offering a unique perspective. Some push the boundaries of archaeological
thought, others invite alternative ways of thinking, and some highlight methodological

advancements within the field.

Archacology, as a discipline, seeks to understand how past societies navigated
environmental, economic, and social challenges under different conditions. From small-
scale communities to large, complex societies, it explores how people adapted to change,
responded to crises, and created innovative solutions. In this issue, we are excited to share
new research that embraces methodological advances, and ethnographic, experimental,
and interpretative approaches, all of them further enriching our understanding of the

past.

We hope you enjoy reading!

Giines Duru & Mihriban Ozbagaran
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The Evolutionary Transition from
Co-insurance to Self-insurance Risk
Management

Ian Kuijt*

Abstract

Starting around 12.000-10.000 years ago, people living in the Near East started doing some-
thing quite remarkable: they developed new ways to store and prolong the shelf-life of plant
foods. I argue that this process began with small-scale houschold decision-making, bringing
about gradual and small-scale changes. When viewed as an evolutionary trajectory covering
the Near Eastern Epipaleolithic to Pottery Neolithic periods, this transition exemplifies a shift
from co-insurance to self-insurance food risk management. Ultimately, it was the combination
of new plant processing technologies, new and more effective storage technologies, and the de-
velopment of domesticated plants that worked in concert to increase the shelf-life and amount
of plants that could be stored each year. All of these processes were important. It was a combi-

nation of all three that collectively changed the economic foundation within Neolithic villages.

Keywords: food storage, plant foods, Near East, Neolithic villages, risk management

Ozet

Giiniimiizden yaklagik 12.000-10.000 yil 6nce Yakin Doguda yasayan insanlar ¢ok biiyiik
bir degisime imza atular: bitkisel besinleri depolamak ve raf émiirlerini uzatmak icin yeni
yontemler denemeye bagladilar. Bu makalede, bu siirecin hanehalklari tarafindan gerceklesti-
rildigini, hanehalklarinin gelistirdigi bu yeni karar verme mekanizmalarinin ise zaman igerisin-
de asamaly, kiiiik oleekli degisimler getirdigini 6neriyorum. Yakin Dogu'da Epipaleolitik’ten
Canak Comlekli Neolitik'e uzanan evrimsel siireg icerisinde bakugimizda, bu degisim, beslen-
me stratejilerinin ortak karar alma mekanizmalarina bagli olmaktan ¢ikip, risk yénetimi i¢in

daha bireysel ¢oziimlerin iiretilmeye basladigt yeni bir ddneme gegisi temsil ediyor. Bu siiregte,

a  Department of Anthropology, University of Notre Dame, Notre Dame, IN, United States.
Ian.Kuijt. 1@nd.edu ; hteps://orcid.org/0000-0002-8912-0062 ; Doi: 10.63167/0.2025.1
Received: 28.11.2024 ; Accepted: 16.01.2025
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yil boyu depolanabilecek bitkilerin miktarini belirleyen ve raf émiirlerini uzatan sey birkag
faktoriin birlesimiydi: yeni bitkisel besin isleme teknikleri ile yeni ve daha etkili depolama
teknolojilerinin gelistirilmesi ve bitkilerin ehlilestirilmesi. Bu ti¢ faktor bir araya geldiginde,

Neolitik koylerin ekonomik altyapist tiimiiyle degismisti.

Anahtar kelimeler: besin depolama, bitkisel besinler, Yakin Dogu, Neolitik koyler, risk

yonetimi

Introduction

As much as archaeologists celebrate the impressive evolutionary development of the world’s first
forms of plant food storage in the Near Eastern Neolithic, we are left with one unmovable reali-
ty: even the best food preparation and storage practices only extend the shelf-life of fresh foods,
as all food eventually goes bad. Neolithic people were aware of this. Food storage is, above all
else, an inventive example of how humans attempt to overcome the physical constraints of the
natural world, alter the physical relationship between time and decay, and extend the shelf-life
of fresh foods. The underlying goal of food storage in small agricultural households was, of
course, collecting and storing sufficient foods to overcome short-term shortages of fresh food,
seasonal shortages of plants and animals, and the potential risks associated with multiple years

of crop failures.

It was, ultimately, the ability of people to store plant products, with the repeated selection and
caring of plants, that created the evolutionary context under which plant domestication oc-
curred, population levels increased, and Neolithic villages developed (see Bogaard et al., 2009;
Asouti & Fuller, 2013; Kuijt, 2015; Zeder, 2024a, 2024b). In terms of plants, all of these
actions were important factors as they contribute to size, period of growth, and survivability.

Of these, however, only plant storage has the potential to alter time in a significant way by ex-

tending the shelf life of food.

While the domestication of plants and animals exists as a major evolutionary foundation for
present-day economies, I argue that new Neolithic food processing and storage technologies
served as the technological foundation that helped realize the potential of later domestication,
and for entrenchment of new systems of food production. Moreover, I argue that it was the
combination of plant domestication and the development of improved food processing and
storage technologies that brought about a force multiplier effect where the combination of these
factors increased the effectiveness and scalability of food systems. Collectively, the combination
of these developments led to an increased seasonal carrying capacity for individual households
and the broader community. The critical issue before us, then, both when did humans start to
manage plants and animals (Zeder, 2024a, 2024b), resulting in morphological changes, and
when did people recognize the potential payoffs of combining new food processing, storage,

and food sources, and the emergence of simple food processing and storage systems.
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Ultimately, to understand the Neolithic we need to understand how Neolithic people ap-
proached food systems and managed risk. Neolithic management and risk assessment took
place at the intersection of yearly goals and planning, and repetitive, daily practices, such as the
actions of weeding, watering plants, selecting and replanting specific plant species, and storing
plants after harvesting. A range of researchers (e.g., Bogaard et al., 2009; Asouti & Fuller, 2013;
Zeder, 2024a, 2024b) have advanced conversations as to which plants and animals were used by
Neolithic people, the temporal and geographical distribution of these resources, and how this
was linked to changing social systems. Complementing these rich descriptive works, archaeol-
ogists have devoted considerable efforts to understanding how different resources were stored,
the extent to which food storage left a material footprint and the extent to which these traces
can be identified and modeled by archaeologists (Fenton, 1984; Martinek, 1998; Christakis,
1999; Kent, 1999; Fairbairn & Omura, 2005; Bouby et al., 2005; Fairbairn et al., 2007; Kuijt,
2009; Barrier, 2011; Chesson & Goodale, 2014). These are, of course, complex questions, for
depending on circumstances, food storage is visible and invisible, material and immaterial, and

at times of critical importance and in other moments unnecessary.

As Zeder (2024a, 2024b) points out, there are evolutionary links between sedentism, plant man-
agement and food storage, for these co-occur and become entrenched through the Neolithic
period. It is now widely recognized that under select circumstances, food management and
storage facilitate a degree of residential mobility, and at the same time, require increased sed-
entism (Testart, 1982; Asouti & Fuller, 2013; Duru et al., 2021; Zeder, 2024b). Researchers
have devoted considerable time to intellectually pulling apart the broader linkages between
different types and scales of wild and domestic food storage, the linkages to site-based popu-
lation growth, the global emergence of early villages and the transition from more egalitarian
to hierarchical social organization (Kuijt & Goring-Morris, 2002; Frink, 2007; Kuijt, 2008).
Several researchers (e.g., Ellis, 1988; Chrisakis, 1999; Wesson, 1999; Twiss, 2008; Bogaard
et al., 2009; Twiss, 2012; Twiss et al., 2024) have explored the extent to which food storage
emerged as a byproduct of greater household sociopolitical complexity, and provide insights
into the importance of storage in the gradual development and increase in small-scale Neolithic
social differentiation (see Kuijt et al., 2011; Benz et al., 2019; Twiss et al., 2024).

In this essay on the Near Eastern Neolithic, I want to step back from some of these impressively
detailed studies, to think broadly, and to consider how the combination of three food storage
variables reframed Neolithic people’s approach to risk management and planning. First, I want
to think about the organization of labor within traditional villages and Neolithic communi-
ties’ food storage and argue that, at least partially, we can track the evolution of two differ-
ent risk minimization strategies organized around co-insurance and self-insurance, from the

Epipaleolithic to Pottery Neolithic. Second, I want to consider how the shift in strategies may
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have been linked to the scale and location of storage in the Epipaleolithic through the Neolithic
periods. Third, I argue that at its foundation, food storage is about planning and anticipating
subsistence needs associated with social units, such as the individual, the household or the
community. Plant storage, in particular, is about planning and risk minimization. My interest
here is not to provide a detailed consideration of which plants and animals were recovered and
utilized at specific Neolithic sites, for this has comprehensively been provided by other research-
ers (for a recent overview see Zeder, 2024a, 2024b). Rather my focus is that of considering
the long-term evolution of different management systems and how Neolithic households and

communities approached food insecurity.

Neolithic Co-insurance vs Self-insurance

Economists often model peoples’ and households’ approach to food insecurity through the lens
of insurance, for this framing helps us understand the mechanisms for minimizing risk. When
considering the organization of risk minimization, they draw a contrast between what they
term co-insurance and self-insurance (see Ehrlich & Becker, 1972; Bowles et al., 2010; Bowles
& Gintis, 2011; Tertytchnaya & DeVries, 2018, 1048). As traditionally defined in economic
modeling, self-insurance refers to the actions taken by members of a household or individuals
to reduce economic uncertainty (Ehrlich & Becker, 1972; Bowles et al., 2010; Tertytchnaya &
DeVries, 2018, 1048). In contrast, co-insurance can be viewed as a risk-management approach
in which economic risk is mitigated through organized networks linking together multiple
households and individuals. While this modeling has been traditionally focused on economics,
the concept of co-insurance and self-insurance has utility for archaeologists when modeling
Neolithic household decision-making and the evolution of food-producing economies that
stored food (Table 1). When considering how this can be layered into our understanding of the
foundations of Neolithic social organization, I argue that one of the operational foundations
is that co-insurance in Neolithic villages was organized around community networks that inte-
grated multiple single-family households, whereas self-insurance was organized around larger
multi-family households (for further definition see Kuijt, 2018, Table 1).

| 4|
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Table 1. Co-insurance to self-insurance risk management strategies and food storage
in Anatolia, the northern and southern Levant (10.500-6500 cal. BCE).

‘ Co-insurance risk management ‘ Self-insurance risk management

Social unit and scale

Community networks and single-family

household

Multi-family household

Material expression and Neolithic examples:

Anatolia: Jerf el-Ahmar Agikli Hoyiik (Level
5-4), Pinarbasi, Boncuklu, Gobekli Tepe,
Karahan Tepe; southern Levant: Jericho,

Netiv Hagdud, WEF-16, Dhra

Material expression and Neolithic examples:

Anatolia: Asikli Hoytik (Level 2C/D),
Catalhoyiik (Level 6), Tell Halula (Level
9); southern Levant: LPPNB Basta’, ‘Ain
Ghazal, ‘Ain Jammam, and Es-Sifiya

Food procurement, storage, and sharing

Procurement and processing: Harvesting

and processing based on seasonal labor
pooling through household and community
networks.

Storage and consumption: Immediate and
delayed consumption, with a single-year
target for storing wild grain and other
plants.

Food sharing and access: Reciprocity and
access based on labor investment and
kinship, and on extensive community
networks.

Procurement and processing: Harvesting and
processing based on seasonal labor pooling
organized within multi-family households.

Storage and consumption: Increased focus
on delayed consumption, with a multi-year
target for storing domesticated crops and
other plants.

Food sharing and access: Reciprocity and
access based on labor investment, organized
around multi-family household

Material expression: Significant food storage
in open areas, outside residential buildings.
Food processing and cooking, inside and
outside of buildings

Material expression: Majority of grain food
storage in designated areas inside residential
buildings. Food processing and cooking,
inside of buildings.

Built environment

Construction and use of residential and
communal architecture:

Residential architecture: Oval/circular
structures, with limited internal divisions.

Communal architecture: Construction
of communal buildings (towers, large
communal areas) and features (benches)
facilitating community integration and

networks within and between multiple
households.

Construction and use of residential and
communal architecture:

Residential architecture: rectangular
structures, with multiple internal
divisions, dedicated rooms and features.
Standardization of the shape, size, and
internal organization of residential

buildings.

Communal architecture: Absence of
communal buildings and features.

Material expression and Neolithic examples:

Anatolia: Gobekli Tepe, Asikli Hoytik (Level
5-4); southern Levant: Beidha, Jericho, WF-
16, Dhra’

Material expression and Neolithic examples:

Anatolia: Agikli Hoyiik (Level 2C/D),
Catalhéyiik (Level 6), Tell Halula (Level
9); southern Levant: LPPNB ‘Ain Ghazal,
Yiftahel, Jericho, ‘Ain Jammam, Basta, and
Es-Sifiya

| 5 |
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Viewed collectively, I argue that the trajectory from the Near Eastern Epipaleolithic to the
Pottery Neolithic exemplifies an evolutionary shift from co-insurance risk management to
self-insurance risk management of food systems. Building upon a range of studies (e.g., Mulder
et al., 2009; Sakaguchi, 2009; Matson, 2011; Smith et al., 2010; Bowles & Gintis, 2011) I
argue that Epipaleolithic and Pre-Pottery Neolithic A period (PPNA) risk management ap-
proaches were focused on systems of co-insurance, based on single-family households and com-
munity networks and communal social organization, on seasonal labor pooling from within
the community, a primary reliance on immediate consumption, with some short-term delayed
consumption of food, and social reciprocity that enhanced personal and ritual connections
within the community (see also Bogaard, 2017). Settlements such as Gobekli Tepe, Karahan
Tepe, Asiklt Hoyiik (levels 4-5), WF16 and Jericho, help us understand that community-ori-
ented practices, involving communal spaces, probably also shaped access to stored food organ-
ized around labor sharing and kinship. While difficult, if not impossible to demonstrate, it is
likely that the effectiveness of plant storage, defined by a shelf-life, would have been limited,
with storage duration perhaps being measured in months rather than years. Co-insurance as
a practice emphasizes collective membership, involvement in the broader community, and a
tendency to pool resources, both food and other, in such a way that reflects an individual’s

contribution.

In contrast, self-insurance approaches to risk management in larger aggregate villages, such as
in the Middle Pre-Pottery Neolithic B period (LPPNB), Late Pre-Pottery Neolithic B period
(LPPNB), and Pottery Neolithic period (PN) were probably centered on the organization of
labor within larger multi-family households. This included a range of settlements dating from
7500 to 6500 cal. BCE, such as Asikli Hoyiik (level 2) (Figure 2), Catalhdyiik, Basta, and ‘Ain
Ghazal in the southern Levant. Multi-family household activities would have involved harvest-
ing and processing of food based on seasonal labor pooling, and greater utilization of delayed
consumption planning, with reciprocity and access based, at least partially, on participation by
multi-family household members. It can be assumed, but not demonstrated at this point, that
systems of self-insurance in the LPPNB brought together more effective plant processing (such
as parching of seeds) and plant storage systems (including such things as better clay lined silos),
that resulted in longer storage shelf-life. My argument here is that, while researchers have yet
to model many of the details, Neolithic planning and risk management were probably framed
around kinship networks and labor sharing and defined and operationalized in concert with
available processing and storage technology. This assumption, as well as the assumption that
labor was organized around multi-family households, needs further study but is largely beyond
the scope of this paper. At the moment, however, it appears that the combination of new plant
processing technologies, new and more effective storage technologies, and the development

of domesticated plants, worked in concert to increase the shelf-life and amount of plants that
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could be stored each year. All of these processes were important. It was a combination of all

three that collectively changed the economic foundation within Neolithic villages.

Depending upon how one reads the evidence for the domestication of plants and animals through
time, it can also be argued that we witness an incremental, but by no means total, evolutionary
shift from immediate to delayed food consumption from the Near Eastern Epipaleolithic to
Pottery Neolithic periods. Settlements dating from the Epipaleolithic and PPNA, exemplified
by Gébekli Tepe, Karahan Tepe, Asikli Hoyiik (levels 4-5), WF16 (Finlayson et al., 2012), and
Jericho, provide evidence for communal buildings with benches and features, and in the case of
Jericho the construction of a large tower. All of these settlements have structures or features that
require communal labor. The timing of the shift to self-insurance fits with the abandonment of
communal buildings in earlier periods (Table 1, Figures 1-3). It also fits with research on mor-
tuary practices that illustrate that it is only at the end of the Pre-Pottery Neolithic period that
we witness some degree of materialized social inequality, perhaps most notably with children,
as part of the development of larger villages (Benz, 2010, Kuijt et al., 2011; Benz 2012; Benz
et al., 2019; Twiss et al., 2024) (Figure 3). Moreover, as noted in Figures 3 and 6, we see that
through time households increasingly controlled access to food storage areas, with the location
of Neolithic grain storage shifting from dedicated storage buildings, often located between res-

idential buildings, to areas inside of residential buildings.

Humans store food to overcome seasonal and, in some cases, annual, shortfalls in the amount
of food needed to stay alive. It is, therefore, a strategy to manage risk and overcome food inse-
curity (see Ellis, 1988; Hunt, 2000; Matson, 2011; Kuijt, 2017). Assessing risk is ultimately a
local, contextualized calculation, and was managed differently at different points in prehistory.
Storage reflects, at least partially in recent history, the stockpiling of intergenerational wealth.
Thus, the long-term evolutionary trajectory of food storage may have been linked to the break-
down of communal, cooperative practices, and abandonment of systems of co-insurance, food
storage and sharing. Elsewhere Smith et al. (2010) and Mulder et al. (2009), draw attention
to the role of intergenerational wealth in explaining variation in inequality within premodern
societies. As part of this, they draw our attention to the social institutions associated with the
transference of wealth, and the role of new inequalities being passed from generation to gen-
eration (which they call windfall gains and losses). To be clear, the stated aim of their research
(Smith et al., 2010, 124) is to understand economic systems, not political or cultural complex-
ity. Still, their framing helps us understand some of the interrelationships between variables,
and how this can be used to model changing systems of Neolithic risk management and social

inequality.
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Food Production and “Bending” of Daily Practices
Twenty-five years ago, I considered how PPNA and MPPNB social and ritual mechanisms,

such as mortuary practices, may have functioned to limit the development of more powerful
leadership in Neolithic villages. As with other research, at the time I was struck by the lack of
material evidence for social inequality, yet on the other hand, the growth in population levels in
agricultural villages and the potential for domesticated food to be used as a social and economic
currency. Reflecting on this point, I speculated “...communities dealt with the new challeng-
es of emerging systems of food production, food surpluses, labor needs, and increased social
crowding and population aggregation by continuing existing, and developing new, social mech-
anisms for maintaining communities through the reiteration of social-leveling mechanisms.”
(Kuijt, 2000, 99). The critical question at the time, which remains unresolved, is, how and why
did Epipaleolithic and PPNA systems of co-insurance broke down, with the abandonment of
communal projects and facilities seen in the 10" and 9" millennium, and the emergence of
larger agricultural villages organized around competing and cooperating households? To put it

another way, why did social leveling mechanisms stop working?

Increasingly I am unsatisfied with this framing and am drawn to modeling small-scale internal
decisions bringing about long-term change. Twiss et al. (2024, 2) provide a helpful framing
when they astutely note “Specific forms of food production may nonetheless bend societies to-
ward not just contemporaneous inequalities but also durable (intergenerationally transmissible)
distinctions.” (emphasis added). Bending societies is an attractive framing, especially as embed-
ded in these words is the recognition that, at least at times, human relations are a byproduct of
the organization of subsistence practices. This framing introduces an important point: small-
scale changes in systems of food production, such as new preservation and storage technologies,
have the potential to shape social relationships, both within present and future communities.
Extending this further, I argue some of the “bending” in Neolithic social systems was linked
to how household members managed risk based on seasonal and annual decision-making, and
that some of this was crystalized to the development of more effective preservation and stor-
age technologies. With the manipulation of plants, the incremental “bending” of practices if
you will, gradual small-scale shifts in practice can result in accidental, unintended long-term

byproducts and evolutionary consequences.

Circling back to the intersection of plant storage and risk management, let us consider Smith
et al.’s (2010) speculation as to how change may have taken place: “One possibility is that
new forms of material wealth made self-insurance through storage more feasible, reducing the
importance of relational wealth.” (Smith et al., 2010, 125). This observation is important and
deserves greater attention, for archaeologists have yet to really model how Neolithic villagers

abandoned practices of co-insurance, how daily practices were bent, how we see the shift from
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sharing networks focused on community connections between multiple households within
small-scale villages, to the reorganization of buffering mechanism focused on larger, auton-
omous, multi-family households within larger Neolithic villages (Figures 4 & 6). While no
informed and compelling arguments have been made for LPPNB food being converted into
material wealth (but see Henrich et al., 2004; Bowles & Choi, 2013), there is growing mortu-
ary evidence (e.g., Kuijt, 2008, 2018; Twiss et al., 2024; Zeder, 2024b) for increasing focus on
the individual, especially children in LPPNB villages. This shift coincides with the shift from
the community to the household. While early village social networks probably relied upon
community-scale social and labor networks, increased community size would have stressed tra-
ditional networks, and with time led to the development of relatively autonomous multi-family

households in large aggregate villages (see also Kuijt et al., 2011).

Near Eastern Pre-Pottery Neolithic Storage: Scale and Location

Having now argued that the development of plant storage from the Epipaleolithic to Pottery
Neolithic periods reflects an organizational shift from co-insurance to self-insurance as a system
of risk management, let us turn to how Neolithic daily practices and decision-making may have
resulted in significant long-term changes. With time, and with improved technology in food
harvesting, processing, and storing, people were able to store more food and increase how long
they could store plant foods (Kuijt, 2015, 2017). While there is debate among researchers, 1
argue that the transition from co-insurance to self-insurance may well have been incremental,
barely noticeable or measurable to people in the past, taking place over hundreds of years and
multiple generations, and with the layering of new methods and practices into daily life. In
the short-term the layering of new practices into daily life, such as where and how to store
food, and parching grain before storing it, were likely viewed as relatively minor adjustments,
envisioned as practical considerations to do things in a slightly better way, and with house-
hold members having no awareness that the small-scale changes might result in long-term
evolutionary changes. For example, such small-scale changes may have included how silos were
plastered, how crops were parched, and where food was stored within buildings. These would
have resulted in minor, yet significant, improvements in how long food could be stored. Such
changes may have only resulted in minimal increases, for example, a 3-5% longer storage shelf
life of plants, a similar reduction in insect or rodent infestations, or lowering temperature and
humidity levels within rooms. In the long-term, however, the adoption of a combination of
new food management practices, with simple storage technologies and greater knowledge about
how to care for plants and animals, would have a multiplier effect and increased household and
community carrying capacities. This would have unintentionally created the long-term poten-
tial for how many people lived in Neolithic settlements, how much labor was available for sea-

sonal work, how many people could seasonally aggregate into large villages, and ultimately the
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increased potential for social differentiation within Neolithic communities. The fundamental
changes that occurred over this transition, often based on small-scale daily practices, eventually
transformed the economic, social and technological landscapes, including the development of
the interrelated economic reliance on domesticated plants and animals that later served as the

core of food-producing economies in southwest Asia and Europe.

How does this evolutionary modeling of the shift from co-insurance to self-insurance as a risk
minimization strategy link to current archaeological data? When we think of the large, densely
populated villages of 7500-6500 cal. BCE, represented by Catalhoyiik and Asikli Hoyiik (level
2) (Figure 2) in Anatolia, or for that matter Basta and ‘Ain Ghazal in the southern Levant, it is
remarkable to note how quickly things changed over 3000 years (Figures 3, 4, 6). In contrast
to the later period villages of 7500-6500 cal. BCE, there is no evidence for significant, system-
atic, large-scale, food storage within or between residential buildings from before 9500 cal.
BCE (Kuijt, 2008, 2015). In the southern Levant, at some point after 9500 cal. BCE, people
started cultivating and storing wild plants in areas between structures and to a certain extent,
inside the buildings. Archaeological excavations reveal that by 9500 cal. BCE in the southern
Levant, PPNA people employed at least two types of storage systems for wild plants: small bins
and larger storage silos constructed as individual buildings (see Kuijt, 2008; Kuijt & Finlayson,
2009; Finlayson et al., 2012; Kuijt 2015). Our understanding of what took place in Anatolia
is less clear, but the scale of the settlements and architecture dated between 9500 and 9000 cal.
BCE, such as Gobekli Tepe (Dietrich et al., 2019), Kortik Tepe (Ozkaya & Coskun, 2011),
and Karahan Tepe (Karul, 2021) suggests that there must have been some degree of efficient

collection of wild plants, processing of plants, and means of storing food at this point.

By around 8200 cal. BCE early villagers in Anatolia had developed several different ways of
storing food (Duru et al., 2021), with villagers probably storing the bulk of their processed
plant foods, such as baskets of dried grain, inside residential buildings. As seen in Figure 3,
similar practices of plant control and storage are seen at different sites, including Asikli Hoyiik
(level 5-4) (Ozbasaran et al., 2018), Boncuklu and Pinarbasi (Baird et al., 2012, 2016), and
Tell Halula (Ievel 9) (Molist, 1996; Molist et al., 2020) at 7700 cal BCE. At the same time in
the southern Levant, there is evidence for grain storage in small mud silos, such as those seen at
Jericho and Yiftahel, found in a range of locations. While poor preservation conditions restrict
our understanding of the overall village plan of Yiftahel, excavations revealed a building that
may have served as a dedicated storage building (Garfinkel, 1987). While possibly a byproduct
of archaeological sampling, by at least 7800 cal. BCE, there is strong evidence from multiple
sites in Anatolia and the southern Levant for food storage being located in internal areas of
buildings. This includes the development of what appear to be dedicated rooms designed for

special-purpose storage.
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After 7500 cal. BCE in Anatolia and the southern Levant, we witness a major shift in food
storage practices, with an increase in the scale of food storage, as well as the formalization of
the move of food storage into clearly defined and separate interior spaces. Collectively, the data
from this period, generally framed as the LPPNB, illustrate how, over time, Neolithic villagers
shifted the location of storage features from external to internal areas. The most dramatic and
noticeable transition in storage practices occurs with the emergence of large aggregate villages
after 7500 cal. BCE. Atsites such as Es-Sifiya, Basta, and ‘Ain Ghazal in the southern Levant, or
sites such as Asikli Hoyiik (level 2) and Catalhoyiik in Anatolia, villagers developed new, larger
enclosed, internal storage spaces such as bins, where access could be further controlled with the
development of dedicated storage rooms inside of buildings (Bogaard et al., 2009; Kuijt, 2015;
Bogaard, 2017; Duru, et al., 2021). Exemplifying this is Building 77 at Catalhoyiik, where
excavations revealed two rooms (spaces 336 and 337), where the first room (space 336) con-
tained multiple platforms, a hearth, bucrania display and multiple burials (Figure 5) (Bogaard
et al., 2009; Twiss, 2012). The smaller second room (space 337) was organized around large

bins, smaller basins, and a bin and a hearth.

It is interesting to note that in the LPPNB we also find the first evidence for systematic use
of space on top of ground floor buildings. For example, arguments have been made that at
Catalhdyiik by 7500 cal. BCE and into the Pottery Neolithic people used the roof areas of
buildings, both for domestic purposes as well as to walk from building to building. With the
availability of stone for construction, at times LPPNB people in the southern Levant con-
structed two-story buildings, probably with household members using space on the ground
level for storage while living on the upper floor. Characteristic of this at Es-Sifiya Area A we see
the construction of abutting two-story buildings with a central basement room entered with a
ladder, and a series of smaller (around 1.20 x 1.20 m area) rooms entered through half-doors
(Mahasneh, 1997). The buildings were often separated by a terrace wall with the foundation
of the down-slope building 50 cm lower in elevation, and at Es-Sifiya and Basta, constructed
on top of well-made drain systems underneath the house (Mahasneh, 1997, 207). At Basta,
people constructed a semi-subterranean lower floor with multiple rooms, probably for storage,
and lived above these rooms on the upper floor (Kuijt, 2000). The placement of storage areas
inside buildings raises important questions concerning the meaning of increased control and

restricted access to stored food (Figures 5 & 6).

Among others, Zeder (2024b) notes that Neolithic people not only stored food differently
over time, but there must have been interconnections between population scale, heightened
seasonality in the early Holocene, and new storage technologies (see Figure 6). They created,
in short, both practical and visual means by which food was controlled, protected from other

people, animals, and insects, and spatially defined. The appearance of bins and silos inside
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residential buildings, seen at ‘Ain Ghazal and Catalhdyiik (Kuijt, 2000; Bogaard et al., 2009;
Bogaard, 2017) may reflect changes in ownership and restricted access to food based on kinship
and household membership. This argument, however, is very difficult to assess in that indi-
vidual multi-household families are likely to have lived in, and controlled, multiple buildings
and these may not have been adjacent to each other. At the moment researchers are not able to
reconstruct how members of individual social units, such as a nuclear or multi-family house-
hold, would have lived in multiple residential buildings or stored food in multiple residential
buildings. Another challenge is that researchers working in the southern Levant have yet to
really understand the extent to which LPPNB people used interior, below-ground, spaces in
residential buildings. The use of these spaces would have minimized variation in temperature
and humidity and extended how many days dried plants could be stored. Thus, we have to
keep in mind that in some cases Neolithic plant storage may not have reflected new forms of
ownership or access, so much as the practical act of storing dried plants in cool, dark, and dry
locations, such as in basements and inner rooms. Such a simple act, even if the original intent

was to organize and consulate food in one location, may well have resulted in great shelf-life.

In sum, the LPPNB predominance of intermural area food storage highlights two processes.
First, broadly speaking the evolutionary trajectory of food storage reflects the appearance of
incremental technological developments and the increasing mastery of physical materials, such
as wall plastering, and the repeated selection and management of specific plants. Second, col-
lectively, the evolutionary development of food storage both increased the carrying capacity of
villages as well as establishing the potential for greater social abstraction and differentiation. As
seen in discussions of mortuary practices and architecture, researchers are increasingly recogniz-
ing evidence for some degree of material social differentiation through time, but at the moment
the best evidence we have for this is in the later stages of the LPPNB (Benz, 2010; Kuijt et al.,
2011; Benz et al., 2019; Twiss et al., 2024).

Thinking About the Neolithic Foodscape: Awareness of Food
Conditions and Storage Planning

Let us now turn to a broader question: how might annual Neolithic household planning have
been shaped by plant food storage? Today, as in the past, farmers, collectors, and foragers think
about food preparation and storage in terms of farming taskscapes and seasons. These are, of
course, linked to time units: when would harvests take place, and how many months could
Neolithic people live on a combination of fresh and stored plants and animals? On a more
detailed level, when were seasonal fresh foods available and when might drying and preserved
foods have run out? These are practical, critical questions, and shaped how Neolithic people

approached and managed food insecurity and risk. Processing fresh foods plays a major role
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in extending the period people can eat foods, including pickling, brining, smoking, parching,
drying, and seasoning meat and vegetables. Just as importantly, over thousands of years in dif-
ferent parts of the world, humans have developed practical means of using technology to store
processed foods, including reducing temperature and humidity levels within physical spaces

and creating spaces that provide enhanced protection of stored foods from insects and pests.

Food storage is about planning and shelf-life. So, how might have planning been manifested
in the seasonal organization of labor and sharing within the household and the community,
and how might have Neolithic villagers approached food insecurity at the household and vil-
lage level? All farmers, collectors, and foragers rely on a range of seasonally available, collected,
planted, fresh, and stored foods. Thinking about a hypothetical LPPNB in central Anatolia, at
what point of the year did villagers collect, harvest, and prepare different plants and animals?
As seen in Figure 7, in Neolithic villages storage planning would have been framed around
practical considerations such as available harvesting, processing and storage technologies, and
perhaps most importantly, available human labor. Modeling of storage, therefore, requires us to
think about labor as one part of decision-making and risk minimization. Fundamentally, food
storage is primarily a means of buffering people from seasonal or yearly variances and works
so that daily/weekly shortfalls of select wild or domesticated fresh plants or hunted animals
are augmented by stored foods. Plants are only seasonally available, so storage targets would
have been based on projected future subsistence needs, anticipated yearly growth conditions,
planning around foods that could be grown, harvested, and processed, and with some estimate
for how much of this would spoil over the winter. This entire risk calculation requires a consid-
eration of the long-term, at least a year, and in some cases of repeated crop failures, up to four
years (see Kuijt, 2017).

As I have discussed elsewhere (Kuijt, 2015, 2017), when farmers, collectors, and foragers discuss
plans for storing grain at the end of the harvest season, their conversations are largely focused
on three issues: how much grain/tubers/other do they need to keep in reserve for next years’
seed stock, how much grain/tubers/other do they need to store for the household so they have
enough preserved food over the next year(s), and how much of the first two might be lost each
year due to fungi, insects and rodents? The last of these is critical, for depending on the answer,
which is essentially an informed gamble based on historical knowledge from previous seasons,
household decision-makers estimate how much extra they need to store to overcome lost food
from spoilage. For archaeologists and economists, this is incredibly hard to reconstruct, as sea-
sonal and yearly levels would have varied depending upon the specific environmental context of
villages, the level of household interconnection within and between villagers, and the economic

and food-sharing strategies adopted by people.
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The primary goal of food storage is, of course, to secure and store sufficient foods for de-
layed consumption in the future when there are no fresh foods available. As a secondary goal,
Neolithic people pursued an excess of food that could be stored for trade, exchange, or gifts at
some later advantageous point in time (see Bogaard et al., 2009; Kuijt, 2015, 2017). An excess
can be considered an amount or quantity beyond what is considered normal or sufficient each
year (Hunt, 2000). As is noted by several researchers (Testart, 1982; Forbes & Foxhall, 1995)
at times storage systems can produce an excess beyond the immediate annual household needs,
and banked grain to overcome spoilage, as seed for planting, and supply for potential years
of crop failure. Food storage, however, does not always result in excess. To be a true excess or
surplus it is necessary to produce enough yearly food resources to cover the anticipated future
subsistence needs of the group, to secure sufficient stored food to overcome any seasonal or
yearly shortage for multiple years and still have remaining amounts that can be used for trade,
exchange, or feeding stock. Thus, the critical question is not if there was storage in many cases,
but if was there anything left over after all normal anticipated needs were satisfied. This is very

different and potentially has huge implications for reconstructing past human economies.

Finally, it is important to recognize that storage is only one aspect of a broader interconnected
system and only one means of overcoming seasonal and annual food shortages. Planning re-
quires an understanding of some of these interconnected relationships, including that storage
is an intermediary stage embedded within food production, processing, distribution, and con-
sumption. As outlined by numerous researchers (e.g., Winterhalder & Goland, 1997; Stopp,
2002; Forbes, 2007) there are a range of risk-buffering strategies available to hunter-gatherers,
foragers, collectors, and farmers. Many risk-buffering mechanisms, such as altering resource se-
lection or intra-band food sharing, only extend the buffering period by a limited amount. Some
risk minimization strategies really only provide a buffer for days, or at most multiple months.
In the Neolithic, they would still have been useful systems to overcome short-term seasonal
variations in available food resources. In the end, however, there are only two risk-buffering
strategies that provide the means for people to overcome long-term food access problems: field
dispersion (the use of agricultural fields in different ecological, sedimentological and growth
contexts) and long-term food storage. Ultimately, food storage serves as a means of buying
time, thereby increasing the chance that people will survive during periods of drought, dimin-

ished crops, and bad years.

Discussion

It is remarkable how little researchers know about the development of food sharing and storage,
let alone risk management, for the Near Eastern Neolithic period. Food storage in general,
and the development of grain food storage in specific, reflects an evolutionary transition and

a technological and social solution to a problem. Although our understanding is obscured by
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limited data and visibility of material remains, data indicates that compared to later periods
food storage and delayed consumption management systems were not part of the Epipaleolithic
adaptive package. Secondary proxies, such as grinding stones, highlight that there must have
been some limited food storage of wild plants in the Epipaleolithic. In contrast, by at least 9500
cal. BCE, Neolithic people started to cultivate and store wild plants, with evidence for storage
outside and inside of buildings, but most importantly, high-volume storage in dedicated storage
silos were located between residential buildings. Evidence after 8200 cal. BCE highlight that
food storage shifted to areas inside the buildings and that the total volume of plant food storage

increased significantly.

Anyone handling and processing plant foods today or in the past is aware that different stor-
age conditions result in different outcomes. Given seasonal and yearly variability in wild and
domestic plants, it is clear that Epipaleolithic and Neolithic people were aware of the potential
risk of running out of stored food. Seasons of scarcity and the knowledge that people could
face multiple bad seasons and years in a row would have produced an ongoing incentive for
Epipaleolithic and Neolithic people to think about better ways to do things, to develop ways
of extending the use life of food, through experimentation and in combination with ways of
processing foods, even if these resulted in just marginal improvements. As with any group who
observe and manage plants and animals, Epipaleolithic and Neolithic people would have un-
derstood on a basic level how fungi, insects and animals caused the destruction, deterioration

and transformation of different types of food.

Agriculturalists and pastoralists are well aware that specific types of resources have a shelf-life
and plan around this knowledge (Testart, 1982; Forbes & Foxhall, 1995; Kuijt, 2015, 2017).
Annual planning, of course, would have been framed around the anticipated need for food over
the next year, the shelf-life of resources that varied for specific animals and plants, and the pro-
cessing and storage technologies that existed at the time. All storage, including dried plants, can
only be successfully stored as long as specific physical thresholds (e.g., temperature, humidity,
air circulation) are maintained. Even under the best conditions, food storage is not indefinite,
for it probably only extends the use-life of stored plants for one to three years (Kuijt, 2017). The
stored resources, however, would have smoothed over seasonal variation in food abundance and

raised the carrying capacity during the lean season.

It is somewhat strange to note that in most cases researchers do not understand what food was
stored in specific features, how long different commodities could be stored, how much stored
food was lost each season as commodities decayed, or how many people could be kept alive
with the stored stocks. We need to know the answers to these questions. To be honest, however,
we are only now identifying the questions we need to ask and are a long way from securing

answers to the questions we have yet to formulate. This state of affairs is strangely exciting, for
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even simple, future baseline archaeological research, focused on daily, physical, storage con-
ditions, has the potential to significantly advance debate and discussion. While focused on
the long-term, in a similar way modeling shifting risk-management strategies and the use of
co-insurance and self-insurance risk management, also helps us think about the long-term evo-
lutionary by-products of storage. The point here is, of course, that we need to think further
about food storage from multiple perspectives, as we consider how the Neolithic Revolution,
reflecting profound shifts in labor, social relationships, and food production, were defined and

materialized.

Stepping back for a minute, I want to think about the role of food storage within the Neolithic
Revolution as defined by V.G. Childe. Archaeologists often overlook the fact that at some point
around 12.000-10.000 years ago, people living in the Near East did something quite remarka-
ble: with no understanding of the consequences of their actions, people started to incrementally
develop new ways to store and prolong the shelf-life of plant foods. This changed the world
forever. When crafting essays such as this one, we often write things such as “The transition
between foraging and food production economies from the Epipaleolithic through Pottery
Neolithic period embodies profound changes in subsistence practices and economic systems, all
of which is widely recognized as representing a crucial threshold in human prehistory”. While a
reasonable sentence, these words antiseptically undersell what took place and mask the impor-
tant role of food storage in creating the world we live in today. Now, yes, the caloric backbone
and payoff of the forager-farmer transition was the manipulation and eventual domestication
of plants and animals. Without plant and animal domesticates you cannot have a Neolithic
Revolution. In terms of plants, however, this narrative overlooks that it was the combination of
the genetic transition from wild to domesticated plants, the development of new plant process-
ing technologies, and the development of new forms of plant storage that was revolutionary.
To be direct, there is no or minimal long-term evolutionary impact of having domesticated
plants without the ability to process and store the food over months or years. Having more
wheat in September is only helpful if you can eat it next March when there are no fresh plants,
and is only really, really, helpful if you can eat your wheat in the following March. From this
perspective, then, perhaps The Neolithic Revolution, that widely recognized and celebrated

evolutionary process, should be recast as 7he Storage Revolution.
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Figure 2. Asikli Hoyiik (level 2), Turkey (Asikli Hoyiik Research Project, 2018).
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Figure 5. Planview of Building 77 at Catalhéyiik, divided into two rooms. The western room contains
food storage bins and food processing features. While also containing a large bin, the eastern building is
organized around raised platforms, food cooking features, ritual display materials and benches for burials

(Figure by C. Mazzucato, Catalhoyiik Research Project).
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changed through time (see, however, Kuijt, 2000, 2008; Birch-Chapman et al., 2017). Thus, it is important
to understand that the projected total average community population presented here are approximation.
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Sample Preparation and Analytical
Instrumentation for Sediment

Chemistry Analyses: A Comparative
Study of XRF and ICP-MS

Catherine B. Scott?

Abstract

For the past few decades, ICP-MS has been the method of choice for studying the chemical
composition of sediments and soils on archaeological sites to elucidate past uses of space. How-
ever, X-ray fluorescence (XRF) is becoming increasingly a popular alternative due to its flexibil-
ity. This study compares sample preparation and analysis of these methods using a dataset of 54
samples from the abandoned 20" century village of Eski Haciveliler in western Turkey. Several
variables were tested, including two methods of powdering (hand-powdering versus ball mill)
and two methods of sample preparation for WD-XRF analysis: loose-powder and fused beads.
Statistical analyses of the results indicate no significant difference between the results of the
two XRF preparations and ICP-MS, though there is a difference in samples powdered by hand
versus by ball mill in ICP-MS data. Heat maps of elemental concentrations similarly show
agreement between the patterns produced by the XRF and ICP-MS analyses. These results
demonstrate the validity of XRF—particularly loose-powder preparations—for archaeological
sediment chemistry analysis. This method and sample preparation represent a relatively rapid
and low-cost option for analyzing large numbers of samples and, therefore, offer a path toward

more extensive incorporation of sediment chemistry into archaeological research.

Keywords: soil chemistry; sample preparation; XRF; ICP-MS; western Turkey

Ozet

ICP-MS gectigimiz birkag on yildir, ge¢misteki mekan kullanimini anlamak amaciyla arkeo-

lojik yerlesimlerdeki tortullarin ve topraklarin kimyasal bilesimini incelemek icin tercih edilen
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bir yéntem olmustur. Ancak, X-Isini Floresanst (XRF) esnekligi nedeniyle giderek daha yaygin
bir secenek haline gelmektedir. Bu ¢alisma, Tiirkiye’'nin bausindaki 20.ytizyilda terk edilmis
Eski Haciveliler Kéyi'nden alinan 54 6rneklik bir veri setini kullanarak bu yéntemlerin 6r-
nek hazirlama ve analizlerini karsilasturir. Caligmada iki farkli 6giitme yontemi (elle 8giitme
ve bilyal1 ogiitiicii) ile WD-XRF analizi icin iki farklt 6rnek hazirlama yéntemi (gevsek toz
ve fiizyon boncuklart) dahil olmak Gizere gesitli degiskenler test edilmistir. Sonuglarin istatis-
tiksel analizleri, iki XRF hazirlama ve ICP-MS sonuglari arasinda énemli bir fark olmadigin:
gostermektedir. Ancak ICP-MS verilerinde elle tozlastirilan ve bilyali 6giitiiciide tozlastirilan
ornekler arasinda fark bulunmaktadir. Element konsantrasyonlarinin 1si haritalart da benzer
sekilde XRF ve ICP-MS analizleri tarafindan iiretilen ériintiiler arasinda benzerlik gostermek-
tedir. Bu sonuglar XRF’in —ozellikle 6rnegi gevsek toz seklinde hazirlamanin— arkeolojik
toprak kimyasi analizi i¢in gegerliligini kanitlamaktadir. Bu yontem ve drnek hazirlama, ¢ok
saytda ornegi analiz etmek icin nispeten hizli ve diisiik maliyetli bir segenegi temsil eder ve bu
nedenle toprak kimyasinin arkeolojik arastirmalara daha kapsamli bir sekilde dahil edilmesine

yonelik bir yol sunar.

Anahtar Kelimeler: toprak kimyasi, 6rnek hazirlama, XRE ICP-MS, bau Tiirkiye

Introduction

Archaeological sediment chemistry (also referred to as soil chemistry analysis) is based on the
understanding that human activities impact the chemical composition of the sediments upon
which they are performed, and that one can recover patterns produced by structured human
behavior by measuring and mapping the composition of archaeological sediments. It has been
used to investigate a variety of archaeological questions, including how space was structured
in a Viking house (Milek & Roberts, 2013), the location of Maya marketplaces (Anderson et
al., 2012; Coronel et al., 2015), and the identification of site boundaries (Bintliff et al., 1992).
Although sediment chemistry has great potential to help us understand how humans structured

space in the past, it has been underutilized in many parts of the world.

Common barriers to the archaeological use of sediment chemistry include access to laborato-
ries with appropriate instruments and the money needed to fund analysis. Inductively coupled
plasma mass spectrometry (ICP-MS) has been a popular method of analysis in sediment chem-
istry in recent decades because it relatively quickly produces highly accurate measurements!
for many elements. There are methodological complications with this method, however, and
the costs of ICP-MS in terms of equipment, laboratory fees, and sample preparation can be
prohibitive for studies with large numbers of samples. It is, therefore, important to explore

other methods of analysis in sediment chemistry. By demonstrating the reliability and relative

1 ‘Accuracy’ here refers technically to how closely instrument measurements correspond with the exact
concentrations/counts of whatever is measured.
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benefits of a variety of analytical methods, it will be possible for more archaeologists to make

use of sediment chemistry.

There is already a diverse literature on other approaches to sediment chemistry that range from
the use of semi-quantitative spot tests for large molecules (Terry et al., 2000; Barba, 2007;
Dore & Lépez-Varela, 2010; Middleton et al., 2010) to the use of portable X-ray fluorescence
(XRF) for in-field chemical analysis of sediments (Hayes, 2013; Coronel et al., 2014). Here, I
contribute to this conversation by exploring the use of laboratory-based wavelength dispersive
(WD) XRF—using both loose-powder and fusion-bead sample preparation—in comparison
to ICP-MS.

In recent years, XRF has become an attractive technology for archaeologists in multiple appli-
cations in large part because of its flexibility. Laboratory-based machines—Ilike the WD-XRF
used in this stcudy—allow for analysis of samples in a variety of physical states: they can analyze
processed samples as solid pellets, glass beads, loose-powders, or liquids, each of which pres-
ent advantages based on the material being studied and which elements are of most interest.
XRF can also analyze unprocessed samples, allowing for non-destructive analysis of, for exam-
ple, artifacts in museum collections. The perceived drawbacks of XRF in comparison to other
methods include a more limited range of elements that can be detected and a generally lower
sensitivity for trace elements. That said, direct comparisons between XRF and other meth-
ods of multi-element analysis are rare in the literature on archaeological sediment chemistry.
Such comparisons have focused particularly on testing the validity of portable XRF (pXRF)
for field-based soil studies in archaeology; examples include studies comparing pXREF results to
ICP-OES (Inductively Coupled Plasma-Optical Emission Spectroscopy) (Gauss et al., 2013;
Frahm et al., 2016), AAS (Atomic Absorption Spectroscopy) (Gauss et al., 2013), and DTPA
(Diethylenetriaminepentaacetic Acid) chelate extraction of trace metals (e.g., Coronel et al.,
2014). Examples focused on laboratory-based XRF analysis include a study by Oonk and col-
leagues (2009¢) that used XRF to test the effectiveness of a weak-acid extraction for ICP-OES
analysis, and Cook and colleagues’ (2005) study that used ICP-MS to gain additional precision
for samples high in certain elements based on XRF analysis. This study, therefore, helps to fill a
gap in the literature by directly comparing the results of laboratory XRF and ICP-MS analysis.

This study considers a range of preparation techniques and chemical analyses, involving vary-
ing amounts of time, equipment, and access to laboratory spaces. The samples analyzed here
come from Eski Haciveliler, an abandoned 20* century village in the Gediz River valley, west-
ern Turkey. I compare the results of WD-XRF analysis, performed on samples prepared both
as loose-powder and as fused beads, with results from ICP-MS analysis, performed on sam-
ples prepared using a weak-acid extraction. I also discuss the impact of different powdering
methods—hand-powdering with a mortar and pestle versus machine-powdering with a ball

mill—on the results. Due to the differences between the analytical methods, the comparison of
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results focuses primarily on the patterns they produce; these patterns are also the results most
comparable to other types of spatial data in archaeology. The results of these comparisons show
that different instrumental analyses do not produce statistically significant differences in result-
ant data patterns. This study, therefore, demonstrates the reliability of laboratory WD-XRF in

identifying and studying the chemical remnants of past human activities.

Sediment Chemistry in Archaeology

Archaeological sediment chemistry originated in the early 20" century, when scientists rec-
ognized that high concentrations of phosphates in sediments were associated with remains of
archaeological sites (Arrhenius, 1931). Phosphorus enters the soil in high quantities in areas
where organic waste is left to accumulate, such as middens, manured fields, or areas where food
processing or cooking takes place. It is, therefore, useful for both identifying archaeological sites
and identifying ‘clean’ and ‘dirty’ spaces within them, revealing generally how spaces were struc-
tured in the past (Parnell et al., 2001; Roos & Nolan, 2012; Luke et al., 2017). Archaeologists
have since realized that other human activities (e.g., cooking, craft production, metalworking)
leave characteristic residues where they are performed; patterns of enrichment and depletion of
elements, compounds, and large organic molecules, therefore, can be taken as proxies for pat-
terns of past activities. Unfortunately, sediment chemistry has been underutilized in archaeol-
ogy. Research in Mesoamerica, the UK, and Northern Europe has produced a robust corpus of
literature, yet the method is infrequently used in other regions. Furthermore, sediment chemis-
try is usually applied with limited scope, focusing on small spaces or narrowly defined research
questions, rather than being integrated into survey and excavation approaches. This situation is
beginning to change as a result of the increased availability of high-quality instrumentation and

the development of new methods for chemical analysis.

Chemical analysis of sediments in archaeology has generally focused on measuring concentra-
tions of individual elements, a large number of which can be measured accurately and rapidly
using a variety of instruments (e.g., Hjulstrom & Isaksson, 2009; Coronel et al., 2015); specific
elements or suites of elements have been associated with specific activities (e.g., concentrations
of lead from Roman metalworking [Cook et al., 2010] or gold from the working of jade [Cook
et al., 2006]). Sediment chemistry studies also generally involve the comparison of chemical
patterns with other spatial datasets (e.g., artifact and ecofact distribution, architecture) (Cook
et al., 2006; Milek & Roberts, 2013).

The degree of analytical precision necessary to produce meaningful patterns remains a topic of
discussion in this field. Do measurements need to reflect the exact elemental concentrations
of samples? Are strictly quantitative measurements required, or are semi-quantitative measure-

ments (e.g., spot tests [Rypkema et al., 2007]) sufficient to produce meaningful results? Oonk
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and colleagues (2009a), for example, argue that the best way to achieve a complete understand-
ing of anthropogenic inputs into the soil is to combine sequential extraction, which isolates
each fraction of the soil matrix for ICP analysis, and other types of mineralogical analyses (e.g.,
X-ray diffraction [XRD]). Such detailed analysis does allow for a direct comparison of raw
concentration between samples because it quantifies variation from local environmental and
soil formation processes; however, it requires significantly more resources than is practical for
most archaeological projects, especially those with sample numbers in the hundreds. Almost all
studies using sediment chemistry, therefore, use a method that produces imperfect or incom-
plete data—whether via partial extractions for ICP-MS or bulk sediment analysis with XRE
Arguably, as long as a method produces meaningful patterns that are internally consistent and

help answer research questions, it is ‘archacologically valid” (Frahm & Doonan, 2013).

Materials and Methods

Site Description and Sampling Method

The samples used in this study were collected from Eski Haciveliler, a village located in the Gediz
River valley, western Turkey. The village, formed between 1919 and 1922 and largely abandoned
by the 1980s, consists primarily of vernacular architecture with stone foundations and mudbrick
superstructures, most in a state of ruin today owing to a combination of intentional destruction
(see Luke & Cobb, 2013) and natural degradation (O’Grady et al., 2018). The village is organ-
ized into three neighborhoods around public spaces including a mosque and minaret, foun-
tain, and public garden; a school lies on the outskirts of the village, with a still-used cemetery
nearby (Luke & Cobb, 2013). Archaeologists, anthropologists, and conservators studied Eski
Hacveliler under the Central Lydia Archaeological Survey (CLAS) (Roosevelt & Luke, 2012,

2013, 2014), and it remains a useful site of experimental archaeology and ethnoarchaeology.

Samples were collected from Eski Haciveliler over the course of two days in the summer of
2013. A targeted sampling strategy focused on features of interest in three areas of the village,
sometimes on an improvised grid. Area 1 was the interior of the schoolhouse, constructed of
local mudbrick atop schist fieldstone foundations. Area 2 surrounded the public fountain con-
structed of stone, used for watering animals and doing laundry, among other things. Samples
were taken primarily from the ground around and above this feature. Area 3 was the house of
a wealthy family in the middle neighborhood (Luke & Cobb, 2013). Samples were collected

from within the mudbrick house and its enclosed courtyard.

A total of 54 samples were collected into plastic bags using a metal trowel and wrapped in
aluminum foil; between samples, the trowel was washed with 1M HCI and deionized water.
The location of each sample was recorded using a Real-Time Kinematic GNSS (RTK-GNSS)

system and mapped using GIS software.
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Sample Preparation and Analysis

Given the small number but relatively large volume of samples from Eski Haciveliler (ca. 7-10
g), the dataset presented an opportunity to experiment with different methods of analysis. To
this end, this study utilized three types of sample preparation and analysis available at the Kog
University Surface Science and Technology Center (KUYTAM) in Istanbul, Turkey. The first
two types of analysis utilized laboratory WD-XRF with samples prepared according to two
preparation protocols: loose-powder and fused beads. The third type of analysis employed mi-
crowave-assisted acid-digestion and ICP-MS analysis. The following sections discuss processes
of sample preparation and analyses, followed by a discussion of their differential effects on

analysis results.

Sample Homogenization

The first step in sample preparation was powdering, which serves to homogenize the sample and
reduce grain size, thereby facilitating digestion/fusion. Sample powdering took place in facili-
ties provided by the Department of Earth and Environment at Boston University and employed
two methods of powdering due to the nature of the equipment available. Samples greater than 8
grams (the minimum sample size for the available equipment) were powdered in a ball mill with
an agate chamber and agate balls, which were cleaned at the beginning of the day and between
each sample with Ottawa quartz sand and isopropanol. Samples less than 8 grams were pow-
dered by hand using an agate mortar and pestle, which was also cleaned at the beginning of each
day and between each sample with Ottawa quartz sand and isopropanol. In all cases, sediment
fractions greater than 2 mm were removed, either by hand or by sieving through a mesh, prior
to powdering. Thirty-five samples were recorded as being powered by hand and nine by ball

mill; the powdering method was not recorded for 10 samples due to a data entry error.

X-Ray Fluorescence Spectrometry

XREF is a popular tool for compositional analyses in archaeology because it can be non-destruc-
tive and has options for portability. The use of XRF for sediment chemistry is not as common
as its use for other materials, but this is beginning to change (Cook et al., 2010; Cook et al.,
2014). The relative speed and ease of some types of XRF analysis make it possible to analyze a
larger number of samples than was possible in previous studies, allowing archaeologists to cover
larger areas or to increase sampling resolution. XRF analysis also provides near total analysis of

the sample, while methods such as ICP-MS often do not.

The use of XRF for sediment analyses is not without complications. Sediment is a complex,
variable material, which can make it difficult to differentiate between multiple anthropogenic
inputs (e.g., from ancient occupation versus modern pollution or agriculture) and natural in-

puts (Oonk et al., 2009a, 2009b, 2009¢; Dore & Lépez Varela, 2010; Lépez Varela & Dore,
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2010). Certain complexities fundamental to the physics of the method also must be taken into
account. If a sample is insufficiently prepared, the analysis may not capture the full range of var-
iation within the sample or may be impacted by matrix effects or the internal geometry of the
sample (Pollard et al., 2007). The utility of XRF analysis of sediment is, therefore, dependent
on how the sample is prepared prior to analysis. Archaeologists must balance effective prepara-

tion with considerations of time and cost.

Most archaeological sediment studies that utilize laboratory XRF analysis prepare samples by
pressing the sediment into pellets (Oonk et al., 2009a, 2009¢; Abrahams et al., 2010; Cook et
al., 2014). This method has the advantage of both homogenizing the sample and producing
a solid, smooth surface with which the primary X-rays can interact. However, this method
requires a comparatively large amount of sediment, which may be difficult to recover from ar-
chaeological contexts and which averages the chemical signatures of a larger area. Some recent
studies have focused instead on loose-powder preparations—particularly those occurring in the
field and using pXRF rather than laboratory XRE as in this study—with varying methods of
sample homogenization (Gauss et al., 2013; Coronel et al., 2014; Frahm et al., 2016). For this
study, two sample preparations that are less frequently used in archaeological sediment chemical

studies using WD-XRF were tested: loose-powder and fusion-bead preparation.

Loose-powder preparation is the quickest type of sample preparation and the one requiring
the least specialized equipment. It also allows for the easy re-analysis of soil samples if only a
small amount of material is available, whether for sediment chemistry or other analyses. One
disadvantage is that it does not produce a stable sample that can be reanalyzed under the exact
same conditions. Studies utilizing pXRE, whether in the field or in the laboratory, employ a
loose-powder sample preparation and have determined that results generally compare favorably
with other types of analysis for most elements of interest (Gauss et al., 2013; Coronel et al.,
2014). For this study, samples were weighed into plastic cups that were closed with Chemplex

prolene film.

The fusion-bead preparation involves firing the sample to oxidize it and to determine the loss
on ignition of any volatiles or organic material, mixing it with a flux, melting it, then cooling
it into a glass bead. This preparation method is comparatively labor- and cost-intensive but
achieves the most effective homogenization and produces uniform a matrix that is least suscep-
tible to geometric complications as the X-rays pass through it. The fusion-beads have also been
shown to produce more accurate results as compared to pellets, although both methods are
equally precise (Anzelmo et al., 2014). For this study, samples were mixed with a lithium tetrab-
orate flux at an approximate 8:1 ratio and fused using a Fluxana Vulcan 2MA at KUYTAM in

Istanbul.
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Both fusion-bead and loose-powder analyses were conducted using a Bruker Tiger S8 X-ray flu-
orescence spectrometer at KUYTAM. The machine was calibrated using 4 standard glass beads
(STG2, SQ1, SQ2, SQ3) and graphite, boron nitride (BN), Al, and Cu standards for all sample
types. STG is a mixture of Na, Al, Si, S, Cl, K, Ca, Fe, Sr, and Sb. Zn, N, C, and P alignments
are adjusted with SQ1, BN, graphite, and SQ2 standards.

Inductively Coupled Plasma Mass Spectrometry

ICP-MS is currently one preferred type of analysis in sediment chemistry, particularly for meas-
uring concentrations of trace elements. This technique is highly sensitive and precise, allowing
for the near simultaneous measurement of a wide range of elements. Samples are typically
powdered and then digested in acid so that they are introduced to the machine in a liquid state
(Neft, 2017).

As is the case with XRE, a number of complications are specific to the use of ICP-MS. Whereas
XREF results represent ‘bulk-sample’ analyses, ICP-MS analysis represents the fraction of sed-
imentary material extracted through acid digestion. Elements of interest to archaeologists
might be contained in multiple mineral fractions, though it is generally thought that accessible
fractions are more likely to represent anthropogenic inputs while more stable fractions are
more likely to represent natural inputs (see e.g., Haslam & Tibbett, 2004). Weak-acid diges-
tions, which extract accessible fractions and discard others, have often been thought to be the
most appropriate for archaeological chemistry (Middleton & Price, 1996; Oonk et al., 2009¢;
Misarti et al., 2011; Salisbury, 2013). However, Oonk and colleagues (2009¢) argue that the
environment and soil formation processes at some sites might lead to anthropogenic signals
being stored in sediment fractions that are missed by weak-acid extractions. Their comparison
of weak-acid extraction for ICP-OES with a total analysis from XRF mentioned above showed
that some anthropogenic phosphorus, for example, might be stored in more stable fractions at
some sites, particularly those with clayey soils (Oonk et al., 2009¢, 1220). Strong acid diges-
tions, which access fractions that are more stable within the matrix, are also used in some cases
(Cook et al., 2005; Entwistle et al., 2007). An ideal method would involve sequential extrac-
tion, isolating the signal from various fractions within the matrix rather than isolating one or
two (Oonk et al., 2009a); however, sequential extraction is a labor-intensive process, especially
for archaeological projects that may require the analysis of dozens or hundreds of samples to
provide adequate coverage of an area of interest, and may ultimately collect more data than is

realistically necessary for some studies.

For the purposes of this study, samples were digested according to US EPA protocol 3051a,
which is a microwave-assisted digestion protocol utilized by Cook and colleagues (2006) and

similar to other weak-acid extraction methods used in other studies. This protocol does not
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produce a sample that is representative of the bulk sediment. Therefore, whereas results from
the XRF analyses reflect the total contents of the sample, the results from this analysis reflect
only the digested fraction of the sample. The samples were analyzed on an Agilent 7700x ICP-
MS at KUYTAM; SRM-679 was used as a standard to determine the accuracy of the machine

during analysis.

Statistical and Geospatial Analyses

A variety of statistical and geospatial analyses were used to compare the datasets produced by
each method of analysis. To compare powdering methods, a simple one-way analysis of variance
(ANOVA) test was performed using JMP Pro 13 software to compare results from samples

powdered by hand versus by a ball mill for elements detected in all three methods of analysis.

Directly comparing the concentrations produced by each method of analysis was particularly
complicated. Because each method of analysis resulted in the measurement of a different num-
ber of elements from each sample, element concentrations were converted into ranks, with the
rank indicating how concentrated each element was in that particular sample. For example, in
a sample with results for 14 elements, iron (1300 ppm) was ranked 14 because it was the most
concentrated element; copper (65 ppm) was ranked 1 because it was the least concentrated
element in the sample. Friedman’s test was then used to compare rankings across samples to

determine if analytical methods produced statistically significant differences.

To compare geospatial patterns produced by the data, heat maps showing the distribution of
specific elements across collection areas were interpolated using the Inverse Distance Weighted
tool in ArcMap. Rather than map raw concentrations, results were transformed to reflect en-
richment and depletion relative to a calculated ‘background’ (Cook et al., 2006). The back-
ground was defined as the robust mean of all samples from each dataset; this mean was then
subtracted from the concentration of each sample, and the result was divided by the robust
standard deviation in order to produce a measurement of the enrichment/depletion of each

sample relative to the mean. These maps were then compared visually.

Results

Powdering Method
Table 1 shows the results of ANOVA tests of the powdering method. For the loose-powder

and fusion-bead datasets, the results showed no statistically significant difference between pow-
dering methods for most elements. However, for the ICP-MS dataset, the test did show a
statistically significant difference for most elements. This suggests that the method of sam-
ple homogenization has more impact on acid digestion than on sample preparation methods

for XRE However, the imbalance in the number of samples homogenized with each method
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(35 versus 9) means that this statistical comparison is not very robust, and the results should

be seen as tentative.

Table 1. p-values from a one-way ANOVA test, run to determine if there is a
significant difference between powdering methods. (* indicates p < 0.05).

Element Loose-powder XRF Fusion-bead XRF ICP-MS
Al 0.0252* 0.8018 0.0045*
Fe 0.4008 0.8115 0.0016*
K 0.1274 0.9164 0.0019*
Ca 0.0769 0.0552 0.0215*
Mg 0.8195 0.5629 0.0114*
Ti 0.7351 0.8054 0.0103*
Na 0.0448* 0.0467* 0.2315

Mn 0.1803 0.2962 0.0023*
Ba 0.5764 0.1820 0.0010*
Cu 0.5415 0.3121 0.0524*
As 0.5129 0.4109 0.0751

Cr 0.8216 0.0509 0.0870

Rb 0.7829 0.06074 0.6842

St 0.5488 0.0150* 0.0027*

XRF Analyses versus ICP-MS Analysis

Each method produced data for a different set of elements, although all produced data on ele-
ments of typical archeological interest (Table 2). ICP-MS analysis measured the largest num-
ber of elements (54; 29 of which are robust? enough for statistical analysis). XRF analysis on
loose-powder and fusion-bead samples produced data on 26 (13 with robust data) and 25
(20 with robust data) elements, respectively; both analyses covered most elements of interest
except manganese, for which loose-powder analysis produced no robust data. Some samples in
the fusion-bead XRF dataset proved to be problematic: 13 samples lacked data because of an
insufficient amount of material for analysis. The statistical results below, therefore, represent 41

samples for which all three methods produced robust data.

2 Here, ‘robust’ means that most or all samples produced data on a given element; for some elements, data
were produced for some samples but not enough for statistical comparison. Lack of data is most often due
to the concentration for a given element being below the detection limits of the machine; however, in the
case of phosphorus, this appears to be the result of a problem with the machine during analysis of part of
the dataset.
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Table 2. All elements for which robust data were reported, and which

method of analysis provided data on which elements (X = data; --

Element

Aluminum

Loose-Powder XRF

*indicates elements of general interest in archaeology).

Fusion-Bead XRF

X

= no data;

ICP-MS

>~

Antimony

Arsenic

X

Barium

=

Calcium*

Cerium

Cesium

Chromium

Cobalt

Copper*

Europium

Gadolinium

Holmium

Iron*

Lanthanum

Lead

Magnesium*

Manganese*

Neodymium

A e R A e R A e R A R e R R A R Rl R e

Nickel

Phosphorus*

Potassium™

>

Rubidium

>

Silicon

Sodium*

>

Strontium™

>

Sulfur

Tantalum

Thorium

Titanium

Uranium

Vanadium

Ytterbium

Yttrium

PR R K KR

Zinc

Zirconium
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Tables 3-5 and Figure 1 show the ranking of elements for three samples: 930.698.1.1,
932.698.2.1, and 974.697.5.1. Using Friedman’s test, the p-value was determined to be above
0.05 for all samples; therefore, this test does not provide enough evidence to indicate a statis-
tically significant difference between ICP-MS, loose-powder WD-XRE and fusion-bead WD-
XRE It is important to note, however, that because of the conversion to ranks, this test does not
compare the actual concentrations of elements. Raw concentrations can vary significantly as a
result of several factors, including instrument detection limits for various elements, effects of

sample preparation, and the fact that XRF results represent all fractions of the sediment while
ICP-MS does not.

Table 3. Concentrations and ranks for sample 930.698.1.1; loss on ignition for
the FB-XRF analysis was 11.2% of the original sample volume.
Concentrations are in parts per million (ppm).

Concentrations

Al 65362.38 | 112069.88 | 111618.83 14
As 454.43 2066.2 681.65 As 8

Ba 716.27 988.69 1701.15 Ba 5 7
Ca 27373.01 | 22700.95 | 51887.22 Ca 12 10 12
Cr 205.26 366.98 342.1 Cr 4 4 4
Cu 79.89 150.29 78.00 Cu 3 2 1
Fe 44763.52 | 201548.88 | 74279.47 Fe 13 14 13
K 22414.32 | 30207.21 = 42089.11 K 11 11 11
Mg 8443.4 30676.44  14474.4 Mg 10 12 10
Mn 387.23 1728.94 619.57 Mn 5 6 5
Na 5712.32 | 4425.01 4006.04 Na 8 9 8
Rb 77.00 0 182.88 Rb 2 1 3
Sr 73.00 151.83 84.56 Sr 1 3 2
Ti 6414.76 1851.58 8033.43 Ti 9 7 9
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Table 4. Concentrations and ranks for sample 932.698.2.1; loss on ignition for the FB-XRF
analysis was 19.3% of the original sample volume. Concentrations are in parts per million (ppm).

Concentrations

Al 58958.45 | 16787.47 | 113047.80 14
As 227.22 187.28 530.17 As 6 5
Ba 716.27 146.15 1522.08 Ba 5

Ca 19368.37 | 5266.89 | 41238.19 Ca 10 10 11
Cr 1505.24 32.88 273.68 Cr 6 4
Cu 79.89 30.89 69.00 Cu 1 1
Fe 39168.08 | 25202.79 | 71201.97 Fe 12 14 13
K 19591.78 = 7990.99 | 42338.16 K 11 11 12
Mg 6754.72 | 4198.59 12363.55 Mg 9 10
Mn 619.57 454.78 1239.14 Mn 4 6
Na 4154.42 | 11357.96 | 3635.11 Na 7 12 8
Rb 90.00 85.72 182.88 Rb 2 4 3
Sr 90.00 21.80 169.19 Sr 2 1 2
Ti 4796.08 283.63 7433.92 Ti 8 7 9

Table 5. Concentrations and ranks for sample 974.697.5.1; loss on ignition for the FB-XRF
analysis was 9.6% of the original sample volume. Concentrations are in parts per million (ppm).

Concentrations
Element LP-XRF | Element ICP-MS | LP-XRF
Al 64039.25 = 14815.80 103785.93 Al 14 13 14
As 416.56 331.22 530.17 As 5 7 5
Ba 725.56 140.82 1343.01 Ba 7 4 7
Ca 30446.22  11183.01 | 49457.24 Ca 12 12 12
Cr 88.95 46.98 136.84 Cr 2 3 4
Cu 103.85 44.71 58.00 Cu 4 2 1
Fe 41630.07 | 31773.78 = 54625.48 Fe 13 14 13
K 2324448 | 3758.40 | 37357.20 K 11 10 11
Mg 7960.92 | 4438.33 13087.27 Mg 10 11 10
Mn 577.75 439.33 774.46 Mn 6 8 6
Na 4525.35 982.23 2967.44 Na 8 9 8
Rb 91.44 222.88 91.44 Rb 3 5 2
Sr 59.19 40.45 92.00 Sr 1 1 3
Ti 5959.13 276.16 5995.10 Ti 9 6 9
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Heat maps produced in ArcMap show another perspective on how patterns from the three
methods interrelate. Figures 2-4 show heat maps of Area 3 for three elements typically included
in archaeological sediment chemical studies: calcium, magnesium, and phosphorus. The re-
sults are very similar among the three methods of analysis, indicating that similar patterns are
produced regardless of differences in raw concentration. Trace elements of interest to archae-
ologists—such as strontium and copper—show more variation between the maps. Strontium
shows patterns that are broadly similar but not identical in the three methods (Figure 5); this
pattern is replicated in the results from Area 1 (Figure 6). Copper, on the other hand, shows a
significant outlier in the fusion-bead map that does not appear in the other maps (Figure 7).
The ICP-MS and loose-powder XRF maps show broadly similar patterns—particularly that the
highest concentration is in the southeastern corner—which are also similar to the pattern in
the fusion-bead dataset with the outlier removed. Figure 8 shows that the relationship between
copper patterns in the two XRF datasets are perhaps a little more similar in Area 2, but the
patterns still diverge. Inconsistencies in the patterns produced by the three methods were also
seen in those elements that are most likely lithogenic rather than anthropogenic in this context,
such as potassium and aluminum (Figures 9-10). While potassium is usually considered to be
an element of anthropogenic interest in sediment chemistry (Oonk et al., 2009b; Gauss et al.,
2013), the high concentration of potassium found in a bedrock sample from a site on the same
mountain ridge as Eski Haciveliler indicates that this element is likely not indicative of anthro-
pogenic inputs in this local environment (Scott, 2020). Notably, variation between the patterns

was more pronounced in the heat maps for aluminum than in the heat maps for potassium.

Discussion

The results presented above provide suggestions about the relationship between these methods
and the data they produce, as well as some tentative guidelines for how to plan chemical anal-

ysis in a sediment chemistry study.

First, comparison of powdering methods suggests that they have a stronger impact on results
for ICP-MS than for XRF (either preparation), which is consistent with expectations. Although
grain size can impact how an X-ray moves through and interacts with a sample in loose-powder
analysis, the acid digestion for ICP-MS sample processing is the most likely preparation process
to be impacted by grain size. Larger grains would take more time to break down and might not
do so fully within the time allotment in the protocol. If one has time and access to a laboratory
with appropriate materials, it is worth finding and using a ball mill to powder samples rather
than powdering by hand. If one is interested in reducing the amount of equipment and labora-
tory time required, however, or if one is interested in doing sample prep and/or analysis in the

field, powdering by hand is sufficient for preparing samples for XRF analysis.
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Second, the statistical analyses indicate that there is no statistically significant difference be-
tween the datasets, but the heat maps suggest a more complicated picture. While the patterns
produced for major elements of anthropogenic interest (e.g., calcium, magnesium, phosphorus)
are consistent between methods, the patterns produced for trace elements (e.g., strontium, cop-
per) are less so. These elements show general similarity in patterning (for example, enrichment
of strontium in the northwest and southeast with lower concentrations in between [Figure 5]),
but they are certainly not as similar as the major elements. A possible explanation for this is
the small range in values for trace elements relative to major elements. Although the degree of
enrichment/depletion is sometimes similar, the range in raw concentrations for trace elements
(e.g., strontium 1CP-MS range in Area 3 = 43.9 ppm, 17.4% of the dataset range) is much
smaller than for major elements (e.g., calcium ICP-MS range in Area 3 = 48,750.5 ppm, 92.9%
of the dataset range). Patterns in trace elements may result from soil formation processes rather

than being indicative of differences in the use of space by humans in the past.

Indeed, one generally expects anthropogenic activity to produce outliers in the distribution of
elements across a space. Figure 7 shows a copper outlier in the fusion-bead XRF dataset, which
is indicative of the enrichment of copper due to human activity. This outlier is most likely the
result of copper-rich particles in the sample aliquot analyzed via fusion-bead analysis, empha-

sizing the importance of homogenization prior to analysis.

The heat maps of primarily lithogenic elements also show some inconsistencies between the
three methods. Potassium shows relatively similar patterns between the ICP-MS and loose-pow-
der XRF datasets yet diverges in the fusion-bead XRF dataset, as was the case for strontium
and copper. As with the copper distribution pattern, the removal of a significant outlier in the
fusion-bead XRF dataset brings the patterns produced by the three methods closer, although by
no means totally, into line. That copper and potassium, as well as calcium and aluminum, show
outlier values in the same sample suggests that the outlier values are real, whether deriving from
the composition of the original sample or introduced erroneously during processing or analysis.
Aluminum shows more significant differences between the methods, suggesting that methods
of analysis should be considered carefully in studies focusing on aluminum distribution. This
should not be a problem for most projects using sediment chemistry; however, aluminum and
other lithogenic elements like it are generally not elements of interest in studies focusing on

human activity.

Conclusions

The patterns seen in this dataset indicate the following. First, for major elements of interest,
there is almost no difference in the patterns produced by different methods of analysis. Second,

in cases where there is more variation between methods of analysis, ICP-MS and loose-powder
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XRF seem to produce results that are more consistent with each other than fusion-bead XRF
(this may be, in part, the result of sub-dividing the sample for analysis). These results confirm
that loose-powder XRF is a reliable substitute for ICP-MS analysis if one is interested in reduc-
ing the cost in time and money associated with chemical analysis of sediments, with the caveat
that extra care should be taken when interpreting patterns of trace elements. Additionally, the
results suggest that hand-powdering of samples is sufficient for XRF analysis, but that powder-

ing with a ball mill would be preferable if one is available.

Perhaps a better way to think about the relationship between loose-powder XRF and ICP-
MS is to consider how they can work together to facilitate the better integration of sediment
chemistry into archaeological workflows. In cases where it would be advantageous to analyze
a large number of samples quickly (for example, if one seeks to explore the use of space across
an entire site), loose-powder XRF can reduce the cost of exploratory analysis that can provide
data on broad patterns of spatial organization. This sort of study can also identify areas where
targeted analysis might provide additional insights, in which case a more accurate method like
ICP-MS would be preferable. An example of this can be found in Cook and colleagues’ (2005)
study of a first to second century CE Roman house complex in the UK, where samples rich in
coppetr, zing, and lead based on XRF analysis were further tested for gold, silver, and tin with
an ICP-MS. Using a loose-powder preparation would have an additional advantage in such a
study; samples are not consumed by XRF analysis and could be easily re-analyzed using XRF or

further processed for ICP-MS analysis, depending on the needs of the study.

Sediment chemistry is a powerful tool for understanding how humans used and structured
space in the past. This study demonstrates that by utilizing the variety of analytical methods
available today, this important methodology can be made available and eflicient for a wide

range of archaeological projects.
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Figure 2. Heat maps showing the distribution of calcium in Area 3 from A) ICP-MS analysis,
B) loose-powder XRF, C) and fusion-bead XRF with a major outlier and
D) without. Values indicate enrichment or depletion relative to a calculated background.
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Figure 3. Heat maps showing the distribution of magnesium in Area 3 from A) ICP-MS analysis,
B) loose-powder XRE and C) fusion-bead XRE. Values indicate enrichment or depletion
relative to a calculated background.
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Figure 4. Heat maps showing the distribution of phosphorus in Area 3 from A) loose-powder XRF
and B) fusion-bead XRE ICP-MS produced no data for this element. Values indicate enrichment
or depletion relative to a calculated background.
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Figure 5. Heat maps showing the distribution of strontium in Area 3 from A) ICP-MS analysis,
B) loose-powder XRE, and C) fusion-bead XRF. Values indicate enrichment or depletion
relative to a calculated background.
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Figure 7. Heat maps showing the distribution of copper in Area 3 from A) ICP-MS analysis,
B) loose-powder XRF (map is truncated because of missing data), C) fusion-bead XRF including
a significant outlier, and D) fusion-bead XRF without the outlier. Values indicate enrichment or

depletion relative to a calculated background.
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Figure 8. Heat maps showing the distribution of copper in Area 2 from A) loose-powder XRF and
B) fusion-bead XRE Values indicate enrichment or depletion relative to a calculated background.
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Figure 9. Heat maps showing the distribution of potassium in Area 3 from A) ICP-MS analysis,
B) loose-powder XRF, C) fusion-bead XRF including a significant outlier, and D) fusion-bead XRF
without the outlier. Values indicate enrichment or depletion relative to a calculated background.
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Figure 10. Heat maps showing the distribution of aluminum in Area 3 from A) ICP-MS analysis,
B) loose-powder XRE and C) fusion-bead XRE. Values indicate enrichment or depletion relative
to a calculated background.
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Boncuklu Hoyiik’te Deneysel Arkeoloji:
Ates ve Ocak Kullanimina Yonelik
Bazi Goézlemler

Gokhan Mustafaoglu®

Ozet

Atesin ilk insanlar tarafindan kontrol edilmesi, evrimlerini miimkiin kilan énemli bir olgudur.
Ates, temel olarak 1s1 ve aydinlatma kaynagi, yirucilardan korunma, daha gelismis av araclar
yaratmanin bir yolu ve beslenme i¢in yeni bir yontem saglamistir. Bu kiiltiirel ilerlemeler,
insanin cografi dagilimina, kiiltiirel yeniliklere, diyet ve davranisinda kokli degisikliklerin
olusmasina neden olmustur. Paleolitik'ten itibaren sérdiiriilebilir bir enerji kaynagt olarak te-
mel islevlerinin yani sira sosyallesme, zanaat, sanat, sretim ve sembolik diinyanin olusturulmast
baglaminda da kullanimistr. Neolitik'in getirdigi bircok koklii degisim icinde ortaya ¢ikan ev
ve benzeri yapilarin i¢inde ve disinda ocaklarin giinliik hayatin merkezinde yer alan kalici yapi-
sal unsurlara doniistiigii gorilir. Bu donitisiim Boncuklu Hoyiik'te kazist yapilan evler ve evler
arasinda bulunan acik alanlarda farkli form ve boyutlardaki ocak alanlarinin tespit edilmesiyle
actk bir sekilde gozlemlenmistir. Ancak arkeolojik agidan atesin ve dolayisiyla ocaklarin kul-
lanimlarinin anlagilmasi ¢ok kolay degildir. Bu nedenle arkeolojik veriler esas alinarak yapilan
deneysel calismalar sonucunda ocaklarin kullanim bigimleri ve yap1 icindeki etkilerinin anlagil-
masini olanakli kilacak bazi yorumlara ulagilmigtr. Deneysel evler icinde yapilan ¢aligmalarda
farkls yakacak hammaddelerin sz, 752k, kalori ve duman gibi unsurlar baglaminda degiskenlik
gosterdigi ve insanlarin Neolitik ev iclerinde basit yapisal diizenlemeler yaparak dumanin etki-

sini azaltict 6nlemler almis olabilecekleri ¢ikarimi yapilmistir.

Anahtar Kelimeler: Boncuklu Hoyiik, ates, ocak, duman, deneysel arkeoloji

Abstract

The control of fire by early humans is a significant phenomenon that made their evolution pos-
sible. Fire provided primarily a source of heat and lighting, protection from predators, a way to

create more advanced hunting tools, and a new method for nutrition. These cultural advances
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have led to radical changes in the geographical distribution of humans, cultural innovations,
and diet and behavior. As a sustainable energy source, it has been used since the Paleolithic
in the context of socialization, craft, art, production and the creation of the symbolic world,
as well as its basic functions. It is seen that the hearths inside and outside the houses and
similar structures, which emerged in many radical changes brought by the Neolithic, became
permanent structural elements in the center of daily life. This transformation has been clearly
observed in the houses excavated at Boncuklu Héyiik and the determination of hearth areas of
different forms and sizes in open areas between the houses. However, from an archaeological
point of view, it is not easy to understand the use of fire and therefore hearths. For this reason,
as a result of experimental studies based on archaeological data, some inferences have been
made that will make it possible to understand the use of hearths for cooking and heating pur-
poses and their effects in the building. In the studies conducted in experimental houses, it was
deduced that different fuel raw materials varied in terms of factors such as heat, light, calories
and smoke, and that people may have taken measures to reduce the effect of smoke by making

simple structural arrangements in neolithic houses.

Keywords: Boncuklu Hoytik, fire, hearth, smoke, experimental archacology

Girig

Ates, insan evriminde ¢ok 6nemli davranigsal ve teknolojik bir adaptasyondur. Homo cinsinin
ates kullanimi, yemek pisirme, 1s1k, sicaklik, yirtict hayvanlara kargt koruma saglayarak yasam
stirelerini uzatma ve teknolojik yenilikler i¢in itici bir mekanizma gibi davranigsal 6zellikler
gelistirmelerine yol agan ¢ok nemli bir aragtir. Ates kullanimi ayrica insanin biyolojik ve sosyal
ozelliklerinin evrimi baglaminda 6nemli bir katalizordiir (Aldeias, 2017, 191). Atesin kontrol
altina alinarak kullanilmasi ayni zamanda insan ge¢misinin en énemli teknolojilerinden biri-
dir. Bu teknoloji kisa siirede meydana gelen bir olaydan ziyade, uzun vadede gerceklesen bir
dizi siire¢ ve bu siireci sekillendiren gok sayida bilesenin bir tiriiniidiir. Oyle ki Pleistosen ve
Holosen boyunca insan davranis ve tiretim bigimlerini sekillendiren tiim ileri teknolojilerde
hem alet hem de bir arag olarak hayatin merkezinde yer almistir (MacDonald vd., 2021,1). Bu
yer alis, yazinin konusunu olusturan Boncuklu Hoyiik’te Neolitik'in en erken asamalarinda ev
ici ve digindaki ocak ve ates alanlarinda ¢ok agik bir sekilde goriilmektedir. Mevcut veriler is1,
151k, havalandirma, erisilebilirlik, mek4n diizeni, pisirme yontemlerinin belirleyici oldugu yap1
iclerinde, ocaklarin ihtiyaglara gore degisiklik gosteren kalici yapisal unsurlar oldugunu ortaya
koymaktadir (Uzdurum, 2018, 39). Oyle ki s6z konusu bu ocaklarin Boncuklu Héytik’teki
Neolitik insanlarin yasaminin merkezinde yer aldiklarini séylemek ¢ok iddialt olmaz. Bununla
birlikte ¢ok da biiyiik olmayan Boncuklu evlerinin icinde 6zellikle ocaklardaki pisirme ve 1sin-
ma amagli yapilan ates yakma faaliyetlerinin ne bicimde yapildigini anlamak da bir o kadar
glictiir. Bu nedenle hangi tiir yakacak tiirlerinin tercih edildigi basta olmak iizere, bunlarin

kalori ve duman yogunluklarinin nasil kontrol edildigini anlamak icin arkeolojik veriler esas
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alinarak deneysel ¢alismalar yapilmistur. Bu ¢aligmalar dogrultusunda, arkeobotani 6rnekle-
ri (Fairbairn vd., 2014), sediman bloklar: {izerinde yapilan mikromorfoloji analiz sonuglar
(Sudrez vd., 2018) ve Neolitik'in erken evrelerinin paleoeckolojik verileri (Collins vd., 2018)
temel alinarak kamis sapi, kamug kokii, sogiit, kavak, ardig, mese ve otgul hayvan digkist kullani-
larak ates yakma ¢aligmalart yapilmis ve tiim siire¢ gozlemlenerek veriler kayit altna alinmigtir
(Baird vd., 2014; Baird vd., 2015; Baird vd., 2016; Baird vd., 2018b; Mustafaoglu, 2021) Siire¢
sonucunda boyut varyasyonlart gosteren Neolitik evlerin tiim yapisal unsurlari esas alinarak
insa edilmis deneysel evler ve ocaklarda Neolitik insanlarin ates yakma faaliyetleri sonucunda
olusabilen duman yogunlugu ile basa ¢ikmak i¢in yap1 icinde kompleks olmayan bazi diizen-
lemeler yapmis olabileceklerine dair ¢ikarimlarda bulunulmustur (Mustafaoglu & Bar-Yosef,

2016; Mustafaoglu, 2020, 41).

Ates-ocak kullanimi ve dumanin etkilerine yonelik cevap arayiglart Boncuklu Hoytik ile sinirls
degildir. Hemen komsu cografyadaki diger prehistorik yerlesimlerde de siirdiiriilen ¢esitli de-
neysel ¢alismalarla bu fenomen aydinlatulmaya ¢alisilmistr. Asikli Hoytik (Uzdurum, 2013)
ve Catalhdytik'te (Eddisford vd., 2009; Shillito vd., 2021) yapilmis olan deneysel ¢aligmalarla
ozellikle yap1 i¢inde ates-ocak kullanimi, dumanin tahliyesi ve dumanin insanlar tizerindeki
olast etkilerinin neler olabilecegi gozlemlenmistir. Bunlara ek olarak yakin zamanli bir ¢aligma,
Agikl’nin erken evrelerindeki yapilarda agiga ¢ikarilan “havalandirma bacasi” gibi Neolitik do-
nemin erken evrelerinde sosyo-ekonomik degisikliklerle birlikte ortaya ¢ikan bazit mimari yeni-
liklerin temiz hava alimi ve dumanin tahliye edilmesinde nasil bir islevi oldugu da tarugilmistir
(Duru vd., 2021). Verilen bu bilimsel ¢alisma 6rneklerin ates ve ocak kullanimina yénelik yo-
rumlarin zenginlesmesine ¢ok biiyiik katkilar sagladigi bir gergektir. Ancak insanin biyolojik ve
kiiltiirel gelisiminde olduk¢a 6nemli olan unsurlarin ilk kullanimlarinin anlagilmasi ve zaman
icerisindeki degisim dinamiklerinin kavranabilmesi i¢in bazi ¢alisma sonuglarina deginmekte
fayda vardir. Bu baglamda Kedar ve Barkai’nin 6nerdigi magaralarda duman havalandirmasini
temsil etmek i¢in termodinamige dayali temel bir hava sirkiilasyonu modeli olduk¢a 6nem-
lidir (Kedar & Barkai, 2019). Arastirmacilar, bu modeli, duman dagilimi ile magara yapisi,
boyutlari, ocak 6zellikleri ve mevsimsel sicaklik dalgalanmalari arasindaki iliskiye 15tk tutmak
icin kullanmig ve ates sonucunda 1sinin magaranin igi ile dis ortami arasindaki sicaklik farki-
ni artirdig ve bunun da daha hizli hava sirkiilasyonu saglayarak, magara icindeki ocaklarinin
soguk mevsim kullanim1 igin daha uygun oldugunu énermislerdir. Onerilerinde ayrica sicak
mevsimde, magara ici ve digindaki sicaklik farkinin daha az oldugunda, dumanin digar: tahli-
yesinin zorlastigi, bu durumun, magarada daha yiiksek bir duman yogunluguna neden olarak
magara iginde yerlesimi zorlastrmis oldugu vurgusunu yapmaktadirlar. Caligmalarinda ayrica
ocaklarin konumunun ¢ok énemli oldugu ve magaranin giris kismindan daha ¢ok dip kisim-
larinin tercih edilmesinde hava sirkiilasyonun gozetildigi ¢ikariminda bulunmuglardir (Kedar

& Barkai, 2019, 8). Bir diger ¢alismada Hoare, Paleolitik ocaklarin islevinin degerlendirilmesi,
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atesin 1s1, 151tk ve yemek pisirme, arkeolojik kayitlardaki yanma ozellikleriyle iligkilendirilip ilis-
kilendirilemeyecegini anlamak icin dokuz farkli yakit tiiriiniin 1s1 ve 151k 6zelliklerini incelemis-
tir. Hoare, odun tiirleri ve kemik benzeri yakit tiirlerinin ayni sekilde yanmadig, ortaya ¢ikan
kiil ve duman miktarinda degiskenligin farkli yapisal ozellikteki yakacak hammaddelerinden
kaynaklanabilecegini vurgulayarak, Paleolitik ates izlerinin fosil insan davranislarini anlamak

icin bir kaynak olabilecegi vurgusunu yapmaktadir (Hoare, 2020, 555).

Boncuklu Hoyiik ve Yakin Cevresinin Paleocografik Ozellikleri

Konya Havzasi, deniz seviyesinden ~1000 m yiikseklikte, Anadolu Platosu’nun giiney ucunda,
Toroslarin kuzeyinde, Tiirkiye’nin orta-giineyinde (37°30’ K, 33°00’ D) yer alir. Boncuklu’nun
da icinde yer aldig1 havza daha 6nce son buzul (Wiirm) déneminde olusan ve GO 25.000 ci-
varinda maksimum seviyesine ulasan biiyiik bir gol tarafindan isgal edilmistir. GO 20.000'den
sonra, gol sularini besleyen kaynaklarin azalmasi ve artan sicakliklar ve dolayisiyla artan bu-
harlasma nedeniyle Pleistosen’in sonundan itibaren kurumaya baglamistir. Bir kez kuruduktan
sonra, gol yatag: diiz-hafif dalgali bir marn ovasi olusturmus ve bu yiizey tizerinde, 6zellikle
Toros Daglar’nin giineyindeki havzalarindan ¢ikan bir dizi nehir bélge cografyasini sekillen-
dirmigtir. Bu nehirler, ova boyunca aliivyon ¢okeltileri biriktirerek, biiyiik altivyonlu yer sekil-
lerinin olusmasina neden olmustur. Bunlarin en biiyiigii, bugiin ~474 km’lik bir alani kaplayan
ve Boncuklu Héytik'iin yer aldigi yakin cevreyi karakterize eden Carsamba aliivyon yelpazesi-
dir. Bu yap1 icerisinde Geg Pleistosen sirasinda 6zellikle geri ¢ekilen gol sularinda bir miktar
tortu birikimi meydana gelmis ve bélge tortullarla kaplanmistir. Neolitik’in en erken evreleri
ile cagdas cok sayida arkeolojik alan bu aliivyon tortullarinin izerinde yer almaktadir (Boyer
vd., 2006, 676; Mustafaoglu, 2024, 133). Genel anlamda ise Giiney-Orta Anadolu’nun Konya
Ovast, geg karstik dag ici platodur. Karasal yari kurak bir iklime sahip olmakla birlikte kislar
soguk ve nemli, yazlar ise sicak ve kurudur. 20. yiizyilin baglarindaki drenaj ve sulama ¢alis-
malarindan 6nce Konya Ovasi, gesitli sulak alan habitatlar: ile serpistirilmis karbonatga zengin
marnli bir bozkirin hikim oldugu heterojen, parcal: bir araziden olugsmaktadir. Mevsimsel ola-
rak su basmus s1g goller, karstik obruklar, tuzlu ¢okiintiiler, kum sirtlari, kum tepeleri ve aliivyon
taskin yataklari ise Boncuklu ve yakin civarini karakterize eden cografik ve jeomorfolojik 6zel-
liklerdir. Palinolojik ve arkeobotanik ¢alismalar, erken ve orta Holosen dénemde bélgede yari
kurak karigik ormanlik alanlarin iyi drene edilmis kirmizi topraklarla kapli diizliikler tizerinde
biytidiigiinii gostermistir. Buna ek olarak Konya Ovast ve yakin gevresi icin Holosen bagla-
rindaki iklimsel ve ¢evresel durum, kurak-yari kurak bir iklimsel goriiniimden, nem oraninin
oldukga yiiksek seviyelere ¢ikugi iklimsel dalgalanmalarin etkili oldugu gél ve sulak alanlar-
la gevrili bir paleo-cevreye dontisiimiiyle karakterize edilmektedir (Asouti & Kabukcu, 2014,
162-164; Mustafaoglu, 2024, 134).
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Boncuklu Hoyiik ve Yerlesim Dinamikleri

Giintimiizde Boncuklu Héyiik Catalhdyiik’iin 9.5 km kuzeyinde, Konya'nin Karatay ilgesine
bagli Hayiroglu Mahallesi sinirlari icinde yer almaktadir ($ekil 1). 2006 yilindan itibaren siir-
diiriilen kazilar dogrultusunda gerek Giineybat1 Asya Arkeolojisi ve gerekse Anadolu Arkeolojisi
icin son derece 6nemli bir siire¢ olan yerlesik hayata gegisin izleri aydinlaulmaya ¢aligilmakta-
dir. Hoyiigiin en erken seviyeleri AMS yontemiyle MO 9300’e tarihlenmektedir (Baird vd.,
2022, 40). Cartalhdyiik’ten yaklagik iki bin yil 6ncesine ait Boncuklu Hoyiik, Catalhoytik'e
¢ok yakin bir konumda bulunmasi, ev i¢i diizenlemelerinde gozlemlenen ortak noktalar ve
Catalhdyiik’te gozlemlenen ¢ok gelismis bir sembolizmin en erken 6rneklerini igeriyor olmasi
nedeniyle Catalhoyiik’iin “6nciisii” olarak nitelendirilmektedir (Baird vd., 2018a, 3077).

Yerlesimin genel goriintimii ise birbirlerinden farkli olarak konumlanmis ve tekrar eden bir
sekilde yenilenen oval bi¢imli kerpi¢ duvarli evler ve ev kiimeleri arasinda kalan agik alanlarla
karakterizedir. Oval planli, yaklagtk 50 cm derinliginde temel gukurlarina sahip evlerin ($ekil
2) goriildugt Boncuklu Hoyiik mimarisinde elle yapilmis ovalimsi kerpic tuglalar kullanilmigtir
(Mustafaoglu, 2021, 93). Buna ek olarak ahsap ve diger organik kokenli hafif malzemelerin de
yaygin olarak kullanildigt gzlemlenir. Ahsabin catiyr destekleyici bir unsur olarak kullanildig:
disiiniilmektedir. Holoser’in erken sathalarinda yerlesimin bulundugu arazi tamamen sulak
ve bataklik tiirti bir yapidadir. Arazinin sulak ve bataklik tiiri bir yapida olmasi yap: mal-
zemesi olarak kullanilabilecek cesitli materyallere erisimin kolay olmast agisindan uygun bir
ortam saglamis olmalidir. Bu malzemelerin en baginda, kerpi¢ yapimi i¢in gerekli hammadde
olan, beyaz killi toprak olarak tanimlayabilecegimiz marn ve ¢at1 kaplamasinda da kullanilmig
olan hafif saz ve kamig gibi organik malzemeleri belirtmek miimkiindiir (Baysal, 2013, 85).
Boncuklu Hoyitik'te, yapilarin ayni plan pozisyonu kullanilarak birbiri tizerine insa edildigi bir
yapt devamliliginin varligindan s6z etmek miimkiindiir. Bu devamlilik, her bir evin yagaminin
otesinde insanistiiliigiiniin sembolik bir ifadesi, ayn1 zamanda evin sosyal ve biyolojik yeniden

tiretiminin basarisinin da bir gostergesi olarak yorumlanmaktadir (Baird vd., 2017,762).

Yapilarin i¢ organizasyonuna bakildiginda, bunlarin igeriden, taban seviyesinde, yiikseltilmis
bir platform ile ikiye ayrildigs; bu ayrimin da bazi yapilarda platform sinirinin kirmizi renkli
boya ile boyanmast ile daha belirgin bir hale getirildigi gézlemlenmistir. Yapilarin i¢ duvarla-
rinda hayvan baglarina yer verilmistir. Hayvan bagi uygulamalarinin sembolik amaglari oldugu
distndlir. Evlerin giineybati kisimlarina konumlanan ve genellikle oval bir planda insa edilen
ocaklarin kullanimu i¢in ayrilmis olan alanlar, bir platform ile ayrilmis olan alandan daha kirli
bir dolguya sahiptir. Bu durum, platformlarin belki de “temiz” ve “kirli” alanlar1 ayirmak ama-
ctyla uygulamaya alinmis oldugunu gostermektedir. Platform alaninda tabanlarin beyaz siva ile
devamli olarak yenilendigine dair izler goriiliir. Tekrarlanan bu islem, Boncuklu Héytik'te agiga

ctkarilan oval planli yapt mimarisinin genel karakteristik 6zelliklerinden biri olarak kayit altina
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alinmigtir. Bu alanlarin yiyecek hazirlama disinda, bilingli bir sekilde temiz tutularak, giinlitk
aktivitelerin, sosyallesmenin ve uyuma faaliyetlerinin stirdtirildiigii alanlar olarak kullanildig:
disiiniilmektedir (Baird vd., 2018a, 3078). Evlerin glineydogu boliimlerinde ise bir ¢esit esigin
yer aldig1 ve dolayistyla kapi acikliginin olabilecegi boliimlerle standart olarak karsilagilmaktadir
(Baird vd., 2017, 758). Ev iginde insanlarin oturma pozisyonlarinin canlandirildigy ¢izimler
dogrultusunda, mekénlarin kapladigi hacim ¢ok biiyiik olmamasina ragmen 4-6 kisiyi rahatca
barindirabilecek dlgektedir. Ocaklarin kullanimi ve cesitli evrelerde mekinin yaklagik ortasina
kadar bir alana yayiliyor olmasi 1sinma islevine de isaret etmektedir. Yiyecek hazirlama ve pisir-
me islemlerini degerlendirdigimizde en fazla iki kisinin (Sekil 3) ocak etrafinda rahatca hareket
edebilecegi sdylenebilir (Baysal, 2013, 87).

Boncuklu Héyiik’te Ocaklar ve Ates Yerleri

Atesin kontrollii olarak insan eliyle yakilmasini takip eden siirecte kullanilan basit ates yerlerinin
yerlesik yasama gecis siirecinde degisime ugradigi anlasilmaktadir. Bagka bir deyisle kullanim ve
ihtiya¢ bigcimleri ile iligkili olarak zaman igerisinde ocak/ates yerleri; form, konum, nitelik ve ni-
celik agisindan degisiklik gosteren unsurlar olarak kapali veya acik mekanlarda yasamin merke-
zinde yer almislardir (Fuchs-Khakhar, 2021, 2). Daha detayli olarak bakilacak olursa Paleolitik
sonrasinda Neolitik boyunca ocaklar, sadece atesin kontrol altinda tutularak isinma ve pisirme
gibi temel gereksinimlerin kargilanmast icin kullanilmakla kalmamis, zamanla evlerin vazge-
cilmez bir parcasi haline gelerek mekanla 6zdeslestirilen birer kalict yap1 6gelerine doniismiis-
tiir (Uzdurum, 2018, 12). Bu 6geler zamanla belirli kurallar gozetilerek yapilmaya baglanmus,
farkli ihtiyaglar dogrultusunda bigimsel gesitlilige ugramistir. Ozellikle Konya Ovasi genelinde,
Holosen baslarinda sicakligin ¢ok yiiksek olmadigi bolgede, kis aylarinda yasam alani olarak
kerpicten yapilmis evler icinde tespit edilen ocak ve ates yerlerinin belirleyici bir rol tistlendigi
one siiriilebilir. Boncuklu Héyiik'te ates yakma faaliyetleri giinlitk/anlik kullanima yonelik ates
yerleri ve ocaklarla karakterizedir. Ocak formlart daha ¢ok kerpi¢ evlerde ve “light house” ad
verilen ¢ardak benzeri yapilar icinde tespit edilmistir. Evler arasinda kalan agik alanlarda ve ¢op
dolgulari icinde ise diizensiz ve belirli bir form vermeyen ates yerlerinden bahsetmek olasidir.
Tespit edilen ocaklar belli bir form ve boyut standardizasyonu gostermemekle birlikte bunlarin
oval ve ovale yakin sekillerde (Sekil 4) oldugunu séylemek miimkiindiir (Fuchs-Khakhar, 2021,
3; Mustafaoglu, 2024, 140).

Kerpig evlerde “kirli alan” olarak nitelendirilen alanlarda ocaklarin kullanildigt acik olarak or-
taya konmustur. Bunlar ¢ogunlukla kil benzeri siva ile tabanin oval olarak ¢er¢evelenmesiyle
olusmaktadir. Bazi yapilarda ise bu ¢ergeve ayni olmakla birlikte ev tabaninin ¢ukurlastirila-
rak ocak haline getirildigi 6rnekler de meveuttur ($ekil 5). Farkli bir uygulama olarak da 1siy1

yansittiklar: ve muhafaza ettikleri igin ocak tabanini olusturmak amaciyla volkanik taslar, cakil
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taslari ve bazen de kerpic parcalari kullanilmigtir (Fuchs-Khakhar, 2021, 4). Bu baglamda ker-
picin 1styla olan etkilesimine kisaca vurgu yapmakta fayda vardir. Kerpig, yapisal olarak 1st
tutuculuk ozelliginden dolay: 1s1 ve nem dengesinin korunmasini saglar. Sudan sonra en iyi
enerji depolayan malzemelerden birisi olan toprak, ana yap: malzemesi olarak yapiy1 cevrele-
yen duvarlart olusturdugundan isinma enerjisini biinyesinde toplar. Isitma kesildikten sonra
uzun siire biinyesindeki 1sty1 vererek sicakligin dengeli kalmasini saglayarak yapiyr sicak veya
soguktan korudugu bilinmektedir (Cavus vd., 2015, 185). Bu yapisal 6zelligini iyi gézlemlemis
olan Neolitik Boncuklu sakinlerinin, evlerin insasinda ana yapt malzemesi olarak kullandiklar

kerpici kayaglarla birlikte ocak iglerinde de kullanmig olmalari tesadiif olmasa gerekir.

Boncuklu'da ocaklarin iglevsellikleri baglaminda, evin “kirli” alaninda ocaga yakin kisimlarda ge-
nelde yiyecek hazirlama faaliyetlerinin burada yapildigina isaret eden kiil ve organik kalinularla
karakterize olan seviyelerle siklikla kargilagilir. Ocaklarin kullanim agamasinda olusan dumanin
bir sekilde disart ¢tkmasi i¢in, olasilikla ocagin tistiine denk gelen ¢ati kismina bir gesit baca islevi
goren bir delik agilmig olma ihtimali yiiksektir. Boyle bir yapisal 6zelligin olabilecegi, kazisi yapi-
lan evlerdeki ocak alanlarini ¢evreleyen ve ancak iist taraftaki acikliktan gelebilecek yagmur veya
eriyen kar sularinin damlamast ile olusabilecek dairesel bir hattin varligiyla da kanitdlanmakeadir
(Mustafaoglu, 2021, 95). Buna ek olarak, bazi yapilarda ocak ¢evresinde, ocagi ¢evreler durum-
da bulunan ve at nali veya “U” seklinde siralanan bir dizi delik, bu kisimda ahsap dal ¢ubuklar
kullanilarak olusturulan ve ocagin etrafini ¢evreleyen bir ayiricinin varligini diistindiiriir. Bu
ayiricinin dumanin bacaya yonlendirilmesi, 1sinin evin i¢ tarafina iletilmesi ya da tizerinde et
benzeri besinlerin pisirilmesi gibi farkls islevsel 6zellikleri olanakli kilan bir yapisal unsur oldugu
distintilmektedir (Mustafaoglu & Bar-Yosef, 2016, 41). Bu ¢ikarima ek olarak ayirici ya da ay1-
rict benzeri unsurlarin yan ve arka béliimlerinin, yakacaklarin istiflendigi ve kurutuldugu alanlar
olarak diizenlenmesiyle s6z konusu yakacaklarin bir sonraki ates yakma faaliyetleri icin uygun
kuruluga ulagmalari saglanmis olabilir. Bu baglamda ocaklarin islevselliklerinin yant sira, ev igle-
rindeki kalict ve merkezi yapisal unsurlar olarak ihtiyaglar dogrultusunda sekillenen, ancak yap1
ici konumlarinin devamliligiyla da tipki ayni yere insa edilen evin kendisi gibi sembolik anlamlar

diinyasinin degismeyen bir parcast oldugu soylenebilir (Baird vd., 2017, 762).

Deneysel Arkeoloji

Boncuklu Héyiik'te yerlesim ve yasam dinamiklerini anlamaya yonelik olarak stirdiiriilen de-
neysel caligmalara gecmeden once deneysel arkeolojinin ne olduguna kisaca deginmekte fayda
vardir. Genis anlamda deneysel arkeoloji, kazi ve aragtirmalardan elde edilen arkeolojik bilginin
niteliginin ¢esitlenmesinde ve bu bilginin saglikli olarak yorumlanmasinda kullanilan, aragtir-
manin yeni sorularla zenginlesmesini saglayan 6nemli bir aractur (Duru, 2014, 131). Bir bagka

deyisle gegmis hakkinda daha iyi bir anlayis elde etmek icin “kontrol edilebilirlik” ve “yeniden
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canlandirma” prensiplerine dayanan bir dizi farkli yontem, teknik, analiz ve yaklagim kulla-
nan arkeolojik aragtirma yontemlerinden birisidir. Bu tanima ek olarak, Deneysel Arkeoloji,
arkeolojik yorumlamay1 gelistirmek amaciyla hipotezler tiretmek ve arkeolojik bilgiyi test et-
mek i¢in nesnelerden sistemlere kadar genis bir ¢esitlilikle gecmisi kontrollii olarak yeniden
insa etmek olarak tanimlanabilir (Mathieu, 2002, 1). Deneysel siireci insan, mekin, teknik ve
malzeme baglaminda deneyimlemek olarak da tanimlamak miimkiindiir (Mustafaoglu, 2021,
91). Tanim biraz daha genisletilecek olursa ge¢mis hakkindaki bilgilerimizde diger arkeolojik
aragtirma yontemleriyle doldurulamayan bosluklari doldurmaya yonelik bir yaklagimdir da di-
yebiliriz. Deneysel Arkeolojide, arkeolojik kayitlara dogrudan atifta bulunarak bir hipotezin
test edilmesi temel aktivitedir ¢iinkii elde edilen bilgilerin sadece arkeolojik buluntularin in-
celenmesiyle ogrenilmesi imkansizdir (Mustafaoglu, 2021, 90). Benzer bir sekilde Deneysel
Arkeoloji, arkeolojik kanitlara dayanarak ge¢misi yorumlamak icin kullanilan farkli yéntem ve
tekniklerin bir birlesimi olmakla birlikte ayni zamanda ge¢mis insan etkinligi ve davranugi ile il-
gili sorulara dayanan uygulamali bir calismadir. Bu galigma ile gevre kosullarinin, yapilarin, alet-
lerin ve evsel nesnelerin yeniden insa edilerek ve yaratlarak anlagilmasi amaglanir (Reynolds,
1999, 158). Ancak bu siirecte analojik bir yaklagimin tuzagina diismemek igin iyi tahlil edilmis

disiplinler arast bir bakis agistyla ¢aligmalarin stirdiirtilmesi 6nemlidir.

Yukarida yapilan tanimlamalar baglaminda 2014-2023 yillar1 arasinda Boncuklu Hoytik'te ker-
pig ve kerpig ev yapimi, taban sivast uygulamalari, mezar uygulamalar, yiyecek pisirme, ates ve
ocak kullanimi gibi farkli konularda deneysel arkeoloji ¢alismalari siirdiiriilmistiir. Bu yazida

ise ates yakma, duman tahliyesi ve ocak kullanimina yénelik gozlemlere deginilmektedir.

Ates Yakma ve Ocak Kullanimina Yonelik Gozlemler

Tarihoncesinde yakit olarak kullanilmis maddelerin ozellikleri, paleogevresel yapiyla ilgili bircok
gostergeye sahip olabilecegi gibi yakacak se¢imi basta olmak {izere insan davranislari hakkinda
da bazi ¢ikarimlar yapilabilmesine olanak saglar. Yakit kaynaklarini olusturan bitki, agag, ot ve
hatta hayvan kemikleri ve tezek gibi hayvan diskilari da yanmaya uygun yapilart bakimindan
hammadde kaynag1 olarak kullanildigi bilinmektedir. Ozellikle tarihoncesi yerlesimlerin yakin
cevrelerinde bulunan agac cesitleri ile agaclardan daha kiigiik boyutlarda olan otlar ve sazlar
tutusmaya uygun Ozelliklerinden dolay: yaygin olarak yakit kaynag: olarak kullanilmaktadir
(Aldeias, 2017, 193). Boncuklu'da yapilan deneysel caligmalarda da arkeobotani ve paleogev-
re verilerinin gosterdigi 6l¢iide Neolitikte kullanilan kamis sap1, kamis koki, sogiit, kavak,
ardi¢, mese ve oteul hayvan digkist gibi yakacak tiirlerinin yerlesimin yakin civarinda halen
giiniimiizde de mevcut olan 6rnekleri kullanilmistir (Sekil 6). Holosen'in erken agamalarinda
Boncuklu’'nun sulak alan, gol ve batakliklarla gevrili olduguna yonelik paleogevresel bilgiler bir-
cok bilimsel ¢alismadan bilinmektedir (Asouti & Kabukeu, 2014; Fairbairn vd., 2014; Berger
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vd., 2016; Collins vd., 2018). Buna ek olarak, mevcut arkeobotanik veriler de arkeolojik dolgu-
lar icinde yanmis ve yanmamig kamis izlerinin olduk¢a yogun olarak bulundugunu gostermek-
tedir (Collins vd., 2018, 70). Bu veriyi destekler nitelikte, giiniimiizde de hdyiik etrafindaki
kanallar boyunca irili-ufakli kamiglt alanlar bulunmaktadir. Deneysel ¢alismalarda kullanilan

kamiglar da buralardan getirilerek yapi icinde kullanilan ilk yakacak tiirtinii olugturmustur.

Denemelerde kamisin yas ya da kuru olma durumuna gére yanma bigimleri degisiklik goster-
mistir. Dogal olarak kuru kamigin tutusma siiresi, yanma ve sonme siiresi ile dogru orantili ola-
rak kisadir. Yaklagik 90 cm ¢apinda oval bir ocak icine yerlestirilen yaklasik 700 gr agirhigindaki
kamis demetinin tutusma ve sénme siireci yaklasik 5 dakikadir. Bu kisa siire i¢inde, sinirli bir
1st artigtyla ters orantida, ev i¢inde oldukga yogun bir duman olugsmustur. Yanma siiresini arttir-
mak ve dolayisiyla daha fazla 1s1 vermesini saglamak icin, ocak diizenli araliklarla kamigla bes-
lenmeye calisilmis, ancak bu girisim yogun duman varlig1 nedeniyle imk4nsiz bir hale gelmistir.
Siirecin geneline bakildiginda baca ve kapi acikliginin hava sirkiilasyonu icin yeterli olmadig:
gozlemlenmistir. Kamig sapindan farkli olarak daha odunsu ve sert bir yapida olan kamis kokii,
yakma denemelerinde daha olumlu sonuglar vermistir. Denemelerde yaklasik 500 gr agirliginda
kamig kokii kullanildigy dikkate alindiginda, daha az miktarda kullanilmasina ragmen yanmasi
sap kismina oranla daha uzun bir siireye yayilmistir. Bununla dogru orantida alevler sénmesi-
ne ragmen geride kalan kozlerin de etkisiyle daha fazla 1s1 olusmustur. Kéze dontisiim, kamig
saplarinin yapisal 6zelliklerden dolayr olusmamigtir. Siire¢ boyunca duman yogunlugunun az
oldugu da gozlemlenmistir. Deneysel calismalar sonucunda yapisal olarak daha sert, odunsu
ve kalin olan kék kisminin yakmaya daha uygun oldugu anlagilmistir. Elimizdeki bu veri ile
arkeobotanik analizlerinin a¢iga ¢ikardig: fitolit izlerinin nedenlerinden birinin yakacak olarak
tercih edilen kamis kékleri oldugunu séylemek miimkiindiir. Bu ¢ikarim baglaminda, kamisin
sap kisminin dogal yapisinin tutusmaya olduk¢a uygun olusu hem kamig kokii hem de diger
yakacak tiirleriyle yapilan ates yakma denemelerinde de gozlemlendigi gibi yakmay: kolaylasti-

ran bir ¢esit ¢ira gibi kullanilma olasiligini akla getirmektedir.

Kamus saplari ve kamig kokleri disinda deneysel ¢aligmalarda yakacak olarak kullanilan kavak ve
sogiit odunlarinin birbirlerine yakin 1s1 ve duman degerleri yarattug goriilmistiir. Yanma siire-
leri odunsu ozellikleri nedeniyle kamisa gore daha uzundur. Yaklagik 1 kg agirliginda ségiit odu-
nunun yaklagtk 35 dakikalik bir siire icinde yanarak ev ici sicakligt ortalama 10°C arturabildigi
gozlemlenmistir. Kavak denemelerinde miktar arturilarak yaklagik 1.5 kg odun kullanilmistir.
Yaklagik 45 dakikalik siire i¢inde yap1 icinde yaklagik 7°C’lik artis ol¢tilmiistiir. Her iki ates yak-
ma denemesinde yakacaklar alev aldiktan bir siire sonra ocakta odunlarin merkeze alinmasi veya
ocak disina sagilan parcalarin tekrar ocaga konulmasi seklinde bazi diizenleme ve miidahaleler
yapilmistir. Kamis denemelerinden elde edinilen tecriibe ile kamis saplari tutusturmayi kolay-

lagtirmak icin bir ¢ira gibi kullanilmigtir. Deneysel siire¢ icerisinde odunlarin ozellikle kalin
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kabuklarinin atesi baglatmay1 zaman zaman zorlastirdigi, kabuklarin soyulmasi durumunda ise
¢ok daha kolay tutusabildikleri gozlemlenmistir. Soyulan kabuklar ayrica yakacak hammaddesi
olarak korunmustur. Her iki yakacak tiirti de ayn1 kamis denemelerinde oldugu gibi 3.65 x 2.25
x 1.80 m ve 5.60 x 3.40 x 1.90 m boyutlarinda iki farkli deneysel kerpig ev iginde, iki farkls
boyutta ocak kullanilarak yakilmistir. Buna ek olarak kullanilan yakacak tiirlerinin 1s1, 151k, alev
yiiksekligi ve yanma siirelerinin kontrolsiiz yangina sebep olabilecek boyutta degiskenlige sahip
oldugunu ve duman yogunluklarinin da oldukea farklilik gésterdigi anlagilmigtir. Bu baglamda
deneysel kerpic ev boyutlart kazilarda aciga ¢ikarilan Neolitik ev boyutlarina sadik kalinarak
inga edildigini soylemekte fayda vardir. Bu boyutlar esas alindiginda kiiciik boyutlu evlerin yak-
lagtk 14.78 m?, biiyiik boyutlu evlerin ise 36.66 m? hacme sahiptir oldugu sdylenebilir. Ev bo-
yut ve hacimlerindeki degisiklikle orantili olarak ev i¢i 1sinma ve soguma siirelerinde degisiklik
olmakla birlikte, duman yogunlugunun yapr i¢in hacimsel farkliliklara ragmen ayni derecede
etkili oldugunu séylemek miimkiindiir. Burada deginilmesi gereken bir diger nokta ise evlerin
konumlaridir. Boncuklu'da agiga ¢ikarilan Neolitik evlerin tamaminin kuzeybati-giineydogu
yoniinde konumlandirildigr anlagilmistr (Baird vd., 2017, 758). Standart olarak gériilen bu
uygulamanin hangi nedenlerle tercih edildigini soylemek zor olmakla birlikte, bu tercihteki
nedenlerden birinin riizgir yonii ve etkisi olabilecegi diisiintilebilir. Cift¢i ve meslektaglarinin
yapmis oldugu bir ¢alismada Boncuklu'nun da bulundugu cografyada hakim riizgar yoniini
kuzey-kuzeydogu oldugu belirtilerek, yillik ortalama hizinin ise 2 m/s ve Ekim-Mart aylarinin
kis ortalama riizgar yoniiniin yine kuzey oldugu belirtilmektedir. Yine ayni ¢aligmada son 62
yillik esme sayilari toplami géz oniine alindiginda en fazla esen riizgrlarin sirasiyla, kuzey (N-
49606), kuzey-kuzeydogu (NNE-42006) ve kuzeydogu (NE-3388) yoniinde olduguna yénelik
veriler sunulmaktadir (Ciftci vd., 2013, 22). Bu verilerin giiniimiiz iklimsel sartlari dogrultu-
sunda hazirlanmis oldugu ve Holoser’in erken agamalarindan bugiine kadar riizgar dinamikleri
basta olmak tizere bir¢ok cografik unsurun degisiklik gosterebilecegi goz 6niinde bulundurul-
mast gerektigi de agiktir. Ancak hikim riizgarlarla ilgili veriler, evlerin konumlandirilmasinda

riizgar yoniiniin etkili olabilecegi varsayiminda bulunulmasini desteklemektedir.
gary g y

Bu uygulamalar disinda ise evler arasinda kalan ates alanlarinda yakilan ateste olusturulan koz-
lerin ev i¢indeki ocaklara taginarak dumanin yogunlugunun azaltulmis olmasi da olasidir. Agik
alanlardaki ates yerlerinin iglevlerinden birinin de ev i¢lerindeki ocaklara koz saglamak oldugu
soylenebilir (Mustafaoglu & Bar-Yosef, 2016, 42). Bu ¢ikarimdan hareketle yapilan deneysel
caligmalarda tasinan kozlerin ocaga yerlestirildikten sonra ev i¢i 1sisini hissedilir derecede arttir-
dig1 ve tizerine konacak besinleri de pisirebilecek kaloriye sahip oldugu gézlemlenmistir. Ancak
kozlerin ev icinde 1s1 kaynagi olarak devamliligi icin diizenli olarak beslenmesi ve ocaktaki
birikim pozisyonun kontrol edilmesi gerekmistir. Siirecin tamamina bakildiginda ise kézlerin
tiitme ve benzeri fiziksel degisimleri nedeniyle olusan dumanin belli bir siire sonra ev i¢in-

de yogun bir seviyeye ulastug: gortilmistiir (Sekil 7). Atesin ev iginde baslatldigi calismalarla
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kiyaslandiginda, yogunlugun daha az olmasina ragmen siireg i¢indeki birikiminin baca ve kap1
agikliginin yetersiz kalmasindan dolayr dumanin bagka miidahalelerle tahliyesi kaginilmaz gibi
goriinmektedir. Ates kullaniminin basit gibi gériinen, ancak riizgar, nem, 1s1 gibi oldukga de-
giskenlik gosteren kogullarda bir dizi belirleyici davranis bicimiyle sekillenen ve tecriibeyle ger-

ceklesebilecek bir faaliyet oldugu da anlagilmistir.

Duman ve Hava Sirkiilasyonu

Neolitik insanlarin ev i¢inde durmay1 olanaksiz bir hale getiren bu durumla nasil basa ¢ikti-
gin1 anlayabilmek, yiiksek duvarlarin ve cati gibi yapisal unsurlarin agiga ¢tkmadigr Boncuklu
Hoytik’te ayr1 bir arastirma konusunu olusturmusgtur. Kazilarak kayit altna alinmig temel ka-
lintlarinin evin ocak kismina denk gelen béliimlerinde, dumanin tahliye edilmesi amaciyla
agilmis herhangi bir delik veya benzeri bir unsura rastlanmamistir (Baird vd., 2017, 757). Bu
yapisal yoksunluk baglaminda boyutlari kiiciik olan evler i¢inde olugan dumanin, baca veya
kapi araligindan mi yoksa cat1 kiriglerinin duvarla temas saglayan kisimlarinda olusturulan ve
istenildiginde acilip kapaulabilen delik benzeri yapilar kullanilarak mi tahliye edildigi cevap-
lanmasi gereken sorulardir. Bu sorulara cevap aramak i¢in yapilan deneysel caligmalara ge¢me-
den 6nce sorunun ana kaynagi olan dumanin yapisal 6zelliklerine deginmekte fayda vardir.
Duman, genellikle gri veya siyah olarak goziiken aslinda tam olarak yanmamis veya yanamamis
maddenin ufak kat1 pargaciklarinin, sivi veya gaz halinde havaya karismasinin bir sonucudur.
Genellikle yanma tepkimesi icin yeterli oksijen bulunmadiginda olusur ve ¢ogu zaman zehirli
iceriktedir. Oksijenin bol bulundugu durumlarda, yanici maddenin tamami yanar ve sadece su
ve karbondioksit tiretilir. Ciinkii su da karbondioksit de renksizdir, dolayistyla iyi bir yanma

tepkimesinde duman goriilmez!.

Konuyla ilgili yapilan deneysel ¢alismalarda, dumanin dncelikle baca ve kapt pozisyonlar: ile
olusan dogal hava sirkiilasyonuyla tahliye edilip edilemedigi gozlemlenmistir. Farkli hava kosul-
larinda, farkli yakacak tiirleri ile yapilan denemelerin tiimiinde her iki unsurun da havalandir-
mada yetersiz oldugu goriilmiistiir. Bu nedenle, catiyr destekleyen kirislerin duvara temas sag-
layan kisimlarinda acilmis olabilecek delikler veya yerlerinden sékiilen kerpiglerin olusturdugu
bosluklarin yapisal agidan oksijen girisi ve duman tahliyesi icin uygun kosullar yaratabilecegi
distintilmistiir. Ancak, boylesi basit bir uygulamayla ¢oziilebilecek olan ciddi duman soru-
nunun, kerpicin tiim yapisal 6zelliklerini beceri ile kullanan Neolitik Boncuklu insanlar: tara-
findan bu sekilde ortadan kaldirilip kaldirilmadiginin izleri mevcut degildir. Bu nedenle olas
¢oziimiin cat sistemi ile baglantli olabilecegini deneyimlemek i¢in evin ocak alanini ¢evrele-

yen bolimiinde ¢ati ile duvarin kesisme kisimlarindaki kerpicler pargalar halinde ¢ikartlarak,

1 https://evrimagaci.org/yazi-dizisi/orman-yanginlari-51.
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genislikleri yaklagik 20 cm, yiiksekligi ise yaklastk 10 cm olan dikdortgen formda ti¢ adet delik
acilmigtr (Sekil 8).

Bu uygulamadan sonra ev i¢inde hava sirkiilasyonunun hissedilir derecede arttigi, basta kavak
ve sogiit olmak tizere diger farkli yakacak tiirlerinin yakilmasiyla daha az yogunlukta olusan
dumanin hem deliklerden hem de kap: ve baca bosluklarindan hizla ¢ikugr gézlemlenmistir
(Mustafaoglu, 2024, 165) (Sekil 9). Deliklerin kerpi¢ pargalari ya da deri benzeri seylerle ka-
patilmasi sonrasinda yapilan ates yakma ¢alismalarinda ise olusan dumanin evin i¢ini yogun
olarak kapladigi gorilmistiir. Soguk mevsimlerde duman, delikler yardimiyla disar1 atildiginda
olusan 1sinin korunmasi i¢in bu deliklerin gecici olarak kapauldiklari, ihtiyag durumunda ise
tekrar acilmis olabilecekleri soylenebilir. Boyle olast bir durumu test etmek amaciyla delikler
agik ve kapali iken yapilan dl¢timlerde, delikler agikken ortam sicakliginin daha cabuk distugii,
kapaliyken 1s1 kaybinin daha yavas oldugu anlagilmisur. Genel olarak bakildiginda dumanin
ortam i¢indeki hava sirkiilasyonunun artmasiyla dogru orantili olarak daha az yogunlukta olus-
tugunu soylemek miimkiindiir. Buna ek olarak delikler hem hava saglama hem de duman tah-
liyesi gibi iki farkli 6zellige sahip gibidir. Bununla birlikte duman tahliyesi i¢in kesin ¢6ziimiin
pratik avantajlara sahip olsa bile delik benzeri uygulamalarla bulundugunu séylemek su an icin
zordur. Bununla birlikte havalandirma deliklerinin iglevlerine yonelik olarak Orta Anadolu’ya
oldukea uzak bir cografyadan Kenyada Rift Vadisi yakinlarindaki bir Massai toplulugu olan
Namunchadaki ¢amur evlere baktugimizda, benzer uygulamalarin burada da yapildig: bilin-

mektedir?.

Duman tahliyesi ile ilgili olarak delik uygulamalari disinda diger bir deneysel uygulama, yap1
icinde ocak alaninin bulundugu “kirli” alan ile “temiz” alan arasina yerlestirilen portatif bir se-
paratdr/ayirict kullanimi tizerine olmugstur. Dumant ocagin bulundugu alanda izole ederek evin
tamamina yayilip yayilmadigini gézlemleme amaci tagiyan bu deneysel ¢alismada kullanilan ya-
pisal unsurlarin arkeolojik agidan Boncuklu kazilarinda kesin bir gostergesi tespit edilememis-
tir. Ancak Neolitik ev tabanlarinda siklikla kargilagilan kamus fitoliti izlerinden yola ¢ikarak hem
oturma hem de gerektiginde duman tahliyesinde bir gesit ayirict olarak kullanilmis olabilecek

hasir benzeri bir unsurun islevi anlagilmaya ¢alistlmistr.

Yapt ici temiz alan ve kirli alan bir hasir yardimiyla birbirinden ayrilarak kirli alanda bulunan
ocakta ates baglatilmigtir (Sekil 10). Kirli alanda yogunlasan dumanin bacaya yonelme ve tahli-
ye hizinin yiiksek oldugu ve bununla ters orantida temiz alana yayiliminin ise gézle goriiliir bi-
¢imde az oldugu gozlemlenmistir. Ist yayilimi separatdrsiiz denemelere gore daha sinirli olsa da

yanan hammaddenin kéze dontismesi ile separator agilarak dumansiz 1sinin ev i¢inde dolagimi

2 https://friendsofnamuncha.org/clearing-the-smoke-from-manyatta
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miimkiin olmugtur (Mustafaoglu, 2024, 177). Bu denemelerde hasir disinda hayvan derisi ya
da postunun da Neolitik insanlar tarafindan bir ¢esit ayirict olarak kullanilmast olasiligi goz
oniine alinarak bu materyallere ulagimin pratik olarak miimkiin olmamasi nedeniyle deneysel
caligmalarda yakin yapisal ozellikler gosteren battaniyeler kullanilmis ve (Sekil 11) hasirli dene-

meler ile ayn1 sonuglar elde edilmistir (Mustafaoglu, 2024, 178).

Ev ici ates yakma deneylerini siirdiiren arastirmacilar tarafindan ¢alisma kapsaminda planlan-
mamis bir yéntem de deneyimlenmistir. Yogun dumanin ev i¢indeki dolagimi esnasinda ev
tabanina yakin bir bi¢cimde oturma ya da tabana uzanma pozisyonun dumanin soluk alma
tizerindeki olumsuz etkisini azalttg1 gozlemlenmistir (Mustafaoglu, 2024, 188). Giiniimiizde
de yangindan korunma plan ve prosediirlerinde yangin sonucunda olusan dumanli bir ortamda
nasil hareket edilmesi gerektigi ile ilgili olarak “Yangin esnasinda dumanls bir alanda kalindrysa
emekleyerek veya ¢okerek ilerlemesi onerilir. Duman sicakligs, gazlar: ve goriis alanin: kisitlamas:
gibi pek cok olumsuzlugu icinde barindirir ve havada asily kalir. Yere daha yakin olan alanlardan
gorece daha emniyetli sekilde ilerleme saglanabilir’ tanimlamast yapilmaktadir. Bu gézlem sonra-
sinda yapilan deneysel ¢alismalarda evlerin igindeki ocaklarda baslatilan atesin sonmemesi igin
hemen sonrasinda ocag yakacakla besleme ya da yelleme gibi atesin devamliligini saglama siire-
si icinde aragtirmacilar planli bir sekilde yere uzanarak dumanli ortamda kalinan stireyi uzatma

yontemini deneyimleme firsatini bulmuglardir (Mustafaoglu, 2024, 160).

Genel Degerlendirme

Boncuklu Héyiik kazilarindan elde edilen ¢evresel arkeoloji ve mimari veriler dogrultusunda
yasam dinamiklerini anlamaya yonelik bazi deneysel ¢aligmalar yapilmistir. Bu ¢alismalarla,
Neolitigin erken asamalarinda Boncuklu popiilasyonunu olusturan insanlarin, 1sinma ve pisir-
me faaliyetleriyle ilgili olarak hangi davranis bicimlerini gelistirmis olabilecekleri anlagilmaya
caligilarak, deneysel arkeolojinin yontemleri dogrultusunda bazi gozlem ve ¢ikarimlar yapil-
mustir. Ozellikle, evler arasinda kalan acik alanlardaki ates yerleri, ocak diizenlemesinden farkls
bir yapida olsa da Boncuklu insanlarinin ates yakma faaliyetleri icin ev icleriyle sinirli kal-
madiklarini gostermektedir. Bu tercih, belki de mevsimsel kogullarla ya da acik alanlarda ates
yakmay1 gerekli kilacak sosyal organizasyonlarla iligkili bazi uygulamalarin géstergesi olabilir.
Dumanin etkisini azaltacak veya hava sirkiilasyonunu arttracak bir dizi stratejinin kullanilmig
olma olasiliginin yiiksek oldugunu sdylemek miimkiindiir. Giiniimiizde karasal iklim sartlari-
nin hitkiim stirdigii Konya Ovasi’nin Holoser’in erken asamalarinda da benzer klimatolojik

ozelliklere sahip oldugu bilinmektedir. Ozellikle kis aylarinda eksi derecelere ulasan sicaklikta

3 https://afet.akut.org.tr/yangin-sirasinda-yapilmasi-gerekenler ;
hteps://www.gov.uk/government/organisations/uk-health- security-agency
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istnma temel ve hayati bir gerekliliktir. Yapr iclerinde yapinin boyutlari ile dogru orantida ko-
numlanan ocaklar ve kémiirlesmis arkeobotanik kalintillar da bu gerekliligin yerine getirildigi-
nin acik kanitlaridir. Bu baglamda ilging bir gozlem olarak, ates yakma denemelerinde olusan
dumanin ev icindeki sinek, sivri sinek, 6riimcek ve benzeri hasereleri biiyiik bir hizla evden
uzaklastirdigi fark edilmistir. Haserelerden korunmak icin 6zellikle sicak mevsimlerde, ev igleri-
nin diizenli araliklarla dumana maruz birakildigs séylenebilir. Dumanin olumsuz etkisinin, bu
sekilde nasil bir avantaja doniigebilecegini gormek deneysel arkeoloji ile miimkiin olabilmistir.
Dénemin konfor sartlarinin ya da dénem insanin zor sartlari tolere etme yetenekleri ile olus-
turduklari davranig bicimlerinin giintimiiz insaninkilerle kargilastirmast oldukea zordur. Kapali
bir alanda makul bir seviyede is ya da duman ile yasama, belki bir dizi akiskan davranis ya da
beceri gelistirmelerine yol agmis olabilir. Ancak, karbonmonoksit miktarinin tehlikeli seviyelere
ulasmast durumunda zehirlenme nedeniyle 6liimle sonuglanan 6rneklerin Neolitik’te yasanmuig
olma ihtimali yiiksek olmakla birlikte, Boncuklu Héyiik'te boyle bir durumun varligina dair
herhangi bir biyoarkeolojik veri heniiz tespit edilmemistir. Boncuklu Hoyiik’te, Neolitik insan-
larin kerpicin 1st tutma 6zelligini optimal diizeyde kullanmis olmalari olasidir. Ozellikle ks sii-
resince yakacak temin etmenin zorlasgtigt bir ¢evrede, atesin ev icini yiiksek derecede isitmasini
ve dumanin disart ¢tkmasini sagladiktan sonra, bu yapisal avantajla 1sinmayr siirdiirebildikleri
distiniilebilir. Caligmalar siiresince deneysel kerpi¢ ev duvarlarinin atesin veya kdziin isitma
ozelligini kaybettikten ¢ok sonra bile is1y1 koruyarak iceri yansittiklart nemli bir gézlem olarak
kaydedilmistir. Biiyiik bir olasilikla soguk mevsimlerde kap: agikligs deri ya da hasir benzeri
seylerle ortiilerek bu dogal 1sinin kaybolmasi engellenmistir. Kiigiik boyutlu evlerde kullanilan
yakacak miktarinin ve dolayisiyla neden olabilecegi alev yogunlugu ve yiiksekliginin kontrol
altinda tutulmasinin hayati bir 6neme sahip oldugu ders verici nitelikteki bir tecriibe ile anla-
silmisur. Kontrolsiiz olarak yapilan ocak beslemeleri, alevlerin ani yiikselmelerine dolayisiyla da
hasir, kamig ve ahsaptan olusan catinin alev alarak tutusmasina neden olmustur. Bir kaza gibi
goriinen bu durum, deneysel arkeoloji yontemlerinin dogasi geregi uygun gozlem ve verilerin
bir araya getirilerek ¢ikarimlar olusturulmasina olanak saglamisur. Bu ¢ikarimlar baglaminda,
atesin yangina dontismesini engellemek icin ocak kullanimi gibi ortak yasam pratiklerinin bir
dizi deneyim sonucunda meydana gelen hiyerarsik kurallarla uygulanmis olabilecegi varsayila-
bilir. Bu sosyal kurallar diginda ise evin ¢at1 sisteminde yapilmig olabilecek bazi degisikliklerle
tutusmanin dniine gegilebilecegi diisiiniilmistiir. Oldukea basit bir uygulama ile ocagin st kis-
mina denk gelen baca acikligi ve catinin bu boliimiine denk gelen ahsap kirigler camurla stvana-
rak dogrudan atese maruz kalmalari dnlenmistir (Sekil 12). Uygulama sonrasinda yapilan ates
yakma denemelerinde alev boyu yiikselmesine ragmen cat1 elemanlarinin tutusmadigs goriil-
mistir. Ocagin fazla beslenmesinin 6niine ge¢mek icin yakacak tiirlerinin yanma 6zelliklerine

gore kullanim miktarlarinin kontrol altnda tutulmasinin 6nemli olabilecegi gézlemlenmistir.
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Son olarak, yazinin daha 6nceki béliimlerinde de siklikla vurgulandigr gibi, evlerin i¢indeki
ocaklarda ates kullanilarak yapilan deneysel ¢alismalar, ister 1sinma isterse pisirme amagli olsun,
boyutlar: kiiciik olan evlerin i¢lerinde olduk¢a yogun bir dumana sebep olmustur (Mustafaoglu
& Bar-Yosef 2016, 41; Mustafaoglu, 2020; Mustafaoglu, 2024, 189). Ancak farkli amaglar
dogrultusunda yapilan gozlemlerin ve elde edilen verilerin mevsimsel sartlara, yapinin, ocagin
ve yakacagin fiziki durumuna ozellikle de ates yakmaya yonelik Neolitik insanin olusturdugu
davranis bigimlerine gore degisiklik gosterebilecegi unutulmamalidir. Ozellikle yap igi diizen-
lemeleri, 1s1, nem, tercih edilen yakacagin ozellikleri gibi olast bircok degiskenin goz oniinde
bulundurulmas: gerektigi de agiktr. Ancak, deneysel calismalarla Neolitik Boncuklu insanla-
rinin bir dizi deneme yanilma sonrasindaki edinimlerinin de yapi ici uygulamalari belirleyen
davranis bicimlerinin ortaya ¢ikmasini sagladigini sdylemek yanlis olmasa gerekir. Bu davranis
bigimlerinin ocaklarin ihtiyaglar dogrultusunda sekillenen ve dogasi geregi statik bir yapisal un-
surdan daha ¢ok dinamik unsurlara déntismesinde 6nemli bir rol oynadigi ¢ikarimini yapmak
miimkiindiir (Mustafaoglu, 2024,189).

Kaynake¢a
Aldeias, V. (2017). Experimental approaches to archaeological fire features and their behavioral relevance.
Current Anthropology, 58(16), 191-205. heeps://doi.org/10.1086/691210

Asouti, E., & Kabukecu, C. (2014). Holocene semi-arid oak woodlands in the Irano-Anatolian region of
Southwest Asia: Natural or anthropogenic? Quaternary Science Review, 90, 158-182. https://doi.
org/10.1016/j.quascirev.2014.03.001

Baird, D., Fairbairn, A., Bar-Yosef, O., & Mustafaoglu, G. (2014). The Boncuklu Project; The spread
of farming and the antecedents of Catalhoyiik. Heritage Turkey, 4, 22-24.

Baird, D., Fairbairn, A., & Mustafaoglu, G. (2015). The Boncuklu Project; The spread of farming and
the antecedents of Catalhoyiik. Heritage Turkey, 5, 18-21.

Baird, D., Fairbairn, A., & Mustafaoglu, G. (2016). The Boncuklu Project; The spread of farming and
the antecedents of Catalhoyiik. Heritage Turkey, 6, 15-19.

Baird, D., Fairbairn, A., & Martin, L. (2017). The animate house, the institutionalization of the
household in Neolithic Central Anatolia. World Archaeology, 49(5), 753-776. https://doi.org/10
.1080/00438243.2016.1215259

Baird, D., Fairbairn, A., Jenkins, E., Martin, L., Middleton, C., Pearson, J., Asouti, E., Edwards, Y.,
Kabukcu, C., Mustafaoglu, G., Russell, N., Bar-Yosef, O., Jacobsen, G., Wu, X., Baker, A.,
& Elliott, S. (2018a). Agricultural origins on the Anatolian Plateau. Proceedings of the National
Academy of Sciences, 115(14), 3077-3086. https://doi.org/10.1073/pnas.1800163115

Baird, D., Fairbairn, A., & Mustafaoglu, G. (2018b). Boncuklu: The spread of farming and the
antecedents of Catalhdyiik. Heritage Turkey, 8, 15-18.

Baird, D., Fairbairn, A., & Mustafaoglu, G. (2022). Boncuklu and Pinarbagi: From forager to farmer
in Central Anatolia. Heritage Turkey, 12, 40—42.

Baysal, A. (2013). Konya Ovasi Neolitik Donem kiiltiirel gelisimi icinde Boncuklu Héyiik ve onemi.
Colloquium Anatolicum, XII, 79—-104.

| 66 |


https://doi.org/10.1086/691210
https://doi.org/10.1016/j.quascirev.2014.03.001
https://doi.org/10.1016/j.quascirev.2014.03.001
https://doi.org/10.1080/00438243.2016.1215259
https://doi.org/10.1080/00438243.2016.1215259
https://doi.org/10.1073/pnas.1800163115

G. Mustafaoglu / Boncuklu Hoylk'te Deneysel Arkeoloji: Ates ve Ocak Kullanimina Yonelik Bazi Gézlemler

Berger, J. E, Lespez, L., Kuzucuoglu, C., Glais, A., Hourani, E, Barra, A., & Guilaine, J. (2016).
Interactions between climate change and human activities during the early to mid-Holocene in
the Eastern Mediterranean basins. Climate Past, 12, 1847-1877. https://doi.org/10.5194/cp-12-
1847-2016

Boyer, P, Roberts, N., & Baird, D. (2006). Holocene environment and settlement in the Konya Plain,
Turkey: Integrating geoarchacology and field survey. Geoarchacology, 21, 675-698. https://doi.
org/10.1002/gea.20133

Collins, C., Asouti, E., Grove, M., Kabukcu, C., Bradley, L., & Chiverrell, R. (2018). Understanding
resource choice at the transition from foraging to farming: An application of paleodistribution
modelling to the Neolithic of the Konya Plain, South-Central Anatolia, Turkey. Journal of
Archaeological Science, 96, 57—72. https://doi.org/10.1016/j.jas.2018.02.003

Cavus, M., Day1, M., Ulusu, H., & Aruntas, H. Y. (2015). Siirdiiriilebilir bir yap1 malzemesi olarak
kerpic. 2 International Sustainable Buildings Symposium, 184—192.

Ciftci, C., Dursun, §., Levend, S., & Kunt, E (2013). Topografik yapi, iklim sartlari ve kentlesmenin
Konyada hava kirliligine etkisi. Avrupa Bilim ve Teknoloji Dergisi, 1(1), 19-24.

Duru, G. (2014). Deneysel arkeoloji yoluyla Neolitik bir ev yapimi. Colloquium Anatolicum, XIII, 131—
150.

Duru, G., Giiral, D., & Ozbagaran, M. (2021). Early Neolithic innovation: Ventilation systems and the
built environment. Journal of Field Archaeology, 46(8), 534—550. https://doi.org/10.1080/00934
690.2021.1981048

Eddisford, D., Regan, R., & Taylor, J. S. (2009). The experimental firing of a Neolithic oven. Catalhoyiik
2009 Archive Report, 159-161.

Fairbairn, A., Jenkins, E., Baird, D., & Jacobsen, G. (2014). 9* millennium plant subsistence in the
central Anatolian highlands: New evidence from Pinarbast, Karaman Province, central Anatolia.
Journal of Archaeological Science, 4, 801-812. https://doi.org/10.1016/j.jas.2013.09.024

Fuchs-Khakhar, C. (2021). A focus on the hearth: What a detailed investigation of fireplaces in Boncuklu
and Catalhoyiik reveals about Neolithic household practice. journal of Archaeological Science:
Reports, 39, 102900. hteps://doi.org/10.1016/j.jasrep.2021.102900

Hoare, S. (2020). Assessing the function of Palaeolithic hearths: Experiments on intensity of luminosity
and radiative heat outputs from different fuel sources. Journal of Paleolithic Archaeology, 3, 537—
565. https://doi.org/10.1007/s41982-019-00047 -z

Kedar, Y., & Barkai, R. (2019). The significance of air circulation and hearth location at Paleolithic cave
sites. Open Quaternary, 5(4), 1-12. https://doi.org/10.5334/0q.52

MacDonald, K., Scherjona, E, Veena, E. V., Vaesena, K., & Roebroeks, W. (2021). Middle Pleistocene
fire use: The first signal of widespread cultural diffusion in human evolution. Proceedings of the
National Academy of Sciences, 118(31),¢2101108118. https://doi.org/10.1073/pnas.2101108118

Mathieu, J. R. (2002). Introduction: Experimental archaeology—Replicating past objects, behaviors,
and processes. In J. R. Mathieu (Ed.), Experimental Archaeology (pp. 1-11). BAR Series.

Mustafaoglu, B. (2024). Tiirkiye'de yapilan deneysel arkeoloji uygulamalari, Boncuklu Héyiik'te ates
kullanim1 tizerine deneysel bir ¢aligma. [Yayimlanmamuis Yiiksek Lisans Tezi]. Bilecik Seyh Edebali
Universitesi Sosyal Bilimler Enstitiisii.

Mustafaoglu, G. (2020). Boncuklu Hoyiikte ev ici ve dist yasam pratiklerine yonelik deneysel caligmalar.
Anadolu Prehistorya Arastirmalar: Dergisi (APAD), 6, 29-51.

| 67 |


https://doi.org/10.5194/cp-12-1847-2016
https://doi.org/10.5194/cp-12-1847-2016
https://doi.org/10.1016/j.jas.2018.02.003
https://doi.org/10.1080/00934690.2021.1981048
https://doi.org/10.1080/00934690.2021.1981048
https://doi.org/10.1016/j.jas.2013.09.024
https://doi.org/10.1016/j.jasrep.2021.102900
https://doi.org/10.1007/s41982-019-00047-z
https://doi.org/10.5334/oq.52
https://doi.org/10.1073/pnas.2101108118

G. Mustafaoglu / Boncuklu Hoylk'te Deneysel Arkeoloji: Ates ve Ocak Kullanimina Yonelik Bazi Gézlemler

Mustafaoglu, G. (2021). Boncuklu Hoyiikte deneysel kerpi¢ ev yapimi ve taban sivasi uygulamalar:
lizerine bazi gozlemler. Seleucia, XI, 89-112.

Mustafaoglu, G., & Bar-Yosef, O. (2016). Building experimental houses at Boncuklu Héyiik. Anadolu
Prehistorya Arastirmalar: Dergisi (APAD), 2, 34-55.

Pearson, J., Evans, J., Lamb, A., Baird, D., Hodder, I., Marciniak, A., Larsen, C. S., Kniisel, C. J.,
Haddow, S. D., Pilloud, M. A., Bogaard, A., Plug, J. H., Mazzucato, C., Mustafaoglu, G.,
Feldman, M., Somel, M., & Ferndndez-Dominguez, E. (2023). Mobility and kinship in the
world’s first village societies. Proceedings of the National Academy of Sciences, 120(4), €220948011.

hteps://doi.org/10.1073/pnas.2209480119

Reynolds, P. J. (1999). The nature of experiment in archaeology. In A. F. Harding (Ed.), Archaeological
Studies in Honour of John Coles (pp. 156—162). Oxbow.

Shillito, L. M., Namdeo, A., Bapat, A. V., Mackay, H., & Haddow, S. D. (2021). Analysis of fine
particulates from fuel burning in a reconstructed building at Catalhdyiik World Heritage Site,
Turkey: Assessing air pollution in prehistoric settled communities. Environmental Geochemistry
and Health, 44, 1033-1048. https://doi.org/10.1007/s10653-021-01000-2

Sudrez, G. A., Portillo, M., & Matthews, W. (2018). Early animal management strategies during the
Neolithic of the Konya Plain, Central Anatolia: Integrating micromorphological and microfossil
evidence. Environmental Archaeology, 1-19. hteps://doi.org/10.1080/14614103.2018.1497831

Uzdurum, M. (2013). Asikli Hoyiik yerlesmesinde ates yerleri ve kullanimi [Yayimlanmamis Yiiksek
Lisans Tezi]. Istanbul Universitesi, Sosyal Bilimler Enstitiisii.

Uzdurum, M. (2018). Live together around fire: Hearths and the use of space at the onset of sedentism.
In C. Douché & F. Pichon (Eds.), From the Caucasus to the Arabian Peninsula: Domestic spaces
in the Neolithic, Proceedings of the International Conference, Actes du Colloque International

(pp. 11-49).

https://evrimagaci.org/yazi-dizisi/orman-yanginlari-51 Erisim tarihi: 20.10.2024.
hteps://afet.akut.org. tr/yangin-sirasinda-yapilmasi-gerekenler Erisim tarihi: 23.10.2024.
heeps:/fwww.gov.uk/government/organisations/uk-health-security-agency Erisim tarihi: 23.10.2024.

hteps://friendsofnamuncha.org/clearing-the-smoke-from-manyattas/ Erigsim tarihi: 29.12.2024

| 68 |


https://doi.org/10.1073/pnas.2209480119
https://doi.org/10.1007/s10653-021-01000-2
https://doi.org/10.1080/14614103.2018.1497831

G. Mustafaoglu / Boncuklu Hoylk'te Deneysel Arkeoloji: Ates ve Ocak Kullanimina Yonelik Bazi Gézlemler

Konya Boncuklu
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Sekil 2. Boncuklu Héyiik Neolitik ev (Boncuklu Héyiik Aragtirma Projesi Argivi).
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Sekil 3. Boncuklu Héyiik ev i¢i olast oturma diizeni (Baird vd., 2017°den alinmigtir).

Sekil 4.
Boncuklu Héyiik ev ici ocaklar ve konumlari
(Boncuklu Héyiik Arastirma Projesi Arsivi).
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Sekil 6. Deneysel calismalarda kullanilan yakacak tiirleri (Boncuklu Hoyiik Arastirma Projesi Arsivi).
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Sekil 8. Duman tahliyesi i¢in agilan deliklere bir
ornek (Boncuklu Héyiik Arastirma Projesi Argivi).

Sekil 7.
Ev icinde olugan yogun duman
(Boncuklu Héyiik Aragtirma Projesi Arsivi).

Sekil 9. Dumanin agilan deliklerden disar1 ¢ikist. Sekil 10. Hastr ile ayrilmig bolmede baslatilan ates
(Boncuklu Hoyiik Arastirma Projesi Arsivi).
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Sekil 11. Hayvan derisi yerine kullanilan ayiricilar Sekil 12. Camur ile stvanan ahsap kirigler
(Boncuklu Héyiik Arastirma Projesi Argivi). ve baca aciklig
(Boncuklu Héyiik Aragtirma Projesi Arsivi).
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MO 7. Binyil Sonunda Anadolu’da
[klim Degisikligi ve Insan Etkilesimi:
Bolgelerarasi Bir Degerlendirme

Burhan Goé6z*

Ozet

MO 7. binyilin son geyreginde etkili olan 8.2 ka iklim degisikligi ile agdas kiiltiirel siireci,
Anadolu kapsaminda bélgesel farkliliklara gére ele alan bu calisma, iklim degisikligine veri-
len kiiltiirel tepki/tepkisizlige dayali olarak iki bolgeli bir ayrim dnermektedir. Bunlardan ilki
Giineydogu ve Orta Anadolu’yu kapsamaktadir. 8.2 ka sirasinda soguk ve kurak kosullarin
etkili oldugu bu bélgelerde insan topluluklarinin pastoral bir yasam bicimini benimseyerek
daha yogun bir etkilesime girdikleri gériilmektedir. S6z konusu bélgelerde bazi yerlesimleri
terk eden topluluklarin aksine, siireklilik gosterenlerin organizasyonunda depolama birimle-
ri 6nem kazanmustir. Bu degisimlerin bolge topluluklarinin iklimsel dalgalanmalara karst bir
direng stratejisi olarak degerlendirilmesi miimkiindiir. Ikinci bolge dogudaki kismi terkle de
iligkili sekilde yogun insan hareketliliginden kaynakli bir beseri krizle karakterize olmakeadir.
Iklimsel kosullarin gérece daha siirdiiriilebilir oldugu bu bélgelerde bahsi gecen durum ken-
dini, MO 6100-6000 arasinda yerel topluluklarin yerlesimlerini terki ve sonraki evrede ortaya
¢ikan savunma duvarlari, artan yerlesim sayisi ile daha farkli bir kiiltiirel manzaranin ortaya

ctkmasiyla da gostermekeedir.

Anahtar Kelimeler: 8.2 ka, iklim degisikligi, Neolitik, Kalkolitik, Anadolu

Abstract

Analyzing the 8.2 ka event and the concurrent cultural process in the last quarter of the
7™ millennium BCE in terms of environmental differences in the Anatolian context, this ar-
ticle proposes a two-region distinction based on cultural responses to climate change. The
first one covers Southeastern and Central Anatolia, where climate change is more severely felt
according to the paleoclimatic proxy. In these regions, where steppe conditions were effective

during the 8.2 ka event, human communities adopted a pastoral lifestyle and engaged in more
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intensive interactions. While some communities in these regions abandoned their settlements
and adopted a more mobile lifestyle, one may see that storage units gained importance in the
settlements where occupation continued. It is possible to evaluate this situation as a resistance
strategy of the communities in the region against climatic fluctuations. The second region is
characterized by a socio-economic crisis resulting from intensive human mobility, which is
also related to the partial abandonment in the east. In these regions, where climatic conditions
are relatively sustainable, this situation is reflected in the abandonment of settlements by local
communities between c¢. 6100-6000 BCE and the emergence of a different cultural landscape
with the construction of defensive walls and the increasing number of settlements, etc., in the

following period.
Keywords: 8.2 ka event, climate change, Neolithic, Chalcolithic, Anatolia

Girig

Anadoluda ve Giineybati Asyada, 8.2 ka! olarak bilinen olay ya da daha genel bir adlandirma
ile Ani Iklim Degisikligi (Mayewski vd., 2004; bu satirdan sonra AID, Rapid Climate Changez
-RCC), bu bolgelerde MO 7.binyilin ikinci yarisindan itibaren gériilen kiiltiirel degisim ve
déntisiimlerle eszamanlidir. Bu ¢agdaslik, iklim, cevre ve kiiltiir etkilesimi baglaminda uzun
stiredir tartisiimaktadir (Staubwasser & Weiss, 2006; Weninger vd., 2006, 2009, 2014; Flohr
vd., 2016; Roffet-Salque vd., 2018; Van der Plicht vd., 2011). Bahsedilen degisim/dontisiim
stireci, Giineybatt Asyada, Levantta mega Neolitik yerlesimlerin terki, Kuzey Mezopotamya
ile Anadolu’nun gesitli bolgelerinde pastoral bir yasam bi¢iminin ortaya ¢ikisi, genis alanlara
yayilan etkilesim ag1, terk veya kronolojik kesintiler (hiatus) ve nihai olarak da Ege ile Avrupa
kadar Orta-Giiney Mezopotamya'nin neolitiklesmesiyle iliskili unsurlarla karakterize olmakta-
dir (Staubwasser & Weiss, 2006; C)Zdogan, 2011a; Clare & Weninger, 2014; Bar-Yosef, 2019;
Marciniak, 2019a; Biehl & Rosenstock, 2022). Akdeniz Havzasi'nda da yerlesim hareketlili-
gi, hiatuslar ve biitiin olarak kiiltiirel degisimler tizerinden tartistimasinin yani sira (Berger &
Guilaine, 2009) Anadolu, bu gelismelerin biiyiik cogunluguyla iliskili siireclerin irdelenebilme-
si agisindan sundugu arkeolojik verilerle 6ne ¢tkmaktadir (Goz, 2019; Marciniak, 2019a; Biehl
& Rosenstock, 2022).

8.2 ka veya daha genis anlamda AID ile kiiltiirel iliskinin gogunlukla kronolojik eslestirme
ozelinde kuruldugu, iklim degisikligi etkili terk, hiatus veya belirgin kiiltiirel kirilmalarin 6ne

ctkarildigt (Weninger vd., 2006; Flohr vd., 2016; Clare & Weninger, 2014) ancak sosyal,

1 Genellikle 8.2 ka event olarak da kullanilan iklim degisikligi, Tiirkceye “8200 Olayr” olarak cevrilmistir.
Ancak bu kullanimin pratik olmadigi ve ifade edilmek istenen olguyu kargilamadig: diisiiniildiigiinden, bu
calismada iklim degisikligi ifadesi tercih edilmistir.

2 Weninger ve Clare (2017, 70) iklim degisikliginin cagdas topluluklar tizerindeki zorlayict etkisinin altn:
cizmek adina Abrupt Climate Change ifadesini de kullanmiglardir.
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ekonomik ve materyal kiiltiirdeki degisimlere kapsamli sekilde deginilmedigi anlagilmaktadir
(Staubwasser & Weiss, 2006; Weninger vd., 2006, 2009, 2014). Yerlesimlerden elde edilen "“C
tarihlemelerinin sonuglari ve iklim degisiklikleri arasindaki eszamanlilik, ¢evre-kiiltiir iligkisinin
kurulmasinda en 6nemli asamalardan biri olmakla beraber, dogrudan iklim degisikligi = kiil-
titrel degisim denklemine de ulagilamamaktadir. Dolayisiyla iklim-kiiltiir iligkisinin kronolojik
baglaminin kurulmasinin ardindan, paleogevre ve arkeolojik verilerin detayli bir sekilde islen-

mesi, eslestirilmesi, son olarak da tiim boyutlariyla degerlendirilmesi gerekmektedir.

AID ile iliskilendirilen ve Anadolu’yu da kapsayan 6nerilerde, “C tarihlemelerinin korelasyo-
nuna dayanarak, iklim degisikliginin, Bat1 Anadolu ve Ege diinyasindaki ilk tarimcr koy yer-
lesmelerinin yayiliminda temel bir itki olarak da 6ne ¢ikarildigs goriilmektedir (Weninger vd.,
2006, 2009, 2014). Alt sinir seklinde ele alinan MO 6600 bandina karsin, son dénemde Bati
Anadoluda gerceklestirilen yeni calismalar, en erken isknlarin, belirtilen tarihin de 6ncesine
uzandigini géstermektedir (Cevik & Erdogu, 2020; Fidan vd., 2022; Dedeoglu vd., 2023). Ayni
caligmalarda 6ne ¢ikarilan kiiresel gostergelerin aksine, yerel paleocevre verileri, Anadolu’nun
fiziki kosullarindan dolay: iklim degisikliklerinin her yerde ayni zamanda ve ayni etkide his-
sedilmemis olabilecegine isaret etmektedir (Eris vd., 2018; Senkul vd., 2022; Regattieri vd.,
2023). AID’nin igerisinde soguk ve kurak kosullarla karakterize olan bir tepe noktasint temsil
eden 8.2 ka (Weninger & Clare, 2017) bahsi edilen gelismelerin, daha belirgin bir sekilde
hissedildigi donem olarak one ¢ikarilmis ve Anadolu'nun farkli bélgelerindeki farkls siireglerle
olasi iligkisine dikkat ¢ekilmistir (Goz, 2019). Kronolojik tabandaki iklim/kiiltiir eslestirmesine
dayandirilan bu yaklagimlarin yaninda, belirtilen iki unsur arasinda s6z konusu dénem igin ko-
relasyon olmadigini dnererek, daha ¢ok yerel adaptasyona odaklanan tartigmalar da yapilmugtir
(Flohr vd., 2016). Bununla birlikte bir biitiin olarak, Anadolu’yu tiim unsurlariyla (yerlesim
modelleri, materyal kiiltiir ve ge¢im ekonomisi gibi) ele alan caligmalarin sayisi ¢ok azdir (Géz,
2019). Bu metin hem belirtilen eksiklige dikkat ¢ekmek hem de daha biitiinciil bir bakis agist
sunmak amaciyla yazilmis olup, 8.2 ka sirasinda Anadolu’'nun gesitli bolgelerinde meydana
gelmis olan kiiltiirel degisim/doniisiim siireglerini dncesi-sirast ve sonrasiyla ele almaktadir. Bu
agidan yerlesim organizasyonu, gecim ekonomisi ve materyal kiiltiir 6gelerindeki farklilagmaya

ya da siireklilige odaklanilmistir.

8.2 ka sirasinda Anadolu’daki tiim yerlesimler tarima dayali ekonomiye sahiptirler. Ge¢im
ekonomileri tarima dayanan topluluklarin, aver toplayicilara kiyasla gevresel riskler karsisinda
esnek davranma yeteneklerini, besim iiretimine bagimli olmalari nedeniyle daha zayif olarak
tanimlamak miimkiindiir (Temple & Stojanowski, 2018). Dolayisiyla herhangi bir ¢evresel
risk karsisinda direng¢ gdstermeleri durumunda benimsedikleri strateji, tarimsal kapasiteyi art-
tirma ve onu daha fazla korumaya yoénelik olacaktir. Bunun ger¢eklesmesi icin gereken kolektif
caba, topluluk ici etkilesimin artigini yani, sosyal ve ekonomik dayanismayr daha giiclii hale

getirmektedir. Arkeolojik olarak bu siire¢, ortak depolama ve pisirme alanlarinin artigi gibi
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unsurlar tizerinden izlenebilir. Bireysel depolamanin kargisinda kolektif depolama birimlerinin,
topluluklarin daha hareketli olmasina da imkan tanidig disiiniilmekeedir (Angourakis vd.,
2015, 358). Bu durum ekolojik riskler kargisinda ikinci bir direng gostergesi olan diger ekono-
mik unsurlara yonelimde esneklik saglamaktadir. Bu agidan, koyun ve kegiye, yani kiigiikbasg
hayvanciligina olan ilginin arttugi daha pastoral ekonominin de baskin hale gelmesi sonucun-
da agro-pastoral bir modelin benimsenmesi kolaylasir. Ayrica, ekonomik girdinin arttirilmas:
amactyla dogadaki ek besin kaynaklarina normalden daha yogun sekilde yonelinebilir (Cohen,
1977, 80).

Yerlesim veya bolgesel olcekteki terkler, ekolojik riskler karsisindaki diger bir davranistir. Bu
agidan daha verimli oldugu diisiiniilen alanlara dogru kismi veya masif go¢ hareketleriyle karsi-
lagilabilir (Cohen, 1977, 80). Yerlesim terkleri, onunla iligkili go¢ veya agro-pastoral ekonomi,
onceki doneme gore artan bir hareketliligi beraberinde getirir. Ayrica cevresel baskinin artti-
g1 donemlerde benzer kaynaklarin kullaniminin yogunlasmasi nedeniyle, ayni veya daha uzak
bolgelerdeki topluluklar arasinda sosyal ve ekonomik etkilesimlerin arttugt da 6nerilmektedir
(Hodder, 1979, 450). Bu agidan zaman igerisinde materyal kiiltiir 6gelerindeki farkliliklar, kar-
silikli etki nedeniyle daha genis bir bolgede biitiinlitk gstermeye baslayabilir. Ayrica bu etki-
lesim taginabilir materyal kiiltiir 6gelerine semboller araciligiyla yansiyabilir (Hodder, 1979,
450). Ornegin canak ¢omlek kullanan topluluklarda hem tarim hem de hayvanciliga dayanan
ekonominin ¢ikust daha fazla tiretim ve farkli formlarin kullanimiyla, sosyal etkilesim de yine
ayni materyal tizerindeki sembolik ifadelerle izlenebilir. Diger yandan yeni bolgelere hareket,
her zaman ilimli bir etkilesimle de sonu¢lanmayabilir. Varilan bolgedeki yerel topluluklarin
hem iklim degisikligi hem de yeni gelenler kargisinda kendilerini stres altinda hissetmeleri, bazi
onlemler almalarina neden olabilir. Arkeolojik agidan iki farkli topluluk arasindaki gerilim,
iskeletler tizerindeki travmalar, yerlesimlerdeki tahribatlar, savunma veya ¢atismaya yonelik un-
surlarin artist iizerinden izlenebilmektedir (Vencl, 1984). Belirtilen unsurlarin sinanmasinda
Anadoluda MO 7.binyilin sonu, 6nemli arkeolojik veriler sunmaktadir. Bu agidan 6ncelikle
Anadoludaki ¢ok cesitli fiziki kosullarin, 8.2 ka’nin etkilerinin bélgelere gore farkli hissedil-
mesine neden olduguna dikkat ¢ekilmesi amaglanmaktadir. Ayni ¢esitliligin arkeolojik yonden
de tanimlanarak ¢evre ve kiiltiir iligkisi baglaminda yukarida belirtilen unsurlar tizerinden bir

modele ulagilmast hedeflenmektedir.

[klim Degisiklikleri ve Anadolu

Pleistosen'den Holosen’e gecis (MO 9650) sonrasinda iklim kosullarinin her zaman stabil ve
itlimli sekilde seyretmedigi, belirli araliklarla ani iklim degisikliklerinin meydana geldigi bi-
linmektedir. Kuzey Atlantikteki deniz tortullarinda, karadan kopan ve riizgarlarla siiriiklenen

buz kiitlelerinin (ice-rafted debris) tagidiklar: iri tanecikli ¢okellerin birikim oranina gore, soz
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konusu degisikliklerin her 1470 +532 yilda bir tekrarlamis olabilecegi toplam dokuz Bond
Dénemi'nden soz edilmektedir (Bond vd., 2001). Bunun yant sira yine 1500 yil araliklarla,
ancak Bond Déngiileri ne gore daha uzun siiren (yaklasik bin yil boyunca) AID’in de meydana
geldigi onerilmektedir (Mayewski vd., 2004). MO 7.binyil, belirtilen iklim degisikliklerinin
her ikisini de igermesi bakimindan 6ne gtkmaktadir. MO 7000-6000 araligina konumlandiri-
lan bir AID (Mayewski vd., 2004, 248-249) ile kronolojik belirsizligine karsin MO 6200-6000
araliginda tepe noktasina ulasan 8.2 ka, i¢ ice ge¢mis iklim degisiklikleridir (Thomas vd., 2007;
Daley vd., 2011, 289).

Nedenleri ve kronolojisi tartisgmali olmakla beraber genel kabul géren hipoteze gore 8.2 ka iklim
degisikligini, Kuzeydogu Kanadadaki buzul hareketleri tetiklemistir. Erken Holosen'de tlimli
kosullar nedeniyle geri ¢ekilen Laurentide buzul kiitlesinin eriyen sulari, Agassiz ve Ojibway
gollerinde birikmis, goller ile kuzeyindeki Hudson Kérfezi arasinda dogal bir baraj olusmustur.
Ancak aradaki barajin katastrofik etkileri olacak sekilde yikilmasi sonucunda, gollerde biriken
soguk ve tatli su ani sekilde sirastyla Hudson Korfezi, Labrador Denizi ve dolayisiyla okyanusa
bosalmistir. Zermohalin Dingiisii’ nii kesintiye ugratan bu gelismelerin ardindan, soguk ve kurak
sartlarin hakim oldugu iklim degisikligi meydana gelmistir (Alley vd., 1997; Barber vd., 1999;
Daley vd., 2011, 289).

Iklim degisikliklerinin esitli kayitlarda goriiniirliigii ele alindiginda, Dogu ve Orta Anadolu’daki
palinoloji ¢alismalarinda 8.2 ka, AID ve daha da genel olarak Erken Holosendeki (bu satir-
dan sonra EH) iklim degisimlerin tespitini zorlastiran temel bir problemle karsilagilmaktadir.
Holoser’in baglangicinda, 6rnegin Akdeniz kiyilarinda gériilen odunsu bitki tiirlerindeki artisa,
bu bélgelerde rastlanilmamaktadir (Roberts, 2002; Asouti & Kabukcu, 2014). Dolayisiyla er-
ken dénem ¢aligmalarinda herhangi bir iklim degisikliginin en azindan EH’de, polen degisim-
leri iizerinden tanimlanmasi konusunda zorluklarla karsilagilmistir. Bununla birlikte kullanilan
yontemlerin cesitlenmesiyle, farkli gostergeler tizerinden iklimsel farklilasmaya dair sinyaller
yakalanabilmistir. Van Golit'niin (Sekil 1) su seviyesinde MO 6200’lerden itibaren 8.2 ka ile es-
lestirilen bir diisiis s6z konusudur (Landmann & Kempe, 2005, 136). Yine Dogu Anadoludaki
Hazar Gélivnde (Sekil 1) jeokimyasal gostergeler, EH nin geneline gore MO 7300-6200 ara-
sinda daha kurak kosullarin hakim olduguna isaret etmektedir (Eris vd., 2018, 14).

3 Her ne kadar bunlarin tamamuyla kiiresel iklim kayitlari arasinda korelasyon kurulamamigsa da besinci
siradaki 8.2 ka'nin, diinyanin birgok noktasinda belgelendigi goriilmektedir (Rohling & Pilike, 2005;
Parker & Harrison, 2022). Giiniimiizden 6nce 8200’lerde (kalibre edilmis) meydana gelmesinden dolay:
8.2 ka, 8.2 k veya 8.2 kyr olarak isimlendirilen iklim degisikligi, kiiresel iklim tarihini anlamaya yonelik
Gronlandda baglayan buzul karotu projelerinden birisi olan GISP2'de (Greenland Ice Sheet Project 2)
izotopik agidan daha net tanimlanmugtr (Alley vd., 1997).
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Giineydogu Anadoluda EH’i de kapsayan herhangi bir iklim kayd: bulunmamaktadir. Fakat
bélgenin giineydogusunda, Kuzeybat1 Zagroslardaki bir magaradan (LoNAP 514) elde edilen
dikitin izotop analizleri Hazar Gélit ne yakin bir perspektif sunmaktadir. Buna gore MO 7000-
6500 araliginda yagis mikearindaki diisiise karsin, 8.2 ka sirasinda herhangi bir kuraklik tespit
edilmemistir (Regattieri vd., 2023).

Orta Anadolu'nun ise paleogevre agisindan daha iyi arasurildigi goériilmektedir. Volkanik
Kapadokyada yer alan Eski Acigolde (Sekil 1) 8.2 ka palinolojik acidan tespit edilememistir
(Woldring & Bottema, 2002, 18). Nar Géli'nde ($ekil 1) U-Th tarihlemelerindeki soruna
ragmen, varv sayimina gore Holosen'e gecisten 3400 yil sonra §180Karbonat degerlerindeki
negatif kayma, 300 yillik bir zaman dilimine yayilan soguk bir anomaliye isaret eder (Dean vd.,
2015, 169-170). Sultansazligi Batakligi'nda (Sekil 1) yapilan galismalarda, MO 6400-6100
arasinda kendisini yogun sekilde hissettiren, bununla birlikte MO 6650 ile 6100 gibi genis bir
zaman dilimine yayilan kurak iklim sirasinda, otsularin polen diyagramindaki oraninin %43’e
ulastigr belirtilmektedir (Senkul vd., 2022, 32). Incesu Magaras’'nda (Sekil 1) ise yagis mikta-
rindaki azalmaya gére bircok Bond Olay: tespit edilmesine ragmen, 8.2 ka ile iliskili dalgalan-
maya rastlanilmamistr (Erkan vd., 2022, 509).

Orta Anadolu’'nun batisinda, Konya Ovasi’'ndaki iklimsel kanitlar, dogrudan Catalhoyiik’ten
elde edilmigtir ($ekil 2). Dogu hoyiikte ilk iskdndan itibaren, yerlesim etrafinin sulak alanlarla
kapli oldugu, ancak MO 6200-5800 arasinda aliivyal birikimin zayifladig: belirtilmistir (Roberts
& Rosen, 2009, 399). Diger yandan yerlesimin her iki hoytigiinden alinan ¢anak ¢omleklerdeki
hayvansal yaglarin analizlerinde, MO 6325-5815 araliginda goriilen 52H degerlerindeki fark-
lilagma, olasilikla degisen iklim ve floradan kaynakli daha yagsiz ciftlik hayvanlarina isaret et-
mektedir (Roffet-Salque vd., 2018). Konya Ovast’nin kuzeybatisinda Kureysler Vadisi'nin ($ekil
1) karotlarinda izotop, TOK (Toplam Organik Karbon) gibi gostergeler, MO 7.binin sonuna
dogru kurak ve daha serin bir ¢evresel ortama isaret etmektedir. Tarihsel agidan baglangic-bitis
kronolojisi belirli olmasa da ¢evredeki vejetasyonun s6z konusu degisimlere tepkisi, step otsula-

rinin daha genis alanlara yayilisiyla karakterize olmustur (Ocakoglu vd., 2019, 12).

Akdeniz Bolgesi'ndeki Dim Magarast (Sekil 1) dikitlerdeki izotop analizleri, MO 6300-6100
arasinda yagis miktarinda bir diisiise denk gelen 200 yillik bir kurakliga isaret etmektedir
(Baykara, 2014, 124-126). Anadolu’'nun batisinda da benzer bir durumla karsilagiimaketa,
Simav Grabeni'nde (Sekil 1) yapilan calismalarda da yagis miktarinin MO 6000’lerde 460
mm’lere kadar diisttigii ve bunun 8.2 ka ile eslestirildigi gortilmektedir (Ocakoglu vd., 2022).
Denizli-Buldan'da yer alan Yayla Golir'nde (Sekil 1) MO 6000 civarinda (uXRF) kurak bir
dénem tespit edilmistir (Dogan vd., 2024). Anadolu’nun kuzeyindeki yiiksek ¢oziintirlikli tek
dikit kaydinin elde edildigi Sofular Magaras’'nda (Sekil 1) ise 8.2 ka sinyalleri belirgin degildir
(Goktiirk vd., 2011).
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8.2 ka'nin Anadoluda bélgelere gore farkls etkileri olacak sekilde kendini hissettirdigi goriiliir.
Diger yandan yerel kogsullar ile paleoiklim ¢aligmalarindaki ¢esitli nedenlerden kaynaklanabi-
lecegi sekilde, bazi kayitlarda 8.2 ka tespit edilememistir. Farkliliklar, temel alinan degiskenin,
cevresel degisimlere tepki verme hizi veya iklim kaydinin i¢inde bulundugu fiziki kosullarin
etkilerinden kaynaklanabilmektedir. Genel olarak bakildiginda iklim degisikligi icin Gronland
buzullarindan elde edilen tarihlerin kayitlarla biiyiik oranda ¢akistig1, ancak iklimsel degisim-
lerin bazt cografyalarda olasilikla AID’le de iliskili sekilde daha erken etkili olmaya basladig:
anlagilmaktadir. Dolayisiyla MO 7.binyilin genelinde iklim degisiklikleri arasinda sinir belir-
lemek zordur. Ozellikle Bat1 Anadoluda MO 6200-6000 araligr yagis miktarindaki diisiisiin
daha soguk kislar ve artan bir kuraklikla tanimlanabilecek déneme kargilik geldigi soylenebilir.
Giineydogu, Dogu ve kismen Orta Anadolu'da kuraklik sinyalleri biiyiik oranda MO 7.binyilin

basina uzanir.

8.2 ka'nin etkili oldugu bolgelerde, gevresel ortamlarin belirgin sekilde acik alanlara, orada da
cayirlarin yerine step otsularina dogru degistigine dair kanitlar yukarida ele alinmigtir. Ancak
bu sonuglarin her bolgede ayni ¢iktilara neden olmadigy, yagis rejimindeki degisimlerin dahi i¢
ve kiy1 bolgeler arasinda farklilagtigr anlagilmaktadir. Ayrica halihazirda yari kurak iklim kosul-
larina sahip Dogu, Giineydogu ve Orta Anadoluda, yerel iklim kosullarindan dolay: daha etkili
sekilde hissedilecegi, Akdeniz ikliminin hakim oldugu kiy1 kesimlerinde ise 6zellikle ekonomik

agidan siirdiiriilebilirlige cevresel agidan imkan tanimis olma potansiyelinin alt gizilmelidir.

Kronolojik Cergeve

MO 6200-6000 araligi Anadolu’'nun gesitli bolgelerinde farkli kiiltiirel evreler olarak tanimla-
nur (Sekil 3). Giineydogu Anadolu’da Geg Neolitik (MO 7000-5200) olarak bilinen bu dénem
kendi icinde farkls evrelere ayrilmakeadir. Bununla birlikte geleneksel canak ¢cdmlek kiiltiirlerine
dayali kronolojiler de (Hassuna, Samarra, Halaf) kullanilmaktadir (Tekin, 2017, 98-111). Orta
Anadolu ve Géller Bélgesi Geg Neolitik-Erken Kalkolitik ayrimi genel kabul gériirken (Yakar,
2011), Bat1 Anadolu kendi iginde farkliliklara sahiptir. Kiyt Bati Anadolu’da MO 6500-6000
Erken Neolitik, MO 6000-5500 ise Ge¢ Neolitik olarak tanimlanir (Erdogu & Cevik, 2020).

[k olarak Giineydogu Anadolu’ya bakildiginda, MO 7.binyila tarihlenen ve kazisi gerceklesti-
rilen yerlesimlerin Yukari Dicle ve Firat havzalarinda yer aldigr goriilmektedir (Sekil 2). Yukar:
Dicle'de radyokarbon analizlerine gore Salat Camii Yani, Hakemi Use ve Sumaki bu kapsama
dahil olan yerlesmelerdir (Sekil 2). Bunlar arasinda Salat Camii Yan: yerlesmesinde ilk iskdnin
MO 6500’lerde basladigi ve MO 6200’lere kadar siireklilik gosterdigi bildirilmistir (Sekil 4),
(Miyake, 2011, 137). Bolgedeki bir diger yerlesim Hakemi Use, radyokarbon sonuglarina gore
MO 6100-5950/5900’e konumlandirilir (Tekin, 2011, 152). Hem Erken Neolitik hem de
Geg Neolitik'te iskin edilen Sumaki Hoyiik'te ise “C tarihlendirmeleri MO 7134 +57-6173
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+50 araligini vermistir (Sarialtun, 2020, 131). Firat nehri kenarinda yer alan Akarcay Tepe ve
Mezraa Teleilat yerlesmeleri Giineydogu Anadolu'daki diger iki merkezdir ($ekil 2). Su altinda
kalacag icin kurtarma kazisi niteliginde arastirilan yerlesmelerden Akarcay Tepe'de ilk iskanin
MO 7900’lerde dogu héyiikte basladigi, MO 7.binin basinda yerlesimin batiya kayarak MO
6000’e kadar siireklilik gosterdigi belirtilmistir (Sekil 4), (Ozbasaran & Duru, 2011, 166-167).
Mezraa Teleilat’ta da en erken yerlesimin MO 8.binin basina uzandigi, "C tarihlendirmelerine

gore de MO 6000 civari (Sekil 4) terk edildigi diisiiniilmektedir (Ozdogan, 2011b, 219).

Giineydogu Anadolu’'nun aksine Dogu Anadoluda, belirtilen dénemle ¢agdas ve 'C ile ta-
rihlenmis bir yerlesim bulunmamaktadir. Kilikyada Yumuktepe, Orta Anadolu'da ise Tepecik
Ciftlik, Kosk Hoyiik, Can Hasan I, Catalhdyiik ve Pinarbast B cagdas yerlesimlerdir (Sekil 2).
Yumuktepe'de Neolitik tabakalarin MO 7000-5800 arasina yerlestirildigi, MO 6100-6000’de
bir hiatus oldugu belirtilmektedir (Caneva, 2012, 2). Volkanik Kapadokyada yer alan Tepecik
Ciftlik'te radyokarbon analizlerinin sonuglar MO 7000-5500 (Bigaker, 2022), ayn1 bolgedeki
bir diger yerlesme olan Kosk Hoyiik'te ise MO 6400-5600 araligina yayilmaktadir (Sekil 2, 4),
(Oztan, 2007, 223-234).

Konya Ovasr’'nda ayni dénem ii¢ yerlesim ile temsil edilir (Sekil 2). Catalhéyiik’te yerlesim dogu
héyiikte MO 7400’lerde baglamustir®. Tartismali olmakla beraber MO 6100-6000 arasinda ba-
tida yeni bir yerlesimin kuruldugu ve MO 5700’lerde de tamamen terk edildigi bilinmekrtedir
(Sekil 4; Orton vd., 2018). Catalhdyiik'iin giineyinde yer alan diger bir Konya Ovast yerlesimi
Can Hasan I'in, Geg Neolitik iskininin MO 6700’lere kadar uzandigt yoniindeki tartismalarin
aksine, genel olarak MO 6500-5500 araligina yerlestirildigi gortilmektedir (Sekil 4; French,
1998, 20). Bolgedeki bir bagka yerlesim ise Pinarbagr’dir. Buradaki kaya alti siginaginin (B) Geg
Neolitik'te (MO 6500-6000) pastoral gruplar tarafindan iskin edildigi 6nerilmektedir (Sekil 4;
Baird, 2012, 200).

Kronolojik kapsam dahilinde bakildiginda Batt Anadolu’nun genelinde yerlesim sayisinin do-
gudaki cografyalara gore daha fazla oldugu goriilmektedir. Yerlesimler Goller Bolgesi, Orta Bau
Anadolu ve Giiney Marmara olarak ayrilan ti¢ farkli bolgede yer almaktadirlar (Sekil 2). Goller
Bolgesi'nde Hacilar (MO 6340-5720), Kurugay (MO 6300-5700) Hayiicek (MO 6500-5700)
ve Bademagact (MO 7100-6100) burada kazist yapilmis ve “C’ler ile tarihlendirilmis yerlesim-
lerdir (Sekil 4). Hacilar ve Bademagaci’'nin MO 6500 6ncesine uzanan tabakalarinin yaninda

bolgedeki genel kiiltiirel karakterin MO 6400 sonrasinda daha belirgin oldugu, Bademagact

4 Catalhoyiik’te en erken iskdnin ne zaman basladig konusunda ¢esitli tartugmalar mevcuttur. Bu yazinin
temelini olusturan tez galismasinin hazirlandig1 tarihte (Goz, 2019), “C tarihlemeleri MO 7400’leri isaret
etmekteydi (Orton vd., 2018), ne var ki sonraki yayinlarda bu tarih MO 7100 olarak giincellenmistir
(Hodder, 2020, 77).
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disinda diger yerlesimlerin Orta Anadolu'da oldugu gibi MO 5700’lerde terk edildigi bilinmek-
tedir (Duru, 2019a, 131-133). Giineybati Anadoluda bagka bir yerlesim yeri Eksi Hoytiktiir;
ilk iskin, MO 6750’de baslamis ve MO 5850’ye degin siireklilik gostermistir (Sekil 4; Dedeoglu
vd., 2023, 4-5).

Orta Bat1 Anadoluda yer alan Ulucak Hoytik (Sekil 2) bolgede kapsaml: sekilde arastirilan ve
en uzun siire iskin gormiis bir yerlesimdir. MO 6850°de baslayan iskan, kesintisiz olarak MO
5670’e kadar devam etmistir ($ekil 4; Cevik & Erdogu, 2020). Bolgedeki bir diger erken tarihli
yerlesim olan Cukurigi tarihlerinin de MO 6700’lere kadar geri gittigi, Ulucak’tan farkli olarak
MO 6000’lerde terk edildigi bildirilmektedir (Horejs, 2016, 146-147). Orta Bati Anadoludaki
son iki yerlesimden Yesilovada MO 6400’e, Ege Giibrede MO 6200’lere uzanan iskn, ikisinde
de MO 5700’lerde sona ermistir (Sekil 4; Derin, 2012, 183; Ozan, 2012, 44).

Giiney Marmarada en erken Neolitik yerlesimlerden Bahgelievlerde MO 7100, hemen ardin-
dan Barcin Hoyiikte (Sekil 2) MO 6600’e uzanan iskin, MO 6000 civarinda son bulur (Sekil
4; Gerritsen & Ozbal, 2016, 200; Fidan, vd. 2022, 97). Aktopraklik'ta MO 6400 civarinda
baslayan en erken iskinin, MO 6100-6000 arasindaki hiatusun ardindan MO 5500’lere kadar
devam ettigi (Karul & Avci, 2013: 52), Mentese (MO 6600-6000) ve Ilipinar’in da (MO 6000-
5400) bu yerlesimin farkli evreleriyle cagdas oldugu anlagilmaktadir (Roodenberg & Alpaslan-
Roodenberg, 2013, 74). Hoyiikler disinda Gedikkaya Magaras’'nin 2A tabakasinda iskéna rast-
lanilmistir; magarada MO 7.binyil boyunca araliklarla yerlesilmistir (Sar1, 2024, 15).

Giineydogu Anadolu Bolgesi
MO 7.binyilin basinda bblgede kamusal binalarin etrafinda sekillenen mega Neolitik koylerin

yerini, daha kii¢iik boyutlu kiiciik tarimei yerlesmelerin almasiyla, ¢ogu zaman ¢ikiis olarak da
yorumlanan (Ozdogan, 2014) ve Giineybati: Asya'nin genelinde izlenebilen kiiltiirel degisimler
meydana gelmistir. Bu siireg, MO 8.binyilda topluluklarin ekonomisine daha genis olgekte
dahil edilen evcillestirilmis bitki ve hayvanlarin, MO 7.binyilin bagindan itibaren tamamen
baskin hale gelmesiyle, tiimiiyle tarima dayali yasam bicimine gecis olarak da agiklanabilir.
Gegis siirecinin 6nemli ¢ikulart arasinda, ¢anak ¢omlek kullaniminin baglamasi, yeni yerlesim
modellerinde kamusal binalarin yerini daha merkezi role sahip hanelerin almasi ve artan pasto-

ralizm sayilabilir.

Giineydogu Anadolu’nun Yukart Dicle Havzas’'nda, bu dénem kronolojik agidan sorunlu ol-
makla birlikte Cayoni'nde (Sekil 2) bilinen yerlesim karakterinin terk edilmesi, ilkel ¢anak
¢omlek kullanimi ve toplulugun daha pastoral bir yasam bi¢imine isaret eden teknoloji (Caneva
vd., 1998, 204), bahsi edilen gegis siirecindeki temel degisimlere 6rnektir. MO 6500 sonrast
ayn1 bolgede yerlesim modellerinden materyal kiiltiire ve gecim ekonomisine kadar her alanda

daha hareketli gruplarin ortaya ¢ikis siireci de bu baglamda izlenebilmektedir. Ayni bolgedeki
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Salat Camii yerlesmesinde MO 6200’lerdeki terk siirecinden 6nce hayvana dayali ekonomide
baskin olan domuzun kademeli olarak diisiise gectigi, koyun ve keginin daha baskin hale geldigi
goriilmektedir. Erken evrelerde (I-1I tabakalar), pise teknigiyle tas temel olmadan yapilan birkag
binanin dikdortgen seklinde ve kiiciik boyutlarda oldugu, ocaklar, firinlar ile ates yerlerinin
dagilimina dayanilarak, toplulugun sosyal ve ekonomik organizasyonunun daha ¢ok agik alan-
lar tizerinden kurgulandigi, son tabakada (III) ise herhangi bir mimari unsura rastlanilmadig:

anlagilmaktadir (Miyake, 2011).

Salat Camii Yani toplulugunun daha pastoral bir yasam bi¢imini benimsemesi nedeniyle yerle-
simin agamali olarak terk edildigi soylenebilir. Halihazirda ¢agdas donemde Yukart Dicle'de pas-
toral topluluklarin varligi arkeolojik kanitlardan bilinmektedir. Sumaki Hoyiik'iin MO 6500
sonrasinda tamamen gog¢ebe topluluklar tarafindan iskan edildigi, cadir direkleri icin yuvalar, fi-
rin ve ocaklar, islik yerleri, yalaklar ve kiil cukurlar: gibi arkeolojik kalintilardan anlagilabilmek-
tedir (Erim—@zdogan, 2011, 26-29). MO 6100 sonrasinda ise Hakemi Use’de MO 5900’lere
kadar pise teknigi ile yapilmis dikdértgen binalarda, tamamen tarim ve hayvanciliga dayali bir

yasam bicimi goriilmektedir (Tekin, 2011).

Firat kenarinda ise Akarcay ve Mezraa Teleilat'ta yerlesim modellerinin gelisimi her iki yerles-
menin Canak Cémleksiz Neolitik B ddneminden Canak Comlekli Neolitike stireklilik goster-
mesinden dolay1 daha iyi izlenebilmektedir. Akargay'da (bat)) MO 7.bin sonuna dogru mima-
ride 6nceki donemlere gore daha 6zensiz yapilasma, siiregelen uygulamalarin terki, diizensiz
bir yerlesim modelinin ortaya ¢ikmasina neden olmustur (Ozbasaran & Duru, 2011, 173).
MO 7.binin ikinci yarisinda Mezraa Teleilatda (IIB) bir 6nceki dénemde birbirinden bagimsiz
olarak inga edilen yapilarin bir araya getirilerek yap: adalari olusturdugu, ekonomik organizas-
yonun firinlar, ocaklar, islikler tizerinden agik alanlarda yurttildugi goriilmektedir. Soz konu-
su yap1 adalart hiicre bi¢imli odalara bolinmiistiir (olasilikla depolama i¢in kullanilmuglardir).
Sonraki evrede herhangi bir mimari unsura rastlanilmamakla birlikte, Proto-Halaf MO 6100-
6000) canak ¢omleginin ele gectigi bu tabakada zayif olsa da iskinin devam ettigi belirtilmistir
(Ozdogan, 2011b).

Giineydogu Anadoluda ele alinan yerlesimlerin tamaminin kurtarma kazisi olmasi, diger yan-
dan Cayoni’'nde de daha 6nce s6zii edilmis olan sorunlardan dolayz, tek bir yerlesim tizerinden
iklim degisikliklerini tiim unsurlariyla izlemek miimkiin olmamaktadir. Buna karsilik Anadolu
sinirlart diginda olmakla birlikte Kuzey Suriye'de Balikh kolu tizerinde yer alan Tell Sabi Abyad
ile cagdas donemdeki Cezire yerlesimlerinde ($ekil 2) gozlemlenen degisimler, Giineydogu
Anadolu ile es zamanlidir ve buralarda 8.2 kadan kaynakli yeni bir sosyal ve ekonomik sis-
temin agsamali sekilde benimsendigi 6nerilmektedir (Van der Plicht vd., 2011; Van der Horn
vd., 2015). Bu degisimler, genel olarak mimaride yuvarlak planli yapilarin artig, hiicre bigimli

depolama birimleri, boyali ¢canak-¢omlekler, ayrica depolama kaplari, koyun ve kegi besiciligine
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dayali ekonomiyle, genel olarak yari pastoralizme kayma olarak tanimlanabilir (Frangipane,
2007). 8.2 ka'nin etkilerinin en tist seviyeye ulastigi donemde daha belirginlesen bu degisimler,
MO 5900 sonrast ok genis bir alanda ortaya ¢ikan Halaf Kiiltiiri'niin de temelini olusturmus

olmalidir.

MO 6400’lerde Tell Sabi Abyad (Sekil 2), daha sonra da Tell Halula ve diger birkag yerlesimde
Halaf’in karakteristik mimarisini olusturacak yuvarlak planli yapilarin ortaya ¢ikuig goriilmek-
tedir. Tell Sabi Abyad’'da MO 6200 civari yerlesimin doguya kaymastyla, yerlesim modelinin ta-
mamen degistigi, bu yapilarin dikdértgen binalara eklemlendigi goriiliir. Belirtilen dikdéretgen
binalarin depolama amagli kiigiik hiicrelere boliindiigii anlagilmaktadir. Sonraki evrede (MO
6100-6000 / Proto Halaf) depolama birimlerinden olusan binalarin yerlesimde daha baskin
hale geldigi belirtilir. Tahil depolama amaciyla yapildig: bilinen bu hiicrelerin birkaginda tizeri
mithiir baskili kil kapamalar da (crerula) ¢ok sayida ele gegmistir. Ekonomik paylasimin ortak
temelde gergeklestigi, agik alanlarda yer alan bityiik boyutlu firinlardan anlagilmakeadir. MO
6200-6100°de bu gegis siirecine boyali canak ¢dmleklerin yogun sekilde ortaya ¢ikist elik etmis,
Proto Halaf’ta ise Dicleden Firat’a, oradan da Kuzeybau Suriye’ye kadar olan genis bir ileti-
sim a1 icerisinde benzer mal gruplarina rastlanilmistr. Koyun ve kegide bu degisim siirecine
paralel olarak kesim yaglarinin yiikseldigi, toplulugun yaylalar ile yerlesim arasinda mevsimlik
dongiiye gectigi ve ikincil triinlerin kullaniminda bir artisin meydana geldigi belirtilmekte-
dir (Frangipane, 2007; Van der Plicht vd., 2011; Van der Horn vd., 2015; Nieuwenhuyse &
Akkermans, 2019).

Ozetlenen bu Kuzey Suriye 6rnegi, genel olarak bu gelismelerin iklim degisikliginin etkisiyle
yasandigini, kuraklikla karst karstya kalan toplulugunun nemli ortamlari seven domuz ve sigira
kargilik 6nemli derecede koyun ve keciye dayanan pastoral bir yasam bicimine gegis yaptigini,
olasilikla verimi diisen tarimdaki agig1 kapatmaya yoneldigini isaret etmektedir (Van der Plicht
vd., 2011). Yine yerlesimdeki depolama birimlerinde tahillarin saklanarak, kurakliga karst 6n-
lem alindig1, mithiir baskilarindan da anlagildig1 kadariyla tirtinlerin korundugu ve ortak taban-
da paylagildig1 diistiniilmektedir (Frangipane, 2007). Hasat mevsiminde depolanmasi gereken
tahillar iin yerlesimi ziyaret eden topluluklarin diger dénemlerde koyun/kegiler i¢in uygun
otlaklara ihtiya¢ duymasi nedeniyle hareket halinde olmalari, bu iki nokta arasinda diizenli bir
hareket stratejisinin benimsendigini diisiindiiriir. Yuvarlak planli binalarin domestik aktiviteler
icin kullanildig ve daha kisa siirede insa edildigi, dolayistyla yar1 gogebe topluluklar i¢in daha
uygun oldugu da etnoarkeolojik gozlemler 1s1ginda belirtilmektedir (Verhoeven, 1999). Kiibik
mimariye ve benzer diger gelismelere, Cezire merkez olmak tizere, Kuzeybati Suriye'de rastlan-
maktadir (Bartl, 2022; Nieuwenhuyse, 2022).

Daha gogebe bir yasam bigimine gegisin topluluklar arasinda iletigimi arttirdigt, bunun da

dogrudan materyal kiiltiire yansidig ozellikle boyali ¢anak ¢omlek geleneginin dontisiimii
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tizerinden anlagilmaktadir. Burada hem Dicle hem de Firat'in merkezinde bulunan ve depolama
birimlerinden de anlagildig1 kadariyla Cezire’nin s6z konusu déntisiim siirecinin kilit bolgesi
oldugunun alu ¢izilmelidir. Muhtemelen farkli bélgesel kokenleri olan boyali ¢anak ¢omlek
gruplarinin, hareketlilikten dolay1 genis etkilesim aginin bir sonucu olarak sonraki donemde
daha da kaynastiklari séylenebilir. Proto Halaf’ta (MO 6100-6000) yogunlasan s6z konusu kiil-
tiirel kaynasmanin sonucunda, en erken Cezire'de goriilen yuvarlak ve koseli mimarinin ortak
kullanimi, miihiirler vb. unsurlar, 5900'den sonra Halaf Kiiltiiri'niin ¢ekirdek 6geleri olarak
Zagroslardan Dogu Akdeniz’e kadar olan bélgede ayni zamanda ortaya ¢ikmistir (Akkermans
vd., 2015; Géz, 2019, 149-150).

Giineydogu Anadolu'daki doniisiim siireci, Kuzey Suriye'deki Tell Sabi Abyad 6rneginde oldugu
gibi tek bir yerlesim tizerinden izlenememektedir. Ancak materyal kiiltiir, bolge topluluklarinin
genis bir iletisim ag1 icerisinde olduklarini, 6zellikle MO 5900’lerden itibaren Halaf’a gegis sii-
reci ve degisimlerin bu bolgede de izlenebildigini gostermektedir. Oncelikle Cezireden bilinen
ve tizerine mithiirlerin basildigt kil kapamalarin pastoral topluluklarla karakterize edilebilecegi,
Sumaki'deki gok sayidaki 6rnekten yola ¢ikilarak séylenebilir (Erim-Ozdogan, 2011, 33-35).
Canak ¢gomlek agisindan bakildiginda, Yukari Dicle ve Firattaki yerlesimlerde, MO 6100’iin
hemen 6ncesinde, Kuzey Irak ve Kuzey Suriyeden bilinen ¢anak ¢émlek gruplarina rastlan-
dig1 goriiliir. Ancak tam anlamiyla daha genis bolgesel agin On Halaf Donemi’nde meydana
geldigi anlagilmaktadir. Yukari Diclede Hakemi Use simdilik bu siireci en iyi yansitan yerles-
medir. Burada Mezopotamyadan bilinen Hassuna, Samarra, Kuzey Suriye, Kilikya ve Amik
Ovasr’'ndan bilinen Koyu Yiizlii Ackili Mal gruplarina (KYAM) rastlanilmistir (Tekin, 2007).
Diger yandan Firattaki yerlesimlerde daha sonra Akdeniz geneline yayilacak olan impresso ga-
nak gomleklerin yogun varligt bilinmektedir (Giildogan, 2008). MO 5950’lerde terk edilen
Hakemi Use’nin ardindan siireklilik gdsteren herhangi bir yerlesim bilinmezken, Halaf yerles-
melerinin Zagroslardan Dogu Akdeniz'e kadar uzanan cografyada sayilarinin artug gorilir
(Frangipane, 2007).

Orta Anadolu

Orta Anadolu Platosu’na ge¢gmeden, ancak bu boliim altinda ele almak istedigimiz bolge icin
onemli bir yerlesim, Yumuktepe'dir. Kilikyada soz konusu dénem i¢in bilinen tek yer olan
Yumuktepede MO 6200’lerde ik Neolitik (MO 7000-6200) olarak tanimlanan evreden Orta
Neolitike (MO 6200-6000) gegiste 6nemli kiiltiirel degisimler gozlemlenmektedir. Tek odali
camur sivali dal 6rgii mimariden (wattle and daub) tas temelli, cok odali yapilara gecis bu do-
nemde meydana gelmistir. Yeni yerlesim modelindeki yapilarin igerisinde yer alan hiicrelerde
ele gecen karbonlagmis tahil kalinulari ve biiyiik boyutlu ¢omlekler, bahsi gecen mekanlarin
depolama birimi olarak kullanildigint diisiindiirmektedir. Bu evrenin ardindan MO 6000’ler-

de bir hiatus goriiliir. Yumuktepe'nin bu dénemde Mezopotamyadaki topluluklara ulasan bir
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iletisim ag1 icerisinde oldugu impresso canak ¢omleklerden anlagilmaktadir. Bolgenin karakte-
ristik malzemesi olan KYAM’larin (Koyu Yiizlii Ackili Mal) Orta Neolitik'te yerlesimde baskin
oldugu goriilmektedir. Hiatusun hemen ardindan yerlesimde apsisli dikdértgen yapilarla, bina-
lardan bagimsiz dairesel silolarin insa edildigi goriilmektedir. Bununla birlikte 60 cm derinli-
gindeki cukurlarin da depolama amaciyla kullanildig: diistintilmektedir. Ortaya ¢ikarilan tahil-
larin uzun siire dayanmasi i¢in kavuzlariyla birlikte depolandiklari belirtilmistir. Her iki dénem

boyunca ¢anak ¢omleklerde goriilen en dnemli yenilik ise boya bezeme gelenegidir (Caneva,
2012; 2022; Ulas, 2014, 311-314).

Orta Anadolu Bélgesi'nin Volkanik Kapadokya kesiminde yer alan yerlesmelerden Kosk
Hoyiik'te, ele alinan siirecin tanimlanmasinin kronolojik nedenlerden dolay1 zor oldugunu be-
lirtmek gerekir. Bolgedeki bir bagka yerlesme, kilit yerlesim olarak tanimlanabilecek, Tepecik
Ciftliktir. Yerlesimde III. (MO 6400-6100/Son Neolitik) ve II. tabakalar (MO 6100-5800/ilk
Kalkolitik) belirtilen kronolojik araliga dahildir. I11. tabakanin yerlesim modeli dinamiktir. MO
6200 oncesinde, “Firinli Yapilar Evresi” olarak bilinen ve birbirinden bagimsiz bir veya birden
fazla kosesinde alkovlarin yer aldigi ve firinlarin da bunlarin igerisine yerlestirildigi goriilmek-
tedir. MO 6200’lerden itibaren yerlesim modelinde degisim meydana gelmis, bagimsiz sekilde
insa edilmis binalar birbirlerine yakinlasarak merkez bir oda etrafinda sekillenen ¢ok odal: yapi-
lara dontismiislerdir. Cok odali olarak ifade edilen mekanlardan bazilarinin bir metreden daha
biiyiik olmadig1, dolayisiyla depolamayla iliskili olabilecegi goriilmektedir. Yumuktepe'yle ben-
zer sekilde binalardan bagimsiz yuvarlak planli silolar da bu siiregte ortaya ¢ikmistir. MO 6200
sonrasi diger bir 6nemli degisim canak ¢dmleklerde goriilmekte, yerlesimde izerinde insan veya
hayvan kabartmalarin yer aldigi orneklerin, ozellikle de ¢émleklerin sayisinda artig meydana
geldigi goriilmektedir. MO 6100’lerde s6z konusu evre bir yanginla son bulmus, I1. Tabakada
benzer yerlesim modeli ve silolarin kullanimina devam edilmistir (Bigaker vd., 2012; Cakan,
2013; Bigakei, 2022). Canak ¢dmleklerde s6z konusu donem boyunca geometrik bezemelilere
de sik¢a rastlanilmistir. Ayni donemde besin ekonomisinde dnceki evrelerdeki et tiiketimine
nazaran, tahillarin daha baskin oldugu ve ikincil tirtinlerin kullanimina dair kanitlara ulagildig:
da bildirilmistir (Oziikurt, 2019, 58). Canak ¢omleklerde benzer bir gelisime, Kosk Hoyiik'iin
cagdas tabakalarindaki cesitli hayvan ve insan betimlemelerinden olusan av sahnelerinde sik¢a
rastlanilmaktadir (Godon & Ozbudak, 2022).

Konya Ovasi’'ndaki Catalhéyiik, 8.2 ka perspektifinden Giineybat Asya genelinde en iyi de-
gerlendirilmis birka¢ yerlesimden birisidir. Ozellikle MO 6500 sonrast meydana gelen koklii
degisimler ve nedenleri uzun siiredir tartisiimakeadir. Kiiltiirel degisimler kendini en basta yer-
lesim modeli ve toplumsal organizasyonda gostermektedir. Yerlesimin en genis sinirlara ulagti-
g1 VI. tabakanin ardindan, niifusta bir azalmaya isaret eden kismi terkin, artan pastoralizmle
iligkili oldugu diisiintilmektedir (Hodder, 2014; Marciniak, 2019b; Hodder, 2022; Czerniak
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& Marciniak, 2022; Brady vd., 2022). Zira aynt dénemde yakinlardaki Pinarbasi’'nin gécebe
topluluklar tarafindan iskin edildigi bilinmektedir (Baird, 2012). Yerlesim modelinde ise icinde
cok cesitli 6gelerle (boga baslari, kabartmalar, daha fazla gomiit sayist gibi) uzun yillar siireklilik
gosteren binalarda da kesinti meydana gelmis, konutlarin birbirine uzak araliklarla meydanlar
olusturacak sekilde inga edilmeye baglandig1 bildirilmistir. MO 6200 sonrast degisime ugrayan
yetlesim modelinde agik alanlarin yogunluk kazandigi ve ortak tabanli ekonomik organizas-
yona isaret eden kanitlar goriiliir. Diger bir farklilik, MO 6500 sonrasi birbiriyle genellikle
akrabalik bagi olmayan bireylerin gémiildiigii toplu mezarlara rastlanilmasidir (Yaka vd., 2020,
403-404). Ekonomik acidan dogudaki Neolitik yerlesmenin ge¢ tabakalarinda koyun ve keciye
bagimliligin arttigt, bununla birlikte bolgede yabani halde bulunan sigirin evcillestirme agama-
sina girdigi anlagilmigtir. Materyal kiiltiirde de taginabilir 6gelerin (6rnegin mihiirler) sayisinda
arttg, ayni donemde meydana gelmistir. Dogu yerlesimden batiya tam olarak ne zaman gecildigi
veya her ikisinin ayni dénemde kullanilip kullanilmadigi halen tartigmalidir (Hodder, 2014;
Marciniak, 2019b; Hodder, 2022; Czerniak & Marciniak, 2022; Brady vd., 2022).

diger bolge yerlesimlerinde de rastlandigr goriilmektedir. Batr Catalhoyiik’te yerlesim modeli,
birbirlerine kalin kerpi¢ duvarlarla birlesmis binalardan olusmaktadir. I¢lerinde ikinci kat: des-
teklemek adina kalin payandalarin bulundugu bu binalarin etrafinda, girisin tistten yapildigt
hiicre bi¢imli mekanlar yer almaktadir. Payandali yapilarin iist katinda giinlitk yagam aktivitesi-
nin stirdiirildiigii, hava almayan serin ve karanlik alt katlarin ise daha ¢ok depolamayla iligkili
olabilecegi diisiiniilmektedir. Alt katlarda domestik aktiviteye isaret eden herhangi bir buluntu-
nun olmamasi bu savi desteklemektedir (Biehl, 2012). Ayrica bahsedilen hiicre bigimli mekan-
larin da ayni amagla kullanildig: disiiniilebilir. Yerlesim modeline paralel olarak ekonomik aci-
dan kurakliga karsi daha dayanikli olan keginin, koyun karsisinda 6/1 oraninda artisa gectigi ve
sigirin da tamamiyla evcil oldugu belirtilmektedir (Biehl, 2012). Canak ¢omleklerde ise 6nemli
degisimler meydana gelmis, dogu hoytigiiniin bin yillik stirecinde bulunan 1216 pargaya karsi,
bat1 hayitkte 29.000 ¢anak ¢omlek parcast ele gegmistir. Ozellikle ¢omlek formlart yayginlik
kazanmig, bununla beraber cesitli sekillerde yapilan bezemelerde (¢izi, boya vd.) ¢ok genis bir
repertuvarla kargilagilmigtir (Franz, 2010, 77; Franz & Pyzel, 2022). S6zii edilen siire¢ bolgede
Can Hasan I yerlesmesinde de izlenebilmektedir. 2B ve 2A olarak tanimlanan tabakalarda dort-
gen ve igerisinde payandalarin yer aldig1 mimarinin benimsendigi anlagilmakeadir. Ust katlarda
olasilikla duvar siislemelerinde oldugu iddia edilen siva kalintilarinin aksine, alt katlarda taban
kalintusina dahi rastlanilmadigi, kapi girislerinin de olmadig belirtilmektedir (French, 1998).

Dolayisiyla depolama amaciyla kullanilmis olma ihtimali 6ne ¢ikmaktadir.
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Bat1 Anadolu

Bat1 Anadoluda Giineydogu ve Orta Anadoludan biraz daha farkl: bir siirece isaret eden kanit-
lar s6z konusudur. Ilk olarak Géller Bolgesi'ne bakildiginda MO 7.binyilin sonunda iklimden
kaynakli yasanmis olabilecek sosyal huzursuzluklar tartisilmig (Clare vd., 2008) ancak sonra-
sinda ortaya ¢ikan manzara degerlendirilmemistir. Burada Hacilar, Bademagaci, Kurucay ve
Hoyiicek’te yapilan kazi ve aragtirmalar, bslgenin homojen bir siire¢ gegirdigini, MO 6100’ler-
den itibaren de 6nemli kiiltiirel kirilmalarin meydana geldigini gdstermistir. Hacilarda Akeramik
(?) olarak tanimlanan tabakalar ile ardindan meydana gelen hiatus sonrasinda MO 6400’lerde
baslayan Geg Neolitik donem iskaninin (IX-VI) doniisiim siirecini anlamak ¢ok zordur. En iyi
bilinen ve olasilikla MO 6100’lere yerlestirilen VI. tabaka yerlesiminin bir yanginla son buldu-
gu, V-1V ve lIl’iin ise moloz dolgularla karakterize oldugu belirtilmistir. Sonraki II. tabaka ile
birlikte yerlesimin bir savunma duvariyla gevrildigi ve bu evrenin de bir yanginla son buldugu
anlagilmistir. Kisa sireli bir hiatusun ardindan MO 5900 sonrasinda Orta Anadolu’dan bilinen
payandali yapilardan olusan, disa kapali ve birbirine bitisik insa edilmis radyal bir yerlesim mo-
deli benimsenmistir (Mellaart, 1970).

Benzer bir siirecin Kurugay'da da izlenebildigi, MO 6000 6ncesi temsil edilen zayif mimari ve
hiatusun ardindan yerlesmenin 11. yapt katinin 26 m uzunlugunda, 1.10 m genisliginde, bir
savunma duvartyla ¢evrelendigi belirtilmektedir. Savunma duvarinin iistiine yarim daire geklin-
de iki tane kule eklenmistir. Payandali yapilara Kurucay'da da rastlanilmaktadir (Duru, 1994,
9-13). Hoyiicek'te de MO 6000’lerde meydana gelen yanginin ardindan hiatus yasandigi, MO
5700’lerde ise her ii¢ yerlesimin de terk edildigi bildirilmistir (Duru, 2005, 143-145). Bélgenin
giineyindeki Bademagaci’'nda ise MO 6100’lere dogru agik alandaki depolama birimlerinin ka-
pasitesinin artisa gegtigi, yerlesmenin etrafinda savunma duvariyla iliskili olabilecek kalintilarin
tespit edildigi goriilmektedir. MO 6100’lerde yerlesim, meydana gelen yanginlarin ardindan
terk edilmistir (Duru, 2019b, 15-24). MO 6000’ler sonrasi énemli bir degisim canak ¢6m-
leklerde goriilmektedir. Boya bezemeli ¢anak ¢omleklerde kritik artis burada da goriilmekete,
savunma duvarlarinin oldugu evredeki krem/kirmizi bant bezekli mallar, payandali yapilara
gecisle yerini, sembolik 6gelerin daha sik islendigi canak ¢odmleklere birakmigtir (Duru, 2007).
Bolgenin bir diger yerlesimi Eksi Hoytik'te kiiltiirel stireklilik modern tahribatlar nedeniyle
izlenememektedir. Yerlesimde MO 6400 sonrasindaki (5. ve 4 tabakalar) sosyal organizasyon ve
bunun bir yansimast olan yerlesim stratejisinin, MO 6100 sonrasindan terke kadar olan agamast
simdilik belirsizdir (Dedeoglu vd., 2023).

Orta Bati Anadoluda belirtilen kronolojik siire¢, en ayrinuli sekilde Ulucakta izlenebilmek-
tedir. MO 6200’lerden itibaren tabakalardaki yapilarin (Va-Vb) art arda gelen yanginlarla yi-
kildig, tiretim ve depolama kapasitesinde bir artisin meydana geldigi belirtilmektedir. V. taba-
kanin (MO 6500-6000) bir yanginla son bulmasinin ardindan (IV. tabaka/MO 6000-5650)

| 88 |



B. Géz / MO 7. Binyil Sonunda Anadolu’da iklim Degisikligi ve insan Etkilesimi: Bélgelerarasi Bir Degerlendirme

MO 6000’lerde Ulucak’ta daha énceden bilinmeyen, birbirinden bagimsiz kerpi¢ duvarli dik-
dortgen yapilarin yer aldigi bir yerlesim modeline gecis goriiliir. Bu degisime kil nesnelerin sa-
yisinda onemli artis eslik eder. Canak ¢dmleklerde ise kirmizi astarli mallar baskin hale gelmis,
MO 7.binyilin sonundan itibaren de uzak mesafe iliskilerine isaret eden impressolar’a rastlan-
maya baslanmistr (Cilingiroglu vd., 2012; Cevik, 2019). Ayrica, kuzeydeki bolgelerden bili-
nen karakteristik figiiriin tipleri de ayni dsnemde goriilmeye baslar.> Ekonomik agidan 6nemli
bir degisimin bu siirecte meydana gelmedigi, tarimsal aktivitenin yaninda koyun-keci, sigir ve

domuzun evcil olarak tiiketildigi bilinmektedir (Cakirlar, 2012).

Bolgenin diger yerlesimi Cukurigi'nin MO 6000’lerde terk edildigi belirtilmistir. Yesilovada ise
MO 6000 sonrasinda, erken asamadaki mimarinin bir devami oldugu varsayilan oval planli, dal
orgii tizerine ¢camur stvali kuliibelerin yerini, tag temelli dértgen binalardan olusan bir yerlesim
modeli alir (Derin, 2012). Bélgenin farkli karakterdeki bagka bir yerlesimi ise Ege Giibre’nin en
erken evresinde (MO 6200-6050), yuvarlak planli yapilarla baslayan iskina, sonraki donemde
dortgen binalarin da eklemlendigi goriilmektedir. Yuvarlak kisimlarin depolama igin kullanil-
mus olabilecegi belirtilirken, ayni zamanda yerlesimin 44 m uzunlugunda, 3-4 m genisliginde
ve tizerinde alti yuvarlak planli kulenin yer aldig1 bir savunma duvariyla ¢evrelendigi goriillmek-
tedir. Bolgede MO 6000 sonrasina uzanan tiim yerlesimlerde oldugu gibi, burada da kirmizt
astarli mallar, temel ¢anak ¢omlek grubunu olusturmaktadir (Ozan, 2012; Saglamtimur, 2012).
Yesilova ve Ege Giibre'nin MO 5700’lerde terk edildigi bilinmektedir. MO 6000’lerden itiba-
ren bahsi gecen yerlesimlerde canak ¢omlek gruplarinda, genis alanlara yayildigi bilinen kirmizi

astarli mallarin baskin oldugu goriiliir (Cilingiroglu, 2012).

Kuzeybati Anadolu Bélgesi’ne bakugimizda, Bahgelievler, Barcin, Mentese ve Aktopraklik yer-
lesmelerinin MO 6100 civari terk edildigi, Aktopraklik’in kisa bir hiatusun ardindan tekrar is-
kan edildigi goriiliir. MO 6100 6ncesinde Aktopraklik C ve Bahgelievlerde yuvarlak planli ku-
liibelerden olusan yerlesim modelinin aksine, Barcinda MO 6600’lere ulasan ve birbirine biti-
sik, camur ve ahsap kullanilarak insa edilmis binalar s6z konusudur (Gerritsen & Ozbal, 2016).
MO 6100 sonrasinda bolgede yerlesim modeli tamamen degismis, Aktopraklik ve Ilipinar'da
farkli bir konut mimarisi ve yerlesim anlayisi ortaya ¢ikmustir. Aktopraklik B alanindaki bu
yenilik, dnceki evreden bilinen dal 6rgii mimarinin yerini, giineste kurutulmus kerpicten kare
formda, igeriden de payandalarla desteklenmis konut mimarisinin almasidir (Karul, 2017).
Sonraki evrede bu konutlarin birlesik sekilde radyal bir plan olusturularak insa edildigi, yerle-
simin etrafinin ise bir hendekle ¢evrelendigi bildirilmistir (Karul, 2017). Ilipinarda benzer bir
yerlesim modeliyle karsilagilsa da yap1 malzemesi olarak dal 6rgii kullanilmistr (Roodenberg &
Alpaslan-Roodenberg, 2013). MO 6100’lerdeki doniisiimlere ganak ¢omleklerde kabartmali

5 Ozlem Cevik ile kisisel goriisme (Temmuz, 2022).
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ornekler ile uzak mesafe iligkilerine isaret eden impresso ve Balkanlardan bilinen kirmizi astar
iizerine beyaz bezemeli 6rnekler eklenebilir. MO 6100 6ncesi Barcin ve Mentese'de baskin olan
sigirin aksine, sonraki evrede koyun ve kecinin 6n plana ¢ikugi goriiliir. Bu durum cevresel de-
gisim veya niifus artgiyla iligkilendirilmistir. Diger yandan avcilik faaliyetleri de her dénemde
strdiirilmusgtir. Tarimsal aktivitede ise 6nemli bir degisim bu siiregte gozlemlenmemektedir
(Roodenberg & Alpaslan-Roodenberg 2013; Gerritsen & Ozbal, 2016; Karul, 2017). Bir ma-
gara yerlesmesi olan Gedikkaya'nin da Batt Anadolu’nun genelinde artan bu hareketlilik sirasin-

da iskina ugradig bilinmektedir (Sar1, 2024, 25).

Anadolu anakarasinin yakinlarindaki Gokgeada ve Dogu Trakyada cagdas yerlesimler incelen-
diginde Batu Anadolu geneliyle benzerlik tasiyan degisimlere rastlanmaktadir. Gokgeadadaki
Ugurlu-Zeytinlik yerlesmesinde (Sekil 2) MO 6200-6000 araliginda bir hiatus oldugu bildiril-
mistir. Bu tarihin ardindan materyal kiiltiir 6gelerinde izlenen kimi degisimlerin Anadolu ko-
kenli oldugu, dolayisiyla bu tarihlerde bir hareketlilikten s6z edilebilecegi dnerilmistir (Erdogu
vd., 2022). Dogu Trakyada, Asagi Pinar yerlesmesinin hendek (Ozdogan, 2023) ve Hoca
Cesme’nin de bir duvarla ¢evrelenmesi (Ozdogan, 2007, 415-146) Bat1 Anadolu yerlesmelerin-
deki benzer 6rneklerle cagdastir. Bu agidan MO 7.binyilin sonu ile MO 6.binyilin baginda Bati
Anadolu’nun bazi yerlesimlerinde oldugu gibi Dogu Trakyadakilerde de savunma unsurunun

onemine dikkat cekmek miimkiindiir.

Sonug

8.2 ka iklim degisikliginin kiiresel boyuttaki etkileri belirli 6l¢iide Anadoluda da gozlemlene-
bilmektedir. I¢ bslgelerde MO 7.binyilin ikinci yarisinin soguk ve kurak cevre sartlartyla karak-
terize oldugu goriilmekredir. Kiytya yakin bolgelerde 8.2 ka'nin, MO 6200 sonrasi siddetli his-
sedildigi anlagilmaktadir. Belirtildigi tizere yagis miktarindaki diisiise dayali olarak Anadoluda
ozellikle Dogu, Orta ve olasilikla Giineydogu Anadolu'da kurakligin etkisinin, Akdeniz, Bat
Anadolu, Marmara ve Karadeniz'e gore daha siddetli hissedilmis olmast dogaldir. Iklim ve
arkeolojik kanitlarin birlikte degerlendirilmesi sonucu, 8.2 ka sirasinda iklim degisikliginden
kaynaklanmasi muhtemel kiiltiirel dontistimleri ikiye ayirmak miimkiindiir. Bunlardan ilki
Giineydogu ve Orta Anadolu’yu igine alan ‘Birinci Etki Alan’ (bundan sonra BEA) ile Goller
Bolgesi, Orta Bat1 ve Kuzeybati Anadolu’nun dahil oldugu ‘fkinci Etki Alanidir (bundan sonra
IEA). Her iki etki alaninda da benzer degisimlere rastlanildigi diisiiniilmekle birlikte, farklilasan
cok belirgin unsurlar da s6z konusudur (Goz, 2019).

‘Birinci Etki Alanr’, Giineydogu ve Orta Anadolu’yu kapsayan bu alanda iklim degisikligi-
ne karst verilen sosyo-ekonomik tepkinin benzer oldugu goriilmektedir. MO 7.binyilin ikinci
yarisindan itibaren her iki bolgede de pastoral yasam big¢iminin daha fazla topluluk tarafin-

dan benimsendigi, 8.2 ka'nin ise bu doniisiim siirecini hizlandiran ve daha farkli bir noktaya
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doniismesine neden olan katalizér islevi gordiigii anlagilmaktadir. Giineydogu Anadoludaki
durum, tek bir yerlesim tizerinden izlenmesi zor oldugundan, Cezire de bolge kapsaminda ele
alinmistir. Iklim degisikliginin en siddetli hissedildigi MO 6200-6000 arasinda tiim bélge yer-
lesimleri terk edilmistir. Bu, genellikle diger bolgelere go¢ olarak tanimlansa da daha pastoral
veya agro-pastoral bir yasam modeline gegis siireci gz ardi edilmemelidir. Ozellikle Sumaki’nin
konar goger evresi, bu duruma iyi bir 6rnektir. MO 6200’lerden itibaren artan hareketlilikle
iligkili olarak, Kilikyadan Dicle’ye kadarki genis cografyada yogun etkilesime dair kanitlar soz
konusudur. Boyali ¢anak ¢émlek gruplari da topluluklar arast sembolik iletisim dilinin ¢iktist
olarak degerlendirilebilir. Ekonomik agidan koyun ve keci besiciligine yonelim, diger yandan
Cezire'deki merkezlerde biiyiik tahil depolari toplanan malin dagitim ve paylasimini denetleyici
materyal 6gelerin ozellikle MO 6100’lerde yogun olarak kullanildigi anlagilmaktadir. S6z ko-
nusu tahil depolari ve tolos planli konutlarin ilk asamada birbirinden bagimsiz ilerleyen gelisim
siireci, MO 6200’lerden sonra birleserek, bahsi gegen diger tiim 6gelerle birlikte Halaf olarak
bilinen dénemin genel karakteristik yapisini olusturmustur. Dolayisiyla 8.2 ka iklim degisikligi
MO 6500’lerden itibaren bolgede goriilen ve sozii edilen degisimlere ivme kazandirmis, MO
6.binyilda ortaya ¢ikan kiiltiirel manzaradaki bolgesel kiiltiir biitiinltigiiniin olusmasina katk:

saglamustir.

Kilikyada Yumuktepe'deki MO 6100-6000lerdeki hiatusun ardindan yerlesim modelinde agik
alanlardaki depolama birimlerinin artisa ge¢cmesi ve bugdaylarin uzun siire dayanmast icin ka-
vuzlariyla birlikte saklanmasi, dogudaki gelismelerle cagdastir. Kuzey Mezopotamyada ¢anak
¢omlek gruplarinda goriilen boyali mallara burada da rastlanir ve ancak genis bir bélgede yo-
gun etkilesime isaret eden KYAM’lar en yaygin gruptur. Volkanik Kapadokyada da MO 6300
sonrast yerlesim modelinin daha dinamik oldugu, MO 6000 civarinda depolama birimlerinde-
ki artisa, olasilikla aveilik ve ikincil Griinlerle karakterize ekonomideki yeni kaynak arayisinin
eslik ettigi goriilmektedir. Konya Ovas’'nda MO 6500°den itibaren goriilen kiiltiirel degisim-
ler, MO 6200 sonrasi daha radikal bir hal almis, Catalhdyiik’te batiya gegisle birlikte yeni bir
yetlesim modeli benimsenmistir. S6zii edilen bélgelerde oldugu gibi burada da gevresel strese
bagli olarak depolama birimlerinin 6ne ¢iktigi, ekonomik acidan ise sigirin evcillestirilmesi ile
kaynaklarin ¢esitlendirildigi anlagilmaktadir. Koyun/kegi siiriileri ve bunlar arasinda da ikin-
cinin 6n plana ¢ikarilmasi, kurakliga daha dayanikli olan tiire yatirim yapilmasi olarak yo-
rumlanabilir. Dogudaki paralel gelismelere ek olarak sembolik dgelerle bezekli ¢anak ¢omlek
gruplarinin ortaya ¢ikisi ve Konya Ovasi'nin genelinde yerlesim sayisindaki arus, topluluklar
arast yogun iletisimin bir sonucu gibi gozitkmektedir. Bu etkilesim MO 6500 sonrasi bolgede
goriilen pastoral topluluklarin hareketliliginin bir sonucu olabilir. MO 6000 sonrasinda ise tiim
merkezlerde benzer yerlesim modeline rastlanmasi, giiclii etkilesimin bir diger gostergesidir.
Ayrica Catalhdyiik’te, dogrudan canak ¢omlekler iizerinden elde edilen kanitlar da 8.2 ka ile

yasanan degisimi desteklemektedir.
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Tkinci Etki Alant, Giineydogu ve Orta Anadolu’nun aksine, Bati Anadoluda MO 6100 sonrast
goriilen kiiltiirel degisimleri ani olarak tanimlamak miimkiindiir. Iklim degisikliginin etkileri-
nin bélgenin yerel topluluklarinda herhangi bir ekonomik degisime neden olmadig: belirtil-
mekle beraber MO 6100’lerden itibaren yerlesimlerde terk, hiatuslarin ani yanginlarin ardindan
meydana geldigi ve bir¢ok yeni yerlesimin de bu tarihten sonra ortaya ¢ikugt goriilmektedir.
Terk edilen yerlesimlerin genellikle yerel karakterde kiiltiirel 6zellikler sergiledikleri, MO 6000
sonrasinda, mimari ve materyal kiiltiirde dogu etkilerinin izlendigi goriiliir. Bu siirecin ardindan
ortaya ¢tkan bir diger yenilik 6zellikle Géller Bolgesi yerlesmelerinde goriilen savunma duvar-
lartdir. Doguda artan hareketlilik ve 6zellikle MO 6200 sonrasi batiya dogru yasanan gogiin,
Bat1 Anadolu'daki yerel Neolitik topluluklart birtakim 6nlemler almaya ittigi, genel olarak soz
konusu dénemde bir beseri krizin meydana geldigi anlagilmaktadir®. Basta Dogu Akdeniz ki-
yilarinda yayilan impresso’lar, kirmizi astarli veya boya ve ¢izi bezekli canak ¢dmlekli gruplar ile
diger materyal kiiltiir 6gelerinin MO 6000 sonrast genis bélgelere yayilmast yogun insan etki-
lesiminin bir gostergesi olmalidir.” Diger yandan MO 5800’lerden itibaren Goller Bolgesi ve
Marmarada goriilen yerlesim modellerinin de Orta Anadolu’yla es zamanli oldugu anlagilmak-
tadir. Dolaystyla iklim degisikliginin MO 6000’lerde bélgenin genelinde sosyal agidan bir krize
neden oldugu 6ne siiriilebilir. Ancak bu Bati Anadolu’nun yerel Neolitiklesme siirecini kesintiye
ugratan ve daha dogu ozellikleri tastyan materyal kiiltiir 6gelerinin (kerpi¢ mimari, kil figiirinler,
miihiirler vd.) buraya yerlesmesine neden olan bir etkidir. Dolayistyla siklikla 6ne ¢ikarildiginin
aksine (Ozdogan, 2011a), masif bir gog etkisinin MO 6400°de degil, MO 6100-6000 araliginda
etkili oldugunu distindiiriir. Bu da Batu Anadolu’'nun neolitiklesmesine yol agmaktan ziyade,
zaten varolan yerel Neolitik yasam bigimini etkilemise benzemektedir. Keza hem Orta Anadolu
hem de Bat1 Anadoluda meydana gelen 6nemli kiiltiirel degisimler MO 5700/5500’lerdeki ki-
rilmaya kadar siireklilik gostermekte, bu tarihin ardindan kiiltiirel bir hiatus goriilmektedir.
Sonug olarak 8.2 ka sirasinda Anadolu’nun kendi i¢inde farkls siireglere sahne oldugu, iklim de-

gisikliginin de s6z konusu kiiltiirel degisimlere ivme kazandiran rolityle 6ne ¢iktigi 6nerilebilir.

Katki belirtme
Bu makale Trakya Universitesi'nde tamamlanan 8.2 ka Iklim Degisikliginin Anadolu'daki Kiiltiirel

Etkileri baglikli yiiksek lisans tez ¢alismasindan tiiretilmistir. Tezin danigmanligini yapmis olan
Prof. Dr. Ozlem Cevik’e tesekkiir ederim.

6 Bu veriler Clare vd. (2008)’de ayn: bolge icin topluluklar arasi catigmaya isaret eden kanitlar olarak
yorumlanmugtir. Ancak bu ¢alismada s6z konusu beseri krizin Bati Anadolu'nun genelinde mevcut oldugu
one siiriilmektedir.

7 DNA verileri de bu éneriyi desteklemektedir. MO 6000 sonrast bolgenin genetik yapisinda dogu etkisi
goriilmektedir (Mehmet Somel ile kisisel goriisme, NeoGen Sentez Calistay1, 21-23 Nisan, 2022 ODTU).
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Calculating the Age of an Olive Tree

Ali Ertan Iplik¢i®, Dilek Akyalgin Kaya®

Abstract

This study presents a mathematical model developed to estimate the age of olive trees in a
specific region. The decline of ecological systems has heightened concerns about the future of
agricultural production. Changes in olive trees due to global warming provide essential infor-
mation for environmental and ecological studies, making the sustainability of olive production
critically important. Determining olive tree age is central to this effort. Previous studies have
clearly demonstrated the limitations of annual growth rings and radiocarbon tests in determin-
ing the age of olive trees. To address these challenges, we propose a mathematical model based
on dendrometric variables to determine olive tree age, providing a practical and less invasive
approach to tree age estimations. Rather than determining the exact age of olive trees, our
model aims to define an average age range. This model will help identify olive trees that should
be prioritized for genetic resource research, cultural heritage preservation, conservation and

archacological studies.

Keywords: olive tree, age, dendrometric variables, Aegean, Izmir

Ozet

Bu ¢aligsma, belirli bir bolgedeki zeytin agaglarinin yasint tahmin etmek icin matematiksel bir
model gelistirmeyi amaglamaktadir. Ekolojik sistemin bozulmasi, tarimsal tiretimin gelecegini
yogun bir tartisma konusu haline getirmistir. Zeytin agaglarinin kiiresel 1stnmaya bagli donii-
simii, cevresel ve ekolojik calismalar icin 6nemli bilgiler saglamakeadir. Sonug olarak, zeytin
tiretiminin siirdiiriilebilirliginin saglanmasi arastrmacilar icin kritik 6nem tagimaktadir. Bu
nedenle, zeytin agaglarinin yasinin belirlenmesi merkezi konulardan biridir. Onceki galismalar,
zeytin agaclarinin yasini belirlemede yillik biiyiime halkalarinin ve radyokarbon testlerinin
sinirliliklaring agikea ortaya koymustur. Calismamiz, zeytin agaclarinin yasint belirlemek icin
dendrometrik degiskenleri kullanan matematiksel bir model gelistirerek aga¢ yast olctimleri
icin daha pratik ve daha az zararli bir yéntem saglamaktadir. Amacimiz, zeytin agaglarinin

kesin yasindan ziyade ortalama bir yas aralig belirlemek ve gen kaynaklari arasurmalarinda,
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kiiltiirel miras ve koruma alanlarinda ve arkeolojik ¢aligmalarda 6ncelik verilecek zeytin agac-

larini tespit etmektir.

Anahtar kelimeler: zeytin agact, yas hesaplama, dendrometrik degiskenler, Ege, Izmir

Introduction

This paper presents a mathematical model designed to estimate the age of olive trees in a spe-
cific region. The increasing frequency of global warming, drought, and environmental disasters
highlights the declining health of ecological systems. These anthropogenic crises have significant
impacts on olive trees, which are vital components of Mediterranean vegetation. Understanding
how olive trees transform under these challenging conditions is crucial for environmental and

ecological studies.

The degradation of ecological systems has sparked intense debate regarding the future of agricul-
tural production. Olive trees, essential to the economic and social fabric of the Mediterranean
region, face the risk of extinction. Olives and olive oil are not only crucial commodities in the
international market but have also been staple foods for Mediterranean populations since antiq-

uity. Therefore, ensuring the sustainability of olive oil production is a critical priority.

Olive trees are characterized by their exceptionally long lifespans. However, accurately deter-
mining their age using conventional dendrochronological methods proves difhicult. This chal-
lenge arises from their growth pattern, which involves trunk division rather than the continu-
ous expansion of a single solid trunk. Estimating the age of olive trees is fundamental to making
informed decisions regarding their conservation. Research in this area primarily addresses two

objectives: ecological and economic factors.

Researchers examining the effects of global climate change on olive trees have emphasized that
indigenous and resilient olive tree populations are at risk of extinction (see, e.g., Anestiadou
et al., 2017; for Cyprus, Chalak et al., 2014; for Lebanon, Gargouri et al., 2008, 2012; for
Tunisia, Mnasri et al., 2023). This underscores the urgency of developing effective adaptation
strategies by identifying olive tree gene sources and compiling genotype inventories. For ex-
ample, Sales et al. (2021) integrated ancient private genetics into future breeding programs to
recover lost diversity in traditional olive cultivars, emphasizing the need for investment in the

conservation of these valuable resources.

Economic studies on olive cultivation aim to improve both the productivity and preservation of
olive trees. These studies focus on conserving cultural heritage while promoting and developing
eco-tourism through the identification of ancient olive trees. Olive trees represent natural enti-
ties of exceptional aesthetic value, deeply rooted in the history and traditions of their regions.
Furthermore, the oil mills, factories, tools, and production techniques in olive-growing areas

are integral components of local cultural heritage. Integrating these elements into eco-tourism
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initiatives can contribute to the region’s economic structure. For instance, Kabassi et al. (2021)
developed a model to assess the cultural and physical value of trees for eco-tourism. Similarly, Efe
et al. (2016) identified monumental olive trees in Edremit, northwestern Tiirkiye, to facilitate
tourism development. Projects like the “Olive Route”™—part of the Peninsula Project of Izmir

Metropolitan Municipality—also aim to support the region’s rural economy and tourism sector.

Methods for Determining the Age of Olive Trees

Various methods have been employed to determine the age of olive trees, as outlined below. The
most common technique involves calculating growth rings (Cherubini et al., 2013). However,
determining and interpreting annual tree rings can be challenging for certain Mediterranean
species, especially olive trees (Cherubini et al., 2003). The internal structures of many wide-
stemmed olive trees are prone to deterioration due to wood decay. Nonetheless, researchers have
attempted to estimate a tree’s age with reasonable accuracy by using the number of the most
recent rings, even in cases where the tree’s interior is damaged or poorly preserved (Arnan et
al., 2012). For instance, Arnan et al. (2012) conducted a study using annual growth rings from
cores and sections of a limited number of trees. Their findings showed significant variation in
tree ring widths both within and between specimens, making it unfeasible to determine the age

of olive trees solely based on ring analysis.

Another challenge in dating olive tree rings is the lack of distinctly identifiable growth rings
and the frequent occurrence of additional intra-annual density fluctuations (IADF) during pe-
riods of drought or temperature variability. As a result, the growth ring measurement methods
currently used in dendrochronology, including the most advanced techniques, have been un-
successful in reliably identifying annual growth ring boundaries in olive trees (e.g., in Santorini,
Cherubini et al., 2013). The significant variability in results from a blind experiment conducted
by six dendrochronologists working within the same laboratory, along with four external expe-
rienced scientists, highlights the challenges of accurately determining growth ring boundaries

in olive trees (Cherubini et al., 2013).

Radiocarbon dating is another method that has been employed to estimate the age of olive trees
(Bernabei, 2014). This technique is primarily used for trees that are unsuitable for dendro-
chronological analysis; however, it cannot be applied to the innermost and oldest portions of
the trunk, as these typically decay and disappear over time (Ehrlich et al., 2017).

Additionally, researchers (e.g., Sahiner et al. 2020) used optically stimulated luminescence’

1 When an atom or molecule transitions from an excited state to its ground energy level, it may emit all
or a portion of its excess energy in the form of electromagnetic radiation, resulting in an observable light
emission from the system. This phenomenon of light emission is termed luminescence.
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(OSL) and infrared stimulated luminescence (IRSL) techniques on sediments collected from
around and beneath an olive tree to estimate its age. Their study found that effectively applying
OSL dating methods could allow for the establishment of an algorithm that correlates OSL age
with stem dimensions. Such a reference calibration curve could be developed locally for the
cultural landscapes of olive trees in various regions or countries, with the potential for wider
application. However, creating this calibration would require a significant number of OSL age

data points, whether applied locally or globally.

Contemporary methods such as three-dimensional X-rays, computer tomography, and analo-
gous techniques are designed to provide the most accurate determination of the age of a specific
olive tree. However, these methods cannot be universally applied to all olive trees or consist-
ently yield the anticipated precise results. Structural damage, cavities, and deterioration in the
trunks of centuries-old olive trees hinder the application of these methods to every specimen.
Additionally, the cost of implementing these techniques for individual trees must be taken into

consideration.

Consequently, researchers have calculated the age of trees by examining their morphological
characteristics. These studies aim to determine the age of monumental olive trees with a high
degree of certainty by correlating readily measurable biometric features (such as circumference,
diameter, canopy width, and area) with tree age (Arnan et al., 2012). Four key methods have

been developed to date.

The first is the algorithm established by Michelakis (2003). This model is predicated on the
determination of the olive tree’s average annual radius growth rate. Although this rate varies
between 0-3 mm/year depending on the tree species and the prevailing soil, climate, and nutri-
tional conditions in the region, it typically ranges from 0.8 to 1.5 mm/year. Upon establishing
this rate, an approximate estimation of the olive tree’s age can be derived based on data on the

circumference of the central solid trunk or the maximum radius.

A=r/0.8;A=1/1.5
(A = age of olive tree; r = radius)

The second algorithm was developed by Pannelli et al. (2010). The methodology described in
their study presented at the /V. National Mediterranean Plants Conference in 2010 and employed
by Ninot et al. (2018) is as follows:

A =5.2983x + 54.431
(A = age; x = radius at 1.0-meter height [in cm])

The method developed by Arnan et al. (2012) was predicated on a linear relationship between

the age of the olive tree and its circumference at a height of 130 cm.
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A=211x+ 88.93
(A = age; x = circumference at a height of 1.3 meters [in cm])

And lastly, the mathematical equation proposed by Koniditsiotis (2020) is based on the circum-

ference of the olive tree.

A=26.87+99.7 x P [m]

(A = age of olive tree, P = olive tree circumference [in meters]).

Among these, the most comprehensive study was conducted by Ninot et al. (2018) in Spain.
This research encompassed an inventory of over 4,500 olive trees in northeastern Iberia, with
the objective of cataloging and preserving genetic, natural, and agricultural values, as well as
protecting endangered and ancient genotypes. For each specimen, the researchers recorded the
trunk circumference at ground level and at 1.30 meters above the ground (PBH: circumference
at breast height), canopy height, and diameter. Additionally, olive trees meeting the criteria for
monumental status were identified. The ages of the olive trees were calculated using the three
distinct algorithms mentioned above. The researchers concluded that the results obtained from
the Pannelli et al. (2010) and Arnan et al. (2012) algorithms demonstrated greater concord-
ance, while the Michelakis (2003) algorithm yielded comparatively higher age estimates.

Petruccelli et al. (2021) applied these methods to determine the age of the monumental Olivo
della Strega tree located in the olive grove of the Santissima Annunziata church in Magliano
(Grosseto, Italy) and demonstrated that the tree’s age ranges from 718 to 992 years. Schicchi
etal. (2021) investigated the morphological characteristics of the most significant olive trees in

Sicily and emphasized their importance as components of “biocultural heritage.”

These studies demonstrate that the morphological characteristics of olive trees are significant
for estimating the tree’s age. However, the studies conducted thus far maintain a constant
growth rate and, consequently, have large margins of error (Yazbeck et al., 2018). This study
addresses this limitation by using a mathematical model based on dendrometric variables such
as circumference, diameter, and area. Specifically, as the tree grows, its circumference and di-
ameter increase, allowing age estimation through the calculation of growth rates. According to
Ismaili and Veshaj (2014), circumferential growth increases concurrently with age (P1 < P2 <
P3), while annual thickening decreases concurrently with age (P1 > P2 > P3). Furthermore,
the circular growth rates of trees exhibit an inverse exponential relationship, wherein the rings
near the center are wider than those near the bark. Consequently, the growth rate based on
linear functions will overestimate the tree’s age (Bernabei, 2014). Therefore, the initial stage
of our calculation involves developing a model of the average annual growth rates of the olive
tree based on circumference and area calculations. Once this model is established, the age and

variety of olive trees in the same region can be determined.
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Materials and Methodology

Location

The material used for this research was obtained during the 2015 “Olive Route” inventory
expedition organized by the Izmir Metropolitan Municipality and the Zeytince Association
for Supporting Ecological Lives. Data collected during the second phase of the expedition

(September-October 2015) was employed for this study (Figure 1).

Sampling

We have sampled 30 olive trees of the Erkence variety, indigenous to the region, located in the
Kuscular and Kadiovacik villages of Urla district, Izmir province. Specific information about
watering and pruning intervals and the soil structure is unavailable. However, a method was
developed using two calculations based on the annual circumference and area growth rates of
olive trees with known planting dates. This methodology was also employed in Bernabei’s study
(Bernabei, 2014). Given that the trees are of the same species, grow in the same geographical
location, and their growth rates correspond to the early developmental stages of olive trees, the
59- and 80-year-old olive trees selected as references provided valuable data concerning their

growth rates (Figure 2).

An olive tree located in Urla-Kamanli is utilized as a comparative reference for the olive trees
under examination. This specimen exhibits a diameter of 3.08 meters and a circumference of
9.5 meters and has been grafted with the Erkence variety. It is considered one of the oldest olive
trees on the peninsula and one of the few specimens where systematic archaeological surveys
have been conducted in its vicinity. Archaeological surveys conducted on the peninsula from
2006 to 2022 aimed to explore the ancient rural landscapes (www.klasp.net). Systematic field
surveys documented more than 500 archaeological sites, including rural settlements (villag-
es, hamlets, and farmsteads) that possess low surface visibility and are challenging to identify
(Koparal et al., 2017; Turner et al., 2021). According to the testimonies of the archacologists
who conducted intensive field surveys at Kamanli, pottery dating from the early Archaic to the
Byzantine period was recorded, providing a chronological range from the 6* century BCE to
the 13% century CE.? Based on this evidence, it is estimated that the ancient olive tree has an

age range of 2300 +700 years.

Olive trees in conjunction with agricultural terraces constitute resilient features of historical rural

landscapes. The KLASP project led by Prof. Dr. Elif Koparal (MSGSU, Istanbul) in collaboration

2 'The authors express their gratitude to Prof. Dr. Elif Koparal for providing this information.
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with Newcastle University and the McCord Landscape Center® implemented a sampling strat-
egy utilizing agricultural terraces and established olive groves to identify short-term rural sites
with low surface visibility. Samples were collected from terraces at three locations and dated
using Optically Stimulated Luminescence (OSL). An OSL device, coupled with gamma dosim-
etry, was employed to contextualize soil-sediment stratigraphies on-site and directly relate them
to the associated terraces. This approach demonstrated an efficient method for dating complete
sediment profiles. Detailed examination of the formation sequences of terrace systems indicates

that terraces persisted over numerous centuries as a resilient landscape feature.

In Urla, samples were taken from three locations near ancient rural settlements dating to dif-
ferent periods identified by the Urla-Cesme Peninsula Survey Project through the presence of
terraces, ancient olive trees, and ceramic scatters. The OSL dates obtained from construction
deposits suggest the terrace systems were constructed after 1120 +130 CE; apparent ages based
on profiling samples suggest soils continued to accumulate from the 11% or 12 centuries
through to the 17*-18" centuries CE. A contrasting system of braided terraces was sampled at
Granseki, approximately 1 km west of the modern village at Kadiovacik. OSL dating suggested
construction in the 8 century CE. A third location was sampled on the northern edge of the
Barbaros-Ciftlik plain, where a Classical farmstead had been identified through a field survey.
OSL profiling beneath a field wall on a low earthwork at this site showed soil accumulation
from the later Middle Ages onwards (1340 +140 CE) until the field wall was constructed in
the 18" century (Turner et al., 2021). The dates obtained from the terraces displaying various
morphologies indicate that they were constructed no later than the Middle Ages and continued
to be used into the post-medieval periods. Dating olive trees in the old groves near the terraces
and rural sites has significant potential to elucidate past rural landscapes and present a refined
chronology for determining rural settlement patterns. This dataset provides valuable informa-
tion for discussing the environmental, social, and cultural dynamics that influenced shifts in

settlement patterns.

Results

Calculating the Average Age of an Olive Tree with Circumference

Trees with known planting dates were used as a baseline to determine the age of olive trees.
Based on information obtained from individuals who planted Erkence variety olive trees in the

Izmir-Urla region, an olive tree with an average circumference of 125 c¢m is 59 years old, and

3 2016-2019 British Academy Newton Award, “Unlocking the Ionian Landscape: Historic Landscapes of
Urla-Cesme Peninsula” 01 September 2016-31 August 2019, Director: Prof. Dr. Elif Koparal (Mimar Sinan
Fine Arts University); Co-director: Prof. Dr. Sam Turner (Newcastle University, UK).
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an olive tree with an average circumference of 150 cm is 80 years old. The growth units can be

calculated by dividing the trees” circumference by age.

Abbreviations: circumference = C; growth unit = GU.
GU = C + age

GU59 = 125 cm + 59 years = 2.1186 cm/age

GU80 = 150 cm + 80 years = 1.8750 cm/age

In an olive tree, as the circumference (C) increases, the growth unit (GU) decreases. To calculate
the growth unit rate (GUR) for the two trees with a twenty-five-centimeter growth rate, we

divide the growth unit of the older tree by the growth unit of the younger tree.

Results:
GUR1 = GU80 = GU59
=1.8750 + 2.1186 = 0.88502.

For ancient trees of indeterminate age and circumference, it is prudent to assume a growth unit

rate (GUR) of 0.99999.

Example:

Consider the growth units (GU) of two olive trees of substantial age and circumference as fol-

lows:

Circumference + age = 0.20000 GU
Circumference + age = 0.19999 GU
GURx =0.19999 + 0.20000 = 0.9999

Alternatively:

Consider the growth units (GU) of two olive trees of substantial age and circumference as fol-

lows:

Circumference + age = 0.1 GU
Circumference + age = 0.09999 GU
GURx = 0.09999 = 0.1 = 0.99999.

Consider a scenario in which an olive tree exhibits growth 74 times in intervals of 25 cm.
Multiplying these 25 cm periodic growths by 74 yields the total growth. This factor of 74 can
be adjusted as necessary. Ultimately, the discrepancy between the resulting graph lines will be

minimal.
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Commencing with the sum of consecutive numbers:
n(n+l) + 2 =74 (74+1) + 2 = 2775
By subtracting the differences in the decrease in the growth unit we obtained (the decrease in

the growth unit we assumed to be 0.99999 for trees with large age and circumference from the

decrease in the growth unit we obtained from trees with a circumference of 150 cm and 125 cm):
GURt = GURx - GURI1
0.99999 - 0.88502 = 0.11497 GUR«.

The GURt we obtained is the sum of the decreasing growth unit rates as the tree’s circumference

increases.

The minimum decrease in the growth unit can be determined by dividing the obtained GURt

by the consecutive sum of 74 increments of the periodic growth of 25 cm by 74 times.
0.11497 + 2775 = 0.00004143 difference in growth unit rates (GURd)

The difference between the GUR of 125 cm and 150 cm circumference growth was calculated
as 0.88502. Given that the difference in the reduction of the growth unit is greater for young

trees, the minimum reduction (0.00004143) is multiplied by 73.
0.00004143 x 73 = 0.003024 This result represents the difference in the growth unit (GUR175)

of a tree with a circumference of 175 cm.

We subsequently add this figure to 0.88502 (GUR1).

GUR(175) = 0.88502 + 0.003024 = 0.888044

When this value is multiplied by 1.8750 GU, which is derived from dividing the tree circum-

ference of 150 cm by 80 years, we obtain the GU175 necessary for determining the age of a tree

with a circumference of 175 cm.

GU150 x GUR(175) = GU175

1.8750 x 0.888044 = 1.66508 GU175

175 cm tree circumference divided by the obtained unit:
175 = 1.6651 = 105.09 - 105 years old.

Replicate the aforementioned procedure

0.00004143 x 72 = 0.0032983 + 0.888044 = 0.891027
0.891027 x 1.66508 = 1.4836

200 + 1.4836 = 135 years,

0.00004143 x 71 =

0.00004143 x 1 = identical operations are performed.
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When constructing the graph functions in the table (Table 1), we commence with the known
circumference units of 125 cm and 150 cm. We plot the function lines per the tree in Kamanli,
Urla, Izmir, which has a circumference of 950 cm and an estimated age of 2300 +700 years.
The circumference (cm) is based on the units obtained at the points where the graph function
lines intersect (these units were established using 74 increments, which can be adjusted; this
modification slightly alters the position of the graph lines) to approximate the average age of

the trees (Figure 5).

Table 1. Identifying units to calculate the age of a tree with its circumference.
Arrows show that the results are multiplied by the preceding unit to determine
the subsequent unit. Circumference measurements and the units obtained are recorded
on the chart (Figures 3 and 4) in 25 cm increments.

2.1186
0.00004143 * 73 = 0.003024 + 0.885020 = 0-888044 * 1.8750 = 1.66508-__ 1.8750
0.00004143 * 72 = 0.002983 + 0.888044 = 0891027 * 1.66508 = 1.48363_ 1:6651
0.00004143 * 71 = 0.002941 + 0.894027 = 0.893968 * 148363 = 1.32631 | T:4836
0.00004143 * 70 = 0.002900 + 0.893968 = 0.896868 * 1.32631 = 1.18952 | 1.3263
0.00004143 * 69 = 0.002858 + 0.896868 = 0.899726 * 1.18952 = 1.07024 | 1.1895
0.00004143 * 68 = 0.002817 + 0.899726 = 0.902543 * 1.07024 = 0.96593 | 1.0702
0.00004143 * 67 = 0.002775 + 0.902543 = 0.905318 * 0.96593 = 0.87447 | 0.9659

NN RN

71 1 0.00004143 * 08 = 0.000331 + 0.995400 = 0.995731 * 0.09445 = 0.09404 0.0945
72 0.00004143 * 07 = 0.000290 + 0.995731 = 0.996021 * 0.09404 = 0.09366 0.0940
73 1 0.00004143 * 06 = 0.000248 + 0.996021 = 0.996269 * 0.09366 = 0.09331 0.0937
74 0.00004143 * 05 = 0.000207 + 0.996269 = 0.996476 * 0.09331 = 0.09298 0.0930
75 0.00004143 * 04 = 0.000165 + 0.996476 = 0.996641 * 0.09298 = 0.09266 0.0927

Calculating the Average Age of an Olive Tree with Its Area

In addition to the olive trees used for circumference calculation, specimens from the Yuvarlak
area in the Kadiovacik village (Urla, Izmir) were employed to estimate the average age based on
the area they cover. According to local cultivators, olive trees with an average circumference of

88 cm are 32 years old, while those with an average circumference of 135 cm are 65 years old.

Trunk or neck measurements reveal that olive trees occupy an irregular area. The area is cal-
culated by obtaining measurements from the necks (1-3 cm above the ground) of olive trees.
These measurements are taken on a surface parallel to the ground on flat terrain and perpendic-

ular to gravity on sloping terrain.
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Olive trees with identical circumferences but with circular or elliptical necks exhibit slight dif-
ferences in the area they occupy. Consequently, the area they occupy is approximated as a circle

for calculation purposes.

Proceeding with the calculation:

Abbreviations:

AAG (annual area growth);

AAGD (annual area growth difference);

AAGDd (annual area growth difference decrease);
AAGR (annual area growth rates);

AAGRp (percentage of annual area growth rates);

AAGRpd (percentage of decrease in annual area growth rates).

First stage:

The difference in annual area growth for an olive tree with a circumference of 88 cm at age 32

to have a circumference of 135 cm at age 65:
AAG135 - AAG88 = AAGD (135-88)
22.3103 - 19.2577 = 3.0526 cm?®

Difference of circumference measurements:

135-88 =47 cm

Derived from the sum of consecutive integers:

n(n+l) + 2 =47 x 48 + 2 = 1128.

AAGDd = AAGD + 1128

3.0526 + 1128 = 0.002706206 cm?

AAGD = AAGDd x 47

AAGD = 0.002706206 cm? x 47 = 0.127191667 cm?.
AAGS89 = AAG88 + AAGD89

=19.2577 cm? + 0.127191667 cm?

=19.38489167 cm?.

The subsequent AAG90 and other values are determined using the aforementioned method

(Table 2).
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Table 2. Calculation of annual area growth in olive trees between 32 and 88 years of age

using known age and circumference data (the colors show the difference in

25 cm. of growth).

AAG89=AAGS88+AAGD

Circumference | Differencein | AAGDd => Annual area growth

(cm) circumference | *47,46,...,1 relative to the circumference

88 19.2577 32

89 47 0.127191667 19.38489167

90 46 0.124485461 19.50937713

91...108 45...28

109 27 0.073067553 21.36042181

110 26 0.070361348 21.43078316

111 25 0.067655142 21.4984383

112 24 0.064948936 21.56338723

113 23 0.06224273 21.62562996

114 22 0.059536525 21.68516649

115...133 23...3

134 2 0.005412411 22.30759379

135 1 0.002706206 22.3103 88
Total = 3.0526

It was previously established that AAG88 = 19.2577 and AAG135 = 22.3103.

Upon consultation of Table 2, it was determined that AAG110 = 21.4308 and AAG113 =
21.6256.

Second stage:

Based on these results, we calculate the annual area growth rates corresponding to a circumfer-

ence increase of twenty-five centimeters.

AAGR(113,88) = (21.62563-19.2577) + 19.2577 = 0.122958609 (12.3%)
AAGR(135,110) = (22.3107-21.430783) + 21.430783 = 0.041039065 (4.1%)
The mean of these growth percentages

AAGRp = [AAGR(113,88) + AAGR(135,110)] + 2

=(0.122958609 + 0.041039065) + 2

=1.63998 + 2

=0.081998837.

This growth percentage is expected to decrease as the tree’s circumference and area increase.
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Consequently, we divide by 614 and subtract the resulting value from the growth percentage to

determine the subsequent growth percentage.

The following operations are performed in sequence:
AAGRpd = AAGRp + 61

=0.0811998837 + 61

AAGRpd = 0.001344243

AAGRp125 = AAGRp - AAGRpd
AAGRp125=0.0811998837 - 0.001344243 = 0.080655
Divide AAG125 by 100,

20.3227 = 100 = 0.203227

Multiply the result by AAGRp125.

AAGRdd125 = 0.203227 x 0.080655 = 0.016391

For a tree with a circumference of 125 cm, this calculation yields the decrease in the difference

of annual area growth rates.

Calculate the AAGD125-100 for trees with circumferences of 125 cm and 100 cm.
AAGD125-100 = AAG125 - AAG100 =

AAGD125-100 = 21.0737 - 20.3227 = 0.751

To determine AAGD125

Subtract AAGRdd125 from AAGD125-100.

0.751 -0.01691 = 0.734609

The calculation is similarly performed for a circumference of 150 cm.

For AAG150, the sum of AAG125 and AAGD125 is computed.

The result yields AAG150 = 21.0737 + 0.734609 = 21.8083.

The tree’s age is estimated by dividing the area of the tree by the annual growth area.

Tree area / annual growth area = Age

4 In the olive tree age determination table, the 25 ¢cm increments of the circumference will be multiplied 61
times. This number can be increased if necessary.
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Table 3. Calculating the mean age of olive trees by area calculation.

= T
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¥ . ;

g g zE g

& = v 5 3

g S 3 % 1]

= -~ o

& & g 7 &

5 S = i> 3

100 |0.001344243 20.3277

125 0.080654594 |0.203227 0.016391191 | 21.0737 0.751 0.734608809

150 0.079310351 10.210737 0.016713625 | 21.80830881 | 0.734608809 | 0.717895184 |82.0997 | 1790
175 0.077966107 |0.218083088 | 0.017003089 | 22.52620399 | 0.71789184 |0.700892094 | 108.187 | 2437
200 0.076621864 |0.225262204 | 0.017259997 | 23.22709609 | 0.700892094 | 0.683632097 | 137.034 | 3183

These operations are performed for periodic circumference increments of 25 cm (Table 3).

A comparative analysis of age calculations based on both circumference and area is shown in

Figure 6.

Conclusion

Previous studies pointed out the limitations of using annual growth rings and radiocarbon
dating to determine the age of olive trees. To overcome these challenges, we developed a math-
ematical model based on dendrometric variables, providing a more practical and less invasive
method for measuring tree age. This method aims to estimate an average age range rather than
detecting the precise age of olive trees. It is designed to help identify specimens that could be
prioritized for research on genetic resources, cultural heritage conservation, and archaeological

studies.

The mathematical model we created for estimating the age of olive trees does not consider
tree-specific variables such as pruning, irrigation, and fertilization, nor does it consider the im-
pact of regional or global factors such as wars, droughts, or volcanic eruptions. As a result, the

model necessitates the use of wide age ranges.

This model can be utilized to estimate the age of monumental trees based on trees of known age
in a specific region. However, for this model to be applicable in different geographical areas, it

requires knowledge of the exact age of some trees within that region.

The accuracy of this model can only be validated through additional sampling, and it can be
refined through further calculations. As soil analysis and similar technological advancements
are integrated into scientific studies, we anticipate gaining more precise results in tree age esti-

mation, thereby enhancing the opportunities to evaluate the accuracy of this model.
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Google Earth

Figure 2.
The olive tree in
Kamanli-Urla

(photo by Ali Ertan Iplikgi).
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First Pekmez and Later Wine

Udo Hirsch?

Abstract

When it comes to the origin of wine, two distinct narratives can be identified. The first pertains
to wine and grapes (from the cultivated vine known as Vizis vinifera ssp. vinifera), as described
in general terms by botanists, archacologists, and other scientists. This narrative begins be-
tween the 5 and 4™ millennium BCE with the rise of urbanism. Large settlements, organized
by elites who could afford to cultivate vines on temple grounds or in royal gardens, along with
the emergence of trade centers in the Southeast Asia and Mediterranean, provide evidence for
the widespread use of grapes. Wine was consecrated to rulers in heaven, sacrificed by both
religious and secular powers, and used in important funerary rituals. Until around 1200 BCE,

wine remained the alcoholic beverage of the elite.

The second narrative originates from Georgia. During excavations of an early Neolithic set-
tlement of the Shulaveri-Shomu culture (6000-5400 BCE) in the southern Caucasus, about
60 years ago, Georgian archacologists identified grape seeds from what appeared to be culti-
vated grapes in the earliest strata. Another significant find was a large clay pot with a pattern
resembling grapes. This pot (a kvevri, a traditional Georgian clay wine container) is considered
to be the first and oldest of its kind in the world. Some grape seeds, as well as residues of tartar-
ic acid found on pot sherds, are thought by some scholars to serve as markers for grape wine.
Based on these discoveries, the narrative shifted to a widely accepted belief that the invention
of viticulture, or the production of wine, originated in Georgia and spread through the South-
east Asia to Europe. However, recent research and discussions suggest a need to reconsider
these assumptions. It is argued in this paper that the first product derived from grapes may

have been pekmez (grape molasses) rather than wine.

Keywords: Vitis vinifera ssp. silvestris, pekmez, grapevine, prehistory, southern Caucasus

Ozet

Sarabin kokeni soz konusu oldugunda, karsimiza iki anlat ¢ikar. [1ki, botanikgiler, arkeologlar
ve diger bilim insanlari tarafindan genel hatlariyla tanimlanan sarap ve tziimle (Visis vinifera

vinifera adli kiiltiir asmasindan) ilgilidir. Bu anlatt MO 5. ve 4. binler arasinda sehirciligin
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ortaya ¢tkistyla goriliir. Tapinak arazilerinde ya da kraliyet bahgelerinde asma yetistirmeyi goze
alabilen elitler tarafindan organize edilen biiyiik yerlesimlerin yani sira Orta Dogu ve Akdeniz
tilkelerindeki ticaret merkezlerinin ortaya gikigi, Giziimiin yaygin sekilde kullanildigina dair
kanitlar sunmakeadir. Sarap, cennetteki hitkiimdarlar icin kutsanir, dini ve sekiiler giigler ta-
rafindan 6nemli cenaze torenlerinde kullanilirdi. Yaklasik MO 1200¢lere kadar iiziim sarab:

seckinlerin alkollii ickisiydi.

Ikinci anlat1 ise giiniimiiz Giircistan topraklarindan gelmektedir. Giiney Kafkasyadaki erken
Neolitik Shulaveri-Shomu kiiltiiriine ait yerlesmede (MO yak. 6000-5400) yapilan kazilar-
da, arkeologlar, erken tabakalarda yetistirildigi anlagilan tiziim ¢ekirdekleri bulmuslardir. Bir
diger 6nemli buluntu ise tizerinde {iziime benzeyen bir desen bulunan biiyiik bir kil kaptur.
Bu kap (kvevri, gelencksel bir Giircii kil sarap kabi), diinyada tiirtiniin ilk ve en eskisi olarak
kabul edilir. Kap parcalarinda bazi tiziim ¢ekirdeklerinin yani sira tarcarik asit kalinulari da
bulunmustur ve bunlar bazt aragtirmacilar tarafindan tizim sarabinin gdstergeleri olarak ka-
bul edilmektedir. Bu buluntulara dayanan anlati, sarap iiretiminin icadinin (diinyadaki ilk
bagcilik) Giircistandan Orta Dogu’ya ve oradan da Avrupa’ya yayildigina dair yaygin bir in-
anca doniigmiistiir. Ancak son zamanlarda yapilan arastirma ve tartusmalar bu varsayimlarin
yeniden gézden gecirilmesini gerektirmektedir. Bu makalede, iziimden elde edilen ilk iiriiniin

sarap degil pekmez olabilecegi onerilmekeedir.

Anahtar kelimeler: Vitis vinifera ssp. silvestris, pekmez, tizim bagi/asma, tarih dncesi, giiney
Kafkasya

Introduction

The Grapevine in the Neolithic Period of the Southwest Asia

For a long time, the Fertile Crescent was known as the region in which hunters and gatherers
settled down after pioneering the cultivation of plants and domestication of animals. Today we
know that hunters and gatherers settled down first, turning into harvesting peoples living off
the rich natural resources. Changes in climate, demography and culture triggered the economy
of hunters and gatherers to transform into arable farming and animal husbandry over a long

process of thousands of years.

A brief look at the chronological development in the Southwest Asia starts with foraging groups
of the Levant up to the Taurus-Zagros region and the south Anatolian coast during the Late
Epipaleolithic, (12.000-10.000 BCE). Following this, from 9700-8700 BCE, the Pre-Pottery
Neolithic A (PPNA) period in the Levant and the northeastern Fertile Crescent reveals both
hunting and gathering as well as indicating the first appearance of domesticated forms of crops
in the Fertile Crescent (Van Zeist & Bottema, 1991; Colledge, 1998, 2001; Willcox et al.,
2012; Weiss, 2015). From 10.000 to 7000 BCE the size of populations and the number of
settlements increased significantly. During the Pre-Pottery Neolithic B (PPNB) period (8700-

7000 BCE) mixed forms of agriculture emerged, based on cereals and pulses as well as sheep/
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goat husbandry. The cultivation of plants becomes dominant and widespread (Asouti & Fuller,
2013). The changes mentioned above in the Southwest Asia are reflected in archaeobotanical
findings in various publications (Colledge, 1998, 2001; Willcox et al., 2012; Asouti & Fuller,
2013; Fuller & Stevens, 2019; Weide et al., 2022).

Wild Grapevines in Early Settlements

To find hints about the existence of the early grapevine, it was researched by the author in 63
excavation reports of some of the earliest Neolithic settlements in the Southwest Asia, from
12.000 BCE in the southern Levant up to about 6000 BCE in the southern Caucasus. In the
selection of the 63 settlements, preference was given to reports that provided the most compre-
hensive information about climate, environment, and typical habitats. For a better understand-

ing, several publications have been used for some of the 63 settlements.

Some of the 63 researched early settlements existed in grass steppes and forest steppes and, to
a much lesser extent, near gallery forests. Characteristic of the grass steppe are large varieties of
wild grass, wild cereals and pulses. On the open forest steppe, the grapevine would have had
little chance. The abundance of large herbivores in this zone, like gazelle, sheep, goats, aurochs
and donkeys, would mean that a grapevine with its large, soft leaves would have been grazed
well before it could have found its way to safety by climbing up the occasional tree. The wild
grape could survive much better in gallery forests, which were found mainly in small side-val-
leys such as those of the tributaries to the Euphrates and Tigris. On the northern slopes and
especially where steep slopes made access difficult for larger animals, the wild grapevine could

grow tall on trees.

The excavation reports studied provide ample information on the grasses, plants, trees and fruits
found. However, Vizis benchmarks are rare: at most 2-4 grape seeds and a few charred pieces
of wood and often located in or about gallery forests. Charred seeds and carbonized pieces of
wood were found in only 12 out of the 63 settlements studied (Figure 1). The other settlements

were probably not located in landscapes suitable for the wild grapevine (Fuller, 2018).

The late Natufian period (9300-8500 BCE) coincides with the substantially cooler and drier
conditions of the Younger Dryas epoch. This period may have experienced a retraction of the
park and steppe woodland belt and its rich food resources (Garrard, 1999; Asouti, 2017). In the
meantime, structural arrangements in housebuilding and the use of tools changed in the sites
of the southern Levant (Valla, 1995). Until recently, the central area of the Fertile Crescent was
the core center for the cultivation of grains and pulses and the domestication of goats, sheep
and cattle (Figure 2). But Southwest Asia is now considered a zone where multiple centers
developed for plant cultivation and animal husbandry (Fuller et al., 2011; Arranz-Otaegui et
al., 2016; Bar-Yosef, 2017; Ergun et al., 2018; Stiner et al., 2018). Skills and experience spread
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across the Mediterranean first to the west very early on and later to the north and east. In sum-
mary, the available archaeological archives do not provide clues to indicate an extensive cultiva-

tion or even use of the grapevine despite the apparent success in the cultivation of other plants.

Archaeological Background of the Southern Caucasus

It is assumed that the climatic changes taking place between 8200 and 6200 cal. BCE con-
tributed to migration. It was becoming warmer and more humid. The tree line shifted north
(Wick et al., 2003) and the first settlements in the southern Caucasus emerge at the end of the
7% millennium cal. BCE (Japaridze & Javachischwili, 1971).

The villages which emerged in the southern Caucasus, included settlements in today’s Georgia,
Azerbaijan, and Armenia. These are referred to as the Aratashen-Shulaveri-Shomu culture. The
settlers probably came from the south or the southwest and brought with them their domes-
ticated animals as well as cultivated food plants, mostly cereals and pulses. In the 1960s, ex-
cavations began at some of these Neolithic settlements in Georgia, Armenia and Azerbaijan
which have continued, with major interruptions, to this day (Japaridze & Javachischwili,
1971; Ramischvili, 1997; Lordkipanidz, 2002; Badalyan et al., 2007; Bastert-Lambrichts,
2010; Lyonnet et al., 2012; Hovsepyan, 2015; Nishiaki et al., 2015a; Hansen & Ullrich, 2017;
Lyonnet, 2018; Nishiaki et al., 2018; Marro et al., 2019; Nishiaki, 2021; Palumbi et al., 2021).

The houses of the Shulaveri-Shomu settlements in Georgia are circular with a maximum diam-
eter of between 3 and 5 m. The houses had no fireplaces for cooking or heating in the winter.
They were also very sparsely equipped. The daily activities were carried out in the courtyard.
The small depots, built in the courtyard, were probably used for food storage. This construction
method is surprising because at this time of the southern Caucasus Neolithic period rectangular
rooms with fireplaces and rich equipment inside the rooms had existed already for more than
2000 years in other places in the Southwest Asia (Bastert-Lambrichts, 2010). It might be possi-

ble that some of the Shulaveri-Shomu settlements were only used seasonally.

During the excavations of the settlements of the Shulaveri-Shomu culture (5800-5400 BCE),
indications were found of the use of grapes. The most relevant evidence points to seeds of
grapes; the presence of tartaric acid; a large, decorated clay vessel (called a kvevri in Georgian);
the highest number of grape varieties in the world; and pollen from grape vines. This cluster
of findings from archaeological and biomolecular investigations permitted Georgian scientists
(Ramishvili, 1997) to claim that people in Georgia already grew vines in Neolithic times and
stood at the inception of a continuous 8000-year-old wine culture and indicated that Georgia
was the cradle of wine in the world (McGovern, 1999, 2003; This et al., 2006; Terral et al.,
2010; Forni, 2012; Lyonnet et al., 2012; Hovsepyan, 2015; Maghradze et al., 2016; Rova,
2024). Ramishvili (1997) noted that 10 grape seeds were found in 1965 during excavations
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at Dangreuli Gora, one of the settlements of the Shulaveri-Shomu culture, in various places
on a tamped clay floor. These seeds, having characteristics of cultivated grapevines, were dated
at that time to 5000-3000 BCE and were estimated to be the oldest grape pips not only in

Georgia, but on the entire Euro-Asian continent.

The biomolecular archaeologist McGovern (1999) stated that this earliest Neolithic evidence
for the beginning of a true wine culture, in which wine dominated social and economic life,
originates from Georgia. The Shulaveri Gora site south of Thbilisi yielded what could well be the
oldest cultivated grape seeds dating from 6000 BCE. The botanist Rusishvili (2010) examined
and determined the morphological properties of grape seeds found during the excavations of
several other Neolithic and later settlements in Georgia. These included seeds which they re-
ferred to as the seeds of cultivated grapes. These uncarbonized seeds came from the Neolithic

settlement Shulaveri Gora (Ramishvili, 2001).

Later, almost all of the grape seeds found during the excavations of the Shulaveri-Shuma set-
tlements in Georgia (Bouby et al., 2021) were 14C dated for the first time. But instead of the
expected Neolithic date, the seeds from the Neolithic level of Gadachili Gora, central Georgia,
along the Kura River proved to be modern. McGovern and their colleagues (2017) stated that
two uncarbonized grape seeds at Gadachili Gora does not confirm that a seed from a Neolithic
layer is Neolithic in date. Examination of the context showed the seeds were in an animal bur-
row or tunnel extending into Neolithic levels, about 1.5 m below the surface, and were found
with various other seeds, including carbonized and uncarbonized wheat and barley. The two
uncarbonized grape seeds from the 2012-2013 excavation of the site proved to be modern.
Uncarbonized grape seeds from the other sites were also dated recently, including one of the
eight specimens from Dangreuli Gora, south of Tbilisi. and two from the Gudau River deposit
from the northwestern part of Georgia believed to be of Neolithic date. These uncarbonized
seeds were also modern, one uncarbonized seed from Anaklia, west Georgia and another car-
bonized specimen from Pichori, also west Georgia, proved to be truly ancient, having consistent
archaeological and radiocarbon dating in the Middle Bronze Age (Bouby et al., 2021). The only
other carbonized seed in the corpus that was ancient was from Arukhlo (one of the settlements
of the Shulaveri-Shomu culture near Tbilisi), but rather than belonging to the Neolithic period,
as its archaeological context suggested, it was dated to the Iron Age (McGovern et al., 2017).
After this dramatic incursion into Georgia’s assumed wine history — probably by a mouse — it
is now certain that no Neolithic grape seeds, either wild or cultivated, have been found so far
in Georgia. The oldest grape pips in Georgia come from the settlements Anaklia and Pichori,
dated to the Middle Bronze Age (McGovern et al., 2017; Bouby et al., 2021).

A few more dates came to light at the Azerbaijan Neolithic-Chalcolithic site of Mentesh. Just

one grape pip from the Neolithic period and six seeds together with one piece of charred
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grapevine wood from the Middle Chalcolithic period are known. They are the earliest finds
of Vitis vinifera ssp. sylvestris from the southern Caucasus (Decaix, et al., 2016; Bouby et al.,
2021). From other sites like Aratashen in Armenia, Badalyan et al. (2007) report two pips
of Vitis sylvestris were found in level 1, ca. 5600 BCE. There were a few more seeds found at
Goytepe, Middle Kura Valley (uncertain morphology), (Nishiaki, 2021) and Haci Elamxanli
Tepe (uncertain morphology, but supposed to be from wild grapes) in Azerbaijan (Nishiaki,
2015a).

Sporadic finds of wild grapevine pits (Vizis vinifera ssp. silvestris) have been known in the
Southwest Asia since at least 12.000 BCE (Figure 1). With the colonization of the southern
Caucasus from about 6000 BCE and the emergence of the Shulaveri-Shomu culture, sporadic
seeds of the wild vine were also found there, thus proving the existence of the wild vine in the
Caucasus. However, the re-dating of seeds from Neolithic excavation horizons found during
excavations of the Shulaveri-Shomu culture show that there are no findings of Vitis seeds from
the Neolithic period in Georgia. The oldest domesticated Vizis seeds date from the late Bronze
Age (Bouby et al., 2021). According to these recent 14C dates, the other results from archaeo-

logical and biomolecular studies need to be reinterpreted.

Today there are still some scientists claiming that Georgia has a continuous 8000-year-old wine
culture and can therefore be described as the cradle or original home of wine. Of course, the
most important archaeological evidence includes the kernels of domesticated grapes, as well
as tartaric acid, which is considered to be the biochemical fingerprint and marker for wine,
and one larger clay vessel claimed to be the world’s earliest wine vessel, a Georgian kvevri. The
highest number of grape varieties in the world and pollen from grapevines confirm that humans
grew vines in Georgia. All evidence comes from the Neolithic period (Maghradze et al., 2016;
McGovern et al., 2017; Corti, 2018; Gavagnin, 2019; Maghradze et al., 2019; Harutyunyan
& Malfeito-Ferreira, 2022).

According to the "C dating, the settlement of Aruchlo was inhabited only for about 400-500
years, from about 5800-5400 BCE. Afterwards, there were no Chalcolithic settlement levels
(Bastert-Lambrechts, 2010). Japaridze and Javachishvili (1971) noted already in the 1970s that
the Shulaveri-Shomu settlements were abandoned almost simultaneously after about 500 years.
The same picture emerged in the other settlements of the Shulaveri-Shomu culture with slight
temporal differences. Sites of the 5* and 4 millennium BCE are barely visible in the archaeo-
logical record and the reason for this remains unknown (Lyonnet et al., 2012). Only Mentesh
and Kamiltepe in Azerbaijan and some others in the Mill Plain have a bit longer settlement
period (Helwing, 2012). There is no 8000-year uninterrupted settlement period in Georgia.
Recent "C dating confirms that domesticated grapes did not exist in Georgia until the Late
Bronze Age (1110-990 BCE) (Bouby et al., 2021).
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The clay pot, known as a kvevri (Georgian wine jar) has a knob-like decoration that seems to
resemble a grape. There exist many other knob decorations on Shulaveri-Shomu clay pots, but
only one grape pot. The clay vessels from the Neolithic of Georgia are fired at a low tempera-
ture, mostly vegetal tempered, not tight and more important they cannot be tightly closed.
McGovern et al. (2017) see it differently saying that “minimally, the ancient jars, best suited for
containing a liquid, had come in contact with grapevine.” Yet, as researcher said in an earlier
publication (McGovern, 2003), in the early Neolithic they did not have the necessary vessels!
to store wine for a longer period. The same applies, of course, to the vessels from the excavations
at Mentesh where the clay pots are vegetal tempered, fired at low temperature, and sometimes
decorated with knobs. Kamiltepe has large storage jars as well, sometimes with knobs (Lyonnet
et al., 2012). Alakbarov (2018) writes that coarse pottery is very specific for the Shulaveri-
Shomutepe culture and can be considered the main indicator for this culture. This coarse pot-
tery could not be used for any liquid. Probably they could be used for storing grain and pulses.

The Neolithic Georgian kvevri could not be used for wine.

The botanist and plant geneticist Vavilov (1930, 1992) described the southern Caucasus as a
region with a great genetic diversity, including grape varieties, and therefore as a plausible re-
gion for the origin for wine. Since then, Georgia has been called the cradle and origin of wine

despite contradictory evidence from Tiirkiye, Azerbaijan, and Armenia.

Tiirkiye has more than 1500 ampelographically classified varieties. About 1200 grape accessions
are in the National Germplasm Repository Vineyard at Tekirdag (Boz et al., 2012). All of them
are currently grown and used for a variety of purposes in the villagers’ private fruit gardens and
vineyards; Azerbaijan has more than 500 cultivars, kept in collections with around 250 of them
considered to be local varieties; Armenia has less than 100 accessions in national collections,
of which very few are indigenous cultivars. Until 1993 there were more than 800 accessions of
indigenous and introduced varieties, but most were destroyed after land privatization. Georgia
also has more than 500 wine and table grape cultivars that are described, but only half of them

exist in four national collections and only a small number of local varieties are still cultivated
(Vouillamoz et al., 2006; Boz et al. 2012).

Kvavadze et al. (2010) use the finding of pollen of Vitis vinifera and of typical vineyard weeds as
an indicator for vine growing in the Neolithic of Georgia. But Vitis pollen can only show Vitis
vinifera and cannot differentiate between the wild and the domestic form (Weiss, 2015; Hirsch,

2016), in this case it is very probably Vitis vinifera ssp. silvestris.

1 Early pottery from some southern Caucasus settlements: Guliyev & Nishiaki, 2012; Nishiaki et al., 2015a,
2015b; Alakbarov, 2018.
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Tartaric Acid as a Fingerprint and Marker for Grape wine

Tartaric acid was found in the pores of some sherds of clay pots during the excavations of the
Shulaveri-Shomu settlements and was referred to as residue from grapes and is considered a
fingerprint and marker for wine. As McGovern and his colleagues (McGovern et al., 2017)
noted, high levels of tartaric acid provide evidence for the presence of ancient grape/wine in
these jars and others from Gadachili. But besides the Viris-berries, fruits from other plants
also contain tartaric acid. Some, like hawthorn berries (Crataegus), contain even more. While
grapes can contain around 4000 ppm of tartaric acid, Crataegus can produce about 16.000 ppm
(Barnard et al., 2011). Hawthorn (Crataegus) was found during excavations at Wadi Hammeh
in the Jordan Valley (12.000 BCE) (Edwards et al., 1996). It was also found in large quantities
in the excavations of Ain El Kerkh (9000 BCE) in the northern Levant (Tsuneki et al., 20006).
A hawthorn variety, Crataegus orientalis, is known from the Konya plain in Tirkiye (Collins
et al., 2018). The genetic diversity of Crataegus ranges from Tiirkiye to Iran (Donmez, 2004).
In Georgia, Crataegus monogyna is widespread and well known because of its sweet berries.
They are either eaten raw or used to make a type of sweet bread (Christensen, 1992). On the
other hand, McGovern argued that the results from his residue analyses of Neolithic clay pots
(mainly tartaric acid) can be seen as evidence for wine production. Léa Drieu criticizes this in-
terpretation, stating that “... overall, we conclude that currently none of the proposed chemical
biomarkers for wine provide unequivocal evidence. Only archaeobotanical evidence providing
additional contextual data could support valid interpretations” (Drieu et al., 2020). Finally,
only tartaric acid is left of the Georgian wine history. If it is from a Vizis product and does not
come from another fruit, then tartaric acid could be also a residue from various wild grape

products such as fruit juice, wine, vinegar, pekmez and raisins.

References to by-products of Vitis vinifera are seldom found in archaeological reports. Juice,
vinegar and raisins or pekmez are hardly mentioned. It seems obvious that grapes are made into
wine (White & Miller, 2018). Another most important Vizis product is pekmez, a syrup made
from grape juice. In Tiirkiye, 4.200.000 tons of grapes are produced every year and 40% of
this amount is used for the production of grape pekmez (Kalaycioglu, 2023). The production
of pekmez was possibly known as early as in the Neolithic Shulaveri-Shomu culture, because
residues found in clay vessels, such as the organic acids oxalic, tartaric, malic, citric, succinic,
lactic, gluconic and abietic acids, may well be leftover residues from both wine and pekmez
(Kalaycioglu, 2023).

Nicolas Garnier does not refer to tartaric acid as evidence for wine production either. Researcher
describes the weaknesses of different methods for carrying out residue analyses in detail. (Barnard
et al., 2011; Garnier & Valamoti, 2016). The genetic richness of the grapevine has developed

for several reasons, including the fact that it has been cultivated in areas that were not part of
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its original natural habitat because of its many uses. Almost every adaptation of grapes to a new
location in history has led to a new variety in the long term. Pekmez is not only a sweetener but
also a valuable food in combination with other products and is widely used in almost all areas
of the Southwest Asia. Ttirkben et al. (2016) provide a detailed overview of the physical and

chemical properties of pekmez.

Making Wine from Wild Grapes

Wild vines grow profusely in the valleys that run from the Taurus Mountains in Tiirkiye to the
Mediterranean Sea. Especially in places where larger bushes and trees are hard for goats and
sheep to reach, wild vines have a good chance to escape predators, including humans, because
it is hard for them to get at the small grapes. The skin of the berries is quite firm, the pips are

large, and the quantity of juice squeezed from them is rather insignificant.

Every year the author produces some wine from wild grapes. They can harvest about 5-8 kg
(sometimes up to 10 kg) of grapes per day out of the trees and get from 10 kg about 700 ml of
juice. The Georgian kvevri has a capacity of about 70 liters. In order to fill a kvevri with the juice
of wild grapes it is needed to harvest about 700 kg of fruit. Fully matured wild grapes are tasty
and sweet, but birds like them too, even when unripe. With daytime temperatures of 25-30°C,
the grape juice started to ferment with its own yeast the day after harvesting. The fermentation
in glass containers is complete after about 6-8 days. The wine obtained in this way is in most
cases bitter and contains 7-9% alcohol. Some of the wines can become drinkable. In this case
it cannot be excluded that some of the collected grapes originated from formerly domesticated
grapevines which became wild again. The storage of wine in Neolithic Georgia would be out
of the question since the coarse kvevri could not be used for wine. The wine had to be con-
sumed without delay. But since it does not have an attractive, often even a bitter taste, it is hard
to imagine that this beverage from wild grapes could have been an incentive for cultivation.
However, as the fruit of the wild grapes are sweet and tasty, intensifying its juice by thickening

and preserving it as pekmez would be a logical step forward.

Grapes need not necessarily be associated with wine but can instead indicate the former pres-
ence of grape juice, raisins or concentrated grape syrup or as defrutum as in the Classical period
or modern pekmez (Barnard et al., 2011). Scientists point to various ways of using grapes dif-
ferently but believe that these are too unlikely to be dealt with any further (McGovern et al.,
2017). In the more recent work on the Neolithic wine from the Early Neolithic of Georgia,
which McGovern published together with Georgian and international experts, they explain
why pekmez is not suitable for residues of tartaric acid in the clay pots from the Shulaveri-
Shomu settlements. They say, “grape juice also can be preserved by concentrating it into a syr-
up, but if this was the intended product, then pottery vessels from the SSC sites should show

signs of carbon splotches due to exposure to fire on their exteriors. None do.”
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Due to the results of the excavations at Shulaveri-Shomu (at Shulaveri and Imiris Gora in
1964), large numbers of pebbles that were found in every house were interpreted as slingstones
(Japaridze & Javachischwili, 1971), but more likely these stones were used as cooking stones for
boiling down grape juice and to make pekmez (see Supplementary 2). Numerous cooking stones

were also found during the Aruchlo excavations (Hansen et al., 2007).

Experimental Pekmez Production with Cooking Stones

Pekmez can be heated in a clay pot outside the normally used open fire with the help of cooking
stones (Hirst, 2024). It can also be used with clay pots that leak with wine and water but remain
tight with pekmez (syrup) because of its high viscosity. It is not necessary to seal a pekmez pot
tightly; just cover it and pekmez will keep for a very long time. Pekmez production also can be
interrupted if not completely boiled down at one time and the boiling can be finished the next
day. Carbon splotches do not appear since the clay pot stays outside the fire. It seems quite
possible that producing pekmez by reducing juice from wild grapes would result in a much
higher concentration of acids, including tartaric acid, succinic acid and others, as a residue at
the bottom of the clay jar. Naomi Miller suggests that a hyper-skeptic might argue the chemical
signature could come from vinegar, raisins, grape juice, or pekmez, which all require substantial
fuel (as pekmez is boiled down from grape juice), while grape juice ferments naturally. At this
early stage in vine use, residues likely result from simpler production methods (Miller, 2008).
Some of the pekmez is produced from wild grapes and domesticated grapes. It is enough to
keep the juice for three days in the sun in order to get a tasty pekmez. In Tiirkiye, this kind of
pekmez is called giin bah, translated ‘honey of the day’ or ‘honey of the sun.” Such descriptive

terminology was already used by the Hittites (Gorny, 1996; Alp, 2000).

It can be suggested that the production of pekmez is the simpler production technology. To test
the Neolithic production of pekmez, the author first used the juice of domesticated grapes (later
also of wild grapes). Two liters of grape juice, equivalent to a two-day harvest of wild grapes,
were heated in an approximately two-liter clay pot standing outside the fire. River stones were
put in an open fire for about 10 minutes and then put in the pot with grape juice. After two
repeats, the temperature of the grape juice rose to about 60°C. After an hour, the grape juice
boiled down from 2000 ml to leave about 1200-1000 ml. No extra fuel was used for heating
the pekmez. In modern pekmez production, some grape juice varieties would turn into a slightly
bitter pekmez. In this case some fine clay could be added to prevent this (Tiirkben et al., 2016)

(see Supplementary 1).
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During the Chalcolithic and Bronze Ages

The Neolithic Shulaveri-Shomu settlements existed from about 5800 to 5400 before they were
abandoned. The former settlement areas then seem to have remained uninhabited for more
than a thousand years (Japaridze & Javachishvili, 1971; Bastert-Lambrechts, 2010). The sites
in neighboring Azerbaijan and Armenia were also abandoned, only at slightly different times.
Sites of the 5™ and 4™ millennium BCE are scarcely visible in the archacological record and the

reason for this remains unknown (Lyonnet et al., 2012).

Dated to about 4000 BCE, the oldest facility so-far known for the production of wine was dis-
covered in Areni-1 cave in the southern Caucasus. The installation consists of a small basin with
raised edges for pressing the grapes, a clay barrel for storing the wine and various clay vessels
for fermentation. The basin for pressing the grapes is slightly sloped so that the pressed juice
can drain directly into a large clay barrel. During the excavations, grape seeds of Vitis vinifera,

remains of pressed grapes, and other residues of wine were found in clay vessels.

Barnard et al. (2011) developed an analytical method for the identification of syringic acid
of malvidin. Malvidin is an anthocyanin which produces the red color in grapes and wine
(Cheynier et al., 2006). Malvidin is considered a better chemical indicator for wine than tartar-
ic acid (Barnard et al., 2011). The combination of the Areni-1 wine production plant with the
improved chemical indicator for wine seems quite convincing at first glance, but it is certainly

not one hundred percent proof.

The essential question of whether domesticated or wild grapes were used could not yet be
answered. Since no domesticated grapes from the Chalcolithic period are known in the entire
Caucasus, it should be assumed that the Areni-1 finds document Vizis vinifera spp. sylvestris,
i.e., the wild grape (Smith et al., 2014). This means that harvesting the grapes from trees and
bushes must have been extremely time-consuming and difficult, with very low juice yields from
the small berries and their further processing and storage being rather hard as well. The entrance
to the Areni-1 cave is an overhanging rock. In its shelter, various workspaces, several fireplaces
and clay pots can be seen on the ground. The site could be described as a large village kitchen.
After stepping 20 m into the cave, one reaches a larger room whose floor is almost completely
covered with clay pots of different sizes. Some vessels cannot even be reached because the space
is too small. Smaller clay pots had been placed inside some of the bigger pots which may not
have been usable any longer. The whole room could have been used as a food depot for sev-
eral families. The so-called wine press consists of a small open area, the edge of which is a few
centimeters high and thus looks like a small tub. The tub is so small that only one person can
move in it. The outlet of the flat tub leads into a clay barrel embedded in the floor. To make
wine here, the following procedure is possible: A small number of wild grapes are brought into

the cave from outside and taken to the wine press. Because of the low height of the rim, the
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press can only hold about 5 kg of grapes. Pressing this amount of grapes yields about 0,3 — 0,4
liter of juice. The grape remains are then removed from the press and taken outside. There is no
space between the various pots for storing a larger quantity of grapes before pressing and the
grape residues after pressing, unless the smaller pots of different sizes nearby are empty and can
therefore be used. The juice in a larger barrel can ferment within about 14 days. Then the clay
pot must be tightly closed, unless the wine is transferred to other waterproof clay vessels of good
quality. There is, however, no indication of how and with what material the wine pots were
tightly sealed, or whether they were closed at all. If they were left open, the wine could only be
consumed once. So, we do not yet know what purpose this wine served. Wine from wild grapes

is often bitter and not very attractive.

In Barnard’s new method of chemical investigation of the residues of red grapes from clay
vessels (Barnard et al., 2011), malvidin is not only obtained from the remains of red wine,
but also from those of pekmez. Here, the grape juice does not need to ferment. Malvidin is
already produced within a short period of maceration of the mash from the solids of grapes,
skins, seeds and stems (Cheynier et al., 20006). Pekmez from red grapes becomes reddish brown
during production. When white grapes are used, the color of the syrup varies from light yellow

to sandy.

In the Areni-1 cave, the production of pekmez could have gone as follows: Under the overhang-
ing rock, the wild grapes would have been crushed in clay pots by hand or pressed by feet and
thus juiced. An alternative to the production of wine from wild grapes is pekmez made from
grape juice, which can be heated and slowly thickened on several fireplaces under the abris in
front of the cave. When the pekmez is finished it can be stored in various clay barrels inside
the cave. Pekmez does not have to be preserved; it is sufficient to cover the opening of the clay

barrels.

Wine from wild grapes is not attractive and not useful. Pekmez is just the opposite; despite the
reduced amount after boiling it down, the advantages are that it is easy to produce, very tasty,
and it provides very important nourishment and when needed it can be diluted with water.
Following Miller’s (2008) remark for a practical solution we can imagine that people of the
Chalcolithic period would now start to improve the size and the sweetness of the wild grapes in

order to get more pekmez.

During the transitional period between the Late Neolithic and the second half of the Chalcolithic
the settlement pattern changed in many regions in Southwest Asia. In addition to many villag-
es, several larger settlements and eventually trading centers also developed. New elite groups
emerged (Japaridze & Javachishvili, 1971; Lyonnet et al., 2012) and in the transition to the
Bronze Age, principalities, city-states and kingdoms grew out of this and writing emerged.

From this time on, all requirements for wine production from grapes were in place. The grapes
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were domesticated; the clay pots were tight; an elite could afford to make a special drink and

dedicate it to the gods.

As Tengberg explains in their work (Tengberg, 2012), the domestication of the first fruit trees,
namely olives, figs, dates and grapes, took place in the late Chalcolithic period. At this time,
all the prerequisites for successful wine production were in place. Although Tengberg does not
rule out a somewhat earlier cultivation of grapes, it remains unclear whether the product was
already wine. It is therefore reasonable to assume that the original purpose of the wild grape was
not wine but pekmez. Accordingly, the development of wine took place from the wild vine via
pekmez and then via the domestication of the vine (grapevine) to wine. This wine production
was difficult and not for everybody. As we know from Powell (1996), the early wines were rare
and expensive. In contrast to wine, pekmez is easy to produce, to store, and it is available for

everybody. In short, pekmez comes first and wine later.

The Written Evidence

The Sumerian script emerged in the middle of the 4™ millennium; the following Akkadian
script was used after 2000 BCE. The early Sumerian tablets confirm the archaeological evidence
that cultivation of the vine is at least as old as the 4" millennium BCE (Powell, 1996). However,
viticulture is not synonymous with wine culture because the Sumerians and all their successors
in southern Mesopotamia continued to raise grapes, but they drank beer, and wine continued
to be both rare and expensive there. It remained as a prerogative of the gods and the kings.
Powell (1996) believes that during this time the technology for conserving and aging wines does

not yet seem to have been in existence.

While it seems likely that in Hittite texts the designation GESTIN normally refers to ferment-
ed grape wine, it may also serve as an umbrella-term for a group of grape-derived beverages

(Gorny, 1996). Gorny also listed other words for various wine products:

SA, GESTIN red wine
SIG,-an-ta-an GESTIN good wine
parkui- GESTIN pure wine
LAL GESTIN honeyed wine
GESTIN KU, sweet wine
GESTIN EMSA sour wine
GESTIN GIBIL new wine

and sometimes also a generic “wine for drinking” called GESTIN NAG = Hittite Wiyanas
akuwanna (Gorny, 1996).
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Alp (2000) mentions:

GESTIN KU, sweetened wine
GESTIN LAL honeyed wine, sweetened wine
GESTIN HAD.DU.A. raisins as well as fresh grapes

Erdogan (et al., 2011) adds more designations:

GESTIN DUG.GA filtered sweet wine,
GESTIN LIBIR.RA mellow wine,
GESTIN KAS wine mixed with beer,
GESTIN NAG smooth wine

Raisins are a power food, but if one tries to dry wild grapes it can be directly seen there will be
nothing left besides kernels and skins. It will be completely different when it comes to domes-
ticated grapes. As a result, it can be assumed that there are no raisins from wild grapes in the
Neolithic.

The terms GESTIN LAL or GESTIN KU, for sweetened wine can be found in almost all
Hittite texts on grape production. LAL means honey, but GESTIN LAL mostly has the mean-
ing of wine sweet like honey. Just as often one will also come across GESTIN HAD. DU. A,
which means raisins. The description for sweet wine and fine sweet wine is known from Mari.
For the general public it is possible that grapes in Anatolia were primarily cultivated as a source
of sugar (raisins and syrup) and not meant for fermentation (Barjamovic & Fairbairn, 2018).
Raisins were possibly very important products of Hittite grape cultivation. During military op-
erations, soldiers received daily rations, they were used in funerals and in magical rituals when

new temples were built. Raisins were mentioned in almost all Hittite documents.

A more specialized use was the production of a distinctive type of raisin wine starting in the
Hittite period in Anatolia. Much later Pliny (Pliny the Elder, trans. 1938, NH 14.11: 248-249)
describes several types and the process of making this sweet wine. However, recipes for the fa-
mous Anatolian raisin wine were already widely known in the Late Bronze Age (Hesiod, trans.
20006, Works and Days, lines 611-614). A variety is known as Scybelites from Galatia. Siroeum
which is described in more detail, was produced by boiling down the must to one-third of its
original volume. These wines, especially when adulterated with honey (Pliny the Elder, trans.
1938, NH 14.11: 248-249) were highly regarded.

Mixed wines are also mentioned in Hittite texts. Water, beer, honey and tree oil are added to
them. Tree oil can also mean resin and the term honey is not always clearly referred to as bee
honey, but can also consist of grape syrup, which is produced by boiling down grape juice (like

pekmez today). Here it becomes clear how difficult it is for the translator to find the right term.
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They rarely know the variety of possible grape products and the various traditional production

methods. They then must find the right term in accordance with the content of the text.

Gorny (1996) explains the highly symbolic status of wine in Hittite times. The use of wine was
almost exclusively in the hands of the king, his relatives and the royal servants. Wine and other
alcoholic beverages symbolized the high status of an elite, which in turn strengthened his posi-
tion of power through his control of production, consumption and distribution. The special use
of wine in religious practices legitimized the elite through divine favor to present themselves as

guarantors of good agricultural production and fertility.

The excavation of Ikiztepe is important for the archacobotanical samples of grapes (wild) of
Vitis vinifera from the Chalcolithic and the Early Bronze Age onwards and based on what
emerges from textual documentation. The use of wine was well established in the society, at
least as far as the royal family, high state officials, and the elite were concerned. The terms wi-
yana- (Hittite), karam(?) (Hattian), and winiya-, maddu- (Cuneiform Luwian) are described
in detail in Corti (2017) along with the terms GESTIN LAL and GESTIN KU, for sweet or
honeyed wine. These descriptions also cover grape-growing regions, cultivation methods, the
owners (primarily temples) and religious ceremonies. The type of land in eastern Cappadocia
(Kiiltepe) is described as ‘composed not only of vines but also of a percentage of fruit trees and
was comparable in some way to the (modern) Turkish bag (Corti, 2017). The garden products
were mainly consumed by the households growing them, and are only rarely mentioned in texts

(Dercksen, 2008).

Conclusion

Even in the earliest settlements of the Southwest Asia, from around 12.000 BCE, seeds of the
wild grapevine (Vitis vinifera ssp. sylvestris) were found sporadically. As the climate became
warmer and more humid, the tree line moved further north (Wick et al., 2003), so that around
6000 BCE the southern Caucasus could be colonized. During the excavations of Neolithic set-
tlements in Georgia in the 1960s, grapevine seeds were sporadically found there. Some of them
were attributed to wild vines, others to cultivated vines. Other finds and findings confirmed
the idea of the existence of an 8000-year uninterrupted Georgian wine culture. Furthermore, a
clay vessel decorated with designs of grapes was described as the world’s oldest vessel to produce
wine. Pollen findings were cited as an indicator of grape cultivation and Georgia was described
as the country with the greatest genetic diversity of grapes in the world. This wine story was fur-
ther supported by findings from biomolecular examinations of clay sherds. Residues of tartaric
acid, which is often referred to as a fingerprint and marker for wine, were found in the pores

of some clay pots.
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As part of the new excavations in the southern Caucasus, radiocarbon dating was carried out on
Vitis seeds for the first time. The seeds from the earlier excavations were also dated. However,
these did not yield the expected results, since domesticated Vizis seeds from the Neolithic of
Georgia had been expected. Instead, the seeds were assigned to the Bronze Age and the modern
period. Careful examination revealed that the seeds had been found in a 1.5 m deep tunnel that
extended into the Neolithic horizon of the excavation along with cereal grains and other seeds,
both carbonized and uncarbonized. After this dramatic incursion into the assumed wine history
of Georgia, probably by a mouse, it is now certain that no grape seeds, have yet been found in
Georgia from the Neolithic period. Even the dating of other Vitis seeds found during recent

excavations did not change this. This is where Georgia’s wine history ends (for the time being).

If the findings from biomolecular studies originated from grapevine and not from another
fruit, the product from the wild vines could have been either fruit juice, wine, vinegar or even
pekmez. In the author’s experience, to make wine from wild grapevines, about 8 to 10 kg of
wild grapes can be harvested from bushes and trees per day. Ten kg of wild grapes yields about a
maximum of 1 liter of grape juice. To fill the Neolithic Georgian kvevri with a capacity of about

70 liters one needs to collect about 700 kg of wild grapes.

The Georgian kvevri from the Neolithic period is a coarse clay vessel that is not leak-proof and
cannot be sealed tightly. Wine can, therefore, not be stored for any length of time, it must be
drunk immediately, which in this case can only be done once a year. Such a wine made from
wild grapes usually tastes quite bitter, although it contains 7-9% alcohol. If the result is com-
pared with the effort involved, making wine from wild grapes may not necessarily have been
an incentive to cultivate them. However, as the fruits of the wild grape are sweet and tasty and
their juice is improved and preserved by thickening, the production of pekmez may have been a
logical step towards the cultivation of wild grapes. When considering the cultivation of grapes,

archaeologists rarely considered pekmez as a possible alternative to wine.

Boiling down the juice of the wild grape into a syrup is easy to handle. Even more simple is the
production of “sun boiled” pekmez. The sweet fruity flavors are very accentuated, the shelf life
is guaranteed even in coarse clay pots, and the residues are largely the same as in wine produc-
tion (tartaric acid will be even more concentrated). It is therefore easy to imagine that from the
Chalcolithic to the so-called transition to the Bronze Age attempts were made to improve the
size and sweetness of the wild grapes to obtain more pekmez. These endeavors ultimately led to

Vitis vinifera vinifera, the domesticated grape.
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Supplementary Data

First Pekmez and Later Wine
Supplementary 1
Protocol of the production of pekmez (Figures 3-7)

Material

10 round fist-sized and smaller river and basalt stones (cooking stones)
2 wooden spoons for handling the stones

Thermometer

3-liter clay pot (fired at a minimum of 600°C)

2 liters of fresh grape juice
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Method

Ignite a small fire on a stony fireplace; place all the cooking stones in or around the fire and
heat them for at least 10 minutes; The pot can stay near, but not in the fire. When sufficiently
heated, put 3—4 stones at a time in the grape juice and repeat with the other hot stones every
10 minutes. After about 20 minutes the temperature of the juice will be about 50-60°C. After
another 10 minutes the juice starts cooking at about 80-90°C. Replace the stones with hot
ones (3—4 at a time) in the juice for another 30 minutes. The grape juice liquid will evaporate
by about 30%. After another 20 minutes the juice will turn into pekmez (syrup) and further
heating up of the stones is no longer required. After 1.5 to 2 hours the pekmez cools down and

clarifies. This method gives 1 liter of pekmez (from 2 liters of grape juice).

Supplementary 2

Pekmez products

In Georgia, the thickened grape juice is called bakmazi, products made with different recipes
are called kvatsarakhi and if the syrup is further reduced, the product is called tklapi. Gozinaki
with bakmazi is a famous New Year’s meal. Tutikhmeli is served at weddings. In some areas,
mulberries, cornelian cherries and other fruits are used instead of grapes. In winter, fruit soups
are made as a main course. In Azerbaijan, a certain pekmez is called doshap and a thick fruit por-
ridge with flour and butter is called khashil. In Greece and the Balkans, pekmez is called petimez

and is mainly used there as a sweetener.

Fresh and dried fruits are used to produce either liquid or solid pekmez, both of which show
great variation in different localities, regions, and families. In modern Tiirkiye, several beverages
derived from grapes such as basduk and kesme are produced by boiling down the grape juice into

a syrup which is then dried until it takes on the appearance of leather.

Koftiir are like firm cakes, pestil are produced as thin slices. They are probably the best-known
pekmez products in Tiirkiye (Karababa & Develi-Isikli, 2005). Pelte Pekmez can be described as
grape cream. The Turkish name Giin Balt is particularly interesting. Translated, Giin Bali means
sun honey. In reality, it is a grape juice that has been dried in the sun until it has the consistency
of thick pekmez (like honey). There are other products made from the grapevine, including vin-
egar and sarma. Grape vinegar is made with the juice of the grape and an addition of chickpeas,
Cicer arietinum. Another method uses wine, also with the addition of chickpeas, or a vinegar
mother (sirke anasi). When making sarma, various products such as rice, vegetables, meat, etc.
are wrapped in vine leaves and lightly cooked. The recipes vary greatly depending on the re-
gion. In recent years, traditional foods in Tiirkiye have received increasing attention, including,
of course, products made with or from grapes (Karababa, & Develi-Isikli, 2005). Although
Tiirkiye has the largest number of grape varieties, this valuable genetic diversity, which is mainly

found in private home gardens, is hardly recognized.
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Figure 1. Map of early Neolithic sites studied in this research. Southern Levant sites — (17 sites, 4 with
Vitis): (1) Nahal Oren (Nadel, 1991; Snir et al., 2015a), (2) Adlit-Yam (Galili & Nir, 1993) single Vitis,
(3) Gilgal I (Bar-Yosef et al., 2010), (4) Netiv Hagdud (Hopf, 1969) Vitis in small amount, (5) Jericho,
Tell es Sultan (Bar-Yosef, 1991), single Vitis, (6) Nahal Nemar Cave (Solazzo et al., 2016), (7) Wadi Faynan
16 (Finlayson & Mithen, 2007; Mithen et al., 2007), (8) Beidha (Byrd, 2005), (9) Tell Ramad (van Zeist,
2000), (10) Ohalo IT (Nadel, 1991, Nadel & Weiss, 2012; Snir et al., 2015b) Vitis, (11) Gesher (Garfinkel
& Doron, 2006), (12) Wadi al-Hammeh (Edwards et al., 1996), (13) Iraq ed-Dubb (Kuijt, 2004), (14) Ain
Ghazal (Simmons et al., 1988), (15) Tell Aswad (Kuijt & Goring-Morris, 2002), (16) Dhuweilla (Wallace
etal., 2019), (17) Azraq (Colledge, 2001); Cypriot sites (6 sites, no Vitis): (18) Mylouthkia (Peltenburg,
2009), (19) Ais Giorkis (Simmons, 1999), (20) Akrotiri (Simmons, 1999), Akrotiri-Aetokremnos (Mandel
& Simmons, 2017), Aetokremnos — Akrotiri (Mandel & Simmons, 2017), (21) Kastros (Hansen, 2001),
(22) Tenta (Knapp, 2010), (23) Shillourokambos (Guilaine et al., 2011), Klimonas-Ahillourokambos
(Briois & Guilaine, 2012); Central Anatolian sites (8 sites, 2 with Vitis): (24) Hacilar (Helbaek, 1970), (25)
Erbaba (Van Zeist & Buitenhuis, 1983), (26) Catalhdyiik East (Asouti & Fairbairn, 2002; Asouti & Austin,
2005) carbonized Vitis wood, (27) Boncuklu Héyiik (Fairbairn et al., 2002), (28) Pinarbagt
(Asouti, 2003), (29) Can Hassan IIT (https://tr.wikipedia.org/wiki/Can_Hasan 3) Vitis, (30) Suberde
(Bordaz, 1973), (31) Asikli Héyiik (Ergun et al., 2018); Northern Levant sites: (17 sites, 5 with Vitis) (32)
Tell el-Kerkh (Tsuneki et al., 2006), (33) Tell Qaramel (Mazurowski et al., 2009), (34) Tell Abr 3 (Tahér,
2004), (35) Dja‘de (Willcox, 1996; Coqueugniot, 1999) Vizis, (36) Halula (Willcox, 1996), (37) Jerf el
Ahmar (Willcox, 1996) carbonized Vitis wood, (38) Mureybet (Willcox et al., 2008), Mureybet (Mellaart,
1975), (39) Abu Hureyra (Hillmann et al., 1997, 2001; Moore et al., 2000; Colledge, 2001), (40) Cafer
Hayiik (Cauvin & Aurenche, 1999), (41) Gritille (Voigt & Ellis, 1981), (42) Nevali Cori (Pakize, 2007)
Vitis, (43) Lake Van (Wick et al., 2003) Vitis pollen, (44) Gébeklitepe (Asouti & Fuller, 2013; Dietrich et
al., 2019), (45) Tell Sabi Abyad II (Verhoeven & Akkermans, 2000), (46) El Kowm I&II (Le Tonsorer et
al, 2015), (48) Cayonii (Cambel & Braidwood, 1983) Vitis, (49) Tell Bougras (Van Zeist & Waterbolk-Van
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Rooijen, 1985); Sites of the eastern Fertile Crescent (15 sites, 1 with Vitis): (49) Hallan Cemi (Rosenberg
etal,, 1995), (50) Demirksy Hoyiik (Rosenberg & Pearmal, 1998), (51) Kortik Tepe (Ozkaya & Coskun,
2009; Coskun et al., 2010; Benz et al., 2012) Vitis, (52) Tell Maghzaliyah (Bader, 1993), (53) Qermez Dere
(Watkins et al., 1989), (54) Yarim Tepe (Stronach, 1972), (55) Nemrik (Kozlowski, 1989), (56) M"lefaat
(Kozlowski, 1998), (57) Jarmo (Braidwood et al., 1983), (58) Choga Golan (Riehl et al., 2013),

(59) Sheikh-e Abad (Whitlam et al., 2018), (60) Chia Sabz (Darabi et al., 2011), (61) Ali Kosh (Hole et al.,
1969; Mellaart, 1975), (62) Ganj Dareh Tepe (Van Zeist et al., 1974; Mellaart, 1975), (63) Chogha Bonut
(Alizadeh, 2003).

Figure 2. The traditional approach for the spread of the Neolithic economy
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Figure 3. Pekmez production: Utilities for Figure 4. Heated stones to boil the water, a method
pekmez making known since prehistoric times

Figure 5. After cooling down for about
two hours and getting clear, the pekmez is

ready for use

in large copper kettles
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Figure 7. Pekmez products on sale
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Amac¢ & Kapsam

Arkeoloji bir siiredir ge¢misin yorumlanmasinda teknoloji ve doga bilimleri, mithendis-
lik ve bilgisayar teknolojileri ile yogun is birligi icinde yeni bir anlayisa evrilmektedir.
Universiteler, ilgili kurum ya da enstitiilerde yeni agilmakta olan “Arkeoloji Bilimleri”
boltimleri ve programlari, geleneksel anlayist terk ederek degisen yeni bilim iklimine
adapte olmaya calismaktadir. Bilimsel analizlerden elde edilen sonuglarin arkeolojik
baglam ile birlikte ele alinmasi, arkeolojik materyallerin, yerlesmelerin ve ¢evrenin

yorumlanmasinda yeni bakis agilari dogurmaktadir.

Tiirkiye'de de doga bilimleriyle is birligi icindeki ¢aligmalarin oldugu kazi ve arasurma
projelerinin sayisi her gecen giin artmakta, yeni uzmanlar yetismektedir. Bu nedenle
Arkeoloji Bilimleri Dergisi (ABD), Turkiye'de arkeolojinin bu yeni ivmenin bir parcasi
olmasina ve arkeoloji igindeki arkeobotanik, arkeozooloji, alet teknolojileri, tarihlendir-
me, mikromorfoloji, biyoarkeoloji, jeokimyasal ve spektroskopik analizler, Cografi Bilgi
Sistemleri, iklim ve ¢evre modellemeleri gibi uzmanlik alanlarinin gesitlenerek yaygin-
lagmasina katk: saglamay1 amaglamaktadir. Derginin ana ¢izgisi arkeolojik yorumlama-
ya katki saglayan yeni anlayislara, disiplinlerarasi yaklagimlara, yeni metot ve kuram
onerilerine, analiz sonuglarina dncelik vermek olarak planlanmigstir. Kazi raporlarina,
tasnif ve tanima dayali ¢alismalara, buluntu kataloglari ve 6zgiin olmayan derleme yazi-

larina oncelik verilmeyecektir.

Arkeoloji Bilimleri Dergisi agik erisimli, uluslararasi hakemli bir dergidir. Aragtirma ve
yayin etigine uygun bulunan makaleler ¢ift tarafli kor hakem degerlendirme siirecinden
gectikten sonra yayinlanir. Dergi, Ege Yayinlari tarafindan ¢evrimici olarak yayinlan-

maktadir.

www.arkeolojibilimleridergisi.org
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Aims & Scope

Archaeology is being transformed by integrating innovative methodologies and
scientific analyses into archaeological research. With new departments, institutes,
and programs focusing on “Archaeological Sciences”, archaeology has moved beyond
the traditional approaches of the discipline. When placed within their archaeological
context, scientific analyses can provide novel insights and new interpretive perspectives

to study archaeological materials, settlements and landscapes.

In Tirkiye, the number ofinterdisciplinary excavation and research projectsincorporating
scientific techniques is on the rise. A growing number of researchers are being trained
in a broad range of scientific fields, including but not limited to archaeobotany,
archaeozoology, tool technologies, dating methods, micromorphology, bioarchaeology,
geochemical and spectroscopic analysis, Geographical Information Systems, and
climate and environmental modeling. The Turkish Journal of Archaeological Sciences
(TJAS) aims to situate Turkish archaeology within this new paradigm and to diversify
and disseminate scientific research in archaeology. New methods, analytical techniques
and interdisciplinary initiatives that contribute to archaeological interpretations and
theoretical perspectives fall within the scope of the journal. Excavation reports and
manuscripts focusing on the description, classification, and cataloging of finds do not

fall within the scope of the journal.

The Turkish Journal of Archaeological Sciences is an open access, international, double-
blind peer-reviewed yearly publication. Articles that comply with publication and
research ethics are published after the reviewing process. The journal is published online

by Ege Yayinlari in Tiirkiye.

www.arkeolojibilimleridergisi.org
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Makale Degerlendirme Politikasi
(Cift Tarafli Kor Hakemlik) ve

Yayin Siireci

Arkeoloji Bilimleri Dergisi, Tiirkge veya Ingilizce 6zgiin arastirma makaleleri yayimlamakradir.

1.

Daha 6nce yayimlanmamis veya bagka bir dergide degerlendirme siirecinde bulunmayan ve

tiim yazarlar tarafindan onaylanan makaleler degerlendirilmek tizere kabul edilir.

Gonderilen makaleler, 6n inceleme, intihal taramasi, hakem degerlendirmesi ve dil diizen-

lemesi agamalarindan gegirilir.

On inceleme asamasini gegemeyen makaleler, yazar(lar)a iade edilir ve aynit yayin done-
minde tekrar degerlendirmeye alinmaz. On incelemeyi gegen makaleler, en az iki hakemin

degerlendirdigi cift tarafli kor hakem siirecine tabi tutulur.

Intihal kontroliinden gegen makaleler, Editor tarafindan bilimsel igerik, yontem, ele alinan
konunun 6nemi ve derginin kapsamina uygunluk acisindan degerlendirilir. Editor, makale-

lerin 6n degerlendirmesini yapmak tizere editér yardimeilarina yonlendirir.

Editor yardimcilari, her bir makaleyi son génderim tarihinden 6nce inceleyerek Arkeoloji
Bilimleri Dergisi yayin ilkelerine uygunlugunu degerlendirir. Bu asamada intihal taramasi

yapilir ve dergi yazim kurallarina uygunluk kontrol edilir.

Editorler ve editér yardimeilari, makalenin etik standartlara, konuya uygunluga, metin
diizenine, dipnotlar ve kaynakcaya, gorsel kalitesine ve gerekli telif hakki izinlerine uyup
uymadigini degerlendirir. Bu kriterleri karsilayan makaleler, ¢ift tarafli kor hakemlik siireci

korunarak en az iki ulusal/uluslararasi hakeme gonderilir.

Derginin hakem degerlendirme siireci ve editoryal etik kurallari, degerlendirmelerin mil-
liyet, cinsiyet veya diger herhangi bir faktore dayali 6nyargilardan arindirilmig olmasini
saglar. Makaleler, doktora derecesine sahip ve giiglii bir aragtirma ge¢misi bulunan en az iki

uzman tarafindan degerlendirilir.
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10.

11.

12.

13.

14.

15.

Hakemler, makalenin yayinlanmaya uygunlugunu degerlendiren bir form doldurur ve
gerekli revizyonlara yonelik 6nerilerde bulunur. Hakemler makaleyi degisiklik yapmadan
kabul edebilir, kii¢iik degisikliklerle kabul edebilir, biiyiik degisiklikler ve yeniden gonde-
rim talep edebilir veya makaleyi reddedebilir. Her iki hakem de kiigiik degisiklikleri ka-
bul ederse ve revize edilen versiyon onaylanirsa makale kabul edilir. Biiytik degisiklikler
gerektiginde, makale Editorler tarafindan yeniden degerlendirilir ve gerekli diizeltmeler
yapildiktan sonra hakemlere geri gonderilebilir. Revizyonlar yeterli bulundugunda makale
yayimlanmak tizere kabul edilir. Eger bir hakem makaleyi reddeder veya biri olumlu, di-
geri olumsuz goriis bildirirse, makale ti¢linci bir hakeme gonderilir. Ancak iki hakemin
olumlu goriis bildirmesi durumunda, son yayin karart Editor Kurulu tarafindan verilir.
Editoryal kararlar nihaidir ve yalnizca istisnai durumlarda ilgili COPE yénergelerine gore

itiraz edilebilir.

Hakemlerden, degerlendirmelerinde nazik, saygili ve bilimsel bir dil kullanmalar1 beklenir.
Saldirgan, saygisiz veya kisisel yorumlardan kaginmalari gerekmektedir. Bilimsel olmayan
yorumlar tespit edildiginde, dergi yonetimi hakemden raporunu gozden gegirmesini ve dii-
zeltmesini talep eder. Hakemlerin degerlendirmelerini belirtilen siire iginde tamamlamasi

ve burada agiklanan etik sorumluluklara uymasi gerekmektedir.

Dil diizenlemesi tamamlandiktan sonra, kabul edilen makaleler ilgili dergi sayisinda tema-

tik veya kronolojik siraya gére diizenlenir.
Makalelerin mizanpaji, dergi tasarimina uygun olarak yapilir ve ardindan Editrler tarafin-
dan gozden gegirilir.

Makalelerin son PDF versiyonu, nihai kontrol ve onay i¢in yazarlara gonderilir. Yazarlar,
makalenin derginin etik standartlarina uygun oldugunu ve ¢alismalarinin tiim sorumlulu-

gunu kabul ettiklerini teyit etmelidir.

Hakemlerin talepleri dogrultusunda yazarlar tarafindan yapilan diizenlemeler incelendik-

ten sonra, nihai yayin karart Yayin Kurulu tarafindan verilir.

Yukarida belirtilen siiregler tamamlandiktan sonra ilgili dergi sayist son haline getirilir ve

makalelere DOI numaralar: atanir.

DOI numaralari atandiktan sonra baski siireci baglar ve yayin siireci tamamlanur.

Editor Sorumluluklar:

1.

Editor, makaleleri yalnizca bilimsel igerik temelinde degerlendirir; yazarlarin etnik kokenti,
cinsiyeti, cinsel yonelimi, milliyeti, dini inanglari veya siyasi goriisleri dikkate alinmaz.

Editor, gonderilen makalelerin tarafsiz bir sekilde cift tarafli kor hakem degerlendirmesine tabi
tutulmasini saglar ve yayinlanmadan 6nce gizliligi korur.
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3. Editor, hakemlere makalelerin gizli bilgi igerdigini ve degerlendirmenin ayricalikli bir etkilesim
oldugunu bildirir. Hakemler ve yayin kurulu itiyeleri, makaleleri tigiincii sahislarla tartisamaz.
Belirli durumlarda, Editor belirli bir noktay: netlestirmek amaciyla bir hakemin degerlendirme-
sini diger hakemlerle paylasabilir.

4. Editor, derginin icerigi ve genel kalitesinden sorumludur; gerektiginde diizeltme notu yayimla-
mak veya geri ¢ekme islemi yapmak editdriin sorumluluklar: arasindadir.

5. Editér, yazarlar, editorler ve hakemler arasinda ¢ikar catigmasina izin vermez. Hakem atama
konusunda tam yetkilidir ve makalelerin yayimlanmasina iligkin nihai karardan sorumludur.

Hakem Sorumluluklar:

1. Hakemler, arastirma, yazarlar ve/veya finansman saglayicilari ile herhangi bir ¢ikar ¢atigmasi
icinde olmamalidir. Degerlendirmeleri objektif olmalidir.

2. Hakemler, gonderilen makalelerle ilgili tiim bilgilerin gizli kalmasini saglamali ve telif hakk:
ihlali veya intihal tespit etmeleri durumunda Editore bildirmelidir.

3. Kendini makaleyi degerlendirmede yetersiz hisseden veya incelemeyi belirtilen siire icinde
tamamlayamayaca@i kanisina varan hakem, Editore haber vermeli ve degerlendirme siirecinden
cekilmelidir.

Yazar Sorumluluklar:

1. Yazar olarak belirtilen kisiler, makalenin kavramsallastirilmasi, tasarimi, veri toplama ve yo-
rumlama, veri analizi veya arastirma ve yazim siireglerine 6nemli katkida bulunmus olmalidir.
Tiim ortak yazarlar, makalenin son siiriimiinii onaylamali ve ieriginden esit derecede sorumlu
olmalidir.

2. Yazarlar, gorsellerin (fotograf veya sekiller) telif hakk: diizenlemelerine uygun olmasini saglamali
veya gerekli izinleri almalidir. Eger etik veya telif hakki ihlali tespit edilirse, dergi ilgili makaleyi
geri ¢ekme veya erisimini engelleme hakkini sakli tutar.

3. Yazarlar, dergi editorleri ile iletisim kurmaktan, diizeltmeleri yapmaktan, makaleyi belirtilen
sirede yeniden gondermekten ve etik ile telif hakk: kurallarina uygunlugu onaylamaktan
sorumludur. [lk gonderimden sonra yazar isim degisiklikleri dikkate alinmaz.

Diizeltme Siireci

Hakemler tarafindan revizyon talep edilmesi durumunda, ilgili raporlar yazara iletilir ve yazarin
en kisa siirede gerekli diizeltmeleri yapmasi beklenir. Yazar, yapug: diizeltmeleri isaretleyerek
gincellenmis makaleyi Editorlere sunmalidir.

Tiirkge Dil Diizenlemesi: Hakem siirecinden gegen Tiirkge makaleler, Tiirkge Dil Editorii tarafindan
incelenir ve gerekli goriildiigiinde yazardan tashih istenebilir.

Yabanci Dil Diizenlemesi: Hakem siirecinden gegen Ingilizce makaleler, Yabanct Dil Editorii
tarafindan gdzden gegirilir ve gerekli goriildiigiinde yazardan ek diizeltmeler yapmast istenebilir.
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Dizgi, Mizanpaj ve Son Okuma Siireci

Yayin Kurulu tarafindan yayimlanmasi onaylanan makaleler, nihai yayina hazirlanmak tizere dizgi
ve mizanpaj islemlerine tabi tutulur. Mizanpaj islemi tamamlandiktan sonra, yayinlanmadan nce
makaleler i¢in son okuma siireci gerceklestirilir.

DOI Atama

Dijital Nesne Tanimlayicisi (DOI), elektronik ortamda yayimlanan bir makalenin resmi ve orijinal
versiyonuna kalici bir baglanti saglayan benzersiz bir kimlik numarasidir. Arkeoloji Bilimleri Dergisi,
yayin siirecinin tamamlanmasinin ardindan kabul edilen tiim bilimsel makalelere DOI numarast
atayarak, makalenin dijital ortamda resmi kaydini giivence altina alir.
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Article Evaluation Policy (Double-Blind
Peer Review) and Publication Process

The Turkish Journal of Archaeological Sciences publishes original research articles in Turkish

or English.

1.

Manuscripts must be original, unpublished, and not under review elsewhere. All authors

must approve the submission.

Submitted manuscripts undergo preliminary review, plagiarism screening, peer review, and
language editing.
Manuscripts that do not pass the preliminary review are returned to the author(s) and

are not reconsidered within the same publication period. Those that pass proceed to the

double-blind peer review, evaluated by at least two reviewers.

The Editors evaluate manuscripts based on scientific content, methodology, significance,
and the journal scope. Manuscripts passing this stage are assigned to associate editors for

preliminary assessment.

Associate editors ensure manuscripts comply with journal principles, including plagiarism

screening and adherence to formatting guidelines.

Editors and associate editors verify compliance with ethical standards, subject relevance,
formatting, references, image quality, and copyright permissions. Approved manuscripts

are sent for double-blind peer review.

The journal’s peer review process maintains fairness and objectivity, free from biases based
on nationality, gender, or other factors. Reviewers must have a doctoral degree and a strong

research background.

The reviewers complete evaluation forms and provide recommendations: accept without
changes, accept with minor revisions, request major revisions and resubmission, or reject.

If both reviewers recommend minor revisions, and the revised version is approved, the
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10.

11.
12.

13.
14.
15.

manuscript is accepted. If major revisions are required, the manuscript may be reassessed
before final decision. If there is one positive and one negative review, a third reviewer is
consulted. The final decision rests with the Editors. Editorial decisions are final and can

only be appealed under COPE guidelines.

Reviewers must use respectful, professional, and scientific language. Disrespectful or
unscientific comments will prompt a revision request. Reviews must be completed within

the assigned timeframe.

After final editing, accepted manuscripts undergo thematic or chronological organization

before inclusion in the journal.
Typesetting is conducted according to journal layout guidelines.

The final PDF version is sent to the authors for review and approval. Authors must confirm
that the manuscript adheres to the journal’s ethical standards and accept full responsibility

for their work.
The Editorial Board makes the final publication decision after reviewing revisions.
Once this process is finalized, DOI numbers are assigned to the articles.

Following DOI assignment, the printing stage begins, completing the publication process.

Editor Responsibilities

1.

The Editor evaluates manuscripts based solely on scientific merit, without bias toward authors’
ethnicity, gender, nationality, or beliefs.

The Editor ensures a fair, confidential double-blind peer review process.

Manuscripts remain confidential before publication. Reviewers and editorial board members
must not discuss them with third parties. If necessary, reviewer evaluations may be shared
between reviewers by the Editor for clarification.

The Editor ensures journal quality, including corrections and retractions when necessary.

The Editor prevents conflicts of interest and has full authority in reviewer assignments and
publication decisions.

Reviewer Responsibilities

1.

Reviewers must disclose any conflicts of interest regarding the research, authors, or funding
sources. Reviews must be objective.

Reviewers must maintain confidentiality and report any copyright infringement or plagiarism
to the Editor.

Reviewers who feel unqualified to evaluate a manuscript or unable to complete their evaluation
on time should notify the Editor and withdraw.
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Author Responsibilities

1. All authors must have made significant contributions to the manuscript in terms of conceptu-
alization, design, data collection and interpretation, data analysis, or research and writing. All
co-authors must approve the final version and share responsibility for its content.

2. Authors must ensure that all images comply with copyright regulations or obtain necessary
permissions. The journal reserves the right to retract or restrict access to articles with unresolved
copyright or ethical issues. Any such actions will follow COPE guidelines.

3. The corresponding author is responsible for journal communication, revisions, post-publication
inquiries, and compliance with the journal’s ethical and copyright policies. Changes to
authorship after submission will not be considered.

Revision Process

If revisions are requested, the review reports are sent to the authors. The authors must make necessary
revisions promptly, highlighting them for clarity, and submit the updated manuscript to the Editors.

Turkish Language Editing: Turkish manuscripts passing peer review are reviewed by the Turkish
Language Editor, who may request corrections.

Foreign Language Editing: English manuscripts passing peer review are reviewed by the English
Language Editor, who may request corrections.

Typesetting, Layout, and Proofreading Process

Approved manuscripts undergo typesetting and layout formatting, followed by a final proofreading
before final publication.

DOI Assignment

Digital Object Identifier (DOI) is a unique identifier that provides a permanent link to the official
and original version of an electronically published article. The Turkish Journal of Archaeological
Sciences assigns DOI numbers to all accepted scientific articles at the end of the publication process,
ensuring the article’s official recording in the digital environment.
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Arkeoloji Bilimleri Dergisi Yayin Etigi
ve Yayin Politikasi

Yayin Etigi
Arkeoloji Bilimleri Dergisi, yiiriitiilen tiim siireglerde; Yazar, Hakem, Editér, Yayinci ve Okuyucu

sorumluluklari baglaminda yayin etigine iligkin uluslararas bir standart olarak kabul géren Committee

on Publication Ethics (COPE) politikalarini benimsemekte ve yonergelerini takip etmektedir.

Editorler igin: Editorler kurulunda yer alan aragtirmacilarin géndermis oldugu makalelerle ilgili
olarak makale hakem siirecindeyken makale sahibi editérlerin editor rolleri askiya alinir ve hakem

stirecini gormemeleri saglanir, boylece ¢ift tarafli kor hakemlik korunur.

Hakemler i¢in: Arkeoloji Bilimleri Dergisi, 6nyargisiz ve en iyi etik standartlara gore cift tarafli kor
hakem degerlendirmesi sistemi isletir ve COPE'nin Akran Hakemleri igin Etik Ilkelerinde belirtilen
akran hakemlerine yonelik kilavuzunu dikkate alir. Hakemlerin, incelemelerini kendilerine ayrilan
sire i¢inde tamamlamalar: beklenir. Hakemlerimizin gizliligine saygt duyuyor, yazarlarin ve hakem-
lerin de ayni gizlilige uymasini bekliyoruz. Hakemlerin 6nyargisiz ve saygili bir dil kullanarak rapor
vermeleri beklenir. Agresif dil veya yazarlar hakkinda kisisel goriisler iceren yorumlar dikkate alin-
maz. Bir hakem, génderiyi incelemeye baglamadan 6nce varsa konuya istinaden veya olast herhangi

bir ¢ikar catismasi hakkinda editérleri bilgilendirmelidir.

Yazarlar icin: Arkeoloji Bilimleri Dergisi, bilim diinyasina 6zgiin ¢alismalar sunmay1 amaglamak-
tadir. Makaleler 6zgiin bilimsel arastirma olmalidir. Dergiye ¢alismalarini génderen yazar(lar) soz
konusu yazinin daha once bagka bir yerde yayimlanmadigint ya da yayimlanmak tizere bir baska
yere gonderilmemis oldugunu kabul etmis sayilirlar. Yazarlar, aragtirma ve yayin etigine uyduklarini
kabul ederler. Yazar/lar etik izin gerektiren galismalar igin Etik Kurul Izni sunmalidir. Yazar/lar aras-
tirma siirecinde arastirmalart i¢in mali destek almuglarsa bu destegi makale metninde belirtmelidir.
Yayin sonrast hata tespit edilmesi durumunda yazar/lar, hatali makaleyi geri ¢ekmek ve diizeltmek-
le yiikiimliidiir. Dergi ilkelerine uymayan makaleler dergiye kabul edilmezler. On degerlendirme
ve intihal denetimini bagariyla gecen makaleler hakem degerlendirme siireci igin en az iki hakeme

gonderilir.
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Telif Hakk:

Arkeoloji Bilimleri Dergisi'nde yayimlanan tiim 6zgiin makaleler, Creative Commons Auf-Gayri
Ticari 4.0 International (CC BY-NC 4.0) lisansina tabidir. Bu lisans ile taraflar, Arkeoloji Bilimleri
Dergisi'nde yayimlanan tiim makaleleri ve gorselleri; atifta bulunarak dagtabilir, kopyalayabilir, tize-
rine ¢alisma yapabilir, yine sahibine atfta bulunarak tiirevi ¢alismalar yapabilir. Arkeoloji Bilimleri
Dergisi tarafindan yayinlanan makalelerin telif haklar1 CC BY-NC 4.0 lisansi kapsaminda yazarlara
aittir. Yayinlanan tiim telif haklar1 yazarin/yazarlarin sorumlulugundadir. Dergide yaymlamay1 ka-
bul ederek, yazarlar bu telif hakk: sartlarina uymay: da kabul ederler. Dergide yayimlanan eserlerin
sorumlulugu yazarlarina aittir. Yazarlarin yayimlanmis olan makalelerine ait PDF dosyalari, kendi
kurumsal arsivleri ile baska makale platformlarinda ve sosyal medya hesaplarinda a¢ik erisim politi-

kas1 geregi paylagilabilir. Arkeoloji Bilimleri Dergisi hi¢bir ¢ikar gozetmez.

Intihal

Arkeoloji Bilimleri Dergisi, intihal tespit yazilimi (i7henticate veya benzeri) kullanarak metinleri
kontrol etme hakkini sakli tutar. Intihal, baskalarina ait calismalarin (fikirlerin, verilerin, kelimele-
rin, goriintilerin vb. her tiirli medyatik formun) kaynak gostermeden veya gerekli oldugunda izin
veya onay alinmadan kullanilmasidir. Bu tanim cergevesinde yazar(lar)in gerekli referanslar veya
izinler olmadan kendi ¢alismalarint yeniden iiretmeleri, kendinden kendine intihali igerir. Intihal
materyali iceren gonderiler otomatik olarak reddedilecektir. Yayinlanmis ise yayinlandiktan sonra

dahi, ilgili eyleme karar verilerek COPE'nin Akran Hakemleri igin Etik Ilkelerine gore siirdiiriliir.

Makale Geri Cekme Politikasi

Biinyesinde 6zgiin makalelere yer veren Arkeoloji Bilimleri Dergisi yayin yonetimi, yayin politikast
geregi hentiz degerlendirme agamasinda veya dergide yayimlanmis bir makaleye dair etik olmayan bir
durum stiphesinin olusmasi veya telif hakk: ihlali halinde, s6z konusu ¢alisma hakkinda inceleme-
lerde bulunabilir. Yapilan incelemeler sonucunda bu amagla degerlendirilen makale icin COPE'nin

makale geri ¢ekme siiregleri uygulanir.

Eger dergi editorleriyle iletisime gegen ¢aligma sahibinin kendisinden heniiz yayimlanmug, hakem
stirecinden gecerek kabul edilmis ya da degerlendirme asamasindaki ¢alismalariyla ilgili bir geri ¢ek-
me talebi gelirse Arkeoloji Bilimleri Dergisi Yayin Kurulu bunu ivedilikle isleme alir. Bu islemin
yapilabilmesi icin yazar(lar)in geri ¢ekme isteklerini kaleme aldiklari bir belge hazirlayip her bir
yazarin islak imzasiyla imzalayarak Arkeoloji Bilimleri Dergisi e-posta adresine (editor@arkeoloji-
bilimleridergisi.org) iletmesi gereklidir. Bu siire¢ COPE'nin Akran Hakemleri igin Etik Ilkelerine
gore siirdiiriiliir. Arkeoloji Bilimleri Dergisi Yayin Kurulu, bagvuruyu inceleyip karar vermeden 6nce
yazarlarin ¢alismasini bagka bir dergiye yayinlanmak tizere gondermesini katiyetle etik bir davranis

olarak kabul gormez.
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Finansman

Yayinda sunulan ¢alismanin tamamlanmasi i¢in alinan fon ve benzeri arastirma destegi, uygun ol-
dugunda hibe numaralari ve/veya bilimsel proje numaralari da dahil olmak iizere beyan edilmelidir.
Arkeoloji Bilimleri Dergisi'nde uygulanan yayin siirecleri, bilginin tarafsiz ve saygin bir sekilde geli-
simine ve dagiimina temel olusturmaktadir. Hakemli ¢alismalar bilimsel yontemi somutlastiran ve
destekleyen calismalardir. Bu noktada siirecin biitiin paydaslarinin—yazarlar, okuyucular ve aras-
tirmacilar, yayinci, hakemler ve editdrler—etik ilkelere yonelik standartlara uymasi 6nem tagimak-
tadir. Makalelerde cinsiyetci, 1rk¢1 veya kiiltiirel ayrim yapmayan, kapsayict bir dil kullanmalidir
(“insanoglu” yerine “insan”; “bilim adami” yerine “bilim insani” gibi). Arkeoloji Bilimleri Dergisi
yayn etigi kapsaminda tiim paydaglarin bu etik sorumluluklari tasimasini beklenmektedir. Burada
belirtilen etik gorev ve sorumluluklar, Committee on Publication Ethics (COPE) tarafindan agik
erisimli olarak yayinlanan rehberler ve politikalar dikkate alinarak hazirlanmigtir. Bkz.: COPE s
Akis Diyagramlari.

Kisisel Verilerin Korunmasi

Arkeoloji Bilimleri Dergisi'nde degerlendirilen ¢alismalarda gergek kisilere ait kisisel veriler Kisisel
Verilerin Korunmast Hakkinda Kanun kapsaminda koruma altindadir. Yazara ait higbir bilgi tiglincii

kisi ve kurumlarla paylasilmaz.
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Turkish Journal of Archaeological

Sciences Publication Ethics and Policies

Publication Ethics

The Turkish Journal of Archaeological Sciences adheres to the ethical standards set by the Committee
on Publication Ethics (COPE), ensuring integrity in all aspects of the publication process for authors,
reviewers, editors, publishers, and readers. The journal follows COPE guidelines to uphold ethical

publishing practices.

For Editors: If a member of the editorial board submits an article to the journal, their editorial role
is suspended during the peer review process to prevent any access to or influence over the review.

This measure safeguards the integrity of the double-blind peer review system.

For Reviewers: The Turkish Journal of Archaeological Sciences employs an unbiased and ethical
double-blind peer review system in accordance with COPE’s Ethical Guidelines for Peer Reviewers.
Reviewers are expected to complete their assessments within the assigned timeframe. The journal
maintains the confidentiality of reviewers and expects both authors and reviewers to do the same.
Reviewers must provide objective cand respectful evaluations. Comments containing aggressive
language or personal opinions about the authors will not be considered. Before commencing a

review, reviewers must disclose any potential conflicts of interest to the editors.

For Authors: The Turkish Journal of Archaeological Sciences aims to contribute original research to
the scientific community. Submitted manuscripts must be original and based on scientific research.
By submitting a manuscript to the journal, authors confirm that the work has not been published
elsewhere and is not under consideration for publication in another journal. Authors must comply
with research and publication ethics. If the research requires ethical approval, authors must provide
an Ethics Committee Approval. If financial support was received for the research, authors must
declare this in the manuscript. Authors are responsible for correcting any errors discovered post-
publication. Manuscripts that do not adhere to the journal’s ethical principles will be rejected.
Following a preliminary evaluation and plagiarism check, manuscripts undergo peer review by at

least two independent reviewers.
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Copyright Policy

All original articles published in the Turkish Journal of Archaeological Sciences are licensed under
a Creative Commons Attribution-Non-commercial 4.0 International (CC BY-NC 4.0) license. This
permits the distribution, reproduction, and modification of articles and visuals, provided proper
attribution is given to the original source. Copyright remains with the authors under the CC BY-NC
4.0 license. Authors may share PDF versions of their published articles in institutional repositories,
academic platforms, and social media, per the journal’s open-access policy. The Turkish Journal of

Archaeological Sciences does not derive financial benefits from published works.

Plagiarism Policy

The Turkish Journal of Archaeological Sciences reserves the right to check submitted manuscripts
using plagiarism detection software (i 7henticate or similar). Plagiarism includes the use of another’s
work—whether ideas, data, text, images, or other media—without proper citation or required
permission. This also applies to self-plagiarism, where authors reuse their own previously published
material without appropriate citation. Manuscripts found to contain plagiarism will be rejected. If
plagiarism is identified post-publication, corrective measures will be taken under COPE’s Ethical

Guidelines for Peer Reviewers.

Article Retraction Policy

The Turkish Journal of Archaeological Sciences is committed to academic integrity and will inves-
tigate ethical concerns regarding submitted or published articles. If ethical violations or copyright
infringements are suspected, the journal will initiate a review process and follow COPE’s retraction

procedures as necessary.

If an author wishes to withdraw their manuscript after submission, acceptance, or publication, the
Editorial Board will process the request promptly. Authors must submit a signed withdrawal request,
endorsed by all co-authors, to the journal’s official email address (editor@arkeolojibilimleridergisi.
org). Manuscripts must not be submitted to another journal before receiving formal withdrawal

confirmation, as this is considered unethical.

Funding Disclosure

If the research was supported by a grant or other financial resources, authors must disclose this in the

manuscript, including relevant grant numbers and project identifiers where applicable.

Ethical Standards and Responsibilities

The Turkish Journal of Archaeological Sciences aims to support the objective and reputable dissemi-
nation of knowledge. Peer-reviewed publications represent the application of scientific methodology,

and all stakeholders—authors, readers, researchers, publishers, reviewers, and editors—must adhere
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to ethical standards. Manuscripts should use inclusive language that is free from bias based on sex,
race or ethnicity, etc. (e.g., “he or she” or “his/her/their” instead of “he” or “his”) and avoid terms
that imply stereotypes (e.g., “humankind” instead of “mankind”). The ethical duties and responsi-

bilities outlined herein align with open-access policies and the Committee on Publication Ethics

(COPE) guidelines.

Protection of Personal Data

Personal data of individuals involved in research published in the Turkish Journal of Archaeological
Sciences is protected under the Law on the Protection of Personal Data. No personal information of

authors will be shared with third parties or external institutions.
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Makale Gonderimi ve Yazim Kilavuzu
* Please see below for English

Makale Kabul Kriterleri

Makalelerin konu aldig: ¢alismalar, Arkeoloji Bilimleri Dergisi’nin amaglari ve kapsami ile uyumlu

olmalidir (bkz.: Amag ve Kapsam).

Makaleler Tiirkge veya Ingilizce olarak yazilmalidir. Makalelerin yayin diline gevirisi yazar(lar)in

sorumlulugundadir. Eger yazar(lar) makale dilinde akict degilse, metin gonderilmeden 6nce anadili

Tiirkge ya da Ingilizce olan kisilerce kontrol edilmelidir.

Her makaleye 200 kelimeyi asmayacak uzunlukta Tiirkge ve Ingilizce yazilmis 6zet ve bes anahtar

kelime eklenmelidir. Ozete referans eklenmemelidir.

Yazarin Tiirkgesi veya Ingilizcesi akict degilse, 6zet ve anahtar kelimelerin Tiirkge veya Ingilizce

cevirisi editér kurulu tarafindan iistlenilebilir.

Metin, figiirler ve diger dosyalar wetransfer veya e-posta yoluyla archaeologicalsciences@gmail.com

adresine gonderilmelidir.

Makale Kontrol Listesi
Liitfen makalenizin asagidaki bilgileri

igerdiginden emin olun:

Yazarlar (yazarlarin adi-soyad ve
iletisim bilgileri buradaki sirayla
makale basliginin hemen altnda
paylasiimalidir)

Calisilan kurum (varsa)
E-mail adresi

ORCID ID
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Makalenin icermesi gerekenler:

Baslik

Ozet (Tiirkge ve Ingilizce)
Anahtar kelimeler

Metin

Kaynakc¢a

Figiirler

Tablolar



Yazim Kurallari

Metin ve Basliklarin Yazimi

Times New Roman karakterinde yazilan metin 12 punto biiyiikliigiinde, iki yana yasli ve tek satir
aralikli yazilmalidir. Makale word formatinda gonderilmelidir.

Yabanci ve eski dillerdeki kelimeler iza/ik olmalidir.
Baslik ve alt bagliklar bold yazilmalidir.
Bagliklar numaralandirilmamaly, italik yapilmamali, altlari ¢izilmemelidir.

Baslik ve alt basliklarda yalnizca her kelimenin ilk harfi biiyiik olmalidir.

Referans Yazimi

Ayrica bkz.: Metin i¢i Atiflar ve Kaynakea Yazimi

Referanslar metin i¢inde (Yazar yil, sayfa numarasi) seklinde verilmelidir.

Referanslar i¢in dipnot ve son not kullanimindan kaginilmalidir. Bir konuda not diisme amaciyla
gerektigi taktirde dipnot tercih edilmelidir.

Dipnotlar Times New Roman karakterinde, 10 punto biiyiikligiinde, iki yana yasli, tek satir
aralikli yazilmali ve her sayfa sonuna siireklilik izleyecek sekilde eklenmelidir.

Sekiller ve Tablolar

Makalenin altina sekiller ve tablolar i¢in bir baglk listesi eklenmelidir. Gorsellerde gerektigi

taktirde kaynak belirtilmelidir. Her sekil ve tabloya metin icerisinde génderme yapilmalidir
(Sekil 1 veya Tablo 1).

Gorseller Word dokiimaninin igerisine yerlestirilmemeli, jpg veya tiff formatinda, ayrt olarak
gonderilmelidir.

Goriintil ¢oziiniirliigii basilmast istenen boyutta ve 300 dpi’nin iizerinde olmalidur.
¢ g y

Gorseller Photoshop ve benzeri programlar ile miidahale edilmeden olabildigince ham haliyle
gonderilmelidir.

Excelde hazirlanmus tablolar ve grafikler var ise mutlaka bunlarin PDF ve Excel dokiimanlart
gonderilmelidir.

Tarihlerin ve Sayilarin Yazimi

MO ve MS kisaltmalarint harflerin arasina nokta koymadan kullaniniz (6rn.: M.O. yerine MO).
“Bin y1l” ya da “bin yil” yerine “... biny1l” kullaniniz (6rn.: MO 9.binyl).
“Yiizyil”, “yiiz yil” ya da “yy” yerine “yiizyil” kullaniniz (6rn.: MO 7.yiizy1l).

Bes veya daha fazla basamakl: tarihler i¢in sondan sayarak tiglii gruplara ayirmak suretiyle say1
gruplarinin arasina nokta koyunuz (6rn.: MO 10.500).

Dért veya daha az basamakli tarihlerde nokta kullanmayiniz (6rn.: MO 8700).

0-10 arasindaki sayilar1 rakamla degil yaziyla yaziniz (6rn.: “8 kez yenilenmis taban” yerine “sekiz
kez yenilenmis taban”).

| 169 |



Noktalama ve Isaret Kullanimi
* Ara ciimleleri liitfen iki ¢izgi ile ayiriniz (—). Cizgi 6ncesi ve sonrasinda bogluk birakmayiniz.

* Sayfa numaralari, tarih ve yer araliklarini liitfen tek gizgi (-) ile ayiriniz: 1989-2006; Istanbul-
Kiitahya.

Kisaltmalarin Yazimi

e Sik kullanilan bazi kisaltmalar i¢in bkz.:

Yaklagik:  yak. Circa: ca.
Bakiniz: bkz. Kalibre: kal.
Ornegin: orn. ve digerleri: ~ vd.

Ozel Fontlar

*  Makalede 6zel bir font kullanildiysa (Yunanca, Arapega, hiyeroglif vb.) bu font ve orijinal metnin
PDF versiyonu da gonderilen dosyalar icerisine eklenmelidir.

Metin i¢i Auflar ve Kaynake¢a Yazimi

Her makale, metin icinde aufta bulunulan calismalardan olusan ve “Kaynakg¢a” bagligi altinda
diizenlenmis APA7’ye gore bir referans listesi icermelidir. Metin i¢indeki her referansin kaynake¢ada
yer aldigindan emin olunuz.

https://apastyle.apa.org/style-grammar-guidelines/references/examples

* Dogrudan atif: Ornek: ... Esin (1995)’in belirtmis oldugu gibi.”
* DParantez iginde atif: Ornek: “... analiz sonuglart gosteriyor ki ... (Esin, 1995).”

* Ayni parantezde birden fazla atuf: Yayin yilina gore siralanmali ve nokeali virgiil ile ayrilmalidir.
Ornek: ... (Dincol & Kantman, 1969; Esin, 1995; Ozbal et al., 2004).”

* Ayni yazarin farkli yillara ait yayinlarina auf: Yazarin soyadi bir kez kullanilir, yillar virgiil ile
ayrilir. Ornek: “... (Peterson, 2002, 2010).”

« »

* Ayni yazarin ayni yil igindeki farkli yayinlarina atf: Yilin yanina alfabetik harf eklenir (6rn. “a”,
“b”). Ornek: “... (Peterson, 2010a, 2010b).”

* Tek yazarli ve ¢ok yazarli kaynaklar: Tek yazarli kaynaklar 6nce siralanir. Ayni yazarin farkli es
yazarlara sahip kaynaklari ikinci yazarin soyadina gore alfabetik siralanir. Ornek: ... (Esin, 1995;
Esin & Ozbal, 1998).”

» Kaynak¢a Yazim Kurallari: Kaynakea, ilk yazarin soyadina gore alfabetik olarak siralanmali ve
asagidaki kurallar izlenmelidir:

1) Tek yazarli yaynlar: Yazarin soyadina gore siralayin, ardindan yayin yilina gore (en eskiden en
yeniye dogru) diizenleyin.

2) Iki yazarli yayinlar: ilk yazarin soyadina gore siralayin, ardindan ikinci yazarin soyadina gore
ve son olarak yayin yilina gore siralayin.

3) Ug veya daha fazla yazarli yayinlar: ilk yazarin soyadina gore siralayin, ardindan yayin yilina
gore (en eskiden en yeniye dogru) diizenleyin. Ek yazarlarin sirast 6nemli degildir.
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* Metinde aufta bulunulan tiim ¢aligmalar “Kaynakea” basligi altinda listelenmelidir.

* Eger mevcutsa, dergi makaleleri i¢cin mutlaka DOI numarasi eklenmelidir (6rn. “hzps://doi.

orglabc”).

* Kisisel iletisimler ve yayimlanmamus ¢alismalar yalnizca metin i¢inde belirtilmelidir ve kaynakea-
ya eklenmemelidir.

Dergi makalesi

Bickle, P. (2020). Thinking gender differently: New approaches to identity difference in the Central
European Neolithic. Cambridge Archaeological Journal, 30(2), 201-218. https://doi.org/10.1017/
§0959774319000453

Hansen, S., Mirtskhulava, G., & Bastert-Lamprichs, K. (2007). Aruchlo: A Neolithic settlement
mound in the Caucasus. Neo-Lithics, 1, 13—19.

Pearson, J., & Meskell, L. (2015). Isotopes and images: Fleshing out bodies at Catalhoyiik. Journal
of Archaeological Method and Theory, 22, 461-482. https://doi.org/10.1007/s10816-013-9184-5

Metin ici auf: (Hansen vd., 2007; Pearson & Meskell, 2015; Bickle, 2020). Eger sayfa numarasi
eklenecek ise: (Hansel vd., 2007, 16; Pearson & Meskell, 2015, 475; Bickle, 2020, 210-212).

Kitap / e-kitap

Dingol, A. M., & Kantman, S. (1969). Analitik arkeoloji: Denemeler. Edebiyat Fakiiltesi Basimevi.
Peterson, J. (2002). Sexual revolutions: Gender and labor at the dawn of agriculture. AltaMira Press.
Metin ici atif: (Dingol & Kantman, 1969; Peterson, 2002).

Editérlii kitap & Kitap ici boliim
Akkermans, P. M. M. G., & Schwartz, G. M. (Eds.). (2003). The archaeology of Syria: From complex
hunter-gatherers to early urban societies (c. 16,000-300 BC). Cambridge University Press.

Esin, U. (1995). Asikli Hoytik ve radyo-aktif karbon 6l¢timleri. Icinde A. Erkanal, H. Erkanal,
H. Hiiryilmaz, & A. T. Okse (Eds.), . Metin Akyurt - Babattin Devam an: kitabs. Eski Yakin Dogu

kiiltiirleri dizerine incelemeler (ss. 135—146). Arkeoloji ve Sanat Yayinlar1.

Ozkaya, V., & San, O. (2007). Kértik Tepe: Initial observations on cultural context based on
findings. In M. Ozdogan & N. Basgelen (Eds.), 7he Neolithic period in Turkey: New excavations and
findings (pp. 21-36). Archacology and Art Publications.

Metin ici atif: (Esin, 1995; Akkermans & Schwartz, 2003; Ozkaya & San, 2007)

Ceviri kitab:
Foucault, M. ([1954]1992). Deliligin tarihi. (M. A. Kiligbay, Cev.). Imge Kitapevi.
Metin ici atif: (Foucault, 1992)

Yiiksek lisans & Doktora tezi

Kayacan, N. (2015). Anadoluda Neolitik Dénem'de bask: teknigi ile tas yongalama: Uygulama,
dagilim ve kiiltiirel farkliliklar [Yayimlanmamis Doktora Tezi]. Istanbul Universitesi.

Metin igi atf: (Kayacan, 2015)

| 171 |



ARKEOLOJI
BILIMLERI

DERGISI

TURKISH JOURNAL OF
ARCHAEOLOGICAL SCIENCES

Submission and Style Guideline

Submission Criteria for Articles

The content of the manuscripts should meet the aims and scope of the Turkish Journal of
Archaeological Sciences (cf. Aims and Scope).

Manuscripts may be written in Turkish or English. The translation of articles into English is the
responsibility of the author(s). If the author(s) are not fluent in the language in which the article is
written, they must ensure that the text is reviewed, ideally by a native speaker, prior to submission.

Each manuscript should include a Turkish and an English abstract of up to 200 words and five
keywords in both Turkish and English. Citations should not be included in the abstract.

If the author(s) are not fluent in the language of the manuscript, a translation of the abstract and the
keywords may be provided by the editorial board.

Manuscripts, figures, and other files should be sent via wetransfer or e-mail to archaeologicalsciences@
gmail.com .

Submission Checklist

Each article must contain the following: The manuscript should contain:

* Authors (please provide the name-last name e Title
and contact details of each author under the e Abstract (in English and Turkish)
main title of the manuscript) e Keywords

 Affiliation (where applicable) o Text

¢ E-mail address e References

e ORCIDID R

Figures (when applicable)
* Tables (when applicable)
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Style Guide

Manuscript Formatting

Manuscripts should be written in Times New Roman 12-point font, justified and single-spaced.
Please submit the manuscript as a word document.

Words in foreign and ancient languages should be izalicized.
Titles and subtitles should appear in bold.
Titles and subtitles should not be numbered, italicized, or underlined.

Only the first letter of each word in titles and subtitles should be capitalized.

References
Cf.: In-Text Citations and References

In-text citations should appear inside parenthesis (Author, year, page number).

Footnotes and endnotes should not be used for references. Comments should be included in
footnotes rather than endnotes.

The footnotes should be written in Times New Roman 10-point font, justified and single-spaced,
and should be continuous at the bottom of each page.

Figures and Tables

Please provide a caption list for figures and tables following the references. Provide credits where
applicable. Each figure and table should be referenced in the text (Figure 1, or Table 1), but
please do not include figures in the text document.

Each figure should be submitted separately as a jpg or tiff file.

Images should be submitted in the dimensions in which they should appear in the published text
and their resolution must be over 300 dpi.

Please avoid editing the figures in Photoshop or similar programs but send the raw version of the

figures if possible.
Tables and graphs prepared in Excel should be sent as both PDF and Excel documents.

Dates and Numbers

Please use BCE/CE and please avoid using dots without dots (i.e., BCE instead of BC or B.C.).
Please use a dot for numbers and dates with 5 or more digits (i.e., 10.500 BCE).
Please avoid using dots for numbers and dates with 4 or less digits (i.e., 8700 BCE).

Please spell out whole numbers from 0 to 10 (e.g., “the floor was renewed eight times” instead of
“the floor was renewed 8 times”).

Punctuation

Please prefer em dashes (—) for parenthetical sentences: “Children were buried with various
items, the adolescents—individuals between the ages of 12-19—had the most variety in terms of

grave goods.”

Please preferan en dash (-) between page numbers, years, and places: 1989-2006; Istanbul-Kiitahya.
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Abbreviations

Commonly used abbreviations:

Approximately: approx. Figure: Fig.
Confer: cf. Id est: i.e.
Circa: ca. Exemplz’ gratia: e.g.
Calibrated: cal.

Special Fonts

If a special font must be used in the text (e.g., Greek or Arabic alphabet or hieroglyphs), the text
in the special font and the original manuscript should be sent in separate PDF files.

In-Text Citations and References

Each article must include a reference list titled “References,” containing only works cited in the text,

formatted according to APA 7. Ensure that every in-text citation has a corresponding entry in the

reference list.

https://apastyle.apa.org/style-grammar-guidelines/references/examples

Direct Citation: Example: “As Esin (1995) stated...”
Parenthetical Citation: Example: “The analysis results indicate... (Esin, 1995).”

Multiple Citation in One Parenthesis: Arrange by publication year and separate with semicolons.
Example: “(Dingol & Kantman, 1969; Esin, 1995; Ozbal et al., 2004).”

Publications by the Same Author in Different Years: List the author once and separate
publication years with commas. Example: “(Peterson, 2002, 2010).”

Multiple Publications by the Same Author in the Same Year: Add letters alphabetically to the
publication year (e.g., “a,” “b”). Example: “(Peterson, 2010a, 2010b).”

Single and Multiple Authors: List single-author works before multi-author works. For works by
the same first author with different co-authors, arrange alphabetically by the second author’s last
name. Example: “(Esin, 1995; Esin & Ozbal, 1998).”

Reference List Formatting: References should be arranged alphabetically by the last name of the
first author, following these rules:

1) Single-author publications: Order by the author’s last name, then by publication year (earliest
to latest).

2) Two-author publications: Order by the first author’s last name, then by the second author’s
last name, and finally by publication year.

3) Publications with three or more authors: Order by the first author’s last name, then by
publication year (earliest to latest), regardless of additional authors.

Include all publications cited in the text under the “References” heading.

Always include DOI for journal articles in your reference list, if available. (e.g. “https://doi.
org/abc”).

Personal communications and unpublished works should only be mentioned in the text.
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Journal article

Bickle, P. (2020). Thinking gender differently: New approaches to identity difference in the Central
European Neolithic. Cambridge Archaeological Journal, 30(2), 201-218. https://doi.org/10.1017/
S0959774319000453

Hansen, S., Mirtskhulava, G., & Bastert-Lamprichs, K. (2007). Aruchlo: A Neolithic settlement
mound in the Caucasus. Neo-Lithics, 1, 13—19.

Pearson, J., & Meskell, L. (2015). Isotopes and images: Fleshing out bodies at Catalhdytik. Journal
of Archaeological Method and Theory, 22, 461-482. https://doi.org/10.1007/s10816-013-9184-5

In-text citation: (Hansen et al., 2007; Pearson & Meskell, 2015; Bickle, 2020). If page numbers are
required: (Hansel et al., 2007, 16; Pearson & Meskell, 2015, 475; Bickle, 2020, 210-212).

Book / eBook
Dingol, A. M., & Kantman, S. (1969). Analitik arkeoloji: Denemeler. Edebiyat Fakiiltesi Basimevi.
Peterson, J. (2002). Sexual revolutions: Gender and labor at the dawn of agriculture. AltaMira Press.

In-text citation: (Dincol & Kantman, 1969; Peterson, 2002).

Edited book & Book chapter

Akkermans, P. M. M. G., & Schwartz, G. M. (Eds.). (2003). The archaeology of Syria: From complex
hunter-gatherers to early urban societies (c. 16,000-300 BC). Cambridge University Press.

Esin, U. (1995). Asikli Hoyiitk ve radyo-aktif karbon 6lgiimleri. Icinde A. Erkanal, H. Erkanal,
H. Hiiryillmaz, & A. T. Okse (Eds.), L. Metin Akyurt - Babattin Devam ani kitabi. Eski Yakin Dogu
kiiltiirleri dizerine incelemeler (ss. 135—146). Arkeoloji ve Sanat Yayinlari.

Ozkaya, V., & San, O. (2007). Kortik Tepe: Initial observations on cultural context based on
findings. In M. Ozdogan & N. Basgelen (Eds.), The Neolithic period in Turkey: New excavations
and findings (pp. 21-36). Archaeology and Art Publications.

In-text citation: (Esin, 1995; Akkermans & Schwartz, 2003; Ozkaya & San, 2007)

Translated book

Foucault, M. ([1954]2011). Madness: The invention of an idea. (A. Sheridan, Trans.). Harper
Perennial Modern Thought.

In-text citation: (Foucault, 2011)

Dissertation & Thesis

Mosek, E. (2017). Team flow: The missing piece in performance [Doctoral dissertation, Victoria
University]. Victoria University Research Repository.

In-text citation: (Mosek, 2017)
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