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ABSTRACT. The Early and Middle Bronze Age in the Carpathian Basin is often viewed as a long period of
transition from a dispersed form of land occupation to one of increasing aggregation, ultimately resulting in
the formation of tell settlements and large cemeteries. This developmental trajectory remains a legacy of early
20th century archaeology, where the similarity of material culture recovered from cemeteries and settlements
was used to develop a multi-linear scheme of progression of regional chronologies tied to specific
archaeological cultures. While typologically conclusive, the recent increase in the availability of radiocarbon
determinations suggests that these sequences represent a priori interpretation of social development rather than
empirically verified observations. In order to do so, it is necessary to re-evaluate the existing dataset in order
to determine whether the formation of tells was a chronologically contemporary development and whether the
regional chronological sequences are supported by independent dating.
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INTRODUCTION

The Carpathian Basin in the Bronze Age is generally characterized as a period of cyclical shifts
of population aggregation and dispersion between approx. 2700/2500 and 900/750 BC (Visy
2003; Marková and Ilon 2013). Historically, researchers paid most attention to the Middle
Bronze Age (approx. 2000/1900–1600/1450 BC), when multi-layered settlements become
one of the primary forms of land occupation, marking the peak in human activities in
the region (Gogâltan 1999, 2017; Kienlin 2015; Staniuk et al. 2020). The second most
intensively explored part of the Bronze Age sequence is the Late Bronze Age (1600/
1450–900/750 BC), when large cemeteries linked to the Urnfield phenomenon became
widespread (Przybyła 2009; Kalicz-Schreiber 2010). While these two periods are
relatively well-defined due to the abundance of archaeological finds, the periods leading
up to their formation remain enigmatic (Bóna 1963; Kulcsár 2009; Vicze et al. 2013).

Until recently, the theoretical basis for the archaeological sequence of the Carpathian Basin has
been the assumption that changes in material culture correspond to the arrival of distinct
ethnic groups (Kalicz 1968; Bóna 1975; Kovács 1977). This axiom had two consequences
for the interpretation of regional and site-specific trajectories. On a regional level, it led to
complex periodization schemes with trajectories explained by migrations and development
of the aforementioned groups (Kalicz 1982; Bóna 1992). On a site-specific level, the
connection of material culture with specific groups lead to interpretation of changes in
ceramic inventories in settlement layers as indicators of population changes (Máthé
1992; Poroszlai 1992; Stanczik and Tárnoki 1992). Methodologically, the study of
material culture changes was conducted on the basis of implicitly defined types of
vessels or metal objects with changes following the trajectory of increasing elaboration
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followed by decreasing frequencies in the archaeological record (Vicze 2011; Gömöri et al.
2018). Applied primarily to burial finds, this chronological model proved challenging to
implement for settlement finds, where the frequency of intact vessels is substantially
lower (Máthé 1984; Michelaki 2008; Staniuk 2020). Despite these empirical obstacles,
the trajectories developed on the basis of cemetery finds were rigorously applied to
settlement materials, equalizing the chronological positioning of cemeteries and
settlements alike.

The increasing presence of radiocarbon dating was initiated in the 1990s with the first dating
programs providing an independent way of testing the developmental sequences by
positioning them in real time (O’Shea 1992; Raczky et al. 1992; Forenbaher 1993;
Barta 2001). Focusing on tell settlements, these first 14C-dating programs showed the
high degree of contemporaneity of Middle Bronze Age sites. However, a larger number
of sites and contexts have been dated since the 1990s, indicating possible differences in
chronological positions of previously, contemporaneously considered cemeteries and
settlements (Duffy et al. 2019; O’Shea et al. 2019). Rather than stimulating a discussion
towards re-evaluation of the existing schemes and concepts, the possibility of synchronizing
phenomena across Europe lead to a consolidation of the existing schemes in order to
enable narrative-driven investigations of social processes taking place across Europe
(Kristiansen and Larsson 2005; Earle and Kristiansen 2010; Fischl et al. 2015). While the
reliance on radiocarbon dating was generally embraced by researchers focusing on the
Early and Middle Bronze Age, Late Bronze Age contexts remain dated primarily on the
basis of typochronology. Therefore, if a radiocarbon-based model of the Carpathian Basin
is to be currently provided, it has to be restricted to the Early andMiddle Bronze Age sequence.

The shift towards radiocarbon dating allows the reformulation of old research questions and
moving away from synchronizing artifact assemblages towards understanding regional
developments. This in turn provides the possibility of developing new chronological
perspectives on social development and comparative analysis of their compatibility with the
existing narratives. To this end, it is necessary to evaluate the existing record of 14C
determinations in order to identify the most informative datasets and provide a general
perspective on the available data.

This paper collects and investigates the existing dataset of the radiocarbon dates for the Early
and Middle Bronze Age Carpathian Basin in order to answer the following questions:

(1) Was the emergence of tell settlements contemporary across different regions?

(2) What is the temporal relationship between burial contexts and settlements in the different
regions?

The collected dataset is evaluated in terms of spatial distribution of determinations, their
contextual information, and the standard deviation of measurements in order to propose
the most reliable dataset for the study. Kernel Density Estimation plots (Bronk Ramsey
2017) are then used to recognize the chronological dynamics between regions and the links
between settlements and burials. Finally, the specific trajectories of sites are considered in
order to investigate the radiocarbon-based dynamics of human activity in the Carpathian
Basin. The results are then evaluated from the perspective of the existing macro- and
regional narratives in order to determine whether the existing models of cultural
development are supported by the radiocarbon dating.
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MATERIALS AND METHODS

Table 1 contains the collected radiocarbon dates attributed to the area of study. Site selection
was conducted on the basis of general chronological attribution (Early Bronze Age, Middle
Bronze Age) or explicit reference to an archaeological unit which could be positioned
between the Early and Middle Bronze Age. In total, 496 radiocarbon dates published
between 1969 and 2020, originating from 90 sites were included in the study
(Supplementary Materials 1 and 2). One date from the settlement of Nižná Myšl’a has been
reported but no raw data has been published, therefore effectively reducing the number of
dates which can be used to 495.

Geographically the dataset represents a collection of radiocarbon dates fromHungary, Poland,
Romania, Serbia, and Slovakia. Sites included in the study are settlements (flat, multi-layered,
and fortified sites), possible settlements (cases where site classification was provided without
contextual specification of the dated sample), cemeteries, graves and a single date from an
occupied cave. Although outside of the Carpathian Basin, the contexts dated in southern
Poland correspond to the cultural determinations developed for the Carpathian Basin in
terms of settlement structure and typology. The majority of the available determinations
originate from settlements (319, including a single date from an occupied cave), while the
burial dataset is represented by 173 determinations. In addition, 9 burials were dated twice,
which lowers the number of dated burials to 164. In 3 instances it was impossible to
determine the dated context.

The contextual information represents the data reported in the publications presenting the
radiocarbon dating and is made up of a heterogeneous set of investigation-specific coding
of archaeological contexts and descriptive reports on the features. In the majority of
instances, it was impossible to determine whether the dated contexts can be attributed to
any site-specific stratigraphic or typological sequences, which could be used for Bayesian
modeling. In addition, the information about the isotopic values of δ13C were almost never
reported, therefore they were not included in the dataset.

The collected data comprises of a wide spectrum of dated materials, ranging from animal bones
to charcoal, human bones, and wood samples. In many instances the determination of faunal
and floral taxa was not available; in instances where such information was provided, there was
no information on how the determinations were made. Datings coming from unknown/
unspecified materials were also included in the study since they are often used in
discussions of regional studies (Duffy et al. 2019).

The dataset was analyzed in terms of the spatial distribution of the radiocarbon determinations
in order to identify potential groups. Based on the existing cultural schemes and general spatial
characteristics, the investigated sites were divided into 6 groups: Banat (n=74), Carpathians
(n=89), Csepel (n=22), Danube-Tisza Interfluve (n=89), Transdanubia (n=95), Transtisza
(n=127); named after large geographic regions separated by watercourses or mountain
ranges (Figure 1). Independently, a cluster analysis of geographic coordinates using the
Ward method displayed that the cut-off at six groups corresponded well with the
distinguished groups, apart from the Csepel group. In this case the earlier chronology of
the dated contexts, as well as the unique landscape form, i.e. an island was considered as a
key factor for why this regional group should remain separate in the following analysis
(Patay 2013; Endrődi and Reményi 2016; Czene 2017).
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Table 1 Table of sites and their classification in this study.

Map
ID Name Regional group Reported context

No. of
14C

datings References

1 Albertfalva Transdanubia Burial feature; settlement
feature

11 cf. Supplementary Materials 1

2 Apc-Berekalya Danube-Tisza
Interfluve

Unknown/uncertain 1 cf. Supplementary Materials 1

3 Bakonszeg-Kádárdomb Transtisza Unknown/uncertain 1 cf. Supplementary Materials 1
4 Balatonakali Transdanubia Unknown/uncertain 1 cf. Supplementary Materials 1
5 Balatonkeresztúr-Réti-dűlő Transdanubia Settlement feature 1 cf. Supplementary Materials 1
6 Balatonőszöd-Temetői dűlő Transdanubia Settlement feature 1 cf. Supplementary Materials 1
7 Baracs Transdanubia Settlement feature 1 cf. Supplementary Materials 1
8 Battonya-Laposéri csatorna Banat Unknown/uncertain 1 cf. Supplementary Materials 1
9 Battonya-Vörös Október

MTSZ
Banat Burial feature 16 cf. Supplementary Materials 1

10 Békés-Várserdő Transtisza Unknown/uncertain 1 cf. Supplementary Materials 1
11 Berettyóújfalu-Herpály Transtisza Unknown/uncertain 11 cf. Supplementary Materials 1
12 Békés 103 Transtisza Burial feature 30 cf. Supplementary Materials 1
13 Boconád-Alatka-puszta SE Danube-Tisza

Interfluve
Burial feature; settlement
feature

4 cf. Supplementary Materials 1

14 Bölcske-Vörösgyír Transdanubia Unknown/uncertain 5 cf. Supplementary Materials 1
15 Bonyhád Transdanubia Burial feature 1 cf. Supplementary Materials 1
16 Bonyhád-Biogas factory Transdanubia Burial feature 7 cf. Supplementary Materials 1
17 Brzezówka 10 Carpathians Settlement feature 8 cf. Supplementary Materials 1
18 Bučany Carpathians Settlement feature 1 cf. Supplementary Materials 1
19 Budakalász-Csajerszke/M0

Site 11
Transdanubia Burial feature 1 cf. Supplementary Materials 1

20 Budakalász-Csajerszke/M0
Site 12

Transdanubia Burial feature 9 cf. Supplementary Materials 1

21 Budapest-Békásmegyer Transdanubia Burial feature 7 cf. Supplementary Materials 1
22 Csepel Csepel Unknown/uncertain 9 cf. Supplementary Materials 1
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Table 1 (Continued )

Map
ID Name Regional group Reported context

No. of
14C

datings References

23 Csepel-Háros Csepel Unknown/uncertain 1 cf. Supplementary Materials 1
24 Csepel-Hollandi ut Csepel Unknown/uncertain 1 cf. Supplementary Materials 1
25 Domony Danube-Tisza

Interfluve
Unknown/uncertain 1 cf. Supplementary Materials 1

26 Dunakeszi-Székesdűlő Danube-Tisza
Interfluve

Burial feature 1 cf. Supplementary Materials 1

27 Dunaújváros-
Kosziderpadlás

Transdanubia Settlement feature;
unknown/uncertain

2 cf. Supplementary Materials 1

28 Emőd-Nagyhalom Transtisza Coring 20 cf. Supplementary Materials 1
29 Érd Transdanubia Unknown/uncertain 9 cf. Supplementary Materials 1
30 Esztár Transtisza Unknown/uncertain 1 cf. Supplementary Materials 1
31 Foeni Gaz Banat Settlement feature 2 cf. Supplementary Materials 1
32 Füzesabony-Pusztaszikszó Danube-Tisza

Interfluve
Burial feature 1 cf. Supplementary Materials 1

33 Füzesabony-Öregdomb Danube-Tisza
Interfluve

Settlement feature;
Unknown/uncertain

9 cf. Supplementary Materials 1

34 Gáborján-Csapszékpart Transtisza Unknown/uncertain 3 cf. Supplementary Materials 1
35 Gánovce Carpathians Settlement feature;

unknown/uncertain
4 cf. Supplementary Materials 1

36 Gelej-Kanális-dűlő Transtisza Burial feature 1 cf. Supplementary Materials 1
37 Györ-Ménfőcsanak-Széles-

földek
Transdanubia Burial feature 1 cf. Supplementary Materials 1

38 Hoste Carpathians Settlement feature 3 cf. Supplementary Materials 1
39 Jánoshida-Berek Danube-Tisza

Interfluve
Burial feature 1 cf. Supplementary Materials 1

40 Jászdózsa-Kápolnahalom Danube-Tisza
Interfluve

Unknown/uncertain 14 cf. Supplementary Materials 1
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Table 1 (Continued )

Map
ID Name Regional group Reported context

No. of
14C

datings References

41 Jelšovce Carpathians Burial feature 14 cf. Supplementary Materials 1
42 Kakucs-Balla-domb Danube-Tisza

Interfluve
Burial feature; settlement
feature

10 cf. Supplementary Materials 1

43 Kakucs-Turján Danube-Tisza
Interfluve

Settlement feature 12 cf. Supplementary Materials 1

44 Kaposvár-Road 61, Site 12 Transdanubia Burial feature 1 cf. Supplementary Materials 1
45 Kelebia Danube-Tisza

Interfluve
Burial feature 1 cf. Supplementary Materials 1

46 Kiskundorozsma-
Hosszúhát halom

Danube-Tisza
Interfluve

Burial feature 4 cf. Supplementary Materials 1

47 Kiszombor-Új-Élet Banat Settlement feature 7 cf. Supplementary Materials 1
48 Klárafalva-Hajdova Banat Settlement feature;

Unknown/uncertain
13 cf. Supplementary Materials 1

49 Kompolt-Kigyoser Danube-Tisza
Interfluve

Unknown/uncertain 1 cf. Supplementary Materials 1

50 Ludas-Varjú-dűlő Danube-Tisza
Interfluve

Unknown/uncertain 1 cf. Supplementary Materials 1

51 Makó, Dáli-ugar Transtisza Settlement feature 3 cf. Supplementary Materials 1
52 Maszkowice Carpathians Settlement feature 18 cf. Supplementary Materials 1
53 Mende-Leányvár Danube-Tisza

Interfluve
Unknown/uncertain 1 cf. Supplementary Materials 1

54 Mezőcsát-Laposhalom Transtisza Coring 2 cf. Supplementary Materials 1
55 Mokrin Banat Burial feature 6 cf. Supplementary Materials 1
56 Nagyárpád Transdanubia Unknown/uncertain 2 cf. Supplementary Materials 1
57 Nagycenk-Lapos-rét Transdanubia Burial feature 3 cf. Supplementary Materials 1
58 Nagyrozvágy-Pap-domb Transtisza Settlement feature 3 cf. Supplementary Materials 1
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Table 1 (Continued )

Map
ID Name Regional group Reported context

No. of
14C

datings References

59 Nižná Myšl’a Carpathians Burial feature; settlement
feature; unknown/
uncertain

7 cf. Supplementary Materials 1

60 Nitriansky Hrádok Western Carpathians Settlement feature 1 cf. Supplementary Materials 1
61 Ostojićevo-Stari Vinogradi Banat Burial feature 11 cf. Supplementary Materials 1
62 Pecica “Şanţul Mare” Transtisza Coring; settlement feature;

uknown/uncertain
20 cf. Supplementary Materials 1

63 Polgár-Homok-dűlő Transtisza Burial feature 1 cf. Supplementary Materials 1
64 Polgár-Kenderföld Transtisza Unknown/uncertain 6 cf. Supplementary Materials 1
65 Rabe-Anka Siget Banat Coring 4 cf. Supplementary Materials 1
66 Radzovce Carpathians Burial feature 3 cf. Supplementary Materials 1
67 Rétközberencs-Paramdomb Transtisza Unknown/uncertain 1 cf. Supplementary Materials 1
68 Rozhanovce Carpathians Unknown/uncertain 1 cf. Supplementary Materials 1
69 Sándorfalva-Eperjes Danube-Tisza

Interfluve
Burial feature 1 cf. Supplementary Materials 1

70 Sarkad-Vár-tábla Transtisza Coring 5 cf. Supplementary Materials 1
71 Semlac-Livada lui Onea Transtisza Coring 4 cf. Supplementary Materials 1
72 Szakáld Transtisza Coring 1 cf. Supplementary Materials 1
73 Szava Transdanubia Unknown/uncertain 1 cf. Supplementary Materials 1
74 Százhalombatta-Földvár Transdanubia Unknown/uncertain 21 cf. Supplementary Materials 1
75 Szeghalom-Környe Transtisza Unknown/uncertain 1 cf. Supplementary Materials 1
76 Szentgál-Mecsekhegy,

Kőlik-barlang
Transdanubia Settlement feature 1 cf. Supplementary Materials 1

77 Szigetcsép Csepel Unknown/uncertain 2 cf. Supplementary Materials 1
78 Szigetszentmiklós-Felső

Ürge-hegyi dűlő
Csepel Burial feature 9 cf. Supplementary Materials 1

79 Szőreg-C Banat Burial feature 14 cf. Supplementary Materials 1
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Table 1 (Continued )

Map
ID Name Regional group Reported context

No. of
14C

datings References

80 Tarhos 26 Transtisza Settlement feature 3 cf. Supplementary Materials 1
81 Toboliu Dâmbu

Zănăcanului
Transtisza Unknown/uncertain 4 cf. Supplementary Materials 1

82 Törökszentmiklós-
Terehalom

Transtisza Settlement feature 2 cf. Supplementary Materials 1

83 Tószeg-Laposhalom Transtisza Unknown/uncertain 6 cf. Supplementary Materials 1
84 Tápé-Széntéglaégeto Danube-Tisza

Interfluve
Burial feature 18 cf. Supplementary Materials 1

85 Üllő-Site 5 Danube-Tisza
Interfluve

Settlement feature 2 cf. Supplementary Materials 1

86 Včelince Carpathians Settlement feature 5 cf. Supplementary Materials 1
87 Vésztő-Mágor Transtisza Unknown/uncertain 3 cf. Supplementary Materials 1
88 Vráble “Fidvár” Carpathians Coring; settlement feature 24 cf. Supplementary Materials 1
89 Vörs-Máriaaszonysziget Transdanubia Settlement feature 5 cf. Supplementary Materials 1
90 Zsennye-Kavicsbánya Transdanubia Burial feature 4 cf. Supplementary Materials 1
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The group classification allowed aggregating individual sites into meaningful categories,
overcoming the over-representation of individual sites with a larger number of dates in the
study, and shifting the focus towards recognizing spatial development in distinct regions.

The spatial groups were analyzed in terms of:

(1) contextual information on the dated samples,

(2) sample types used for the radiocarbon determination, and

(3) standard deviation of the radiocarbon determinations.

Contextual Information

Although information about site types were provided for the overwhelming majority of the
collected dates (97%, n=495), the specific information on the dated context was significantly
lower (Figure 2.1). The majority of reported contexts originate from burial features (34.5%,
n=171), followed by unknown contexts (27.3%, n=135), settlement features (25.5%, n=126)
and coring data, generally originating from settlement-related features (12.9%, n=64).

Chronological sequences for specific regions were based on different proxies, with burial data
representing the majority of the available determinations for the Banat group (63.5%, n=47).
Settlement-derived data was found prevalent for the Carpathians (47.2%, n=42) and the

Figure 1 Spatial distribution of radiocarbon dates sites and the spatial groups.
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Danube-Tisza Interfluve (36%, n=32). The remaining groups were generally characterized by
the highest proportion of datings from unknown or uncertain contexts, with the largest
proportion found in the Csepel group (59.1%, n=13), followed by Transdanubia (42.1%,
n=40), Transtisza (36.2%, n=46), and the Danube-Tisza Interfluve (36.0%, n=32).

Sample Type

Conclusive sample type information was provided for approximately 66,2% (n=328) of the
collected samples (Figure 2.2). Ca. 3.8% (n=16) of samples were ambiguous in terms of
their identification and were classified as possible animal (n=5) or human bone (n=11); in
3 cases the reported sample was classified either as charcoal or bone.

Figure 2 Evaluation of the radiocarbon determinations: (1) contextual information, (2) samples used for dating,
(3) standard deviation of the reported 14C dates.
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The sample type information was reported for at least 75% of the cases in only 2 groups (Banat
[n=66], Carpathians [n=74]; cf. Figure 2.2). In the remaining groups, the defined sample
information tended to vary from 70.7% (Danube-Tisza Interfluve [n=63]) to 40.9%
(Csepel [n=9]).

Human bones represent the largest group of materials used for 14C dating (n=155), followed by
unknown materials (n=148) and charcoal (n=65). This is specifically a problem for the dating
of settlements, where samples of unknown materials or charcoal represent the majority of the
available determinations. Without proper species identification and well-identified contexts or
architectural structures, charcoal samples can result in erroneous dating of archaeological
contexts (Bird 2013; Wright 2017). Without the information on the event leading to the
formation of charcoal used for dating, the interpretation of the result cannot be directly
translated into formulation of a coherent statement regarding the dated context. This is
especially challenging for tell contexts, where the re-deposition of waste and sediment is
directly responsible for site-formation processes (Miller Rosen 1986; Rosenstock 2009;
Sørensen and Vicze 2013).

Standard Deviation

The distribution of standard deviations reported for radiocarbon measurements was analyzed
for all available samples (Figure 2.3). The interquartile range of standard deviations is 30 to 50
years. When the data was classified according to spatial groups, similar median values were
documented. These ranges represent different resolutions from a regional perspective with
the highest resolution observed for the Banat (31), Danube-Tisza Interfluve (32), and
Carpathians (38) groups. The Transtisza (40), Csepel (42.5), and Transdanubia (50) groups
were characterized by a higher median. In nearly all cases outliers were observed. In the
majority of cases, high standard deviation of radiocarbon determinations is related to the
first wave of 14C dating in the Carpathian Basin; high-resolution dating had not become
prevalent until the second decade of the 21st century (Figure 3).

Selection of Radiocarbon Datings

Based on the evaluation of the existing determinations it is possible to state that while site-based
dates are available, the contextual information on the dated samples remains problematic, and

Figure 3 Radiocarbon dating in time and the changing accuracy of the radiocarbon determinations.
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the types of samples used for radiocarbon determinations were often unreported or collected
from insufficiently described materials. While the standard deviation of the samples has been
improved in the recent years by the availability of AMS-dating, the large number of pre-
AMS dates affects the possibility of generating high-resolution models. The stated issues are
related to the relatively large presence of legacy data linked to the early stage of
implementing radiocarbon dating in archaeological practice. In addition, in some instances
much older radiocarbon dates were present, usually related to oldest possible contexts, which
greatly exceeded the general dating of the Bronze Age in the Carpathian Basin (e.g., Bln
4375 from Jelšovce). Therefore, in order to increase the quality of the following investigation,
a selection was implemented and following groups of datings were removed from further
analysis:

(1) radiocarbon dates without contextual information,

(2) determinations without information on the collected samples or originating from materials
of unknown provenance,

(3) determinations with the standard deviation above 50, and

(4) calibrated radiocarbon samples older than 3000 BC.

As a result of the selection, the initial dataset was reduced to 257 dates. The distribution of
dates across different groups became more similar, apart from the Csepel group (Figure 4).
The initial number of sites was reduced to 39, representing ca. 43% of the original dataset.
Lastly, the distribution of site types under consideration changed, leading to the prevalence
of determinations originating from cemeteries (n=150) followed by settlements (n=107).
Taking into account the initial quantification, where settlements represented the largest
number of determination (n=311), the implemented selection reveals the problems of

Figure 4 Selected radiocarbon determinations per spatial group.
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radiocarbon dating of settlement contexts in the Carpathian Basin: currently only ca. 34% of
the available, settlement-derived dates are sufficient for high-quality determinations. The
abundance of legacy data, while providing substantial information on the dating of
particular sites, has to be considered as problematic for high-resolution investigations.

The selected dataset was modeled usingKDE_Plot (Bronk Ramsey 2017) in Oxcal 4.4.3 (Bronk
Ramsey 2009) using the IntCal20 calibration curve (Reimer et al. 2020). The function
KDE_Plot is used to summarize large datasets of radiocarbon and investigate the density of
probability distribution, while removing the noise from the calibration curve (Bronk
Ramsey 2017). In addition, the use of KDE plots allows consideration of realistic
uncertainties in the temporal distribution of samples, therefore allowing evaluation whether
the distinguished regions were characterized by similar probability distribution; this
provides the means to consider whether the chronological sequence in the region suggests
the contemporaneous emergence of large settlements and cemeteries (Bronk Ramsey 2017).
Assuming that the KDE plots can be used to estimate the chronological position of human
activities responsible for the formation of these dated samples, the KDE plots allow
investigating the probability distribution of the activities taking place between the Early
and Middle Bronze Age occupation in the Carpathian Basin.

Since in the majority of cases there is insufficient contextual data to group observations based
on prior information, the emphasis is made on exploratory investigation of whether regional
trajectories indicate the contemporaneity of human activity in the entire macroregion.
Recently, the approach has been successfully and similarly used to compare the shift in
burial practices in Central Europe (Brunner et al. 2021), as well as trace the spread of
millet throughout Bronze Age Europe (Filipović et al. 2020).

RESULTS

Based on the available dataset the emergence of Bronze Age contexts in the Carpathian Basin
can be positioned ca. 2600 cal BC, with an increasing number of radiocarbon-dated contexts
after ca. 2200 cal BC (Figure 5). The curve developed for the entire Carpathian Basin indicates
that the majority of Bronze Age contexts fall between 2200 and 1300 cal BC. The peak of
probability distribution is found at ca. 1850 cal BC, marking the decreasing probability of
radiocarbon dating until ca. 1600 cal BC. Afterwards the probability distribution continues
to decrease until ca. 1100 cal BC.

The Banat group is characterized by a relatively constrained probability distribution with the
earliest contexts dating back to ca. 2200 cal BC, followed by a steady increase until a peak at ca.
1700 cal BC, followed by a final decline at ca. 1350 cal BC. Based on the analysis, the dating of
Bronze Age contexts in the region points towards a later onset of human activities than in the
entire macro-region.

The Carpathians group is characterized by continuous dating of contexts related to the third
millennium BC, followed by a peak at 1700 cal BC and a final decline at ca. 1200 cal BC. It
seems probable to assume that the first peak occurred ca. 2100/2000 cal BC, and the current
probability distribution represents the unequal sampling of dates from Bronze Age contexts.

The probability distribution of the Csepel group starts at ca. 2600 cal BC, with the peak at ca.
2350 cal BC, and a decline at ca. 2000 cal BC. The dating indicates that human activities in the
region were constrained with no post-2000 cal BC occupation of the entire area.
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The Danube-Tisza Interfluve group is characterized by an increase of probability distribution
ca. 2500 cal BC, a plateau between 1800 and 1500 cal BC, and a decline ca. 900 cal BC. The
current dating suggests that the Bronze Age dating of the region focuses on the Middle Bronze
Age period with evidence pointing towards long-term human presence throughout the entire
second millennium BC.

The Transdanubia group is characterized by the earliest dating at 2650 cal BC, followed by a
first peak at ca. 2350 BC, a decline until ca. 2150 cal BC, second peak at 1900 cal BC, and a
final decrease at ca. 1400 cal BC. As such it represents a chronological trajectory distinct from
the macrocregional curve, both in terms of the onset and the final stage of Bronze Age contexts
in the region.

The Transtisza group is characterized by an increase from ca. 2500 cal BC, first peak at ca.
2350 cal BC, first decline at 2150 cal BC, second peak at 1850 cal BC, second decline at
1600 cal BC, third peak at ca. 1450 cal BC, and the final decline at 1100 cal BC. The
probability distribution contrasts with the macroregional curve, since it is characterized by
three instances of increasing probability of dating human activity.

Since the analyzed regional plots represent an aggregation of dates originating from different
contexts, i.e., burials and settlements, determining the temporal position of different site types
can help understand long-term habitation trends. Currently, the analyzed sample is
characterized by the prevalence of burial data. This sampling bias affects the possibility of
comparing regional chronologies in terms of the similarities between burial and settlement
trajectories: the chronological record of only 3 groups comprises of dates originating from
burials and settlements (Banat, Western Carpathians, Western Transdanubia). In some
instances, the dated human remains originate from settlements, e.g., Kakucs-Balla domb
(Danube-Tisza Interfluve), although it is not entirely clear whether new cultural practices

Figure 5 Early andMiddle Bronze Age chronology of the Carpathian Basin: macroregional and regional perspectives
(Supplementary Material 3).
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became incorporated as part of habitation practices, or the settlement was entirely repurposed
as a burial ground (Jaeger and Kulcsár 2013). As such, the chronologies of the two types of the
radiocarbon contexts will be evaluated as a whole in order to answer the question whether the
temporal differences observed across the macroregional and regional groups can be linked to
the different depositional processes.

Despite of the equalization of the Middle Bronze Age with the emergence of tell settlements,
the first half of the second millennium BC was characterized by a diversity of habitation forms
(Figure 6). The probability distribution of cemeteries, flat settlements, and multi-layered
settlements overlaps until 2200 cal BC and the presence of flat settlements terminates ca.
1400 cal BC. The density of radiocarbon determinations from multi-layered settlements
reaches its peak ca. 1800 cal BC and declines ca. 1400 cal BC, similarly to the flat
settlements. Between ca. 1800 and 1500 cal BC fortified settlements start to be documented.
This category is generally applied for sites in Slovakia and southern Poland, which are
characterized by material culture similar to Middle Bronze Age pottery of the Füzesabony-
Otomani style (Jaeger 2016; Gancarski and Madej 2019). These sites are not treated as tells
since in majority of cases only a single occupation layer was documented (Jaeger 2016).
Finally, the Early and Middle Bronze Age funerary contexts point towards continued
human presence from the second half of the third millennium cal BC until the end of the
second millennium cal BC. The increasing density of radiocarbon dates in the burial record
corresponds to the increasing diversity of settlement types ca. 2200 cal BC, when the first
multi-layered settlements start to be documented.

The final stage of the analysis was determining the chronological position of specific sites
within the context of the regional groups to determine whether the emergence of
settlements was contemporary over the entire duration of the Early and Middle Bronze
Age, and how was it related to the establishment of cemeteries. For the purpose of the
analysis all sites with less than 2 radiocarbon measurements were removed from the
analysis to ensure the representability of the KDE plots. This reduced the number of
available sites to 26, and total number of available radiocarbon dates to 245.

The Banat group comprised of three cemeteries and two settlements (Figure 7). The oldest
flat settlement (Foeni Gaz) overlaps with the early stage of the multi-layered settlement

Figure 6 Settlement types and cemeteries in the Early and Middle Bronze Age Carpathian Basin: a radiocarbon
model (Supplementary Material 4).
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Figure 7 KDE plots for each of the archaeological sites within regional groups (Supplementary Material 5).
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(Rabe-Anka Siget), as well as the onset of three cemeteries. The probability distribution of the
multi-layered settlement overlaps with all remaining cemeteries, with the Ostojićevo-Stari
Vinogradi showing potential duration past the abandonment of the settlement.

The Carpathians group comprised of two cemeteries and three settlements. The multi-layered
settlement of Vráble-Fidvár covers the entire timespan of the Early and Middle Bronze Age,
where the transition between the flat and multi-layered settlement occurred ca. 2200 cal BC
(Schlütz and Bittmann 2016). The cemeteries of Jelšovce and Nižna Myšl’a overlap with
the probability distribution of Vráble-Fidvár, and partly with the two fortified settlements
which emerged later (Brzezówka 10, Maszkowice).

The Csepel group represents the earliest context for human burials, prior to the establishment
of any multi-layered settlements. In addition, no such forms of occupation are known from the
island (Kulcsár 2011, 2013).

The Danube-Tisza Interfluve group comprised of four settlements and two cemeteries. The
dated contexts originated from multi-layered phases of these settlements, indicating the
overlap of this form of occupation with the earliest cemetery (Boconád-Alatka-puszta and
Kiskundrozsma-Hosszúhat halom). The later settlements of Kakucs-Balla-domb, Kakucs-
Turján, and Füzesabony-Öregdomb were all multi-layered settlements, which partly
overlap. The cemetery of Tápé-Széntéglaégető only partly overlaps with the tail of the
probability distribution of Kakucs-Balla-domb.

The Transdanubia group comprised of five cemeteries and a single settlement. The cemetery of
Bonyhád-Biogas factory was used throughout the entire Early and Middle Bronze Age. The
remaining cemeteries have two probability distributions: from ca. 2500 cal BC to approx. 1500
cal BC, and ca. 2100 cal to 1500 cal BC. The settlement of Vörs-Máriaaszonysziget
corresponds to the second one.

The Transtisza group comprised of a single cemetery and two settlements. While the cemetery
of Békés was used already in the mid-third millennium cal BC, the majority of burials originate
from the second half of the second millennium BC and continue past the 1500 cal BC threshold.
The settlement on the other hand show the presence of long and short-term occupation, where
the probability distribution of Semlac-Livada lui Onea points towards continued use frommid-
third millennium cal BC to 1500 cal BC. Emőd-Nagyhalom was used from 2000 to approx.
1600 cal BC.

DISCUSSION

The analysis indicates that while tell settlements can be generally positioned between 2200–
1250 cal BC, their emergence was not uniform across all regional groups (Figure 8.1). This
corresponds to the increasing formation of cemeteries in the region. In some groups
(Carpathians, Transdanubia, Transtisza), this earliest phase of occupation is only
characterized by burial contexts.

While onset of tells ca. 2200 cal BC marks the chronological thresholds for the majority of
regional groups (Carpathians, Danube-Tisza Interfluve and Transtisza), the increasing
number of settlements corresponds to ca. 1950 cal BC (Banat, Danube-Tisza Interfluve,
Transtisza; Figure 8.2). The number of cemeteries increases regionally, although not
all groups are immediately characterized by the establishment of burial grounds
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(Danube-Tisza-Interfluve). Although flat settlements were documented as well, even in areas
where tell settlements become widespread, the current dating suggests that this habitation form
became restricted to Transdanubia between 1850–1500 cal BC (Figure 8.3). This region
specifically is characterized by a large number of contemporarily used cemeteries. The
radiocarbon dataset for the majority of groups terminates ca. 1500 cal BC, with the
majority of dating restricted to the Banat group (Figure 8.4).

The investigation shows that while there are substantial grounds to consider tells as a largely
contemporary phenomenon, the formation of settlements was characterized by two different
emergence trajectories. The initial stage was characterized by long-term occupation, which
would result in the emergence of tell settlements (Carpathians, Danube-Tisza Interfluve,
Transtisza). It is plausible that the maintenance of these eventually long-term settlements
would establish a certain practice related to spatial management. After this initial long-
term process, tell settlements would become more widespread, and generally were
characterized by a shorter occupation. Similar trajectory is visible for the emergence of
cemeteries, which were initially established in the mid-third millennium BC, followed by a
secondary rise when the number of tell settlements increases. The study shows that there
were similar regional trends of how people created their living environment, undergoing
intensification due to a process of secondary aggregation in previously unoccupied areas.
The challenge lies in determining how these findings fit into large, well-known sites which
as of yet have not been subject to radiocarbon dating or could not be implemented in this
model due to insufficient contextual data, e.g., Újhartyán-Vatya, Százhalombatta-Földvár,

Figure 8 Radiocarbon-based model of spatial dynamics in the Carpathian Basin between 2600 and 1200 cal BC.
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or Pecica “Şanţul Mare”. It is probable that the emergence of chronologically early settlements
was more widespread, but considering the current radiocarbon record of Early and Middle
Bronze Age sites and especially the impact of legacy data, this points towards a viable
hypothesis rather than a solution to the problem.

Two outliers were identified: the Csepel and Transdanubia groups, where no tell-based form of
occupation was discovered. In the first case, a limited but rich dataset of a flat settlement and
adjacent cemetery is known from excavations, although their exact temporal relationship
cannot be determined using the proposed methodology (Patay 2013; Endrődi and Reményi
2016). Although the absence of Early and Middle Bronze Age tell settlements was observed
early-on (Kiss 2012), the continued use of the cemetery in Bonyhád-Biogas factory would
suggests that different means of establishing permanent spaces was taking place (Sørensen
and Rebay-Salisbury 2008; Hajdu et al. 2016).

From the standpoint of on-going discussion regarding the collapse scenario explaining why a
fairly large number of settlements were no longer occupied past ca. 1500 cal BC, no
determinate answer can be provided (Fischl et al. 2013; Vicze et al. 2013; Duffy et al.
2019). The existing models indicate that the perspective of the so-called abandonment
process was influenced by the sampling employed in different dating programs. The
contextual data related to the final stages of occupation is scarce in terms of providing
evidence of crises, conflict, and/or a dramatic turn of events which would contrast with the
preceding phases (David 1998). This should be expected considering the long history of
modern agriculture, where the position of tells overlaps with the most intensively used soils for
agriculture (Staniuk 2020). Combined with the progressing erosion of elevated settlements, the
problem of interpreting the final habitation stages requires the reconsideration of the research
methodology and the selection of suitable datasets. This problem has already been documented
for the site of Vráble-Fidvár, where settlement layers documented in 1967 were barely visible in
2009 (Bátora et al. 2012; Nowaczinski et al. 2013).

While the discontinuity of settlement use is supported by radiocarbon dating, currently the
only potential correlational link to this process is the deposition of volcanic material
leading to a climatic change ca. 1630 cal BC (Demény et al. 2019). While this points
towards to a potential hazard, conducted investigation would suggest that occupation of
settlements and the use of cemeteries continued for another hundred years. As such,
another question remains whether decreasing temperature in the Carpathian Basin was
immediately a challenge for the inhabitants of different sites, or whether it became a
hazard only after a few generations.

CONCLUSION

The proposed model shows that the Early and Middle Bronze Age in the Carpathian Basin
was characterized by the emergence of the first settlements ca. 2200 cal BC. This was
accompanied by the emergence of the first cemeteries. This first stage of occupation
would eventually result in the formation long-term settlements. Secondary occupation
occurred ca. 1950 cal BC, again accompanied by the emergence of new cemeteries. The
dated contexts suggest that ca. 1500 cal BC the majority of settlements were abandoned,
and the only continued occupation could be documented in the Banat region. Despite the
occurrence of a climatic change ca. 1600 cal BC, sites continued to be used for approx. 100
years before being abandoned.
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Kalicz N. 1982. Die terminologischen und
chronologischen Probleme der Kupfer- und
Bronzezeit in Ungarn. In: Aspes A, editor. Il
passaggio dal neolitico all’età del bronzo
nell’Europa centrale e nella regione alpina.
Problemi cronologici e terminologici. Atti del X
Simposio internazionale sulla fine del neolitico e
gli inizi dell’età del bronzo in Europa, Lazise,
Verona 8–12 aprile 1980. Verona: Museo Civico
di Storia Naturale. p. 117–137.

Kalicz-Schreiber R. 2010. Ein Gräberfeld der
Spätbronzezeit von Budapest-Békásmegyer.
Budapest: L’Harmattan.

Kienlin TL. 2015. Bronze Age tell communities in
context. An exploration into culture, society,
and the study of European prehistory. Part 1.
Oxford: Archaeopress Archaeology.

Kiss V. 2012. Middle Bronze Age encrusted pottery in
western Hungary. Budapest: Archaeolingua.

Kovács T. 1977. Die Bronzezeit in Ungarn. Budapest:
Corvina Verlag.

Kristiansen K, Larsson TB. 2005. The rise of the
Bronze Age society. Travels, transmissions
and transformations. Cambridge: Cambridge
University Press.

Kulcsár G. 2009. The beginnings of the Bronze Age in
the Carpathian Basin. The Makó-Kosihy-Čaka
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