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Introduction

It is probably best assumed that the passage of time has been an important part of human reality for 
as long as humanity has existed. The notion of time, although likely not understood and measured by early 
hominids as it is today, was a self-evident fact of the cycles of life that each of us undertakes, from the mo-
ment of birth to the day of death. It became even more important to understand and measure when humans 
first attempted to understand their environment, to put it under their control. Perhaps at first, it was enough 
to realise when it was a period of cold or hot weather, a time of bounty and scarcity but as the complexity of 
human livelihood began to emerge with the onset of the Neolithic, the concept of time must have started to 
matter even more. Time, an intangible concept that cannot be rewound, renewed or traded, is an intricate part 
of daily lives governing our actions and cycles. The realisation that we can measure and organise it in the order 
of the occurrence of events to establish its flow was as important to the humans of the past as much as the 
concept of growing your own food resources and living in organised societies settled in specific environments. 
Certain authors (Aveni 1989) argue that the perception of time is inborn to living beings, evidenced through 
behaviours regulated by circadian cycles, but the measurement of time is surely a cultural product. Mankind, 
most likely even before the time of the Homo Sapiens, must have been aware of the biological time, evidenced 
in the individual phases of life that each living being goes through from birth to death. But the motion beyond 
that realisation, one that would cause the development of the concept of physical time; the time that exists as 
an external, measurable entity, must have demanded more than the inborn quality.

The measurement of time must have started very early in human prehistory, but the perishable char-
acter of material evidence from the human past partially prohibits us from discovering the point when it 
occurred. Additionally, even if material evidence is to be found, would we be able to, from our perspective, 
understand its character of timekeeping with certainty? If we were to argue the measurement of time came 
about in the Palaeolithic, then the material evidence is very limited due to, ironically, the sheer amount of 
time that has passed since. Perhaps then, it is possible to proxy search for other probable indicators of the 
existence of time as a concept among the current hunter-gatherer tribes that still occupy secluded parts 
of Earth today, avoiding contact with contemporary human societies of the 21st century? Certain studies 
(Sinha et al. 2011) have indicated that hunter-gatherer tribes in Amazon lack the linguistic structure that 
relates time and space or even lack words for time or terms associated with measuring time, like month or 
year. This, however, does not prevent them from talking about events and their sequence of occurrence, but 
it illustrates that, for them, the concept of time does not exist independently of events. Is it then prudent to 
assume that the Palaeolithic hunter-gatherers must have had the notion of seasonal cycles, possibly to keep 
track of which food sources to look for when, but surely not had them organised in calendars, rather as a 
series of interconnected and overlapping events related to certain natural phenomena (e.g. climatic cycles)? 
Would it be far-fetched to suspect that these Palaeolithic societies did not count the cycles of time but rather 
related them to events easily identifiable and transferable by the collective memory? This concept seems 
logical from the aspect of the short time scale that the hunter-gatherers were living on, based on recurring 
seasonal changes. It would also imply that their time was highly dependent on narratives passed down from 
generation to generation.

If no evidence of quantitative timekeeping can be found in the Paleolithic, can it then be identified 
in the Neolithic? Sedentary life and plant cultivation go hand in hand with the concept of longer annual or 
perennial cycles based on prolonged planning, food production, and harvesting management. While hunt-
er-gatherers were influenced by individual seasons of climatic changes, Neolithic farmers would need to 
rely on at least annual cycles to know the adequate periods for sowing, cultivation and harvesting. It is safe 
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to assume that these annual cycles would have already been known from the repetitive cyclical motions 
playing out above our heads – the astronomical cycles of constellations and the Sun and the Moon. The 
nature of these measurements is still unclear in the Neolithic period, as a key ingredient, writing, was still 
missing, depriving us of material evidence. Undoubtedly, the astronomical cycles have had an important 
role in the development of time measurement and the emergence of codified calendars, the basis for the 
earliest known systems of time measurement that would appear in the later periods.

Thus, moving to the earliest material evidence for timekeeping records may be pertinent, which 
originates in the Sumerian and Dynastic Egyptian periods (Greengus 1987; Polcaro 2013) from about 
2200 BCE. However, it should be assumed that there would have been even older records since the writ-
ing system predates these earliest chronological records by almost a millennium. The Sumerian calendars 
were lunisolar, based on 12 lunar months, subdivided into seasons and organised around natural cycles like 
day (the regular rising and setting of the Sun), lunar month (the transition of the Moon through its cycle 
of phases) and solar cycle (the change rising and setting positions of the Sun throughout its annual cycle), 
while the Egyptian was solar based. The historical stage for chronology was thus set, driven by the need 
of emerging complex societies to record their time for posterity. Another side effect of the timekeeping 
was the creation of dynastic histories, the first relative chronological system known, albeit envisaged as a 
justification for the immense power vested in rulers rather than as a recording of the passage of time. Thus, 
a twofold split in chronology appeared, with shorter scaled civil time recording short-term astronomical cy-
cles and regulating civil life, while historical time dealt solely with larger time scales that spanned periods 
from the current rulers back to the mythical, often divine, ancestors. The historical time was often referred 
to as sacred time, which must always be cyclical time as its existence made the present time (Eliade 1959). 
These cyclic events in which sacred times recreated the rituals originating from past sacred events from the 
long-gone periods often resulted in the creation of great years, truly long cycles which would often span 
multi millennia that were to repeat themselves over and over again.

The development of the concept of time did not end there. The cyclic time of the Bronze Age middle 
eastern societies began to be replaced by the notion of linear time, irreversible and not traced back to prior 
events in the Early Iron Age. This notion is deeply connected with the appearance of Judaism and mono-
theistic concepts of the Universe, which has its creation, lasting period and ending point (Goldberg 2000). 
Ancient Greek philosophers also tried to grasp the nature of time and the concept of chronology, introduc-
ing infinite time into the matter. The Sophist philosopher Antiphon claimed that time is not a reality, but a 
concept or a measure (Dunn 1996), while Parmenides saw it as an illusion because change is impossible and 
illusory (Hoy 1994). Somewhat later, Plato, in his Timaeus, stated that the time was created by the Creator 
and identified it with the period of motion of the heavenly bodies, of which he specially commented on 
the so-called Great Year, a complete cycle of the equinoxes around the ecliptic; effectively the return of 
the planets and the “fixed stars” to their original relative positions, a process that takes about 25,800 years 
(Plato 2001). This notion, derived from ancient astronomical observations of the movement of stars and 
constellations in the night sky, contributed further to the notion of linear time that early Christian authors 
will additionally advance in their attempts to synchronise and record the timeline of early Christianity.

In his Confessiones, St. Augustine noted that the world was neither timeless and eternal nor creat-
ed at a certain point in the time series, but that the world and time were created together and also stated, 
“There are three times; a present of things past, a present of things present, and a present of things future” 
(Augustine 1992, XI:26). For Augustine, time is God’s creature and God is the beginning and the end. This 
position reflects Neo-Platonism with an added splash of Aristotelian time as a linear stream, flowing from 
a beginning towards an end. This idea of linear time would not change much in the Early Medieval period. 
However, the theological view of time considers time to be of the material world only and that time ceases 
to exist in the immaterial after-world when they give way to eternity. Thus, time is an imperfect reflection 
of the heavenly life that awaits the worthy in this transitory world. Life on this Earth is time-bound and 
limited, while heavenly life is timeless and everlasting.

On the opposite end of the spectrum, in the Mediaeval period, earthly time is still a flow of moments, 
measured in terms of cyclical movements of the celestial bodies and the rhythm of nature (Polcaro 2013, 5). 
Timekeeping became very important, especially when serving religious needs, like Epiphany, Christmas, 
Annunciation and others. These calculatory problems occupied early Christianity, and many computations 
were made in attempts to fix the dates of these major events until finally, a Benedictine monk Bede Ven-
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erabilis published his study De temporum ratione in 725 AD. With the advent of the developed and Late 
Medieval period and the resurrection of town life that sprang around fortified castles of nobility, a new 
concept of time started to appear, centred primarily on acquiring economic and social wealth and prestige. 
The prohibition of usury, which forbade Christians from making money out of money loans and credits with 
interest, started giving way to money lending, which required exact determination of the lending period 
dependent on the universal measurement of time. By the late 14th century, even time itself became viewed 
as a commodity that could be parcelled out and measured on an even scale. The invention of mechanical 
devices for time measurements – mechanical clocks enabled this organisation of daily life by the clock. In 
the Renaissance, the concept of time as a precious good became an everyday topic for intellectual elites like 
Michel de Montaigne or Giordano Bruno (Ashcroft 2018). 

The rise of science in the Modern period, starting from the late 15th century, brought about changes 
in paradigms in many aspects of life, often breaking away from well-established traditions. The concept of 
time was not left unchanged either in this process. Examining the material or physical world led scientists 
like Galileo to state that an objective reality exists with its intrinsic properties, independent and distinct 
from the individual perceiving it (Galilei 2017). Galileo, one of the greatest minds of his period, considered 
time and motion to be two of these properties. However, another, perhaps the best-known scientist of the 
period, Isaac Newton, was credited with the introduction of absolute time alongside concepts like absolute 
space and absolute motion. In his Philosophiae Naturalis Principia Mathematica, Newton states: “Absolute, 
true, and mathematical time, of itself, and from its own nature, flows equably without relation to anything 
external, and by another name is called duration: relative, apparent, and common time, is some sensible and 
external (whether accurate or unequable) measure of duration by the means of motion, which is commonly 
used instead of true time; such as an hour, a day, a month, a year” (Newton 1687).

However, Newton’s view of the time was not the only one in existence and was furthermore sound-
ly opposed by another prominent intellectual figure of the period, Gottfried Leibniz, who considered that 
space and time are for him purely relative “an order of coexistence, as time is an order of successions. For 
space denotes, in terms of possibility, an order of things that exist at the same time, considered as existing 
together, without entering into their particular manners of existing” (Leibniz’s third letter to Clarke – Feb-
ruary 25, 1716). 

These views on space and time gave birth to the absolute concept of time (Newton) and a relation-
al one (Leibniz) based on different logical priorities of space and time concerning objects and material 
processes. The key question and difference lie in the dilemma of whether the existence of space and time 
allows the existence of objects or does the existence of objects creates space and time. Despite all advance-
ment over the century, it is just these views that, to this day, govern, more or less, the Western concept of 
time, which also lies at the heart of the archaeological notion of time. 

In its earliest periods, modern archaeology heavily relied on the concept of relative chronologies, 
particularly when dealing with recorded histories of human societies being studied. It is of no surprise be-
cause no way of establishing absolute age existed in that period. The interest in the ancient Middle East and 
Graeco-Roman periods heavily relied on epigraphic sources listing periods, rulers and important events. 
However, the oldest known archaeological chronology developed was the one of a Danish archaeologist 
C.J. Thomsen, curator of the National Museum of Denmark, who divided the prehistoric period into the 
Stone, Bronze, and Iron ages (the scheme was published in 1836 in his book Ledetraad til nordisk Oldkyn-
dighed). By the end of the 19th century and the beginning of the 20th, relative chronologies were an every-
day item in the archaeological kit (e.g., Petrie 1899; Reinecke 1899, 1902), helping establish the relative 
age of finds and sites throughout the world. 

Relative chronology remained a principal archaeological tool for chronological placement of mate-
rial cultures until the mid-20th century when Willard Libby proposed an innovative method applicable to 
organic materials which enabled absolute dating of finds based on the measure of decay of carbon-14, an 
unstable isotope of carbon. This method brought back the absolute time scale to archaeology in a revolu-
tionary manner, making possible more precise historical and prehistoric chronologies across the periods. 
Libby, a professor of chemistry at the University of Chicago, realised that carbon-14, an isotope abundant 
in the atmosphere, is embedded into the organic living matter during its life cycle through respiration, food 
and liquid consumption and that its accumulation ceases with the death of the organic. He proposed that 
if one could establish the amount of carbon-14 in an object, one could estimate that object’s age using the 
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half-life of the unstable carbon-14 isotope, i.e., the rate of decay of the original isotope quantity to half of 
the starting value. For this method to work, Libby assumed that the concentration of carbon-14 has been 
constant for thousands of years and that the isotope moves readily through the atmosphere, biosphere, 
oceans and other bodies of water in a known process as the carbon cycle. The first factor was later proven 
to be generally true, but for the second, Libby had to calculate a ratio of carbon-14 atoms per every carbon 
atom on Earth, which appeared to be one carbon 14 atom per every 1012 carbon atoms. Following this, 
he calculated the mixing of carbons across different reservoirs resulting in a prediction of carbon-14 dis-
tribution across features of the carbon cycle. Further research by Libby and others established its half-life 
as 5,568 years (later revised to 5,730 ± 40 years), providing another essential factor in Libby’s concept. In 
1949 Libby and Arnold published their results (Libby and Arnold 1949), proving the success of the method 
and paving the way for its introduction into the world of archaeological chronologies. 

Libby’s discovery helped resolve multiple issues in the sphere of anthropology and archaeology, 
including the notion that civilisation originated in Europe and diffused outwards into the rest of the world. 
By dating man-made artefacts from Europe, the Americas, Asia, Africa and Oceania, archaeologists could 
establish that civilisations developed in multiple independent sites across the globe. Spending less time try-
ing to determine artefact ages, archaeologists could now ask more searching questions about the evolution 
of human societies and behaviour in prehistory.

Radiocarbon dating in Southeast Europe made its maiden steps in the 1960s and continued in the 
early 1970s, with first data published from sites like Starčevo, Karanovo, Sesklo, Vinča and others (Kohl 
and Quitta 1966; Lawn 1973; Nandris 1968; Vogel and Waterbolk 1963) illustrating the importance of 
Southeast Europe as a prominent corridor for the introduction of the Neolithic way of life into Europe. 
Since then, the amount of radiocarbon measurements has increased immensely, creating new insight into 
the dynamics of the emergence and development of the Neolithization of Europe. Old schematics of paral-
lel relative chronologies of material cultures in the region became infused with absolute dates from many 
sites in the region, creating a detailed narrative of events that would shape the identity of Europe’s earliest 
farmers spanning over two thousand years.

To this great narrative of the Neolithic period and its chronology, we contribute and dedicate our vol-
ume in the hope that new generations of researchers will find it useful for research and the creation of new 
questions and topics that still exist out there and are waiting to be explored and placed in the ever-growing 
mosaic of knowledge that archaeologists build in an attempt to understand our past and origins better. 

The Editors
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1.
‘As if all Time were theirs’:  

reflections on the path towards precise narratives  
for the Neolithic and Copper Age of southeast Europe

Alasdair Whittle

In his 1928 poem, ‘Proud Songsters’, the English writer Thomas Hardy envisaged birds in 
spring singing ‘as if all Time were theirs’. We can hardly make the same claim in archaeology 
yet, but the attempt to control time and, in doing so, to construct as precise chronologies as 
possible for the Neolithic and Copper Age of southeast Europe – and, of course, elsewhere as 
well – is certainly underway, and the potential rewards are great. At stake is a robust, explicit 
and quantifiable basis for writing interpretive narratives of sequences of human action, with 
people centre-stage in detailed and diverse local, regional and wider histories. The current 
effort to interrogate the archaeological record for chronological order and wider meaning is 
not in itself new since previous versions go back, of course, at least a century (e.g. Childe 
1929; cf. Lucas 2021); indeed, the most effective strategy at present is arguably one that 
combines existing and proven strengths in the knowledge of the material and understanding 
of the detail for local and regional sequences with the best available forms of modelling of 
radiocarbon results (Bánffy et al. 2018). 

What follows in this brief paper, based on personal involvement in efforts to build 
chronological precision over the last twenty and more years, focuses particularly on the 
various dating programmes for southeast and central Europe within the project, The Times of 
Their Lives (ToTL), from 2012–17. I will also refer to other significant dating and modelling 
projects within the same sort of area, though without any attempt at comprehensive coverage 
or completeness, given the length of this paper. This is combined with critical reflection on 
the strengths and weaknesses of what ToTL managed to achieve, with reference to what I see 
as research priorities for the study of the Neolithic and Copper Age across this area. I hope 
that this can contribute to setting the agenda for ongoing and future research.

The modelling process

I am not a mathematician, a statistician or an archaeological scientist. It is others who have set out 
the robust basis for Bayesian chronological modelling (from a much longer list, Buck et al. 1996; Buck and 
Meson 2015; Bayliss and Bronk Ramsey 2004; Bayliss 2009; 2015; Bayliss et al. 2007; 2011; 2016; 2020; 
Bronk Ramsey 2009), which seems to me, as a non-specialist archaeologist interested in precise chronol-
ogies and the implications those hold for the kinds of narratives we can attempt, to be the currently best 
available and still improving method. Repeated simulations (e.g. Bayliss et al. 2007, Figures 4–8; 2011, 
Figures 2.6–2.12) convince me that the method works and that without formal modelling to counteract the 
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statistical scatter of radiocarbon dates, informal date estimates will regularly perceive any given phenom-
enon as starting earlier, lasting longer and ending later than was the case in reality (Bayliss et al. 2007, 9). 

Given that the method does work, we should set as ambitious agendas as possible and be engaged in 
building chronologies everywhere on a century-by-century basis, with further precision wherever possible 
down to the scales of generations and decades (Bayliss and Whittle 2019). The most recent authoritative 
synthesis of the Neolithic and Copper for southeast Europe (though excluding Greece), by John Chapman, 
notes a number of relevant Bayesian modelling projects (Chapman 2020, 20, and table 11.1) but mostly 
operates with a generalised phase scheme which lumps several centuries together (thus, Phase 2 from 
6300–5300 cal BC, Phase 3 from 5300–47/4500 cal BC, and so on: Chapman 2020, 21, table 1.1). This is 
completely understandable on a pragmatic basis and given the scope of the very wide-ranging synthesis 
and its many sub-themes, but also frustrating in that it reduces the sense of the desirability and urgency of 
moving towards chronological precision and the rewards which that can bring.

In my experience, ranging from initial studies of selected long barrows in southern Britain (Bayliss and 
Whittle 2007) to the wider investigation of causewayed enclosures in southern Britain and Ireland together 
with the broader early Neolithic context (Whittle et al. 2011) and then to the range of enquiries generated by 
ToTL (Whittle 2018), it is the explicit repeatability of the modelling process (Bayliss et al. 2011, Figure 2.20; 
2016, Figure 3) which has been of key importance. New information is regularly added, and assumptions 
change; more dates accumulate. All models should probably be regarded as provisional and open to further 
questioning. For long barrows, information is newly available from aDNA analysis of inter-generational rela-
tionships, which should serve as further, constraining priors in renewed modelling, for example of the chro-
nology of the Hazleton long barrow in the Cotswolds of southern England (Meadows et al. 2007; Fowler et al. 
2021; cf. Massy et al. 2022). We should look forward to that kind of analysis in southeast and central Europe 
mortuary contexts, when and if radiocarbon dating and modelling can be combined with aDNA investigations. 
For enclosures, a decade of the accumulation of further dates and the appearance of the latest calibration curve 
(Reimer et al. 2020) have already led to fresh modelling and significant new insights (Bayliss et al. 2020; 
Whittle et al. 2022) and broader update of Gathering Time for England and Wales is also underway. We should 
anticipate parallel upgrades and model improvements for southeast and central Europe as a whole, noting 
previous criticism of the simplicity and weakness of some early models (Bayliss 2015).

Though I repeat that the technicalities are best treated by the relevant expert modellers, three de-
velopments in particular in the modelling process have caught my non-specialist eye. The hierarchy of 
desirable samples has already been well set out (Bayliss et al. 2007; 2011; 2016), but in exploiting existing 
and new archives of datable material, we need to make the most of what is available. Therefore, charcoal 
outlier analysis (Dee and Bronk Ramsey 2014) seems a particularly welcome addition to the modelling ar-
senal. The ability to accurately date lipids in pottery (Casanova et al. 2020) must surely have revolutionary 
implications for contexts and sequences where otherwise desirable sample categories are absent, and the 
application of this to southeast and central Europe is eagerly to be anticipated. Thirdly, the ongoing and 
future refinement of single-year tree-ring calibration data (Reimer et al. 2020) promises to add significant 
further precision to date estimates at some point down the line. In these various ways, although only briefly 
sketched here, there can be every hope that modelling can be further refined as research progresses, as long 
as the discipline can maintain a conscious and collective drive for improvement. In that light, I find it curi-
ous to see ‘looking for points of origin’, ‘identifying events’ and ‘focusing attention on actions’ in a list of 
supposedly ‘old style’ archaeological stories (Lucas and Olivier 2022, 62, Table 3.2).

My own experience of dating and modelling projects has been a privileged one, with good funding 
and plentiful dates as a result, and an expert modeller as a colleague. That is not the case everywhere or for 
everyone, and it is obviously a challenging situation when only certain sites have been well dated, sitting in 
broader contexts that lack the same precision. It is also challenging when the quantity and quality of dates 
as a whole for a given phenomenon leave much to be desired. In our experience within ToTL, that applied 
especially to the corpus of dates available for the study of the spread of the LBK from the southern fringes 
of central Europe westwards (Jakucs et al. 2016), but those available for both the Vinča and the Lengyel 
cultures as a whole are also far from perfect (Whittle et al. 2016; Regenye et al. 2020). The response should 
not be, however, to despair; we need to take the long view. If enough sites come to be dated with suitable 
samples, even if small in quantity, the long-term result should be much-improved datasets. One encourag-
ing example within our recent ToTL experience was how even a handful of dates for the Balaton-Lasinja 
context at Veszprém-Jutasi út in north-west Hungary could contribute significantly not just to the technical-
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ities of Copper Age chronology but also to broader understanding of settlement and household changes at 
the end of the Neolithic and subsequently (Regenye et al. 2022).

As field projects continue, more opportunities will present themselves for obtaining more dates and 
selecting optimum samples. It is also important not to neglect the archives. Everything possible should be 
done to protect documentation and old records as well as finds, and they should be exploited to the full in 
the drive to increase the number of dates. Archives going back to the 1920s were crucial in our dating pro-
ject on the early Neolithic enclosures of southern Britain (Whittle et al. 2011), and the even older archive 
for Vinča-Belo Brdo was a vital element in the multi-stranded approach to dating that key tell (Tasić et al. 
2015; 2016a; 2016b). There are surely many more examples of usable archives across the settlement record 
of southeast Europe.

Finally, it has been my experience to have worked over the last twenty years and more in teams, which 
have combined varied strengths in modelling, on the one hand, and understanding of specific and wider ar-
chaeological contexts, on the other. In an era of increasing use of ‘big data’ and the temptation to use summing 
on the back of large, often uncritically gathered databases, this more focused and I would argue, more critical 
and robust approach offers the best way ahead, demanding though it is in terms of time and expertise.

Some key problems in the study of the Neolithic and Copper Age of southeast  
and central Europe

As I see things, the Bayesian chronological approach offers an interrogative approach; more precise 
date estimates gain significance in relation to a growing number of new research questions. In a short paper 
like this, I make no claim to be setting out a comprehensive list of key problems for the study of the Neo-
lithic and Copper Age of southeast and central Europe, but I do want to use examples from ToTL and other 
dating projects to underscore what more precise chronologies can contribute to our understanding of three 
central themes: the spread of initial settlement, the development of settlements, and the nature of cultural 
behaviour. These case studies should also serve to highlight what could be done better in the future.

The spread [and close up] of initial Neolithic settlement

We are still far from a good understanding of the timing and tempo of the initial spread of the Neo-
lithic in southeast and central Europe, even though its outlines are becoming clearer (for recent syntheses, 
see Shennan 2018; Chapman 2020). The need for a better grasp of the chronology becomes all the more 
pressing as the aDNA revolution continues to feed important new insights into colonisation and accultura-
tion processes (Reich 2018, and references; Vander Linden and Silva 2021; Kristiansen 2022; Whittle et al. 
2023). So far, dating coverage region by region has been patchy; some areas are better served than others, 
for example, Serbia and eastern Hungary (Whittle et al. 2002), while some regions, such as Macedonia and 
northern Greece (Naumov, this volume; Reingruber, this volume), are still in the process of accumulating 
sufficient datasets. Some individual sites have been well dated, and their results formally modelled, for ex-
ample, Ecsegfalva 23 on the Great Hungarian Plain (Bronk Ramsey et al. 2007; see also, for other studies, 
Porčić et al. 2021; Borić 2016), but it is my impression that these are still relatively few and far between. 
Wider modelling has had a more mixed history. There have been some informal exercises, for example, 
for the northwards spread of the Körös culture on the Great Hungarian Plain (Domboróczki 2010, Figure 
11), following on from earlier informal estimates for the spread of the Starčevo and Körös cultures (Whit-
tle et al. 2002; Bronk Ramsey et al. 2007; cf. Oross and Siklósi 2012). There certainly have been other 
explicit models for estimating population expansion rates and numbers respectively, which use summed 
probability distributions (Silva and Vander Linden 2017; Vander Linden and Silva 2021; Porčić et al. 2020; 
2021; Blagojević et al. 2021). One of these is based on a larger and wider database and seeks trends within 
clusters of dates (Silva and Vander Linden 2017; Vander Linden and Silva 2021), while the other is a more 
concentrated effort focused on the central Balkans (Porčić et al. 2020). Neither uses formally modelled 
date estimates in a Bayesian framework, and it is hard to see the detail with which radiocarbon results are 
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treated within the respective databases. Nonetheless, both exercises produce interesting suggestions of 
pulses during the spread rather than a steady expansion rate. Therefore, we have come a long way from 
the very general, eyeballed ‘wave of advance’ model, based on very scanty numbers of dates, offered long 
ago (Ammerman and Cavalli-Sforza 1984). However, the standard weaknesses of the summing approach 
presumably also apply (e.g. Contreras and Meadows 2014; Crema 2022); it is admitted that summed prob-
ability distributions ‘offer a unique, if blurry, window’ (Vander Linden and Silva 2021, 8). It seems to me 
that the next desirable step would be the application of formal modelling in a Bayesian framework to wider 
processes of colonisation in southeast Europe, including Greece. 

The ToTL project did not engage with these issues in southeast Europe. We did, however, have the 
opportunity to examine the spread of the earliest LBK from the southern fringes of central Europe west-
wards (Jakucs et al. 2016). Although this takes us into parts of Europe largely beyond the scope of this 
volume, I think this study has relevant implications. First, as already noted, despite a century or more of re-
search on the LBK and some seven decades of radiocarbon dating, the quantity and quality of the available 
radiocarbon dataset for the earliest LBK leave much to be desired. Once again, individual sites stand out as 
well-lit beacons, such as Brunn in eastern Austria (Stadler and Kotova 2019), but are surrounded by others 
with far less detail and precision. There is no need to rehearse the detailed results of the formal modelling 
of what is available here, but two points can be made. Modelled results differed regarding timing and tempo 
from conventional expectations of the chronology of the LBK. After the initial Formative phase, probably 
in the 56th and 55th centuries cal BC, represented only by the sites of Pityerdomb and Brunn (Jakucs et al. 
2016; see also Bánffy and Whittle 2022), the main phase of earliest LBK expansion probably only began 
in the 54th century cal BC, potentially spreading very rapidly (Jakucs et al. 2016). That has implications not 
only for the nature of subsequent LBK development since it compresses the sequence but also by compari-
son for the possibility of variations in the rates of spread in southeast Europe, hinted at already in the studies 
by Silva and Vander Linden (2017, Figure 2; cf. Vander Linden and Silva 2021) and by Porčić et al. (2020). 
Our LBK exercise was not, however, the last word, and we are now engaged in a renewed study of the 
spread of the earliest LBK, using more dates, IntCal20 and charcoal outlier analysis, as well as improved 
spatial nuance: another example of the opportunity to repeat and refine models.

Tells and flat settlements

In many ways, it can be argued that studies of the chronology of tells, particularly among the range of 
forms of settlement in the Neolithic and Copper Age of southeast Europe, are in a healthy state. A scatter of 
sites have been dated and modelled, including Polgár-Csőszhalom in Hungary (Raczky et al. 2015), Okolište 
in Bosnia (Hofmann 2013) and Pietrele in Romania (Reingruber 2015). ToTL was able to add detailed and 
comprehensive models for Vinča-Belo-Brdo, Serbia, and Uivar, Romania (Tasić et al. 2015; 2016a; 2016b; 
Draşovean et al. 2017; Bayliss et al. 2020). Those ToTL models now set out explicit, quantified and probabil-
istic estimates for the starts and endings of these two tells, for the rates of accumulation of deposits, and the 
duration of sequences of burnt and unburnt houses. Cumulatively, one could claim that these results begin to 
match the standards set by the modelling for Çatalhöyük in Turkey (Bayliss et al. 2014). The multi-stranded 
approach to dating the history of the Belo Brdo tell and the very closely recorded sequence at Uivar could 
be seen as the basis for particularly fruitful results, while the modelling at Csőszhalom managed to combine 
detailed investigation of both tell and accompanying flat settlement. From these exercises, we know far more 
than previously about the overall accumulation rates of tell deposits and the histories of houses within them.

It is also worth noting what could still be improved. Plenty of the samples used for Belo-Brdo, Uivar, 
Csőszhalom, Okolište and Pietrele were sub-optimal, often out of necessity and the lack of alternatives. Sin-
gle-context recording was not consistently available, notably in the older excavations. Lipid dating of pottery 
could potentially play a key role in refining individual house histories by filling gaps in samples for dating 
the construction, use and decay or destruction of buildings. In some instances, the number of dates could be 
increased. Perhaps at both Csőszhalom and Okolište, for example, more samples could have been dated, at 
the former to cover every step of the tell deposits and at the latter with a bigger range of kinds of samples.

On a wider scale, what is needed now are many more comparable studies, which will obviously take 
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time – and money. It is often the case in research that new projects tend to be physically distanced from 
comparable activity for the sake of novelty and distinctiveness. But what opportunities must there now be, 
in the long-term, to exploit neighbouring tells and flat settlements in many micro-regions across southeast 
Europe and including Greece to achieve detailed histories that embrace not just preeminent individual tells 
but whole communities across broader landscapes. Without that kind of wider perspective, ultimately, mod-
els for the initial appearance of tells, their relative successes in terms of duration and achieved height, and 
the circumstances in which they declined, will remain hopelessly generalised. At the moment, we appear 
to have a broad pattern in the northern part of the Balkans at least, of endings of tells and other settlements 
from c. 4700 cal BC to around and after c. 4500 cal BC (Tasić et al. 2016a; 2016b; Draşovean et al. 2017; cf. 
Link 2006; Borić 2015). The great tell at Vinča-Belo Brdo appears to be among the latest, if not the latest, 
to be abandoned within the orbit of the Vinča culture, the circumstances including repeated burnings (Tasić 
et al. 2015). The favourite hypothesis to explain the demise of tells has probably been the rise of the auton-
omous household, but this idea, attractive though it is in many ways, seems to float above the evidence and 
ignore any complexities to do with the interaction between households and neighbourhoods, communities 
and regions. What we will need will be detailed site histories unfolding at generational or, even better, 
decadal scales, covering not just individual places but whole regions. If this seems hopelessly ambitious 
and over-optimistic, think of the already numerous areas where numbers of sites, including tells, have been 
excavated, at least partially, and could begin to provide the material for a denser mesh of investigation.

The same challenge ultimately applies to the study of flat settlements. Given the lack of depth of de-
posits, it should be easier to investigate such sites in the first place, but the same token may restrict sample 
availability. The ToTL study of the development of the great settlement at Alsónyék-Bátaszék in southern 
Transdanubia, Hungary, provides a case in point (Bánffy et al. 2016; Oross et al. 2016a; 2016b; 2016c; Osz-
tás et al. 2016). The successive Starčevo, LBK and Sopot occupations were dated using a pragmatic range 
of samples, but for the vast Lengyel occupation, it was graves which were targeted; relatively few samples 
were available from the features of excavated houses, and the study of accompanying pit complexes had 
not yet been completed (Osztás et al. 2016). It will be interesting to see in due course whether, following 
further post-excavation analyses, it will be possible to extend the dating of Alsónyék to these other con-
texts (which will be challenging, especially including the analysis of the typically large and intercutting pit 
complexes) and whether that will change the current picture of rapid growth and slow decline at Lengyel 
Alsónyék (Bánffy et al. 2016). In other cases within ToTL, it was possible to achieve good dating coverage 
and modelling of flat settlements, at Szederkény-Kukorica-dűlő and Versend-Gilencsa (Jakucs et al. 2016; 
2018) and other successful exercises with flat settlements elsewhere, for example at Balatonszárszó-Kis-
erdei-dűlő, western Hungary (Oross et al. 2020; Oross et al. this volume), and Vráble, Slovakia (Meadows 
et al. 2019; Furholt et al. 2020a; 2020b), should also be noted. The availability of suitable samples in good 
contexts is again a recurrent challenge, as at Versend (Jakucs et al. 2018). But it is through submitting 
enough samples and formally modelling the results, in combination with a good understanding of diagnos-
tic associated material culture, that further insights can be obtained into key issues such as settlement and 
house duration, on the one hand, and cultural hybridity and diversity, on the other. If more sites can be dated 
and modelled in these ways, we have the opportunity to move from very general models of households to a 
sense of specific variation, individual contexts and local and regional histories.

For both tells and flat settlements, it is enhanced chronological precision which will enable fresh in-
sights into specific situations and contexts. Short durations for early houses in tell sequences might suggest 
deliberate endings (principally by fire) to create places of renown (Tasić et al. 2016b, 30–2, Figures 16–17; 
Draşovean et al. 2017, 651). The apparent brevity of occupation at the flat site of Versend, by way of contrast, 
suggested the possibility of tension and conflict among the longhouses of the settlement (Jakucs et al. 2018), 
and something similar has been suggested for Vráble (Furholt et al. 2020a). It is worth thinking about the pos-
sible contrasts with the situation in many tells, where a different collective ethos could have prevailed, with 
individual houses and presumably households subsumed in wider neighbourhoods and communities, and per-
haps with conflicts operating between rather than within sites. And greater chronological precision opened up 
the opportunity to attempt quantified population estimates for Lengyel Alsónyék (Osztás et al. 2016; Bánffy et 
al. 2016). There are, of course, plenty of variables in such an exercise, but this effort seems to me to be much 
more focused and much more robust than the use of summed radiocarbon dates as population proxy.
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Cultural worlds

The richness and diversity of the material culture of the Neolithic and Copper Age of southeast and 
central Europe have long been recognised (back to Childe 1929 and beyond); this encompasses but goes 
beyond pottery (Chapman 2020). Heroic efforts were made in earlier decades of research to sort the correct 
sequences. That having largely been achieved, have things tended to fossilise into rather static cultural blocks? 
More could surely still be done to refine pottery and other typologies, and more seriations would be welcome 
(Schier 1996; 2000; Diaconescu 2014; Diaconescu et al. 2020). So I would argue that although material cul-
ture may appear to be a familiar (some might say too familiar) element of traditional approaches, often within 
a rather unthinking culture-history model, it, in fact, presents the opportunity for dynamic new questions of 
agency and identity, at multiple scales: from the household to regional and even wider networks.

Within ToTL, we were able to take a first, closer look at cultural behaviour at two scales. On the one 
hand, we could offer spatially wide-ranging reviews of the chronological development of the Vinča and Trans-
danubian Lengyel cultures, respectively (Whittle et al. 2016; Regenye et al. 2020). These worked, it can be 
claimed, because it was possible to combine the modelling of associated radiocarbon dates with robustly es-
tablished material culture studies based on typology and seriation. This was not bad, as a start, but more could 
be done. As ever, more dates on suitable samples from good contexts would give a more robust framework, 
and more sensitive and targeted typologies and seriations could presumably add considerable regional nuance, 
long argued for (for example, Chapman 1981; Schier 1995). There seems to me enormous scope still to extend 
such approaches, for example, to both earlier and later phases of the sequence, including to the Starčevo-
Körös-Criş nexus of the later seventh into the earlier sixth millennia cal BC, and to post-Lengyel (Regenye et 
al. 2022) and post-Vinča (Borić 2015) horizons of the later fifth millennium cal BC and subsequently. There 
is presumably much scope too for similar detailed modelling of Tisza/Herpály development in eastern Hun-
gary in the earlier part of the fifth millennium cal BC, moving out from the studies of individual sites such as 
Csőszhalom. Ultimately, there is also surely great scope for uniting Balkan and Greek sequences, which as a 
generalisation, have tended to operate as separate spheres (see Tsirtsoni, this volume, and references).

On the other hand, we modelled individual contexts in considerable detail, from the top of Vinča-Be-
lo Brdo and through successive contexts at Uivar, to the flat settlements of Szederkény and Versend. The 
implications of the results for the tell situations will be enhanced when further studies are published of 
the associated household material inventories, while in contrast, the exercises at Szederkény and Versend 
showed impressive cultural diversity and hybridity, household by household and varying across parts of the 
settlements (Jakucs et al. 2016; 2018). Once again, perhaps we need to take the long view since it will take 
both time and money to build up detailed models for histories of neighbouring households, with equally 
detailed inventories of their material contents. 

Ultimately, the challenge will be to combine these and other scales. For example, will we be able to look 
closely at individual contexts in the emergence and spread, say, of the first Vinča communities, or to document 
in detail the comparative character of individual households across the late period of Vinča decline in the 47th 
and 46th centuries cal BC? What was the detailed material response of individuals, households and neighbour-
hoods in the rapidly shifting circumstance of the rise and fall of Lengyel Alsónyék, as seen in mortuary and 
domestic practice? How did not just the forms of pottery but the colours, textures and other qualities of all forms 
of material culture (Chapman 2020, 57–63) serve to mediate social relations in difficult and changing times? 

Answers to these and many other such difficult questions currently elude us, but perhaps we can 
claim that enough has been done by way of preliminary study to suggest how such challenges might be 
met in the future, if the discipline commits itself to a sustained and collective effort at building robust and 
precise chronologies. Could all time one day be ours?
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2.
The impressed pottery of the Aegean Neolithic
Agathe Reingruber, Lily Bonga, and Laurens Thissen

Abstract: This chapter presents data on impressed decorated vessels from the Neolithic of 
the circum-Aegean, focusing on the north-western Aegean, where they are most common. 
Included are mainly those sites that have been reliably radiocarbon dated, where the contexts 
of impressed sherds were well-documented and their frequency indicated. Our intention is to 
show where and when the highest concentrations of impressed sherds with the greatest variety 
of styles occurred. By revealing the origin of this specific category of finds, we conclude that 
the transfer of e.g., ceramic styles in the Aegean region was not uni- but multidirectional, 
which ultimately challenges the ex oriente lux model.

Keywords: Circum-Aegean Neolithic, Thessaly, Macedonia, Chronology, Pottery, Impressed 
decoration, Neolithic transfer

Introduction

The treatments and decorations of vessel surfaces have been, for decades, if not centuries, the only reli-
able method for relative chronological appraisals of pottery inventories of the layers and sites from which they 
derived. Morphological or technological features were regarded as secondary and not emphasised. Relying 
primarily on qualitative information, cross-regional comparisons resulted in broad chronological schemes. At 
first, the mere occurrence of a particular style, be it paint or decoration in the negative (e.g., impressions) or 
positive (e.g., knobs and bands), was taken as a conclusive hint for a certain chronological setting. 

In Greece, with the publication by Chr. Tsountas in 1908, such styles were determined and sorted 
according to their putative appearance in layers of two main sites, Sesklo and Dimini, in the coastal area 
of Thessaly. Including also information from other sites in more northerly Thessaly, Tsountas differenti-
ated between three main pottery categories with chronological components: A (earlier Neolithic), B (later 
Neolithic) and Γ/C (Chalcolithic/Bronze Age). By adding a number and – if necessary – additionally a 
small letter, a system was created that has been in use for almost a century. Category A (covering in today’s 
terminology the Early and Middle Neolithic) is represented by three subcategories: A1 monochrome and 
undecorated, A2 impressed and incised, and A3 painted pottery. Although the A2-pottery had been prom-
inently discussed and presented in photos by Tsountas (1908: 168, Plates 13–14), the exact provenance of 
these sherds (apart from some general remarks related to the sites of Argissa and Mesiani Magoula) cannot 
be traced back. No distinction was made between the great variety of impressed decoration, be it with a 
finger or a single-pointed or multi-pointed instrument, and no emphasis was placed on their combination 
with red and/or white paint.

Little attention was given to such sherds also by A. J. B Wace and M. S. Thompson 1912; although 
they adapted the Tsountas system and considerably enlarged the painted variants by adding more categories 
(A4–A6), they comprised A2 as both impressed and incised decorations and did not define the impressed 
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pottery as a style of its own. Yet, they asserted that A2-pottery occurs merely in Northern Thessaly (1912: 14).
D. Theocharis also did not make a clear distinction between the decorative styles in the negative. 

Only a short mention was made related to the ‘impressed/incised’ decoration (Theocharis 1973: 308, end-
note 37), which occurred together with early painted decoration in a second stage of the Early Neolithic 
(EN), after the monochrome horizon, according to his observations.

In 1971, J. Milojčić-v. Zumbusch published the pottery from Otzaki Magoula, excavated under the 
direction of her husband, V. Milojčić. She supported and advanced his views on the appearance of decora-
tive styles and worked herself with the materials pre-sorted and recorded statistically by team members. F. 
Schachermeyr, K. Grundmann, and H. Hauptmann were in different seasons in charge of the first documenta-
tion of pottery inventories, creating lists with sherds counted according to varieties.

Therefore, even if rudimentary, Milojčić-von Zumbusch was able to present some quantifications 
related to the frequency of decorated specimens among the undecorated bulk of sherds. Also, most of the 
decorated sherds were discussed according to their contexts. The previously observed pottery variants were 
then connected to (for that time) well-observed stratigraphies.

Building upon the results from Sesklo, Otzaki, Argissa and other sites, a sequence of surface treat-
ments and decorations was set up. According to Theocharis and Milojčić, the oldest pottery was not dec-
orated but monochrome (A1). Whether such a purely monochromatic phase existed cannot be confirmed, 
but doubts about its Thessalian-wide occurrence must be acknowledged. In the subsequent stage (the EN 
II), red paint on buff came into common use (A3). The impressed decorations (A2) appeared either simul-
taneously with the painted style in the EN II (acc. to Theocharis) or only in a later stage, the EN III (acc. 
to Milojčić). Additionally, it was observed that the decorations in the positive (knobs, pellets, stripes) and 
negative (impressions, incisions) were sometimes combined with red and/or white paint. All these styles 
continued to be in use also during the Middle Neolithic (MN), which made a precise chronological assertion 
of especially surface materials problematic.

Differences in the interpretations of Milojčić and Theocharis may have to do with the fact that their 
observations were founded on sites some 50 km apart; Theocharis at first based his descriptions on sites in 
the south of Thessaly, near the coast (Sesklo) and the hills (Achilleion) with little impressed pottery. Later 
on, he was surprised by the abundance of impressed pottery at the northerly site of Nessonis II (Theocharis 
1962: 81 and Plate X). Milojčić, on the other hand, explored sites near the Pinios river (Argissa, Otzaki) 
with a high number of impressed decorated sherds. At these two sites, such sherds occurred only after 
paint was already in use and not together with it. Consequently, in northern Thessaly, impressed decoration 
served to create a separate phase, the EN III (Milojčić-von Zumbusch 1971: 147–48). As it later turned 
out, impressed decoration played only a minor role in the coastal area and southern Thessaly, and there the 
later EN was seen as a continuum (EN II–III) and was not split into separate phases. Therefore, in Eastern 
Thessaly, a regionalisation of styles must be considered. This is the case also with Western Thessaly, where 
impressions were abundant and appeared together with painted decoration. 

The topic of this contribution will be how the different impressed styles, initially characterised for 
Thessalian sites, can be compared with impressed styles from the circum-Aegean region.

Aims and methods

In our study, we included sites where both the frequency of impressed decoration was mentioned in 
well-documented contexts, and 14C data were obtained from these contexts. Our intention is to show where 
and when the highest concentrations of impressed sherds with the greatest varieties of styles occurred. 

Although impressed decorated sherds have been used in a qualitative rather than quantitative approach 
as markers for population movements in coastal areas of the Mediterranean (e.g., Çilingiroğlu 2016; Zilhão 
2001), impressed vessels hardly occur at Mediterranean coastal sites of southern Anatolia and are absent from 
the southern Aegean (the Peloponnese and the island of Crete). This kind of decoration is rare at the Eastern 
Aegean coastal sites, like painted decoration. We, therefore, emphasise the independence of this type of deco-
ration from the Near East and Anatolia and bring a completely different region into focus: Macedonia.
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A word on terminology: misunderstandings deriving from the history of research

Milojčić and Milojčić-von Zumbusch were the first to describe the impressed variants of decorated 
sherds in detail. They saw the Aegean, and Thessaly along with it, as a link between the East and the West 
but were not able to identify the source of the impressed pottery styles. A rather vague northern or eastern 
influence seemed possible to them but not connected to immigration (Milojčić-von Zumbusch 1971: 150). 
A different conjecture was expressed in 1976 by Milojčić’s congenial ‘sparring partner,’ F. Schachermeyr: 
either impressed decoration was owed to the ‘intrusion of foreign elements from the neighbouring north-
west’ or immigrants from Syria brought it into the Adriatic region, and from there it spread towards the 
Balkans and into continental Greece (Schachermeyr 1976: 46). J. Müller showed that this second possibility 
could not be verified as the pottery products differ strongly between Syria and the Adriatic region. He also 
argued against using the Adriatic terminology for Aegean decorative styles (Müller 1994: 220, 267–68). 
Milojčić had, namely, ‘borrowed’ the terminology used in the Western Mediterranean and spoke of Car-
dial and Impresso decoration. In contrast to the Western Mediterranean, the Aegean decoration was never 
executed with the serrated edge of a Cardium edule shell but with different kinds of tools. Milojčić-von 
Zumbusch herself was aware of this misconception and suggested the terms ‘Rädchenverzierung’ (cog 
wheel ornament) or ‘Kammzier’ (comb ornament: Milojčić-von Zumbusch 1971: 78) alternatively. Since 
the term ‘Rädchenverzierung’ is used for Roman terra sigilata and, moreover, the principle of rotation had 
very probably not yet been implemented in the Neolithic toolkit, we will speak here of comb-impressions. 
Furthermore, the term Impresso points to a strong relation between the Aegean and the Adriatic region that 
is neither evident in the specificity of the ceramic assemblage (e.g., morphology, paste, decoration) nor 
exemplified with other artefact types. Notably, in the Western Mediterranean, apart from Apulia, painted 
decoration is missing. Given these differences, we prefer to use terms like fingernail and tool impressions 
instead of Impresso.

Another necessary terminological clarification is related to barbotine decoration (see also Bonga 
2019: 160–161). The term barbotine is used for decoration with clay added intentionally on the surface of 
the dried pot and then treated with a tool or fingers to produce an organised appearance (e.g., in the Körös 
culture of Hungary). This kind of decoration has not been confirmed for the Neolithic pottery of the Aege-
an. Therefore, even if clay has been pushed aside with a tool or a nail when decorating the still-soft body, 
resulting in an uneven surface, the decoration is still that of the impressed kind (confusingly called finger-
nail-barbotine by Milojčić-von Zumbusch 1971: 146).

In addition to the decoration itself, the designations used for the pottery cultures producing such 
decorations also vary. Sites with impressed decoration were first discovered in Thessaly and only later on 
in Western and Central-West Macedonia. Milojčić dated the oldest examples of impressed sherds in the 
Aegean to the EN III phase, named Presesklo (Vorsesklo) and ‘ältere Magulitzakultur’ by Milojčić-von 
Zumbusch (1971: 146). This name was lent from the eponymous site of Magoulitsa in Western Thessaly 
(Milojčić-von Zumbusch 1971: 148; Papadopoulou 1958: 39–49) with an ‘older Magoulitsa phase’ charac-
terised by ‘fingernail-barbotine’ and a younger phase with ‘cardium decoration’ (Milojčić-von Zumbusch 
1971: 146, Taf. XX,1–9 and Taf. XXV.9–12).

A close examination of this material in June 1999 in Volos showed that the material did not contain 
specifically impressed sherds, but many Red-on-white painted and scraped examples, clearly datable to the 
MN. In conclusion, it was formulated that it is rather overstated to create a culture based on a few selected 
sherds extracted from the bulk of the materials (Reingruber 2008: 305), especially because the impressed 
decoration cannot be narrowed down exclusively to the final phase of the EN and the few decades around 
6000 cal BC as it also appears in the MN. The absolute dates from Otzaki and Achilleion confirm this. Im-
pressed decoration may indeed have occurred already in the EN II (‘Protosesklo’, after 6300 cal BC – see 
below) and definitely was in use until the end of the MN (up to 5600 cal BC). A too strict understanding 
of this style has led to some confusion – for example, a very strict interpretation of the radiocarbon dates 
from Nea Nikomedeia (Reingruber 2008: 394–95) and also a temporal limitation of impressed sherds from 
surface materials into a single phase: that of the EN III (Gallis 1992).
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The evidence from Eastern Thessaly in the NW Aegean

As we do not dispose of enough information regarding decorated pottery from closed or ongo-
ing projects in the Western Thessalian sites of Ag. Anna Tirnavou, Prodromos I–III, Theopetra or Sykeon 
(Chourmouziades 1971; Krahtopoulou et al. 2020; Kyparissi-Apostolika 2000; Chatziangelakis and Vou-
zaxakis 2022), we will focus instead on Eastern Thessaly (Figure 1).

Otzaki Magoula

Although excavated 60 years ago, the stratigraphic situation in Otzaki reveals better than any other site 
the first appearance of impressed decoration on pottery and demonstrates its longevity. The first documented 
sherds of this kind appeared in the ‘Transitional layer’ and are thus missing from the very beginning of the site’s 
existence (in the ‘Deep layer’ of the EN II). Once there, they continued to be produced in the following layers in 
Area III (Table 1) and found throughout all the layers in Area II (of the MN), their quantity increasing over time 
(Reingruber 2008: Tab. 4.8). Their first appearance in the ‘Transitional layer’ with only three examples should 
not be over-emphasised, although this information may gain some more weight when adding the observation 
from the site of Nessonis I, where Theocharis documented two sherds with fingernail impressions in a level 
of the EN II (Theocharis 1962: 77, Figure 3). But within the ‘Middle layer’ in Otzaki (of the so-called ‘ältere 
Magulitzakultur’), this type of decoration is firmly used in pottery production (Figure 2.14–19). And it thrived 
in the ‘Upper layer’ (of the ‘jüngere Magulitzakultur’), Milojčić-von Zumbusch (1971: 147) describing the 
transition as fluent (Figure 2.7–13).

This ‘Upper layer’ was originally attributed to the EN III, but the re-evaluation of the stratigraphy and 
the radiocarbon dates (with results between 6000–5800 cal BC) showed that it is of early MN date and, there-
fore, coeval with the lowest levels in Area II (Reingruber 2008: 275). This means that the first impressed dec-
orated vessels were indeed produced in Otzaki before 6000 cal BC (in the ‘Middle layer’ of the EN III at the 
latest) and that this style was adapted and transformed also in other northern Thessalian sites before and after 
6000 cal BC (Reingruber et al. 2017: 34–53). What was previously called ‘Presesklo’ or ‘Vorsesklo’ (Miloj
čić-von Zumbusch 1971: 75), therefore, straddles the smooth EN–MN transition (Reingruber et al. 2017: 42).

Figure 1. Map of the Aegean with a selection of Neolithic sites mentioned in the text
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Impressions on sherds of the ‘Transitional’ and ‘Middle layer’ in Otzaki are executed with finger-
nails or single-ended blunt and broad tools or are finger-pinched. They appear on mostly thick-walled, un-
coated surfaces and from all that is known, this kind of decoration covered the whole surface of the vessel, 
leaving rim and base zones undecorated (Figure 2.14–15 – similar to an example from the Theopetra cave: 
Kyparissi-Apostolika 2000: Figure 14.12,1–4 and Figure 14.19,1–3).

Decorations made with a comb-like instrument are more abundant in the ‘Upper layer’ in Area III 
and the lowest levels 16 to 14 of Area II (Milojčić-von Zumbusch 1971: Taf. P; Mottier 1981: Typentafel 
D; compare Figure 2.5–9). Area II, directly north of Area III, contains MN deposits exclusively. In this 
period (the early MN), according to Mottier (1981: 26), the fingernail ornamentation disappears, and also 
the instrumental ornamentation recedes. 

The pottery from Area II was not presented on a statistical basis. However, from the typological tables 
(Mottier 1981: Typentafel D), we can surmise that instead of complete coverage of the vessel surface with un-
sorted impressions, well-organised single rows of horizontal impressions made with a multi-toothed comb or a 
single-ended sharp instrument prevail. According to a rather general remark given in Milojčić-von Zumbusch 
1971: 150 in the lowest levels (16 and 15), sherds with simple tool decorations were outnumbered by those 
with comb decoration (75 against 180). From levels 14–10, comb-decorations prevailed with a total of 130 
sherds. They do not cover the whole vessel but are arranged in parallel horizontal rows accentuating only parts 
of it; the fields in between, or even the impressions themselves, can be painted in red colour (Figure 2.1–2; 
also compare Gallis 1992: 43, Figure 4 with a complete example from Sarandaporo). More often than not, 
they appear on deep but rather narrow open shapes standing on a low vertical ring base or a concave bottom 
(Figure 2.6,9; also compare Figure 3.6). In the upper levels of Area II, with levels 13–2, impressed designs are 
not only coated or combined with red paint but white paint is also added, like in the complete example from 
Soufli Magoula (Theocharis 1962: 77, Figure 3): This fusion of the two decorative styles (impressed decora-
tion with the Red-on-white painted style) occurred on open bowls with straight walls and either flat or concave 
bottoms in Area II in Otzaki in an advanced stage of the MN, probably only after 5800 cal BC (Mottier 1981: 
Typentafel D, Nos. 4, 5, 9 and Nos. 22, 23, 26, 30). That impressed decoration appeared on exclusively do-
mestic vessel shapes was already observed by Milojčić-von Zumbusch (1971: 148).

Argissa Magoula

In Argissa, a total of 6524 sherds were recorded during two excavation seasons, 1956/58 (Rein-
gruber 2008: 159). With 154 sherds (2.4% of the total), the impressed decorations outnumber 107 painted 
ones (Reingruber 2008: 199, 209). Thirty-three sherds are decorated with impressions by a comb-like in-
strument; on 17, red paint or a red slip was added next to or above the impressions. Yet, due to the many 
pits and ditches cutting through the EN and MN levels, only 19 sherds were attributed to safe contexts in 
levels 24 and 23; further six sherds were observed in square C12, levels 27–25 (of the EN II), in the direct 
proximity of a pit and may be contaminations (catalogue in Reingruber 2008: 686–702). Unlike the case in 
Otzaki, no clear chronological distinction can therefore be made between finger-, tool- and comb-impres-
sions, but, like in Otzaki, the combination of impressions with paint is younger (only met in level 23 of the 
MN: Reingruber 2008: 211, Taf. 26, 29). Impressed surfaces are usually of a darker hue and less burnished; 

Layers in Area III (bottom-up)
(trench with EN deposits)

Levels Sherds with impressed 
decoration (n)

% 
from layer

%
from total

‘Upper Layer’ (‘Obere Schicht’) 3c–2 114 (out of 2395) 4.76 1.28
‘Middle layer’ (‘Mittlere Schicht’) 7b–4 25 (out of 1710) 1.46 0.28
‘Transitional layer’ (‘Übergangsschicht’) 9a–7c 3 (out of 2564) 0.12 0.03
‘Deep Layer’ (‘Tiefe Schicht’) 10e–9b+house AB17

and pit B18–19
0 (out of 2213) 0 0

TOTAL 142 (out of 8882) 1.6

Table 1. Frequency of impressed decoration from Otzaki, Area III (after Milojčić-von Zumbusch 1971, 
Vol. I: 79–80 and Vol. II: Beilage 1; counted are the impressed categories VIIIa–VIIIe)



Reingruber, Bonga and Thissen. The impressed pottery of the Aegean Neolithic

24

Figure 2. Impressed sherds from Otzaki Magoula. 1–6: Area II, level 16a (after Mottier 1981: Taf. 5); 7–13: Area III, ‘Upper layer’; 
14–19: Area III, ‘Middle layer’ (after Milojčić-v. Zumbusch 1971: Taf. XXV, XXIV and XX; scale 1:3).. 

shapes cannot be firmly reconstructed, but beaded rims and slightly elongated lips fit into the general reper-
toire (Reingruber 2008: Taf. 26.15 and Taf. XXIX.12,14,28 Compare also Otzaki, Area III, ‘Upper layer’: 
Milojčić-von Zumbusch 1971: Taf. XX.4–7,11). Outstanding yet is a concave base of the early MN com-
parable to Figure 2.9 (Reingruber 2008: Taf. 29.26) – it often recurs in the material from Elateia 1 where it 
appears exclusively with comb-impressed ornaments (Figure 3.6). In Argissa, the ornaments in the negative 
also confirm the continuity from EN to MN.
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Elateia 1

New evidence from Thessaly derives from the basins of Sykourio and Elateia. Flat sites of the EN–
MN were recently discovered and intensively surveyed there. One of these sites, Elateia 1, is radiocarbon 
dated to 6000–5800 cal BC (Reingruber et al. 2021: 184–201). 635 decorated sherds represent 5.6% of the 
total sherd bulk, with 11,337 pieces. There is an apparent preference for impressed decoration in 442 exam-
ples, over just 95 painted sherds. On four fragments, both styles are combined, resulting in the ‘fusion style’ 
of impressed with painted decoration (Figure 3.2). This small number confirms that Elateia 1 was abandoned 
before this style unfolded itself at a later stage of the MN, after 5800 cal BC. Also, the combination of the im-
pressed styles at play favours a relative chronological position at the beginning of the MN and not earlier or 
later since only a few impressions were executed with the fingernail (26 examples, most probably the thumb, 
and in 25 other cases rather a broad implement may have been used: Figure 3.1). The majority has been 
ornamented with the help of a tool – in this case, we can differentiate between single-ended (252 pieces) or 
multi-toothed, comb-like tools (139 cases). In Elateia 1, comb-like instruments can have up to nine teeth. On 
some sherds, rows of dots were imitated with a single-ended, pointed instrument (similar to Figure 2.10).

Figure 3. Rim sherds and some possibly 
associated bases with tool and comb impre-
ssions belonging to deep open bowls from 
Elateia 1 (6000–5800 cal BC) 
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In 48 cases, the vessel shape is known: impressed decorations were applied on mostly open, straight-
walled or slightly concave shapes with a flat or raised base (Figure 3). A very specific kind of base that 
occurred with only single pieces in the materials of Otzaki and Argissa, but with 25 examples at Elateia 1, 
is almost exclusively related to impressions with a comb (Figure 3.6). It is chronologically very sensitive, 
occurring in the late EN/early MN (Milojčić-v. Zumbusch 1971: 53, Taf. 15.24–25, Taf. XXV.12; Mottier 
1981. Typentafel D.4,22). Yet the other base, the flat variant, to which a straight body and a slightly con-
cave rim belong (Figure 3.3–3.4), continued into the later MN together with the fused impressed-painted 
decoration. Combining a specific decoration with a certain shape is, therefore, not random but repetitive 
and results in standard vessels.

Achilleion

At Achilleion, only 62 out of c. 115,000 sherds have an ‘unpainted decoration’ with which a deco-
ration in the negative is meant: incised, slashed, impressed or excised (Winn and Shimabuku 1989: 75 and 
92, Tab. 5.5). Only 29 of these are of the impressed style: 15 have fingernail impressions, eight are punctu-
ated/stabbed, and six are pinched. Being so few, they were considered to be imported. With only 18 pieces 
deriving from a secure context (Winn and Shimabuku 1989: 162 Tab. B.15), a conclusive chronological 
sorting is rather daring. According to Table B15 and the plates (Winn and Shimabuku 1989: 162 and Figure 
5.67–69), only one example of a pinched impression occurred in Phase IIb. All other sherds with finger 
pinches and nail impressions were found in the ditch of Phase IVa-late/IVb and were only tentatively dated 
to phases IIb/IIIa. Impressions with a comb and by fingernail prevail in IIIb and IVa. Judging by this scant 
evidence, also in Achilleion, impressions made by tool or fingernail occur before dots in horizontal lines. 
Additionally, the general assignment to Achilleion phases IIb–IVa would confirm that at this site also, the 
impressed decoration a) does not belong to the basal occupation and b) straddles the EN–MN transition to 
continue deep into the MN.

According to 14C dates, Phase IIb (with finger impressions) can be dated to 6210–6070, whereas 
Phases IIIb and IVa (with comb-impressions) to 6070–5800 cal BC (Reingruber and Thissen 2017: http://
www.14sea.org/3_IIc.html#site3). 

Sesklo A

The farther south we move in Thessaly, the less impressed sherds occur; this observation is true 
not only for Achilleion but also for Sesklo. Impressed sherds are absent from area Sesklo C of the EN I–II 
(Wijnen 1981: 37): either for chronological reasons (Sesklo C was used for different purposes than Sesklo 
A, not as living but as a working area), for technical reasons (trenches were too small, sherds were too few), 
or for chronological reasons (impressed pottery appeared indeed only after the EN II stage). The pottery 
from the main site, Sesklo A, is still unpublished, but from personal expertise, carried out in the summer 
of 2000 in the storehouse of the site, we can confirm that impressed decoration was rare (Reingruber 2008: 
249–50). One sherd shows comb-impressions in parallel horizontal lines, and two others of this kind are 
additionally combined with paint. Thus, they are of an MN appearance. Additionally, in the Neolithic exhi-
bition of the Athanasakio Archaeological Museum of Volos, a copy of the c. 4m-high profile from Sesklo A, 
the magoula, is on display. On its side are arranged representative sherds: next to the EN II level are two 
thick-walled sherds with impressions of fingernails or fingertips. Even if they may not have appeared in the 
same context with blacktopped and early painted sherds, this early kind of impressed decoration was also 
identified in Sesklo.
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Eastern Thessaly in the context of Central and Southern Greece

We can conclude that in Thessaly, other than often corroborated, impressed decoration is not con-
fined to the final stage of the EN but straddles the EN–MN transition and continues well into the MN, as 
confirmed by Otzaki, Achilleion and Elateia 1. In the beginning, nail impressions and pinches appeared on 
characteristic incurving deep bowls with bead rims and low ring bases, known since EN I (Figure 2.14–15). 
But after c. 6000 BC, the overwhelming majority of the impressions were done with an instrument on 
mostly open, slightly concave shapes with very distinctive bases that form a continuous, flat surface with 
the body of the vessel (Figure 3.6). Rim diameters at Otzaki vary between 18–24cm, and base diameters 
from 8–10cm. In Elateia 1, 11 rims measured 6–24cm, and 14 bases measured 10–20cm. These bowls had 
no handles.

The importance of the Thessalian impressed pottery is reflected by its longevity. It is a dynamic 
ornament, subject to transformations both regarding the ornaments and the shapes on which it appeared. 
It is adjusted to changes over the centuries, occurring first in unorganised impressions on plain convex 
vessels or horizontal rows and later mainly in rows, sometimes together with a red slip or accompanied by 
red-coloured broad bands. In the later MN, it is fused with the Red-on-white painted style, applied on open 
shapes with flat, concave bases (Reingruber 2008: Fototafel 4/3; Reingruber et al. 2021: Figure 8.11). Im-
pressed decoration in Thessaly is not a short episode or a mere trend but part of the standard and, as such, 
more than fashion.

Farther south of Sesklo, no impressed sherds were found in Tsangli, Pyrassos and Tsani (Milo-
jčić-von Zumbusch 1971: 147–48). The exceptional occurrence of impressed sherds in the Phthiotis com-
pletes this picture. In the area around Domokos (Dimaki 1994: 91–102), at the magoules of Spathakia, 
Vardhali and Koutroulou, impressed decoration still occurs in small numbers, but south of the Spercheios 
valley, e.g., in Elateia-Drachmani (French 1972: 4; Reingruber 2008: 325), it is only sporadic. Farther 
south, in the Argolid and Crete, there is no impressed decoration at all.

Western Central Macedonia

Nea Nikomedeia

Other than in Thessaly, the EN sites from Macedonia (west of Thessaloniki) contained decorated 
sherds from their earliest levels onwards. Similar to Western Thessaly, no monochrome horizon is iden-
tifiable, while painted and impressed sherds occurred together. Impressions were obtained using single 
fingertips and fingernails, pressing the clay between two fingers (resulting in pinches) or using different 
tools, but without comb-like instruments (Yiouni 1996: Figure 5.55). In Nea Nikomedeia, from a total of 
c. 140,000 sherds, 5600 are decorated (4%). Of those, 88% are painted, 9% are impressed, and 3% have 
applied decoration (Yiouni 1996: 81–82, and 89). From the total collection, the impressed decorated sherds 
amount to only 0.4% (c. 500 pieces), the painted ones to 3.6%.

The overall impression offered by the sherds decorated with either fingernails or tools from Nea 
Nikomedeia is that of a well-organised display of ornaments (Figure 4). Given the small size of sherds, a 
distinction between full coverage of the body and only single parallel vertical or horizontal lines (erratic or 
organised) is sometimes hard to make. As the site was abandoned around 5900 cal BC, it is no surprise that 
no comb-impressions occur here. The inventory from Nea Nikomedeia certainly predates that of Otzaki, 
Area II and Elateia 1. Compared to Thessaly, there are also differences in the shapes: bead-rim bowls do not 
occur in Nea Nikomedeia; instead, impressions are carried out on rather thin-walled simple bowls (either 
slightly closed or slightly opened), leaving a 2–4 cm wide zone along the rim free of decoration. 13% have 
an additional slip applied over the impressed decoration. 
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A precise chronological evaluation of the site is complex despite a whole sequence of 14C dates. 
According to the authors, the site was not inhabited longer than a maximum of 50–150 years, over three 
generations only (Yiouni 1996: 185). This contrasts the wide temporal frame given by the radiocarbon dates 
of at least 500 years according to the median values. As there is no information given to the stratigraphical 
context of the dates, several interpretations are feasible: 

‒ �In a first attempt, the radiocarbon dates were interpreted in view of both the Thessalian sequence 
and the one from Northern Macedonia (Amzabegovo) and thought to cover rather the end of the 7th 
millennium around 6150 cal BC, ending before 6060 cal BC (Reingruber 2008: 395–96; Thissen 
2000: 194). This was in line with the information given that the site covered only a short period 
during the EN without any evidence of the MN (Pyke 1996: 48; Yiouni 1996: 104).

‒ �In a second attempt, the separation into three datable clusters was followed up, with the oldest 
dates (the combined date OxA-1605+OxA-4282, the date OxA-3876 and the date OxA-3874) 
falling between 6350 and 6250 BC, a group of five dates is covering the 62nd century BC, and the 
youngest combined date (OxA-1603+OxA-4280) results shortly after 6000 cal BC (Reingruber 
and Thissen 2017: http://www.14sea.org/3_IId.html#site1). This date, with a median value at 5900 
cal BC, would indicate a continuation of the habitation into the early MN. Yet, this view contra-
dicts the results of Pyke and Yiouni in 1996.

Recently, Igor Yanovich has interpreted the sequence as falling anywhere into the timeframe of 
6300 and 6050 BCE at 95% HPD, concluding that the site may well be coeval with the EN II in Thessaly 
(Yanovich 2021: 17, Table 1).

If, therefore, a longer duration of the site is feasible, we can conclude that the impressed decoration 
appeared earlier in western Central Macedonia than in Thessaly. And there is indeed new evidence for this 
conclusion.

Figure 4. Nea Nikomedeia: well-displayed ornaments on thin-walled vessels of deep, slightly closed or opened bowls  
(after Yiouni 1996: Figure 5.55) 
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Revenia-Korinos

Ongoing projects in the Pieria, the south-western part of Central Macedonia, have expanded our 
knowledge not only on the organisation of space within settlements but also on pottery production, as well 
as the duration and combination of decorative styles (e.g., Urem-Kotsou et al. 2014; 2017). In addition, 
reliable radiocarbon data have provided new insights for interpreting the Neolithic way of life distribution 
and subsequent transregional contacts.

From Revenia, 29 new radiocarbon data were obtained on different materials, 11 on long-lived oak, 
seven on cattle bones, and only one on a short-lived seed (Maniatis and Adaktylou 2021). Bones of om-
nivores like humans (nine) and pigs (one) may have been subdued to the reservoir effect, and their results 
need to be treated with care. Regardless of the phase to which the dates were assigned, most of the 29 results 
correspond to a steep portion within the calibration curve, but both at the beginning of the sequence (around 
6600–6500 cal BC) and at its end (at 6200–6000 cal BC) there is a flat part in the curve that makes some of 
the dates look older, on the one hand, and, on the other, look younger than what they, in fact, may have been. 
Judging by the position of the dates on the curve, one can assume that they cover the period 6500–6200 
cal BC (Figure 5.1). The four dates making the sequence look older, in addition to their disadvantageous 
position on the curve, were determined on fish-eating species pig (DEM-2820) and human (DEM-2826), 
on charcoal of long-lived oak (DEM-2751), and only one on a cattle bone (DEM-2825), but here there is 
no indication of collagen content.

We will not discuss the dates in detail here but point at the probability that the EN-habitation in 
Revenia may have lasted over several generations, somewhere between 6500 and 6200 cal BC. This spans 
the EN I and the EN II in a Thessalian chronological framework. 

As an example, we will point out the situation in ‘habitation pit 11’ that was used in the second stage 
as a burial place. According to Papaioannou (2011: Tables 5.4–5.8), layers 2–5 yielded impressed sherds, 
yet always in small amounts (Table 2). They were indeed present from the lowest level 5 onwards, but their 
number almost doubled in level 2.

Layers in habitation pit 11 (bottom-up) Sherds with impressed
decoration (n)

% from layer % from total

2 98 (out of 6593) 1.48 0.81
3 12 (out of 1426) 0.84 0.09
4 15 (out of 1571) 0.95 0.12
5 18 (out of 2269) 0.79 0.15
TOTAL 143 (out of 12,134) 1.18

Table 2. Frequency of impressed decoration from Revenia-Korinos 
(after Papaioannou 2011, tables 5.4–5.8)

From the ‘deepest level of the pit’ (Maniatis and Adaktylou 2021: 1045) derives a charcoal sample 
determined as Quercus sp. (DEM-2745/MAMS-20227: 7404±27 BP; 6370–6230 cal BC 1σ). Given the 
possibility of the old-wood effect, we can use it here only as a Terminus post quem (TPQ). Also, the dates 
on human bones from this pit, with results between 6400 and 6300 cal BC (Maniatis and Adaktylou 2021: 
1033, Table 1), susceptible to the reservoir effect and belonging to the second stage of the pit’s usage, are 
challenging to connect to the impressed pottery from within the pit as presented in Papaioannou 2011. 
From another feature, pit 7, two dates on charcoal and a third date on cattle bone yielded results between 
6390–6230 cal BC (Maniatis and Adaktylou 2021: 1032, Table 1). The pit also produced small amounts of 
impressed pottery below 0.5% (Papaioannou 2011: Tables 5.1–5.3).

Therefore, it is relatively safe to assume that impressed decoration was in use before 6230 cal BC in 
Revenia. This reinforces the view that an earlier start of the Nea Nikomedeia sequence should be envisaged, 
possibly even at 6300 cal BC. We conclude that at Revenia and at Nea Nikomedeia, impressed decoration 
predates the Thessalian variant by at least a century.
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Paliambela-Kolindrou

At Paliambela-Kolindrou, impressed decorations seem to date even 200–300 years earlier than those 
of the Thessalian ‘Magoulitsa culture’. From the eleven dates obtained mainly on animal bone (Maniatis 
2014: 208, Figure 3), the three oldest (Figure 7, Paliambela) gave results between 6530–6450 cal BC (ac-
cording to their medians). They all derive from pit 630, which was assigned to EN 1 (Maniatis 2014: 207–
08). This pit was approx. 1.7 x 1.07m in size and contained 1.32kg pottery, consisting of 187 sherds, six of 
which were decorated with finger and nail pinching (3.2%) (Papadakou 2011: 90–91). Based on a remark 
given by Urem-Kotsou et al. 2014: 507 of those sherds derived from the upper layer of the pits’ deposit. 

Since the backfill of the pit consisted of uneven layers between c. 61 and 62m above sea level (Pa-
padakou 2011: 90), the depth of the three radiocarbon samples is also given with larger intervals. They were 
collected at different heights (Maniatis et al. 2015: 151), but only DEM-2458, the youngest of the three 
dates, is derived from the upper part at 61.90/61.76m asl. Therefore, it may be connected to the impressed 
sherds and offer a starting point for this kind of pottery in Paliambela at c. 6450 cal BC.

Western Macedonia

In Western Macedonia, in the hilly areas on both sides of the river Aliakmon and its tributaries, at the 
sites of Paliambela-Roditis and Varemenoi-Goulon decorated sherds are generally fewer than in the Pieria 
(Urem-Kotsou et al. 2017, Tab. 1 and Figure 8). If at all quantifiably, the impressed decorated ones do not 
exceed 0.4% of the total bulk of materials, similar to the quantity observed in Nea Nikomedeia. At Mavra-
nei-Panagia farther west, in the area of Grevena (Wilkie and Savina 1997: 203, Figure 2), only a few such 
sherds were reported. New insights are expected from the Grevena Archaeological Project started in 2021 
(a collaboration between the Ephorate of Antiquities of Grevena and the Landscape Archaeology Research 
Group at the Catalan Institute of Classical Archaeology). Even in Servia V, closest to Thessaly, Ridley and 
Wardle (1979: 193, 207) mentioned only a few sherds with nail impressions that were also not quantifiable. 
As this latter site is dated to post-5800 BC, there may be a temporal reason at play as this kind of decora-
tion is of earlier periods. More reliable data, though, have been obtained on the large-scale excavation at 
Mavropigi-Fillotsairi. 

Figure 5. Radiocarbon dates from Revenia (1) and Mavropigi (2), plotted on the calibration curve.  
The green squares outline the most probable duration of the total settlement periods.
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Figure 6. Mavropigi-Fillotsairi: Sherds of various vessel shapes, with impressions covering most of the vessel body 
(Bonga 2020: Figures 17–18) 

Mavropigi-Fillotsairi

As discussed elsewhere (Bonga 2020; Starnini 2018), the 32 radiocarbon dates from this site cover 
the whole duration of the EN (Figure 5.2). Our aim is not to present a detailed analysis of the individual 
phases but to point out the most probable start of impressed decorations at the site. As with Revenia, the 
two oldest dates in the sequence fall within a flat portion of the curve and were obtained on charcoal (of 
unknown species). One of them (DEM-2667) shows a very low δ13C value of -30.8‰ (compared to the ex-
pected -25.00‰) and must be treated with care. Especially so when considering that the only date obtained 
on short-lived material for Phase I (MAMS-21100/DEM-2684) is at 6380–6260 cal BC. Besides, Phase I 
was excavated only in the ‘Central Orygma’ (όρυγμα=pit), producing merely a few sherds (Table 3), some 
joining with fragments from Phase II (Bonga 2019: 162). Therefore, even if Phase I may not have started as 
early as 6600 cal BC, as suggested before (Karamitrou-Mentessidi et al. 2013; Karamitrou-Mentessidi 2014: 
245; Maniatis 2014: 207; Starnini 2018: Tab. 1), and Phase II only after 6400 cal BC, we can assert that both 
styles of decoration (painted and impressed) were in use very early on, definitely so within Phase II. The best 
sequence is that from the ‘Central Orygma’, with radiocarbon dates from Phases I–II and with impressed 
sherds from Phases II–III (Bonga 2019: 163 and Figure 4). But note that all seven radiocarbon samples from 
here have been obtained on charcoal. Therefore, like in Revenia, the oldest date, DEM-1723 at 6380–6250 
cal BC can be taken only as TPQ for Phase II (Bonga 2017: Figures 6–7). 

In Mavropigi, a variety of different decorations in the negative has been documented (Bonga 2017: 
Figure 7; 2019: Figure 4; 2020: Figs. 16–18): Besides fingernails and finger pinches, blunt or sharp tools 
were also used to decorate the vessels, but no comb-like tools. Like at the other Macedonian sites, also in 
Mavropigi, habitation did not continue into the 6th millennium BC, and this may be why no multi-toothed 
decorations (comparable to the MN in Thessaly) were applied.
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The thickness of the Mavropigi sherds and the design of the ornaments convey a coarser and less 
careful impression (Figure 6) when compared to Nea Nikomedeia, where the impressions are neater and 
clearer. There also seems to be a distinction between the full coverage of vessel bodies in Mavropigi as 
opposed to single parallel lines (erratic or organised) in Nea Nikomedeia.

When comparing shapes, several types of vessels are represented at Mavropigi, unlike in Nea Niko-
medeia, where only deep bowls with simple rounded lips are depicted. Additionally, pronounced lips of 
open or closed variants and necked vessels are represented (Figure 6.1–6). Comparisons with the Thes-
salian repertoire show similarities in rim shapes but differences in the bases, as these are in Mavropigi, 
usually flat and rather thick-walled due to reinforcement (Figure 6.7–10).

Apart from being visually different, the quantities from Mavropigi-Fillotsairi seem larger than those 
from Revenia, Paliambela-Kolindrou and Nea Nikomedeia. This is the case when looking separately at the 
sherds from the ‘Central Orygma’ (compare Table 3) and when calculating the total number of sherds from 
the site (Table 4). 

The radiocarbon dates may suggest an anteriority of the Mavropigi and Paliambela examples (Fig-
ure 7) as compared to those from Nea Nikomedeia (or also Otzaki in Thessaly) we can potentially trace a 
chronological development, with changes in style and quality.

Phases of the Central  Orygma 
(bottom-up)

Sherds with impressed decoration (n) % from layer % from total

Phase IIIb 266 (out of 6398) 4.16 0.99
Phase IIIa 124 (out of 2395) 5.17 0.46
Phase II 1204 (out of 17,987) 6.69 4.48
Phase I 0 (out of 76) 0 0
TOTAL 1594 (out of 26,856) 5.93

Table 3. Frequency of impressed decoration from the ‘Central Orygma’ at Mavropigi-Fillotsairi

Discussion

The new evidence from Mavropigi-Fillotsairi, Revenia-Korinos and Paliambela-Kolindrou has 
changed our perception of the relative chronological appraisals of pottery styles as previously developed 
for Thessaly. In this contribution, we rely on results from preliminary reports that may be adjusted in the 
final publications. Yet, the contextualisation of impressed sherds within early levels at all three sites can be 
regarded as secured. The exact dating of these levels needs more detailed appreciation. For the time being, 
we can use the results obtained on charcoal from the ‘Central Orygma’ in Mavropigi and from ‘habitation 
pit 11’ in Revenia at 6380 and 6370 cal BC, respectively, only as TPQs. Yet, the result on a bone of un-
known species from Paliambela, with a median value at 6450 cal BC, could confirm a very early start of 
impressed pottery in the Pieria and Western Macedonia (Figure 7, Paliambela). At these sites, impressed 
decorations appear to date 100–300 years earlier than the ‘older Magoulitsa culture’ in Thessaly, thus mak-
ing the Macedonian sites carrying the oldest impressed pottery in Greece.

In Central Macedonia east of the Axios River, impressed vessels were (to our present knowledge) 
not produced: in the Langadas Basin, 20km northeast of Thessaloniki, impressed decoration is absent, 
e.g., in Lete I, dated to the first half of the 6th millennium BC (Dimoula et al. 2014:498). Also, in Thrace, 
both in Makri to the west of the river Evros/Meriç/Marica and in Hoca Çeşme to the east of the river, no 
quantifiable amounts of impressed decoration have been reported, apart from a few such sherds in Makri 
Phase A dated to 5800/5700 cal BC (Efstratiou et al. 1998: 31). From Uğurlu on the island of Gökçeada 
(Imbros), few such sherds appeared in phase IV, post-6000 cal BC (Erdoğu 2013: Figure 37). The scarcity 
of impressed decoration from the northeastern sites of the Aegean coast is striking and not comparable to 
the abundance of impressed sherds in Western Macedonia. It appears that impressed decoration did not 
spread along the coastal sites towards the east.

In the Eastern Aegean, the Izmir region between Ege Gübre in the north and Çukuriçi Höyük in 
the south is well-researched, with new and significant results obtained in the last two decades. Pending 
publications of excavated materials from Çukuriçi Höyük, we rely here on the information given from 
the tellsite of Ulucak and additionally from the two flat sites of Dedecik-Heybelitepe and Ege Gübre. 
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Figure 7. Calibrated radiocarbon dates from levels with impressed sherds from Mavropigi (‘Central Orygma’),  
Paliambela-Kolindrou (Pit 630 of the EN 1) and Ulucak Va–IVb (more information on individual dates at www.14SEA.org)

As asserted by all authors, decoration (be it painted or impressed) is not an outstanding characteristic of 
these inventories and is usually given as few, rare or even very rare (Çilingiroğlu 2016: 81, Herling et al. 
2008: 21; Sağlamtimur 2012: 200). 

In Ulucak, impressed decorations occurred from Phase Va onwards, dated to around 6100/6000 cal 
BC, but probably rather postdating 6000 cal BC (Çilingiroğlu 2016: 82), since the outlier Beta-188372 
(Figure 7, Ulucak) fits well well to the dates from Phase Vb. All dates have been obtained on charcoal and 
can thus be used only as TPQs. Impressions were used up to the end of the Neolithic occupation (Chalco-
lithic in Anatolian terminology) in Phase IVa at 5800/5700 cal BC. Therefore, Ulucak (like all the other 
sites in the region) was abandoned after c. 5800 cal BC, at the end of the first phase of the MN (in Aegean 
terminology). This may explain why the decorative styles of the later MN phases in the Western Aegean are 
not represented in the Eastern Aegean. 

The high percentage of 2–8% impressed sherds in Ulucak, as given in the table ‘Percentage of 
impressed pieces’ by Çilingiroğlu (2009, vol. II), is not comparable with the sites discussed above, as it is 
related to only the diagnostic pieces (e.g., Çilingiroğlu 2009: 95, 102, 126) and not to the total inventory. 
The total of 102 impressed sherds outnumber the 16 painted examples by far, the latter of the Red-on-cream 
or Cream-on-red style, comparable to the MN-painted decoration in the Western Aegean. Virtually all the 
impressed body sherds are covered with impressions of fingernails or broad tools, thus comparable with the 
older Thessalian and Macedonian variants. As rims and bases are exceptional, the shapes decorated with 
impressions are difficult to reconstruct, but two restorable vessels with raised bases are of the closed type 
with knobs attached under the rim (Çilingiroğlu 2009: Pl. 29.1 and Pl. 35.2).

Less than 1% of impressed sherds from the flat site Ege Gübre are decorated all over with fingernails 
and more seldom with tool impressions; most of them are covered with a red slip (Sağlamtimur 2012: Figure 
19–20). The excavator of Ege Gübre equated the duration with phase IV at Ulucak, which is confirmed by 
the eleven 14C dates (Sağlamtimur 2012: 202) that cover, apart from two outliers owed to a flat portion in the 
calibration curve, the period 6040–5820 cal BC. This site is thus of the early MN in Aegean terminology.

In Dedecik-Heybelitepe, a few vessels of the lower layer A (coeval with Ulucak V–IV) were dec-
orated with finger pinches or impressions, accounting for less than 1%. Judging by the two body sherds 
depicted, the impressions covered broad surfaces of the vessel, not organised in specific patterns (Herling 
et al. 2008: 21 and Figure 4, 7–8). As in the case of Ulucak and Ege Gübre, this decoration is rather compa-
rable with the older variant of impressed styles in Thessaly and Macedonia. At Dedecik, it had been proven 
for the first time that the obsidian used for chipped stone tools derived from the Aegean island of Melos and 
with diminishing quantities from Anatolian sources (Herling et al. 2008: 29). Thus, trans-Aegean networks 
in both directions, East–West as well as West–East, must be considered. In addition to tools, decorated pots 
may also have reached the East Aegean coast from the west.

Comparisons with impressed decorations from SW-Anatolia can be made only in a very general and 
superficial way. Apart from this, also the examples from the Lake District (e.g., from Höyücek KAD and 
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Höyücek West, Hacılar I und Kuruçay 7) post-date 6000 cal BC (Reingruber 2008: 455-456 and Tab. 5.6). 
Connections with areas even farther east are difficult to assess: Neither in Mersin-Yumuktepe nor in Tell 
Sabi Abyad are the shapes comparable to those in the Aegean (Müller 1994: 267), nor are surface colour 
and paste. One should not exclude the possibility of convergent phenomena, especially from such distant 
areas like the Jazira in eastern Syria and Argissa in Thessaly. 

Furthermore, a distinction should be made between the styles themselves with:
‒ �Full coverage of the body as is the case in Macedonia and Thessaly on the older variant (long) before 

6000 cal BC but occurring throughout the Eastern Aegean sites only around and after 6000 cal BC;
‒ �Single parallel lines, be they erratic or organised, as is the case within the younger variant of the 

NW Aegean before and after 6000 cal BC, but not observed in the Eastern Aegean.
‒ �A combination with red and/or white paint resulting in the ‘fusion style’: this youngest variant, 

dated to after c. 5800 cal BC, is observed mainly in Thessaly. 
Table 4 summarises our present state of knowledge: the oldest sites with impressed decoration are 

those from Western Macedonia, followed by the Thessalian sites. Given the proximity between the two 
regions, this is not surprising. The two oldest sites, Paliambela-Kolindrou and Mavropigi-Fillotsairi, also 
gave the highest possible numbers of impressed sherds, with more than 3% of the total assemblage. In 
Thessaly, only the northernmost site, Elateia 1, provided such high figures; however, this site is younger, 
and the sherds derive from a systematic survey, not excavations. The southernmost Thessalian sites have the 
least impressed materials (Achilleion and Sesklo): the farther away from Central Macedonia, the lower the 
frequencies. They are lowest in the Eastern Aegean, where impressed sherds occur very late. 

If the radiocarbon dates and the statistics are correct, a transfer of the impressed decoration can be 
inferred from the NW coast to the eastern coast of the Aegean, from the area where it derives from a longer 
tradition to an area where it was in use for a short period and with statistically irrelevant number of pots 
(Figure 8). It appears in the east more as a fashion, without clear standards in shape and style. Where im-
pressions are common in Macedonia and Thessaly, they occur on characteristic vessel shapes, surfaces, and 
categories and constitute a standard.

Site Period or phase Total 
assemblage

Impressed
decoration

% Earliest possible 
appearance

Paliambela, Pit 630 EN 1 187 6 3.2% after 6450 BC
Mavropigi EN 67,971 2506 3.7% 6380–6250 BC
Revenia, Pit 11 EN-MN 12,134 143 1.2 6370–6230 BC
Nea Nikomedeia EN 140,000 503 0.4% 6350–6250 BC
Argissa EN–MN 6,524 154 2.4% before 6000 BC
Otzaki, Area III EN II–MN I 8,882 142 1.6% before 6000 BC
Achilleion IIb–IVa EN–MN 115,000 64 0.1% 6210 BC
Elateia 1 (survey) MN I 11,337 442 3.9% 6000 BC
Ulucak Va-IVa, 
Ege Gübre IV-III,
Dedecik-Heybelitepe

LN/EC in Anatolian
or EN/MN in Aegean
terminology

‘rare’ -1% around and after 
6000 BC

Table 4. Relative proportions of impressed pottery in the total amount of sherds from Macedonian and Thessalian sites compared to 
East Aegean sites, termed there Late Neolithic (LN) and Early Chalcolithic (EC)

Profiting from the knowledge of how far east the obsidian networks expanded in the Aegean, it may 
not be a surprise that other materials (among those that have survived the millennia) were exchanged Ae-
gean-wide not in only one direction but in multiple directions. And this may now also hold true for specific 
decoration styles on pottery. 

However, not all regions were involved in this exchange, for impressed decoration does not appear 
in the southern Aegean (Argolid, Attica, Crete and Caria). It is difficult to give a conclusive explanation 
at this stage of research. However, one has to consider the cultural aspect with regionalisation of the cir-
cum-Aegean area (Reingruber 2022) and also the chronological aspect with sites that were either aban-
doned (e.g., in the Eastern Aegean) or not yet founded (e.g., Argolis and Crete) before certain decorative 
styles emerged and began to spread.
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Figure 8. Frequency of impressed decorated sherds per circum-Aegean area and per time (before, around, and after 6000 cal BC).

On the other hand, as was suggested elsewhere (Bonga 2017: 378–79, 382–84; 2020: 51 and foot-
notes 132, 135–36), based on ceramic types (including impressed decoration), small finds, and lithics, 
Mavropigi-Fillotsairi had close relationships with communities in the Korça Basin of southeastern Albania, 
only c. 60 km apart as the crow flies. In addition, the still insufficiently researched regions such as Epirus 
(e.g., Episkopi: Vasileiou 2016) or the Ionian islands (e.g., Sidari on Corfu: Sordinas 1969; Choirospilia on 
Lefkada: Velde 1912: 857 and Figure 9), with finger-pinched and impressed sherds in their early assem-
blages, were more related to mainland Greece, Albania and the southwest Balkans than to Dalmatia (Tsonos 
2018: 493-494). Besides, the appearance of Impresso in the southern Adriatic is much later in date than the 
impressions documented in Greece (Bonga 2019). Not to mention the huge chronological S–N-gradient of 
several hundreds of years between 6000/5900 BC in the southern part and 5500/5400 BC in the northern 
part of the Adriatic Basin (Kačar 2021: 800 and Figures 2 and 5).

Considering this, the second option expressed by Kačar (2021: 809) seems rather probable: that 
the Neolithic disseminated into the Adriatic not via the Ionian Sea but from the hinterland, from Greek 
Macedonia via Albania. We propose that the first fingernail and tool-impressed pots were made in a region 
located in the present-day border triangle of Greece, Albania, and North Macedonia. From there, the idea of 
decorating vessels in this way was gradually adopted by potters on many other sites in a far wider area and 
as late as 6050 cal BC (and even later) on settlements in the Ionian and Adriatic region (Figure 8).
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Conclusions

Other than the Impresso and Impressa pottery of the Western Mediterranean, the impressed decora-
tion in the Aegean is not a coastal phenomenon. It is completely absent from the southern Aegean, in little 
quantities occurring in the central part of the Aegean (on the height of Izmir–Lamia) and comparatively 
abundant in the NW Aegean. Therefore, it cannot serve as an indicator for a maritime ‘coastal expansion’ 
(Özdoğan 2022: 414), although a possible ‘connectivity’ (Çilingiroğlu 2016: 75) can be inferred between 
certain Aegean coastal areas but not for the overall Mediterranean. 

The causes and mechanisms for this phenomenon and its distribution are poorly understood for the 
time being, and without further research into the social importance of fashions, symbolic meanings, and 
functional and/or aesthetic aspects, they remain speculative. Future studies must also consider other artefact 
groups to reveal and understand nuanced technological and social interactions. Yet, the first step is now 
taken: more precise descriptions of the impressions themselves, quantitative evaluations combined with 
new absolute data have shown that different from what was previously thought, the impressed decoration is 
not most numerous and ancient in Thessaly but in Western Macedonia. 

Two different styles were observed, not necessarily reflecting a regional but rather a chronological dif-
ference: in Mavropigi finger pinches, fingernail impressions or impressions executed with a blunt tool over the 
whole surface of the pot convey a rather rough appearance, whereas, in Nea Nikomedeia, the impressions are 
organised in horizontal or vertical rows. In Thessaly, both variants are known from Otzaki Area III (especially 
the organised one), but in Area II (of the MN), comb-impressions appear that can be accompanied by red paint. 
Interestingly, this kind of decoration has not been observed elsewhere – judging by the published materials, 
it is rare in Western Macedonia (Bonga 2020: Figure 19b) and completely missing from Central Macedonia, 
certainly so at sites that were abandoned before 6000 cal BC, confirming that it is of later appearance.

In North Macedonia, the usage of impressed decorated vessels seems to coincide with the emerging 
Neolithic way of life (for a re-evaluation of the old data, compare Naumov, this volume). In the Ionian and 
Adriatic areas, finger-pinched impressions are among the earliest Neolithic finds, post-dating 6050 BC. 
At this time, many of the Greek Macedonian sites excavated so far were abandoned; others were founded 
only at later stages of the MN or even in the early LN (e.g., Dispilio, Avgi, or Kremastas: Sofronidou and 
Dimitriadis 2014; Stratouli and Kloukinas 2020; Toufexis 1994; Tsigka 2018: 55): they provided later var-
iants of the negative decoration, together with barbotine-arcading. This may be why impressed decoration 
continued to thrive during the earlier MN only in Thessaly, where it was adapted and transformed into new 
variants (comb-impressions organised in horizontal, parallel lines) and eventually (after 5800 BC) fused 
with the painted decoration. 

In Thessaly, an immediate relation between impressed ware and the Neolithisation process is not 
given as it occurs only in a later stage of the EN. There, painted decoration is older and is rendered in red 
paint on buff surfaces, later on, a white slip. Interestingly, the white-painted variant of the Macedonian 
style that spread all over the Balkans has not been applied to Thessalian pots (with few exceptions). In 
Thessaly, two spheres of influence must be acknowledged: one based on painted and one on impressed 
decoration. In SE-Thessaly (Sesklo, Achilleion), painting occurred first and dominated during the EN and 
MN; in NE-Thessaly (Otzaki, Argissa, Elateia 1), impressed decoration outweighed the painted variant but 
without replacing it. On the contrary, the two styles fused into a new variant that appeared only after 5800 
BC, applied on their own shapes with flat bases and flaring rims.

Given the long tradition of impressed decoration in Western Macedonia since at least 6350 BC, its 
subsequent appearance in Thessaly (after 6200 BC) and later appearance in the Eastern Aegean (after c. 
6000 cal BC), we conclude that this kind of decoration is of NW Aegean tradition from where it spread in 
larger parts of the Aegean (and eventually also into the Ionian and Adriatic areas). The contacts between 
the western and eastern coastal areas of the Aegean were thus not only one-way, from East to West, but in 
several directions, including West to East, as had already been shown by the spread of the Melian obsidian 
in the Aegean, before and during the Neolithic period (Reingruber 2018: Figures 2–3).

The attempts mentioned above to trace the impressed pottery back to either the Near East or the 
Adriatic region must be considered outdated, in the truest sense of the word: the impressed decoration of the 
NW Aegean is older than that from which it was thought to derive. Its origin is not to be sought in distant 
regions but can instead be considered a genuine element of the NW Aegean pottery production (Figure 8).
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3.
Calibrated chronology of the Neolithic tells in Pelagonia 

Goce Naumov

Abstract The article gives a revised, and updated chronological overview of the Pelagonian 
Neolithic tell sites. The dates mainly originate from older measurements of the second half of 
the twentieth century but have not, thus far, been systematically put into proper context using 
modern statistical methods. The paper presents a combination of contexts retrieved during 
original archaeological excavations of the 1970s with documented contexts to produce a 
detailed chronology of the Neolithic tell settlements in Pelagonia.

Keywords: Balkans, Macedonia, Pelagonia, Neolithic, Tells, 14C Chronology, Bayesian 
modelling

Laboratory dating of archaeological sites has been a regular practice in world science for approx-
imately seven decades. Establishing radiocarbon analyses and their advancement through applying AMS 
analyses led to a revolutionary determination of the time frames for past settlements. Although relative 
chronology and analogies in the material culture remain the primary method in excavations and chronologi-
cal references, laboratory results have made it possible to move much more precisely through various stages 
of the past, primarily through those belonging to prehistory. Due to the frequent processing of samples of 
charcoal, wood, seeds, bones and other organic materials, the beginnings of the Neolithic were established 
in diverse regions, including the Balkans. Such data from Neolithic settlements in Greece, Bulgaria, Alba-
nia, Serbia and Romania established the formation of the first agricultural villages in the second half of the 
seventh millennium BC. (Reingruber and Thissen 2005; Reingruber and Thissen 2009; Reingruber et al. 
2023). The same was done for the Neolithic in Macedonia, mostly through the data obtained from the anal-
yses of samples from Amzabegovo (Bien and Pandolfi 1972; Gimbutas 1976; Linick 1977). Unfortunately, 
since these analyses (performed in the 1970s) to date, little has been done for dating the Neolithic sites in 
Macedonia accurately.

Only a few settlements, and mostly in the last ten years, have been dated using the radiocarbon 
method, while AMS analyses have rarely been applied. The only dating of ceramic finds through thermo-
luminescence has been done on the material from Amzabegovo, but unfortunately, it remains the only such 
example (Gimbutas 1976). The situation with the laboratory dating of the Neolithic sites in Pelagonia is the 
same, with one exception for this region, which will be given more attention in this paper. Namely, for eight 
prehistoric sites from this region, C14 analyses were made in the 1970s (and one in the following decade); 
however, these data were not used in Macedonian archeology at all. Until 2009, no Macedonian archaeol-
ogist used these data, although they were published approximately forty years ago (Srdoć et al. 1977; Val-
astro et al. 1977). They were indirectly mentioned only in a few works that made a general overview of the 
Neolithic sites in the Balkans (Nikolova 1998; Thissen 2000; Whittle et al. 2005), and recently they started 
to be used in Macedonian archeology as well (Fidanoski 2009a; Fidanoski 2019; Naumov 2009; Naumov 
2015; Naumov 2016a). However, in none of the general reviews of the Neolithic in Macedonia were these 
data used, although the results of the analyses were already available (Garašanin 1979; Mitrevski 2003; Mi-
trevski 2006; Mitrevski 2013; Sanev 1994; Sanev 1995; Zdravkovski 2006). Despite that, the entire chro-
nology of the Neolithic in Macedonia was based on the dates from Amzabegovo, including that relating to 
Pelagonia, even though there were laboratory analyses that suggested a different chronological framework.
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The dating of the prehistoric sites in Pelagonia was carried out more than five decades ago, long 
before the advancement of chronological analyses and interpretations with the help of calibration, Bayes-
ian statistical modelling and the AMS method. These radiocarbon analyses from Pelagonia seem outdat-
ed today, as current chronologies are primarily based on samples obtained from the latest excavations. 
Considering that after the eighties of the last century, only a few analyses have been made for the sites in 
Pelagonia, it is necessary to use the results of this laboratory research, at least until the next chronological 
data based on samples from the new excavations. Until then, this information will be used to determine the 
time frame of the Pelagonian Neolithic, and they can complement the chronological picture of the Neolithic 
in Macedonia. For those reasons, a review will be made of the radiocarbon analyses of several sites from 
Pelagonia, whose dates ​​were recently calibrated and published on several occasions (Naumov and Tomaž 
2015; Naumov 2016a; Naumov et al. 2021a; Naumov et al. 2023).

The Neolithic in Pelagonia

Pelagonia is the largest valley in the Republic of Macedonia, which is located in its southwestern 
part (Fig. 1). Its alluvial plain, formed by a Neogene lake, is surrounded by several high mountains that 
create a closed and relatively isolated entity (Dumurdjanov et al. 2004; Mirčovski et al. 2015; Trifunovski 
1997). Frequent rainfall and fertile soil near most wetlands allowed constant access to raw materials, which 
ensured a stable livelihood for many generations (Puteska et al. 2015). Such conditions and environment 
did not differ much from those in the Neolithic, which enabled the rapid inhabitation of a large number of 
agricultural communities at the end of the seventh millennium BC. The high density of Neolithic settle-
ments established on tells and the multitude of finds on their surface attracted the interest of many archaeol-
ogists. These sites were investigated in several stages by applying different methods while providing initial 
insights into the emergence and development of the Neolithic in this region.

Figure 1. Map of the Republic of Macedonia with an indication of Pelagonia in red
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The most significant upsurge of archaeological research on the tells in Pelagonia was at the same 
time when the aforementioned chronological analyses were performed, that is, in the seventies of the last 
century. At that time, Dragica Simoska, Blagoja Kitanoski, Voislav Sanev and Jovan Todorović excavated 
a dozen tells, although the previous research of Miodrag Grbić and Josip Korošec, who have a part in the 
study of this region, should not be neglected either (Grbić et al. 1960; Kitanoski 1977; Kitanoski et al. 
1980; Simoska and Sanev 1975; Simoska and Sanev 1976; Simoska and Sanev 1977; Simoska et al. 1979). 
These excavations were preceded by the research of Walter Heurtley and Vladimir Fewkes, which, despite 
being before World War II and of a smaller scale, still provided an initial picture of the layout of the pre-
historic tells in Pelagonia (Fewkes 1934; Heurtley 1939). After the archaeological boom about sixty years 
ago, research in this region was suddenly absent until a few years ago. Meanwhile, only a small part of the 
tells was sporadically investigated, mainly in the Prilep part of Pelagonia (Kitanoski et al. 1983; Kitanoski 
et al. 1987; Simoska and Kuzman 1990; Temelkoski and Mitkoski 2006; Temelkoski and Mitkoski 2008). 
However, in the last decade, the intensity of research in this region has increased, through the application 
of multidisciplinary research, such as geomagnetic scanning of settlements, GIS mapping of sites, excava-
tions of tells, archaeobotanical, archaeozoological, geoarchaeological, lipid and use-wear analyses, as well 
as the calibration of chronological dates (Naumov et al. 2013; Naumov and Tomaž 2015; Naumov 2016a; 
Naumov et al. 2017a; Naumov et al. 2018; Naumov et al. 2021a; Naumov et al. 2020; Naumov et al. 2023).

Although modest in scope, archaeological research in the last six decades has provided elementa-
ry knowledge about the Neolithic in Pelagonia. Thanks to the clear features of the pottery, the sites from 
this region were determined within the so-called cultural group Velušina-Porodin (Garašanin 1979; Sanev 
1994). Although from today’s perspective, the cultural definition of the sites is debatable, especially since 
similar elements are present in the Ohrid and Korča regions (Naumov 2016b), this traditional approach of 
cultural-historical archeology enabled the specificity of the Pelagonian Neolithic to be highlighted in the 
1970s. The characteristic white-painted vessels and anthropomorphic house models (Figure 2) contribute to 
this to a great extent, which also represents one of the most complex symbolic forms in the Balkan Neolithic 
through which the local identities of the agricultural communities of this plain are manifested (Chausidis 
2010; Naumov 2010; Naumov 2013; Temelkoski and Mitkoski 2005). Also, the density of settlements in 
Pelagonia is unusual, considering that more than half of the Neolithic sites in Macedonia are located in this 
region (Naumov and Stojkoski 2015; Naumov 2016a; Naumov et al. 2017a; Simoska and Sanev 1976). 
And the rest of the archaeological material – such as figurines, altars, stamps and tools – demonstrate the 
specific features of the societies in Pelagonia, although they are similar to those of the surrounding regions.

A precise chronological framework in Pelagonia has still not been written. Its temporal determina-
tion was usually attributed to the Amzabegovo-Vršnik cultural group, i.e., in the time between the seventh 
and fifth millennium BC (Sanev 1995). Even the division of Neolithic phases was done in the same way, 
even though in Pelagonia, there are no clear demarcations between the Early and Middle Neolithic. Ce-
ramic material has mostly been used as a chronological reference in the determination of phases, although 
there are no stable indicators for such archaeological and probably artificial determination of phases in the 
Neolithic (Naumov et al. 2020). As a result, vessels were used as an indicator of relative chronology, with 
the help of the chronological sequence of the Neolithic sites and those of other prehistoric periods.

This would be wholly justified in the absence of exact chronological data, but the published results 
of radiocarbon analyses of the Pelagonian sites were available and should have been used in Macedonian 
archaeology much earlier. For those reasons, instead of a more thorough consideration of the material cul-
ture from Pelagonia, this paper will provide a complete overview of the results of the C14 analyses and their 
calibration. Even though these dates might be outdated for their more systematic inclusion in the chronolo-
gy of the Balkan Neolithic, their elaboration is still necessary because, at the moment, they provide the only 
exact information about the time determination of the Neolithic in Pelagonia.
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Figure 2. Neolithic vessels, figurines and models from the sites of Tumba and Veluška Tumba at Porodin:
1. h – 48 cm (Fidanoski 2009, Т. 66, 7); 2. w – 23 cm (Fidanoski 2009, Т. 66, 5); 3. h – 17 cm (Fidanoski 2009, Т. 67, 3); 4. h – 7 cm 
(Kolištrkoska Nasteva 2005, Figure 7); 5. h – 12 cm (Kolištrkoska Nasteva 2005, Figure 26); 6. h – 6 cm (Kolištrkoska Nasteva 2005, 
Figure 5); 7. no scale (Vasileva 2005, 40); 8. h – 25 cm (Kolištrkoska Nasteva 2005, Figure 43); 9. no scale (Vasileva 2005, 40).
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The Chronology of the Neolithic Tells

As stated above, in Macedonian archaeology, the time of establishment and function of the Pelagon-
ian Neolithic sites is based solely on relative chronology. This is usually done in relation to other sites from 
Macedonia, but seldom to those in neighbouring regions from Greece and Albania, except for analogies at the 
level of material culture (Benac 1989; Garašanin 1979; Sanev 1994). According to initial knowledge, it is con-
sidered that the Neolithic in Pelagonian flatlands began a little later due to frequent floods and groundwater 
emergence, although several uncertain dates suggest much earlier processes of the Neolithisation (Kitanoski 
et al. 1980; Naumov 2009; Naumov 2015). The results from the surrounding regions in Greece and Albania 
indicate that the earliest agricultural communities formed their first settlements in the second half of the sev-
enth millennium BC, which is also confirmed by several dates in Pelagonia (Allen et al. 2014; Bunguri 2014; 
Naumov and Tomaž 2015; Naumov 2016a; Naumov et al. 2023; Reingruber and Thissen 2009; Reingruber et 
al. 2023). These dates from the sites in Pelagonia lead to a more precise determination of the entire time span 
of the Neolithic, which is why they deserve a more detailed elaboration on this occasion.

Interestingly, almost all the dates obtained for Pelagonia come from the 1970s, concurrently with the 
flourishing of archaeological research in this region. The heads of the research, Dragica Simoska and Voislav 
Sanev, in the spirit of the scientific enthusiasm of the time, sent samples from several sites to laboratories in 
Zagreb (Croatia) and Austin (Texas, USA). The results of the analyses were then published, giving the first 
radiocarbon dates for Pelagonia (Srdoć et al. 1977; Valastro et al. 1977). Later in the 1980s, results were also 
obtained from the site at Markovi Kuli in Prilep, investigated and dated by a Polish team (Pazdur 1990). Un-
fortunately, after these studies, no other analyses were made for sites in Pelagonia except those from current 
research (Naumov et al. 2018; Naumov et al. 2021a; Naumov et al. 2023). During these analyses in the 1970s 
and 1980s, samples from eight sites were processed, of which six were dated to the Neolithic. These sites 
will be elaborated in detail to determine the possible chronological frame for the Neolithic tells in Pelagonia, 
while the dates from current research will be mentioned in the concluding remarks as they are under Bayesian 
modelling now and will be published as a detailed chronological sequence elsewhere.

During the calibration of the chronological data from the 1970s, the dates published in the journal 
Radiocarbon (the editions 19/2 and 19/3 issued in 1977) were used. The samples from Topolčani and 
Mogila were analysed in the laboratory of the ‘Ruđer Bošković Institute, while those from Veluška Tumba 
and Tumba near Porodin and Golema Tumba near Trn were processed at the University of Texas at Austin 
(Srdoć et al. 1977; Valastro et al. 1977). In the papers where the results of the analyses are published, the 
introductory part explains the process of processing the samples and how the obtained chronological values ​​
were reached. How compatible these procedures are with today’s approach to processing charcoal, and 
seed samples remains to be discussed. However, besides those from the current research, these were the 
only analyses that have been made on samples from Pelagonia, which is why they are taken into account in 
this review of the chronology of Neolithic sites in this area. The chronological values ​​obtained from these 
analyses were recently calibrated by the author of this paper in OxCal v4.2.4 software and the IntCal 13 
supplement for determining the atmospheric curve, produced by the Oxford Radiocarbon Accelerator Unit 
(Bronk Ramsey 2009; Reimer et al. 2013). The results of the calibration of the samples from the sites near 
Topolčani, Mogila, Porodin, Trn and Markovi Kuli are elaborated below, as well as their chronological lay-
out within the Neolithic phases. Also, the dates from recent dating of Vrbjanska Čuka, Vlaho, and Veluška 
Tumba will be mentioned regarding dates from the 1970s, although some of them were already calibrated 
and published or will be included in forthcoming publications.

Topolčani
The Neolithic settlement of Čuka is located near the village of Topolčani, that is, in the upper half 

of the Pelagonian plain (Figure 3). It was researched on several occasions under Blagoja Kitanoski and 
in collaboration with Dragica Simoska and Jovan Todorovic (Kitanoski 1977; Kitanoski et al. 1983). The 
settlement contains the common elements for the Neolithic communities in Pelagonia, including the typical 
Early Neolithic vessels, anthropomorphic house models, ‘altars’, figurines, sanding balls, etc. The dates 
obtained during the analyses of the charcoal samples complement the knowledge and coincide with the 
archaeological material found. Two samples were sent for analysis, i.e., Z-494 from layers 15–16 in probe 
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Figure 3. Map of Pelagonia with the sites involved in the calibration of the radiocarbon dates: 1. Markovi Kuli – Prilep; 2. Vrbjan-
ska Čuka – Slavej; 3. Čuka – Topolčani; 4. Tumba Sredselo – Mogila; 5. Golema Tumba – Trn; 6. Tumba – Optičari; 7. Tumba – 
Porodin; 8. Veluška Tumba – Porodin; 9. Vlaho – Živojno.

I and Z-495 I from layer 22 in the same probe (Srdoć et al. 1977). Although the second sample stratigraphi-
cally belongs to a lower, i.e., probably older layer, its chronological value is 7010±190 BP, while that of the 
sample from the upper layer is 7680±160 BP. There are several explanations for this situation. The younger 
sample from layer 22 could belong to a pit that is younger than layers 15–16, or the measurement of the 
layers was done in reverse, that is, from the oldest with the lowest numerical value to the youngest with the 
highest number, which was a rare archaeological practice in Macedonia.
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In any case, the analysed samples give very different dates, and the question is, do the layers belong 
to such different time periods? Namely, the calibration of these chronological values ​​showed that the time 
of sample Z-494 (7680±160 BP) can be related to the period between 6862 and 6236 cal BC with 87.7% 
probability of accuracy, while that of sample Z-495 (7010±190 BP) ranges between 6253 and 5558 cal BC 
with 95.1% probability (Figure 4a). This means the approximate years related to these samples are around 
6500 BC for Z-494 and 5950 BC for Z-495 (Figure 4b). In the context of the chronology of Neolithic set-
tlements, the latter date seems far more likely. However, the first and much earlier date goes beyond the 
established norms for the beginnings of the Neolithic in this part of the Balkans, although such dates have 
been indicated for several sites in Greece, Albania and Macedonia, which will be discussed below (Allen et 
al. 2014; Andoni et al. 2017; Bonga 2020; Naumov et al. 2023; Reingruber 2011; Reingruber et al. 2023). 
Such a date can be the result of several factors or refer to a few conditions: 1) unstable processing of the 
sample in the laboratory; 2) the sample may belong to organic material that is older than the time when it 
was used in the settlement; 3) the sample was actually used in the time indicated by the calibrated data of 
the radiocarbon analyses.

Figure 4. Calibrated dates from Čuka – Topolčani

These deviations from the expected time frames are not uncommon in radiocarbon analyses and are 
usually taken with caution. But even if this date is correct, there are hypotheses for an earlier establishment 
of the first agricultural communities in the Balkans, which several archaeologists have already seriously 
begun to consider (Perlés 2001). In that case, the settlement near Topolčani would be one of those rare ones 
that were created within the first waves of Neolithisation. But to prove or disapprove that, new analyses 
of more samples from the lowest layers of the tell are necessary. Until then, this early date will only be 
indicative of a probability that needs to be further investigated through future archaeological research and 
laboratory analysis.

Mogila
The tells at Mogila are located in the very middle of the Pelagonian plain (Figure 3). It is a complex 

of several tells concentrated in the village of Mogila itself but also outside it. The density of tells initially 
led archaeologists to register a more significant number of such settlements (Simoska and Sanev 1976); 
however, if the construction of village streets and public buildings is taken into account, then it is probably 
a matter of modern artificial division of a larger tell that had a central character if compared to the rest 
(Naumov et al. 2013). The excavation of these tells, carried out in several archaeological campaigns from 
the 1970s to 2014, was concentrated on the central settlement, i.e., in the middle of the village (Naumov 
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Figure 5. Calibrated dates from Tumba Sredselo – Mogila

and Tomaž 2015; Simoska et al. 1979; Simoska 1988). Different archaeological teams have excavated the 
central and peripheral parts of the tell, but the stratigraphic layout and results are almost identical. The usual 
elements for the Early Neolithic in Pelagonia were also found at this site, and they largely coincide with 
those of the other sites, although some stand out for their specificity.

From this site, 3 charcoal samples from three different horizons were analysed: Z-496 from layer 11 
in horizon I, Z-497 from layers 14–25 in horizon II and Z-498 from layer 28 in horizon III (Srdoć et al. 1977). 
The chronological value of the second sample Z-497 is 1480±80 BP, and it deviates significantly from the 
other dates. However, its calibration and dating in the VI century AD and belonging to the II horizon is not 
surprising because the excavations confirmed archaeological material from this period and numerous intru-
sions of Medieval pits into the Neolithic layers (Naumov and Tomaž 2015; Simoska et al. 1979).

Unlike those in Topolčani, the other two dates coincide entirely with the Neolithic chronology in 
Pelagonia, but their presence in the layers corresponds to the stratigraphic layout of the site. The chrono-
logical value of the third date (Z-498) is 7010±190 BP; it refers to material originating from the period be-
tween 6253 and 5558 cal BC with 95.1% probability (Figure 5a). Its chronological setting would be around 
5900 BC, which is closely related to one of the dates in Topolčani. Comparing these dates from Mogila 
and Topolčani, it can be noted that they have an identical chronological value of 7010±190 BP (Srdoć et 
al. 1977). Here the question arises whether the identical values ​​of these dates are correct or result from an 
error: repeating the numbers for different samples (Z-495 and Z-498). Such a question is difficult to answer 
without having access to the archived documentation of the laboratory analyses, so these two dates remain 
to be used with a certain amount of reserve.

The second date from Mogila (Z-496) is much younger but still belongs to the Neolithic. Its chrono-
logical value is 6110±170 BP, while the calibration specifies the dating in the period between 5391 and 4683 
cal BC with a probability of 92.8% (Figure 5b). Although the time span for this date is quite broad, it can 
still be considered that the analysed sample belongs to the period around 5000 BC. Therefore, this sample 
can be dated to the Late Neolithic period, a time which, according to the material culture of this site, deviates 
from the usual characteristics for this period in Pelagonia (Benac 1979; Sanev 1995). This problem will be 
thoroughly discussed below, although it should be emphasised that this situation may refer to an inadequate 
sample or to the need for a more precise redefinition of the Late Neolithic in this region (Naumov 2016b).
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Porodin
At the village of Porodin, three tells were investigated: Tumba, Veluška Tumba and Tumba Bara 

(Grbić et al. 1960; Simoska and Sanev 1975; Sanev and Simoska 1983). Due to their specificity, they were 
defined as eponymous sites, hence the naming of the cultural group ‘Velušina-Porodin’ (Garašanin 1979; 
Simoska and Sanev 1976). In Macedonian archaeology, this cultural group remained synonymous with the 
Neolithic in Pelagonia, although its features are clearly present in the Ohrid region as well, an area with 
which Pelagonia was in intense contact throughout the Neolithic (Naumov 2016b; Naumov 2020). Tumba 
and Veluška Tumba are the two sites that were dated in the 1970s, although recent dating was made that will 
be considered in the discussion and concluding remarks of the paper.

Veluška Tumba
This tell is positioned about half a kilometre south of the village of Porodin (Figure 3). It may be 

one of the most explored sites in Pelagonia, but, unfortunately, the least publicised until recent research 
(Naumov et al. 2017b; Naumov et al. 2020; Naumov 2022). Although it has been explored in more than 10 
campaigns in different decades from the 1970s to 2013, only a few reports have been published (Simoska 
1986; Simoska and Sanev 1975; Simoska and Sanev 1983; Stojanova Kanzurova 2017). Considering its 
common features within the material culture (white-painted vessels, anthropomorphic house models, ‘al-
tars’, figurines, etc.), this tell was considered the oldest and used as a reference. Consequently, all other 
Neolithic sites in Pelagonia were related to it through relative chronology. However, 1970s laboratory anal-
yses of samples from this site currently demonstrate that it is slightly younger than those at Topolčani and 
Mogila, although the recent dating of the site indicates quite early dates as well.

In 1972, three samples from this site were submitted to the University of Texas at Austin: charcoal, 
burnt wood and seeds (Valastro et al. 1977). Given the good contexts from which the samples were taken 
and their chronological closeness, these can be considered to be some of the best reference dates for Pel-
agonia. Thus, the burnt wood sample (Tx-1785) was taken from a building in phase IV, which is considered 
to have belonged to the earliest settlement of the site. The chronological value for the date of this sample 
is 6950±120 BP, while after calibration with 95.4% probability, it is calculated that the sample originates 
from a period between 6034 and 5635 cal BC, that is, from around 5850 BC (Figure 6a). The second sam-
ple (Tx-1786) is of wheat grains and is very similar in time to the previous one, although it belongs to a 
building from Phase II. The time determined during the laboratory analysis is 6890±140 BP, which, with 
the calibration, is defined in a range from 6032 to 5553 cal BC. Therefore, it can be considered that these 
grains were deposited as food raw material around 5730 BC (Figure 6b). The third sample (Tx-1809) has 
a very similar date to the previous one and belongs to charcoal in a post hole from a Phase II building. Its 
chronological value is 6900±90 BP, which through calibration with 89.2% probability, has been established 
that it can be dated between 5928 and 5641 cal BC, i.e., around 5750 BC (Figure 6c).

The chronological closeness of these dates, the different stratigraphy and the defined contexts from 
which they are taken create a solid chronological sequence. According to the calibrated dates, it can be 
considered that this settlement in these phases was active for at least 150 years (that is, from 5850 to 5700 
BC). The youngest layers of the tell (phase/horizon I), damaged by modern agricultural activities, were not 
taken into account here, which is why no samples were taken for radiocarbon analysis. The laboratory anal-
ysis report also indicates a time span of 250 years for the life of this site, possibly including its final stages 
(Valastro et al. 1977). However, the dating of seed samples from the recent excavations of the earliest levels 
of Veluška Tumba indicate the establishment of this site at least at the very end of 7th millennium BC. In 
that context, considering all dates from this settlement, it can be proposed that it was inhabited for several 
hundred years, while its precise and updated chronological sequence will be available after the finalisation 
of the Bayesian modelling and publication of these dates.
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Tumba Porodin
The Neolithic settlement of Tumba is positioned approximately 1 km east of the village of Porodin 

(Figure 3). It was investigated only in two campaigns in 1953 and 1954, which also represent one of the first 
systematic excavations of Neolithic sites in Macedonia, after those of Grgur Tumba near Bitola (Grbić et al. 
1960). This tell also stands out for its characteristic elements of material culture, which is why it is not by 
chance that it gets the status of the eponymous site of the so-called Velušina-Porodin cultural group. Even 
though it was excavated a long time ago, wheat grain samples were preserved, which were later delivered to 
the University of Texas at Austin, where they were processed for radiocarbon analysis (Valastro et al. 1977). 
The analyses demonstrate that the chronological value of the sample (Tx-1787) is 6760±60 BP, which after 
calibration with 95.4% probability, points to the period between 5877 and 5486 cal BC, so it could be ex-
pected that these grains could be in use around 5650 BC (Figure 7a). Although it is not indicated which ho-
rizon or layer the sample came from, the analysis report states that the material is similar to phase/horizon I 
and II from Veluška Tumba. This is also confirmed by the calibrated dates, which are about 100 years apart.

Figure 6. Calibrated dates from Veluška Tumba – Porodin
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Figure 7. Calibrated dates from Tumba – Porodin

In the archaeological publications, there are two more samples from this site, for which the re-
ports from radiocarbon analyses cannot be found at the moment (Nikolova 1998; Quitta and Kohl 1969). 
Although these dates should be considered with great reserve, they will only be briefly illustrated on this 
occasion without corresponding calibration graphs. In the first case, sample KN-I.596 is mentioned, for 
which there is no information about the type of material nor reference to where the analysis results are 
mentioned (Figure 7b). Its chronological value is 7240±55 BP, while the calibration with 95.4% probability 
points to a period between 6222 and 6017 cal BC, around 6070 BC. Such a date is relatively older than the 
others from the 1970s related to the tell at Porodin, but it is almost identical to the new dates from Veluška 
Tumba. Considering the vicinity and similarity of material culture between these two tells, this untraced 
date from Porodin could be considered, although new sampling and dating of the site would be necessary 
to test its accuracy.

The same applies to the other sample from this locality (H-1486/987). Both its origin and material 
are unknown, except for the name of the site and the chronological value, i.e., 7120±140 BP. The 94.7% 
calibration confirms a 6255 to 5720 cal BC time span, which places this sample around 6000 BC (Figure 
7a). However, without further verification of the sources and calibration reports of these samples, they 
cannot be used in a thorough interpretation of the Pelagonian Neolithic chronology.
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Figure 8. Calibrated dates from Markovi Kuli – Prilep

Markovi Kuli
In the archaeological community, the site of Markovi Kuli near Prilep is known as a Medieval town 

located in the northeastern part of Pelagonia (Figure 3). However, research by a Polish team in the second 
half of the 1980s confirmed the presence of a prehistoric settlement in the bedrock, which researchers in-
itially dated to the Late Neolithic and Bronze Age (Cnotliwi 1990). Some of the finds confirm this dating 
because they have characteristic elements like those of the so-called Trn cultural group, but also indicate 
features common to Early and Middle Neolithic (Benac 1989; Naumov 2016b; Naumov and Mitkoski 
2018). However, radiocarbon analyses demonstrate that this site can be dated to the so-called Middle Neo-
lithic, although, as mentioned above, this phase concerning terminology is questionable.

Five samples from this site were submitted to the Silesian University of Technology in Gliwice, three 
of which date to the Middle Ages and one to the Iron Age (Pazdur 1990). The oldest sample (animal bone) 
originates from the cultural layer associated with the dwelling in the rock shelter. Its chronological value is 
6680±110 BP, and the calibration with 93.9% probability points to the calendar period between 5808 and 
5465 cal BC, approximately around 5600 BC (Figure 8). Given the date in relation to the archaeological 
material, several possible explanations can be suggested: 1) the bone sample may belong to an animal that 
lived hundreds of years earlier in the bedrock (died or was eaten); 2) inappropriate processing of the sample 
in the laboratory; 3) correct date for the Middle Neolithic, but insufficiently correct processing of the archae-
ological material and its attribution to the Late Neolithic. The last possibility is very likely, given that the 
archaeological team that worked on this site had never before studied a Neolithic settlement in Macedonia, 
and at the same time, their research on Markovi Kuli was mainly focused on the Medieval period.

The modestly published material from 
the Neolithic settlement in the rock shelter has 
apparent Late Neolithic features, although forms 
have been discovered that correspond entirely to 
the shape of Middle Neolithic vessels, and even 
those that can be identified with the Early Ne-
olithic in Pelagonia (Cnotliwi 1990, T.41–T.45; 
Naumov and Mitkoski 2018). However, regard-
less of the interpretations of the archaeological 
material, the calibrated date corresponds to the 
Neolithic chronology in this region and should 
be taken into account. According to the provided 
information and the small number of finds, the 
site could be determined as a livestock pen or a 
shelter that was used for a short time in the Mid-
dle Neolithic, then to be used again in the Iron 
Age and the Middle Ages.

Trn
There are several tells near the village of Trn, positioned in the central part of Pelagonia (Figure 3). 

Two of them, Golema Tumba and Mala Tumba, were investigated in 1973, bringing new knowledge about the 
later phases of the Neolithic in this region (Simoska and Sanev 1977). Namely, the findings indicated features 
that were not typical for this region, and therefore the site was established as an eponym for the so-called Trn 
cultural group, first attributed to the Middle and then to the Late Neolithic in Pelagonia (Benac 1979; Sanev 
1994). Black polished vessels with white encrusted patterns stand out as the most representative reference of 
this cultural group. They were initially considered elements belonging to the Adriatic Neolithic (Benac 1989), 
but after much new research in the Balkans and beyond, new routes to the source of this ‘culture’ have been 
proposed, leading all the way to Western Turkey and Central Anatolia (Naumov 2016b). Considering the 
specific features and the new data, it can be quite justifiably pointed out that these settlements were active in 
the Late Neolithic. This is confirmed by the dates obtained for one of the excavated tells.



53

Naumov Calibrated chronology of the Neolithic tells in Pelagonia

In 1973 three samples from the Golema Tumba site were submitted to the University of Texas at 
Austin, although it is not indicated what material they were from (Valastro et al. 1977). The youngest sam-
ple (Tx-1788) comes from a building in the last phase of the settlement, i.e., Horizon I. The chronological 
value is 5640±90 BP, whose calibration with 95.4% probability points to the period between 4691 and 
4336 cal BC, around 4500 BC (Figure 9a). The next sample (Tx-1789) is from the same building and has a 
very similar chronological value (5670±90 BP) and a calibrated year between 4707 and 4351 cal BC, that 
is, around 4500 BC (Figure 9b). Given that these samples belong to the same archaeological context, this 
dating is entirely expected and well-founded, so it can be used as a reference for determining the age of the 
object and the phase in which it was used. The third sample (Tx-1790) is slightly older than the previous 
ones and comes from a building in the first stages of settlement, that is, from Horizon II. Its chronological 
value is 5950±90 BP, and the calibrated time span is from 5061 to 4597 cal BC, which with 95.4% prob-
ability, determines the period around 4800 BC (Figure 9c). If it is considered that the samples come from 
the earliest and the latest layers of the tell, then it can be suggested that it was actively used for a period of 
200 to 300 years. However, the recent revision of transitional Neolithic - Chalcolithic chronology in the 
Balkans should be referenced as the Trn dates from the middle of the 5th millennium could belong to Early 
Chalcolithic (Bulatović et al. 2018; Naumov et al. 2019).

Figure 9. Calibrated dates from Golema Tumba – Trn
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Figure 10. Calibrated dates from Tumba – Optičari

Presentation of the results of chronological analyses of this site will complete the review of the dat-
ed sites in Pelagonia, although there are data on two others (Crnobuki and Karamani) whose dating refers 
to the Chalcolithic and the Bronze Age (Srdoč et al. 1977). The above-mentioned calibrated dates for one 
of the tells at Trn could be attributed to the Early Chalcolithic, while the earlier date, apparent features, 
and similarities with pottery from other synchronous sites could be regarded as Late Neolithic. Indeed, it 
should not be excluded that the settlement could have been inhabited in the Chalcolithic in its final stages, 
as suggested by several finds. It must be taken into account that the artificial delimitation of the archaeo-
logical periods (in this case, the Late Neolithic and Early Eneolithic) does not always imply a rapid process 
and a sudden change in the material culture. Sometimes these changes took place over several decades or 
centuries, so a good synchronisation between archaeological findings and C14 analyses can indicate how 
this transformation process took place. Hence, it is necessary to summarise the dates mentioned above from 
all presented sites through a final review in the context of Neolithisation in the Balkans and to elaborate 
on how it was manifested and modified over time through the material culture on the tells where it was 
produced and used.

Optičari
The site named ‘Tumba’ refers to a big tell approximately 1 km east of the village of Optičari (Figure 

3). It was excavated at the end of the 1980s for a short period, but the research gave solid information on the 
impressive material culture produced in this Neolithic settlement (Simoska and Kuzman 1990). The white 
painted patterns on pottery, massive anthropomorphic house models and the bodily features on figurines 
have an apparent relationship with those of Veluška Tumba. Thus, the sites’ chronology could also be asso-
ciated, i.e., the beginning of the 6th millennium BC. Although seeds from Tumba Optičari were unearthed, 
they were never sent for radiocarbon analysis to make absolute dating of this tell. Therefore, in the recent 
initiative to date the Pelagonian tells a sample from Optičari was sent to the University of Bern that provid-
ed the first accurate chronological determination of this Neolithic settlement.

The radiocarbon analysis of chickpea seed (from a vessel with unclear context full of cereals) deter-
mined that the sample BE-5280 dates to 7019 BP, with a standard deviation of ± 22 years. The calibration of 
the date with 95.4% probability gives a time span between 5983 and 5846 cal BC, while the highest peaks 
point to 5900 and 5970 cal BC as the most probable years (Figure 10). It is not clear whether the sample 
comes from a vessel in the earliest levels or from some later phase, so it cannot be proposed whether it is 
related to the beginning of the life on the tell or afterwards. At any rate, the apparent relationship of date 
and material culture with those of Veluška Tumba indicates the possible synchronous existence of these 
tells approximately 8.5 km apart.
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Vrbjanska Čuka
Vrbjanska Čuka is one of the most thoroughly studied Neolithic tells in Pelagonia. The initial ex-

cavation of this tell, located roughly a kilometre south of the village of Slavej (Figure 3), started in 1979 
and ceased in 1989 (Kitanoski 1989; Mitkoski 2005). Since 2016 there has been intensive and continuous 
multidisciplinary research on this tell that provided a more comprehensive understanding of the first farm-
ers in Pelagonia (Antolin et al. 2020; Mazzucco et al. 2022; Naumov et al. 2016; Naumov et al. 2021a; 
Stojanovski et al. 2020). A variety of results gave an impressive knowledge of the spatial organisation of the 
settlement surrounded by a ditch, as well as of the economic and social complexity of clay structures, food, 
pottery, tools and figural representations. The chronological frame of the site was also one of the major 
research directions, and therefore, several types of samples from Vrbjanska Čuka were sent to various lab-
oratories for radiocarbon dating to obtain an accurate chronology of the site (Naumov et al. 2018; Naumov 
et al. 2021a; Stojanovski et al. 2020). 

Consequently, a set of dates was provided that gives the initial chronological framework of the 
settlement between 6000 and 5700 BC, i.e., the end of the Early Neolithic in Balkan chronology (Figure 
11). For the first group of dates from Vrbjanska Čuka, nine samples were sent to the National Centre of 
Accelerators at the University of Seville, Laboratory for the Analysis of Radiocarbon with AMS at the Uni-
versity of Bern and the Organic Geochemistry Unit/BRAMS at the University of Bristol. The majority of 
samples were cereal and pea remains sampled from the floor in Building 2 (Horizon I), considered one of 
the earliest Neolithic contexts, but there were a few from the uppermost Neolithic layers (seeds and lipids 
from pottery), as well as from the final stages of the tell (human teeth and seeds). The dates and laboratory 
values will not be elaborated here as they are published elsewhere. They indicate the establishment of the 
settlement during the end of the Early Neolithic (i.e., the 60th century BC) and its abandonment approxi-
mately 300 years later, i.e., in the same period as many other tells in Pelagonia. 

Figure 11. Calibrated dates from Vrbjanska Čuka – Slavej
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Figure 12. Calibrated dates from Vlaho – Živojno

Vlaho
Vlaho is an Early Neolithic settlement that differs from the others included in this chronological 

overview of Pelagonian tells, mostly due to its position and character. It is not established like others in 
the flatlands of Pelagonia but on the slopes of mountain Nidje that encompass this valley (Figure 3). The 
site was surveyed in the 1970s, and besides detecting material from the early stages of the Neolithic, it was 
not excavated systematically (Simoska and Sanev 1976). Considering its specific character, a project for 
multidisciplinary research at Vlaho was established in 2020 that started with prospection and was followed 
by excavation, geomagnetic scanning, and geoarchaeological survey, as well as with archaeobotanical, 
archaeozoological, and radiocarbon analysis (Naumov et al. 2021b; Naumov et al. 2023). The research 
provided remarkable results on chronology, spatial organisation, material culture, diet, and the environment 
by demonstrating a system of ditches, daub buildings, white-painted pottery, human representations, and 
common Neolithic food resources between 6400 and 6000 BC.

The seed samples were dated at the University of Seville and the Electro-Technical University in 
Zurich. Three dates from the earliest, middle, and latest phases will be presented on this occasion. The 
dating of samples is related to 7460 BP, 7371 BP, and 7151 BP with a standard deviation of +/- 36 years 
(Figure 12). Their calibration indicates 6410 to 6240 cal BC (with a median date around 6320 BC), 6370 
to 6080 cal BC (median pointing to 6230 BC), and 6072 to 5930 cal BC (with a median date around 6020 
BC). These are, so far, the earliest reliable dates for Pelagonia that significantly contribute to understanding 
the Neolithic beginnings in the Balkans and elaborate the models of inhabitation of this valley by the first 
farming communities in the 64thcentury BC. The dates demonstrate that communities inhabiting Vlaho 
were residing on mountain slopes for approximately 300 years, i.e., before the major wave of tells estab-
lishment in the flatlands around 6000 BC.

Chronology in context

A review of dates from the Pelagonian tells provides a baseline for the Early to Late Neolithic 
timeline, even though the data is relatively outdated. In any case, they will be used to make a current chron-
ological framework for this region, at least until the next set of thorough sampling and dating of the tells, 
when new results are obtained that can confirm or reject the current state. According to the available dates 
from radiocarbon analysis, the Neolithic in Pelagonia took place from the second half of the 7th and the 
beginning of the 6th millennium BC to the middle of the 5th millennium BC. Several dates suggest the time 
of settlement of the first farmers in this region, while others – indicate the transformation from the Neolithic 
to Chalcolithic societies.

For now, one of the dates in Topolčani is the earliest for Pelagonia, although its accuracy is debata-
ble. The calibration indicates a period between 6862 and 6236 (c. 6500 BC), which is a relatively early date 
compared to others in the surrounding regions of Greece, Albania and Bulgaria. Since it does not come from 
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a sequence of dates but from a single sample, such a date cannot be fully taken into account, as it probably 
belongs to material from a time much older than when the tell was used. However, some scientists do not 
reject such dates, despite their possible irrelevance. Namely, Catherine Perlѐs, in her interpretation of the 
beginnings of the Neolithic in Greece, points out that there may be several waves of inhabitation in the 
Balkan Peninsula, much earlier than those when the agricultural settlements were thoroughly established 
(Perlѐs 2001). She refers to these first settlers from the Middle East as ‘pioneers’ who aimed to explore the 
territory of the Balkans and find new resources for establishing a stable life. She points to several sites in 
Greece that can function as pioneer camps, later developed into settlements. In this regard, the new dating 
of the Vlaho site on the mountain slopes of Pelagonia may indicate the 64th century BC as a period of the 
first inhabitation of this region (Naumov et al. 2023). As identical dates came from cereals and were ana-
lysed in two different laboratories, they can be considered accurate and a future reference for the beginning 
of the Neolithic in Pelagonia.

In that context, several other dates from Greece and Albania that support Perlѐs thesis should be 
mentioned. New research at the Mavropigi site near Kozani, approximately 40 kilometres south of Pelago-
nia, confirmed its dating around 6500/6400 BC, considering as well the discussion on its temporal range 
(Bonga 2020; Karamitrou Mentessidi et al. 2013; Reingruber et al. 2023). In addition, several dates from 
Albania point to the beginnings of the Neolithic in this part of the Balkans, that is, around the middle of the 
7th millennium BC. In his analysis of the process of Neolithisation in Albania, Adem Bunguri suggests three 
waves, the oldest of which was detected at Vluša and placed in relation to the settlement at Sidari, on the 
island of Corfu in Greece, dated between 6610 and 6420 (Bunguri 2014). However, it was only in the third 
wave of Neolithisation, which is also younger, that he established the connections of several sites in Albania 
(Vashtemi, Podgori and Sovjan) with those of Pelagonia. In contrast, the most recent excavations of the 
Neolithic settlement at Vashtemi reconfirmed an early settlement date of this area between 6470 and 6370 
AD. BC (Allen et al. 2013). The issue with this date is that it does not come from an archaeological layer but 
from samples extracted through coring for geoarcheological purposes since samples dated between 9240 
and 8790 BC were also extracted from the same place with an identical method. 

The other results, based on samples from the archaeological layers in the settlements near Podgori, 
Pogradec and Konispol, point to their formation around 6000 BC, which is very close to most of the dates 
obtained from the sites in Pelagonia (Allen et al. 2013, Tab. I). Some archaeologists also propose that the 
beginning of the Neolithic in the geographical area of ​​Macedonia took place in the period after 6200 BC, 
while the one in Thessaly can be expected around 6500 BC. Agatha Reingruber and Laurence Thiessen 
point out that the sites in Thessaloniki Plain (Nea Nikomedeia and Giannitsa) are dated after 6230 BC (Re-
ingruber 2011; Reingruber and Thissen 2009). Thissen states in his doctoral thesis that Pelagonia enters the 
process of Neolithisation only later, that is, after the first waves that take place in the Ovče Pole and Bre-
galnica regions (Thissen 2000). It somewhat coincides with the dating of the sites in the Korça and Prespa 
regions of Albania but also with most of those subjected to radiocarbon analysis in Pelagonia. However, the 
recent dates obtained from the Vlaho site in Pelagonia demonstrate earlier inhabitation of Pelagonia in 64th 
century BC, as well as the revised dating of the Early Neolithic in Greece in 65th century BC, that in some 
way changes the perspectives on the advance of the Neolithisation in the geographical region of Macedonia 
(Naumov et al. 2023; Reingruber et al. 2023).

Furthermore, there is the second date from Topolčani, which is set in the period between 6253 
and 5558, that is, c. 5950 BC (Figure 13). This is followed by a date from Mogila, identical to that from 
Topolčani, further highlighting its accuracy. Then a date from Tumba Optičari (c. 5970/5900 cal BC) and 
the three dates in a row from Veluška Tumba near Porodin follow (c. 5850 BC, c. 5750 BC, and c. 5730 
BC), that is, the periods between 6034 and 5635, 5928 and 5641, as well as between 6032 and 5553 BC. 
Here the new unpublished dates from Veluška Tumba should also be considered as they are a bit earlier 
and set at the very end of the 7th millennium. The dates from the other site near Porodin, Tumba, come next 
(c. 5650 BC, i.e., the period between 5877 and 5486 BC). Also, the date provided from a recent analysis 
of Porodin seed should be considered as it points to the period of c. 5750 BC. The dates from two tells not 
far from each other in the vicinity of Porodin are noteworthy due to their close timeline. Namely, Veluška 
Tumba is 400 meters south of the village, while Tumba is approximately 1 km east of the village, so they 
are about 900 meters apart. If the dates are correct, then these tells were established one after the other or 
functioned simultaneously (if the dubious KN-I.596 date is accepted). This appearance of groups of tells 
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Figure 13. Chronological sequence of the calibrated dates for the Neolithic tells in Pelagonia

with a similar chronology is relatively common in Pelagonia, as confirmed by the densely distributed sites 
at Mogila, Trn, Optičari, Ribarci, etc. (Simoska and Sanev 1976). This issue has been discussed on sever-
al occasions, and several possible explanations have been proposed for the dense arrangement of tells, a 
feature precisely determined through prospection and GIS mapping in Pelagonia (Naumov and Stojkoski 
2015; Naumov and Tomaž 2015; Naumov et al. 2013; Naumov et al. 2017a).

Synchronic to these tells at Porodin, and particularly Veluška Tumba, is Vrbjanska Čuka, approxi-
mately 40 km north of them. The Early Neolithic settlement was established around 6000 BC and lasted ap-
proximately 250–300 years (Naumov et al. 2021a). Also, the date from the rock shelter at Markovi Kuli near 
Prilep (c. 5600 years, i.e., the period between 5808- and 5465-years BC) is chronologically close now repre-
sents the northernmost dated site in Pelagonia (Figure 13). After a few centuries of a chronological gap, the 
second date from Mogila, which roughly refers to the period around 5000, i.e., between 5391 and 4883 BC, 
indicates a new timeline related to the Late Neolithic. However, the archaeological material found from these 
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phases does not have the features common to the Late Neolithic in this region, mainly the pottery of the Trn 
cultural group. Therefore, it can be noted that the Neolithic in Mogila in the period around 5000 BC differs 
significantly from that of the tell in Trn, which is located 4 km southeast of it. It is somewhat understandable 
since the dates from the tell at Trn are slightly younger. They belong to the Late Neolithic in the context of 
Macedonian chronology (c. 4800 and c. 4500), although the second one should be regarded as Early Chalco-
lithic due to temporal relationship with sites from the Ohrid region, Serbia and Bulgaria (Boyadzhiev 2015; 
Bulatović 2018; Naumov et al. 2019). If the Late Neolithic dates and the archaeological material from Mogi-
la and Trn are taken into account, then it is quite clear that this phase is not unified as previously interpreted. 
In different stages of its duration, the material culture also changed, starting with simpler forms with fine clay 
and black polished vessels to pottery decorated with white encrustation and coarse fabric.

This discussion of the Late Neolithic dates from Mogila and Trn enables a relative systematisation 
of the presented dates within the Neolithic phases. Although the dates whose processing was done 40 years 
ago are problematic, they could still be used within archaeological studies’ framework. The Neolithic in 
Macedonia is conditionally divided into three phases based on the studies and dating of the Neolithic set-
tlement near Amzabegovo (Gimbutas 1976; Korošec and Korošec 1973; Sanev 2009). In all other regions, 
cultural groups and sites are correlated to it, although it is more about artificial attribution through material 
culture than a periodisation based on chronological analyses. In that sense, the sites in Pelagonia are defined 
through the Veluška-Porodin group, initially treated as Early Neolithic, later divided into two phases iden-
tical to those of the Amzabegovo-Vršnik group (Garašanin 1979; Sanev 1995).

Consequently, the archaeological phases are chronologically divided into Early Neolithic (6100-
5800 BC), Middle Neolithic (5800-5200 BC) and Late Neolithic (5200-4500 BC). Although this division is 
exceptionally generalised, it is still used as a reference in Macedonian archaeology and will be applied as 
such in this case as well. In that case, the sites from Pelagonia dated between 6000 and 5800 BC (Topolčani, 
Mogila and Veluška Tumba) would be attributed to the Early Neolithic, those from the period between 5750 
and 5600 BC (Tumba near Porodin and Markovi Kuli) would belong to the Middle Neolithic, while the 
tells dated from 5000 to 4500 BC (Trn and a horizon in Mogila) would be defined as Late Neolithic. Of 
course, such a division is apparently artificial, especially considering there is no clear demarcation between 
the Early and Middle Neolithic in Pelagonia (Naumov et al. 2021a). However, considering this traditional 
chronological outline, some networks with dated sites out of Pelagonia could be determined merely based 
on similarities in the material culture. 

The network that Pelagonian societies built was mainly concentrated towards the southwest, i.e., the 
Ohrid and Korça regions, and not so much towards the north, east, and south, although there are similari-
ties between the house models with the Amyndeon area in Greece and some painted patterns in Mavropigi 
(Bonga 2020, Fig. 24; Chrysostomou et al. 2015, Fig. 6). The connections between the settlements of the 
Pelagonian Plain and the Ohrid Basin are very dynamic and vivid, likewise in the Early Neolithic and Late 
Neolithic (Naumov 2016b). Despite the massive geographical barriers (high mountains), these two regions 
interacted intensively and even established a common identity manifested through vessels, anthropomor-
phic house models, stamps, etc.

The relations between Pelagonia and Ohrid regions could be more thoroughly elaborated with the 
dates from the sites around the lake, which are rarely made and even more rarely published. The eventual 
radiocarbon analysis of samples from the Early Neolithic settlement Dolno Trnovo in the periphery of the 
city of Ohrid could establish the possibility of synchronous production of white-painted pottery and anthro-
pomorphic house models that have apparent similarities (Kuzman 2017; Naumov 2016b). However, the 
dates of piles from the Ohridati pile-dwelling bring some new perspectives (Westphal et al. 2010), as this 
site also shares common elements of Pelagonian material culture. The calibrated dates refer to c. 5800 and 
c. 5500 BC, which coincides with the dating of the Neolithic tells in Pelagonia (Figure 13). These results 
indicate earlier Neolithic phases in this pile-dwelling, although mainly the Late Neolithic and Chalcolithic 
material has been published. If these exact data are concerned, as well as the similarities between paint-
ed pottery and anthropomorphic house models from the Pelagonia and Ohrid regions, then it is apparent 
that the Neolithic communities from these geographical areas maintained constant communication since 
the Early Neolithic. This networking continued even in Chalcolithic, as the dating of Ploča pile-dwelling 
indicates, which is furthermore supported by the pottery identical to the Chalcolithic cultural group Šuplev-
ec-Bakarno Gumno (Naumov et al. 2019).
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Conclusion

A review of the results obtained from the analyses of samples taken in the 1970s from several tells 
in Pelagonia demonstrates that they can be used to construct a chronological outline of the Neolithic in 
this region. Even though these dates may seem obsolete, and their deviations are +/- 100 years, they still 
give some initial perspective on the beginnings and end of the Neolithic in Pelagonia. Moreover, the latest 
dating provided through the analyses of samples from recent excavations point to the same chronological 
values so that dates from the 1970s can be accepted, at least until the next substantial series of radiocarbon 
examinations of sites from this region.

Most dates confirm the beginning of the Neolithic among tells around 6000 BC, unless one takes the 
questionable date from Topolčani, which range throughout the second half of the 7th millennium BC. Although 
the earliest dates of tells refer to the very beginning of the 6th millennium BC, it does not mean that they are 
the earliest dates for the Neolithic settlements in Pelagonia. Namely, the tells of the alluvial soil could be a 
development stage of the Neolithisation process when the local population had already established the poten-
tial of the natural resources in the Pelagonian plain. It should not be excluded that earlier settlements were 
established on the surrounding hills where natural processes and frequent changes in water levels in the plain 
were continuously observed. Such a site is the Neolithic settlement Vlaho near Živojno, which is much higher 
on the mountain slopes outside the plain and has characteristic Early Neolithic painted ceramics, figurines, 
anthropomorphic models of houses and altars (Simoska and Sanev 1976). Recent excavations of the site and 
dating of samples from the foundation levels confirm its inhabitation in the 64th century BC, and it is, so far, 
the earliest exact date from Pelagonia (Naumov et al. 2021b; Naumov et al. 2023). This further supports the 
idea that the Neolithisation of Pelagonia was initially performed on the higher points, i.e., mountain slopes, 
and only a few centuries later expanded downwards with the creation of tells in the flatlands. 

Nevertheless, from the modest number of analyses, it can be seen that there was continuous habitation 
in Pelagonia from the first half of the 7th millennium BC until the middle of the 5th millennium. This social 
dynamism was interrupted (or there are currently no data on it) in the second half of the 6th millennium BC, 
a period that any analysed sample has not confirmed. Only one sample from Mogila and another from recent 
research in Veluška Tumba are dated around 5000 BC, while between 4800 and 4500 BC, a series of dates 
from Trn imply living in the final stages of the Neolithic and the beginning of the Chalcolithic. Considering 
the apparent differences between the material from Trn and the other (Early Neolithic) settlements in Pelago-
nia, it can be proposed that this chronological hiatus of approximately a half millennium contributed to the 
initiation of new social processes that were manifested through the material culture of several Late Neolithic 
settlements in this basin. The question remains open, whether an entirely new population settled the tells in 
the Late Neolithic or the descendants of initial inhabitants returned that were possibly displaced due to some 
climatic factors? Anatolian elements had already been suggested in the Late Neolithic of the Balkans, and they 
were confirmed for Pelagonia and the Ohrid region, which also suggests possible ingression or interaction 
with communities from Asia Minor (Naumov 2016b; Nikolov 1998; Özdoğan 2011).

This means that a new population can be expected in Pelagonia, given the time hiatus between the 
Early Neolithic and Late Neolithic settlements in this region. A question arises as to what happened to the 
Early Neolithic communities if there are no chronological records of settlements in the Pelagonian plain 
during the second half of the 6th millennium BC. Did they settle the higher areas of the valley (for which 
there are no confirmations so far) or were directed to the Ohrid and Polog region around 5600 BC, as there 
are chronological and archaeological analogies? In any case, future radiocarbon and dendrochronological 
analyses will answer these questions more precisely than relative archaeological analogies. This pertains 
to the beginning of the Neolithic in Pelagonia and the other phases of this period when it is possible to as-
certain the simultaneous existence of several neighbouring settlements established on tells. Further chrono-
logical dating, Bayesian modelling, GIS modelling and XRF analyses may provide a thorough insight into 
the chronology of tells, their position in the area, and the networks between the communities that inhabited 
them. Studies on these communities’ social and symbolic processes can also be applied, which could follow 
more complex processes evidenced by the Neolithic material culture and architecture in Pelagonia.
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4.
New radiocarbon dates from the Early 

/Middle neolithic site Cerje-Govrlevo 
Ljubo Fidanoski

Abstract The image of the Macedonian Neolithic as an essential part of the Anatolian and 
Southeast European cultural bridge, in recent times, has been significantly diminished due to 
various factors. Unfortunately, this was inevitable for many reasons, of which the most important 
were/are: the deficiency of extensive explorations, the absence of international collaborations 
within the past research, the insufficient level of interdisciplinary studies, the partial publications 
of material, etc. However, in the last 20 years, archaeological and interdisciplinary explorations 
have occurred on a few Neolithic sites in North Macedonia, such as in Cerje-Govrlevo, 
Vrbjanska Čuka and Veluška Tumba. This study presents new radiocarbon dates from Cerje-
Govrlevo, thus enriching the Neolithic chronology and, most importantly, challenging our ideas 
and conclusions about the first farming communities in North Macedonia. 

Keywords: Macedonian Neolithic, Radiocarbon dates, Neolithic Chronology, Neolithization; 
Balkans Early Neolithic.

The Site

The site of Cerje-Govrlevo is located on a flattened terrace on the southern slope of Vodno Moun-
tain (Figure 1), at the south border of the Skopje Plain, at an altitude of 500 m above sea level (Fidanoski 
and Tomaž 2010). The site was excavated in the 1980s (Trench I) and the early 2000s (Trench II). It was 
occupied in the Early and Middle Neolithic (c. 6000–5500 cal BC). Settlement continuity at Cerje-Gov-
rlevo is demonstrated by documented house remains, built one above another by successive generations 
of inhabitants. The material culture of Cerje-Govrlevo was attributed to the main Neolithic culture group 
in North Macedonia (its eastern and northern parts), known as Amzabegovo-Vršnik, but it also exhibits 
clear similarities with Velušina-Porodin culture, located in the south-western part of North Macedonia 
(Pelagonia).

The Stratigraphy

The site stratigraphy is very complicated and depends on the geomorphological configuration of the 
terrain itself, as well as the post-depositional factors due to the long-lasting successive use of the settlement 
area (Fidanoski 2011; Fidanoski and Tomaž 2010; Fidanoski 2012; Fidanoski 2015; Fidanoski 2017a). 
Namely, during the excavations, it became clear that the thickness and position of different layers vary 
considerably in a very small area (Figure 2). 
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Figure 3. Western cross-section: the ditch (below) (Fidanoski 2017a: Fig. 6, 22).

Figure 2. Southern cross-section: the alluvial layer (bottom 
right) and the ditch (below) (Fidanoski 2017a: Fig. 14, 30).

Figure 1. Panorama of the site (Fidanoski 2017a: Fig. 1, 14).

In the north-western corner of the trench, 
sterile geological deposits were exposed only 
0.4 m under the present-day surface, while in 
the opposite corner (the southeastern), the sterile 
layer was detected at a depth of more than 4.5 
m (Figure 3). In this small distance (about 12 
m), the slope was fairly steep in this part of the 
site (Figure 4). Accordingly, the house remains 
indicate that they were constructed on the slope 
itself, although, according to the archaeological 
evidence, the house foundations were flattened. 

During excavations in Trench II (excavated area of around 130 square meters) – where the new ar-
chaeological excavations were carried out (after 2000) – the remains of three different houses were discov-
ered (Figure 5). They were constructed on a solid clay basis to be level in an attempt to compensate for the 
hillslope visible in the trench. Nevertheless, geomorphological processes have been dynamic over time and 
even today, and the sloping of layers in a northwest-southeast direction was documented in the trench. This 
gradient was clearly visible on the trench cross-section and also noticed by the inclination of all discovered 
archaeological phenomena and settlement structures (pits, houses, layers, etc.). Geomorphological condi-
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Figure 5. Consecutive houses built one above another (Fidanoski 2012: Fig. 28, 176).

Figure 4. Southern and part of the eastern cross-section: 
the alluvial layer (bottom part of the eastern cross-section 
and its massive inclination caused by the loose deposit of 
the ditch) and the ditch (below) (unpublished photo by A. 
Ogorelec).

tions thus influenced the formation of the thickest layers in the southern and eastern parts of the trench, 
where the terrain inclination is maximal. A massive dark brown alluvial layer consisting of very compact 
and refined soil devoid of anthropogenic material was documented at the very eastern part of the trench. Its 
depth was 1.5 m thick at the eastern cross-section of the trench, at the same time having an almost ideally 
flat surface and filling (compensating for) the slope towards the western part of the trench – the layer was 
utterly absent in the central part of the trench. Furthermore, this layer served as a natural flat foundation 
used for some of the structures described below. 

The excavated section of the settlement revealed well-defined architectural remains. In total, the re-
mains of six houses were discovered, three in Trench I from the 1980s and three in Trench II. In both cases, 
the houses were built one above the other. A prolonged continuity of the settlement from Early and Middle 
Neolithic was easily visible (and Late Neolithic material was also documented). Houses were constructed on 
very compact soil, had clay floors built on wooden beams, the walls had wooden frames coated with clay, 
and they probably had a gabled roof. Discovered houses’ inventories always included: an oven, grindstones, 
ceramic vessels, weights, and sometimes ceramic items that could be interpreted as art and different tools.
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One relatively well-preserved house was excavated in Trench II, and in the vicinity of the house, 
three ovens were discovered (two smaller ellipsoid-shaped ovens and one big calotte oven) – referred to as 
an oven complex or workshop (Figure 6). It is assumed that a possible workshop existed in this settlement 
area. Due to several rows of postholes near the calotte oven, we assume that the area was covered with 
light wooden construction. In addition to the architectural remains of the houses, in Trench II, numerous 
pits (with little archaeological material) were found in their immediate vicinity, probably used for different 
activities and purposes associated with everyday life in these houses. 

Figure 6. The foundation of the ovens’ complex built near the house (on the right side) and over the ditch  
(5930–5900 cal BC median) (Fidanoski 2017a: Fig. 9, 25).

Figure 7. The ritual deposit dug out within the ovens’ complex  
(5930 cal BC median) (Fidanoski 2011: Fig. 9, 70).

Only one burial from the Neolith-
ic period was discovered in Trench II. It 
was a burial of a young man in a flexed 
position, whose lower part was complete-
ly destroyed during the construction of 
the earliest house. In addition, in the im-
mediate vicinity of the mentioned house 
and above the oven complex, a partial 
inhumation of a human mandible was un-
earthed within one completely preserved 
ceramic bowl – referred to as a ritual de-
posit (Figure 7).
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Figure 8. The foundation of the house (built on the thick allu-
vial layer and dug out empty pits 5930–5850 cal BC median) 

(Fidanoski 2019: Fig. 22, 64).

Figure 9. The foundation layer of the house (created above the 
alluvial layer and the pits, 5930–5850 cal BC median) (unpu-

blished photo by A. Ogorelec).

Beneath the mentioned archaeological contexts in Trench II, a ditch was documented, thus being the 
evidence of the earliest occupation of Cerje-Govrlevo, at least in this completely excavated trench (Figure 
4). Today, the occurrence of ditches is a relatively common feature found at Balkan Early Neolithic sites. 
In cross-section, the ditch resembles the Latin letter ‘V’, and it runs in the east-west direction (with a slight 
swerve towards the southeast) in the length of more than 10 m (the entire length of Trench II) (Figure 3). 
It has an average depth of around 1 m and a width between 1.5 and 2 m (Figures 5, 6). This feature fits 
well with the site’s stratigraphy and adds more evidence to the inclination of almost all layers in the north-
west-southeast direction. Lastly, shallow circular pits (probably imprints of wooden posts) were discovered 
only on the northern side of the ditch (Figure 4).

The Dates 

The complexity of Cerje-Govrlevo’s stratigraphy and chronology was further emphasised by new 
radiocarbon dates (provided by the BIRTH project). Unfortunately, due to a lack of appropriate archae-
ological material, the earliest feature of Cerje-Govrlevo – the ditch – was not dated. However, the most 
important archaeological contexts constructed above it were dated, providing new insight into the cultural 
deposits and further broadening their interpretation. 

Contrary to the variable thickness of deposits and the natural geomorphological inclination towards 
the southeast, a very short chronological sequence exists according to the new radiocarbon dates. In short, 
above the ditch and its immediate vicinity, seven contexts were dated: a) the house foundation and house 
deposit (Figure 8, Figure 9); b) the oven complex (Figure 6); c) the ritual deposit (Figure 7) and d-g) deposit 
layers above the ditch (Figure 10, Figure 11, Figure 12). They all fell in the range of 5950–5850 cal BC 
median, or between 6000 and 5750 cal BC with 95.4% probability. What is striking is that the excavation 
stratigraphy documentation suggests that the oven complex/workshop, the ritual deposit, and the house 
are unlikely to have been built simultaneously. However, the radiocarbon dates (especially in their median 
values) suggest that they were almost synchronously made and used. Furthermore, nearly every context is 
clearly separated by various layers in between. For example, underneath the house layers dated 5920-5850 
median cal BC (95% prob.), there is a very thick, almost sterile, possibly alluvial, layer (Figure 4, Figure 
13). This layer which was 1.5 m thick at the eastern cross-section, was almost completely flat, thus covering 
the eastern part of the trench and the ditch. This alluvial layer may probably result from a sudden flood or 
a similar massive water-accumulated deposit that covered this part of the site (within the trench) in a short 
amount of time. The geomorphological inclination of the hill onto which the settlement was constructed 
is best seen by this layer which is completely absent in the western part of the trench and the ditch. Above 
this layer, the earliest date provided is around 5950 cal BC median (Figure 12). The oven complex and 
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Figure 12. A thick layer above the ditch and below the house 
foundation (created above the alluvial layer, 5950 cal BC me-
dian) (unpublished photo by A. Ogorelec).

Figure 13. The eastern cross-section, the thick alluvial layer is 
registered at the bottom and its massive inclination caused by 
the loose deposit of the ditch (Fidanoski 2017a: Fig. 11, 26).

ritual deposit were dated around 5930 and 5900 cal BC median in the western part of the trench. It should 
be noted again that at this part of the trench, and within these archaeological contexts, the alluvial layer 
was completely absent (due to the terrain slope). Furthermore, the oven complex and ritual deposit were 
not established at the same time (the former being earlier), and as seen by the stratigraphy in this part of 
the trench, these contexts were not built at the same time as the house (which also was founded onto the 
alluvial layer). Finally, the oven complex was dug into the sterile soil, and the ritual deposit was dug into 
a layer above it.

Figures 10 and 11. A thick layer above the ditch maybe in association with the house  
(created above the alluvial layer, 5910 cal BC median) (unpublished photo by A. Ogorelec).
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Figure 14. The situation in the trench at the first excavation 
campaign with new methodology applied (the dates only pro-
visionally shown in relation to the contexts) (Fidanoski and 
Tomaž 2010; Fig. 5, 67).

Figure 15. The situation in the trench after a few excavation 
campaigns with the new methodology applied (the dates only 
provisionally shown in relation to the contexts) (unpublished 
photo by A. Ogorelec).

Figure 16. The situation in the trench 
after the exhaustion of archaeologi-
cal layers and contexts, with digital 
insertions of the dated contexts (the 
dates only provisionally shown in 
relation to the contexts) (unpublished 
photo by A. Ogorelec).

In conclusion, due to the geomorphological sloping towards the southeastern and eastern sides of the 
trench, excluding the earliest anthropological presence (the undated ditch), the earliest documented layer 
(devoid of archaeological material) is the alluvial deposit. Its spread towards the western side of the trench 
was limited at the central part by a massive opposing slope of the hill itself. In a way, it can be stated that the 
Neolithic community in Cerje-Govrlevo constructed many of their most important architectural structures 
directly on the most dynamic and active stratigraphical and geomorphological areas, at least within this 
trench (Figure 14, Figure 15, Figure 16). Due to these factors, some of the contexts mentioned above were 
built onto the alluvial layer (the house), while the majority of them were built on the sterile soil of the slope 
where this alluvial layer is completely absent (the oven complex, ritual deposit, and other layers). Also, 
towards the western part of the trench, it becomes obvious that almost all layers exhibit their spatial limit 
and depth rapidly due to the massive terrain inclination. Nevertheless, one can possibly conclude that the 
narrow chronological sequence does not corroborate the massive deposits and the dynamic stratigraphical 
activities, especially in addition to the geomorphological processes of the terrain itself. 
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Figure 17. Cerje Govrlevo radiocarbon dating sequence

To summarise, interpreting these seven contexts using the median date values places them in the 
period between 5950 and 5850 cal BC, and if one interprets the more comprehensive probability range – the 
time span between 6000 and 5750 cal BC (Figure 17). Before these dated contexts, the Neolithic newcom-
ers at Cerje-Govrlevo dug out the earliest (still undated) feature of the site – the ditch. It was dug out near 
a very steep slope (maybe a small hill), spreading southeast. This first structure in the analysed part of the 
settlement (documented in this trench only) was later partially filled in with a thick alluvial deposit accu-
mulated from the eastern side (the deposit never reached the western part of the ditch and the trench due to 
the steep slope of the terrain). The earliest dated context of the site (5950 median cal BC) is a layer above 
the ditch, above the thick alluvial layer, and beneath the earliest house. The layers beneath the earliest house 
were dated between 5920 and 5850 cal BC). Several contexts (the oven complex, ritual deposit, and some 
layers) were built between 5930 and 5900 cal BC, dug into sterile soil and not the alluvial layer (which is 
absent in this part of the trench). The already published dates were provided from contexts above and later 
than those – in later times dating to an interval between 5850 and 5500 cal BC. 

The narrow range of these new seven dates and the large quantity of cultural and geomorphological 
deposits may be explained as follows: a) the dates should be interpreted by their broader chronological 
values, thus allowing the massive deposits and deposition of many time-consuming structures as the house, 
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the oven complex, the ritual deposit, etc. (in the context of the obvious complex stratigraphy and geomor-
phology) or b) the deposition of layers and contexts happened in very rapid processes and in a relatively 
short time. It is possible that the thick alluvial layer accumulated in a very short time interval, primarily 
if it represents the remains of a massive flood (the layer also filled the complete eastern part of the ditch). 
However, other built structures could have been more time-consuming to construct, use period and dis-
posal. Thus, the correlation between the stratigraphy, geomorphology, and anthropogenic factors suggests 
a broader chronological interpretation of these new radiocarbon dates concentrated in a small part of the 
trench. Finally, it is possible that the inhabitants of Cerje-Govrlevo constructed their structures in very short 
periods and used and disposed of them in short periods – if one interprets only the dates’ median values. 
Again, given the mentioned natural and anthropogenic factors, the first possibility is more plausible. 

Discussion

Given the short history of archaeological excavations at Cerje-Govrlevo and the limited research 
area of around 250 square meters in total (Trench I with around 120 square meters and no radiocarbon 
dates and Trench II with 130 square meters and twelve dates), the site has yielded large quantities of typical 
Early/Middle Neolithic material culture: pottery, ceramic anthropomorphic house models, figurines, ritual 
tables, tools made of stone, bone, antler, as well as a large amount of animal remains (Fidanoski 2017b; 
Fidanoski 2018a; Fidanoski 2019a; Fidanoski 2020). The architectural remains found in Cerje-Govrlevo 
are common in the North Macedonian Neolithic, although some are rarely found in other sites (the oven 
complex, ditch, etc.). In general, the material culture from this site is represented by very diverse objects 
made using the same technologies and shapes that span more than two or three, or even several centuries 
– as seen by the older and the new dates and correlated with the relative chronology and site’s stratigraphy 
(Figure 18). 

In the context of Macedonian Neolithic, this site is one of the better-explored ones, and with these 
new dates as well as the older ones (twelve in total), is second best in the absolute dated site – only after the 
best-dated site in the country (Amzabegovo) (Gimbutas 1976; Naumov 2009; Fidanoski 2018b). However, 
bearing in mind the complex stratigraphy of Cerje-Govrlevo, the number of radiocarbon dates is still unsat-
isfactory, especially in the context of the earliest structure of the site (the ditch) – which is still undated due 
to the scarce archaeological remains. Furthermore, given the accumulation of deposits in the southeastern 
part of the trench – on the opposite side of the slope (or the hill) and next to the ditch – it is very possible 
that with future research, earlier dates (pre 6000 cal BC) should be expected. Nonetheless, even with these 
dates and the stratigraphy, in the correlation between the contexts above the ditch, the ditch itself was most 
probably dug out before 6000/5950 cal BC. In that context, Cerje-Govrlevo was settled not much later than 
(or even maybe at the same time as) the earliest sites in North Macedonia (Amzabegovo and Veluška Tum-
ba) and slightly earlier or synchronous with Vrbjanska Čuka (Naumov 2016; Naumov et al. 2018).

Given this, the relatively early dates from Cerje-Govrlevo chart a new chronological map in this 
part of the country, although these earliest sites appear to be very scattered in a fairly wide area. On the 
other hand, this should not come as a surprise given the lack of absolute dating of almost all explored sites 
in each region in North Macedonia. For now, these earliest three sites in North Macedonia (6100/6000 cal 
BC) are situated in very different micro-regions, and the distance between them is more than 100 km. Of 
the three, Cerje-Govrlevo is the most northern site, and unlike the others, its surrounding area is comprised 
of mountainous terrain rich in pastures, water and woodlands. Amzabegovo is situated more than 100 km 
southeast in a hilly region rich in agricultural areas and pastures. Veluška Tumba, unlike the previous two 
sites, which are open terrace settlements, is a mound established in marshy lands of the vast Pelagonia 
Plain, more than 100 km further to the southwest. In addition, there are many more Early Neolithic sites in 
the immediate vicinity of this site. In fact, this plain is most probably the most densely settled region in the 
Balkans during the Neolithic. This is a completely different situation compared to Amzabegovo and espe-
cially Cerje-Govrlevo, which are void of same-period sites in their immediate vicinity. Unfortunately, there 
aren’t any relevant zooarchaeological analyses of the animal remains, except Amzabegovo, but according 
to the preliminary investigations on the material from Cerje-Govrlevo, it is expected that the role and the 
structure of animal husbandry are very similar (if not the same) with Amzabegovo (in the early phases). 
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Finally, the material culture found in Amzabegovo and in Veluška Tumba shows specific visual differences, 
especially in pottery, that set the two regions apart. The pottery found at Cerje-Govrlevo shows similarities 
with both cultures, thus being one of the rare ‘culturally intermediate’ sites (for example, as Vrbjanska 
Čuka) between those large cultures (Fidanoski 2017c). 

The problem of ‘later dates’ of the Macedonian Neolithic today is more evident in the broader geo-
graphical context of the Balkan Neolithic, where many new dates emerge, thus constantly shifting the chron-
ological frameworks within smaller/larger regions in this important area of Europe (Fidanoski 2019b). Actu-
ally, if there weren’t the newest dates from the Early Neolithic in Serbia, the problem would not have existed, 

Figure 18. Cerje Govrlevo examples of site assemblage
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since on more than a few sites, the earliest dates are between 6250 and 6150 cal BC (which matches well with 
the period of 8.2 cal BP event). These early dates derived from sites much more to the north in the Balkans 
allow a different interpretative approach to Neolithization to be undertaken (Porčić et al. 2020). This new 
chronological discrepancy among southern and northern Early Neolithic sites in the Balkans needs a more 
thorough elaboration of the human dispersals in the broader Mediterranean area, which should be a part of 
a more elaborated study. In that context, given the well-known absolute chronology of the Macedonian and 
Bulgarian Early Neolithic sites, in addition to the relatively new Serbian dates and the dates published in 
this paper, one can offer (at least) three possibilities: a) there are pre 6250 cal BC sites in North Macedonia 
and Bulgaria but are still not found; b) there are already such early sites excavated, but still not dated and c) 
there are no such early sites in this part of the Balkans. If we agree that the most probable continental paths 
of Neolithic dispersals in the Balkans from south to north is the land of modern-day North Macedonia and 
Bulgaria, then pre-6250 cal BC sites should have been found already. The large territory from Greece to 
Serbia should have been settled, at least partially first, to enable the Early Neolithic settlers to move further 
north. The ‘jumping territories’ endeavour by the early Mediterranean Neolithic settlers, i.e., passing large 
territories without a trace (even with seasonal campsites) with such diverse natural environments, is almost 
impossible. The gap of one or two centuries between the earliest Serbian sites in comparison with the earliest 
Macedonian and Bulgarian sites (within the period of the 8.2 cal BP event) is, most probably, a result of an 
absence of many early sites and a small number of absolute dates. However, the state of research on Neo-
lithic sites in North Macedonia and Bulgaria is very different, thus further burdening the interpretation of the 
Neolithization processes. For example, in North Macedonia, many sites have been excavated, but with small-
scale excavation campaigns, in small excavation areas and almost always lacking even a few absolute dates 
(Fidanoski 2018b). On the contrary, the situation in Bulgaria is almost completely different – many sites have 
been excavated and have had large parts of them explored (some of them even more than half of their occu-
pation space), but also lack large numbers of absolute dates (with few exceptions). Given this, it is safe to as-
sume that such early sites exist in some regions both in North Macedonia, Bulgaria, Kosovo and Albania, but 
their number is probably very limited. These rare sites might have been already explored but are still undated 
with large sequences, many of them are likely not known to us, but hopefully, they will be registered soon. 

Concluding Remarks

Given the general narratives of the older explorations of the North Macedonian Neolithic, framed 
within the larger narrative of the Balkan-Anatolian Neolithic complex, many of the important elements 
(site structure, regional dispersals, chronology, material culture, economy, etc.) were challenged by new 
studies in the recent years. These new studies and research on the North Macedonian Neolithic sites are 
still ongoing. For instance, we know today that early sites are established at higher elevations – in hilly 
micro-regions- unlike the older interpretations claiming that the Early Neolithic sites were located only in 
plains. There is at least one Middle Neolithic pile-dwelling site in Ohrid Lake, (few) sites with subterranean 
dwellings; many of the decoration techniques and pottery shapes proved to be much more resistant to time 
and thus are invalid for relative chronology than when it was first suggested, and so on. 

Due to many political and social factors, the research of the North Macedonian Neolithic was, and 
still is, late (with very few exceptions) in many fields of exploration (interdisciplinary input, methodolo-
gy, theoretical approaches, etc.). Such is the example of Cerje-Govrlevo, a site explored in short periods 
over many archaeological excavation campaigns (in the 1980s and in the first decade of the 21st century) 
in a very limited area (around 250 square meters in total). But one should know that this site is one of the 
best-explored Neolithic sites in North Macedonia. As such, the site has yielded a vast amount of archae-
ological material from the Early and Middle (and also Late) Neolithic. Many house remains were found, 
some of which had well-preserved inventories, an immense quantity of pottery decorated with all known 
techniques and a variety of shapes, large numbers of anthropomorphic house models, stone and bone tools, 
and substantial quantities of animal remains. Moreover, changes in the architecture and even in pottery 
production were never established in the proposed Early to Middle Neolithic shift, suggesting that such 
a change is just a subjective interpretation derived from the older generalised narratives about the Balkan 
Neolithic rather than a real fact. 
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Until the employment of more modern excavation methodology and documentation (in the last four 
excavation campaigns), the site was referred to as a typical (Early, Middle and Late) Neolithic settlement 
– with typical architecture and material culture. Without absolute dates and only based on relative chronol-
ogy, the interpretation of archaeological material, architecture, and stratigraphy in many studies suggested 
that Cerje-Govrlevo is a site comprising all Neolithic phases, more importantly, a site with permanent con-
tinuity (as many famous Balkan sites, such as Amzabegovo, Karanovo, Starčevo, etc.) for more than half 
a millennium. In the large narratives about the Early Neolithic sites, especially their creation, duration and 
demise, Cerje-Govrlevo fit very well and was never challenged. However, this very general image of doz-
ens of Early and Middle Neolithic sites with numerous cultural layers, deposits and archaeological material 
has been altered in recent years. 

The image of Cerje-Govrlevo as a typical Early and Middle Neolithic site is in the process of such 
an alteration. This new approach to the site’s dynamics is primarily based on two most important elements: 
a) the introduction of modern excavation techniques and documentation and b) the availability of absolute 
dates. As already mentioned, the results of these elements provide a completely new image of the site 
concerning chronology and stratigraphy. The site’s stratigraphy and geomorphology were much better un-
derstood based on new excavations and research, and the absolute dates provided the missing time intervals 
within the stratigraphy. However, the result of these new studies poses further questions, especially given 
the median values of the chronological sequence and the site’s stratigraphy. Either the Neolithic inhabitants 
created, used, and disposed of their structures in very short periods, or the dates of the contexts should be 
interpreted in their broader values. Both scenarios are possible, and in any case, at least they provide entire-
ly new insight into the site, especially its dynamics in time and space. 
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of the Late Neolithic site of Jablanica (central Serbia) 
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Jelena Bulatović, Velibor Katić, and Miroslav Marić

Abstract  Various socio-economic changes, including the introduction of metallurgy, mark 
the long duration of the Vinča culture. For detailed studies of the transformations of the Vinča 
societies, analyses of subsistence and economy must also be placed on the chronological 
line. The small-sized excavations carried out in 2018 at the Late Neolithic site of Jablanica 
(c. 5000–4700 BC) in central Serbia provided a faunal assemblage that enabled analyses of 
animal exploitation patterns, bone technology and also provided the samples for radiocarbon 
dating. The faunal remains show the predominance of domestic species, especially cattle. 
The site also yielded approximately 90 artefacts produced from bone and antler, including 
finished objects, preforms and manufacturing debris. Predominant raw materials were bones, 
mainly long bones, metapodials and ribs, followed by red deer antlers. Also, one artefact from 
Spondylus shell was found. Awls were the most frequent techno-type, and the typological 
repertoire also included other pointed tools, scrapers and other tools. Several preforms (mainly 
awls) and manufacture debris provided evidence of a working area or workshop within the 
settlement. Absolute dates showed that the beginning of the Late Neolithic occupation at the 
site of Jablanica could be equated with the relative depths of 4.5 meters at the type site of 
Vinča – Belo Brdo, or the late Vinča Pločnik I (Vinča C) period, while the radiocarbon dates 
associated with the end of the Late Neolithic occupation of the site can be correlated to layers 
between 4.0 and 3.5 meters at the type site of Vinča, i.e., the Vinča Pločnik IIa.

Keywords: Late Neolithic, Vinča culture, faunal analyses, bone technology, radiocarbon dates 

Introduction 

The 5th millennium BC in the central Balkan area is marked by the Vinča culture complex phenom-
enon, widespread in present-day Serbia and parts of Croatia, Romania, Montenegro, and Bosnia and Her-
zegovina (Garašanin 1979). Over this long period, diverse socio-economic changes occurred, including the 
introduction of copper metallurgy and related changes in the economy and technology. Temporal changes 
within the Vinča culture were mainly studied from the viewpoint of the modifications in the material cul-
ture, particularly stylistic ones, while the transformations in economy and technology were less explored. 
Studies of subsistence, economy and technology from individual sites must be accompanied by detailed 
studies of absolute chronology for a broader, comprehensive approach to socio-economic changes that took 
place in the 5th millennium BC. The faunal assemblage from the site of Jablanica enabled comparative, 
comprehensive studies of subsistence patterns, bone technology, and absolute dates. 



Vitezović, Marković, Bulatović, Katić, and Marić
Chronology, economy, and technology of the Late Neolithic site of Jablanica (central Serbia)

82

Archaeological background

The archaeological site of Jablanica is situated in the village of Međulužje, near Mladenovac, ap-
proximately 50 km from Belgrade. The prehistoric settlement was located on a trapezoid-shaped plateau 
on the western bank of the Jablanica stream, and its estimated area is over 50 ha (Figure 1a). It was first 
discovered in 1899, and the first excavations were carried out already in 1900 by Miloje M. Vasić. These re-
sults were published in 1901 and 1902 (Reinach 1901; Wassits 1902). The excavations covered the surface 
of 64 m2 and revealed a large prehistoric settlement of the Vinča culture complex. These research activities 
represent, in fact, the first systematic archaeological excavations of some prehistoric settlements in Serbia 
with up-to-date archaeological standards. 

Figure 1. Jablanica: a. position of the Late Neolithic site; b. Trench 1, view from the south-eastern corner;  
c. western profile of Trench 1 

The research was carried out again in 1996 by the Institute for heritage protection of the city of Bel-
grade, encompassing one trench with dimensions of 4 x 4 m. To the north from the central part of the site, 
divided by the valley of a small seasonal stream, another site was discovered, labelled Jablanica II. It was 
registered in 1986 during an archaeological field survey performed by the Museum of Mladenovac (part of 
the Belgrade City Museum) (Katić 1989, 2003). This part of the prehistoric settlement was located on a small 
river terrace, covering an area of approximately 0.60 ha. The Međulug plateau is situated above it and to 
the northwest, while there is a slight depression on the eastern side, probably created by water. Small-scale 
rescue excavations were carried out in 2018 by the Museum of Mladenovac. One trench, 4 x 4 m, located 
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in the central part of the terrace, was excavated with the primary goal of defining the vertical stratigraphy 
of the site and determining the degree of damage caused by agricultural works (Figure 1b). The excavation 
methodology did not include sieving, and the excavation spits were grouped into habitation horizons. 

The cultural layer from the trench from 2018 was 1.10 m thick, and the stratigraphic sequence consist-
ed of five habitation horizons. The earliest habitation horizon comprises a part of the floor from grey clay and 
a horseshoe-shaped hearth outside the house. Several post holes were noted, usually grouped, thus suggesting 
the presence of some above-ground structures, such as shelters above the hearths. Post holes were also discov-
ered in the later phases, but it was impossible to connect them with the reinforcement elements of the walls of 
any structure. Structures from the third and the fourth habitation horizons are placed right on top of each other, 
as suggested by the findings of large amounts of clay mass and ashes. Two circular structures were noted: red, 
burnt soil and a hole in the centre. Agricultural works partly destroyed the final habitation horizon, and only 
the northern part of a larger structure was noted, with preserved width of up to 1.5 m (Figure 1c). 

These excavations revealed a large Vinča culture settlement with rich portable findings – ceramic 
vessels, anthropomorphic and zoomorphic figurines, altars, ground and chipped stone tools, as well as the 
faunal remains and the bone objects. 

Radiocarbon dating 

Samples from Trench 1 were selected for radiocarbon dating, carried out as part of the project “Re-
gional Absolute Chronologies of the Late Neolithic in Serbia”, funded by the Science Fund of the Republic 
of Serbia. 

The chosen trench, albeit relatively small and located towards the outskirts of the Late Neolithic 
settlement on the site, yielded an abundance of ceramic finds and animal remains, making it a perfect candi-
date for estimating a chronological sequence of the site in this part. It was also the only trench on the site to 
be excavated with careful methodology and good documentation. While the stratigraphy of the site overall 
may be thicker and consist of long-lasting evidence of occupation in other parts, the fact that the only other 
excavations on the site were undertaken over a hundred years ago (Vassits 1902) prevents us from radiocar-
bon dating this collection as we lack documentation and organic material for samples.

In total, 10 bone samples were sent for AMS dating at the Debrecen HEKAL MICADAS type Ac-
celerator Mass Spectrometer. The samples were pre-treated by ultrasonification in distilled water, treated 
with the ABA method (Molnar et al., 2013), followed by gelatinisation and ultra-filtration (Brown et al., 
1988), and then freeze-dried and combusted. Finally, they were graphitised and dated by Accelerator Mass 
Spectrometry (Kromer et al., 2013). The samples chosen were solely animal bones, as no short-lived mac-
robotanical samples were available to choose from, as no wet or dry sieving was implemented during exca-
vations. The Bayesian modelling was undertaken in OxCal v4.4 program (Bronk Ramsey, 2010, 1995), and 
the models described are defined by OxCal CQL2 keywords and the brackets seen on the left edge of model 
figures. Calibrated radiocarbon dates are given in grey outlines, with posterior density estimates created by 
Bayesian modelling in solid dark grey.

The model was constructed using Bayesian statistics, which provide a probabilistic method for es-
timating absolute dates of past events. Bayes’ theorem in archaeology enables archaeologists to analyse 
collected data from the field in the context of prior beliefs (or existing archaeological knowledge and 
experience) to create new understanding through the incorporation of existing knowledge and new data to 
create posterior beliefs that become future prior beliefs and inform new data and its interpretation in cyclic 
repeats. Simplified, this means that radiocarbon dates are definite specific information on a certain problem 
(chronology) and substantially affect the output of the chronological model. Then, informative beliefs, 
such as stratigraphic evidence collected by an archaeologist during excavations, provide the relationship 
between two (or more) radiocarbon samples obtained from the examined site. Informative beliefs can also 
be different, like the seriation of certain artefact categories of similar. Short-lived organic samples are pre-
ferred to provide age proximity between radiocarbon samples, thus narrowing the posterior likelihoods of 
individual samples. In our example, relative stratigraphy of the trench, devised by its excavator, was used 
to provide informative beliefs.
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Using the stratigraphic sequence 
of Trench 1 in Jablanica recorded during 
the excavations in 2018, the constructed 
Bayesian chronological model presented 
us with a very strong agreement (Amodel: 
131), with only two samples (DeA-30121 
and DeA-31044) displaying a strong 
indication of being residual bone (Fig-
ure 2). Modelled start of the occupation 
of the part of the settlement in Trench 1 
(Figure 3) can be dated as 4815–4711 cal 
BC (95% prob.), possibly 4793–4756 cal 
BC (43.3% prob.) or 4737–4717 cal BC 
(25% prob.). The chronological sequence 
of events unfolding in the trench appears 
to have been very short. The oldest phase, 
spit 5 appears to last anywhere between 
0 and 25 years (95% prob.), possibly just 
between 0 and 9 years (68% prob.). Simi-
lar can be said for other spits as well, since 
they all appear to cover archaeological ac-
cumulations that mainly lasted between 
0 and 25–30 years (95% prob.), possi-
bly 0–8 or 9 years (68% prob.). The end 
of the Late Neolithic occupation in the 
trench can be estimated to 4776–4634 cal 
BC (95.4% prob.), possibly 4723–4671 
cal BC (68% prob.), which indicates a 
short occupation span of 0 to 177 years 
(95.4% prob.), possibly just between 0 
and 71 years (68% prob.), which is indeed 
a short timeframe for the Late Neolithic 
occupation, comparable to three gener-
ation spans (Figure 4, 5). To summarise, 
the beginning of the Late Neolithic occu-
pation in Trench 1 at the site of Jablanica 
can be equated with the relative depths of 
4.5 meters at the type site of Belo Brdo 
or the late Vinča Pločnik I (Vinča C) peri-
od, while the radiocarbon dates associated 
with the end of the Late Neolithic occupa-
tion of the site can be correlated to layers 
between 4.0 and 3.5 meters at the type site 
of Vinča (Tasić et al. 2015: Tab. 5), i.e., 
the Vinča Pločnik IIa (Vinča D1) period 
(Tasić et al. 2015: Tab. 8).

Figure 2. Bayesian chronological model of Jablanica Trench 1
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Faunal assemblage 

The animal remains from Trench 1 found during archaeological excavations at the site of Jablanica 
in the 2018 campaign were hand-recovered from five Late Neolithic habitation horizons. Taxonomic deter-
mination was carried out using the comparative collection of the Laboratory for Bioarchaeology at the Fac-
ulty of Philosophy in Belgrade. Also, guides of morphological criteria and comparative anatomy were used 
(Boessneck et al. 1964; Boessneck 1969; Schmid 1972; Payne 1985; Prummel and Frisch 1986; Prummel 
1988; Helmer and Rocheteau 1994; Halstead et al. 2002; Zeder and Lapham 2010; Zeder and Pilaar 2010). 
The distinction between wild and domestic pig species was derived from the correlation of metric data. The 
metric analysis was carried out following the metric standards of Driesch 1976. Quantification was performed 
according to the number of identified specimens (NISP). 

The Jablanica faunal assemblage consists of the remains of mammals, birds, amphibians, fish, and 
molluscs (Table 1). The assemblage comprises 4,146 specimens. Out of the total number of specimens, 739 
(19%) could be identified to a species or to a genus level. The relative distribution of domestic animal re-
mains (83%) outnumbers the wild (17%). The most frequent domestic species was cattle (54.5%), followed 
by a domestic pig (17%) and caprines (9.5%). The dog remains were represented by 2%. The most fre-
quently hunted species was a red deer (7%), followed by a hare (4%), roe deer (3%) and wild boar (2.5%). 

Figure 3. Modelled Late Neolithic Start of occupation 
of Jablanica, derived from Bayesian model from Figure 1

Figure 5. Modelled span of the duration of the Late Neolithic 
settlement of Jablanica, based on data from Trench 1

Figure 4. Modelled Late Neolithic End of occupation 
of Jablanica, derived from Bayesian model from Figure 1
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Common name Latin name NISP % NISP

Domestic cattle Bos taurus 402 54.5
Domestic pig Sus domesticus 128 17
Wild boar Sus scrofa 19 2.5
Pig (indet.) Sus sp. 2 0.5
Sheep or goat Ovis/Capra 70 9.5
Dog Canis familiaris 16 2
Red deer Cervus elaphus 51 7
Roe deer Capreolus capreolus 20 3
Hare Lepus europaeus 31 4
Total identified 739 100
Large mammals 2946
Medium mammals 398
Small mammals 4
Micromammals 1
Birds Aves 10
Amphibians Amphibia 1
Fish Pisces 1
Snails Gastropoda 14
Bivalves Bivalvia 32
Total unidentified 3407
TOTAL 4146

Table 1. Distribution of taxa at Jablanica, as Number of Identified Specimens (NISP)

Anatomical region Element Cattle Pig Caprines Red deer Roe deer
Head Cornus 3     18 2
  Cranium 9 11      
  Praemaxilla 1 2 1    
  Maxilla 5 7 1 1  
  Mandibula 30 23 9 2 1
  Dentes 33 10 3 2  
  Hyoid 1   1    
  Head total: 82 53 15 23 3
Axial Vertebrae 9 2      
  Pelvis 14 3 3 1  
  Axial total 23 5 3 1 0
Upper limb parts Scapula 6 9 4    
  Humerus 22 8 2 2 3
  Femur 10 4 1    
  Upper limbs parts total: 38 21 10 2 3
Lower limb parts Radius 18 6 8 2 2
  Ulna 6 8 3 1 1
  Tibia 18 15 11 1 1
  Fibula   1      
  Carpalia 16     1  
  Tarsalia 58 2 2 6  
  Metapodium 46 9 17 10 10
  Sesamoideum 14        
  Lower limbs parts total 176 41 41 21 14
Phalanx Phalanx I-III 82 8 4 4 0
  TOTAL: 401 128 70 51 20

Table 2. Distribution of skeletal elements of the main domesticated and wild species
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The distribution of skeletal elements of cattle, pigs, caprines, red deer, and roe deer are provided in 
Table 2. The animal remains are grouped into five anatomical regions: head, axial, upper limb parts, lower 
limb parts, and phalanges. Skeletal elements of analysed species from all anatomical regions are present 
in the faunal assemblage, although their frequency varies from species to species. In the case of almost all 
species, the most frequent skeletal elements are from the lower parts of the limbs – metapodials, followed 
by head and upper limb parts, except for cattle. In the case of cattle, after the elements of the lower parts 
of the limbs, elements of the head and phalanges are equally represented. In the case of red deer, over 78% 
of head elements are antlers. Considering that they are fragments of beams and tines, it is difficult to dis-
tinguish whether the antlers originate from hunted animals or part of them are shed antlers collected in the 
surrounding area of the settlement. Rib fragments are also represented in the assemblage. Out of the total 
number of large mammal remains, ribs comprise 2%, while only three specimens (0.5%) originate from 
medium size mammals. Based on the distribution of skeletal elements, i.e. presence of bones from all an-
atomical regions, it can be concluded that whole domestic and wild animals were brought to the Jablanica 
settlement and further processed for food and raw materials.

Although the animal remains from the Late Neolithic Jablanica are well-preserved without pro-
nounced weathering marks, they are highly fragmented. Whole skeletal elements constitute 3% of the total 
faunal assemblage. Butchery marks were revealed on the bones of cattle, pigs, and caprines and comprised 
1% of the specimens in total. Traces of burning were found on 25.5% of animal remains. Most burnt spec-
imens are carbonised or calcined, indicating the post-consumption treatment, such as managing midden 
areas. Gnawing marks are found on 4.5% of the specimens, indicating that dogs or even pigs had occasional 
access to animal bones. Taphonomic characteristics of the faunal assemblage from Jablanica, particularly 
the high percentage of carbonised and calcined specimens, indicate the possible existence of the organisa-
tion and management of midden areas in the settlement (Table 3). 

In total, 90 (2.2%) animal remains had manufacturing and use-wear traces. 
Animal husbandry in large communally oriented settlements from the first half of the fifth millen-

nium BC in the central part of present-day Serbia, i.e., in the vicinity of Jablanica, was based on breeding 
large herds of cattle – e.g., Vinča – Belo Brdo (Bulatović 2018), Grabovac – Đurića Vinogradi (Bulatović 
and Spasić 2019), Stubline (Gillis et al. 2020), Selevac (Legge 1990), and Drenovac (Dimitrijević 2020). 
The relative distribution of different mammal species indicates that the most important economic species in 
the Late Neolithic settlement of Jablanica was domestic cattle. In light of that, the Jablanica settlement fits 
into the regional economic pattern. In some other large Late Vinča settlements, where animal husbandry 
was mainly based on herding domestic cattle, hunting played a less significant role in the economy (e.g., 
Pločnik) (Bulatović and Orton 2021). With 17% of the Jablanica faunal assemblage and species diversity, 
the hunting activity in this Late Neolithic settlement corresponds to the regional trend.

Modifications n % n
Butchery 42 1
Gnawing 187 4.5
Burning 1057 25.5
Worked bones 90 2.2

Table 3. Distribution of bone modifications in total faunal assemblage (n = 4146)
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Bone tool assemblage 

The bone tool assemblage consists of 90 artefacts. Some of them were recognised during excava-
tions, while most were singled out during the faunal analysis. Artefacts were analysed from the technolog-
ical viewpoint, meaning that the raw material selection, manufacturing techniques, morphology and use-
wear traces were considered. Artefacts were analysed with low magnification (up to 20x), and the use-wear 
traces are poorly preserved in general since most artefacts had surfaces damaged by weathering, erosion, 
and carbonate crusts, and also, numerous items were carbonised from exposure to fire. The interpretation of 
the manufacturing and use-wear traces follow published criteria (Campana 1989; Christidou 1999; 2001; 
Christidou and Legrand 2005; Legrand and Sidéra 2006; Legrand 2007; 2008; Newcomer 1974; Patou-Ma-
this ed. 2002; Peltier 1986; Ramseyer ed. 2004; Sidéra 2005: Semenov 1976), while the typological clas-
sification is based on the morphology of the working end and possible function, the one already developed 
for the prehistoric assemblages in South-eastern Europe (Vitezović 2007; 2011; 2016) (see also Vitezović 
2016 and references therein for details on the methodological procedures). 

Raw materials used were predominantly bones, mainly metapodial bones and ribs. Also, several 
astragali were found, as well as one phalanx. Bones were from both large and medium-sized ruminants 
– cattle, red deer and sheep/goats. Red deer antlers were used to a lesser extent, and it was impossible to 
determine whether they were collected or obtained from hunted animals. Just one artefact from Spondylus 
shell was discovered. Artefacts from teeth were not noted. 

Pointed tools. Tools with a pointed end were the most frequent, particularly medium-sized pointed 
tools – awls. Two subtypes were noted, awls produced from long bones and awls made from ribs. Awls 
from long bones were all made from longitudinally split metapodial bones from small ruminants (Figure 6). 
Bones were split along their natural sulcus by grooving and cutting with a chipped stone tool and finalised 
by burnishing with an abrasive stone tool (for a detailed reconstruction of this technique, see Sidéra 2005). 
Two completely preserved awls have segments of proximal epiphysis preserved at the base, and several 
fragmented awls with the distal epiphysis are preserved. These awls were generally intensively used, often 
heavily fragmented, and when visible, use-wear traces consist of polished, shiny surfaces resulting from 
contact with soft, organic materials (Christidou and Legrand 2005; Legrand 2007; 2008; Peltier 1986). 
Awls produced by using the same technique (grooving, splitting, burnishing) from the same raw material 
and with the same morphological traits are among the most common tool types in other Vinča culture 
bone assemblages – they are encountered, among others, at Vinča – Belo Brdo (Bačkalov 1979; Srejović, 
Jovanović 1959: 182), Selevac (Russell 1990: 524), Drenovac (Vitezović 2007), Pločnik (Vitezović 2021a: 
43–51, Figure 17, 18, 19; 2021b), etc. They are common on other Late Neolithic sites in Europe as well – 
e.g., in Greece (Stratouli 1998: taf. 25/1), in Hungary (Tóth 2013: 329–331), in Switzerland (Deshler-Erb 
et al. 2002: 342, abb. 507/1, 2, 4, 6), etc. 

Figure 6. Complete and fragmented awls produced from small ruminant metapodial bones
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Figure 7. Awls made from ribs – fragments of distal segments

Awls made from ribs were produced from longitudinally split ribs, also finalised by burnishing 
with an abrasive stone. Only two are somewhat better preserved, while the majority are heavily fragment-
ed – only the tips are preserved (Figure 7). They were also intensively used, and use-wear traces consist 
of polished, shiny surfaces, and smoothed, abraded spongy tissue on the inner side. A significant ratio of 
completely worn and broken tools suggests they were already disposed of, i.e., that the excavated area 
encompassed a rubbish pit. 

Rib awls were also a widespread techno-type in the Vinča culture, known from, among others, Vinča 
– Belo Brdo (Bačkalov 1979; Srejović, Jovanović 1959: 182), Selevac (Russell 1990: 524), Drenovac 
(Vitezović 2007: 138–140), Pločnik (Vitezović 2021a: 51–54; Figure 25, 26, 27), and many more. 

Several heavy points were found. They are mainly fragmented, but three of them are completely pre-
served. Two are produced from metapodial bones, one from red deer and the other from cattle (Figure 8). They 
were made using the same technique as awls – bones were longitudinally split by grooving with a chipped 
stone tool and finalised by burnishing and polishing. The point from the red deer bone has the distal epiph-
ysis preserved as the base, while the point from cattle bone has the proximal epiphysis. Their distal ends are 
thicker, more massive points used for working on more resilient materials, such as wood, etc. Similar heavy 
points may be found at other Vinča culture sites – for example, Pločnik (Vitezović 2021a: 54–57, Figure 28). 

Figure 8. Heavy points produced from large ruminant  
metapodial bones

One complete and one fragmented heavy point 
were made from unsplit ribs; ribs were divided into 
segments by transversal cutting and sawing, and then 
the side edges were cut with a chipped stone tool and 
burnished. Thus obtained blanks, with both bone plates 
of the ribs preserved, were further modified by bur-
nishing into massive pointed tools. In order to obtain 
finer tools, such as awls, ribs were usually split lon-
gitudinally into two halves (two bone plates) and then 
shaped by burnishing – as frequently noted on this and 
other Vinča culture sites (e.g., Vitezović 2007; 2021a; 
see also Christidou 1999; 2001 for the reconstruction of 
this technique), but in this case, the artisan decided to 
make tools that are thicker and more resilient. 

Fine pointed tools – needles – are not frequent; 
one almost complete small pointed tool made from a 
segment from a split rib was found, and also, few of the 
fragmented items were most likely needles. 
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Figure 9. Fragmented tool from red deer antler,  
probably large cutting tool

Cutting tools. Two fragmented antler tools 
were probably axes or adzes. Only the basal part is 
preserved for the first one, a segment from the beam 
just below the crown (Figure 9). Traces of crown 
tines being removed may be noted, and a broken 
perforation is produced by cutting with a chipped 
stone tool. The other artefact is also a beam with 
crown tines removed, and the distal part is miss-
ing, but perhaps it was modified into a cutting edge. 
Similar axes/adzes are also known from other Vinča 
culture settlements, including Vinča – Belo Brdo 
(Srejović, Jovanović 1959). 

Burnishing tools. Two scrapers made from 
ribs were found; they were made from unsplit seg-
ments of ribs and have a rounded working edge, 
worn from use. Also, one complete tool was found, 
a spatula-chisel made from the rib (Figure 10). The 
rib was split, and the tool was made from one bone 
plate. The tool has an irregular triangular shape; the 
basal end is small, while the distal end is wider. The 
working edge is slightly rounded, almost straight, 
sharp and worn from use. The spongy tissue is 
intensively worn, while the upper surface shows 
strong polish from use. Diverse types and subtypes 
of burnishing tools made from ribs are also frequent 
at other Vinča culture sites – for example, Selevac 
(Russell 1990: 532), or Pločnik (Vitezović 2021a: 
61–63; Figure 39), to mention just a few. 

Percussion tools. Three antler tines were 
modified into small percussion tools (Figure 11). 
They have traces of cutting at the basal part – the 
antler was thinned by the gradual removal of piec-
es of cortex by a chipped stone tool, and when the 
spongy tissue was reached, it was carefully cut 
through. The natural tip of the tine was also modi-
fied by cutting small pieces of the antler (whittling) 
to produce a small circular or elliptical working sur-
face. The traces of use are not well preserved, but it 
may be noted that the distal ends are heavily worn, 
with lines and shallow grooves from use. They were 

Figure 10. Spatula-chisel made from rib

probably used on different materials – for woodworking, food preparation, etc. On one of them, there are 
possible traces of being used as a retouching tool – dense, grouped short, deep grooves and incisions (see 
Patou-Mathis ed. 2002). Small punching tools made from antlers are also known, among others, at Dreno-
vac (Vitezović 2007: 152). 

Objects of special use. One fragmented large long bone, without preserved traces of manufacture 
but with intensive traces of use on its outer surface (intensive polish, worn surfaces, dense lines and stria-
tions), may have been some sort of a handle. 

Five astragali with traces of use were noted, two with broken perforations. The use-wear traces are 
located on condyli – they are flattened and worn, and also some smoothing on the lower part may be ob-
served on some of them. Perforations, R=5 mm, made by drilling, were positioned in the upper part. The 
function of these items is still a matter of debate (see Vitezović 2021a: 73–77 for an extensive overview), 
but their traces of use suggest they were most likely used on soft, organic materials, such as leather, hide, 
plant fibres, and the existence of perforation may point to their use as loom weights. 
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Several rib segments were also noted without preserved traces of manufacture but with intensive 
traces of use. Use-wear consists of worn surfaces, intensively polished, and irregular lines and striations. 
They were most likely used as some sort of supporter or working surfaces. Similar items were noted on oth-
er Vinča culture sites, such as Drenovac (Vitezović 2007), and for those found at Selevac, an interpretation 
as thong stretchers was offered (Russell 1990: 533). The examples from Jablanica were probably used for 
different purposes (for different raw materials), including possible thong stretchers. 

Ornaments. Only one ornament was found, a fragmented bracelet from Spondylus shell (Figure 
12). Ornaments made from marine molluscs were noted in other Vinča culture settlements – they were most 
frequent at the eponymous site of Vinča – Belo Brdo (Dimitrijević and Tripković 2002; 2006), but were 
also noted, for example, at Selevac (Russell 1990), Vitkovo (Vitezović 2013), Pločnik (Vitezović 2021a; 
2021b), and many more (see also Vitezović, Antonović 2020). This find from Jablanica contributes to the 
map of their distribution and the reconstruction of trade routes. 

Incomplete items. Besides several artefacts that are too fragmented to be identified typologically, 
three fragments of metapodial bones with just traces of manufacture were also noted. These bones were 
split longitudinally, and traces of a groove produced by a chipped stone tool are clearly visible. Traces of 
later stages of manufacture (namely, burnishing) and use-wear traces are missing, showing that these items 
are manufacture debris – and, as these are proximal fragments of metapodial bones, they were most likely 
discarded and only the distal portions were used for tool production. 

Figure 12. Fragmented Spondylus bracelet

Figure 11. Small punching tool from red 
deer antler tine

Concluding remarks 

The site of Jablanica was a large Vinča culture settlement, 
which flourished between 5000 and 4700 BC. The excavations at one 
trench in 2018 revealed five habitation horizons, and the radiocarbon 
dates enabled detailed information regarding the duration and their 
absolute dates. The beginning of the occupation by the Vinča culture 
communities can be equated with the relative depths of 4.5 meters at 
the type site of Belo Brdo or the late Vinča Pločnik I (Vinča C) pe-
riod, while the radiocarbon dates associated with the end of the Late 
Neolithic occupation of the site can be correlated to layers between 
4.0 and 3.5 meters at the site of Vinča – Belo Brdo. 

The subsistence was based on domestic animals, and the most important economic species was 
domestic cattle, while hunting red deer, hare, roe deer, and wild boar played a minor role. Bones from do-
mestic animals and occasional bones from wild species were also used to produce everyday tools, mainly 
pointed and burnishing tools, used for processing organic materials, such as leather, hide, plant fibres, and 
to a lesser extent, for woodworking. Antlers were not frequent, and it cannot be determined whether they 
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were collected from hunted animals. Manufacturing techniques are those frequently used at other Vinča cul-
ture settlements, and the typological repertoire includes tools frequently encountered at other sites – awls 
from metapodial bones, awls from ribs, burnishing tools from ribs, used astragali, etc. The relatively limited 
repertoire (for example, small amounts of cutting and burnishing tools and the absence of large percussion 
tools) is due to the limited excavated area. The single find of an ornament from a mollusc shell shows that 
the communities at Jablanica also participated in supraregional trade and exchange networks. 
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south edge of the Carpathian Mountains and the Pannonian 
plain – the case study of the Vršac region 
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Abstract The Late Neolithic period in Southeast Serbian Banat is marked by a host of Vinča 
culture sites located between the Danube and the Vršac mountains, the south end of the 
Carpathian mountain range in this area. It is a predominantly flat landscape enclosed by 
extensive former marshes of Mali and Veliki Rit in the northwest, Vršac mountains in the 
northeast, and Deliblato sands and River Nera in the southwest and the southeast. Over 
40 late Neolithic sites are known throughout the area, most from surveys, but some also 
excavated. Between 2020 and 2022, as part of the Regional Absolute Chronologies of the 
Late Neolithic in Serbia project, funded by the Science Fund of the Republic of Serbia, At and 
Potporanj sites were radiocarbon dated to produce detailed, Bayesian statistical model-based 
chronologies that could be used as a local chronological reference for future researchers 
of the Late Neolithic in the region. In this chapter, we present unified chronological data 
attributable to the beginning and ending phases of the Neolithic in this region.

Keywords: Serbian Banat, Late Neolithic, Vinča culture, Radiocarbon dating, Bayesian 
modelling, At, Potporanj

Introduction

The geographic region of Banat occupies the southeast edge of the Pannonian plain and the South-
west brinks of the Carpathian mountain range (Figure 1) and is divided today between three countries, 
Hungary, Serbia and Romania, the latter possessing almost two-thirds of the region in its western portion. 
Historically, the region was part of the Habsburg monarchy (1716–1867) and the Austro-Hungarian Empire 
(1867–1716) after being reclaimed from the Ottoman Empire (1552–1716) who conquered it in 1552 after 
a series of wars with the Hungarian Kingdom. In 1920, after the treaty of Trianon in 1920, it was divided 
between the three countries that enclose its territory today. In this chapter, we will focus on a smaller region 
of Banat, particularly the Southeast portion of the Serbian Banat area, roughly centred between the Danube 
east of Belgrade and the border between Serbia and Romania in the northeast. 
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This region of predominantly flat landscape is nestled between several major geological formations. 
In the southwest, it borders the Deliblato Sands (Figure 2), once part of a vast desert that was formed during 
the recession phase of the Pannonian Sea (Butorac et al. 2002), while in the northeast, it abuts the south-
west slopes of the Carpathian mountain range known as Vršac mountains. This formation, with its highest 
peak (Gudurički Vrh) at 641 meters above sea level, is composed predominantly of old rock formations 
like crystalline schists in the form of gneisses, while younger formations of mostly Pliocene sediments 
can be found in its lower northern and southern areas (Zeremski 1985). The number of water springs is 
relatively large, with the north side dominated mostly by stream valleys formed only between Gudurički 
Vrh and Donji Veršišor, opposed to larger branching streams of Mesić, Guzajna and Sočica on the south-
ern, milder slopped side of the range. Underneath the northern slopes of Vršac mountains is one of the two 
major geomorphological features located in the immediate vicinity of each other; Mali Rit (Small marsh), 
approximately elliptical, 11 kilometres long and 2.2 kilometres at its widest (Figure 2), oriented southwest 
to northeast on its longer axis. The southeast side of Mali Rit is formed of mountainous rock of an older 
period intermixed with loess, whilst the opposing side consists of the loess plateau extending from At to the 
village of Vatin. The bottom of Mali Rit comprises older and younger marsh and lake sediments. Its forma-
tion started towards the end of the last Ice Age and was complete by about 8000 years BCE, after which the 
deposition of marsh-lake sediments started leading to the formation of the marsh/lake that finished by about 
5500 BCE (Bugarski et al. 1995, p. 30).

Figure 1. Banat Geographic Region
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Next to Mali Rit, on the west side, is the At-Vatin loess plateau, a sort of division barrier beyond 
which is another, an even larger geomorphological feature of the area, the so-called Veliki Rit or the Alibunar 
depression (Figure 2). This feature, 30 kilometres long and close to 11 kilometres wide at its widest (between 
Pavliš and Barice villages), has most of its bottom at between 75 and 76 meters above sea level, with occa-
sional spots at 78 meters. The depression results from the Epeirogenic movement, but its genesis is long and 
starts at the Würm II-III interglacial period lasting well into the Boreal (Zeremski 1967, pp. 150–151). The 
shaping of this feature was profoundly affected by the 8.2Kya event that resulted in the deposition of signif-
icant marsh/lake sediments at its bottom, a consequence of a moister climate that lasted for several hundred 
years, between 6300/6200 to 5800/5500 BCE (Burroughs 2005, p. 178). The endorheic character of the 
depression particularly assisted in the formation of a marshland/lake landscape that pertained until the vast 
reclamation works started in the late 18th century, which, over the last two centuries, were crowned by the 
finalisation of the Danube-Tisza-Danube canal system in 1977, which finally changed the direction of water 
accumulation and led to the draining of excess surface water towards the Karaš River valley.

Tucked between the Deliblato sands, Veliki Rit, and Vršac Mountains, the south Banat loess flat extends 
towards the southeast to the valley of the Nera River and encompasses the valley of the Karaš River (Figure 2). 
A geological survey of the area identified three loess horizons formed during the Würm I-III glaciation periods, 
with horizons of fossil soil in-between, formed during Würm I–II and II–III interstadials (Zeremski 1972). 

Figure 2. Southeast Serbian Banat Region
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Human occupation of the area presented in the chapter is evidenced already in the Palaeolithic pe-
riod, primarily through chance finds of the Aurignacian period (Mihailović et al. 2011), but also through 
limited excavations on certain sites, like At (Chu et al. 2016; Radovanović 1986). However, large-scale 
systematic research on the Palaeolithic period is yet to be conducted. So far, there has been no evidence of 
Mesolithic occupation in the presented region, but it could be possible in the area, though without proper 
systematic research, the sites still elude detection.

In contrast to the previous periods, the Neolithic is better known, primarily due to a long-term ar-
chaeological survey of the region, started in the late 19th century by the first archaeologist in the area, Felix 
Milleker. In his carrier, spanning over five decades, Milleker identified some of the sites as early as 1883, 
one year after he started working in the Vršac city museum, which itself was founded one year before. Over 
the last 140 years, more than 70 Neolithic sites have been registered in the area presented here, over 30 of 
which belong to the period of Late Neolithic (Prikić and Joanovič 1978). However, out of the known sites, 
a handful of them, like At, Potok Mesić, Potporanj, and Pavliš, have ever been excavated, the latter three 
during archaeological rescue work mainly. Other sites are known solely from surface collections of finds. 
The problem is further accentuated by scarce publication of the research results, mostly just in the form of 
short reports (Joanovič 1977, 1976; Milleker 1938; Rašajski 1976, 1962) with only several larger volumes 
(e.g. Joanovič 2003; Pantović 2014; Prikić and Joanovič 1978).

Figure 3. Position of the presented region with respect to the important known sites of the Late Neolithic period
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The importance of the region presented in our chapter for the Late Neolithic period of the southern 
edge of the Pannonian plain is almost immediately apparent if we take into account its position with respect 
to the large complexes and centres of the Neolithic in the region (Figure 3). Located between some of the 
larger and best-known sites of the so-called Vinča culture, like the type site of Belo Brdo in the southwest, 
Újvár and Parţa in Romania to the north and Turdaș in the northeast and Belovode and Rudna Glava in the 
southeast, the region appears to be in the middle of a more extensive network that connects the core area 
of the Vinča culture to the south with the northern expansions in modern-day Romania. Unsurprisingly, the 
two excavated sites, At and Potporanj especially, are probably best known for the most considerable quanti-
ty of obsidian finds, followed by Belo Brdo itself (Chapman 1981, pp. 80–81). Obsidian, an easily traceable 
material, is a perfect medium to illustrate the existence of well-established, long-running networks that span 
vast distances and connect different societies of the same period (Tripković 2004). Limited modelling using 
GIS based on the characteristics of the landscape in the area and the positions of known sites with obsidian 
finds (Marić 2015: Figure 10) illustrate that the immediate vicinity of the modern town of Vršac may have 
been a natural funnel of trade routes from various directions, possibly indicating why a large quantity of 
Vinča period sites (over 25 in 20 km range around Vršac) are patterned in such manner. In such a network 
of closely positioned late Neolithic settlements, the site of At is of particular interest to us, being at the very 
heart of it, on a dominant loess plateau between the eastern edge of Veliki and the western edge of Mali Rit. 
Establishing a strict chronological framework for this region in the Late Neolithic period based on sets of 
radiocarbon dates is of great importance for future research.

Methodology 

Figure 4. Archaeological sites researched during the “Regional Absolute Chro-
nologies of the Late Neolithic in Serbia” project

In 2020, a project titled 
“Regional Absolute Chronologies 
of the Late Neolithic in Serbia”, 
funded by the Science Fund of the 
Republic of Serbia, set about exam-
ining various regions of Serbia for 
adequate collections and sites of the 
Vinča culture that could be used to 
produce detailed chronological se-
quences combining newly produced 
radiocarbon dates coupled with the 
knowledge of relative chronologies 
within a Bayesian statistical frame-
work. The project was inspired by 
earlier work on the Belo Brdo site 
in Vinča, which produced sever-
al new chronological strands of 
the excavations on the type site of 
the Vinča culture (e.g. Tasić et al. 
2016a, 2016b; Whittle et al. 2016). 
Over the next two years of the pro-
ject duration, multiple sites from 
several regions of Vinča culture 
distribution were analysed (Figure 
4) with over 200 new radiocarbon 
dates made in the process, most out 
of secure contexts with well-known  
stratigraphic positions.



Marić, Bulatović, Marković, Pantović Late Neolithic chronology in the contact zone  
between the south edge of the Carpathian Mountains and the Pannonian plain – the case study of the Vršac region

102

These newly acquired dates were to be used within a Bayesian statistical framework to produce a 
strict chronological model of the analysed site. The field of Bayesian statistics provides archaeologists with 
an explicit probabilistic method that can be used to estimate absolute dates of individual events from the 
past. The method strength is the possibility to quantify uncertainties linked with these statistical estimates 
of radiocarbon measurements. It is not a novel statistical concept (Lindley 1991) and has been used in 
modern archaeology (Bayliss et al. 2007; Buck et al. 1996). Bayes’ theorem in archaeological applications 
means that archaeologists analyse new data collected about a research problem (in this case, data is the 
standardised likelihoods of radiocarbon samples) in the context of existing archaeological experience and 
knowledge of the research problem (denoted as prior beliefs in Bayesian statistics). This concept then ena-
bles the creation of a new understanding of the research problem by incorporating existing knowledge and 
new data (to create posterior beliefs). These posterior beliefs then become future prior beliefs and inform 
the collection of new data and its interpretation in cyclic repeats of the procedure (Figure 5). In simplified 
terms, calibrated radiocarbon dates form the standardised likelihoods part of the model and are then reinter-
preted regarding the prior archaeological beliefs (the knowledge), which can be informative and uninform-
ative. The first represent specific and definite information on a problem that substantially affects the output 
of the model. In our example, the informative beliefs are usually evidence from stratigraphic sequences 
between two or more radiocarbon samples of an archaeological site being analysed. Without this, infor-
mation sequences from artefact typologies or seriation can also be used. A key issue is that age proximity 
between the radiocarbon sample and the context which they date must exist; thus, short-lived samples such 
as charred grain or articulated bones are sought after. On the other hand, uninformative prior beliefs occur 
where there is little definite information about the research problem. However, these need also be included 
in the Bayesian model to avoid biasing it. This approach accounts for the fact that the radiocarbon dates be-
ing analysed in a model are related (Bayliss et al. 2007; Bronk Ramsey 2000). Uninformative prior beliefs 
may stem from the period of site use or the circulation period of a certain pot type indicative of a phase. 
This allows the model to assess how much calibrated radiocarbon dates reflect the real chronological time 
span of an archaeological activity dated and if they are, and to what degree, a product of statistical scatter.

P (data ǀ  parameters) 
                                             x    P (parameters)    =   P (data ǀ parameters)
              P (data)

                   ⇓                                      ⇓                                    ⇓

Standardized likelihoods     x      Prior beliefs      =       Posterior belief

                 ⇓                                        ⇓                                    ⇓

          C14 dates                   x Arch. knowledge  =            A Solution

To complement the radiocarbon analyses and available chronological sequences with another strand 
of data needed for a more precise Bayesian model, statistical analyses of pottery typology were undertaken 
on most chosen sites using a revised universal typology proposed by Garašanin and Stanković (1985) in 
order to enable direct cross-comparison of site assemblages chosen for the analyses. Multiple typologies 
of Vinča pottery were developed over several decades of research (e.g., Garašanin 1951; Jovanović 1994; 
Nikolić 2004; Vukmanović and Radojčić 1990), most strictly associated with specific sites they were de-
signed for. The typology used during the project was created drawing from both the older ones but mostly 
from research done on a more recent project (Mirković-Marić et al. 2021a, 2021b). Ten principal catego-
ries of vessels were defined according to their assumed or proposed function, with further subdivisions 
within each category based on vessel morphology. The statistical analysis of vessels was then performed 
using Correspondence analysis (CA), as this method already showed good results on Vinča style pottery 
(Diaconescu et al. 2020; Schier 1996). The popularity of CA is increasing with the availability of personal 
computing in archaeological research and is most appropriately used in analysing tables that contain count-
ed data, which number or frequency of pot types per archaeological context or site certainly is. The ability 
to represent both rows (contexts) and columns (pot types) of a data matrix as points in a single plot (Baxter 

Figure 5. Bayes’ theorem in archaeological application
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1994, p. 100). Superimposing the row and column data identifies possible clustering to reveal pattering of 
values (if there is one) that stand out from the calculated average data profile. Most commonly, CA is used 
to seriate data, i.e., to test if specific finds can identify the relative chronology of archaeological contexts or 
entire sites (Baxter 1994, p. 118) based on the presumption that row orders reflect the relative chronology 
of contexts and column data chronological evolution of material type on examination. When successful, 
CA will produce a horseshoe pattern in the plot, the so-called Guttman effect (Schier 1996, Figure 2). The 
data represented at the end of the horseshoe will have nothing in common, and the data in between will 
share a certain amount of similarities, indicating progressive development over time. The CA analysis was 
performed in the Factoshiny statistical package of the R code, a freeware statistical environment. 

The AMS radiocarbon dates were made predominantly on animal bones, as in most archival assem-
blages used in the project no macrobotanical samples were available primarily as none were collected at the 
time of excavation, mainly because some of the chosen sites were excavated long before the collection of 
macrobotanical samples was introduced. Samples of animal bone, usually no more than 20 g in size, were then 
analysed in two separate laboratories, the BRAMS facility of the University of Bristol, UK and the HEKAL 
AMS laboratory in Debrecen, Hungary, where they were prepared in concordance with the procedures ex-
plained in Knowles et al. (2019) and Molnar et al. (2013). The direct comparison of measurements was made 
possible using replicate measurement data if shown to be statistically consistent (Ward and Wilson 1978). The 
Bayesian modelling was undertaken in the OxCal v4.4 program (Bronk Ramsey 2010, 1995), and the models 
described are defined by OxCal CQL2 keywords and the brackets seen on the left edge of model figures. 
Calibrated radiocarbon dates are given in grey outlines, with posterior density estimates created by Bayesian 
modelling in solid dark grey. Intrusive or residual samples are kept in the model and given in red colour.

Results and discussion

One major obstacle was detected early in the Southeast Serbian Banat region; the lack of excavated 
Late Neolithic sites with a complete chronological sequence of the Vinča culture. Although they must exist, 
the small number of excavated sites prevented us from identifying them in the landscape. To alleviate this 
issue, the team decided to use data from two sites, the early phase Kremenjak, found on the outskirts of the 
village of Potporanj, and the late phase At, located on the northern outskirts of Vršac. 

Figure 6.  
Location of the site 
of Potporanj
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The site of Kremenjak near Potporanj was discovered by accident in 1882 when reclamation works 
began in the area. It was first surveyed by Felix Milleker, who undertook his single research campaign on 
the site in 1899. The site is located in the southeast part of the village of Potporanj (Figure 6), partially 
under the modern settlement. It was located on an elevated section of a flat diluvial terrace with no mark-
ing geomorphological features. On the eastern periphery of the village was a shallow valley of one of the 
source streams for the Boruga stream, later marked as a swamp on the maps. A similar valley of the Boruga 
tributary also existed in the past on the northern edge of Potporanj village. These streams were beneficial 
for the Vinča settlement, providing additional water sources in its immediate vicinity. In 1947, a scheduled 
construction of a large drainage channel led to the start of rescue archaeological excavations on the site, 
which were resumed in 1957 and 1958 (Brukner 1960). The excavations confirmed the existence of an early 
phase Vinča-Tordoš settlement with stratigraphy ranging between 2.5 and 3.4 meters. After the construction 
of the Dunav-Tisa-Dunav drainage canal system that destroyed significant parts of the settlement, further 
research was halted until 2011, when a new campaign, led by Ivana Pantović of the Vršac City Museum, 
started, aiming at establishing remaining site boundaries, habitation layers and procuring absolute dates. 
After an initial geophysical survey that indicated the existence of multiple archaeological features, includ-
ing wattle and daub structures, pits, and even possible enclosure ditches, several trenches were opened to 
test the results on both sides of the drainage channel. The stratigraphy of the trenches was documented 
using single context recording, producing a detailed relative stratigraphic sequence for Bayesian modelling. 
However, even from the Milleker record, it was evident that the site was abandoned by the end of the early 
phase of the Vinča culture (Plates 1–2), a fact further confirmed in the analysis of the ceramic assemblage as 
well (Plates 1–3); another site was needed to produce data for the ending part of Vinča culture in the region.

This site proved to be At-Crvenka, located on the northern outskirts of Vršac (Figure 8). It is located 
on an elevated loess plateau that divides the Mali and Veliki Rit but is also near the conflux of Mesić stream 
into the Veliki Rit. The site was first known as Westrand (or West side) after a regulatory canal was dug 
from Središte towards Vršac, discovering archaeological layers. After 1910, Milleker started referring to it 
as At (a local toponym for the area) when similar finds were discovered further along the plateau. Certain 
areas of the site were excavated on multiple occasions by Rasto Rašajski and Šarolta Joanović from 1961 
onwards as part of rescue archaeological work due to sand extraction in the area of the site. In 1984, an ar-
chaeological excavation was made in a successful attempt to identify Palaeolithic layers located underneath 
the Late Neolithic settlement (Radovanović 1986). Similar attempts were repeated in 2014 and 2015 (Chu 
et al. 2016), leading to the discovery of a Starčevo period multi-roomed pit dwelling. Finally, in 2021, the 
first geophysical survey was done in order to establish the boundaries of the site, and the condition of fea-
tures, for the first time revealing a complex settlement with wattle and daub rectangular structures grouped 
in several areas, numerous pits and multiple enclosure ditches that separate the settlement into smaller 
segments. The material from the site is abundant and well-preserved (Plates 3–4).

Based on the results of excavations in Potporanj, although still not processed in full, the construction 
of a Bayesian chronological model relying on relative stratigraphic relationships between features recorded 
during the excavation in trenches 2 and 2a was undertaken. In total, 4 horizons were detected during the 
excavations. However, only horizons II to IV could be associated with the early Vinča period settlement. 
Sporadic finds of Starčevo/Körös pottery in the deeper layers suggest an earlier occupation of the site, to-
gether with a single radiocarbon sample POZ-70082 (7180,50), found out of context, which can be dated 
to 6218–6138 cal BC or 6097–5978 cal BC or 5946–5922 cal BC (95.4% prob.), or possibly 6073-5999 
cal BC (68.3% prob.). For the construction of the model, there were 27 radiocarbon samples available. 
However, due to poor preservation of animal bones from the site, most likely associated with waterlogged 
terrain associated with the proximity of a former stream bed, a certain percentage of radiocarbon samples 
were made on charcoal or burned sediment (Table 1), which on several occasion proved to be intrusive or 
residual (5 samples in total). This left us with 22 radiocarbon samples that were identified as being usable 
for the construction of the model (Figure 7), which exhibited a good overall agreement (Amodel: 81). 

The model indicates that the Vinča period habitation (horizon IV) on the site began about 5331–5207 
cal BC or 5188–5122 cal BC (95.4% prob.), possibly 5289–5211 cal BC (68.3% prob.). The duration of this 
early phase on the site is also very interesting, as it may have lasted anywhere from 0–215 years (95.4% 
prob.) or 0–164 years (68.3% prob.). A similar effect was noted earlier for the Vinča A phase (Whittle et al. 
2016, p. 28), indicating a long development of the ceramic typology typical for this period. 
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Figure 7. 
Bayesian chronological model devised in Oxcal 4.4 for the site 
of Potporanj

Figure 8. 
Location of the site of At
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The middle phase of Potporanj in the Vinča period (horizon III) appears to start at 5211–5176 cal BC 
or 5170–5062 cal BC (95.4% prob.), possibly 5149–5094 cal BC or 5209–5192 cal BC (68.3% prob.). This 
horizon also appears to have lasted shorter than the previous, for 0–117 years (95.4% probability), possibly 
0–57 years (68.3% prob.). Finally, the late phase of Potporanj (horizon II) starts about 5176–5025 cal BC 
(95.4% prob.), possibly 5115–5050 cal BC (68.3% prob.), and is again a longer phase, lasting anywhere 
from 0–246 years (95.4% prob.), possibly 53–184 years (68% prob.). 

The end of the Late Neolithic occupation on Potporanj, at least in the trenches used for this analysis, 
can be modelled at 5198–5188 cal BC or 5040–4871 cal BC (95.4% prob.), possibly 5008–4927 cal BC 
(68.3% prob.). However, this may be somewhat different in other parts of the settlement, currently unexca-
vated. The Late Neolithic settlement on the site thus may have lasted close to 300 years in continuity, being 
abandoned at an exciting moment in the chronology of the Vinča period. 

If we are to examine the relative chronological phasing of the site, it appears that the Late Neolithic 
settlement in Potporanj appeared towards the middle of the Vinča A phase, or the period corresponding 
to the 9-8.8 meters relative depths on the settlement of Belo Brdo (Tasić et al. 2016a). This horizon then 
proceeded well into the early Vinča B1 period (Whittle et al. 2016, Figure 2). However, since the site 
assemblage, including pottery finds, has not yet been fully analysed, it is impossible to distinguish this 
change without an in-depth statistical analysis. The start of horizon III, marked as the intermediary phase 
of Late Neolithic life in Potporanj (Figure 7: Boundary Potporanj Intermediate), coincides with the second 
half of the Vinča B1 period, and it also extends into the Vinča B2 phase. In Belo Brdo, the beginning of 
this horizon would fall between 7.5 and 7 meters of relative depth. The late phase of Potporanj, horizon II 
(Figure 7: Boundary Potporanj Late), starts near the end of the Vinča B2 phase and extends towards the 
transformative, Gradac phase, the beginning of the metallic period Vinča. These layers correspond to rela-
tive depths between 7 and 6.5 meters on the Belo Brdo site (Tasić et al. 2016a). Finally, the end of the Late 
Neolithic settlement on Potporanj could be modelled to the beginning stage of the Gradac phase, the period 
corresponding to layers between 6.5- and 6-meters relative depth in Belo Brdo, a phase in which the central 
Balkans Vinča becomes infused with copper metallurgy that, over the following centuries will gradually 
change its nature, best reflected in the material culture of the late phases.

It must be stated here that due to the lack of excavated sites in the region, in this chapter, we have 
no available dates for the so-called Vinča C phase, a period which most likely already starts with the 
Gradac phase and is one of the most prominent periods in the span of the Late Neolithic Vinča culture. 
This period is the time of expansion of Pannonian plain linear pottery traditions towards the core area 
of Vinča, already somewhat present towards the beginning of the Gradac phase in the site assemblages 
in the area (Plate 3: 10–14). This suggests that existing networks brought about changes in the material 
culture in the northern parts of the Vinča territories, likely due to influences shifting towards the north, 
away from the core area of the culture. We cannot, without a doubt, also exclude the possibility that 
Vinča C material exists on At. However, out of multiple excavated trenches, adequate sampling material 
(i.e., animal bones) was preserved only from trenches 4 and 5, thus preventing us from dating other 
excavated areas of the site using existing archival records in the City Museum of Vršac. Perhaps new 
research started in 2021 will produce new strands of data for future dating of different parts of the Late 
Neolithic settlement there.

If we turn our attention to the late period of Vinča culture in the southeast Serbian Banat, a more 
detailed paper about the methodology of work for the late phase modelling, based on the site of At is pre-
sented elsewhere (Marić et al., in preparation). In this chapter, we will discuss only the modelling results in 
relation to the chronology of the Late Neolithic in the presented area. The approach for the site of At was 
somewhat different. Using the most chronologically sensitive category of pottery assemblage, the bowls, it 
was possible to establish the existence of three specific pottery phases that encompassed several excavation 
layers, each through the application of Correspondence Analysis. Combining the results of the CA with 25 
successful radiocarbon samples (Table 2) into a Bayesian chronological framework using OxCal (Figure 
9), it was possible to construct a model that had a very strong agreement (Amodel: 275), which suggests 
that the Late Neolithic occupation in this area of the site of At started around 4737–4700 cal BC (95% 
probability; Start AT1; Figure 9), probably 4723–4710 cal BC (68.3% probability). The premiere phase of 
occupation did not last long, up to 24 years (95.4% probability), but likely just 8 (68.3% probability), which 
can be seen using the Interval command in OxCal. 
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Figure 9. 
Bayesian chronological 
model devised in Oxcal 4.4 
for the site of At
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 The second phase of At occupation (Transition phase AT1/AT2; Figure 9) started at 4724–4701 
cal BC (95.4% probability), possibly 4719–4708 cal BC (68.3%), and again lasted a relatively short 
period – at most 17 years (95.4% probability), possibly just 7 (68.3% probability). This puts it well 
within one generation’s lifespan. The final phase of Late Neolithic occupation of At in trenches 4 and 5 
(Transition phase AT2/AT3) began at around 4720–4695 cal BC (95.4% probability; Figure 9), possibly 
4716–4704 cal BC (68.3% prob.), lasted up to 37 years (95.4% prob.), possibly just 11 (68.3% prob. 
Figure 9). According to the model, the end of late Neolithic occupation in the area of the site where 
trenches 4 and 5 were located is modelled at 4720–4673 cal BC (95.4% prob.; Figure 7), possibly 
4715–4694 cal BC (68.3% prob.).

Comparing the absolute chronology of this part of the site from the aspect of relative chronolog-
ical schemes, the Late Neolithic Vinča period use of space in trenches 4 and 5 at the Late Neolithic set-
tlement on At coincides with the early Vinča D phase (Whittle et al. 2016, p. 31), a fact corroborated by 
finds of some specific late phase bowls, like the biconical bowls with inverted rims, a very typical form 
of the late Vinča period phases. These bowls, although existent in the assemblage, are not as dominant 
as they appear towards the end of the Vinča D phase on other sites when they become almost the only 
bowl type (Garašanin 1979, tbl. I/1, III/3, IV/4, VI/2; Mirković-Marić et al. 2021b). This occupation on 
At would correspond to layers between 4.0 and 3.5 meters relative depth on the Belo Brdo site in Vinča.

Conclusions

The Bayesian chronological modelling illustrated here is a powerful tool for deciphering and 
understanding chronological relations in prehistoric periods. Using a combination of techniques avail-
able to an archaeologist of today, it can create a robust chronological scale, with specific fixed points 
in absolute time, that can be a basis for detailed archaeological research in any area. However, the 
ending results can only be as good as the data they rely on, i.e., the excavated material, its recording 
at the time of the excavation and keen scrutiny of the processes that created the deposits excavated. 
Through this chapter, we hope that we have been able to demonstrate the potential of archival records, 
often created several decades ago, to produce new information using methods unavailable at the time 
of their creation. We must also stress that keeping larger volumes of raw data, i.e. the finds is by all 
means necessary, no matter how much it complicates the everyday activities of Institutions that store 
it. For example, when our project started in the autumn of 2020, we were unsure whether the state of 
preservation of the At archives was sufficient to achieve any results from it. Luckily, it has proven that 
our doubts were unfounded in the end, enabling us to present a meaningful chronological sequence for 
a significant period in the region. We were able to produce formally modelled estimates for almost the 
whole of the duration and timing of Late Neolithic in Serbian southeast Banat, a region linking the core 
area of the Vinča culture south of the Danube and its expanse into the Carpathian Mountains.

Having examined the newly created chronology of the site of Potporanj, we can argue that the 
expansion of the Vinča style material culture into the northeast regions started early, perhaps within just 
a generation or two after the forming of the Belo Brdo site, 70 kilometres to the south. Off course, this 
proposition should be taken cum grano salis, as Potporanj could be even earlier, but limited excavations 
done so far have prevented us from being entirely sure. We can see that the settlement evolution is a 
stable, steady growth that extends over multiple generations, further corroborated by the sheer thick-
ness of the culture layers created by the prolonged life of the Late Neolithic settlement. The model also 
supports the notion of continuity of material culture as the phases extend for longer periods, a fact that 
will possibly be further examined in detail when the statistical and typological analysis of the finds is 
completed in the near future. Perhaps then, we will be able to distinguish further subphases that will 
illustrate better a gradual, subtle evolution of material culture, which could then enable us to construct 
even more precise, generational, or two-three generational chronological models with shorter subphas-
ing spans and life cycles. The cessation of Late Neolithic life on Potporanj remains yet another exciting 
episode to investigate further, now especially in the light of its chronological position, towards the 
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Gradac transitional phase and the onset of the Vinča C phase, a period profoundly infused with trans-
formative processes that include the invention of copper metallurgy, copper implements emergence, 
spread and consumption, but also the emergence of a host of new settlements throughout the region 
(Lazarovici et al. 2009; Ristić-Opačić 2005) and a distinct change in material culture.

The ending of the Vinča period in Serbian southeast Banat can be examined on the site of At. 
There, so far at least, the latest material of the Vinča period was discovered over several excavation sea-
sons, especially during the 1970s. Examining the finds from two trenches with adequate dating material 
available closely, it was possible to establish three different ceramic phases. These, however, appear to 
date to a relatively short period, indicative of the beginning of the Vinča D phase rather than its ending 
period. A rather dynamic episode of events over a relatively short period occurred and marked the end 
of the Vinča occupation of the site. From the Bayesian modelling, it can be suggested that the ending 
phase of the Vinča settlement at At did not unfold to the full extent 70 kilometres further to the south, 
on the type site of Belo Brdo. Perhaps in the case of At, the ending of the typical Vinča style ceramics 
settlement is not the end of the occupation. Some authors (Draşovean 2015, 2014, 1997) suggested that 
the Foeni pottery-style communities dominated the Vinča D period in the Banat area. Indeed several 
fragments of what appear to be Foeni red painted ware with geometric decorations are known from the 
site of At (Plate 3: 15–16), but no secure context containing Foeni pottery has ever been excavated on 
the site, and we cannot thus corroborate the existence of a Foeni type pottery settlement here. The con-
temporaneity of late Vinča C and Foeni I, as suggested by Draşovean (2014, Figure 7b) using Bayesian 
chronological modelling, could indicate the origin of these pieces rather than establish the existence of 
a Foeni settlement on At, but further research may prove different. The extinction of the Vinča pottery 
style settlement on Uivar, another late Vinča period site in the relative vicinity (Draşovean 2014, pp. 
146–147), clearly suggests a possibility that Vinča period settlements in Serbian Banat met a fiery end 
somewhat sooner than the Danubian settlements further south, possibly due to destructive force of 
incomers (Draşovean 2015, p. 133). However, more research is needed in the area to understand better 
the processes that occurred at the end of the Late Neolithic and the beginning of the Eneolithic in the 
Serbian southeast Banat. We hope that our work presented here will provide that necessary incentive 
to restart systematic research of the site of At, possibly the largest of all late period Vinča sites in the 
region of the town of Vršac in Serbian Southeast Banat.
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Laboratory Nr. Sample Ref. Material Stratigraphy 14C age (BP) C:N
DeA-32303 POT 01/2013 Charred wood Trench 2, spit 10 6028 ±39

DeA-32304 POT 03/2013 Charred wood Trench 2, spit 12, structure 
remains 6070 ±30

DeA-32297 POT 06/2014
Sediment (macro 
charcoal not 
found)

Trench 2, spit 17, floor level 5952 ±28

DeA-32298 6218 ±31
DeA-32305 POT 07/2014 Charred wood Trench 2, spit 17, floor level 5947 ±31

DeA-32626 POT 01/2018 Bos taurus, 
maxilla Trench 2a, spit 14, structure 8 6195 ±34 4.7

DeA-32306 POT 04/2018 Charred wood Trench 2a, spit 16 under 
structure 6/2 (oven) 6106 ±30

DeA-32307 POT 15/2018 Charred wood Trench 2a, spit 17, structure 8/2 6010 ±30

DeA-32299 POT 18/2018 Cornus mas 
stone Trench 2a, spit 13 6042 ±29 -

DeA-32300 POT 18/2018 6139 ±31
DeA-32308 POT 02/2019 Charred wood Trench 2, structure 2/1 6057 ±33

DeA-32309 POT 04/2019 Charred wood Trench 2A, spit 19, post hole, 
bottom 6035 ±31

MAMS-22666 POT 01/2012 Charred wood Ditch 1 – crossection 6156 ±30
MAMS 22668 POT 03/2012 Animal bone Ditch 1 6211 ±25
MAMS 22667 POT 02/2012 Charred wood Ditch 1 6139 ±29

BRAMS-3555 POT 03/2015 Charcoal Trench 12, spit 13, Structure 
floor 6069 ±19

MAMS-40078 POT 01/2018 Charcoal Trench 2, spit 14, beneath house 
floor 6158 ±19

Poz-69769 Trench 2, spit 14, beneath oven 6190 ±40
BRAMS-3556 POT 03/2018 Charcoal Trench 2a, Spit 17, Structure 7 6161 ±19

MAMS-40081 POT 04/2018 Charcoal Trench 2a, spit 17, structure 8, 
floor 6290 ±22

Poz-70082 Trench 2a, spit 17, structure 8, 
floor 7180 ±50

Poz-69770 Trench 2a, spit 17, structure 8, 
floor 6180 ±50

MAMS-40080 POT 03/2018 Charcoal Trench 2a, spit 17-1, structure 
8, oven 6221 ±19

MAMS-40079 POT 02/2018 Charcoal Trench 2a, spit 17-4, structure 
8, bottom 6227 ±20

SUERC-73524 Bos taurus, bone Trench 2, Structure 1, oven 
bottom, west area 6217 ±31 3.2

BRAMS-3557 POT 03/2019 Charcoal Structure Z, 2/1 6163 ±19

Table 1. List of 14C samples used to create Bayesian chronology of Potporanj.
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Laboratory Nr. Sample Ref. Material Stratigraphy 14C age (BP) C:N

BRAMS-5261* AT 76/2/1 Cervus elaphus, phalanx 
1 Trench 4, spit 1 5828 (±27) 2.71

BRAMS-5262 AT76/9/2 Bos taurus, radius Trench 4, spit 1 5829 (±27) 2.71

BRAMS-5263 AT 76/4/2 Cervus elaphus, 
metacarpal Trench 4, spit 2 5857 (±27) 2.72

BRAMS-5264** AT 76/11/2 Bos taurus, metatarsal Trench 4, spit 2, 
Feat. 2 5836 (±27) 2.73

BRAMS-5265 AT 76/6/2 Bos taurus, metatarsal Trench 4, spit 3 5847 (±27) 2.71

BRAMS-5266 AT 76/5/2 Cervus elaphus, 
metatarsal Trench 4, spit 3 5834 (±27) 2.73

BRAMS-5267*** AT 76/6/1 Cervus elaphus, 
metatarsal Trench 4, spit 3 5836 (±27) 2.73

BRAMS-5268 AT 76/8/3 Bos taurus, metacarpal Trench 5, spit 3 5833 (±27) 2.72

BRAMS-5269 AT 76/8/4 Bos primigenius, 
metacarpal Trench 5, spit 3 5858 (±27) 2.71

BRAMS-5270 AT 76/7/3 Cervus elaphus, 
metatarsal Trench 5, spit 4 5849 (±27) 2.70

BRAMS-5271 AT 76/7/4 Bos taurus, metacarpal Trench 5, spit 4 5792 (±26) 2.71

DeA-28873 AT 76/9/1 Cervus elaphus, 
radi+ulna Trench 4, spit 1 5835 (±37) 3.5

DeA-28874 AT 76/3/1 Cervus elaphus, 
metatarsal Trench 4, spit 1 5859 (±46) 3.7

DeA-28875 AT 76/11/1 Bos taurus, tibia Trench 4, spit 2, 
Feat. 2 5830 (±41) 3.5

DeA-28876 AT 76/5/1 Bos taurus, metatarsal Trench 4, spit 3 5965 (±49) 3.5

DeA-29963 AT 76/1/1 Bos primigenius, 
metacarpal Trench 4 5814 (±64)

DeA-28877 AT 76/1/3 Bos taurus, radius Trench 4 5893 (±48) 3.4

DeA-28878 AT 76/8/1 Cervus elaphus, 
metacarpal Trench 5, spit 3 5882 (±41) 3.2

DeA-28879 AT 76/8/2 Bos taurus, humerus Trench 5, spit 3 5896 (±39) 3.0
DeA-28880 AT 76/7/1 Cervus elaphus, tibia Trench 5, spit 4 5864 (±39) 3.3

DeA-28881 AT 76/7/2 Bos primigenius, 
metatarsal Trench 5, spit 4 5815 (±41)

DeA-31045* AT 76/2/1 Cervus elaphus, phalanx 
1 Trench 4, spit 1 5947 (±38) 3.2

DeA-31046 AT 76/10/1 Bos taurus, metatarsal Trench 4, spit 1 
(or 3) 5816 (±37) 3.3

DeA-31047** AT 76/11/2 Bos taurus, metatarsal Trench 4, spit 2, 
Feat. 2 5813 (±34) 3.3

DeA-31048*** AT 76/6/1 Cervus elaphus, 
metatarsal Trench 4, spit 3 5857 (±37) 3.2

Table 2. List of 14C samples taken for At site. Samples marked with *, ** and *** are replicate 14C samples.



Marić, Bulatović, Marković, Pantović Late Neolithic chronology in the contact zone  
between the south edge of the Carpathian Mountains and the Pannonian plain – the case study of the Vršac region

112

Plate 1. Early period Vinča style pottery from the site of Potoranj
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Plate 2. Selection of typical early period Vinča style pottery decoration from Potporanj
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Plate 3. Late period Vinča style pottery and non-local pottery from the site of At 
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Plate 4. Selection of typical Late Neolithic decorations of Vinča style and Linear pottery style from At
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North Croatian Late Neolithic relative and absolute 

chronologies: current state of research 
Katarina Botić

Abstract Relative chronology of the Late Neolithic in the Sava-Drava-Danube interfluve 
region (northern Croatia) was introduced in the 1960s and following decades when 
diversification of pottery styles was more closely studied and named as separate cultures. 
The most substantial contribution to building a micro-regional relative chronology based on 
the typology of pottery finds was that of S. Dimitrijević, with later attempts by Z. Marković 
to re-define relative chronology and add to the still scarce typology of already established 
pottery stiles. However, splitting up relative chronology into three or four stages of the same 
“culture” prevailed and is still in use. 

Attempts to define the absolute chronology are still scarce. Although a fair number of 
radiocarbon dates have been published, especially in the last 20 years, the quality of samples, 
lack of sampling strategy, and problematic results received render most of them poorly usable. 
In addition, there have been no attempts to build a local chronology by combining Bayesian 
modelling of radiocarbon dates with full statistical seriation of finds from individual sites. 
This paper focuses on problems related to the past methodology, a new approach to building 
a more precise local chronology and discusses conclusions about the Late Neolithic micro-
regional chronology of several recently published papers.  

Keywords: Sava-Drava-Danube interfluve, Late Neolithic, history of research, radiocarbon 
dates, local chronology

Introduction

Late Neolithic relative chronology in the Sava-Drava-Danube interfluve region (northern Croatia) 
was established in the 1960s and following decades when diversification of pottery styles was more close-
ly studied and named as separate cultures. The most substantial contribution to building a micro regional 
relative chronology, primarily based on the typology of pottery finds, was that of S. Dimitrijević, with later 
attempts by Z. Marković to re-define relative chronology and add to the still scarce typology of already 
established pottery stiles (Table 1). However, the division of relative chronology into three or four stages of 
the same “culture” prevailed, and is still primarily used. 

Attempts to define absolute chronology are recent and still scarce. Although a fair number of radio-
carbon dates have been published, especially in the last 20 years, the quality of samples, lack of sampling 
strategy, and problematic results received render most of them poorly usable. In addition, there have been 
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no attempts to build a local chronology through combining Bayesian modelling of radiocarbon dates with 
full statistical seriation of finds from individual sites. This paper focuses on problems related to the past 
methodology of relative and absolute chronology, a new approach to building a more precise local chro-
nology and discusses conclusions about the Late Neolithic micro regional chronology of several recently 
published papers. 

Regional settings

Although the Sava-Drava-Danube interfluve is considered as one micro geographical region, in the 
archaeological sense, it is split into three distinct zones: 1) eastern zone (Eastern Slavonia); 2) central zone 
(around Požega Valley); 3) western zone (Moslavina-Bilogora region) (Figure 1). Late Neolithic regional 
chronology, as it is perceived today, includes classical Sopot (defined by Dimitrijević as a by-product 
of late Starčevo and Vinča contacts; Dimitrijević 1968; 1979) in Eastern Slavonia and Western Syrmia, 
Ražište style in the central zone (defined by Z. Marković), so far documented on the sites in in its eastern 
part (Marković 1985; 1994; 2012; Marković and Botić 2014; 2016; Botić 2018; 2020a), and late Ražište 
and Brezovljani styles in the western zone. Ražište style appears along the classical Sopot style on some 
of the sites in the central zone, while other sites, as far as it is possible to discern from published data and 
partially reviewed material, contain exclusively classical Sopot style remains. It is still unclear what the 
precise chronological relation between these sites is, i.e. if some are older or contemporary. Western zone 
is the least well defined archaeological zone because radiocarbon dates are mostly missing; only two AMS 
dates were published for Gornji Brezovljani site (Figure 1: 26) (Botić 2020: 198), none exist for Korenovo 
sites, although typo-chronological and technological problems were discussed on several occasions (e.g. 
Težak-Gregl 1993; Spataro et al. 2021). Pottery-based chronology is not adequate to explain most probable 
parallel occurrence of Korenovo and Ražište styles as it is seen in the contexts of Baranya County (south-
ern Hungary) sites and their correlation with earliest Vinča and early LBK in the wider region (cf. Jakucs 
2020; for comparison between pottery-based chronology with that based on pottery and radiocarbon dates 
cf. Jakucs and Voicsek 2016; Jakucs et al. 2016).

S. Dimitrijević (1968; 1971; 1979)

Older phase
I-A Vinča B-1  

Klokočevik – Klinovac
I-B Vinča B-2

Middle phase II Vinča C
Younger phase III Vinča D1/D2
Z. Marković (1994: 63)

Older phase
I-A Vinča B-1
I-B Vinča B-2

Middle phase II Vinča C
Younger phase III Vinča D
Transition phase 
(late Neolithic / early Eneolithic) IV end Vinča D-2 / Vinča D-3

S. Dimitrijević 1978; 1979
Brezovljani type of the Sopot culture
Z. Marković 1984; 1985; 1994; 2012
Ražište type of the Sopot culture

Table 1. Relative chronology of the Sopot culture in relation to the Vinča culture, after S. Dimitrijević and Z. Marković.
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Figure 1. Map of sites and zones (1 eastern; 2 central; 3 western):
1 Ilok – Ađanski kraj / Krstbajer; 2 Bapska – Gradac; 3 Kneževi vinogradi – Osnovna škola (Elementary School); 4 Osijek – Hermanov 
vinograd; 5 Čepin – Ovčara / Tursko groblje; 6 Bršadin – Pašnjak pod selom; 7 Vinkovci – Zablaće; 8 Vinkovci – Sopot; 9 Privlaka; 10 
Otok – Gradina / Mandekov vinograd; 11 Županja – Dubovo–Košno; 12 Kruševica – Njivice; 13 Novi Perkovci – Krčavina; 14 Ivan-
dvor – šuma Gaj; 15 Gorjani – Kremenjača; 16 Klokočevik – Klinovac; 17 Podgorač – Ražište; 18 Golinci – Selište; 19 Donji Miholjac 
– Vrancari; 20 Pepelana; 21 Radovanci; 22 Vidovci – Glogovi; 23 Nova Gradiška – Slavča; 24 Nova Kapela – Ravnjaš; 25 Virovitica 
– Brekinja; 26 Gornji Brezovljani; 27 Szemely-Irtás; 28 Szederkény-Kukorica-dülö; 29 Versend-Gilencsa; 30 Villány-Villányvirágos
(physical map: https://maps-for-free.com/; made by K. Botić)

Late Neolithic micro regional relative chronology

Despite intensified archaeological excavations, especially in the last 15 years, there was almost no 
change in relative chronology. Sopot culture, defined by S. Dimitrijević (1968; 1979) based on several East-
ern Slavonian sites and consequent relative chronology, was later disputed by Z. Marković (1994), mostly 
considering the latest regional and final phases of the Neolithic and the beginning of the Eneolithic (Table 
1). At that time, Ražište and Brezovljani styles were defined as regional variants of the Sopot culture, later 
than its initial phase. New regional research, however, dates the coeval existence of the Vinča A, early LBK, 
Ražište and Korenovo styles at the Szederkény-Kukorica-dülö site near Pécs (Figure 1: 28), starting slightly 
after 5350 BC (Jakucs 2020), with probable contemporaneous occupation of Donji Miholjac – Vrancari and 
Podgorač – Ražište sites (Figure 1: 27) (Jakucs 2021) south of the Drava River (Botić 2018; 2020a) in the 
central zone. Moreover, some of the sites exhibit additional diversification of pottery styles, including sites 
south of the Drava River, or even a degree of ‘hybridisation’ such as at the Szemely-Irtás site (Figure 1: 27) 
(Jakucs 2021) in the later phase of the Ražište and Korenovo styles. Ražište pottery style appears among the 
surface finds at the Villány-Villányvirágos site (Figure 1: 30), the southernmost Baranya site at the moment 
(Horváth 2006: 321, Fig. 2). The initial Sopot I-A phase was identified by Dimitrijević on only  one site: 
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Klokočevik – Klinovac (Figure 1: 16) (Dimitrijevič 1968: 1979: 268). However, this site is situated in the 
eastern part of the above mentioned central zone, i.e. out of the territory of the initial Vinča appearance and 
formation of the Sopot culture (Burić 2015). Dimitrijević published only a short description of layers in 
the two profiles of the excavated trenches and very sparse pottery finds (Dimitrijević 1968; 1971; 1979). 
Phases I-A and I-B he also saw at Otok – Gradina / Mandekov vinograd site (Figure 1: 10); although ma-
terial was published only in drawings, it is apparent that there are differences between these two sites and 
that some of the shards from Klokočevik may very well be linked to the LBK decoration style (cf. Dimitri-
jević 1971: T. XI: 3, 6). For example, fragment no. 6 must have been very problematic for his chronology 
because it was omitted in 1979  (Dimitrijević 1979: T. XLV); fragment no. 3 was firstly dated to the I-A 
phase in 1971 and later to the I-B phase in 1979. There are several other examples. Material from Otok, on 
the other hand, has more common traces with the Vinča style (cf. Dimitrijević 1968; Burić 2009; 2011).

Dimitrijević considered the end of the Sopot culture (phase III) in the eastern zone parallel to Vinča 
D1/D2 phases while Marković (1994; 2012) added phase IV parallel to the Vinča D2/D3 phases. Milojčić’s 
phase Vinča C–D (Milojčić 1943; 1949; Whittle et al. 2016) was not recognized (Table 1). In the past, 
methodology of field research consisted of spits defined by the depth of a spade which was problematic 
when excavations were carried out on multi-layered / tell sites; this is apparent in the publications where 
stratigraphy of the sites was discussed on profiles of the excavated trenches, only rarely the ground plans, 
and very small selection of finds. Methodology of field research in the last 20 years changed and is based 
on stratigraphic units permitting better control of the content of each archaeological feature. However, pub-
lication of archaeological features without or with small amount of selected finds is still very much in use.

New excavations carried out at the eponym Sopot tell site revealed the youngest constructions dated to 
the Sopot IV phase (Krznarić Škrivanko 2015: 378–379). After personally examining some of the finds from 
these features, we can confirm that they belong to the Sopot IV phase as described by Z. Marković (1994). 
We thank M. Krznarić Škrivanko and Vinkovci Town Museum for this opportunity. Excavations at Bršadin 
– Pašnjak pod selom site (Figure 1: 6) (Botić 2019; 2020b) documented a Late Neolithic settlement; some of 
the pottery finds exhibit more chronologically sensitive Vinča or Vinča like elements similar to those from 
the other sites, such as Bapska, Divostin, Vinča and Gomolava, in the layers dated to the phases from Vinča C 
to D1 (Botić 2020b). It is, however, difficult to discern what typical vessel forms of the Sopot “culture” are, 
although both elements of the phases Sopot III (after Dimitrijević) and Sopot IV (after Marković) are present. 
New excavations at Bapska – Gradac site (Figure 1: 2) documented pottery finds from the Sopot III / Vinča D 
phases (Burić 2011) which confirms earlier Dimitrijević’s finds from this site (Dimitrijević 1968).

In the central and western zones, in the Drava River valley, Seče style appears at the same late period 
(late 5th millennium; Marković 1994; problems with pottery style-based chronology are also connected to 
this style and to this specific region, for more see “Marković 2012), while Brezovljani style most probably 
continues in the same region during most of the 5th millennium (see note 2). Lasinja pottery style already 
appears in some parts of the Sava-Drava-Danube interfluve at that time (e.g. Balen 2008; Marković 2012; 
Rajković 2018; Čataj 2018). Brezovljani style pottery appears in the central zone as well, eg. Nova Gradiška 
– Slavča, Pepelana (Figure 1: 20, 23) and other sites (Mihaljević 2013). Despite recent attempts to summarise 
the chronology of the Sava-Drava-Danube interfluve in the 6th and 5th millennium BC (Balen et al. 2014; 
2018 etc.), it is clear that the state of published research is not adequate to resolve apparent problems. 

Site Total dates AMS Charcoal Short lived 
sample

Virovitica – Brekinja 2 2
Donji Miholjac – Vrancari 4 4 1 3
Podgorač – Ražište 3 3 1 2
Golinci – Selište 1 1 1
Novi Perkovci – Krčavina 2 2
TOTAL 12 8 7 5

Table 2. Total number of radiocarbon dates for the Middle – Late Neolithic in the eastern part  
of the central zone (late Starčevo, LBK, early Vinča, Ražište styles).
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Site Total dates AMS Charcoal Short lived 
sample

Nova Gradiška – Slavča 9 4 9
Radovanci 1 1 1
Nova Kapela – Ravnjaš 4 4 4
Vidovci – Glogovi 5 5 5
Pepelana 1 1
Gornji Brezovljani 2 2 2
TOTAL 22 16 21 1

Table 3. Total number of radiocarbon dates for the Middle – Late Neolithic in the central and  
west zones (Korenovo – not dated, Sopot, Brezovljani styles).

Site Total dates AMS Charcoal Short lived 
sample

Bapska – Gradac 7 5 2 5
Bršadin – Pašnjak pod selom 11 11 11
Čepin – Ovčara / Tursko groblje 4 4
Županja – Dubovo–Košno 6 6
Gorjani – Kremenjača 4 4 1 3
Ivandvor – šuma Gaj 6 6 3
Kneževi Vinogradi – Osnovna škola 1 1
Kruševica – Njivice 1 1?
Osijek – Hermanov vinograd 2 1 1
Otok – Mandekov vinograd 3 1 2
Privlaka – Gradina 2 1 1
Vinkovci – Sopot 26(29)* 9(12?) 22 4(7?)
Vinkovci – Zablaće 4 4 4
TOTAL 77(80?) 39(42?) 38(39?) 35(38?)

* Three dates published without the error (excluded from modeling)

Table 4. Total number of radiocarbon dates for the Middle – Late Neolithic in the east zone (Sopot, Vinča styles).  
? – data on AMS measurements and nature of samples not provided in the published material. 

Late Neolithic regional absolute chronology

A large number of radiocarbon dates primarily appeared in publications as a result of the large-scale 
rescue excavations, which intensified after 2005. We used 111 radiocarbon dates (Tables 2–4) for the period 
of micro-regional Late Neolithic collected from publications(for details about most of these dates, see Botić 
2017: 223 etc., Supplement 2; Bršadin – Pašnjak pod selom, Botić 2020b; Gorjani – Kremenjača, Šošić 
Klindžić et al. 2019; Vinkovci – Zablaće, Krznarić Škrivanko 2020; very likely, a substantial number of 
radiocarbon dates are still waiting to be published) but there are disagreements about their context. Many of 
these dates were published without or with very scarce archaeological context other than features. Conse-
quently, it is not always acceptable to attribute them to the Sopot culture/style. About 56% were AMS dated; 
short-lived samples were used for only 39 out of 63 AMS measurements (human or animal bones, seeds and 
non-charred plant macrofossils). In general, the poor sampling strategy was the main problem (Burić 2015), 
and it has continued until the present. 

Another problem in building site-by-site or general micro-regional chronology is an uneven distri-
bution of available radiocarbon dates throughout the three zones and among the sites: most of the radiocar-
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bon dates are available for the eastern zone (East Slavona and Western Syrmia), while only a few dates are 
available for most of the sites in all three zones and very few sites were dated by ten or more radiocarbon 
dates. This is illustrated the best by simple sums of dates (Figures 2–4): the central zone is split between two 
graphs because its eastern part, for the moment, is mainly dated earlier (and it has specific chronological 
continuity, diverse from the other zones as can be seen in Figure 2; Table 2) than its southern/western part. 
However, only 12 dates, out of which 8 AMS are available for this zone (Figure 2), and only 7 (5 AMS) date 
the period between the earliest documented transition to the Middle Neolithic (from about 5400/5350 BC) 
to the mid-5th millennium(four dates from Donji Miholjac – Vrancari site and one from Podgorač – Ražište 
site (Table 2); the date from Golinci – Selište site is somewhat younger, as are the rest of the dates from the 
Podgorač – Ražište and Novi Perkovci – Krčavina sites).

Figure 2. Sums of radiocarbon dates for the Middle – Late Neolithic period in the eastern part of the central zone 
(left: all radiocarbon dates, right: AMS dates).

Figure 3. Sums of radiocarbon dates for the Middle – Late Neolithic period in the east zone 
(left: all radiocarbon dates, right: AMS dates).

Figure 4. Sums of radiocarbon dates for the Middle – Late Neolithic period in the central and west zones 
(left: all radiocarbon dates, right: AMS dates).
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In the eastern zone, the situation is more complicated. Most 77 dates (39 AMS) (Figure 3) date ar-
chaeological contexts after 5000 BC. However, several dates deviate from this average and are older (Table 
5). Dates of the most recently excavated Vinkovci – Zablaće site (Figure 1: 7) come from contexts without 
any additional finds (Graves 1–3), or the context was not published (SU 69/70). The main settlement con-
struction types are timber-framed longhouses without long pits and partly with narrow foundation channels 
along the longest sides (Krznarić Škrivanko 2020: 129, Fig. 2). Similar type of construction was discovered 
at Kruševica – Njivice site (Figure 1: 12) (Miklik-Lozuk 2014). This site was dated by a single radiocarbon 
date from the sample that was not collected from the timber-framed longhouses but from the large pit (Table 
5). Except for four stone tools, no other context was provided for this site in general or for this radiocarbon 
date in particular. Such house constructions are different from those on tells, which are generally linked to 
the Vinča influence and appear in the eastern zone. However, house constructions of a similar type appear 
in the western LBK and later Lengyel traditions, and are present at settlements in the Baranya region, com-
plemented by pottery styles and the rest of the assembly.

All six dates from Dubovo – Košno site (Figure 1: 11) are a more significant problem because the 
context which the samples came from is not known (it is impossible to verify the position and exact strati-
graphic units) as detailed plan and/or description is missing (c.f. plan Marijan 2006: 44, Fig. 2). Sparse 
pottery finds published seem similar to Ražište style as defined for the area around Đakovo and not the 
classical Sopot style (Marijan 2006; Marković Botić 2008; Botić and Boras 2021). House constructions 
seem to follow the same timber framed pattern as the two previously mentioned sites (cf. Marijan 2006; 
2007). More importantly, radiocarbon measurements were performed on charcoal samples, two of which 
were exposed to ground waters (Table 5). For the moment, Vinkovci – Zablaće and Kruševica – Njivice 
dates may still prove to be the missing link with the early Vinča B phase (Jakucs and Voicsek 2017) in the 
eastern zone, but we will have to wait for the detailed processing and publication of all the archaeological 
finds from these two sites. Dubovo – Košno dates have too high an error to be of further use (Table 5), 
and charcoal samples will have to be replaced by short-lived samples; new dates will have to be published 
with full details of the context if they will be further used for dating the beginning of the micro-regional 
Late Neolithic, especially the Sopot style in the Eastern Slavonia. One more date should be excluded from 
further dating of the Late Neolithic, from the Kneževi Vinogradi – Osnovna škola (Elementary School) site 
(Table 5). Not only is the error too high, but the human remains dated come from a mixed context (Šimić 
2012: 212) and may well belong to the previous Early Neolithic Starčevo context.

Two dates from the eponym Sopot site (Figure 1: 8) also diverge from the rest. House SU 11 was dated 
to the Sopot III/IV phases by two radiocarbon dates and the context (Krznarić Škrivanko 2011; 2015; Botić 
2017: 225), but sample Z-2826 yielded a much older date (Table 5). The second date has the same problem: 
house floor SU 183a is dated to the Sopot II phase by one AMS date (Beta 230033; Krznarić Škrivanko 2011: 
214, Tab. 3; Botić 2017: 226) and the context, however, the sample Z-3868 yielded older result. Once again, 
results of radiocarbon measurements on charcoal samples exhibit too high errors for further use.

Two published dates for the central zone are older as well. One of the dates from Nova Gradiška – 
Slavča (Table 5), according to the principal investigator, dates the context (channel SU 37A) in the Brezovljani 
style (Mihaljević 2013: 78, 101, Fig. 16), while adjacent pit SU 37 was dated to the Sopot II/III phase (Z-3234) 
(cf. Mihaljević 2006: 33; 2013: 76–79, 101; transition phase Sopot II/III corresponds to the end of the Brezov-
ljani style; after Dimitrijević 1979: 334). However, channel SU 37A is at least 400 y older according to this 
single date which may be the result of the sampling strategy. If the result of this radiocarbon measurement can 
be confirmed by short-lived samples in the future, this would be the oldest dated Brezovljani phase.

The second older date for the central zone is that from the Radovanci site (Figure 1: 21). At this site, 
archaeological material was collected after the illegal excavation of the house basement; pottery attributed to 
the Sopot style was reportedly found in the closed context with the skeleton (Balen and Potrebica 2006: 25) 
which was sampled for radiocarbon dating (Table 5). Published pottery finds have more in common with the 
Brezovljani style, i.e. material is closer to that which occurs west and north of this site (Gornji Brezovljani, 
Špišić Bukovica, Pepelana etc.) (Balen and Potrebica 2006: 24); it is also similar to that in the western Trans-
danubian Lengyel tradition (c.f. Barna 2017) although some elements of its decoration and technology of 
production may have some points in common with the Ražište style which appears on the sites geographically 
relatively close by somewhat earlier. It is quite clearly different from the classical Sopot pottery finds in the 
eastern zone. If the human remains dated come indeed from the same context as the pottery finds, this is the 
oldest dated Brezovljani context in the interfluve.
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Site Lab 
code Material and context 14C age 

BP Method Literature

Dubovo – Košno

Z-3439 charcoal sample 221 (SU 318, 
sq. I/48); no other context 6870 ± 115 Obelić et al. 2011: 396

Z-2973
charcoal sample 214 from 
pit-dwelling SU 148, sq. F-38, 
western part; no other context

6530 ± 100

Obelić et al. 2002: 
620; 2004: 252, Tab. 1; 
Marijan 2001: 44, note 
12; 2006: 48

Z-3046
charcoal sample, SJU 308, 
sq. H-49d, PU 228; no other 
context

6380 ± 100

Z-2969

charcoal mixed with soil and 
exposed to the groundwater, 
PU 152, pit SU 160, sq. H-38; 
no other context

6270 ± 140

Z-3045
charcoal sample, SU 1804, 
sq. Z-43d, PU 339; no other 
context

6320 ± 100
Obelić et al. 2002: 
620; 2004: 252, Tab. 1; 
Marijan 2001: 44, note 
12; 2006: 48–49Z-2998

charcoal sample exposed 
to the groundwater from 
pit-dwelling SU 1144, sq. 
R-38/39; no other context

6220 ± 100

Kneževi vinogradi 
– Osnovna škola 
(Elementary 
School)

Z-3386

human bone (femur); no direct 
finds, mixed Starčevo/Sopot 
context at the same depth in 
the rest of the pit

6350 ± 135 Obelić et al. 2011: 400; 
Šimić 2012: 212

Kruševica – 
Njivice Z-3595

charcoal, sq. N24, SU 314, 
half pit-dwelling; no other 
context

6115 ± 60 Obelić et al. 2011: 400; 
Miklik-Lozuk 2014: 56

Nova Gradiška – 
Slavča 

Beta 
278784

charcoal, SU 37A, channel; 
pottery finds 6310 ± 40 AMS Mihaljević 2013a: 78, 

180, Tab. 31

Radovanci OxA-
23499

human bone; material 
collected, mixed context, 
Sopot pottery reported next to 
the skeleton

6229 ± 34 AMS

Perić 2012: 22; Balen 
and Potrebica 2006; 
Balen and Čataj 2014: 
68

Vinkovci – Sopot 
Z-2826

charcoal sample, fragment of a 
wooden construction / support 
of the house SU 11 wall, sq. 
I/6, depth 2.11 m

6340 ± 100
Obelić et al. 2002: 618; 
Krznarić Škrivanko 
2011: 211, 220, Tab. 1

Z-3868 charcoal sample, house floor 
SU 283a, sq. K/30/04 6295 ± 135 Krznarić Škrivanko 

2011: 211, 220, Tab. 1

Vinkovci – 
Zablaće 

DeA-
11612

Grave 1, tooth (male 35–50 
yr); Probe II, no other context 6299 ± 36 AMS

Krznarić Škrivanko 
2020: Tab. 1

DeA-
11613

Grave 2, tooth (child 0–5 yr); 
Probe II, burial in the large 
wooden post hole, no other 
context

6310 ± 36 AMS

DeA-
11614

Grave 3, tooth (female 35–50 
yr); Probe II, no other context 6223 ± 33 AMS

DeA-
23705

animal tooth; pit-dwelling SU 
69/70, no other context 6248 ± 42 AMS

Table 5 Radiocarbon dates that deviate from most Late Neolihic results.
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Regarding the end of the micro-regional Late Neolithic, it was pointed out (Burić 2015; Botić 2016a) 
that it overlaps with the beginning of the Eneolithic, namely Lasinja culture at the end of the 5th millennium 
BC. Period between 4300 and 4000/3900 BC was dated on several sites: Otok – Mandekov Vinograd (Z-
2762, charcoal, 5330 ± 120 BP; Z-2913, burned seeds of Triticum aestivum L., 5555 ± 120 BP – Obelić et 
al. 2002: 611; 2004: 252, Tab. 1), Osijek – Hermanov vinograd (Z-2830, charcoal, 5260 ± 120 BP – Šimić 
2000: 228; Obelić et al. 2002: 610; 2004: 252, Tab. 1), Čepin – Ovčara/Tursko groblje (Z-3263, charcoal, 
5500 ± 90 BP – Šimić 2004: 59; Obelić et al. 2011: 396), Nova Gradiška – Slavča (Beta 278786, AMS, 
charcoal, 5290 ± 40 BP; Beta 303974, AMS, charcoal, 5430 ± 40 BP – Mihaljević 2013: 180, Tab. 3), and 
Vinkovci – Sopot (Z-2754, charcoal, 5360 ± 130 BP; Z-2909, charcoal, 5220 ± 100 BP; Z-2911, charcoal, 
5330 ± 90 BP; Z-2827, charcoal, 5380 ± 98 BP – Obelić et al. 2002: 617–618; 2004: 252, Tab. 1; Z-3866, 
charcoal, 5415 ± 195 BP; Beta 230030, AMS, charcoal, 5300 ± 40 BP – Krznarić Škrivanko 2011: 214–215, 
Tab. 3). Most of these dates have too high an error to be considered for modelling but several AMS dates 
confirm the occupation of these sites well into the micro-regional Eneolithic. There is a fair amount of ra-
diocarbon dates for a somewhat older period (4500–4300 BC) as well. 

The settlement at the Bršadin site was recently dated by 11 AMS dates (Botić 2020b), with the 
youngest contexts dated before 4600 BC (Figure 5). However, this site underwent severe alterations in un-
known period(s);; there are indications of tell mound levelling. Consequently, the topmost structures were 
damaged and were not dated. It is possible that the occupation of this site continued into the second half of 
the 5th millennium. The foundation of explored part of this settlement occurred after 4900 BC (Figure 5) 
(Botić 2020b). Another very recently excavated Late Neolithic settlement, at Ilok – Ađanski Kraj/Krstbajer 
position (Figure 1: 1), exhibits late Viča D period elements in pottery assembly, very similar to Vinča ep-
onym site (cf. Borić 2015: 167, Fig. 5; Tasić et al. 2016a: 14, Fig. 10; Whittle et al. 2016: 5, Fig. 3). Both 
of these settlements were most probably founded at the same time as the settlement at Bapska although 
Bršadin dates are for the moment partially older (Figures 5–6) and there are no dates yet for the Ilok site.

Figure 5. Start and end boundary for the Bršadin – Pašnjak pod selom site (11 AMS dates).

Figure 6. Start and end boundary for the Bapska – Gradac site (5 AMS dates).
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Discussion

The complexity of the Middle and Late Neolithic in the Sava-Drava-Danube interfluve reflects a simi-
lar situation in adjacent regions north of the Drava River and in the Danube River basin. As already mentioned, 
sometime during the 54th century BC rapid changes seem to have occurred, which is reflected in appearance 
of diverse pottery styles and coexistence on various sites in the Sava-Drava-Danube interfluve central zone and 
in Baranya County (Jakucs et al. 2016). These styles (LBK, early Vinča, Ražište, and Korenovo) do not only 
differ in surface decoration, but the tempering, firing, surface treatment, and vessel forms have their own mi-
cro-regional or site-by-site variants; traditions transferred from the Early Neolithic Starčevo style vary as well. 

At the same time, timber-framed longhouses appear both in the Drava and the Sava river valleys. From 
that time until the end of the Neolithic, micro-regional diversity continues. Classical Sopot style, as defined by 
S. Dimitrijević, occurs in the eastern zone. However, it is still not entirely clear when and where Vinča style 
appeared there, although newly excavated site Vinkovci – Zablaće may at least partially answer this question; 
radiocarbon dates point to the period of Vinča B (cf. Whittle et al. 2016) but older phase of the settlement can be 
expected as the child in the Grave 2 was buried in a hole left by a large wooden post, most probably the remain 
of a large longhouse (Krznarić Škrivanko 2020: 135, Fig. 8). Complex situation at this site is also demonstrated 
by the contents of one larger cylindrical pit with three whole vessels left at its bottom (Krznarić Škrivanko 2020: 
133, Fig. 6). Description of these vessels was not published but we had the opportunity to examine them at the 
Vinkovci Town Museum; one of the vessels is biconical with incised arched motifs in the upper segment (similar 
to Ražište style), the other has a linear motif executed in double dashed lines, in a Stichbandkeramik tradition 
while the third was undecorated. Parallels for the Stichband decoration cannot be found in the close vicinity, only 
in the central Europe at the moment (see Zápotocká 2007: 203, Abb. 3, especially no. 13 as the closest parallel). 
Vinkovci – Zablaće vessel form suggests the early Stichbandkeramik phase. However, Zápotocká states that it 
only spreads in its 3rd phase. The exact position and orientation of this pit and its full context were not published. 
Both decorated vessels had dark, finely executed, unpolished surfaces. The third vessel was coarser. Earlier dis-
covered Grave 3 from Vinkovci contained two early Vinča vessels (Burić and Težak-Gregl 2010); however, they 
do not match the early Vinča (Vinča A) vessels at Szederkény-Kukorica-dülö and other sites around it (cf. Jakucs 
et al. 2016; Jakucs and Voicsek 2016; Whittle et al. 2016). They match early Vinča assembly from Vinča – Belo 
Brdo site (Borić 2015; Tasić et al. 2016a), which is dated somewhat later than the Baranya County finds. They 
also point to the micro-regional classical Sopot development later on. The fact that these vessels were found 
in the same context as the late Starčevo pottery (Spiraloid B after Dimitrijević) is not surprising; as mentioned 
before, an amalgamation of pottery styles in the same contexts is quite common in that transition period from the 
Early to the Middle Neolithic. Unfortunately, this grave context was not radiocarbon dated. 

The beginning of the Late Neolithic in the eastern zone with fully developed classical Sopot style can 
be dated to the period around 5000 BC and later. Already mentioned problems with uneven distribution of radi-
ocarbon dates and lack of full contexts prevent the development of full chronology of this micro-region, but it 
can be observed that most of the dates span between 5000 and 4400 BC (Figure 7). Most dates diverging from 
that period, whether older or younger, should be re-examined or re-dated before considering them for further 
dating of the beginning or the end of the Late Neolithic. Regional absolute chronology based on these prob-
lematic dates was published by Obelić et al. in 2004. We advise taking the results from this study with caution. 

Figure 7. Sums of radiocarbon dates for the Middle – Late Neolithic period in the Sava-Drava-Danube interfluve (northern Croa-
tia) (left: all radiocarbon dates, right: AMS dates).
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Rašište style seems to first appear in the central zone (so far well attested in its northern and eastern 
part), followed by the Brezovljani style, while in the western zone, Brezovljani style succeeded the Ko-
renovo style. This simplified relative chronology is not the best view on the problem: recent excavations 
around Nova Gradiška, Novska and Pakrac, i.e. central and western region border zone (namely its south-
ern and south-western part), yielded mixed context finds (late Korenovo, Brezovljani, Ražište elements) 
that are primarily described as Sopot but may well represent a regional amalgamation of styles, as seen in 
the Drava River valley, and their transformation, especially from the 5000 BC onwards (e.g. Mihaljević 
2010: 115; Nodilo 2013: 176; 2014: 60, 61, cat. nos. 154, 161–163; Ivanković 2013: 173; 2014: 58). Lack 
of radiocarbon dates and publication of pottery assembly for most of these contexts prevents building this 
micro-regional chronology for the moment.

Z. Marković determined Ražište as a variant of the Sopot culture in 1985; its relative chronology 
was linked to the Sopot I-B and later, after the excavations at Novi Perkovci – Krčavina site (Figure 1: 13), 
to the Sopot I phase (Marković 2012). After the new excavations and the first series of radiocarbon dates 
from Podgorač – Ražište, Golinci – Selište and Donji Miholjac – Vrancari sites (Botić 2021) south of the 
Drava River, and Szederkény-Kukorica-dülö, Szemely-Irtás and other sites north of the Drava River in the 
Baranya County, the chronology of Ražište style is quite different. North of the Drava River, this style ap-
pears along the early Vinča (A), early LBK and Korenovo styles, and it is predominant in the western part of 
the settlement in Szederkény-Kukorica-dülö, while in the eastern part of this settlement, with predominant 
Vinča (A) style, it appears along early Vinča, early LBK and Biňa-Bicske styles (Jakucs 2021: Fig. 16). 
The beginning of both eastern and western parts of this settlement was dated to the period following 5350 
BC (Jakucs et al. 2016; Jakucs 2021). The end of both settlement parts at Szederkény is dated to the period 
predating 5150 BC. The continuity of Ražište style is dated at the Szemely-Irtás site into the 5th millennium 
BC (Vinča B2/C1 – Jakucs 2021: 138). The same situation is observed south of the Drava River, where the 
oldest dates and pottery finds appear almost at the same time as in Szederkény-Kukorica-dülö while the 
younger phase, after 5000 BC, is observed in the region around Đakovo and most probably further south. 
As mentioned before, sites with Ražište style appear around Đakovo along the sites where only classical 
Sopot-style material was reported and/or could be verified, which poses the question about their chronolog-
ical relations. There are no Ražište style finds further east for the moment.

Such early dating of Ražište style, its decorative and technological elements, and its geographic 
distribution suggest its appearance as a local ‘product’ of the early LBK and early Vinča (A) contacts with 
limited Early Neolithic Starčevo technological traditions. Therefore, this style should not be considered a 
variant of the classical Sopot or even its earliest phase. Differences in vessel shapes, tempering, firing and 
surface treatment between these two styles are too great to be further considered tightly connected. Both, 
however, appear in the Late Neolithic (most of the 5th millennium BC) along several other styles and tra-
ditions which share some of the same elements, such as red-painted motifs, albeit with different intensity 
and technology. A recently published paper on Sopot chronology in the Sava-Drava-Danube interfluve by 
Šošić Klindžić et al. (2019) does not take into consideration this diversity of traditions between Ražište and 
classical Sopot styles. This paper should as well be taken with extreme caution when discussing the Late 
Neolithic chronology of the interfluve. The same problem occurs with some older papers (e.g. Sraka 2012). 
On the other hand, Transdanubian regional differences were already noted by Regenye in 2002; they are 
linked to the regional differences south of the Drava River, namely classical Sopot in eastern Slavonia and 
the Brezovljani style in the west. The map presented in this paper draws the separation line between these 
two Late Neolithic styles from Donji Miholjac in the Drava region, down the Požega Valley, to the area 
around Nova Gradiška. This is precisely where we see first the development of the Ražište style followed 
by the emergence of the Brezovljani style. Discussion about the Sopot variants in this paper should be dis-
regarded. This paper also rightly connects the Brezovljani style with the Western Transdanubian Lengyel 
style, as they share most of the traits.

The Late Neolithic settlement foundation in the Danube River valley seems to have occurred at the 
beginning of the 5th millennium for a specific reason. Some indications that the environmental conditions 
may have played a role in this can be seen at the Bršadin site, where the settlement was founded on a very 
low Vuka River bank (tell Sopot was also founded on a low Bosut River bank at a very similar time, cf. 
Krznarić Škrivanko 2015). Radiocarbon sequence and most distinct finds were used to create the first pre-
liminary composite chronology of the site (Botić 2020). The importance of building site-by-site chronolo-
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gies before attempting to create a regional one and the methodology were described by Marić et al. (2021) 
and Diaconescu et al. (2020). 

Other sites, such as Bapska – Gradac and Ilok – Ađanski Kraj/Krstbajer, appear in the Western 
Syrmia on elevated positions and are most probably contemporaneous with the Bršadin settlement. For the 
moment, Bršadin and Bapska sites are dated to Sopot III–IV/Vinča C–D/D periods (c. 4800–4500 BC). 
However, the difficulty in attributing finds to the Sopot or Vinča assembly is preventing us from drawing 
precise conclusions. Whittle et al. (2016) demonstrated difficulties in building and comparing regional 
chronologies of the Vinča culture. With some certainty, we can partially attribute some of the pottery finds 
from Bršadin to the short Milojčić’s phase Vinča C–D and early Vinča D phase as described and dated by 
Borić (2015) and Tasić et al. (2016a; 2016b). Other pottery finds from the Ilok site can be similarly attrib-
uted, although some differences between these two sites exist.

Conclusions

The traditional approach to the Middle and Late Neolithic micro-regional chronology consisted of a 
short publication of the archaeological contexts with a list of radiocarbon dates. Despite a significant num-
ber of radiocarbon measurements performed in the last 20 years, there have been almost no attempts to build 
a site-by-site and, consequently, a local chronology through combining Bayesian modelling of radiocarbon 
dates with full statistical seriation of finds from individual sites. Although the beginning of the Neolithic in 
the Sava-Drava-Danube interfluve at the very beginning of the 6th millennium BC is fairly known (Botić 
2016b), the transformation that occurred in the period following 5400 BC is only beginning to be under-
stood, both south and north of the Drava River (Marković 1994; 2012; Horváth 2006; Jakucs and Voicsek 
2016; 2017; Jakucs et al. 2016; 2018; Botić 2018; 2020a). This is a period of pottery styles diversification 
in the interfluve: early Vinča (A), early LBK and Ražište styles in the central zone (Podgorač – Ražište, 
Golinci – Selište, Donji Miholjac – Vrancari), and in the Baranya County (Szemely-Irtás, Szederkény-Ku-
korica-dülö, Versend-Gilencsa, Villány-Villányvirágos) where Korenovo elements appear in some of the 
same contexts; local LBK Korenovo style (Dimitrijević 1979; Težak-Gregl 1993) in the Moslavina-Bilogo-
ra region followed by Brezovljani style (Dimitrijević 1978; 1979), and classical Sopot style in the eastern 
zone with significant Vinča influence (Dimitrijević 1979; Burić 2011). The diversity between eastern and 
western zones is also seen in the house dimensions and structure; timber-framed longhouses appear in both 
the Drava and Sava River basins (Virovitica – Brekinja, Donji Miholjac – Vrancari, Kruševica – Njivice, 
Dubovo – Košno) with only one known site from the central area of the eastern zone (Vinkovci – Zablaće). 
In the eastern zone, on the other hand, tell settlements appear in the Late Neolithic with houses of smaller 
dimensions and very often with clay floors in wattle and daub house constructions. Flat settlements in the 
same zone follow the timber-framed longhouse model but are of smaller dimensions.

Regarding the absolute dating of these changes, over 100 radiocarbon dates have been collected 
from publications of the last 20 years. However, large majority were published without clear context or a 
full study. Not enough of these measurements were performed on short-lived samples. Further, there were 
attempts in the past to justify and date old typo-chronology periods (Obelić et al. 2004) or to use all avail-
able radiocarbon dates without taking into consideration micro-regional and temporal diversity, problems 
with samples and/or contexts listed here (Šošić Klindžić et al. 2019; Sraka 2012). At present, robust Middle 
and Late Neolithic chronology is still missing. However, there are indications about certain temporal occur-
rences, such as the beginning of the Middle Neolithic transformation in the Drava River valley, the appear-
ance of the Late Neolithic along the Danube and the transformative period at the end of the 5th millennium 
BC. Building complete chronologies of several key sites and incorporating them into the micro-regional 
chronology would be a good start.
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Pioneers, carpenters, outsiders: radiocarbon dating  

of early farmers in western Hungary 
Krisztián Oross, János Jakucs,  

Tibor Marton, Erika Gál, Alasdair Whittle

Abstract Archaeological research on Neolithic southern Transdanubia between Lake 
Balaton and the Drava River has received particular attention over the last 20 years. 
Besides large-scale excavations of early farming settlements, micro-regional surveys and 
various bioarchaeological investigations, one of the most significant research objectives has 
been establishing an absolute chronological framework for the region. Hundreds of AMS 
radiocarbon measurements have been made during several research projects. The Times 
of Their Lives ERC Advanced Investigator Grant explored radiocarbon chronology as its 
primary task. A series of research projects funded by the National Research, Development and 
Innovation Office of Hungary and other institutions have enriched databases with essential 
data. This paper focuses on the 6th millennium cal BC, particularly on the second half of that 
period, and thus the consolidation of the Neolithic in the region.

The swift spread of the Neolithic across the Balkan Peninsula reached the southernmost parts 
of the Carpathian basin during the last centuries of the 7th millennium cal BC. The process 
did not become frozen entirely afterwards, and a gradual northward shift of the frontier zone 
could be recorded in eastern Hungary. In contrast, any regional-scale Transdanubian model 
can only be derived from the general dynamics of the Neolithic dispersal rather than from 
actual radiocarbon measurements.

Another pivotal point of the regional chronology is the formation of radically different types 
of settlements after the initial Neolithic and their possible contribution to the neolithisation 
of central Europe. Despite a series of successful dating programmes, the virtually unlimited 
variability of late 6th millennium cal BC material culture encourages further research on its 
spatial and temporal patterns. Radiocarbon dating programmes can also be powerful tools 
to fix the actual use-time of different pottery styles and manufacturing technologies. At the 
same time, they provide substantial information on the evolution and density of the regional 
settlement system. 

The third focus of the paper discusses the end of the Linearbandkeramik world from a 
particular perspective. This includes the appearance of a distinct material culture (Sopot) 
originating in the south and its coexistence with the LBK on a regional level.

Keywords: western Hungary, Neolithic, absolute chronology, radiocarbon dates, 6th 
millennium cal BC, settlements, material culture
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Introduction

Recognition of finds and sites belonging to two major entities in the cultural concept, namely those 
of the Linearbandkeramik culture (LBK) and the Lengyel culture, dates back to the late 19th century in the 
western areas of modern Hungary. In contrast, ceramic assemblages and sites of the southeast European 
pattern of the Early Neolithic (Starčevo) were not discovered earlier than the 1970s. Concurrently, the 
Hungarian distribution of the Sopot culture was also recognised along the Danube and in southwest Trans-
danubia (Kalicz and Makkay 1972, Kalicz 1980). Those discoveries already enabled the construction of a 
coherent regional-scale typo-chronological framework for the first millennium of food production (Kalicz 
1990; 1991; 1995). The most recent crucial amendment of this system was implemented following the 
excavation of sites associated with early Vinča- and Ražište-style pottery assemblages in the southernmost 
part of the region (Jakucs and Voicsek 2015). Nevertheless, increasing datasets revealed the fundamental 
weaknesses of assigning entire sites and finds assemblages to pure, homogeneous pottery styles.

Parallel to the intensive field research activities of Nándor Kalicz and János Makkay, a new, power-
ful tool for establishing archaeological chronologies also became available in this region. Thus, radiocarbon 
dating of Neolithic western Hungary goes back more than a half-century, when the first measurements were 
carried out in collaboration with the Radiocarbon Dating Laboratory of the German Academy of Sciences 
in Berlin. A limited number of samples were submitted for dating from various sites, and the first dates were 
published in the format of uncalibrated dates, such as from Becsehely-Bükkaljai-dűlő and Zalavár (Kohl 
and Quitta 1963: 301; 1964: 316; Kalicz 1990). After that, the radiocarbon dating of investigated sites re-
mained sporadic, indeed rather exceptional, for decades. Typically one to three measurements were carried 
out, such as from the Starčevo occupation of Vörs-Máriaasszony-sziget (Kalicz et al. 2002), the LBK oc-
cupations of Kustánszeg-Lisztessarok, Pári (Kalicz 1991; Kalicz et al. 2007) and Budapest-Aranyhegyi út 
(Kalicz 1995), and the Sopot occupations of Ajka and Nemesvámos-Baláca (Regenye 1996: 168). 

An increase in new radiocarbon measurements, yielding overwhelmingly AMS dates, occurred at 
the turn of the millennium and in the following decade due to large-scale preventive excavations before 
construction works. Field research was mainly related to new motorways, property developments, or oth-
er infrastructural projects. Southwest Transdanubia provides an excellent example, as different Neolith-
ic settlements were dated from Becsehely-Bükkaljai-dűlő, Becsehely-Homokos, Petrivente-Újkúti-dűlő, 
Sormás-Mántai-dűlő and Sormás-Török-földek (Barna 2004; 2012; 2017; Kalicz et al. 2007; 2012). At 
the same time, the Vienna Environmental Research Accelerator (VERA) carried out some further meas-
urements on samples from research excavations as well; Szentgyörgyvölgy-Pityerdomb was dated with a 
series of ten measurements (Bánffy 2004: 299–309).

Another important source of radiocarbon dates became the first archaeogenetic research project 
investigating the region. Radiocarbon dates were primarily used to verify the age of the sampled human 
remains. Absolute chronological dating proved to be an essential element of the methodology since the 
sampled materials were heterogeneous. Human bones were collected from assemblages of much earlier 
excavations alongside skeletons uncovered during new field research programmes, including rescue exca-
vations. Burials from the different periods of the Alsónyék complex, Budakeszi-Tangazdaság, Fajsz-Gara-
domb, Kóny-Proletár-dűlő II, Lánycsók-Csata-alja, Tolna-Mözs-Községi-Csádés-földek and Szemely-Irtás 
(referred to as Szemely-Hegyes in some earlier publications) were dated in the course of the ancient DNA 
projects (Szécsényi-Nagy et al. 2015; Lipson et al. 2017). In many cases, those dates served as the basis of 
subsequent targeted radiocarbon dating programmes.

The Times of Their Lives (ToTL) ERC-funded project marks a pivotal point in regional absolute chron-
ological research. With series of dozens or even hundreds of measurements, it has opened a new horizon for 
Hungarian research. All dating programmes of the project were carefully planned from the sampling strategy 
through to the publication of the results. Probability density estimations for the beginning and the end of the 
use of settlements and burial grounds, as well as date parameters for various activities, were calculated in a 
Bayesian statistical framework (Bayliss et al. 2016). Based on the successful dating programmes and the expe-
riences of the project, additional series of radiocarbon dates were obtained by further research projects funded 
by the National Research, Development and Innovation Office of Hungary and other institutions (Figure 1).
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Figure 1. Radiocarbon dated 6th and earliest 5th millennia cal BC Neolithic sites in western Hungary: 1) Ajka; 2) Alsónyék, Starčevo 
settlement; 3) Alsónyék, later 6th millennium cal BC settlement; 4) Alsónyék, Sopot burial ground; 5) Balatonszárszó-Kis-erdei-dűlő; 6) 
Becsehely-Bükkaljai-dűlő, Starčevo settlement; 7) Becsehely-Bükkaljai-dűlő, LBK settlement; 8) Becsehely-Bükkaljai-dűlő, Sopot settle-
ment; 9) Becsehely-Homokos; 10) Budakeszi-Tangazdaság; 11) Budapest-Aranyhegyi út; 12) Fajsz-Garadomb; 13) Kóny-Proletár-dűlő 
II; 14) Kustánszeg-Lisztessarok; 15) Lánycsók-Csata-alja; 16) Nemesvámos-Baláca; 17) Pári-Altacker; 18) Petrivente-Újkúti-dűlő, LBK; 
19) Petrivente-Újkúti-dűlő, Sopot; 20) Sormás-Mántai-dűlő; 21) Sormás-Török-földek; 22) Szederkény-Kukorica-dűlő, eastern unit; 23) 
Szederkény-Kukorica-dűlő, middle unit; 24) Szederkény-Kukorica-dűlő, western unit; 25) Szemely-Irtás; 26) Szentgyörgyvögy-Pityer-
domb; 27) Tolna-Mözs-Községi-Csádés-földek; 28) Versend-Gilencsa; 29) Vörs-Máriaasszony-sziget; 30) Zalavár.
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This paper provides an overview of the current state of absolute chronological research on the neo-
lithisation process and early farming communities in western Hungary, as well as accurate modelling of the 
consolidation of the food-producing economy in the region. Besides the summary of already published re-
sults, two case studies are also presented. The first one successfully demonstrates how a new series of dates 
can reinforce previous assumptions and contribute to the establishment of a regional-scale chronology. The 
intention of the second one is to discuss the opportunities afforded by re-modelling already existing datasets 
by adding new prior information and aspects not previously considered.

The earliest farmers of western Hungary

Based on the informal analysis of new radiocarbon series from various Serbian and Hungarian early 
Neolithic sites, a gradual shift of the frontier zone towards the north could be determined. The earliest dates 
went back to c. 6200 cal BC in the Šumadija region of central Serbia south of the Danube, with an early 
Neolithic occupation in certain parts of the Banat and the Bačka by 6000 cal BC, but many sites did not 
appear to start earlier than 5800 cal BC. All included Hungarian sites with radiocarbon-dated features lie on 
the Great Hungarian Plain, that is, in eastern Hungary (Whittle et al. 2002). Later on, again derived from 
individual radiocarbon dates, László Domboróczki argued for a four-step development for the Great Hun-
garian Plain during the early 6th millennium cal BC. In his framework, the Neolithic started around 6000 
cal BC along the Maros River, while the first food-producing communities were not earlier in the northern 
Tisza region than the 57th century cal BC (Domboróczki 2010: 159, Figure 11). Small formal models on 
series dating single sites suggested a similar, slow advance with some pioneer settlements beyond the actual 
frontier line (Oross and Siklósi 2012).

In Transdanubia, the early Neolithic (Starčevo) occupation of Alsónyék remains the only settlement 
dated with a formally modelled series of radiocarbon dates (Oross et al. 2016a). Beyond Alsónyék, there 
is only one radiocarbon date available from the south, from Lánycsók-Csata-alja (Szécsényi-Nagy et al. 
2015). From the northernmost areas in central Transdanubia, probably three measurements were carried out 
on samples from Becsehely-Bükkaljai-dűlő (Kalicz 1990; 2011), and one further radiocarbon date was pub-
lished from Vörs-Máriaasszony-sziget (Kalicz et al. 2002). The “extreme north” of the Hungarian distribu-
tion, such as Gellénháza-Városrét (Simon 1996) and Tihany-Óvár on the northern shore of Lake Balaton 
(Regenye 2010), are not radiocarbon dated at all.

After the initial Neolithic

Previous radiocarbon chronologies for the early Neolithic of central Europe dated the beginning of 
the LBK around 5500 cal BC based on about a hundred individual radiocarbon dates from early LBK sites 
excavated on the territory of the then West Germany and Austria (Stäuble 1995; 2005). Other estimations 
had set the onset of the LBK between 5700 and 5600 cal BC, or even around 5700 cal BC (Lüning 1991; 
Gronenborn 1998; 1999). This approach was supported by the assumption that the emergence of the same 
pattern of material culture must be earlier in the area of origin, that is, in the western Carpathian basin and 
some adjacent regions. The hypothesis gained support from the earliest radiocarbon dates from the Brunn/
Wolfholz 2 settlement in the Vienna basin, associated with a pottery assemblage resembling Starčevo char-
acteristics (Stadler 2005; Stadler and Kotova 2010; 2019: 213–242). The Transdanubian evidence for the 
period following the southeast European pattern of the initial Neolithic is scarce. The joint formal model-
ling of Brunn/Wolfholz 2 and Szentgyörgyvölgy-Pityerdomb dated the phenomenon called formative LBK 
by Hungarian scholars between the 56th and 54th centuries cal BC (Jakucs et al. 2016); radiocarbon-dated 
assemblages from present-day Hungary are known exclusively from Szentgyörgyvölgy (KO comment ‘t’ 
missed from the submitted text, small typo)-Pityerdomb (Bánffy 2000; 2004: 299–309; Bánffy and Whittle 
2022). 
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The mid-54th century cal BC and the later 6th millennium settlement of the region

Its final three and half centuries have become the most intensively investigated period of 6th mil-
lennium cal BC Transdanubia in the past three decades. The doctoral thesis of Roland Gläser provided 
a comprehensive survey and a summary of earlier research but already marked the onset of a paradigm 
shift. Gläser’s work presented 637 LBK sites from western Hungary and a meticulous relative chro-
nology based on pottery decoration. His dissertation also pointed out that data on some aspects of the 
entity, such as architecture, settlement layouts and burial places, well-known from different regions of 
central Europe, were little known, if at all, from western Hungary (Gläser 1993). 

The following two decades definitely brought the golden age of LBK settlement archaeology 
in Hungary. Research activity started along the M1 motorway that connects Budapest with Vienna, 
followed by the M7 motorway on the southern shore of Lake Balaton and in southwest Transdanubia, 
and finally along the M6 motorway between Budapest and Pécs. The road footprints where preventive 
and salvage excavations were carried out before motorway construction function virtually as three giant 
sections crossing Transdanubia in different directions. 

This type of excavation has proved to be particularly appropriate for the investigation of ex-
tended later 6th millennium cal BC settlements. Sites with dozens of timber-framed longhouses, such 
as Balatonszárszó-Kis-erdei-dűlő on the southern shore of Lake Balaton (Marton 2004; 2008; Oross 
2004), Tolna-Mözs-Községi-Csádés-földek in the northernmost part of the Tolna Sárköz (Marton 
and Oross 2012), Alsónyék in the southern part of the same region (Osztás et al. 2012; Oross et al. 
2016b), and Szederkény-Kukorica-dűlő and Versend-Gilencsa in the Southern Baranya Hills (Jakucs 
and Voicsek 2015; Jakucs et al. 2016; 2018), became the hallmarks of this new era. The uniform cen-
tral European early Neolithic type architecture was accompanied by constantly altering combinations 
of material culture, identical with central European LBK pottery styles at Lake Balaton in the north, 
with growing Vinča influence towards the south and with a predominance of Vinča- and Ražište-style 
pottery south of the Mecsek Mountains (Jakucs 2020; Oross et al. 2020). The later 6th millennium cal 
BC settlements are the most accurately dated sites on a regional scale as all three settlement units from 
Szederkény-Kukorica-dűlő (Jakucs et al. 2016), the adjacent Versend-Gilencsa settlement (Jakucs et 
al. 2018) and the later 6th millennium cal BC occupation at Alsónyék (Oross et al. 2016b) have been 
dated and modelled in the ToTL project. The dating programme for the early LBK occupation of Bala-
tonszárszó-Kis-erdei-dűlő has also recently been published (Oross et al. 2020). The only exception is 
Tolna-Mözs-Községi-Csádés-földek, which remains the single larger evaluated but virtually not radio-
carbon-dated settlement so far.

Figure 2. Aerial view 
of the Tolna-Mözs-
Községi-Csádés-földek 
settlement from the 
north-east with the 
already existing M6 
motorway and its 
typical Tolna Sárköz 
landscape environment 
during the small-scale 
excavation in 2016.
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The Tolna-Mözs-Községi-Csádés-földek site (Figure 2) was excavated in two seasons before the 
construction of the M6 motorway in 2008 and 2009. Field research was carried out by the Archeosz-
tráda Ltd. and the Institute of Archaeology of the Hungarian Academy of Sciences; the directors of the 
excavation were Ferenc Redő and István Koós. Within the investigated area, a total of 47 house plans 
were uncovered; these were the remains of timber-framed longhouses, with so-called long pits flanking 
the houses both on their eastern and western sides, and proved to be constructions typical of the central 
European early Neolithic, also referred as the LBK house. Three different clusters of houses could be 
distinguished, 12 belonging to the southern one and 19 to the middle, while 16 other buildings formed 
the northern house cluster. They were separated from each other by zones lacking buildings. The dis-
tance between the southern and the middle cluster was 90 m, while a 70 m gap could be recognised 
between the middle and the northern cluster (Figure 3). LBK-style pottery and early Vinča-style charac-
teristics were already recorded in the first assessment of the finds. The southern settlement cluster also 
revealed a more significant number of fragments resembling late Starčevo-style assemblages (Marton 
and Oross 2012). 

The geomagnetic survey, carried out in collaboration with the Romano-Germanic Commission 
of the German Archaeological Institute, covered a large area of 79 ha around the excavated surfaces. 
The surveys were completed both on the western and the eastern side of the already existing motorway 
in 2011 and 2013. The first evaluation of the geomagnetic data proved the one-time existence of more 
than 170 Neolithic buildings, including the houses uncovered earlier. The buildings were arranged 
into 11 house clusters, three of them already recognised in the course of the excavations. The 11 house 
clusters could be assigned to three different larger settlement parts (Rassmann et al. 2015b). A later 
comprehensive assessment of the geomagnetic evidence and the excavation record could determine the 
existence of 186 houses in seven house clusters that formed the three larger settlement parts (Rassmann 
et al. 2020).

In the framework of the programme Neo-
lithic communities in the contact zone between the 
Balkans and central Europe, further research was 
carried out in the so-called Tolna Sárköz/Sárvíz 
Valley micro-region over an area of 3393 ha. This 
area covers precisely the northern fringes of the 
Tolna Sárköz, whose largest later 6th millennium 
cal BC settlement is Tolna-Mözs-Községi-Csádés-
földek. The eastern part of the micro-region is lo-
cated along the Tolna Danube. The largest oxbow 
of the river on its Hungarian course was separated 
from the present riverbed by regulation in the 19th 
century. The western part of the micro-region is 
located along the Sió/Sárvíz water system and the 
Völgység stream to the southwest. This territory 
connects the densely populated Tolna Sárköz re-
gion with the internal parts of Transdanubia (Oross 
et al. 2020).

Figure 3. Overall plan of the excavated part of the later 6th mi-
llennium cal BC settlement at Tolna-Mözs-Községi-Csádés-földek 
with radiocarbon samples and dated features.
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Figure 4. Pottery from House 44 in the southern excavated house cluster of the later 6th millennium cal BC settlement at Tolna-
Mözs-Községi-Csádés-földek: 1–4, 7, 9–10: Feature 1151/1190; 5–6, 8: Feature 1139/1184.
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The NRDIO-funded project Transforming traditions of material culture. Spatial and temporal patterns 
in pottery style, production and use during the second half of the 6th millennium cal BC in SE Transdanubia and 
beyond was launched in December 2019 focusing on pottery production in the region (Marton et al. 2020). One 
particular task of the programme is the investigation of the ceramic assemblage from the Tolna-Mözs-Községi-
Csádés-földek site. A significant part of the finds consisting of 38,000 objects recovered from the site belongs 
to the Neolithic. Most of the ceramic material originates from the long pits flanking timber-framed houses and 
from further pits also closely related to the house units (Figure 4). This statement is valid for all other finds 
groups in the archaeological record as well. 

Regarding stylistic aspects of the pottery, they share certain characteristics of previously defined and 
canonised style groups of the region (Marton and Oross 2012). Globular-shaped, Schlickwurf-decorated storage 
vessels and large bowls, as well as certain versions of fine-ware biconical bowls are closely related to the late 
Starčevo ceramic style. Nevertheless, characteristic ornamental painting of late Starčevo sites in south-east 
Transdanubia (Kalicz 1990; Oross et al. 2016a: 97) is completely absent from Tolna-Mözs-Községi-Csádés-
földek. Biconical vessels with a thickening profile at their carination and often with fine vertical or oblique 
channels on their upper part represent common shapes and ornamental characteristics of early Vinča-style pot-
tery (Lazarovici 1981; Schier 1996; Jakucs 2020). It is worth noting, however, that the black-topped and red-
slipped firing and surface treatment technology of the early Vinča ceramic style, that is also frequent in contem-
poraneous sites in the southernmost part of Transdanubia (Jakucs and Voicsek 2015: 29, Figure 8), is unknown 
from this assemblage. Fragments and pots decorated with incised lines can be matched with objects from LBK 
assemblages, primarily with that of early LBK- and evolving later LBK-style ceramics. All these distinct ma-
terial culture units, which are chronologically and spatially separated in traditional chronological frameworks 
based on ceramic typology, were recorded side by side, often from the same features, at Tolna-Mözs-Községi-
Csádés-földek. Clay figurines and altars show similar patterns, even in statistical assessments.   

The ceramic finds of distinct house units in the excavated area show significant variability (Marton and 
Oross 2012: 232), primarily in the ornaments of the LBK-style pottery. Finds assemblages associated with the 
house units of the southern excavated house cluster contain early LBK-style sherds. In contrast, pottery from 
most of the house units in the northern excavated cluster is dominated by sherds belonging to later LBK ceramic 
styles, among them Notenkopf-decorated sherds (Marton and Oross 2012: 232). Some ornaments of the Malo 
Korenovo-style have also been recognised from the latter area.  

From a ceramic technology point of view, the assemblage is uniform over the entire investigated area, 
but reveals a great variability concerning raw materials. According to macroscopic analyses, chaff tempering 
was the most frequent one both among fine and coarse ware fragments (Figure 4: 1, 7–8). Coarse ware pottery 
was often tempered by chaff and gravel, and further by river sediments and calcareous elements (Figure 4: 9). 
Fine ware vessels were frequently produced from a fine-grained raw material without tempering (Figure 4: 3–5). 
The surface of the sherds is widely eroded, but the original polished surface can also be observed in patches on 
some fine ware fragments. 

The ceramic assemblage of 1800 sherds, recovered from the long pits of House 44 in the southern house 
cluster, which is also involved in the current radiocarbon dating programme of the site, provides an excellent 
example for the stylistic variability discussed above.

Among the vessel shapes associated with coarse ware pottery, globular forms, slight S-profiled vessels, 
as well as barrel-shaped variants are among the most common ones, typically with vertical and curved Schlick-
wurf decoration on their outer surfaces (Figure 4: 7). Incised decorations and finger incisions on the rim, and 
furthermore under the rim, are also frequent (Figure 4: 9). Short incisions are typical elements of coarse ware 
pottery decoration patterns (Figure 4: 8). 

Biconical bowls with a wide, open shape and a short upper body (Figure 4: 3) as well as more closed 
deep bowls with a thickening profile at their carination and with vertical fine chanelling (Figure 4: 5) are un-
ambiguously common in the early Vinča ceramic style. Fragments decorated with incised bands with further 
dashed incisions on the bands belong to the same category (Figure 4: 10).

The globular storage vessel, probably with a cylindrical neck, decorated with incised spiraloid and me-
andric bands and with two pairs of vertically perforated handles (Figure 4: 1), represent a widespread early 
LBK vessel type. The small vessel with funnel-shaped neck uncovered from the long pit of House 44, which 
is decorated with incised bands of wavy lines and reverse W-shaped supplementary motifs (Figure 4: 2), also 
shares the characteristics of LBK pottery style, both in terms of its ornamental elements and the position of the 
elements within the composition.

Parallels for the assemblage from House 44 and the entire southern house cluster are known from dif-
ferent house units of the nearby site at Tolna-Mözs-Szarvas-dűlő, located about 2 km to the south (Oross et 
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al. 2020: 159, Figure 4). Similar observations have been made on the ceramic assemblage of the later 6th 
millennium cal BC occupation at Alsónyék (Oross et al. 2016b: 126–129). Among the contemporaneous set-
tlements south of the Mecsek Mountains, comparable patterns are recorded from Versend-Gilencsa (Jakucs 
et al. 2018). Tolna-Mözs-Községi-Csádés-földek was labelled as an LBK settlement in earlier publications 
along with the later 6th millennium cal BC occupation of the Alsónyék complex. Nevertheless, coeval sites of 
the Tolna Sárköz region bear a unique combination of material culture which can hardly be identified as LBK 
in its central European guise. In contrast to the sites of the Southern Baranya Hills micro-region, they are also 
distinct from typical early Vinča and Ražište assemblages.

Among a wide range of recent investigations on pottery production, fabrics and technologies as well 
as raw materials, a radiocarbon dating programme also became possible. The primary aim was to determine 
the date of the establishment of the later 6th millennium cal BC settlement, and further to obtain some dates 
for the beginnings of the use of later LBK-style pottery. These goals coincide with the ambition to establish a 
reliable chronology for the excavated part of the Neolithic site. 

Grave 1649/1748, a SE–NW oriented, left-crouched body deposited into the western long pit of House 
35, was dated prior to this programme in the course of an archaeogenetic project; a clavicle was dated in the 
CEZA-Laboratory in Mannheim (MAMS-14145). Grave 2392/2559, a SE–NW oriented, left-crouched body 
deposited into the western long pit of House 04, was dated in the same bioarchaeological project; a tibia was 
dated in the CEZA-Laboratory in Mannheim (MAMS-14144). Recent sampling concentrated on the south-
ern excavated settlement cluster that yielded the most archaic pottery assemblage in terms of a traditional 
typo-chronology and on the northern excavated settlement cluster where probably the use of later LBK pot-
tery styles started. Feature 873 (SNR 898), the eastern long pit of House 43 in the southern excavated house 
cluster, was dated (SUERC-100839) by a sample from an Ovis aries/Capra hircus femur with a refitting 
unfused epiphysis. Feature 1139 (SNR 1184), the eastern long pit of House 44 in the southern excavated 
house cluster, was dated (Poz-149786) by a sample from a Sus scrofa/S. domesticus. radius articulating with 
its ulna. Another sample from the same eastern long pit of House 44, that means from the same Feature 1139 
but from a different context (SNR 1185), was dated (Poz-149785) by a sample from Bos taurus articulating 
thoracic vertebrae. Feature 1151 (SNR 1190), the western long pit of House 44, was dated (SUERC-100840) 
by a sample from a Bos taurus humerus with a refitting unfused epiphysis. Feature 1248 (SNR 1289), a 
settlement pit, probably the largest preserved part of the one-time western long pit of House 43, was dated 
(SUERC-100838) by a sample from a Bos taurus humerus with a refitting unfused epiphysis. Feature 1250 
(SNR 1291), an individual pit, probably part of the one-time western long pit of House 43, was dated (Poz-
149784) by a sample from a Bos taurus metacarpus articulating with a phalanx. Feature 1400 (SNR 1441), 
the western long pit of House 42 in the southern excavated house cluster, was dated (SUERC-100835) by a 
sample from a Bos taurus vertebra cervicalis articulating with another vertebra. The same feature and context 
(1400/1411), from the western long pit of House 42, were dated (Poz-149756) by a sample from an Ovis aries/
Capra hircus radius articulating with its ulna. Feature 2186 (SNR 2241), the western long pit of House 11 
in the northern excavated house cluster, was dated (Poz-149757) by a sample from a Bos taurus metacarpus 
articulating with carpalae. Feature 2229 (SNR 2286), an individual oval settlement pit north-west of House 
11, was dated (SUERC-100836) by a sample from a Bos taurus humerus with a refitting unfused epiphysis. 
Feature 2293 (SNR 2352), an individual oval pit in superposition with both the western long pit of House 
07 and the eastern long pit of House 06, was dated (SUERC-100837) by a sample from an Equus caballus 
calcaneus refitting with its astragalus. The measurement yielded a mid-7th millennium cal BC date, clearly 
before the onset of the Neolithic in Transdanubia. Thus, the date was not incorporated into the model. Feature 
2327 (SNR 2386), the western long pit of House 06, was dated (Poz-149758) by a sample from a Bos taurus 
radius articulating with its ulna.

The chronological model for the later 6th millennium cal BC settlement at Tolna-Mözs-Községi-
Csádés-földek was completed using the program OxCal v4.4.4 (Bronk Ramsey 2009; Reimer et al. 2020). 
The Neolithic site is dated by 13 results (11 from faunal, and two from human bone samples). As the series 
consist of a limited number of dates, it was programmed as a single phase model to achieve its objectives. 

The model (Figure 5) has a good agreement between the radiocarbon dates and the archaeological 
prior information (Amodel = 103). The model estimates that the dated activity at Tolna-Mözs-Községi-
Csádés-földek began in 5405–5230 cal BC (95% probability; Figure 6; start: Tolna-Mözs-KCSF), probably 
in 5380–5240 cal BC (68% probability). The dated occupation lasted for 25–350 years (95% probability; 
Figure 7; span: Tolna-Mözs-KCSF), probably for 45–275 years (68% probability). The activity ended in 
5210–5025 cal BC (95% probability; Figure 6; end: Tolna-Mözs-KCSF), probably in 5205–5115 cal BC 
(68% probability).
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Figure 5. Probability distributions of radiocarbon dates from the Tolna-Mözs-Községi-Csádés-földek settlement. Each distribution 
represents the relative probability that an event occurs at a particular time. For each of the dates two distributions have been plo-
tted: one in outline, which is the result of simple radiocarbon calibration, and a solid one, based on the chronological model used. 

The large square brackets down the left-hand side, along with the OxCal keywords, define the overall model exactly.
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Figure 6. Key parameters for the start and end of the settlement and burial activity at Tolna-Mözs-Községi-Csádés-földek,  
derived from the model defined in Figure 5.

Figure 7. Probability distributions for the number of years during which the settlement at Tolna-Mözs-Községi-Csádés-földek  
was used, derived from the model defined in Figure 5.

The results provide generally wider intervals for the beginning and the end of the dated activities than 
models based on larger series from later 6th millennium cal BC sites from the region.  Nevertheless, the devel-
opment of the Tolna-Mözs-Községi-Csádés-földek settlement can definitely be compared with those settle-
ments which were established by the mid-54th century cal BC, such as with all three units of Szederkény-Ku-
korica-dűlő (Jakucs et al. 2016), with the relevant, later 6th millennium cal BC occupation at Alsónyék (Oross 
et al. 2016b) and with the early LBK settlement part at Balatonszárszó-Kis-erdei-dűlő (Oross et al. 2020).

Re-assessment of the chronology of the Sopot burial ground at Alsónyék

One separate settlement and a burial ground of the Alsónyék complex (Figure 8) in the southernmost 
part of the Tolna Sárköz region are located about 1.5 km to the east from the core occupation area. The 
subsequent occupations of the latter can be characterised by Starčevo-style ceramics, the regional variant of 
later 6th millennium cal BC pottery (i.e. an admixture of LBK- and Vinča-style characteristics) and Lengyel-
style material, respectively (Osztás et al. 2012; 2016; Bánffy et al. 2016). In contrast, the spatially separated 
settlement can be linked to a distinct group of sites along the Danube with Sopot-style material culture. The 
most spectacular feaures of the excavated area were four ditches, which run roughly parallel across the in-
vestigated surface. Besides these short sections of four ditches, ten large, complex pits and a well also relate 
to a contemporaneous settlement. The burial ground discovered at the same place comprises 18 graves with 
20 individuals. The graves covered one of the four diches or were located between them (Oross et al. 2016c). 

Geomagnetic surveys cover an area of approximately 30 ha north around the excavated area. The 
Sopot occupation was also referred to as Alsónyék, Hosszú dűlő, area 7 in some of the studies discussing 
the geomagnetic survey. The detected geomagnetic anomalies indicate a wide range of archaeological fea-
tures. Some of them reflect activities different to the Sopot occupation. The existence of two double diches 
was revealed, marked with the numbers 3, 4, 5 and 6 in the second assessment of the geomagnetic record. 
Ditches 3 and 4 are equivalent to Ditches 189 and 195 of the excavated area. These two features encircle an 
area of 4.8 ha. Although their possible northern section could not be identified by the geomagnetic survey, 
they possibly run north of the investigated area. Several house remains could also be detected; at least four 
of them in the centre of the territory surrounded by Ditches 189 and 195 may belong to the Sopot settle-
ment. Based on weak geomagnetic contrasts we can also assume a large number of further grave pits of the 
Sopot burial ground, but their reliable dating based solely on the magnetic data is impossible (Rassmann et 
al. 2015a: 7–8; 2020: 59–63).
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The first study on the absolute chronology of the Sopot burial ground was published as part of the 
Alsónyék site biography in the ToTL project. In the original absolute chronological model, 12 human bone 
samples from 11 individuals were dated with 14 results. Three further results from three animal bone sam-
ples dated two different features (Oross et al. 2016c).  

Figure 8. Overall plan of the Sopot burial ground at Alsónyék with radiocarbon samples and dated features. The two differently 
oriented groups of burials are marked with distinct colours (modified after Oross et al. 2016c).

The original model estimates that the dated Sopot burial activity at Alsónyék began in 5200–5005 
cal BC (95% probability; Oross et al. 2016c: Figure 8; start: Alsónyék Sopot burials), probably in 5095–
5020 cal BC (68% probability). The burials lasted for 180–470 years (95% probability; Oross et al. 2016c: 
Figure 7; span: Alsónyék Sopot burials), probably for 220–340 years (68% probability). The burial activity 
ended in 4850–4680 cal BC (95% probability; Oross et al. 2016c: Figure 8; end: Alsónyék Sopot burials), 
probably in 4825–4750 cal BC (68% probability).

Two main orientation groups can be distinguished among the graves of the burial ground. Four bur-
ials, all of them radiocarbon dated, Grave 470, Grave 476, Grave 464 which covered Grave 476 and Grave 
220A were southeast–northwest or northwest–southeast oriented. Three of the graves were located between 
Ditch 211 and Ditch 195, while Grave 220A was uncovered between Ditch 211 and Ditch 222. None of 
them covered any of the ditches. All other graves were northeast–southwest or southwest–northeast ori-
ented. Some burials were uncovered between the ditches, but a series of graves covered one of them. This 
observation led to the assumption that the graves with distinct orientation can also reflect a chronological 
difference. The earlier resolved sequence of the Graves 476, 464 and 475 provided a further reinforcement 
of this hypothesis. An updated model was created using the individual radiocarbon dates and the experienc-
es of the dating programme from 2016. The two orientation groups were programmed as two subsequent 
phases where southeast–northwest and northwest–southeast oriented graves represent the earlier, while 
northeast–southwest and southwest–northeast oriented ones the latter chronological phase. The date param-
eter for Ditch 211 serves as a terminus post quem date for the filling up of the feature. 
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Figure 9. Probability distributions of radiocarbon dates from the Sopot burial ground at Alsónyék. Each distribution represents the 
relative probability that an event occurs at a particular time. For each of the dates two distributions have been plotted: one in outli-
ne, which is the result of simple radiocarbon calibration, and a solid one, based on the chronological model used. The large square 

brackets down the left-hand side, along with the OxCal keywords, define the overall model exactly.
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Figure 10. Key parameters for the start and end of the Sopot burial activity at Alsónyék, and for the transition  
in the orientation of the graves, derived from the model defined in Figure 9.

Figure 11. Probability distributions for the number of years during which the Sopot burial ground at Alsónyék was used,  
derived from the model defined in Figure 9.

Figure 12. Probability distributions of the terminus post quem for the filling of Ditch 211,  
derived from the model defined in Figure 9.

The updated model for the Sopot burial ground at Alsónyék was completed using the program Ox-
Cal v4.4.4 (Bronk Ramsey 2009; Reimer et al. 2020). The model (Figure 9) has a good agreement between 
the radiocarbon dates and the archaeological prior information (Amodel = 89). The updated model esti-
mates that the dated Sopot burial activity at Alsónyék began in 5165–4995 cal BC (95% probability; Figure 
10; start: Alsónyék Sopot burials), probably in 5080–5015 cal BC (68% probability). The burials lasted 
for 160–420 years (95% probability; Figure 11; span: Alsónyék Sopot burials), probably for 205–315 
years (68% probability). The burial activity ended in 4865–4695 cal BC (95% probability; Figure 10; end: 
Alsónyék Sopot burials), probably in 4830–4760 cal BC (68% probability). The transition from the SE–NW 
and NW–SE oriented burials to NE–SW and SW–NE burials occured in 4990–4875 cal BC (95% proba-
bility; Figure 10; transition: SE–NW & NW–SE to NE–SW & SW–NE burials), probably in 4965–4905 cal 
BC (68% probability).

The current model provides a terminus post quem date for the filling up of Ditch 211. This esti-
mate is 4960–4840 cal BC (95% probability; Figure 12; terminus post quem: filling Ditch 211), probably 
4930–4870 cal BC (68% probability).

Recent modelling of the Sopot radiocarbon series from Alsónyék has been able to narrow down the 
particularly wide interval for the use of Sopot burial ground at Alsónyék. The estimated coexistence with 
the later 6th millennium cal BC settlement of the central area was up to 6–9 human generations (Bánffy et 
al. 2016: 289). The updated model reduces this simultaneous presence by a human generation, which means 
that the use of the Sopot burial ground did not start before the early 52nd century cal BC, probably before 
the 51st century cal BC. New results make estimations of the spread and the dynamics of human groups 
using Sopot material culture along the Danube north of the Drava/Dráva river more plausible. 
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Towards a precise, regional-scale absolute chronology of 6th and earliest 5th 
millennia cal BC western Hungary

The radiocarbon dating programme of the earliest Neolithic settlement at Alsónyék resulted in 
a reliable chronological model for a site permanently occupied over centuries. It has also successfully 
refuted some earlier assumptions on exclusively small, fragile and briefly inhabited early Neolithic 
settlements, a concept that became rigid and was repeatedly echoed over time. Thus, the first Neolithic 
communities were established in the Tolna Sárköz region north of the Mecsek Mountains around 5800 
cal BC, probably by the mid-58th century cal BC. Despite this achievement, the formally modelled 
absolute chronological evidence refers to a single site and cannot be extrapolated to a wider region 
(Figure 13).

A similar model to that of the Great Hungarian Plain can also be tested in Transdanubia in the 
future. Despite the limited number of known early 6th millennium cal BC sites, the eastern Baranya 
area and the Tolna Sárköz were much more densely occupied than all other parts of southern Transdan-
ubia. The settlement system suggests a major route for the dispersal of the Neolithic towards the north 
along the Danube. The first farmers of southern origin possibly entered Transdanubia in the vicinity of 
the Danube-Drava/Dráva confluence. One crucial question is whether the Neolithic reached the region 
south of the Mecsek Mountains before 5800 cal BC. The emergence of farming around 6000 cal BC 
or between 6000–5800 cal BC seems to be likely there, somewhat parallel to the development of the 
Tisza/Tisa-Maros/Mureş confluence area in the east. North-west of the Tolna Sárköz, the early 6th 
millennium cal BC Neolithic was recorded in a limited number of favourable ecological niches such as 
along the Kapos river and in the Small Balaton area in the westernmost part of the lake. A further shift 
from south-east Transdanubia could have happened in one or two steps, creating a three- or four-stage 
system. This tentative model suggests that food-producing communities reached the northern limits of 
their early 6th millennium cal BC distribution not earlier than about 5700 cal BC.

Our knowledge also remains vague on the development that followed the decline of south-east 
European pattern early Neolithic communities. Larger-scale excavations have been carried out at only 
two sites, at Szentgyörgyvölgy-Pityerdomb (Bánffy 2000; 2004), and at Brunn/Wolfholz 2 (Stadler 
2005; Stadler and Kotova 2010; 2019), which have been dated with formally modelled radiocarbon 
series as well. Some further, very limited excavation evidence is known from Zalaegerszeg-Andráshi-
da-Gébárti tó, located in western Transdanubia (Simon 2002). Additional sites are also assigned occa-
sionally to the formative LBK period, predominantly from western Transdanubia and from the Balaton 
region (Bánffy and Whittle 2022). There is no reason to rule out the possibility that those sites existed 
between 5500–5350 cal BC. It is worth nothing however, that their finds originate from earlier surface 
collections or from small-scale excavations without absolute chronological evidence. Recent inves-
tigations suggest an enormous complexity concerning the durability of decorative patterns, different 
fabrics and pottery-making technologies in 6th millennium cal BC western Hungary. Recurrent com-
mon occurence and admixture of traits assigned to different pottery styles, labelled even as different 
archaeological cultures in a traditional framework for the region, reduce their chronological signifi-
cance. Thus, the solid basis for the assessment of the phenomenon beyond a narrow Pre-Alpine zone of 
Transdanubia has yet to be established. 

There are two possible reasons behind the shortage of observations. Population decline follow-
ing a rapid growth during the first centuries of the Neolithic is a well known development from many 
other regions as well (Porcić et al. 2016; Shennan 2018). The northernmost periphery of the south-east 
European pattern early Neolithic may have been a vulnerable region in this respect. The other explana-
tion is simply the lack of recognition of relevant finds assemblages to date. Typological classification 
of pottery is particularly challenging when surface collections of 6th millennium cal BC sherds are 
evaluated. 

The mid-54th century cal BC proved to be a pivotal period for the consolidation of the Neolithic 
in the western Carpathian basin and in southern Transdanubia. As already mentioned, all three settle-
ment units at Szederkény-Kukorica-dűlő started by the mid-54th century cal BC (Jakucs et al. 2016), 
coeval with the beginnings of the later 6th millennium cal BC settlement at Alsónyék (Oross et al. 
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2016b). The earliest recorded house units of the Balatonszárszó-Kis-erdei-dűlő site were established 
about a human generation later in the last third of the 54th century cal BC (Oross et al. 2020). Even the 
southern excavated house cluster at Tolna-Mözs-Községi-Csádés-földek started not earlier than 5400 
cal BC. The regional settlement system regained its visibility during this period. Many major sites were 
founded, developed to extended settlements in the following centuries and were not abandoned before 
the earliest 5th millennium cal BC. Moreover, the 54th century cal BC population contributed signifi-
cantly to the demographic background of the central European neolithisation process (Szécsényi-Nagy 
et al. 2015; Lipson et al. 2017), that started roughly parallel to the establishment of these sites (Jakucs 
et al. 2016). 

An exponential growth in the number of sites could only be proved about a century later, during 
the 53rd century cal BC. In this period, some rapid site accumulations resulted possibly in social ten-
sions that led to the split up of the community, as suggested by the chronological model of Versend-Gi-
lencsa (Jakucs et al. 2018). Other small occupations turned into much larger settlements at that time, as 
at Balatonszárszó-Kis-erdei-dűlő (Oross 2004; 2013).

Another significant process, which can be dated accurately by absolute chronological methods, 
was the emergence of communities using a distinct material culture called Sopot after its Slavonian 
roots. They settled down in the region during the 52nd century cal BC, possibly around 5100 cal BC or 
even one human generation later. Future dating programmes targeting sites such as the earlier excavat-
ed Fajsz-Garadomb (Bánffy et al. 2014: 354–357) and the recently discovered burial ground at Dávod 
(Pap 2019), both on the left bank of the Danube, can contribute to an advanced absolute chronology 
for the Sopot distribution along the river. The investigation of their long, but often spatially separated, 
coexistence with the LBK settlements is an exceptional opportunity to get more insight into Neolithic 
social networks.

Radiocarbon dated longhouse settlements with LBK-style pottery were abandoned around 4900 
cal BC in the western Carpathian basin, such as at Alsónyék (Oross et al. 2016b). This date coincides 
with most of the estimations for the end of the Linearbandkeramik world based on data from more 
westerly areas of central Europe (Lüning 1991; Gronenborn 1998; 1999; Denaire et al. 2017). In con-
trast to some other regions of the LBK distribution, no signs of social tensions and violence could be 
recorded by archaeological methods. Nevertheless, the completely synchronous disintegration or trans-
formation of the communities reveals deeper changes in their social system. 

The development of the Sopot settlement and burial ground at Alsónyék reflects profound 
changes around the decline of LBK settlements in Transdanubia. The transition in the orientation of the 
graves occured in the decades around 4900 cal BC, as well as the filling up of Ditch 211. After centuries 
of co-existence with the LBK settlement, the group clearly had a different relationship with the Lengyel 
community which was emerging in the central occupation area by then or shortly after. The possible 
economic causes and kinship ties behind this transformation remain unknown to date.

The results of recent absolute chronological dating programmes allow the accurate dating of 
processes and events from the early 6th millennium cal BC to the earliest 5th millennium cal BC. For-
mal modelling of radiocarbon dates can incorporate and test earlier typochronological beliefs as prior 
information, which has a particular relevance in a region where the application of advanced statistical 
methods has little tradition in pottery evaluation. Further objectives can be more precisely determined 
if the absolute chronological framework has already some well-established, solidly based elements.
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Figure 13. Current overview of the 6th and earliest 5th millennia cal BC chronology of western Hungary.  
Intervals are rounded by 25 years, and dark and light colours together represent the 95% probability intervals,  

while 68% probability intervals are represented by dark colours exclusively.
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