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Introduction

The Neolithic site of Göbekli Tepe in Northern Me-
sopotamia has raised much interest, but the most
relevant questions have mostly remained unans-
wered. One reason is that the field of prehistory
alone is rather ill-adjusted to properly address mat-
ters of ideology. The ethnology of comparable ex-
tant societies offers an alternative means of explo-
ration (Forest 1992.28–31; Yakar 2005.111–112),
as it can reveal the concepts conveyed through the
symbolism.

The present discussion concentrates on the most
imposing feature of the Southwest Asian Neolithic

symbolic world, that is, the monumental pairs of
twin steles standing in the centre of the PPNA stone
enclosures (A to H) of Göbekli Tepe III (Fig. 1). How-
ever, these must be conceived just as one particular
case among the numerous contemporary isomorphic
(architectural, geometric and iconographic) repre-
sentations identified throughout (Fig. 2) the Neoli-
thic period (Peters et al. 2005.31–32; Stordeur
2003): symmetric clay poles, parallel lines painted
on floor, geometric figures on walls, antithetic or
converging animals, twin figurines, couple of human
skulls, symmetrical partition of communal buildings
or of entire sites. A non-exhaustive list of such items

The Neolithic dualist scheme

Cédric Bodet
Muğla Sıtkı Koçman University, Kötekli, TR< cedric.bodet@yahoo.com, cedricbodet@mu.edu.tr

ABSTRACT – The monumental twin steles of Göbekli Tepe are one in a long series of isomorphic
compositions in Neolithic symbolism. Seemingly tracing back to the Palaeolithic, symmetry likely
played a fundamental role for prehistoric societies. Ethnographers showed how hunter-gatherer ideo-
logy (mythology, totemism, etc.) is often structured around a dualistic worldview (male/female; sum-
mer/winter etc.) taking root in the kinship system through a division of the community into exoga-
mic subgroups. It is this dualism that is argued to be embodied in the twin steles. The advent of au-
tonomous agricultural lineages could explain why this timeless principle appears with such promi-
nence in the Neolithic.

IZVLE∞EK – Monumentalna kamnita dvoj≠ka na najdi∏≠u Göbekli Tepe predstavljata eno od izomorf-
nih kompozicij neolitske simbolike. Simetrija je, domnevno ∫e vse od paleolitika, igrala klju≠no vlogo
v prazgodovinskih dru∫bah. Etnografi so pokazali, kako je lovsko-nabiralni∏ka ideologija (mitolo-
gija, totemizem itd.) strukturirana na osnovi dualisti≠nega svetovnega nazora (mo∏ki/∫enska, polet-
je/zima itd.), ki temelji na sistemu delitve dru∫be v eksogamne sorodstvene podskupine. Prav ta dua-
lizem naj bi poosebljala kamnita dvoj≠ka. S pomo≠jo pojava avtonomnih rodov poljedelcev morda
lahko razlo∫imo, zakaj je bil ta brez≠asni princip tako pomemben v neolitiku. 

KEY WORDS – Neolithic symbolism; exogamy; kinship structure; hunter-gatherer ideology; incipient
farmer

KLJU∞NE BESEDE – simbolika v neolitiku; eksogamija; sorodstvena struktura; lovsko-nabiralni∏ka
ideologija; prvi poljedelci

Neolitski dualizem
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Problematic and methodology

The fact that the Neolithic symbolic material posses-
ses such a meaning is made explicit by the planned
and recurrent arrangement in which its various ele-
ments are invariably found. The symmetrical so-
called ‘pillars’ systematically hold a central position
in the communal buildings of a large number of spa-
tially and chronologically separated sites in North-
ern Mesopotamia, the Levant and all the way to Late
Neolithic Central Anatolia11. Moreover, this element
often appears in association with the same set of fi-
gurative elements of strong symbolic connotation

is presented elsewhere (Bodet 2021; forthcoming).
The current paper concentrates on the likely mean-
ing enclosed in these isomorphic symbols, or rather,
on the ideology and the social structure they reflect.

Ethnoarchaeological analogy presents various prob-
lems (David, Kramer 2001.51–54), but the symbol
in question here appears remarkably central to both
archaeological and ethnographic societies. If the
analogy proves appropriate enough, the analysis
may somehow make the archaeological data ‘speak’
(Gould 1978.250), thereby unlocking some of the
meaning enclosed in the symbolism (Wilson 2020.6).

Fig. 1. Ground plan of Göbekli Tepe. GT_Gesamtplan_2014 (central area truncated), by Klaus Schmidt
and Jens Notroff. © Deutsches Archäologisches Institut, Göbekli Tepe Projekt.

1 Little noticed, the female figure in Çatalhöyük gives birth by unifying two parallel pillars (Forest 1993.7), while (symbolically sig-
nificant) parallel lines are recurrent in wall paintings. Again, see Cédric Bodet (2021; forthcoming) for a more detailed pre-
sentation.
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(Henderson 1964.154), in
particular predators, snakes,
birds (probably with a psy-
chopomp function), bucrania,
anthropomorphic statues or
smaller side-steles. The order-
ing and redundancy of these
symbolic compositions are
doubtlessly not arbitrary and
must correspond to a prede-
fined logical system, convey-
ing a particular message left
to be deciphered (Stordeur
2003.32; Testart 1987a.171).

This message carried by such
structures, together with the
fact that nothing indicates that
they supported anything (Jeu-
nesse 2020), is, in passing, the reason why the word
‘stele’ is preferred here to that of ‘pillar’ generally
used in the literature. In the same trend of thought,
the term ‘temple’ is ill-fated to designate these enclo-
sures, as these ceremonies probably do not imply a
‘cult of deities’ (Testart 2006a), which only arises
when required for the ideological unification of large
urban congregations during the much later Obeid/
Uruk horizons (Forest 1996a).

Though rarely or too briefly (Voigt 2002.254) menti-
oned (Roger Matthews 2003.37 is a significant ex-
ception), the decipherment of this symbolic message
was successfully initiated nearly three decades ago
by Jean-Daniel Forest (1993), providing a solid foun-
dation on which further elaboration ought now to
proceed.

Always placed in the centre, the twin composition is
suspected to symbolize the highest sphere of Neoli-
thic ideology. It is a simple symbol with which re-
searchers are doomed to start with in order to pati-
ently reconstruct the meaning it may hold in the so-
cial structure (Durkheim 1937.42–45). One precon-
dition is not to underestimate the capacity of early
communities to express abstract themes through
corresponding symbols.

A symbol is a signifier standing for a signified. Re-
peated over and over again in places dedicated to
communal matters, the signified in question must
indeed be very significant for the community. This
element can only be described, for now, as a sym-
bol of symmetry, but it makes sense within a system
of thought (ideology) deriving from a correspond-

ing social context (Yakar 2005.111). Disconnected
from this context, the symbol loses its meaning. This
implies that in order to decipher this symmetrical
symbol, the social context first ought to be recon-
structed, at least in broad strokes.

This social coherence is an indispensable basis to
start with, but without an intermediary reference,
without a Rosetta Stone infusing the structure with
meaning, the decipherment will be left to hollow
speculations (Schmandt-Besserat 2013.xxv). It hap-
pens that, for the present concern, a reference exists.
The latter is not a similar iconographic element but
an abstract concept, and the correspondence appears
too striking and the analogy too compatible not to
be considered.

Dualism as a prehistoric principle
This investigation was originally inspired by Alain Te-
start’s (1985) meticulous analysis of what he calls the
‘primeval communist’ societies. These are a pristine
form of hunter-gatherers, prior to the advent of bows
and arrows. This long Palaeolithic dawn of humani-
ty appears, though with much caution, accessible
through the abundant ethnographic documentation
of Australian Aboriginal societies (Testart 1988.12).
Any analogy led through the spectrum of a narrow
technological comparison is doomed to failure, and
absolutely no cultural comparison is attempted here;
the social structure, because of its theoretical and
universal nature, is the only element considered. ‘Uni-
versal’ is here to be understood in the sense that
every human community necessarily has an economy,
a kinship system, rules, customs and an ideology:
these are the main structures that concern us here.

Fig. 2. Distribution of Neolithic sites with identified dualist symbolism
(see Bodet (2021 forthcoming)).
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Australian Aborigines are the only living mirror of
Pre-Mesolithic-type of societies. A coherent and all-
encompassing theoretical reconstitution of their so-
cial structure was achieved by Testart, as stable and
lengthy as the Palaeolithic period itself, as it is
known from archaeology at least. But the ultimate
reason why Aborigines are of interest to us here is
that, together with Neolithic societies, they clearly
appear to hold dualism as a keystone of their ideo-
logical construction and that only a living society
can reveal its meaning.

A word of warning, however. This is not simply
about making “connection between two entirely
different societies on the basis that they use sym-
metrical symbols in their ideology”, as one revie-
wer of an earlier version of this paper suspected.
There could be a slight chance that isomorphism
may relate to something utterly different in the two
societies although as dualism and exogamy are ex-
tremely widespread (near universal) in the ethno-
graphic record, there is a much higher chance that
the Neolithic isomorphism is a delayed expression
of the Palaeolithic dualism. Moreover, the modern
understanding of dualism, “two irreducible, hetero-
geneous principles” (Britannica.com) must be here
understood as being thoroughly complementary in
their opposition, which is what we will try to report.

Ethnographers have been struck by the extreme at-
tention given to kinship by all traditional societies,
and in particular to one critical point (Spencer, Gil-
len 1899; Frazer 1910; Howitt 1905): such societies
are always divided into several subgroups, at least
two, exchanging sexual mates every generation for
the sake of procreation. This ‘artificial’ social divi-
sion is at the root of exogamy (‘marrying outside’),
an absolutely fundamental principle from which
later social and kinship systems evolved (Freud
2010[1913].39–53, 255–256; Lévi-Strauss 1967.80–
97; Testart 1985; 1988). One direct consequence of
this law is that, as Robert S. Walker et al. (2011.1)
say, “arranged marriages [necessarily among rel-
atives] are inferred to go back at least to first mo-
dern human migrations out of Africa”.

The archaeological data offers monumental evi-
dence to support the idea that this arrangement per-
petuated at least until the Neolithic.

It is certainly biased and erroneous to designate a
society by what it does not have (bows and arrows).
What Palaeolithic-type societies do have, and even
more so than later hunter-gatherers, are relations of

production entirely based on and shaped by an elabo-
rate kinship system. In these small communities turn-
ed inward, ‘elementary’ to use Claude Lévi-Strauss’
(1967) term or ‘universal’ to use Alan Barnard’s
(1978.69–71; 2020.50–53), everyone is somehow
related to everyone else, and this kinship or mari-
tal relation dictates the modalities of their social in-
teraction in every way. The way individuals respect,
joke, avoid, command/obey, punish, teach/learn,
give/receive, conduct ceremonials (initiation and fu-
neral rites), and, most importantly, the way they
marry, are thus prescribed primarily by the subgroup
the people in interaction belong to (Malinowski
1926; Radcliffe-Brown 1952.90–104; Woodburn
1982; Ghasarian 1996.152–159,185–197; Walker
et al. 2011.2; Bird-David 2019.15–16).

“The fundamental feature in the organisation of
(…) Australian tribes, is the division of the tribe
into two exogamous inter-marrying groups. These
two divisions may become further broken up, but
even when more than two are now present we can
still recognise their former existence” (Spencer,
Gillen 1899.55). Even though odd numbers may also
be found (as a result of historically induced dispari-
ties), ‘primeval communist’ societies are often sep-
arated into parallel subgroups or phratries: eight sub-
sections, four sections, or, for the most genuine case,
two moieties (halves) (Barnard 2020.52). Dualism
is thus generally considered to be the most original
and purest form of this form of social organization
(Cook 2003.65; Freud 2010[2013].50–51; Testart
1978.15–22; 1985.478–479). But whatever the num-
ber of subgroups, this plurality is necessarily reduc-
ed in conceptual terms to the number two, because
it is the number par excellence that embodies the
concept of ‘differentiation’ (Girard 1972.87–92),
making (equal) exchange possible.

Dualism is much more than a marital arrangement.
Organically articulated to the economic system, it re-
flects on the symbolic sphere: totemism, mythology,
rituals, etc. (Testart 1985.451–489). It finds in
nature an obvious mode of expression, through fixed
oppositions such as day (sun) and night (moon),
winter (cold, wet) and summer (hot, dry), and, more
particularly, males and females, the interdependence
of which is naturally indispensable for the perpetu-
ation of the cycle of life and death, oppositions them-
selves seen through their own interdependence.

This fecund sexual opposition was suspected by An-
dré Leroi-Gourhan (1964.108), among others (Te-
start 2006b.26), for Upper Palaeolithic societies, and
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by James Mellaart (1967.48, note 27–28), Ian Hod-
der or Forest (Matthews 2003.46) for Neolithic ones.
Dualism is also the principle behind the famous Yin
(female/earth/moon/water) and Yang (male/sky/
sun/fire) of the Chinese tradition (Granet 1929.
225). A similar symbolic partition of fundamental
opposite elements is still present today, for exam-
ple, in the arrangement of the Berber house in north-
ern Africa (Bourdieu 1980). The philosopher Vol-
kert Haas likewise refers to the concept of separa-
tion of the ‘undifferentiated’ cosmos in primeval
times into two sets of opposite but mutually inter-
dependent elements, in particular above-heaven-
male and below-earth-female (Becker et al. 2012.
30). This widespread differentiation is personified
in the antithetic heroes, twins or brothers/sisters
in many founding myths all over the world (Girard
1972.247–248).

Among Australian Aborigines, this binary interdepen-
dence becomes a ubiquitous principle encompassing
inorganic elements like mountains, water holes, stars
or meteorological events (storms, rainbows). The en-
tire world is thus systematically divided into sepa-
rated but interdependent halves, a reflection of the
society itself, as ideology generally does (Testart
1985.467–489). Dualism thus does not appear as a
cultural but as a structural element deeply wired in
the constitution of (all?) early human societies.

Barnard (pers. com.) tells me that this dualist divi-
sion of the society “is true for Aboriginal Australia,
but not necessarily for hunter-gatherers in gener-
al”. This is a crucial point because it shows the chro-
nological and structural evolution from ‘primeval
communists’, for which Australian Aborigines are
the sole ethnographic representatives, towards ‘la-
ter’ hunter-gatherers like the !Kung San, in which
relations of production seem to have been altered
by a certain spur of individualization (see below;
Testart 1985.56–60; 1987b). This evolution would
explain the distinction between the ‘socio-centric
system’ and the ‘ego-centric system’ made by Alan
Barnard (1978.77), as well as, the full “correlation
between the system of kin categorization as a
whole and the rules of marriage” (ibid. 75) that
characterizes the Australians but is not found among
the San. All this tends to show how ‘primeval com-
munism’ could represent the genuine social back-
ground, characterized by “a lack of ambiguity of
categorization” (ibid.) and from which later devel-
opments are likely to have derived.

Among these later developments there is the Neo-
lithic period. Right in the centre of the a priori my-
sterious symbolic repertoire on display at Göbekli
Tepe, there is a pair of huge parallel stone slabs
standing majestically, seemingly conveying an abs-
tract statement (Becker et al. 2012.14). They ap-
pear as nothing but a material representation of this
universal dualist scheme. This is the hypothesis that
will presently be explored by trying to understand
what this dualism is really about.

It goes without saying that Australian Aborigines
have absolutely nothing to do with Göbekli Tepe, it
is just that they seem to share a similar social struc-
ture, thus opening the door to a possible analogy,
which now needs to be questioned. A major obsta-
cle first ought to be removed: if the aspect and cen-
trality of the ‘primeval communist’ principle and
the Mesopotamian Neolithic symbol present a strik-
ing similarity, these societies must be somehow struc-
turally compatible for this analogy to function.

The analogy
Ideology is a central social organ in close interaction
with the relations of production (Giddens 1971.
42), which implies that, for the analogy to be ac-
ceptable, the mode of production of the societies in
question ought to be comparable22. From this point
of view, primeval hunter-gatherers appear starkly
different from Neolithic proto-farmers (Willcox,
Stordeur 2012.112; Asouti, Fuller 2013.308). How-
ever, a sociological rule needs to be considered here:
if technical and economic changes can diffuse ra-
pidly, their repercussions for ideology (and, subse-
quently, for symbolism) are always very much de-
layed. This fact has been well attested by anthropo-
logists studying the appearance of agriculture. “Peo-
ple can hold on to ideologies (mode of thought) re-
flecting foraging for generations, even when their
systems of production have undergone transition”;
“relations of production among proto-agricultur-
alists (…) tend to retain the structures of a hunter-
gatherer habitus” (Barnard 2007.8,14, quoted by
Asouti, Fuller 2013.300).

An ideological structure should not be seen here as
a conscious and planned construction, but, indeed,
somehow like Pierre Bourdieu’s (1980) habitus, that
is, continuously shaped by an everlasting accumu-
lation of practice and experience. The ideology of
the earliest farmers is thus likely to be largely inhe-
rited from a Palaeolithic background, built over hun-

2 In Marxian terminology, “the gathering of food (hunting included) is a form of economic production” (Ingold 1980.83).
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dreds of thousands of years: Forest (2006.126) thus
states without hesitation that “in the case of the
Pre-pottery Neolithic, the analogical basis to take
into consideration is of course the ‘primeval com-
munism’”. This implies that Neolithic people are like-
ly to have possessed a cosmogony organized around
some form of totemism, animism or shamanism (Le-
wis-Williams 2002.132; Bischoff 2002.237; Yakar
2005.112).

From there, it is difficult to support the idea that
Neolithic people started to cultivate grains because
they would have begun (why?) to conceive differ-
ently (how?) their relation to deities (are there any?).
This is where Jacques Cauvin’s (1997) famous mo-
del is problematic, and why the chain of causal ef-
fects may benefit if reversed (Testart 1998.27).

The Palaeolithic ‘middle range’
The idea that the dualist ideology could be present
in Neolithic symbolism as a continuum of a much
older tradition would certainly gain some weight if
found directly in the Palaeolithic period proper. As
mentioned above, Leroi-Gourhan (1964) pointed out
such reciprocal dichotomy in the Franco-Cantabrian
cave paintings, Lascaux in particular. Horned ani-
mals (placed on protruding parts of the cave wall)
are supposed to represent a male abstraction (horns
being an obvious phallomorphic symbol, see Han-
sen 2017), while hornless animals (horses, in con-
cave spaces) a female one, their interaction leading
to fertility. These images are moreover painted in
the very depth of caves, an obvious symbol of Mo-
ther Earth’s vagina and womb, where not only hu-
mans but all organic forms come to life. “The earth
would have been considered the source of all life’s
elements” writes Yak Yakar (2005.111–112), speci-
fying that such “communal fertility-related rituals
may have originated in the period before farm-
ing became the principal subsistence economy”.
Dimitrij Mleku∫ Vrhovnik (2021.3) further says that
a cave is “a womb and a tomb at the same time”,
which would fit well with the above-mentioned idea
that life is conceived as taking place in an eternal
cycle where death is its inevitable opposite (Gibson
2009[2010.23]). Jean-Loïc Le Quellec (2015.259–260)
comes to the same conclusion after his comprehen-
sive studies of ancient myths from around the world,
where humans and animals emerge from a hole in
the ground, making the underground at the same
time the place where life originates and where the
deceased return. The cave paintings thus seem to
have put into action symbolically the “structuring
principle (of) vitality (fecundity, life-force)” (Ver-

hoeven 2002.244), astonishingly resembling the
‘tao’ of the Chinese (Granet 1929.293).

But if all forms of life are concerned, it is certainly
the community that is primarily envisaged by the
principle of fertility.

The dualist principle seems to have been known by
the Neanderthals as well (Fig. 3): the symbolic com-
position found at the bottom of the Bruniquel cave
(Jaubert et al. 2016) represents two piles of stalag-
mites (another phallomorphic symbol) in one circle
(a shape often connected with maternal womb and
fertility, see Haland 2017.166), making the com-
position strikingly similar to the circle surrounding
the twin steles of Göbekli Tepe III (Figs. 2, 3). Since
absolutely no cultural connection can be established
between these cultures, such similarity can, here
again, only make sense if dualism and exogamy are
understood as extremely widespread principles
among early humans (Freud 2010).

Because the animal species painted in the Palaeoli-
thic caves are represented as isolated groups, Testart
(1985.276–290; 2012.254–267) sees them as totems.
His analysis is based on the identification, mostly by
James George Frazer (1910) and Alfred William Ho-
witt (1905) (who were also Sigmund Freud’s main
anthropological sources when he wrote his famous
Totem and Taboo), of a strong correlation between
totemism and exogamy. Totems are natural species
(animals, sometimes plants) representing a specific
social subgroup, as if the natural world, classified
into species, was called in to naturally classify the
community among separate groups. Both Leroi-Gour-
han and Testart thus consider that Palaeolithic so-
cieties likely knew some form of ‘classification’, in
Lewis Henry Morgan’s (1871) use of the term (see
also Radcliffe-Brown 1972.98–103; Bloch 1983.8–
13), so as to ensure the practice of exogamy. And we
saw that every classification ultimately and theore-
tically resumes as a two-fold division, that is, dualism.

In the absence of writing, how are people to express
what matters most to them, that is, the (male) soci-
ety, the (female) engendering principle and exo-
gamy, if not by using elements with readily identi-
fiable characteristics, such as, respectively, the horn,
the circle and isomorphic forms?

It is remarkable how early anthropologists from all
corners of the world like Morgan in North America,
Marce Granet in China, Spencer and Gillen in Austra-
lia, Marshall Sahlins in Oceania, Claude Meillassoux
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in Africa or Marcel Mauss and
Bronisław Malinowski in Me-
lanesia recognized related
practices of inter-clan exoga-
my, cross-cousin marriage or
‘classificatory’ structures to
describe the internal organi-
zation of pre-state societies,
an organization so different
from their own Western ‘com-
plex’ type of kinship (where
marriage is practiced with the
outside world, as opposed to
closed-in and ‘elementary’, sy-
stems to use Lévi-Strauss ter-
minology). This all-encompas-
sing dualist classification appears as the principle
according to which early human society coped with
the distribution of sexual mates in order to ensure
its own perpetuation. There is thus nothing surpris-
ing in finding it all the way to the Neolithic, before
the Agricultural Domestic system altered it profound-
ly (infra).

There seems to linger in Western thought an ethno-
centric reflex to consider pre-state societies as un-
familiar with elaborate forms of conceptualization
(Asouzu 2007.192). The ethnography of hunter-ga-
therer societies largely suggests the contrary (Bar-
nard 2020). It is much beyond the scope of this pa-
per to develop the Palaeolithic symbolic world, but
it was essential to show that the Neolithic dualist
system is a natural offspring of a much more ancient
and complex ideological background (Verhoeven
2001.84). We are now ready to investigate more
precisely what this ‘dualist scheme’ is all about.

The ‘primeval communist’ social structure and
its persistence in the Early Neolithic

The relations of production
According to the analysis that Testart (1985) pro-
posed of at least certain genuine (i.e. matrilineal)
Australian tribes (in the southeast, especially), the
hunter is not supposed to eat the prey he has killed,
but to give it away to the community. “For example,
in south-west Victoria, the hunter is said to receive
nothing, and his brothers are treated in the same
way (Howitt 1904.765)” (Testart 1987b.296). This
is the basic opposition this author makes between
‘primeval communists’ and later hunters who usual-
ly distribute their prey according to a pattern which
“leaves no doubt about the sharer’s close kinship
ties” (Bird-David 2019.17–19). Indeed, “possession

of a kill in a hunting society confers not the right
to its consumption but the privilege of performing
its distribution” (Ingold 1980.158, citing Dowling
1968.505). Who, then, appropriates the prey among
‘primeval communists’? It is often individuals be-
longing to the social group opposite to that of the
hunter (Testart 1988.10). According to Morgan’s
(1871) ‘classificatory system’, these groups are de-
fined by filiation and generation, thus grouping all
siblings in the same class (Radcliffe-Brown 1952).
Because of exogamy, the opposite moiety is the one
where the hunter finds his spouse. His prey may
then go to his spouse’s parents. “Among the Ngatat-
jara, the parents-in-law take first and the broth-
ers last. (…) Among the Maljangaba of New South
Wales, the tribe is divided into matrilineal moi-
eties and a man gets very little meat from his ma-
ternal kin because they belong to the same kinship
group as he does. He receives much more from his
father, since he is not maternal kin (Beckett I967.
459)” (Testart 1987b.296). There may be as many
rules as there are societies, but it is significant that
if the exchange of meat proceeds according to the
kinship system among hunter-gatherers, it is in par-
ticular the non-producers who generally appropriate
the product among ‘primeval communists’. Generally
speaking, the producer is never the consumer and
the consumer never the producer (Testart 1987b.
294). Because the rule applies to every hunter, the
latter eventually always gets his share, and, if the
production is denied to the producer, it is, in the end,
to the benefit of the society as a whole. Reciprocity
as a rule of traditional economies is also well known
in the ethnography of Melanesia (Malinowski 1926.
33; Mauss 1924) and elsewhere (Barnard 2020.
31), but it is in Australia that this form of exchange
appears the most equalitarian. Comprehensive and
equal internal cooperation has thus been identified

Fig. 3. A likely dualist composition in the Neanderthal cave of Bruniquel.
© Xavier MUTH – Get in Situ, Archéotransfert – SHS-3D, base photogram-
métrique 3D Pascal Mora Courtesy of J. Jaubert (Jaubert et al. 2016).
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as the dominant mode of production (Testart 1985.
115,169).

The universality of this rule can be questioned for
the early stages of humanity, but the general para-
digm seems to be that sharing follows the division
traced by the kinship pattern in the social body
(Speth 2010.xiiiv). This could help shed light on
specific archaeological traces. For example, food
exchange can be inferred from such data in the
PPNA sites of the Northern Levant, where harvested
grains are assumed to have been stored in commu-
nal buildings (Stordeur 2000.3; 2003.20; 2012),
more or less symmetrically divided into two equal
parts along the axis of the building (Stordeur et al.
2001.32–33, Fig. 5/1). Though this is nothing but
the author’s speculation, it could be that this sym-
metrical division of the village granary was made
according to the kinship division within the com-
munity for matters of exchange (each subgroup pro-
ducing and storing for the other). This division goes
much beyond economic matters. At Faynan, in the
southern Levant, the communal buildings are cha-
racterized by “general symmetry to the structure
along an axis formed by a deep trough” (Mithen
et al. 2011.354). Sometimes, such complementary
division has been identified at the level of the entire
site: “the small settlement at Qermez Dere had
been laid out in two contrasting halves that per-
formed complementary functions. Part way
through its life, the village was re-formed, but once
again in two complementary halves” (Watkins
2006.16). Leaving aside the case of Asıklı, which has
a street dividing the village (Özbasaran et al. 2012.
140) but in less clearly symmetrical parts, Hodder
(2012.304) identified such an arrangement at Çatal-
höyük, with “a large dip or trough across the mid-
dle, dividing it into two hills. The mound does
seem to have developed in two halves (north and
south). (…) In addition we have found some dif-
ferences in the genetic make-up of the humans
buried in the two halves”. Finally, in the late Neo-
lithic (but in fact, contemporary with the local emer-
gence of the farming system), Ulf-Dietrich Schoop
(2005.49), concerning the “lines of parallel houses
facing one another” in Hacılar and several other
western Anatolian Late Neolithic sites, writes that
“this brings to mind the social organization known
in the ethnographic record as the ‘moiety system’,
in which a community views itself consisting as
two competitive33 halves. I do not wish to elabo-

rate on this, for at the present state of investiga-
tion it would only be grasping at straws”44. This pre-
caution appears academically wise, but the straws
grasped here are arguably nothing but the very root
of prehistoric ideology.

A slow change can be detected in the following PPNB
period at Çayönü, with granaries attached to every
house from the Grill Building phase onward indi-
cating “that economic emphasis may have been
shifted from community to family based produc-
tion and consumption” (Yakar 2003.442). This re-
organization indeed seems to reflect a slow trend to-
wards an economic (and marital) autonomy of lin-
eages, following a “segmentation and separation of
balanced components arranged in relation to each
other” (Hodder 2020.49–51), and possibly leading
in late Neolithic Çatalhöyük to “the House as a his-
torical and genealogical social unit” (Kuijt 2018.
584; infra) based on a line of ancestors. This late
Neolithic fission into autonomous families apparent-
ly emphasizes, by contrast, the closed-in reciprocal
pattern that was arguably still strong in the earliest
Neolithic.

This economic evolution also seems supported by
the genetics of wild food. The PPNA plant material,
though anthropologically managed, is not morpho-
logically domestic yet. The subsequent physical do-
mestication, eventually including animals, implies
that the originally loose farming mode of produc-
tion is, relatively speaking, gaining in intensity dur-
ing the PPNB (Zeder 2011.230; Willcox, Stordeur
2012.112; Asouti, Fuller 2013.329). This trend goes
well with the idea of weak communal production
(PPNA) gradually intensifying (PPNB) towards the
specific interests of each lineage (PN), in particular
for the constitution of bride-prices (herd animals),
suspected elsewhere (Bodet 2019b) to have begun
in these latter periods. This morphological evolution
of resources emphasizes, by contrast again, the eco-
nomically loose, reciprocal and equal form of food
exchange expected to characterize the earliest Neoli-
thic groups.

The relations of reproduction
Economic reciprocity appears to reflect marital pat-
terns. Among hunter-gatherers “marriage prescrip-
tions commonly involve real or classificatory cross-
cousins and (…) exchange between two kin line-
ages” (Walker et al. 2011.4). The parents of ‘cross-

3 We will see that the division is, at this stage at least, not about competition at all, and in fact quite the contrary (infra).
4 I am thankful to Çiler Çilingiroglu (pers. com.) for bringing this reference to my attention.
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cousins’ are the children of a brother and sister;
because the social affiliation comes from either the
father or the mother, cross-cousins necessarily be-
long to a different ‘class’ and are expected to marry.
This is just one straightforward example; there are
many possible types of marital alliance, with many
more subgroups but the founding exogamic princi-
ple remains everywhere the same: the hunter does
not ‘consume’ his sister but the sister of a hunter
from the opposite moiety (hence the famous ‘ex-
change of sisters’).

Close-kin mating is often thought to have been pro-
hibited to lessen biological complications coming
from consanguine mating, but there is no genetic
difference between a cross- (prescribed mate) and a
parallel-cousin (proscribed). The key point is that
healthy mate circulation in the long term implies
not only separate groups (at least two), but reci-
procity among them. It is obvious that this social di-
vision is not prompted by emulation or rivalry but,
quite on the contrary, by the welfare of the entire
society. “A social benefit results from an exogamic
marriage (…), the law of exogamy is omnipresent
(…). It is the archetype of all other manifestations
at the basis of reciprocity, it provides the funda-
mental and immutable rule ensuring the existence
of the group as group” (Lévi-Strauss 1967.551). Ex-
change and the social classification permitting it
thus appear again ultimately as modes of (re)pro-
duction. The tight infrastructural correspondence be-
tween the kinship system and the economy seems
to strengthen the fundamental role played by reci-
procity and dualism in the ideology (Lévi-Strauss
1967.48–170; Bloch 1983.9–10).

As for the reflection of these principles in archaeo-
logy, the internal subdivision of the PPNA commu-
nities suspected above may be continuing in PPNB
Çayönü, where the two large buildings just north
of the Plaza could house the elder(s) of each moiety.
Another contemporary hint is found in Nevalı Çori
with “two groups of houses with different orienta-
tion (…) that could have belonged to two groups of
families with different lineage” (Yakar 2003.443),
two groups expectedly related through permanent
intermarriages. Whatever the case, all hunter-gather-
er societies seem to know one form or another of
kinship classification (Ghasarian 1996.31; Walker
et al. 2011.1): there seems to be no viable reason
not to expect a similar system of reciprocal mate ex-
change among Neolithic communities. And this could
be what the twin steles state out-loud.

Totemism
Some form of totemism seems rather common
among hunter-gatherer communities, though its ab-
sence among the San shows it is not universal (Te-
start 2006c.149; Barnard 2020.46). It is neverthe-
less thought by a number of specialists cited by Freud
(2010.42, note 2), in particular Frazer (1910), to
have been very widespread at an original stage
which would correspond to ‘primeval communism’.
There is, again, no a priori reason to exclude its pre-
sence in the Neolithic, as strongly suggested by the
twin stele arrangement. The totem consist of natu-
ral species, usually an animal, considered to be the
ancestor of a clan or tribe. Individuals maintain a
very specific relationship with it, being strictly for-
bidden to consume it, except once a year during the
ritual known as ‘Intichiuma’, aimed at magically in-
creasing the totemic resource for the opposite moi-
ety to consume (Spencer, Gillen 1899.169). This is
the symbolic projection of the rule of reciprocity re-
viewed for production (the hunter not eating his
prey but hunting it for the other moiety to consume)
and for reproduction (individuals not marrying
within their own subgroup, but ‘producing’ children
to be ‘consumed’ by the opposite one). By way of
animal species, totemism can be conceived as a sym-
bolic representation of the dualistic kinship system
ongoing in the community (Freud 2010.203–204,
255–256).

Göbekli Tepe, sometimes seen as a place of inter-
clanic reunions for very extended kinship groups
(Schmidt 2001.52–53; Belfer-Cohen, Goring-Mor-
ris 2002; Peters, Schmidt 2004.210–212), would fit
well as a place where Intichiuma-type ceremonies
were taking place. In fact, if contemporary levels are
to be found, the high number of large early Neoli-
thic sites, like Karahantepe, recovered within a ra-
dius of about 20km all around Göbekli Tepe (see be-
low), may have composed this population (Bodet
2019a).

For Hans Georg K. Gebel (pers. com.), “the ideolo-
gy of the early Göbekli Tepe Culture represents a
symbolically sustained system needed to serve the
integration of growing group numbers (…). Mu-
tual understanding and conflict management of
groups not knowing each other were reached by
commonly accepted strong and binding ideologies
and conventions. One may speak of ideocratic ter-
ritories mediated through the fixed image pro-
grams”. A common ideological background indeed
certainly played an important binding role among
all these communities, and, looking at the homoge-
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nous symbolic program on the entire site, this bind-
ing element must have been related to an isomor-
phic, i.e. dualist conception, shared long before the
construction of Göbekli Tepe.

The Neolithic iconography could fit neatly with the
totemic analogy, by supposing, like the excavators
of Göbekli Tepe and other specialists (Peters,
Schmidt 2004.209–212; Kornienko 2018.17–18),
that the animals carved on the steles represented
totems. However, for Forest (2006.134) this is pro-
bably not the case, because these elements interfere
with each other, being complementary or synony-
mous, so as to convey a message, while totemism
simply classifies in purely equal terms. Totemism
and message/law indeed stand at different levels in
the ideological structure, but are not at all incom-
patible (Testart 1985.510). The numerous animals
represented on the side steles could fall under Fo-
rest’s warning (Bodet 2021), while the few ones on
the central steles, absolutely alone, may be more in
tune with a totemic classification. Though intrinsi-
cally related in form and signification, we will see
that side and central steles may hold a different
symbolic value.

The rich animal repertoire represented on the side
steles is very similar to that deciphered by Forest
(1993; 2003) at Çatalhöyük: bulls, predators, psy-
chopomp birds, found to symbolize the society,
death of the body and transportation of the soul,
respectively. Göbekli also has many snakes, under-
stood as lineages (Forest 2006). The same geomet-
ric elements, thought to symbolize the two moieties
or the sexual mates they exchange, are also found
on both sites (and many others): parallel lines, zig-
zags, triangles, and chevrons. The several side steles
could then represent the subgroups the community
is composed of, linked to each other by the circu-
lar stone wall, forming a large matrimonial self-suf-
ficient unit. The non-totemic (message-delivering)
symbolic animals carved on them would suggest the
endless (feminine) cycle of life (snakes) and death
(birds, predators) in which these groups were in-
volved (Bodet 2021). On the other hand, if the cen-
tral parallel steles stand for the dualist subparts of
the (masculine) society (product of the feminine
principle), the isolated animals carved on them may
indeed be totemic. For example, the reflecting foxes
on the twin steles of enclosure B (Peters, Schmidt
2004.184) would represent the two inseparable but
distinct subparts of the same totemic clan (see Ma-
linowski 1926 for compatible ethnographic exam-
ples).

A look at a tightly interwoven subject – mythology –
will allow a more comprehensive understanding of
the dualistic nature of totemism.

The mythology
The species included in the totemic partition have
a correspondence in the mythology. The main char-
acters of the Australian Aboriginal myths of the
Dream Time (Testart 1978; 1985.390–395), with a
correspondence worldwide (Girard 1972), are gene-
rally divided in two types: the violator and the coun-
ter-violator. For anything to happen in the founding
myths, the fundamental rule (exogamy) must be
violated, which invariably entails a counter-violation.
The widespread myth of the eagle (the hunter, the
creator, the counter-violator) and the crow (the sca-
venger, the trickster, the violator) illustrates this
point. The crow steals the fire from the eagle (viola-
tion), and, as he escapes, he drops the fire, allowing
humans to capture it and cook food. The eagle aven-
ges himself by causing a huge fire that threatens
humans (counter-violation). Some variants of this
myth are about stealing water (violation) and so
permitting life but provoking floods when uncon-
trolled (counter-violation). Myths thus explain the
origin of the society as an interaction between two
opposite but interdependent poles (Testart 1978.95,
118–125; 1985.384–387,432–444). Just like later
religions, mythology aims in the end at securing the
social order through ideology.

Forest (1993.17–21; 2006.134) reads the elements
in the iconography of Çatalhöyük as principles con-
veying a message: life and death on a vertical line,
two exogamic moieties on a horizontal one, all inter-
secting in a cross pattern to permit the existence of
the community, thus recalling its fundamental rule
(exogamy). This message is essentially the same as
the one present in myths. It is open to question whe-
ther the animals in the iconography, strikingly simi-
lar in Göbekli Tepe and Çayönü despite a wide chro-
nological and spatial gaps, directly represent mythi-
cal characters. But in the end it matters little, since
they are likely to stand for the same opposition
among interdependent elements (as an image,
again, of the subgroups of the society). Just like in
many myths of the primeval world, a dualistic oppo-
sition can be suspected with a certain degree of con-
fidence among the antithetic heroes of Neolithic my-
thology, symbols of a fertile opposition.

René Girard (1972.88–95) presents a somewhat dif-
ferent interpretation of early myths and rituals, fo-
cusing on sacrifice as catharsis, expelling the tensions
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accumulated within the community on an innocent
victim, but the ultimate goal remains to prevent the
‘divided’ community from the risk of becoming “un-
differentiated”. Jungian psychology also notes the
case of twin snakes in mythology. “These are the fa-
mous Naga serpents of ancient India; and we find
them in Greece as the entwined serpents on the
end of the staff belonging to the god Hermes55. An
early Grecian herm is a stone pillar (…). On one
side, are the intertwined serpents (in the act of se-
xual union) and on the other an erect phallus: we
can draw certain conclusions about the function
of the herm as a symbol of fertility. (…) But Her-
mes is (also) Trickster (…) the leader of souls to
and from the underworld” (Henderson 1964.155).
The two snakes appear as the dualist lineages whose
union alone can engender society.

The blood ideology
Based on ethnographic data, Chris Knight et al.
(1995.89,93–97) have proposed a Palaeolithic “sym-
bolically structured sexual division of labour”
where, notably, the recurrent use of red ochre
would be utilized in menarchal rituals to symbolize
fertility. This interpretation could fit well with Te-
start’s (1985.345–475) reconstitution of the prime-
val mind, according to which the female compen-
sation for the masculine blood-soiled meat brought
by the hunter is the feminine blood-soiled newborn
child.

The widespread presence of red paint on the floor
of special buildings all through the Neolithic of south-
western Asia (Gökce 2021) supports the idea that
blood played a fundamental symbolic role. At Çayö-
nü, actual traces of human (and animal) blood have
been detected on a one-ton slab in the courtyard of
the so-called ‘Skull-building’ (Özbek 2004.20). Given
what is known about these societies, notably the
classification according to generations, it seemed li-
kely to Forest (1996b) that this blood was that of
initiation rites. The blood of circumcision (symboli-
zing the first hunt?), equivalent to that of the (first)
menstruations (Doyle 2005.280; Knight et al. 1995.
95), can be understood as a separation between two
crucial statuses: not simply synchronically between
male and female (or between their respective moi-
eties), but diachronically between consumers (chil-
dren) and (re)producers (adults).

Through its intimacy with both life and death, blood
is thus considered by Testart to have played a syn-
thetic role in the primeval communist ideology. A

symbol of order and life when running in the closed
system of the veins (=exogamic rule respected),
blood represents chaos and death when running out
of a disrupted vein system (=exogamic rule violat-
ed). Just like for the mythical figures (divided into
violators and counter-violators), for the natural spe-
cies in totemism (divided among social subgroups)
and for society (divided into parallel moieties),
blood, the one and same blood, is artificially divided
and separated into distinct but mutually interdepen-
dent classes so as to promote their mutual interde-
pendence and strengthen the unity of the whole.

Synthesis: the dualist scheme
Because the data mobilized here is not archaeologi-
cal in nature, it is perhaps not superfluous at this
point to synthesize what we have proposed. The kin-
ship dual classification of the society is reflected in
the economy and ideological structures, such as tote-
mism, mythology and blood ideology. Beyond a me-
chanical Marxist view that would present the social
superstructure as invariably determined by the eco-
nomic infrastructure, kinship thus appears to domi-
nate the primeval communist relations of produc-
tion, making the reproductive infrastructure the very
root of dualism. Yet, as Alan Barnard (1978.78–79)
writes, “Australian systems differ from other uni-
versal systems in that Australian universality is
not confined to kinship”, it is “closely connected
with totemism and with other aspects of cosmol-
ogy” (which) “divide the universe -nature and cul-
ture alike- into named categories [which] repre-
sent a concept of world order in which kinship is
only a part”. It thus seems that what determines kin-
ship and all other structures is, in fact, the exogamic
principle which must be conceived as an overarch-
ing pattern imposed on the entire social fabric. Op-
posing sets of the natural world like male/female,
sun/moon, winter/summer, water/fire, dry/wet or
life/death are ‘given’ to humans, who use them as
symbols to express and justify the only opposition
on which they have a hold, the division of society
itself into exogamic lineages or moieties. In other
words, just as in later religious systems (Forest
1996a), the cosmos is mobilized to promote, through
its own perpetual and fecund oppositions, the perpe-
tuation of the fragile opposition between lineages or
sub-clans in order for the society as a whole to re-
produce. It is this all-encompassing exogamic divi-
sion that is termed the ‘dualist scheme’ by Testart
(1985.207–218, 477–515), and which, as we intend
to show, was still very vivid in the Neolithic.

5 This is the caeduces, still symbol of modern medicine.
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The Neolithic dualistic symbolism

Two parallel steles seem to be the symbol chosen by
Neolithic people to represent the concept of exoga-
my/dualism. Given the pervasive twin steles present
in a large number of sites (Bodet forthcoming), it
appears that early Neolithic communities felt the
urge, maybe more than Palaeolithic ones, to recall
and impose this principle. Is it possible to be more
precise as to the message conveyed and to the cause
of the monumentality given at this precise moment
to an immemorial principle?

The stele as a symbol of the lineage
In the communal building of Nevalı Çori (devoted
to reunions, given the bench running at the base of
the surrounding wall), Alexis McBride (2013.54) pro-
posed that the anthropomorphic steles inserted in
the bench are ‘participants’ along with the real hu-
mans seating there. This makes sense indeed, but
the verticality of the stele must be meaningful. Ac-
cording to several researchers, like Forest (1993.7),
Tatiana V. Kornienko (2018.17) or Christian Jeunes-
se (2020.54), the stele stands for a genealogical line
of ancestors related over time, that is, a lineage,
built up generation after generation. This interpre-
tation is well supported by ethnographic observa-
tions: in the American North-West coast, the “totem
poles, house posts, memorial posts (…) record the
household’s lineage” (Banning 2011.626). The end-
less continuity in time of the lineage could be the
reason why certain Neolithic steles are reused at the
same location phase after phase (Watkins 1996),
while others are buried or ritually broken.

Seeing side steles as lineages implies that each cir-
cle could represent a larger social group, like a tribe
or clan, divided into a number of subsections, an
idea already alluded to, in one way or another, by
several authors (Belfer-Cohen, Goring-Morris 2002;
Yakar 2013.438; Hodder 2020.50). Beyond the re-
presentation of the cycle of life and death as suggest-
ed above, the surrounding wall of the Göbekli Tepe
enclosures could bind the lineages in an endless cir-
cle of marital exchange, a stone materialization of
a closed-in ‘generalized-type’ of kinship pattern66 (Lé-
vi-Strauss 1967), where lineage A gives a mate to
lineage B, B to C… back to A (Bodet 2012). There
would then be between four and twelve subsections
for each tribe; interestingly, twelve is also the num-
ber of subgroups chosen by Freud (2010[1915].51)

to present a typical totemic society. The intercon-
nected side steles would then stand, like a temenos
wall, as a transition between the real world and the
sphere of pure abstraction, which, we will now see,
seems to take stage at the centre of the circle.

The reciprocal relationship
Central and side steles have the same monolithic
structure and same morphology, the latter being
simply smaller and less well executed. For the sym-
bolic program in question, they are likely to be a re-
lated signifier standing for a related signified, but
on a different scale. If side steles may represent the
actual lineages making up the community, the cen-
tral twin steles would then represent two parallel
lineages, but on a purely conceptual level. They seem
to stand for an abstract idea, an allegory of the exo-
gamic rule, the active (feminine) principle of ferti-
lity. Parallel, isomorphic and face-to-face, the twin
steles seem to express a bilateral relation of strong
symmetry, where each subgroup is at the same time
the donor and recipient of a (marital) transaction.
Behind the exogamic rule (Forest 1996b.29), the
composition seems to express the type of social re-
lation that exogamy entails, one of pure reciprocity.
As Lévi-Strauss (1967.97) puts it, the dualist prin-
ciple is itself only a modality of the principle of rec-
iprocity.

This emphasis on the relation itself appears hindered
precisely by the fact that the twin steles do not ge-
nerally enter in relation with each other, just like
parallel lines painted on floors (also recalling line-
ages). The relation between the steles is suggested
elsewhere: a low bench, a slight clay lip or a slab set
on edge at Qermez Dere, Beidha, Çayönü (Skull Buil-
ding), Musular and at late Göbekli Enclosure A (E
PPNB) (Watkins 1996; Makarewicz, Finlayson 2018;
Erim-Özdogan 2001.208; Özbasaran et al. 2012;
Schmidt 2001.50 respectively). In the enclosures of
Göbekli III, twin steles can be said to be connected
by the ground, Mother Earth, of which we saw the
importance for the concept of fertility. But there is
more. The lack itself of any obvious connection be-
tween the parallel steles implies exactly the con-
trary: perpetually reflecting each other (as well as
the – totemic? – decorations carved on them), one
is nothing but the permanent counterpart of the
other, each stele fundamentally dependent on the
other to exist. The intrinsic relation between the two
steles is conspicuous by its absence.

6 https://www.britannica.com/topic/kinship/Alliance-theory – for an introduction in English to the work of Lévi-Strauss. An inspired
interpretation of his work has also been proposed by Barnard (1978). 
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The composition seems to be bluntly saying: a moi-
ety is the mirror of its counterpart, and only the two
together, as equal partners in the (marital) exchange,
can engender the society altogether, which, in turn,
can only exist divided into equal subparts intrinsi-
cally bound to each other. But if twin steles repre-
sent an abstract sphere of symbolization with such
majesty, it is exactly because this notion is not sim-
ply an allegory: reciprocity must be conceived as a
law governing social conduct. In other words, the
full message conveyed by the twin composition ap-
pears as such: ‘marital reciprocity must be respected
for the sake of the whole society’. We will later see
why this antediluvian rule took such a ‘monumental’
urgency in the Neolithic.

The twin steles as a symbol of fertile regenera-
tion
Let us first complete our reflection on the striking
fact that the most central place of the entire com-
position at Göbekli Tepe (see also Jerf el-Ahmar) is
the space left ‘religiously’ empty between the twin
steles (Fig. 4). This vacant space must have been
filled with meaning in the eyes of the audience. We
saw that at Çatalhöyük two symbolic pillars are con-
nected by the limbs of a feminine figure giving birth
to a bull (which is a good enough reason to see this
representation as a metaphor and not as a realistic
scene). Again, according to Forest (see English sum-
maries in Bodet 2012.7 and 2021.149–151), this is
not a woman, but the personification of the princi-
ple of regeneration, engendering the society. On the
same line of thought, the space between the twin
steles at Göbekli can be understood as a threshold
to life (a symbolic vulva?) and death
(a symbolic ‘swallowing’ mouth), be-
cause it is a representation of the va-
gina dentalia, the ‘toothed vagina’,
a widespread mythological female
principle of both regeneration and
destruction among traditional socie-
ties (Forest 1993.22; Ross 2021).

This invisible principle of the regene-
ration of society and all life forms
would then be put into action by the
mutual interaction existing between
the exogamic moieties represented
by the two monoliths. This is a prac-
tical illustration of Trevor Watkins’
(2006.21–22) statement that “archi-
tecture is a specially powerful mode
of external symbolic storage”. And
these symbols convey a specific me-

aning. The Neolithic twin steles seem to state: ‘the
eternal cycle of life and death can only be put into
action by the principle of pure reciprocity’. Such pre-
historic capacity of abstraction can only be a surprise
to ethnocentric prejudices.

McBride (2013.59) further suggests that the partic-
ipants in a ritual or ceremony may have been asked
to walk through the central steles at Göbekli Tepe.
The idea deserves attention. This particular space,
here putatively interpreted as the principle of rege-
neration of both life and death, would indeed be the
ideal place to have adolescents pass through dur-
ing their initiation ceremony, initiation being con-
ceived in many societies as the death of the child
and rebirth as an adult (Weiss 1966.72; Henderson
1964.120–121; Forest 1996b.28). According to Max
Weber (1920[1996.184]), initiated aristocrats in Chi-
na or India call themselves ‘the twice-born’. The link
between dualism, totemism and initiation is further
supported by the fact that in order to become hun-
ters, young Aborigines are systematically initiated by
the opposite moiety. The same holds true for funer-
als and Intichiuma ceremonies (Testart 1987b.299).

Regeneration may also be the main principle dis-
played in the Franco-Cantabrian caves (also an ideal
place for ceremonies of initiation). In that case, the
cave paintings would ‘magically’ assist these princi-
ples by being represented in the ‘womb of Mother
Earth’ (Henderson 1964.146–153), the latter also
being a recurrent theme in Carl Jung’s ‘collective un-
conscious’. An analogy can also be made with the
Turkish custom of Hıdırellez, still performed today,

Fig. 4. Empty space between the twin steles of enclosure D. © Deu-
tsches Archäologisches Institut, Göbekli Tepe Projekt. Picture No.
GT10_AnlD_ 5807, by Nico Becker. Courtesy of the DAI.
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where the drawing of babies and cradles on the
sand or earth in springtime (when nature comes
back to life) is believed to enhance fertility77. The be-
lief that the mere representation of symbols has a
‘magical’ active power is universal: it is the same
when Christians hang a cross in their homes or Mus-
lims a picture of the Mecca. This (and probably not
a belief in a deity) would also explain why so many
crude female figurines (representing the same alle-
gory of fertility) were so common in domestic con-
texts in the Levant or Central Anatolia (Cauvin
1997.46–49), as well as many hand-size T-shaped fi-
gurines in the Urfa area (Hodder 2020). This same
belief could finally explain why symbolic enclosures
in sites like Göbekli Tepe, Nevalı Çori, Sefertepe, Ka-
rahantepe (Moetz-Çelik 2012.699) and as far away
as Çayönü, Qermez Dere (Upper/Middle Tigris ba-
sin), Jerf el Ahmar (Middle Euphrates) and Beidha
(Jordan), were carefully buried upon abandonment88,
arguably so as to preserve the active principle of fer-
tility they enclosed.

Epilogue: a likely cause for the monumentality
This investigation must now be placed in its socio-
economic context, thereby answering a last impor-
tant question: why such monumentality, especially
if, as discussed above, the displayed concept had
been a basic one for tens of millennia?

We must come back to the idea that in spite of its
‘universality’ (Malinowski 1926; Lévi-Strauss 1967.
3–29,49), the division of society into subgroups is
not founded in nature, it is a social product; this im-
plies that nothing can physically guarantee the re-
spect of exogamy, and that its importance must be
permanently reinforced in the community, in parti-
cular to the newly initiated generations.

In hunter-gatherer societies marriage is not left to
the free-will of individuals; it is codified by tradition
and contracted among more or less closely related
individuals, like cross-cousins (Lévi-Strauss 1967;
Walker et al. 2011; Barnard 1978; Ghasarian 1996.
147–174; Bird-David 2011). The distribution of se-
xual mates is thus regulated so as to avoid a dange-
rous anarchy for the entire community. Once set-
tled, communities naturally continued this immemo-
rial tradition of ‘prescriptive’ (or pre-arranged) mat-
ing, every new generation being bound to stay with-
in the village so as to comply with this systematic
exchange. Coupled with the fact that settled life and

farming naturally lead to a strong demographic
growth (Bellwood 2005.61–64), the consequence of
this alliance system is that this growth is largely
local. This age-old inward-looking ‘elementary-type’
(whether ‘restricted’ or ‘generalized’) of marital al-
liance rule (i.e. among the subgroups of the tribe)
is most likely the ultimate cause for the appearance
of Late Neolithic mega-sites like Çatalhöyük, Halula,
Ain Ghazal, Shu’eib or Basta (Forest 1993; Bodet
2019a; this probably goes also for Neolithic mega-
sites elsewhere like the Trypillian sites). Thus, if at
Göbekli the symbolic emphasis is monumentally
placed on the community altogether, in the much la-
ter Çatalhöyük horizon the same concern gradually
shifts towards the intimacy of the (autonomous) li-
neage itself, or “multiple single-family households”,
to use Kuijt’s (2018.565,584) words.

Such evolution did not go without problems. In farm-
ing families the elder son traditionally inherits from
his father not only the estate, land and animals, but
also a decisional power over his younger brothers
and sisters, especially in terms of alliances. This leads
to a growing internal stress with younger individu-
als searching to withdraw from the domination of
their elders by splitting from the group, a situation
well described in comparable ethnographic cases
(Sahlins 1961.324–327; Meillassoux 1991.51–52,
122–124). For Çatalhöyük, Forest (1996b.5) devised
a similar incongruous situation, all the more so that
farming allows for (and is much more efficient with)
small producing units (nuclear families) spread over
the landscape, each family/farm on a separate piece
of land. The resolution of this inextricable situation
had to wait for the abandonment of the prescribed
‘elementary-type’ alliance system (among related in-
dividuals). This is indeed what seems to have hap-
pened nearly everywhere by 6500/6000 BCE at the
latest, as suggested by the (gradual, then total) de-
sertion of all mega-sites, followed by the establish-
ment of gradually smaller farmsteads spread around,
wherever land allowed for farming and herding.
Huge Çatalhöyük East thus gives way to relatively
smaller Çatalhöyük West (though this site still re-
mains rather large); relatively small Musular, found-
ed towards the end of large Asıklı, may represent an
earlier (Late Neolithic), because eastern, example of
the same process of site segmentation. This trend
will continue throughout the early Chalcolithic, rea-
ching its apex with the Halaf culture (Forest 1996a.
27–35).

7 See ethnographical support for this idea in the authors’ video (in Turkish): https://youtu.be/hTl3eG6wTqM 
8 This could still hold true even if the burying of Göbekli Tepe was initiated by slope-sliding and inundation (Kinzel, Clare 2020. 33).
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The expected tense social context just referred to is
crucial to understand the monumentality of the ste-
les of Göbekli Tepe. In charge of maintaining the
moral conduct of the society, the elders are con-
stantly recalling, imposing and teaching the new
(initiated) generations about the old traditions, in
particular the reciprocal exchange of mates. They
would have been particularly anxious and careful to
avoid any disruption in the smooth circulation of
women, and therefore, to counter, with the help of
symbolism, the splitting of younger people from the
larger kin-group. Indeed, the elders of each social
subgroup, responsible for giving mates to the other
subgroup(s), could not fulfil their duties if these
younger individuals had left. From their point of
view, such a fission would invariably lead to an out-
break of the inextricable internal violence that is
known to have scared these societies so much (Gi-
rard 1972).

The fear of the loss of reciprocal exchange and of
the cohesion of the community is hypothesized to
have pushed the elders to express the old rule of
(exogamic) alliances with much force and promi-
nence by ordering the erection of the monumental
twin steles. It is in this sense that we propose to illu-
strate Thomas Zimmerman’s (2020.14–15) intuition
that the symbolic program of Göbekli Tepe reflects
much more a Palaeolithic cultural collapse than the
advent of a new one, the way Cauvin (1997.50–55)
sees it. “It is doubtful that the supernatural world-
order envisaged by earlier hunter-gatherers would
have been entirely altered by new spiritual con-
cepts”; (the Neolithic) “repertories of symbols (…)
seem to have their origins in earlier periods” (Ya-
kar 2005.111).

“The establishment of such symbolic systems, or
the externalisation and canonisation of symbols,
is not the result of a cognitive process but rather
the result of a basic need, the need to sustain a
current life mode by coping with newly arising
social and ideological challenges of fast growing
social aggregates in the Upper Mesopotamian gras-
slands”: this statement of Gebel (2013.40) applies
very well to our views, provided that the “basic
need” in question is first and foremost that of a su-
stained marital alliance system.

The monumental isomorphic steles understood as
an enforcement of respect for the old reciprocal al-
liance rule, can thus be seen as a form of propagan-
da, erected in the face of the threat of being aban-
doned at a time when Agricultural Domestic lineages

were gaining economic and marital autonomy. These
‘monumental’ fears were indeed justified as, in
spite of all these efforts, elementary alliances will
prove obsolete by the Chalcolithic. This necessarily
implies that nuclear families (a married couple and
children), breaking free from their larger family
groups, proceeded to ‘complex’ types of marriages
taking the form of ‘contracts’ (hence called ‘allian-
ces’) among unrelated larger families, probably se-
cured by material transactions like the bride-price
(herd animals) (Bodet 2019b). In such a context,
exogamy became reduced to the prohibition of in-
cest (Ghasarian 1996; Forest 1996a) and dualism
naturally lost its ground as a principle of alliance to-
gether with its ideological relevance. In Gebel’s words
(pers. com.), “dualist schemes may even become
extinct in early productive environments when
strong relational ordering principles help or suf-
fice to organize lineages and the societies they are
part of”.

Synthesis: Dualism as a Neolithic scheme
By shedding light on the archaeological data using
ethnographic social structures, we have here attempt-
ed to review how the Neolithic revolution transform-
ed the Palaeolithic society into an Agricultural Do-
mestic one. We were greatly helped in this task by
the Neolithic symbolism on which social changes
were invariably projected. This structural evolution
is synthesized in Table 1 and Figure 5.

We started our investigation on the premise that
hunter-gatherer societies do not marry with outsi-
ders and are, as a rule, divided into (at least two)
subgroups (moieties or lineages) as a direct outcome
of the universal rule of exogamy so as to secure the
distribution of mates and reproduction of closed so-
cieties: the hundreds of early societies reviewed in
The Elementary Structures of Kinship by Lévi-
Strauss (1967) as well as general handbooks (Gha-
sarian 1996) or articles (Barnard 1971; Walker et
al. 2011) on early kinship make this point clear. This
seems to apply during much of the prehistoric peri-
od, as symbolic representations in the depths of Mid-
dle and Upper Palaeolithic caves seem to suggest.
Throughout the Mesopotamian and Anatolian Neo-
lithic, this tradition continues with an impressive se-
ries of isomorphic representations, in particular twin
steles. The message seemingly conveyed by this dua-
list symbolism can be read as follows: ‘only the rec-
iprocal (marital) relationship ongoing between the
moieties (lineages) composing the society can allow
for the society to reproduce safely’. Beyond the kin-
ship pattern, reciprocity encompasses all other as-
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pects of the hunter-gatherer social structure, first
and foremost its economy. Testart has therein come
to the conclusion that dualism generally represents
a fundamental scheme determining the structural
and ideological composition of pre-state communi-
ties. It is suggested here that this dualistic ideology
finds its most phenomenal transcription in the mo-
numental central twin steles of Göbekli Tepe, at a
time when it was in danger of being supplanted by
the advent of a whole new social and ideological or-
der, the Agricultural Domestic System, founded on
autonomous (unrelated) agricultural lineages orga-
nizing marital alliances (with bride-pri-
ces) freely among themselves. As agri-
culture diffuses towards the west, and
is appropriated by local hunter-gather-
ers, the same emphasis on dualism ap-
pears, this time on a more modest scale
but widespread in every domestic con-
text, as in Çatalhöyük. This latter social
system (lineages, autonomous in mari-
tal terms) was destined, a few millennia
later, to aggregate hierarchically into
city-states on the pattern of the status
differentiation between elder males and
women/youngsters in the agricultural
family itself (Forest 1996a; Meillassoux
1991).

According to the dictionary, a scheme is
“a large-scale systematic arrangement
for attaining some particular object or
putting a particular idea into effect”99.
For hunter-gatherers, the ‘arrangement’
is the reciprocal partition, and the ‘ob-
ject put into effect’ the regeneration of
the community. The symbolic reperto-
ire of Göbekli Tepe and of a large num-

ber of sites up until Çatalhöyük could show that this
scheme may apply all the way to incipient farmers.

It is now possible to clarify a theoretical problema-
tic raised above, and state that there is no coinci-
dence in recognizing dualism in the ideology of so-
cieties as geographically, chronologically and cultu-
rally distinct as the Neanderthals, Australian Abori-
gines, Magdalenians, Ancient Chinese, SW Asian Neo-
lithic or early historical Mesopotamians. This conver-
gence becomes structurally logical when the ideolo-
gy of these societies is ultimately determined by

9 https://www.encyclopedia.com/science-and-technology/computers-and-electrical-engineering/computers-and-computing/scheme

Tab. 1. (Very) rough evolution of prehistoric social structures (a preliminary attempt).

Period Economic Social st. Relations of Dualist Compatible
structure Kinship production symbolism Ethnog.

Paleolithic communism Nomadic Closed-in Primitive Neandertal Aust. Abori
Hunter-gather Moiety sys communism Bruniquel Spencer&Gill.

Late Up. Pal. Meso-Epip. Hunter-gath. Classificat. Egalitarian Franco- !Kung, Inuit
w\ bows\arrows Morgan (Woodburn) Cantabrian Barnard

PPNA (N. Mesop) Pre-dom. Agric. Lineage Communal Monumental Trobriand
(Willcox) formation reciprocity Göbekli Malinowski

PPNB\PN (C. Anat) Domestic Agric. Segment. Lineage Domestic Baruya
(Peters, Zeder) lineage based Çatal Godelier

Chalco (Halaf) ‘Agricultural Do- ‘Complex’ Domestic Lineage-base Gouro
mestic’ (Sahlins) (open) hierarchy Latmos Meillassoux

Fig. 5. The Neolithic Dualist scheme seen as an evolution of so-
cial structures (synthesizing graphic). Dualist and closed-in
(‘elementary’) Palaeolithic societies confronted with growing
autonomous Neolithic farming lineages trigger an ideological
conservative reaction (monumental: Göbekli III, omnipresent:
Çatalhöyük), but finally evolve towards open (‘complex’) Chalco-
lithic Domestic lineages.
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strictly equal relations of (re)production (compen-
sating for low productive forces). The human consti-
tution, physically weak but with a very high poten-
tial for intra-specific communication, is such that the
survival of the species is mostly dependent on the
process of exchange between individuals. This per-
petual need to distribute food and especially mates
within the subgroups of the community and across
generations required the adoption of a form of so-
cial conduct based on pure reciprocity. Dualism ap-
pears as the ideological result (and not the cause ex-
nihilo) of this chain of causal factors. This is the
reason why dualism should not be seen as a mere
cultural tradition which, among others, would have
been miraculously preserved until the Neolithic. It
can be presumed to have been ‘socially selected’ in
the Darwinian sense of the expression, that is, un-
consciously over countless generations, for having
provided humanity with the highest, maybe the
only, probability of survival.

Evaluation
It should be noted here that Testart is suspected of
having somehow distorted the ethnographical facts,
although this is certainly due to the goal he set him-
self: not that of describing specific communities, but
instead uncovering the purely theoretical structure
that binds them all. He was thus able to reconstruct
a coherent social system where every structure (pro-
duction, reproduction, ideology) is absolutely in tune
with all the others. The best clue to support the co-
herence of this reconstitution is that everywhere so-
cieties reproduced successfully the hunting-gather-
ing way of life throughout the entire Palaeolithic pe-
riod (one to two million years?). We saw how this
success was achieved through the total annihilation
of individual interests to the benefit of the whole,
and that dualism has been identified as the keystone

of this remarkably stable social construction. But the
ultimate illustration for the central position held by
dualism in prehistory, and without which dualism
would have never occurred to the author’s mind as
a way to enlighten the Neolithic ideology, is the set
of central monumental twin steles of Göbekli Tepe.

Conclusion

The following quote on the Australian Aboriginal so-
cial and ideological structure seems appropriate to
conclude this paper: “to affirm that appropriation
is the fact of the community as a whole only, to af-
firm that the latter is an inseparable totality, it was
first necessary to break it into two, into two parts
each closely dependent on the other. Each part was
conceived from the start as part of the whole” (Te-
start 1985.478). It is remarkable and fortunate that
these lines were written about a decade before the
excavation of Göbekli Tepe. Today, the twin steles
stand as a monumental confirmation of Testart’s
(1988) audacious intuition that Australian Aborigi-
nes likely reflect an extended Palaeolithic ideologi-
cal background.

I am extremely grateful to Anna Belfer-Cohen and
Alan Barnard for their patient reviews of early ver-
sions of this paper and for their support. Jak Yakar,
Barbara Helwing, Çiler Çiligiroglu and Hans-Georg
Gebel all provided constructive criticisms that im-
proved the manuscript. I would also like to thank The
Deutsches Archaologisches Institut and Christian
Jaubert for letting me reproduce their pictures. The
ideas presented here are my own only but are in-
debted to the insights of late Jean-Daniel Forest. This
paper is dedicated to his memory.
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Introduction

Archaeological evidence indicates that sedentism,
domesticated plants, and herded animals made their
way from the Fertile Crescent and Central Anatolia
towards the Aegean and the Marmara Region in the
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ABSTRACT – The Neolithic way of life was first established in Northwest Anatolia before the middle
of the 7th millennium BC. The recently excavated sites of Barcın Höyük and Bahçelievler have yield-
ed archaeological evidence for the earliest Neolithic levels in the region and provide new archaeo-
botanical datasets. To compare different adaptations to the changes brought on by the Neolithization
processes, we studied 348 archaeobotanical samples from Phases VIe and VId1 at Barcın and 63
samples from the contemporaneous levels, Phase 6 and Phase 5, at Bahçelievler. The economic plants
include hulled and naked six-row barley, einkorn, emmer, bread/hard wheat, small-sized naked
wheat, lentil, bitter vetch, pea, chickpea, flax, hazelnut, bramble, and pistacia. Our analyses show
small but significant differences between the sites in the selected economic plant ranges, among the
cereals, pulses as well as gathered plants.

IZVLE∞EK – Neolitski na≠in ∫ivljenja se je v severozahodni Anatoliji uveljavil pred sredino 7. tiso≠-
letja pr. n. ∏t. Nedavno raziskani najdi∏≠i Barcın Höyük in Bahçelievler sta prinesli arheolo∏ke do-
kaze in arheobotani≠ne zbirke podatkov o najzgodnej∏em neolitiku v regiji. Primerjavo razli≠nih pri-
lagoditev spremembam, ki so jih prinesli procesi neolitizacije, smo opravili s pomo≠jo analiz 348 ar-
heobotani≠nih vzorcev iz naselbinskih faz VIe in VId1 v Barcınu in 63 vzorcev iz so≠asnih faz 6 in
5 v Bahçelievlerju. Gospodarske rastline so olu∏≠eni in goli ∏estvrstni je≠men, enozrnica, dvozrnica,
kru∏na ∫ita, drobnozrnata p∏enica golica, le≠a, grenka gra∏ica, grah, ≠i≠erika, lan, le∏nik, robida in
pistacija. Na∏e analize ka∫ejo na majhne, a pomembne razlike med najdi∏≠i v izboru gospodarskih
rastlin, tako med ∫iti in stro≠nicami kot tudi nedomesticiranimi rastlinami.
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first half of the seventh millennium BC. How this
spread occurred and how societies adapted to Neo-
lithic lifestyles exhibit great variability. Studies on
the Neolithization processes suggest that while some



communities established Neolithic habits from the
outset, others fused two diverse ways of life; a hun-
ter-gatherer lifestyle with agriculture (for Europe see
Robb 2013; Zvelebil 2001). Recent studies on modes
of subsistence illustrate heterogeneous and complex
processes and a mosaic of adaptations (Ivanova et
al. 2018; Jovanovi≤ et al. 2021; Kotzamani, Livar-
da 2018; Zeder 2011). These data challenge the idea
of the spread of a uniform ‘Neolithic Package’, but
much remains to be done to understand how the
processes took place from region to region. Macro-
botanical and micro-botanical analyses can be im-
portant to understand the variability of Neolithic
adaptations and subsistence strategies during this
process of expansion and colonization.

How processes of expansion took place in Northwest
Anatolia remains an important question given that
this region was among the first territories that Neo-
lithic pioneers coming from the core regions of Neo-
lithization encountered (Fig. 1a). While all early
settlements in the region display an established Neo-
lithic way of life, it is still unclear whether these
Neolithic societies incorporated Mesolithic foragers
present in the region. Hypotheses have been formu-
lated about a merging of forager and farmer groups
in Northwest Anatolia (M. Özdogan 2013; 2014),
but the supporting evidence at hand is far from con-
crete. Differences in architectural styles and mater-
ial culture have led to theories regarding the pres-
ence and continuity of local pre-Neolithic communi-
ties at some sites (Düring 2013; Özbal, Gerritsen
2019; E. Özdogan 2016). While such a mosaic mo-
del in the Neolithization process is well-documented
for Europe (Zvelebil 2001), Northwest Anatolia faces
a general lack of data with regard to
Mesolithic lifeways, except, poten-
tially, Agaçlı to the north of Istan-
bul (Gatsov 2001; Gatsov, Özdogan
1994; Özdogan, Gatsov 1998). Re-
cent aDNA studies have shown that
early Neolithic populations in West
Anatolia and the first farmers in Eu-
rope belong to the same gene pool
(Hofmanova et al. 2016; Lazaridis
et al. 2016; Mathieson et al. 2015;
2018). Much less clear at present is
the genetic history of Anatolia be-
fore and during the period of initial
Neolithization, but there are indica-
tions for complex processes during
and after the Late Glacial that in-
clude genetic bottlenecks, admixture
from outside the region and regio-
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nal heterogenization (Kılınç et al. 2016; Marchi et
al. 2022; Yaka et al. 2021).

Botanical remains provide an important dataset
through which the process of Neolithization can be
studied. After all, what people cultivated and gath-
ered must be viewed as a reflection of their life-
style choices and could provide important insights
on the Neolithization process. Botanical remains can
act as a proxy, not only for the reconstruction of the
local environmental or ecological situation but also
for the incorporation and transmission of cultivated
plants (Balcı 2018; Gaastra et al. 2019; Kotzamani,
Livarda 2018; Krauß et al. 2017; Marinova, Krauß
2014; Popova, Marinova 2007). How much did peo-
ple engage in and exploit their local environments,
especially in the incipient phases of occupation? Is
there a predominant dependence on farmed Neoli-
thic founder crops or do we find evidence for the
persistent utilization of local gathered resources? In
what ways could the ratio between the wild and do-
mesticated correlate with the habits of migrant far-
mers and local hunter-gatherers?

To explore these questions regarding Neolithization,
this article makes use of two new Neolithic archaeo-
botanical datasets from the contemporaneous North-
west Anatolian sites of Barcın Höyük and Bahçeliev-
ler. These sites are less than 40km apart and appear
to be in the same vegetational zone, making them
ideal case studies for a comparative analysis of ma-
cro-botanical data. The site of Barcın Höyük (Bursa)
was excavated between 2007 and 2015 (Gerritsen,
Özbal 2019); Bahçelievler (Bilecik) between 2019
and 2021 (Fidan 2020; Kolankaya-Bostancı, Fidan

Fig. 1a. Excavated Neolithic sites in Northwest Anatolia.
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2021). Both sites have levels dating to the first half
of the seventh millennium BC and yield evidence for
the earliest Neolithic communities in their respective
sub-regions. Investigating the plant remains from
the early and comparable levels of each site provides
a first-hand way to observe similarities and differ-
ences in subsistence strategies. This, in turn, offers a
window into their relative reliance on local resour-
ces and/or introduced founder crops. Our aim is to
furnish our interpretation on the Neolithization pro-
cess of Northwest Anatolia with new, first-hand data.
What subsistence strategies did the inhabitants of
each site adhere to, especially when it comes to
plant use? When establishing Neolithic settlements
where farming became the prominent form of sub-
sistence, how much of the local flora was utilized?

Different manifestations in the same region?
A case study of Barcın Höyük and Bahçelievler

Northwest Anatolia includes the region to the south-
east of the Marmara Sea that extends from the Bos-
phorus to the Eskisehir Region. The latter provides
direct access to the Anatolian Plateau. In the past, as
today, this region represented a diverse vegetatio-
nal, geographical, and palaeogeographical structure
consisting of coasts, mountain thresholds, moun-
tains, plains, and valleys irrigated by rivers (Atalay,
Mortan 1997; Clare, Weninger 2014; Kayan 2014;
Roberts 2014). Climatically, it has mild/Mediterra-
nean conditions (Clare, Weninger 2014). Given the
humid climate of Northwest Anatolia around 11 000
BC, the predominant tree species were birch, oak,
pine, and juniper. These species also formed the
main tree taxa during the Late Glacial period (Ro-
berts 2014.Fig.1a).

A general vegetation history covering most of the
Holocene indicates that the lowland hills and moun-
tain slopes of this region were covered with wood-
lands dominated by deciduous oak from about
10 000 to 6500 BC (Bottema, Woldring 1995; Bot-
tema et al. 2001; Kayan, Woldring 2002). Pollen
studies from a location in the Yenisehir lake basin
near Barcın Höyük revealed that the vegetation was
also comprised of fir (Abies), pine (Pinus), elderber-
ry (Sambucus), hornbeam (Carpinus), hazelnut
(Corylus), beech (Fagus), cedar (Cedrus), linden (Ti-
lia), and elm (Ulmus) (Bottema et al. 2001). A re-
cent wood charcoal study by Schroedter and Nelle
on data obtained from the Late Neolithic layers at
the site of Aktopraklık – located near Lake Ulubat,
fifty kilometres to the West of the Yenisehir Plain –
yielded oak, pine, mock privet, and pistacia as well

(Schroedter, Nelle 2015). Despite the geographical
proximity, the latter two species are not documented
in the pollen study from Lake Yenisehir (Bottema
et al. 2001; Schroedter, Nelle 2015.92).

Today, about a third of the region remains covered
with forests (Atalay, Mortan 2011; Roberts 2014).
Due to the felling of oak and red pine forests in hi-
storical times, dense maquis shrubland covers the
landscape. Vegetation includes species such as rock
rose (Cistus creticus), hazel (Corylus), tree heath
(Erica arborea), prickly juniper (Juniperus oxyce-
drus), mock privet/green olive tree (Phillyrea lati-
folia), pistacia (Pistacia terebinthus), and plum
(Prunus) (Atalay, Mortan 2011.153).

Archaeologically, the Istanbul region, the Yenisehir
Plain, the foothills overlooking Lake Ulubat, and the
Bilecik-Eskisehir region fall within what has tradi-
tionally been called the Fikirtepe Culture zone (Fig.
1a) (Özdogan 2014). Evidence for agriculture and
animal husbandry is most prevalent here, but minor
amounts of hunting, gathering and fishing are also
evident across the communities of the Neolithic and
Chalcolithic in the Fikirtepe Culture zone at sites in-
cluding Pendik, Fikirtepe, Yenikapı in Istanbul pro-
vince, Barcın Höyük, Mentese, Aktopraklık, Ilıpınar
in Bursa province, and Bahçelievler in Bilecik and
Keçiçayırı in Eskisehir provinces in Northwest Ana-
tolia (Arbuckle et al. 2014; Balcı 2018; Balcı et al.
2019; Boessneck, von den Driesch 1979; Budd et
al. 2013; 2018; 2020; Buitenhuis 2008; Cappers
2008; 2014; Çakırlar 2013; 2015; Galik 2013; Gou-
richon, Helmer 2008; I

.
zdal Çaydan 2018; Karul

2011; 2017; Kızıltan, Polat 2013, Kızıltan 2013;
Kolankaya-Bostancı, Fidan 2021; Özdogan 1983;
Sarı, Akyol 2019; Thissen et al. 2010; Ulas 2020;
Würtenberger 2012).

A noteworthy element with regard to the architec-
ture is that we see variability across sites. While
those like Barcın Höyük (Gerritsen, Özbal 2016),
Mentese (Roodenberg et al. 2003), Ilıpınar X-IX (Ro-
odenberg 2008), and Aktopraklık B (Karul 2010)
display rectilinear architecture, others including Ak-
topraklık C (Karul 2011; Karul, Avcı 2011), and
Bahçelievler (Fidan 2020; Kolankaya-Bostancı, Fi-
dan 2021) yield evidence for round semi-subterra-
nean structures. Both round and rectangular buil-
dings have been discovered and excavated at Yeni-
kapı (Kızıltan, Polat 2013) and Pendik (Harmanka-
ya 1983; Özdogan 2013; Pasinli et al. 1993), while
Yarımburgaz (Özdogan 2013) stands alone as a
slightly later cave settlement. If architecture is a phy-
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sical manifestation of world views and lifestyles
(Lefebvre 1991), then the variability observed across
Northwest Anatolia in the seventh and sixth millen-
nia BC may be noteworthy. The contrast that the
sites of Barcın Höyük and Bahçelievler show with
regard to architecture, with the former yielding rec-
tangular and the latter round structures, juxtaposes
these two pioneering Neolithic sites. This allows us
to consider any notable differences in botanical re-
mains in a larger context. We may ask whether di-
vergences in assemblages may reflect indications of
diverse representations of lifestyle preferences or
whether they are, in fact, a result of micro-regional
adaptations. Are there indications that we are deal-
ing with immigrant farmers at one community and
a representation of local hunting and gathering com-
munities who adopted agriculture in another?

Barcın Höyük and Bahçelievler were inhabited par-
tially contemporaneously, as demonstrated by both
absolute dates and material assemblage comparisons
(Fidan 2020; Gerritsen, Özbal 2013a; 2013b; Özbal,
Gerritsen 2019). Bahçelievler Phase 6 is likely con-
temporary with Phase VIe at Barcın Höyük, while
Bahçelievler Phase 5 corresponds timewise with
Barcın Höyük Phase VId1. The later levels at both
sites, beyond the scope of this paper, show paralle-
lisms with the Fikirtepe culture (Fig. 1b).

Barcın Höyük general background
Barcın Höyük is located in the Yenisehir Plain, Bur-
sa, and was excavated between 2005–2015. The
Neolithic levels are separated into seven distinct
phases from the uppermost VIa to the lowest VIe
(Gerritsen et al. 2013a; Gerritsen, Özbal 2019). The
most important result of the Barcın Höyük excava-
tions is possibly its contribution to the reconstruc-
tion of a continuous developmental sequence for the
Neolithic of the Marmara Region. The stratigraphic
sequence from the site, supported by 80+ radiocar-
bon dates, enables us to restructure the period from
the first half of the seventh millennium to the begin-
ning of the sixth millennium BC with associated ma-
terial culture, architecture, and subsistence strate-
gies (Gerritsen, Özbal 2016; 2019; Özbal, Gerritsen
2019).

Excavations at Barcın Höyük yielded rectangular
houses. This article discusses Phases VIe and VId1,
for which the botanical remains have been extensi-
vely studied (Balcı et al. 2019). While two posthole
structures dating to the earliest phase (VIe) were
unearthed, excavations also brought to light a row
of four slightly smaller structures dating to VId1, the

overlying phase (Gerritsen, Özbal 2016; Özbal, Ger-
ritsen 2019; van den Bos 2021). Courtyards were
discovered north and south of the structures in both
phases. Posthole architecture was the primary buil-
ding technique in Phase VIe, but in VId1 consider-
ably smaller posts set into foundation trenches were
used instead (van den Bos 2021.168). Most notably,
there are differences between the two phases with
regards to material culture as well. The scarcity of
archaeological materials in the earliest layers, in-
cluding pottery, is noteworthy. By Phase VId1 the
range of objects available increases both in quanti-
ty and variability (Gerritsen, Özbal 2016; Özbal,
Gerritsen 2019).

Bahçelievler site general background
The site of Bahçelievler was discovered on an empty
land parcel between apartment buildings in the city
centre of Bilecik. The Neolithic settlement was lo-
cated on the eastern bank of a small stream that has
subsequently dried up. The Neolithic layers have
been divided into seven different phases, from Pha-
ses 8 to 2. Preliminary radiocarbon dates suggest
that the earliest levels of Bahçelievler correspond to
the first half of the seventh millennium BC (Fidan
2020). The exact dates are difficult to ascertain given

Fig. 1b. Comparative chronological table for Bah-
çelievler and Barcın.
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the problems with the calibration curve, but the ear-
liest dates fall between 7192–7052 BCE.11 Excava-
tions at Bahçelievler in Phases 3–8 yielded oval/
round structures with diameters of 3–5m and walls
up to 45–50cm thick in some structures. The walls
were strengthened in some instances by mud or
mudbrick, and post-holes traces are visible in some
walls as well as clusters of small pebbles (Fidan
2020.36). Workshop and courtyard areas were disco-
vered between the structures, yielding most of the
artifact assemblages with the exception of stone tools,
which for the large majority come from inside the
buildings (Kolankaya-Bostancı, Fidan 2021.102).

Materials and methods

The macro-botanical samples collected at both sites
were floated in water, not more than two litres at
a time, by means of manual flotation in buckets.
Chiffon fabric was used for drying the light materi-
al and a 1mm mesh was used for the heavy materi-
al during the flotation for collecting and drying. The
dried samples were sifted through steel test sieves
of 0.24<0.5<1.0<2.0<3.0mm and placed inside zip-
ped plastic bags and centrifuge tubes for sorting. A
triocular 0.6–4x stereo zoom microscope was used
for identification and photography. The plant re-
mains were compared with plant catalogues to aid
with the determination of genus and species (Boj-
nansky, Fargasova 2007; Cappers et al. 2012; Cap-
pers, Bekker 2013; Cappers et al. 2016; Neef et al.
2012).

For Barcın Höyük, a systematic sampling strategy
was applied to the site during the excavations. A to-
tal of 163 samples corresponding to 480 litres of
soil from Phase VIe and 185 samples corresponding
to 580 litres of soil from Phase VId1, all collected
during the 2013–2015 seasons, have been analysed
within the scope of this study. The samples repre-
sent different contexts including layers, surfaces,
platforms, pits, foundation trenches, pyrotechnic fea-
tures, postholes, and burials. The frequent burned
contexts at Barcın Höyük facilitated excellent pre-
servation of plant remains as well as substantial
amounts of wood charcoal. There is no particular
context in which we find a high percentage of plant
remains in Barcın Höyük except a single burned
store of lentils from structure 2a in level VId1 that
yielded around 28 000 seeds. However, no special
wild plant group was found among the samples
(e.g., Fairbairn et al. 2007). A large proportion of

the wild plants consists of field grass/weeds. The
wild plant group is part of another study (in prep.).
The archaeobotanical samples were studied by the
first author in several places including the Barcın
Höyük Excavation House in Yenisehir, Bursa, the
Netherlands Institute in Turkey in Istanbul, and the
Koç University Archaeology Laboratory in Istanbul
under the supervision of René Cappers of the Uni-
versity of Groningen.

For Bahçelievler, a total of 134 archaeobotanical
samples corresponding to 650 litres of soil sampled
from the Neolithic phases during the 2019, 2020,
and 2021 seasons were analysed. Included here in
this study are 40 samples (248 litres) from Phase 6
and 23 samples (108 litres) from Phase 5. The sam-
ples were taken from surfaces, courtyards, hearths,
and burials, yielding great variability in the num-
ber of archaeobotanical samples for each phase. The
preservation of the plant remains was notably po-
orer than at Barcın Höyük, probably due to the lack
of burned deposits, but it may also reflect the circum-
stances of plant use at the site. Most of the cereal re-
mains were fragmented, making species identifica-
tion difficult and wood charcoal remains remain li-
mited. The archaeobotanical samples have been stu-
died in the Bilecik Museum by the first author.

Archaeobotanical results from Barcın Höyük
and Bahçelievler

Overall, the crop range between the two sites is si-
milar. Both sites display an increase in quantity and
variety of plant remains from the earliest phases
Barcın VIe and Bahçelievler 6 to the subsequent
phases Barcın VId1 and Bahçelievler 5 (Fig. 2). This
may be to some extent a result of factors like preser-
vation and sample numbers, but despite these issues
a remarkable increase in the variety of cereals and
pulses at both sites is noted over time.

At Barcın Höyük Phase VIe, investigations yielded
economic plants from the grass (Poaceae) family
which constitute the main cereal group. This includ-
es six-row barley – hulled and naked (Hordeum vul-
gare ssp. vulgare L.), einkorn wheat (Triticum mo-
nococcum ssp. monococcum L.), emmer wheat (Tri-
ticum turgidum ssp. dicoccon (Schrank) Schübl.)
and bread/hard wheat (Triticum aestivum L./du-
rum Desf.). Among the pulses (Fabaceae), lentils
(Lens culinaris Medik.), peas (Pisum sativum L.)
and bitter vetch (Vicia ervilia L.) were identified.

1 The 14C results of the settlement are being prepared for publication by Erkan Fidan and TÜBI
.
TAK MAM.
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In this phase, excavations yielded only fifteen pulse
fragments, while flax (Linum usitatissimum L.) was
represented by a mere seven seed fragments (Fig.
2). In summary, barley (hulled and naked), einkorn,
and emmer hulled wheats, bread/hard wheat (na-
ked), lentils, bitter vetch, peas and flax represent
the main documented economic plants from VIe at
Barcın Höyük.

In Phase VId1, in contrast, we find an expansion of
types and a greater variety than in VIe. The main
cereals remain identical with the Phase VIe but we
also begin to find a small-sized naked wheat type
(not exactly defined wheat species between Triti-
cum ssp. aestivum/ssp. durum and T. turgidum ssp.
dicoccon) added to the cereal range in this phase.
Likewise, we see a real presence of pulses – especial-
ly lentils – of the pulse family. Identified species are
similar to those from Phase VIe, but we find that
the chickpea (Cicer arietinum) begins to appear
among the pulses range in this Phase. Flax is also
present as observed in VIe in small quantities. Phase
VId1 also yields species gathered from the surround-
ings including 22 fruits of hazelnut (Corylus avella-
na L.) and two fruitlets of bramble (Rubus).

As mentioned above, the plant preservation at Bah-
çelievler is poor compared to at Barcın Höyük, and
many samples yielded hardly any remains. Phases
8 and 7 at Bahçelievler with a total of four and 21
plant remains, respectively, are not considered in
this paper because the botanical yields are too low
to make meaningful interpretations (Fig. 2). The lack
of botanical remains in the two lowest phases at
Bahçelievler may be a result of sampling sizes, pre-
servation and restricted exposures of the excava-
tions, but could potentially reflect the limited use of
farming plants. Instead, this paper focuses on Pha-
ses 6 and 5 where the counts are not only adequate
but the dates for these levels align well with Barcın
Höyük’s Phases VIe and VId1. Thirty-eight of the
samples, mostly coming from Trench B3 and dating
to Phases 6 and 5, show somewhat higher concentra-
tions. In Phase 6, the cereals include six-row barley –
naked/hulled (Hordeum vulgare ssp. vulgare), ein-
korn (Triticum monococcum ssp. monococcum),
emmer (Triticum turgidum ssp. dicoccon), and
bread/hard wheat (Triticum ssp. aestivum/durum).
However, the einkorn wheat is only represented by
two fragmented grains. Likewise, two seeds of len-
til (Lens culinaris) have been identified for Phase 6
at Bahçelievler. Though minimal, this phase also
yielded evidence for gathering with two fruits of pi-
stacia (Pistacia ssp.).

In the subsequent Phase 5, however, six-row barley
– hulled/naked (Hordeum vulgare ssp. vulgare),
emmer wheat (Triticum turgidum ssp. dicoccon),
and bread/hard wheat (Triticum ssp. aestivum/
durum) were identified within the grass family
among the main economic plants, while this time
einkorn wheat (Triticum monococcum ssp. mono-
coccum) was represented by a single grain. Pulses
remain poorly represented and lentil (Lens culina-
ris) continues to be represented by no more than
two seeds. While this points to the presence of the
species, it may not effectively show that this species
had a significant role in the diet, at least within the
excavated contexts. At the same time, however, ga-
thered plants may suggest a different exploitation
strategy of the immediate landscape in this phase.
Pistacia, which was found in negligible quantities
in Phase 6, becomes represented by 77 fruits from
five different samples from the courtyard areas of
Trench B3, suggesting a much larger emphasis on
gathering by Phase 5. The gathered plant remains
also include two grape seeds.

Discussion

Comparing the results for Barcın Höyük and
Bahçelievler
As at Barcın Höyük, the results also show an increase
in botanical remains through time at Bahçelievler
as well. While by Bahçelievler Phase 5 the variety
of economic plants parallels that at Barcın Höyük,
there are a few elements that show dissimilarity
(Figs. 3–4). Barcın Höyük yielded small-sized naked
wheat and flax, both of which were lacking at Bah-
çelievler, and the presence of einkorn wheat, rep-
resented by only two grains at Bahçelievler Phase 6
is debatable. In addition, the cereals remain the do-
minant group of edible plants at both sites when
compared with other plant remains, where it com-
prised 95% of the assemblage at Barcın Höyük (Fig.
5a) and 72% at Bahçelievler (Fig. 5b). The pulse
group comes second and retains a minor place, es-
pecially at Bahçelievler.

However, the most meaningful results that differen-
tiate the sites derive from gathered plants. Though
still preliminary, the results raise the question as to
whether gathering at Bahçelievler contributed to
the diet in a more substantial way than at Barcın Hö-
yük. Pistacia, a gathered resource, comes second in
quantity after the cereal remains, suggesting that it
played a significant role at this site (Fig. 5b). Pista-
cia is represented in this area within a range of trees
with edible fruits including pistacia/terebinth (Pi-
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stacia terebinthus L.). At Barcın Höyük, in contrast,
gathering remains almost trivial, and hazelnut and
bramble fragments, especially when compared to
the high quantity of samples, remain negligible (Fig.
5a). On the other hand, it may not always be consi-
stent to emphasize the importance of a species based
on the number of remains discovered, given that a
range of criteria including preservation, fruit mor-
phology,22 food preparation, and consumption, may
affect the ultimate proportions. Nonetheless, the use
of economic plants remains notably important at
both sites in the earliest phases. 

Local adaptation: pulses
Both Barcın Höyük and Bahçelievler yielded small
quantities of pulses in their earliest phases, suggest-
ing that pulses may be rare in general in the region
in the first half of the seventh millennium BC. At
Barcın Höyük, only fifteen pulse seeds were found
in Phase VIe (Fig. 2), strikingly low, especially given
the rich array of cereal remains recovered from the
same contexts. However, we do see a significant in-
crease in pulses by VId1 when we find a store of
them in situ clustered in a lentil storage bin as well
as from several other contexts. Bahçelievler, like-
wise, yields a similar picture with regards to pulses
where they remain conspicuously lower in quantity
when compared with cereals (Fig. 6). There may be

several reasons underlying the near lack of pulses
in the earliest phases of these sites. The earliest in-
habitants, whether incipient pioneer settlers or de-
scendants of local foragers, might initially have
briefly experimented with pulses but may instead
have chosen to target cereal cultivation during the
first occupation Phase VIe.

On the other hand, the rarity of pulse species has
also been interpreted as a result of preservation-de-
pendent factors, and the scarcity of pulses might be
a result of post-depositional processes specific to the
species (Cappers 2008; Kotzamani, Livarda 2018;
Marinova, Popova 2008). If taphonomic, the chal-
lenge is to explain the significant difference in the
pulse ratio between Phases VIe and Vd1 at Barcın

Fig. 3. The differences in plant selection between
Barcın Höyük and Bahçelievler.

Fig. 4. a small-sized naked wheat; b flax; c hazelnut; d bramble (a, b, c, d from Phase VId1, Barcın Hö-
yük), e pistacia, f grape (e, f from Phase 5, Bahçelievler).

2 For example, the number of fruitlet endocarps for someone who eats five brambles would be c. 300–350. Post-depositional dis-
persal might dilute the number concentrated in feces (personal communication with René Cappers).
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Höyük. Except for the burned store of lentils in
structure 2a in Barcın VId1, we know that there is
no significant difference in terms of the preservation
conditions across the site. Aside from the store, 182
pulse seeds were discovered in the 580 litres sorted
for Barcın VId1 across a range of 35 different con-
texts. But only 14 pulse seeds were documented for
the 480 litres analysed for Phase VIe. Preservation-
related factors are often suggested to diminish the
importance of pulses in the diet, but the discovery
of a dense store of lentils in Phase VId1 questions
the assumption that they were insignificant. The
pulse spectrum at Barcın Höyük is paralleled at Bah-
çelievler, where we see an increase in quantities over
time. A question that comes to mind is whether this
increase is a result of the changes in social behavi-
our, the household structure, and/or the subsistence
strategies of the inhabitants which may collective-
ly have contributed to major shifts in the exploited
species. Limited exposures and the low level of pre-
servation of plant remains at Bahçelievler make it
difficult to make a direct quantitative comparison,
unlike at Barcın Höyük. However, it can be suggest-
ed that the first settlers of Barcın Höyük must have
applied different strategies regarding the growing,
storing and processing of pulses.

Local adaptation: gathered plants
A major factor differentiating the sites of Barcın Hö-
yük and Bahçelievler with regard to their subsistence
strategies lies in the approaches that their inhabi-
tants took with regard to gathered plants. Barcın Hö-
yük lacks the general exploitation of edible fruits.
Analyses only documented a single fruit of hazel in
level VIe, though this number approaches 22 fruits
by Phase VId1, which come from seven different con-
texts. The presence of hazelnut increases in the la-
ter levels of the site (Balcı et al. in prep.). This could
be considered an indication of how people interact-
ed with their immediate environment. At Barcın Hö-
yük, the exploitation of gathered plants was quite
limited, and instead, cultivated, and harvested agri-
cultural plants were favoured. At Bahçelievler, on
the other hand, as demonstrated by the courtyard
area of Trench B3 in Phase 5, the gathered plant pi-
stacia and most likely Pistacia terebinthus was col-
lected, where it comprised 25% of the assemblage
demonstrating definitive utilization of this species
in the diet.

An interesting aspect of the gathered plant remains
found at both sites is that they are typically from re-
stricted numbers of contexts in comparison with eco-
nomic plant groups such as cereals and pulses. This

raises the question of full-time exploitation. Unlike
cereals, which are particularly hardy and are excep-
tionally suited for long-term storage, gathered plants
are typically seasonal, and thus collection and ex-
ploitation times must have been limited. In addi-
tion, the location of the consumption of gathered
plants such as hazelnut/pistacia and bramble/grape
show differences with regard to depositional proces-
ses. In this context, we can ask whether the lack of
hazelnut at Bahçelievler, and, despite the large sam-
ple sizes, the complete absence of pistacia at Barcın
Höyük, was a result of sub-regional vegetation boun-
daries. While pistacia was not documented in the
pollen study from Lake Yenisehir (Bottema et al.
2001; Schroedter, Nelle 2015.92), the presence of
this species is well attested in the Late Neolithic la-
yers at Aktopraklık (Schroedter, Nelle 2015) and in
the early Chalcolithic layers from Ilıpınar X (Cap-
pers 2008) which are 75 and 40km away, respecti-
vely. Tim M. Schroedter and Oliver Nelle (2015) sug-
gest that pistacia is a plant that thrives in open Me-
diterranean type environments with shrub-like ve-
getation. Barcın Höyük was located in a valley bot-
tom with ample potential for agriculture while Bah-
çelievler was in an upland region, so the differences
in the setting may have contributed to the micro-en-

Fig. 5a. The proportions of economic plant groups
in Phases VIe and VId1 at Barcın Höyük. * The
28 000 lentil seeds from Barcın Höyük are not re-
presented in the pie chart. 

Fig. 5b. The proportions of economic plant groups
in the Phases 6 and 5 at Bahçelievler.
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vironmental juxtaposition. On
the other hand, we think that
the nearby slopes along the
edges of the Yenisehir plain
could have been used for agri-
culture as well (Balcı 2018).
Hazelnuts often thrive in open
woodlands, which likely de-
scribes the situation for Bar-
cın Höyük. We cannot rule out
that the differences across the
sites with regard to their reliance on gathered plants
was a result of micro-climatic and vegetational as-
pects and hence different methods of adapting to
the environment. The data from Barcın Höyük does
not point to an intense reliance on other micro-cli-
matologically suitable gathered plants. It is there-
fore possible that part of the divergence may be a
result of the ways in which the residents of each
site interacted with their immediate surroundings
and exploited the local vegetation.

A comparison of subsistence strategies in the
region

Most of the Neolithic sites in Northwest Anatolia
have levels dating to the end of the first half and
second half of the seventh millennium, and yield
evidence for what appears to be the earliest Neoli-
thic inhabitants in their respective sub-regions, sup-
porting our interpretation of the Neolithization pro-
cess for Northwest Anatolia. Bahçelievler (Balcı, in
prep.), Barcın Höyük (under study by Cappers, Bal-
cı; Balcı 2018; Balcı et al. 2019), Aktopraklık (Ka-
rul 2017; Kabukçu et al. in prep.), Mentese, and Ilı-
pınar (Van Zeist et al. 1995b; Cappers 2008; 2014),
Pendik (Ulas 2020), Fikirtepe, Yenikapı (Ulas 2020),
and Neolithic Yarımburgaz provide insights on the
Neolithic way of life across the Eastern Marmara Re-
gion (Fig. 7). Even though not all excavations have
yielded archaeobotanical data such as Fikirtepe, we
do have ample data on their subsistence economies.

In general, a terrestrial diet, rather than an aquatic
or wild game-based one, is predominant at the in-
land settlements of Bahçelievler, Barcın Höyük, Ba-
sal Mentese, Aktopraklık C, and Ilıpınar X (Arbuc-
kle et al. 2014; Balcı et al. 2019; Buitenhuis 2008;
Budd et al. 2013; 2018; 2020; Cappers 2008; Galik
2013; Gourichon, Helmer 2008; I

.
zdal-Çaydan

2018; Karul 2017; Kolankaya-Bostancı, Fidan
2021). In addition, based on the presence of marine-
based and hunted foods at coastal sites like Pendik
and Fikirtepe, it is possible to interpret these subsi-

stence practices as a continuation of Mesolithic cus-
toms (Boessneck, von den Driesch 1979; Çilingi-
roglu 2005; Düring 2011; Evershed et al. 2008; Öz-
dogan 1983b; 2010; 2011; 2013; Röhrs, Herre
1961; Thissen 1999; Thissen et al. 2010). Burhan
Ulas’ (2020) study on plant subsistence in Pendik
also supports this suggestion. Though a coastal site,
Yenikapı presents a different picture than the agri-
cultural communities at Fikirtepe and Pendik, which
also appear to have practiced fishing and hunting,
probably because Yenikapı primarily represents the
sixth millennium and is thus later (Kızıltan, Polat
2013; Ulas 2020).

In Bursa province, archaeobotanical data has been
obtained from Barcın Höyük, Aktopraklık, and Ilı-
pınar. At Neolithic Aktopraklık C, we know of the
presence of six-row barley, emmer, lentils, bitter
vetch, and flax (Karul 2017). At Ilıpınar, excava-
tions yielded 24 samples from the earliest Phase X
and 20 samples from the overlying Phase IX dating
to just after the turn of the sixth millennium BCE.
The data suggests that barley, emmer, small-sized
wheat, einkorn, lentil, bitter vetch, grass peas, peas,
flax, figs, and bramble were used as economic plant
species in the two earliest phases. However, the ear-
liest Phase X only yielded a single non-economic
plant (Cappers 2008).

In Istanbul province archaeobotanical data has been
obtained from both Pendik on the Asian side and
Yenikapı on the European side. At Pendik, archaeo-
botanical analyses yielded limited results. These
comprised only a few cereals including a single em-
mer grain, and a single barley grain as well as only
a couple of pulses, including one-seed of a grass pea
and one-seed of a pea. In addition, seven seeds of
flax and two fruitlets of bramble were identified
within the economic plant data. Other identified
plant remains are included in the wild plant group
(Ulas 2020.30–31). At Yenikapı, there is a higher va-
riety in the economic plant range. The cereal group
includes emmer, einkorn, bread/hard wheat, and

Fig. 6. The quantities of pulse remains from the early phases at Barcın
Höyük and Bahçelievler.
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new glume wheat, T. spelta, T. compactum, which
is a species related to bread/hard wheat (Ulas 2020.
32). Overall, this yields a different picture than the
general regional crop range. The pulse group in-
cludes lentils, chickpeas, grass peas, bitter vetch,
peas, and faba beans (Vicia faba var. minor, Ulas
2020). In addition, a range of gathered plants in-
cluding figs, grapes, and bramble have been docu-
mented (Ulas 2020.32–33).

Consequently, we find notable dissimilarities in foun-
der crops across sites. While it is possible to talk
about a transition to farming and husbandry in the
region, simply applying a universal ‘Neolithic Pack-
age’ idea does not embody the complexity that is
present across different sites. From this point of
view, inhabitants at most sites within the region
knew and practiced agriculture, and some also seem
to have had a keen understanding of the immediate
environment. Overall, each settlement appears to
have opted to apply individual behaviours at a small
scale.

In addition, it has been shown that dairy products
typically comprise a significant amount of the diet
for many Marmara Region residents during the
Neolithic Period (Evershed et al. 2008; Özbal et al.
2013; Thissen et al. 2010). Meat would naturally
also have contributed to the nutrition needs, but it
is still generally thought that economic plants and
mostly cereals formed the largest percentage of
these communities’ diets, because they were also
intensive farmers. We know this especially from the
carbon and nitrogen isotope analyses on bone col-
lagen from individuals at Aktopraklık and Barcın
Höyük from the work of Chelsea Budd et al. (2013;
2018; 2020). Fish consumption also seems to play a
notable role at some sites, but it mostly appears as
a supplementary food in the diet. Given this com-
plex picture, our archaeological interpretation must,
for the moment, remain incomplete and perhaps in-
accurate until multi-proxy subsistence research is car-
ried out for each settlement.

Conclusions

The main aims of this study have been to use the
archaeobotanical datasets from Barcın Höyük and
Bahçelievler to discern variability in Neolithization
processes in Northwest Anatolia in the seventh mil-
lennium BC, and to compare local community-based
adaptations with the macro-regional phenomenon
of Neolithization. A careful study of the datasets
from each site shows various nuances in the specific

economic plant packages, which can be clustered
under four groups. First, cereals such as barley, ein-
korn, emmer, and bread/hard wheat, are identified
with certainty for Phase VIe at Barcın Höyük, but
barley and einkorn are not favoured in the contem-
poraneous Phase 6 at Bahçelievler. Second, the data
did yield some differences in the presence of flax
and a small-sized naked wheat, which are both pre-
sent in Phase VId1 at Barcın Höyük but have not
been found at Bahçelievler. Third, the presence of
pulses such as lentils, peas, chickpeas, and bitter
vetch differs between phases at both sites. Although
lentils, bitter vetch, and peas were identified in near-
ly negligible amounts in Phase VIe at Barcın Höyük,
these pulses become common in the subsequent
phase and chickpeas also emerge within the local
inventory at this point. At Bahçelievler, on the other
hand, lentils and a single seed of bitter vetch were
identified in Phase 6, while lentils continue to be
the only identified pulse species in the overlying
Phase 5. Finally, the presence of gathered plants,
conspicuously lacking from the earliest phases, ap-
pears in the subsequent levels of both Barcın Hö-
yük and Bahçelievler. Hazelnut and bramble are
found at Barcın Höyük while pistacia and grape oc-
cur at Bahçelievler. Despite the proximity of the two
sites, the results show distinct local food practices
and potential re-interpretations of the process of
Neolithization.

Based on the current evidence, the pioneer settlers
at Barcın Höyük appear to have brought their full
subsistence package with them. The data from Bah-
çelievler also suggest a reliance on non-local econo-
mic plants. However, the inhabitants of Bahçelievler
appear to show more readiness to exploit local wild
resources and to integrate gathered plants into the
local subsistence strategies in Phases 6 and 5. We
observed that the economic plant range in both
sites remains limited, especially when compared
with the later levels. While some of the differences
observed between Barcın Höyük and Bahçelievler
may be related to sub-regional climatic variability,
local geographical conditions, or vegetational diffe-
rences and the particulars of the plant economies
at each site were the outcome of the choices made
by their respective communities, based likely on lo-
cal cultural preferences and social practices.

Suggesting that this results from the divergent path-
ways that the inhabitants of these sites took in the
process of Neolithization admittedly requires a large
leap. Whether the reliance on gathering at Bahçe-
lievler, with its semi-subterranean round houses,
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was a remnant of a practice the inhabitants held
onto since the pre-Neolithic periods is difficult to
ascertain and cannot be addressed confidently with
macro-botanical data alone. Nonetheless, we can at
least propose that the behaviour that emerges from
the choices that the inhabitants of each site made
were due to a complex set of habits and environ-
mental circumstances. This notion poses new ques-

tions about this region’s transition to the Neolithic.
Overall, though, at both sites the majority of the
botanical remains, and hence the main subsistence
strategy, remains one that is based on the cultiva-
tion and dominance of economic plants, yet there
are clearly unique ways in which the inhabitants of
each site perceived and incorporated wild resources
within their diet.
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Introduction

The Neolithic is traditionally perceived as a time
when farmers lived in permanent settlements, but
this simplified generalization cannot be universally
applied. By introducing the concept of the ‘Neoli-
thic package’, archaeologists tried to unify cultural,
economic, social and ideological innovations which
occurred in the Near East during the Neolithic. These
innovations spread beyond the original territory,

leading to the emergence of a new lifestyle in a wi-
der area. The Neolithic package is often described as
several factors that differentiate the Neolithic from
previous lifestyles and it includes agriculture (plant
domestication and cultivation), domestic animal
farming (animal domestication), the emergence of
sedentism, pottery production, polished stone tools
and an ideology compatible with the new lifestyle
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≠evo culture, but their settlements and material cul-
tures differed significantly (Fig. 1).

Even though the process of cereal and animal domes-
tication was a long-lasting one, fully domesticated
plants and animals were documented in numerous
settlements in the Near East, dating back to the Pre-
Pottery Neolithic (having a dominant role in the sub-
sistence from the Pre-Pottery Neolithic B) (Kuijt, Go-
ring-Morris 2002; Gibbs, Jordan 2016). A sedentary
lifestyle forms a base for the intensification of the
economy, population growth and increase of social
complexity (Neil et al. 2016.1). However, Neolithic
innovations were applied differently in different re-
gions, resulting in a non-uniform Neolithic lifestyle
with diverse sedentism and mobility patterns (see
Neil et al. 2016). Agriculture and husbandry usually
form the base of Neolithic subsistence. The amount
of food in farming communities depends on predic-
table seasonal changes and unpredictable weather/
climate factors (temperature, amount of precipita-
tion, type of precipitation during certain seasons,
droughts, floods, climate change…). Predictable fac-
tors (seasonal changes) are something that cannot

(e.g., Çilingiroglu 2005; Cauvin 2000; ∑uri≠i≤ 2021),
which led to new subsistence strategies and new
risks.

At the territory of the Central Balkans, the Neolithic
lifestyle arrived already formed together with a new
population around 6250 cal BC. (Bori≤, Dimitrijevi≤
2007; Bori≤ 2014; 2016; Cramp et al. 2019; Ivano-
va 2020; Stojanovski et al. 2020; ∑uri≠i≤ 2021). The
area these early farming communities of the Early
and Middle Neolithic Star≠evo culture (6250–5300
cal BC) occupied was predominantly previously non-
inhabited, except from the Danube Gorges, where
the local Mesolithic population was still thriving
(where the local Mesolithic and new Neolithic popu-
lations came in contact) (Bori≤, Dimitrijevi≤ 2007;
Bori≤ 2014; 2016; Cramp et al. 2019; ∑uri≠i≤ 2021).
The arrival of the Neolithic population coincided
with the 8.2-kiloyear event (Por≠i≤ et al. 2021),
which affected the temperature and precipitation
patterns in the Central Balkan region (Bonsall 2007;
Kobashi et al. 2007; Gronenborn 2009). The Late
Neolithic Vin≠a culture (5350/5300–4500 cal BC)
(Por≠i≤ 2020), occupied similar territory as the Star-

Fig. 1. Distribution of Star≠evo–Körös–Cris and Vin≠a cultures. Sites: 1 Blagotin, 2 Star≠evo, 3 Medjure≠,
4 Drenovac, 5 Nosa – Biserna Obala, 6 Donja Branjevina, 7 Golokut – Vizi≤, 8 Gomolava, 9 Opovo, 10 Se-
levac, 11 Vin≠a – Belo Brdo, 12 Stubline – Crkvine, 13 Banjica – Usek, 14 Divostin, 15 Grivac, 16 Med-
vednjak, 17 Vala≠, 18 Pavlovac – ∞ukar, Gumni∏te, 19 Lepenski Vir, 20 Zadubravlje, 21 Galovo, 22 Zve≠-
ka, 23 Vinkovci (map by S. Ωivanovi≤).
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be avoided, so the communities apply different buf-
fering strategies to obtain a balanced diet through-
out the year. But even minor changes in tempera-
ture or precipitation patterns can sometimes endan-
ger the existence of farming-based non-industrial
communities, due to crop failure and lack of fodder
for animals. Bad conditions can last one or multi-
ple years, forcing communities to employ one or se-
veral survival strategies, based on the duration of
the unfavourable period and their cultural, social,
economic and ideological preferences (Halstead,
O’Shea 1989; ∑uri≠i≤ 2021). The Neolithic lifestyle,
being completely different from the previous ones,
with the increase in population and reliance on do-
mesticates, resulted in new survival strategies.

Four social buffering strategies for overcoming food
scarcity have been proposed by Paul Halstead and
John O’Shea (1989): (1) diversification, (2) storage,
(3) exchange and (4) mobility (Halstead, O’Shea
1989; Groot, Lentjes 2013). These buffering strate-
gies are not applied only when food shortages occur,
but also refer to actions undertaken to prevent the
lack of food and prepare for inevitable periods of
the year when food is less available in nature (∑u-
ri≠i≤ 2021). In this paper, the social buffering stra-
tegies Early/Middle Neolithic Star≠evo and Late Neo-
lithic Vin≠a culture communities applied in order to
prepare for, prevent and overcome periods of food
scarcity caused by environmental variability are te-
sted and the most plausible ones are considered. The
similarities and differences between social buffering
strategies practised during the Early/Middle and Late
Neolithic of the Central Balkans will also be com-
pared.

Overcoming the environmental variability

Food scarcity is not connected solely to natural disa-
sters, and lack of food can occur due to different fac-
tors. Solar radiation influences ecosystem dynamics.
Temperate climate zones, like the Central Balkan re-
gion, have uneven solar radiation, leading to pro-
nounced differences between seasons (Rowley-Con-
wy, Zvelebil 1989.41; ∑uri≠i≤ 2021). During spring
vegetation grows suddenly, giving the plants limited
time for growth, development and reproduction.
Summer is the season of abundance with numerous
migratory animal and plant species – cereals, fruits,
vegetables and berries. A decrease in resources, both
local and migratory, is visible during autumn, whilst
winter is the most difficult period, with the least
amount of available food (Rowley-Conwy, Zvelebil
1989.41). These are seasonal fluctuations or varia-

tions, which are predictable and cannot be avoided,
so people apply previously established mechanisms
for overcoming periods of food scarcity, to obtain a
balanced diet throughout the year (Rowley-Conwy,
Zvelebil 1989.41; O’Shea 1989.57; Halstead 1989.
71; ∑uri≠i≤ 2021). Interannual fluctuations or va-
riations depend upon numerous unpredictable fac-
tors. They can depend on climatological factors
(droughts, frosts, storms, hail, excessive rain at the
wrong time, floods, and so on), animals, insects, pla-
gue, plant and animal diseases or human activity. In
farming communities, interannual variations like
drought can affect crop yields or animal disease can
increase domestic animal mortality rates, forcing
people to compensate for the losses in alternative
ways. Even though these variations are mainly un-
predictable people know how to deal with them,
using experience gained from previous similar situ-
ations. (O’Shea 1989.58; Halstead 1989.72; ∑uri≠i≤
2021). Long-term fluctuations or variations are the
results of climate or natural changes and often last
for a longer period of time. To survive these, commu-
nities have to make considerable adaptations (Row-
ley-Conwy, Zvelebil 1989.44–45; ∑uri≠i≤ 2021). In
facing these different types of variations the strate-
gies communities apply can vary and change, but
they are always in accordance with their specific na-
tural environment, social, cultural and economic
norms (∑uri≠i≤ 2021).

Farming communities depend on plant and animal
annual reproductive cycles which are controlled by
regular seasonal patterns. Even minor shifts in sea-
sonal patterns can influence the amount of food
available, whether of plant, or animal origin. To
overcome a lack of food, either due to predictable or
unpredictable factors, communities apply one of the
previously mentioned strategies: diversification, sto-
rage, exchange and mobility (Halstead, O’Shea
1989.3; Groot, Lentjes 2013.9; ∑uri≠i≤ 2021). The
inclusion of a greater variety of food sources is called
diversification. This also includes keeping certain
types of food exclusively for ‘rainy days’ and the cul-
tivation of different crops on different soils. For far-
mers, agriculture and herding are forms of diversi-
fication, but it also includes hunting, fishing and ga-
thering. Saving food for annual periods of food scar-
city is called storage. Exchange includes different
social practices – trade, food sharing, obligatory re-
ciprocity and negative reciprocity (theft). Relocation
of a group of people or the whole community to-
wards areas with available food sources is called
mobility (Halstead, O’Shea 1989.3–4; Groot, Lent-
jes 2013.9–10; ∑uri≠i≤ 2021).
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Communities usually mix several buffering strate-
gies. Depending on their preferences, certain strate-
gies can be practised as prevention, while others
could be applied as a last resort. Also, different cul-
tures can apply the same strategy differently (∑uri-
≠i≤ 2021). A typical agricultural/herding community
shows some degree of diversification. They cultivate
multiple crop types and keep at least two types of
livestock, with additional hunting, fishing and ga-
thering that provide a balanced diet and year-round
food supply. In situations when a plague or a disease
attack crops or animals, diversification provides an
effective fall-back strategy, ensuring that at least
some food will remain for human consumption.
Every society has a tendency to accumulate a sur-
plus. Early agricultural communities accumulate a
surplus as a result of seasonality, as a strategy to
overcome colder periods of the year. During bad
years they may have switched to hunting and gath-
ering, which was also documented in the archaeo-
logical record (Groot, Lentjes 2013.9). On the other
hand, hunter-gatherers rely on different wild resour-
ces, making their diversification strategy dependent
on a variety of wild animal species and wild plant
taxa that are available during different seasons (Hal-
stead, O’Shea 1989; ∑uri≠i≤ 2021). According to
Paul Halstead, every community generates a surplus,
but they define it differently. A distinction should be
made between direct and indirect storage. The accu-
mulation of food for later consumption is direct sto-
rage, but food sharing with other members of the
community, expecting reciprocity in time of need, is
an example of indirect storage – social storage. With
indirect storage the risk of food spoilage is reduced,
as the food often cannot be stored for a long period
of time (Halstead 1989).

Evidence for diversification in the Neolithic of
the Central Balkans

Diversification is a survival strategy applied by both
farming and hunting-gathering communities. Hun-
ter-gatherers rely on different wild resources, making
their diversification strategy dependent on a variety
of wild animal species and wild plant taxa that are
available during different seasons (Halstead, O’Shea
1989; ∑uri≠i≤ 2021), while farming communities
rely primarily on agriculture and domestic animal
herding with the addition of hunting and gathering,
which is often accompanied by a sedentary lifestyle

(Çilingiroglu 2005; Cauvin 2000). Diversification
is suitable for overcoming seasonal, interannual and
long-term variations. It not only implies the exploi-
tation of alternative resources, but also the cultiva-
tion of different types of cereals and pulses of diffe-
rent growing patterns and endurance levels on diffe-
rent soil types. By applying this strategy, a commu-
nity can potentially reduce the possibility of crop fai-
lure (Groot, Lentjes 2013; ∑uri≠i≤ 2021). Subsis-
tence based on domesticated plants and animals is
also a form of diversification. Domestic animals can
convert agricultural waste and plants unsuitable for
human consumption into edible food (meat, milk
and fat), further reducing the potential for food
shortages (O’Shea 1989; ∑uri≠i≤ 2021).

Archaeobotanical analyses conducted on various
Star≠evo culture sites have revealed a broad spec-
trum of plant food used in the human diet, and
these can be divided into cultivated crops and wild
plants. However, the results of the archaeobotanical
analyses were affected by the lack of systematic
sampling, which was conducted only at two sites
(Blagotin and Drenovac), while at other sites only
contexts marked as interesting or important by ar-
chaeologists (‘judgement’ sampling) were sampled
(Filipovi≤, Obradovi≤ 2013; ∑uri≠i≤ 2021). The
greatest plant taxa diversity was recorded at Dreno-
vac, but it was also at this site that the most exten-
sive sampling was conducted. Archaeobotanical re-
mains from the sites of Blagotin, Drenovac, Medju-
re≠, Star≠evo and Nosa-Biserna Obala have confirm-
ed the cultivation of five crops22 (for distribution see
Filipovi≤, Obradovi≤ 2013.41): einkorn (Triticum
monococcum), emmer (Triticum dicoccum), hulled
barley (Hordeum vulgare, hulled), lentil (Lens culi-
naris) and pea (Pisum sativum) (Filipovi≤, Obrado-
vi≤ 2013; Filipovi≤ 2014; ∑uri≠i≤ 2021). A total of
nine wild taxa has been documented so far (for dis-
tribution see Filipovi≤, Obradovi≤ 2013.41): corne-
lian cherry (Cornus mas), apple (Malus pumila),
fruit from the malus genus (Malus sp.), fruit from the
pear genus (Pyrus sp.), acorn (Quercus sp.), beech
nut (Fagus sp.), blackberry (Rubus fruticosus), un-
identified berries (Rubus sp.) and dwarf elder (Sam-
bucus ebulus) (Filipovi≤, Obradovi≤ 2013; ∑uri≠i≤
2021).

Over 70% of the examined faunal assemblage be-
longed to domestic animal taxa, indicating a reliance

2 Even though broomcorn millet (Panicum miliaceum) was found at Neolithic sites in the Central Balkans, recent studies have dis-
puted its cultivation during the Neolithic in Europe, so all millet samples should be treated as an intrusion (Filipovi≤ et al. 2020),
which is why they were excluded from this paper.
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on domesticates at the majority of Star≠evo culture
sites (for detailed archaeozoological analysis and di-
stribution see Orton 2012) (Greenfield 2008.108;
∑uri≠i≤ 2021). Cattle is the most dominant domestic
animal taxa, with the exception of Donja Branjevina,
where goats/sheep dominate (Orton 2012), while
pigs were barely represented in the faunal assem-
blage (Orton 2012; Ethier et al. 2017; ∑uri≠i≤ 2021).
Dogs were also present, but were probably not con-
sumed. However, sites in the Danube Gorges, Golo-
kut-Vizi≤ in Southwestern Ba≠ka and Nosa-Biserna
Obala in Northern Ba≠ka show different patterns. At
these sites, a higher percentage of wild than domes-
tic animal taxa have been documented (Orton 2012;
∑uri≠i≤ 2021). Red deer, roe deer, wild boar, fish,
birds and smaller mammals, dominated amongst the
wild taxa remains (Greenfield 2008; ∑uri≠i≤ 2021).
The analyses of faunal assemblage from the Early/
Middle Neolithic layers from the Danube Gorges
sites show the significance of migratory fish for lo-
cal subsistence (Dimitrijevi≤ et al. 2016). Recent
pottery lipid analysis has shown that the majority of
vessels in the Danube Gorges settlements were used
for cooking aquatic resources, contrary to the data
from the sites in the rest of the Central Balkans
(Cramp et al. 2019), where pottery was used for
processing meat, milk/dairy, plant food and storing
beeswax (Ethier et al. 2017; Stojanovski et al. 2020;
∑uri≠i≤ 2021). Stable isotope analyses have shown
almost exclusive reliance on terrestrial resources of
the Star≠evo culture communities with mixed terres-
trial and aquatic diet in the Danube Gorges and in
certain settlements located in close proximity to ri-
vers – Vin≠a – Belo Brdo, Sremski Karlovci, Obre∫ –
Ba∏tine, and Klisa (Jovanovi≤ et al. 2019; 2021). Do-
mestic animals were not only used as a meat and
fat source, as recent lipid analyses undertaken on
Star≠evo culture pottery confirmed milk and dairy
consumption during the Early/Middle Neolithic (Et-
hier et al. 2017; Cramp et al. 2019; Stojanovski et
al. 2020).

Archaeobotanical analyses from Vin≠a culture sites
have shown a greater variety of domestic crops. Ar-
chaeobotanical remains from the sites of Drenovac,
Gomolava, Opovo, Selevac and Vin≠a – Belo Brdo,
have confirmed cultivation of 11 crops (for distri-
bution see Filipovi≤, Obradovi≤ 2013. 41): einkorn
(Triticum monococcum), emmer (Triticum dicoc-
cum), hulled barley (Hordeum vulgare, hulled), na-
ked barley (Hordeum vulgare, nudum), free-thresh-
ing wheat (Triticum aestivum/durum), a new type
of wheat (Triticum sp., ‘new type’), lentil (Lens culi-
naris), pea (Pisum sativum), bitter vetch (Vicia er-

vilia), flax/linseed (Linum usitatissimum), grass
pea (Lathyrus sativus/cicera) (Filipovi≤, Obradovi≤
2013; Filipovi≤ 2014). A total of 17 wild taxa have
been documented so far (for distribution see Filipo-
vi≤, Obradovi≤ 2013.41): cornelian cherry (Cornus
mas), hazel (Corylus avellana), wild strawberry
(Fragaria vesca), crab apple (Malus sylvestris), com-
mon reed (Phragmites communis), Chinese lantern
(Physalis alkekengi), fruit from prunus genus (Pru-
nus sp.), fruit from pear genus (Pyrus sp.), acorn
(Quercus sp.), beech nut (Fagus sp.), blackberry
(Rubus fruticosus), dewberry (Rubus caesius), un-
identified berries (Rubus sp.) elderberry (Sambucus
nigra), dwarf elder (Sambucus ebulus), water chest-
nut (Trapa natans), wild grape (Vitis vinifera (ssp.
sylvestris)) (Filipovi≤, Tasi≤ 2012; Filipovi≤, Obra-
dovi≤ 2013) and sloe berry (Prunus spinosa) (Fili-
povi≤, Tasi≤ 2012; Borojevi≤ et al. 2020).

Archaeozoological analyses have confirmed that do-
mestic animals (cattle, sheep/goats, and pigs) play-
ed a dominant role in the subsistence strategies of
Vin≠a culture communities. While the most signifi-
cant animal was still cattle, the most dramatic shift
occurred with pigs, who played an extremely impor-
tant role in the diet of the Vin≠a culture communi-
ties. The results of organic residue analysis conduct-
ed on two Vin≠a culture sites so far – Drenovac and
Motel-Slatina, confirmed the consumption of differ-
ent types of meat, milk and dairy products (Kruger
et al. 2019). Two different studies have confirmed
the presence of beeswax in Vin≠a culture pottery,
confirming the exploitation of honeybees during the
Late Neolithic in this region (Roffet-Salque et al.
2015; Kruger et al. 2019). The majority of the wild
taxa remains still belonged to red deer, roe deer,
wild boar, auroch and smaller mammals (Orton
2012). At the site of Vin≠a – Belo Brdo, apart from
previously mentioned wild taxa, the remains of bea-
ver, rabbit, otter, badger, vole, fox, wolf, brown bear,
fallow deer, birds, tortoise, various Mollusca (mostly
unio shells) and fish, have been identified (Dimitri-
jevi≤ 2006). Moreover, 14.5% of the dog bones found
at this site between the years 1998 and 2003 show-
ed traces of burning, and one vertebra also had but-
chering traces, indicating the consumption of dog
meat, previously not documented in the Vin≠a cul-
ture (Dimitrijevi≤ 2006.252).

Plant food can be used in different ways during dif-
ferent times of the year. Cereals could have been
sown in autumn, as they need a long period of ver-
nalization to produce seed and legumes could have
been sown in spring, due to their shorter growing
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season (Filipovi≤, Tasi≤ 2012), securing the crop
yields in case of unpredicted interannual variations.
At the Late Neolithic site of Opovo, autumn/ winter
sowing has been proposed for some of the identified
cereals. Analysis of weed flora can help in determi-
ning crop sowing time, but those analyses have ei-
ther not been conducted or the results have been
inconclusive (as in the case of the Vin≠a – Belo Brdo
site) (Filipovi≤, Tasi≤ 2012). Information about dif-
ferent soil types in the immediate vicinity of settle-
ments has been provided for several Vin≠a culture
sites. The majority of settlements in the Morava Val-
ley are surrounded by multiple soil types, some more
suitable for autumn/winter, and others for spring-
sown crops (Milanovi≤ 2019). Cereals could have
been used in several different ways – they could
have been used for bread production or cooked as
porridges or gruels. Porridges could have been en-
riched with legumes, and legumes could have been
added to stews and soups. Acorn is also very versa-
tile, and it could have been consumed roasted, dried
or ground into flour. Fruit and berries could have
been eaten fresh, but also dried or cooked, which
prolonged their shelf life (Atalay, Hastorf 2006; ∑u-
ri≠i≤ 2021). The consumption of milk and dairy pro-
ducts and their combination with other food catego-
ries further increases the variety of food sources in
the Neolithic period.

During the Early/Middle Neolithic in the Central Bal-
kans, diversification as a social buffering strategy
was practised through different procurement stra-
tegies – agriculture, domestic animal herding, hunt-
ing, fishing and gathering. A broad variety of domes-
ticated and wild plant and animal resources were
used, which enabled Star≠evo culture communities
to obtain a year-round balanced diet and reduce the
potential for food shortages. One definite model for
diversification cannot be provided, however, as food
procurement strategies could differ from settlement
to settlement (Greenfield 2008; Orton 2012; Filipo-
vi≤, Obradovi≤ 2013; Cramp et al. 2019; ∑uri≠i≤
2021). Each settlement should be approached indi-
vidually, providing opportunities for further studies
on differences and similarities between communi-
ties, which surpasses the scope of this paper. Never-
theless, certain tendencies can be distinguished,
such as higher dependence on domesticates in the
human diet at the majority of the sites, both of plant
and animal origin (Orton 2012; Filipovi≤, Obrado-
vi≤ 2013; ∑uri≠i≤ 2021). Archaeozoological analy-
ses have helped in determining the seasonality of
occupation of certain settlements. By analysing the
seasonal availability of the represented taxa, occu-

pation patterns have been determined for several
settlements. Archaeozoological analyses of Early Neo-
lithic sites in the Danube Gorges show patterns of
seasonal habitation, based on the faunal, specifically
migratory fish remains (Dimitrijevi≤ et al. 2016).
At the site of Golokut, analyses of faunal remains
have indicated that the settlement was occupied sea-
sonally between late autumn to late winter (Ωivalje-
vi≤ et al. 2017; ∑uri≠i≤ 2021). Similarly, archaeozo-
ological analyses from the site of Blagotin suggest
seasonal occupation between late autumn and late
spring (Ethier et al. 2017; ∑uri≠i≤ 2021).

Vin≠a culture communities used even broader spec-
tra of domesticated and wild plants and animals (Di-
mitrijevi≤ 2006; Orton 2012; Filipovi≤, Obradovi≤
2013). The introduction of new types of domesticat-
ed cereals (Hordeum vulgare, nudum, Triticum ae-
stivum/durum and Triticum sp., ‘new type’) and
legumes (Vicia ervilia, Linum usitatissimum and
Lathyrus sativus/cicera) could further reduce the
possibility of crop failure (Filipovi≤, Obradovi≤
2013; Filipovi≤ 2014). With regard to domesticated
animals, while pigs had negligible significance dur-
ing the Early/Middle Neolithic, they were important
in the diet of the Late Neolithic communities in the
Central Balkans (Orton 2012). Furthermore, the ex-
treme diversity of the faunal repertoire at the site of
Vin≠a – Belo Brdo, including previously not register-
ed food sources, specifically in the excavated area of
later occupational horizons at this site, raises a que-
stion about living conditions at this particular time.
It is still not clear whether this broader spectrum of
food sources reflects a period of crisis or if this in-
clusion of more diverse animal species represents
the typical diet of Vin≠a settlement residents. After
these occupational horizons, the habitation of the
settlement continued, but archaeozoological analy-
ses of faunal remains of the final occupational phase
show typical Vin≠a culture dietary choices (except a
smaller representation of pigs) (Dimitrijevi≤ 2006).
It is possible that this variety of food sources repre-
sents evidence of interannual or even long-term va-
riations leading to food scarcity and the application
of diversification as a survival strategy, by the intro-
duction of an even broader spectrum of animals. Ne-
vertheless, one universal diversification pattern can-
not be applied to every Vin≠a culture settlement. In
some settlements, for example, hunting played a
more significant role than in others (Orton 2012),
indicating differences in procurement strategies
throughout the Vin≠a culture. Comparison between
procurement strategies during the Late Neolithic of
the Central Balkans can provide important informa-
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52

tion regarding the Vin≠a culture economy, but these
analyses surpass the scope of this paper.

Evidence for storage in the Neolithic of the Cen-
tral Balkans

Storage is a common practice, not only among farm-
ing communities but also among hunter-gatherers.
Even though cereals are the most common type of
stored food, fruit, meat and fish can also be stored
(Madge 1994; ∑uri≠i≤ 2021). For seasonal and some-
times interannual variations storage is an extremely
effective buffering strategy, but it would not be ef-
fective if long-term variations affecting the crop yield
occur (O’Shea 1989; Halstead 1989; ∑uri≠i≤ 2021).
In those situations, meat, fish or wild plants can still
be stored.

In the archaeological record, storing features (silos,
built-in storage containers, such as storage bins, sto-
rage pots or pithoi) or concentrations of carbonized
plant remains are good indicators of storage. Other
types of food, although stored, are less likely to be
preserved in the archaeological record. The proper-
ties of the manufacturing material determine the
preservation of certain objects or features in the ar-
chaeological record, so storage containers from pe-
rishable materials – wooden crates, boxes, baskets,
sacks or bags made from leather, wood, plant fib-
res, branches and cork – would be hard or impossi-
ble to identify in the archaeological record (Filipo-
vi≤ et al. 2018.34; ∑uri≠i≤ 2021).

Storage containers in the Star≠evo culture are rare-
ly found, so this practice is usually determined via
concentrations of carbonized grains. At the site of
Nosa – Biserna Obala, more than fifty clay-lined pits,
resembling silos (with a pear-shaped cross-section),
were found. Inside those pits, small amounts of car-
bonized grains were detected, together with other
fragmented material (Gara∏anin 1960.229). The fill
of the pits corresponds to the fill of the refuse pits,
including carbonized remains, which were charred
before they were thrown away. If they were silos
then those remains either would not have been car-
bonized or would not have been mixed with other
material categories. Still, there is a possibility that
those pits were primarily silos, but were secondarily
used as refuse pits (Filipovi≤, Obradovi≤ 2013; Fi-
lipovi≤ et al. 2018). Pithoi, large pots that would in-
dicate storage, are scarce at the Star≠evo culture si-
tes. A large vessel containing barley was found at
the site of Bandovi≤i (Filipovi≤ et al. 2018), making
it the only reported case so far (∑uri≠i≤ 2021). Grains

and other plant-based products could have been
stored inside smaller vessels, but their volume does
not seem sufficient for extensive storage (Tripkovi≤
2011). At the site of Drenovac, in the house destruc-
tion layer of burnt daub, a concentration of carbo-
nized seeds was found (Filipovi≤ et al. 2018.35; ∑u-
ri≠i≤ 2021). It contained predominantly legumes
(75% lentil, 20% peas, small amounts of emmer and
einkorn, and several fruits remains). This concentra-
tion suggests that these different plant foodstuffs
were probably stored separately in organic contai-
ners – baskets, bags, or wooden containers with se-
veral compartments (Filipovi≤ et al. 2018.35; ∑u-
ri≠i≤ 2021). At the Early Neolithic site of Tsangli in
Greece, indications of baskets lined with clay plaster
or dung were documented, showing another possible
storing option, which would hardly leave any archa-
eological record (Halstead 1989.71).

At the sites of the Late Neolithic Vin≠a culture, sub-
stantially more evidence for storage has been found.
Storage containers were predominantly found in-
side houses and used for short-term storage. Large
storing pots (pithoi) and smaller vessels were found
at the majority of the Vin≠a culture sites, some of
which contained remains of carbonized grains, con-
firming their presumed role based on the pottery
typology (Jovanovi≤, Gli∏i≤ 1961; Tripkovi≤ 2011;
Vukovi≤ 2011; Filipovi≤ et al. 2018). Pithoi could be
found inside separate architectural features – stor-
age bins, made from mud plaster, usually located
next to an oven (Fig. 2). The walls of those features
were about 50cm high. Storage compartments, toge-
ther with ovens and querns located in their proximi-
ty, form a food processing set (Spasi≤, Ωivanovi≤
2015). Storage bins were found in numerous houses:
house 01/06 at Vin≠a – Belo Brdo (Tasi≤ et al. 2007;
Vukovi≤ 2011; Filipovi≤ et al. 2018; Borojevi≤ et al.
2020), the house at the depth of D 6.73m from 1912
at Vin≠a – Belo Brdo (Fig. 3) (Vasi≤ 1912.94; ∑uri-
≠i≤ 2019), house II/1912 at Vin≠a – Belo Brdo (Va-
si≤ 1912.21), house 1 from the trench XIX at Dreno-
vac (Peri≤ 2017), house 1/2010 at Stubline – Crkvi-
ne (Crnobrnja 2012; Spasi≤, Ωivanovi≤ 2015), house
2/79 at Banjica – Usek (Todorovi≤ 1981; Tripkovi≤
2013; Spasi≤, Ωivanovi≤ 2015), house 2 at Opovo
(Tringham et al. 1992), and houses 13 and 17 at Di-
vostin (Bogdanovi≤ 1988). One of the best exam-
ples comes from house 01/06, at the Vin≠a – Belo
Brdo site, where two pithoi filled with carbonized
(predominantly) emmer grains were found in one of
three storage bins located next to an oven (Vukovi≤
2011; Spasi≤, Ωivanovi≤ 2015; Filipovi≤ et al. 2018;
Borojevi≤ et al. 2020). Next to them, without a con-
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tainer, the remains of emmer, water
chestnut and pears were located (Bo-
rojevi≤ et al. 2020). Another type of
storage bin has been found in Vin-
≠a culture houses. Although conne-
cted to the house wall, they were
smaller and shallower and were not
located near ovens or other architec-
tural features. Such containers were
found in house 1/2008 at Stubline
(Spasi≤, Ωivanovi≤ 2015), house 21
at Grivac (Bogdanovi≤ 2008), house
1 at Jakovo (Jovanovi≤, Gli∏i≤ 1961),
house 15 at Divostin (Bogdanovi≤
1988) and house 1 from the trench
XIX at Drenovac (Peri≤ 2017). The
number of these fixed storage bins
is certainly higher, but the preserva-
tion of these features depends on
multiple factors (the most significant
being house destruction by fire), as they were built
from mud plaster, a material which deteriorates
with time (∑uri≠i≤ 2020).

In house 01/06 at Vin≠a – Belo Brdo, multiple caches
of cereals without containers were found, but one
of them was in association with carbonized wooden
planks, which may imply the existence of a wooden
crate. In one emmer deposit, relatively large quanti-
ties of flax/linseed and bitter vetch were document-
ed, probably stored separately in perishable contai-
ners (wooden crates with multiple compartments,
baskets or bags). Similar contexts were found at the
sites of Medvednjak and Vala≠, suggesting the usage
of containers from perishable mate-
rials throughout the Vin≠a culture.
In house 02/06 at Vin≠a – Belo Brdo,
a cache of well-preserved wild pears
was discovered. Those pears could
have been stored in bags hung on
the house wall, or in pots placed on
shelves (Filipovi≤ et al. 2018). Pears
and berries could have been dried
and stored for winter consumption.
Herbs, certain grass types and weeds
could have been dried, stored and
used as medicines or spices (Filipo-
vi≤, Tasi≤ 2012). Storage practices
in the Vin≠a culture are an important
and interesting topic. By following
changes in these, broader sets of
questions about diachronic changes
in social organization, architectural
practices and the economy of the

Vin≠a culture communities can be answered (see
Tripkovi≤ 2013), but detailed analyses of these is-
sues surpass the scope of this paper.

Raw cereals are prone to spoilage and due to their
exposure to insects or rodents, they cannot be stor-
ed for a long period of time. Bulgur (cooked and
dried cereals) or trahanas (dried fermented cereals)
are good options for prolonging their shelf life. Bul-
gur is prepared by first cooking, then drying and fi-
nally grinding cereals. With this process, the grain
gets a hard texture, less prone to spoilage and infes-
tation. (Valamonti 2011; Bayram 2000; ∑uri≠i≤
2021). Indications for bulgur production were found

Fig. 2. Experimentally reconstructed Vin≠a culture oven and a sto-
rage compartment (clay bin) (photo by A. ∑uri≠i≤).

Fig. 3. House at the depth of DD 6.73m from 1912 at Vin≠a – Belo
Brdo – storage compartment (front) next to an oven (photo: Ar-
chive of the Archaeological Collection, Department of Archaeology,
Faculty of Philosophy, University of Belgrade).
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on emmer grains detected next to a quern in house
01/06 at Vin≠a (Borojevi≤ et al. 2020). Trahanas is
similar to bulgur, but it involves cooking either bul-
gur, raw grains or flour in milk or soured milk (Va-
lamonti 2011; ∑uri≠i≤ 2021). After cooling, the mass
is formed into balls or rectangles, which are dried in
the sun and stored. Trahanas can be stored for up to
two or three years (Valamonti 2011). Lactic acid fer-
mentation from milk also preserves food, protect-
ing it from microbes and toxins, making trahanas
perfect food for prolonged storage (Daglioglu 2000;
∑uri≠i≤ 2021).

Long-term storage is possible when a year has been
particularly good, creating a considerable surplus.
One part of the surplus can then be used as an in-
vestment for the future – feeding cattle that will be
slaughtered during times of food scarcity. This type
of storage is intended for feeding the community on
an interannual level (Halstead 1989.73).

Evidence for exchange in the Neolithic of the
Central Balkans

Exchange is a broad term for social practices of shar-
ing resources between communities, social groups
or individuals. It does not have to be literal – goods
for goods or goods for services – but also includes
an exchange of goods or food between households
in social settings: feasts, house hospitality and gifts/
treats (Sahlins 1965; ∑uri≠i≤ 2021). These actions
consolidate social bonds and obligations, forming a
base for reciprocity. Food can be exchanged for la-
bour or for tokens which symbolize the commitment
of a household to return the favour, establishing the
grounds of social storage. Social storage and these
exchange practices are hard to detect in the archaeo-
logical record. An exchange between households
within one community can be performed only on
seasonal and interannual levels. By living in the
same settlement, long-term bad conditions would
deprive every household of food supplies, so they
would have to ask for help either from neighbours
or allies that live in different territories (Halstead
1989; ∑uri≠i≤ 2021). Possible ways to create allian-
ces with outside communities are marriages or trad-
ing partnerships. These partnerships create bonds
and can prevent the emergence of hostile relation-
ships (Sahlins 1972; ∑uri≠i≤ 2021). Even though ex-
change and contact between close settlements is
always a possibility, they are difficult to detect in the
archaeological record, due to probable similarities in
the material culture (∑uri≠i≤ 2021). Two categories
of exotic materials speak of contacts and long-dis-

tance trade between the Star≠evo/Vin≠a culture com-
munities and distant populations – Spondylus/Gly-
cymeris shells and obsidian. Objects made from ja-
deite/nephrite can also imply contacts with distant
populations, as sources of these minerals were not
documented in the territory of the Central Balkans,
but due to the lack of analyses the provenience of
raw materials used for the production of these arte-
facts has never been determined (Balaban 2013).
Even though these objects cannot provide insight in-
to communication routes with distant communities
at this moment, they should be taken into considera-
tion for further studies, when more data is available.

The presence of thermal structures in the open spa-
ces within a settlement is considered as an indicator
of food-sharing practices between households (Byrd
1994). Fire installations found at Star≠evo culture
sites were located both inside and outside dwellings.
So far, only four hearths (Bogdanovi≤ 1988; Minich-
reiter 2001; Petrovi≤ 1984–1985; ∑uri≠i≤ 2019;
2021) and six cooking trenches (Fig. 4) (∑uri≠i≤
2019), previously interpreted as tubular ovens (Mi-
nichreiter 1992; Bànffy et al. 2010), have been
found in open spaces within a settlement (∑uri≠i≤
2021). It should be noted that no cooking trenches
were present inside the houses (∑uri≠i≤ 2019). So
far, all of the ovens (total of 16) and the majority of
hearths (total of 11) that have been found were lo-
cated inside dwellings (Bogdanovi≤ 1988; 2008; Mi-
nichreiter 1992; 2001; 2007; Bànffy et al. 2010;
Mari≤ 2013; ∑uri≠i≤ 2019; 2021). The location of
fire installations in the Star≠evo culture settlements
implies that at least a portion of cooking activities
was conducted in a communal setting. To date, how-
ever, it cannot be concluded if these activities were
performed on a daily/seasonal basis or on special
occasions, nor which part of the community was in-
volved in this process (∑uri≠i≤ 2019; 2021). Intra-
settlement food-sharing was proposed as one of the
social buffering strategies practised by the Early
Neolithic communities in Thessaly, Greece. Food-
sharing activities were practised regularly, not only
in times of need, resulting in the consolidation of
neighbouring relations. Besides intra-settlement re-
lations, they had contact with other settlements.
Those contacts were documented through fine pot-
tery, suggesting some degree of inter-settlement ex-
change (Halstead 1989; ∑uri≠i≤ 2021). Similar food-
sharing practices could have been performed by the
Star≠evo culture communities (∑uri≠i≤ 2021).

The presence of artefacts made from materials of
non-local provenience suggests contacts with distant
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populations. In the Early/Middle Neolithic of the
Central Balkans, obsidian finds are scarce and most-
ly concentrated in the Danube Basin. However, the
research on exchange networks has not been exten-
sive enough, so definite distribution patterns are yet
to be determined (Tripkovi≤ 2003–2004). Ornaments
from Spondylus/Glycymeris shells have been con-
firmed at only three Star≠evo culture sites with a
total of 11 pieces of jewellery. They were probably
imported as finished products, as manufacturing de-
bris has not been detected. Additionally, ornaments
typologically correspond to the examples from the
rest of Europe (Vitezovi≤ 2012; 2016; 2019). These
sporadic finds of exotic materials in the Early/Mid-
dle Neolithic of the Central Balkans, confirm some
degree of contact with distant communities, but not
the nature of the contact (trade or maybe dowery
upon marriage). Stable isotope analyses can offer
more information about the relationships between
different settlements and communities established
by marriage partnerships. Strontium and oxygen sta-
ble isotopic analyses conducted on Star≠evo culture
individuals from several sites in the Hungarian
Transdanubia have shown that there was a higher
proportion of non-local and regional females than
males. If these data do not point to the migration of
the Star≠evo culture population to the new territory,
they could imply patrilocal marriage arrangements
with women from different settlements, within and
outside the region (Depaermentier et al. 2020).

There are few indications of food-sharing practices
in the Vin≠a culture. Two indicators for individual

food preparation are household storage and indoor
thermal structures (Byrd 1994), and both have been
documented at the Vin≠a culture sites (∑uri≠i≤
2019). Contrary to ovens which were always locat-
ed inside houses, hearths (hearth-pits) were only
found at two sites, Pavlovac – ∞ukar (∑uri≠i≤ 2019)
and Pavlovac – Gumni∏te (eight in total) (Peri≤ et al.
2016; ∑uri≠i≤ 2019). These types of hearths indi-
cate either communal (Byrd 1994), seasonal (Rol-
lings 1989) or some specialized activity. Due to the
scarcity of these finds, further studies should be
conducted in order to determine their practical and
social role. Still, even though cooking activities were
probably conducted on the household level, this
does not exclude other food-sharing practices like
feasts, household hospitality or gifts.33 Even though
the inter-settlement exchange is hard to determine
and identify in the archaeological record, certain pro-
ducts could have been used in negotiations between
close settlements. For example, access to pastures in
the vicinity of one settlement, by herders and cattle
from other settlement, could have been compensat-
ed for with products like milk, butter, cheese, meat
or some other trade goods (Gillis et al. 2021). Cop-
per can also be used in determining inter-settlement
and regional contacts between Vin≠a culture commu-
nities and contemporary non-Vin≠a culture sites in
modern-day Bulgaria. Copper ores used for the pro-
duction of copper objects found at the Vin≠a culture
sites of Belovode, Plo≠nik, Vin≠a – Belo Brdo, Gomo-
lava, Selevac and Gornja Tuzla and Ruse and Duran-
kulak in the Lower Danube region in modern-day
Bulgaria came from deposits located mainly in east-

ern Serbia. The social dynamics of
these inter-settlement and intercultu-
ral contacts have not been determin-
ed so far (Radivojevi≤ et al. 2021).

Exotic materials are found more fre-
quently at Vin≠a culture sites. A num-
ber of settlements, especially those
located in the Tisa Valley, the South
Banat and the Morava Valley, show
a considerable amount of obsidian
objects. The most abundant collec-
tion of obsidian finds comes from
the site of Vin≠a – Belo Brdo, where
this material makes up 69.5% of the
chipped stone industry (Tripkovi≤
2003–2004; Tripkovi≤, Mili≤ 2009).
Analyses shows that the obsidian

Fig. 4. Experimentally reconstructed Star≠evo culture cooking
trench (photo by A. ∑uri≠i≤).

3 Although there is no evidence of places for gathering and communal feasting in the Vin≠a culture settlements, one interesting
context found at the Late Neolithic site of Kleitos 1 in Northern Greece can offer some insight how this practice was conduct-
ed (Kalogiropoulou, Ziota 2021).
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came from the source in the Carpathian Basin, im-
plying strong and long-lasting connections with Tisza
culture communities (Tripkovi≤, Mili≤ 2009). Con-
nections with these communities are further docu-
mented by unique finds from the site of Vin≠a – Be-
lo Brdo, with pottery and other ceramic objects of
Tisza provenience (including the famous Mayres pi-
thos) (Ignjatovi≤ 2008). Spondylus/Glycymeris shell
ornaments were more common and present in more
varying forms than in the previous period. Their
finds were especially abundant at the site of Vin≠a –
Belo Brdo (Dimitrijevi≤, Tripkovi≤ 2002; Vitezovi≤,
Antonovi≤ 2020). Spondylus/Glycymeris trading
routes have not been determined yet, and several
options are plausible. Even though it was common-
ly assumed that these shells came from the Aegean
Sea, the lack of Spondylus/Glycymeris finds along
the presumed trading route via the Vardar and Mo-
rava River valleys opens the door for new options.
The trading network between the communities in
the Central Balkans with the communities living on
the coast of the Adriatic Sea was established either
directly or via intermediaries in what is today cen-
tral Bosnia. Spondylus/Glycymeris objects and raw
material were found at the sites along this route,
suggesting that Vin≠a culture communities could
have been a part of this exchange network (Dimit-
rijevi≤, Tripkovi≤ 2006). The number of exotic finds
at the site of Vin≠a – Belo Brdo distinguishes it from
the rest of the Vin≠a culture settlements, indicating
a prominent role of this community in trade and ex-
change, with long-lasting and well-developed conne-
ctions throughout south-eastern and central Europe
(Vitezovi≤, Antonovi≤ 2020).

Evidence for mobility in the Neolithic of the
Central Balkans

Mobility is considered the ‘easiest’ survival strategy,
and it is undertaken when a community encounters
a lack of resources. This strategy is typical for hunt-
ing-gathering and pastoral communities. Certain ar-
chaeologists consider mobility as an unfavourable
option for agricultural communities, as storage (cha-
racteristic of agricultural communities) and mobility
are mutually exclusive (Halstead, O’Shea 1989.3–4;
∑uri≠i≤ 2021). It is thought that forced mobility in
agricultural communities occurs when long-term va-
riations make arable land unsuitable for farming for
a prolonged period of time, and thus these commu-
nities would perceive mobility as a last resort (Row-
ley-Conwy, Zvelebil 1989.46; ∑uri≠i≤ 2021). But
mobility is not rigid and not all mobile communities
have the tendency to become sedentary. Equally it

does not mean that sedentary communities cannot
become mobile in certain situations. Even in fully se-
dentary communities, there are certain social groups
with a higher level of mobility (Leary, Kador 2016).
Mobility is thus an extremely complex term that can-
not can be defined just as relocation but also through
movement (a certain period of time, season), mo-
tion (mobility pattern), motivation (resources, cul-
tural identity, social or economic circumstances) or
segment (parts of the population) (Wendrich, Bar-
nard 2008.8). Nevertheless, as a social buffering
strategy practised by communities to overcome en-
vironmental variability, mobility mostly refers to
group or settlement relocation towards areas with
available food resources (Halstead, O’Shea 1989;
Groot, Lentjes 2013; ∑uri≠i≤ 2021).

It is considered that the level of sedentism of a cer-
tain community is most accurately determined
through architecture. The model for determining
mobility/sedentism came from cross-cultural studies
conducted on modern non-industrial communities.
Those studies have suggested that mobility is imp-
lied by settlements with pit-dwelling house types
and sedentism by above-ground houses (Greenfield,
Jongsma 2006.67; Nicholas 2002.75; ∑uri≠i≤ 2021).
Ethnographic studies show that pit-dwellings are a
preferable choice for communities with increased
mobility during the colder months (Nicholas 2002.
75). The development of agriculture is followed by
the reduction of mobility. Sedentism forms a base
for economic intensification, population growth and
an increase in social complexity (Neil et al. 2016.
1). This approach, even though suitable for some
Neolithic communities, cannot be applied universal-
ly, as a number of Neolithic agricultural communi-
ties display a certain degree of mobility (Neil et al.
2016; Depaermentier et al. 2020; ∑uri≠i≤ 2021).
Although architecture can be a good indicator of mo-
bility, stable isotopic analyses offer the most accu-
rate data. Stable isotopic analyses performed on the
material from the Early Neolithic sites in this region
have been primarily focused on dietary practices,
not mobility patterns (Jovanovi≤ et al. 2019; 2021;
Stojanovski et al. 2020), so future studies can offer
more clarification on this subject.

The most prominent Star≠evo culture architectural
features are pits, and due to the fact that above-
ground structures are rare it is considered that these
Early Neolithic populations lived predominantly in
pit-dwellings. Although pits at Star≠evo culture sites
can be very large with large quantities of material, a
pit cannot be determined as a dwelling purely on its
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size. In order to be interpreted as a pit-dwelling, a
pit should have thermal structure remains (Gara∏a-
nin 1949.52–54). Unfortunately, Early Neolithic Cen-
tral Balkans sites have not been excavated exten-
sively, so the data we have is still fragmentary, espe-
cially when architecture is concerned. Pits that meet
the criteria for being interpreted as dwellings have
been identified at several sites: Divostin (Bogdano-
vi≤ 1988), Lepenski Vir (Srejovi≤ 1969), Donja Bra-
njevina (Karmanski 2005), Drenovac (Peri≤ 2008),
Grivac (Bogdanovi≤ 2008), Zadubravlje (Minichrei-
ter 1992; 2001) and Galovo (Minichreiter 2001;
2007). Their interiors are divided by platforms, ni-
ches or differences in floor levels (Petrovi≤ 2001;
∑uri≠i≤ 2021) and the presence of a superstructure
is indicated by postholes or daub remains (Bogda-
novi≤ 2008; ∑uri≠i≤ 2021). The roofs were thatched,
made from straw or reed (Bogdanovi≤ 1988.37–39;
Petrovi≤ 2001). Architectural featu-
res made from mud plaster, indicat-
ing fixed house furnishing, are not
present in these dwellings (∑uri≠i≤
2021). Additionally, almost all of the
ovens were underground, not built
or modelled from mud plaster, and
they were easy to make by digging
niches (Fig. 5) or chimney-like featu-
res (Fig. 6) into the sides of the pit-
dwelling. The walls of these ovens
were made from burnt soil, due to
exposure to fire. The only examples
of ovens modelled from mud plas-
ter, similar to the ones found at the
Late Neolithic sites, were found at
the site of Lepenski Vir, but they
were also located inside pit-dwel-
lings (∑uri≠i≤ 2019). These types of
houses and ovens, with all of their
characteristics, show less investment
in the living spaces, suitable for a
community with increased mobility
(∑uri≠i≤ 2019; 2021).

Besides pit-dwellings, above-ground
houses were also found at Star≠evo
culture sites, but in a significantly
smaller number. They were found at:
Divostin (Bogdanovi≤ 1988), Nosa –
Biserna Obala (Brukner 1979), Gri-
vac (Bogdanovi≤ 2008), Zve≠ka (To-
dorovi≤ 1966), Zadubravlje (Minich-
reiter 2001), Vinkovci (Dizdar, Krz-
nari≤ πkrtvanko 2000) and Galovo
(Minichreiter 2007). These houses

are poorly preserved and are only detected based
on the postholes, trenches and poorly preserved
daub fragments (Bogdanovi≤ 1988.34; ∑uri≠i≤
2021). Regarding fire installations, a total of four
hearths and no ovens were registered inside these
houses. Postholes, trenches and daub fragments in-
dicate that they were made using the wattle and
daub technique and the roof was probably thatched
and made from straw or reed (Bogdanovi≤ 1988;
∑uri≠i≤ 2021). Spatial organization is unknown, and
the determination of potential separate rooms has
not been possible (∑uri≠i≤ 2021), which is in com-
plete opposition to the later Vin≠a culture house or-
ganization and furnishings.

Both strontium and oxygen stable isotope analyses
have been conducted on several Star≠evo culture
sites in Transdanubia in modern-day Hungary. The

Fig. 6. Experimentally reconstructed Star≠evo culture chimney-like
oven (photo by A. ∑uri≠i≤).

Fig. 5. Experimentally reconstructed Star≠evo culture dug-in dome
oven (photo by A. ∑uri≠i≤).
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majority of analysed individuals found at these sites
were either mobile or of non-local origin (21 out of
37). However, the non-local individuals may have
belonged to the first generation of settlers (12 out
of 37) or could point to marriages with partners
from different regions. Nonetheless, the number of
individuals who led a mobile lifestyle should not
be neglected (nine out of 37) (Depaermentier et al.
2020). Studies like these performed on the material
from other Star≠evo culture sites can enable the re-
construction of mobility patterns of these Early Neo-
lithic communities.

Vin≠a culture houses were rectangular in plan, with
one or multiple rooms, made using the wattle and
daub technique with a thatched
roof (Jovanovi≤, Gli∏i≤ 1961; To-
dorovi≤ 1981; Tripkovi≤ 2007;
2013; Crnobrnja 2011). Each
house had at least one, but usu-
ally multiple domed ovens (Fig.
7), with rebuilt floors (up to six
at the oven from house 01/2010
at Stubline) (Crnobrnja 2012).
Sometimes an oven was inside
each room (Tripkovi≤ 2013; Ta-
si≤ et al. 2007), and on occasion,
two ovens could have been lo-
cated in the same room (Vasi≤
1932) (Fig. 8). Next to ovens, clay
bins and composite grinding sto-
nes have have been found (To-
dorovi≤ 1981; Bogdanovi≤ 1988;
Tasi≤ et al. 2007; Tripkovi≤ 2013;
Spasi≤, Ωivanovi≤ 2015; Peri≤
2017; Borojevi≤ et al. 2020; ∑u-
ri≠i≤ 2019). Symbolic elements,
such as bucrania, when present,
were fixed to a post next to an
oven (Spasi≤ 2012). Some furni-
shing regulations are observed
inside Vin≠a culture houses, es-
pecially in the food processing
area, where fixed architectural
features (ovens, clay bins, com-
posite querns and bucrania) were
located. All of the fixed architec-
tural features were built from
mud plaster, implying time-con-
suming activities with intention-
al placement of furnishings (∑u-
ri≠i≤ 2019). Contrary to the Star-
≠evo culture settlements, Vin≠a
culture ones are multi-layered,

with houses built one on top of the other, during
multiple settlement phases (Vasi≤ 1932; Kraiser,
Voytek 1983; Peri≤ 2008). Settlement duration, ar-
chitecture, subsistence and extensive storage, all in-
dicate increased sedentism of the Vin≠a culture com-
munities. Nevertheless, certain social groups could
have been more mobile (Leary, Kador 2016). Even
some settlements show different occupation pat-
terns. A good example for this is the site of Opovo.
This settlement was occupied for a shorter period of
time, which is implied by its stratigraphy, architec-
ture, scarcity of storage features, pottery, tools and
a lower percentage of domesticated plants and ani-
mals (Tringham et al. 1992). Archaeozoological ana-
lysis has shown that 65–70% of faunal material be-

Fig. 7. Oven from the northern room of the house at the depth of DD
3.20m from 1911 at Vin≠a – Belo Brdo (photo: Archive of the Archa-
eological Collection, Department of Archaeology, Faculty of Philoso-
phy, University of Belgrade).

Fig. 8. 3 ovens from house at the depth of DD 3.20m from 1911 at Vin-
≠a – Belo Brdo (one in the northern room and two in the southern
room) (photo: Archive of the Archaeological Collection, Department of
Archaeology, Faculty of Philosophy, University of Belgrade).
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longed to wild animal taxa (Orton 2012), indicat-
ing that hunting was the dominant procurement
strategy (Tringham et al. 1992). Furthermore, cat-
tle remains represent 22.6% of the archaeozoologi-
cal assemblage, while pigs were not detected at this
site (Orton 2012). All of these data have led archa-
eologists to propose an interpretation that the site
had a short-term or seasonal occupation. Opovo
could have been formed as a specialized settlement
oriented toward the exchange and procurement of
raw materials like venison or antler (Trinhgam et
al. 1992.384). So even within fully sedentary com-
munities, there are examples of partial, maybe
seasonal mobility of certain groups due to some spe-
cialized activity they were conducting. Recent stable
carbon and oxygen isotopic analyses conducted on
cattle, sheep/goats and pigs from the Vin≠a – Belo
Brdo and Stubline settlements have revealed new
herding patterns. During warmer months domestic
animals spent some time away from the settlement
in different natural environments (Gillis et al. 2021).
It is still unknown whether they were kept in the
vicinity of the settlements or if Vin≠a culture herd-
ing strategies required seasonal mobility of animals
and herders. Strontium stable isotopic analyses con-
ducted on cattle from the Neolithic site of Arbon
Bleiche 3 in Switzerland suggest three different herd-
ing styles – local herding, the seasonal movement of
cattle and non-local herding (Gerling et al. 2017).
Similar studies could help in reconstructing the mo-
bility patterns of one specialized social group within
the Late Neolithic communities of the Central Bal-
kans. Nevertheless, these social groups with differ-
ent mobility patterns point also to diversification
and exchange. With their lifestyle, they obtained
and managed different resources and enabled con-
tacts between settlements and communities.

Discussion

Each community applied one or several social buffe-
ring strategies in order to overcome environmental
variability, whether it is caused by seasonal, inter-
annual or long-term fluctuations. Most of the pro-
posed buffering mechanisms (diversification, stor-
age, exchange and mobility) are complementary, but
the ways in which they were implemented was com-
munity specific. The difference is how dependent
each community was on each of these strategies and
which were applied as the last resort. By presenting
the Early/Middle and Late Neolithic examples which
point to each of the four social buffering strategies,
we were able to examine which strategies were pre-
dominantly used during these periods in the Central

Balkans. Members of both Star≠evo and Vin≠a cul-
ture communities practised agriculture and animal
herding, but it seems that they used differing buf-
fering strategies in order to prepare for, avoid and
overcome periods of food scarcity.

Early/Middle Neolithic communities of the Central
Balkans practised agriculture and herding, but the
evidence for storage is scarce, with caches of plant
food indicating storage inside perishable contain-
ers (Filipovi≤ et al. 2018; ∑uri≠i≤ 2021). The cur-
rent data does not allow the determination of the
amount of surplus they produced or the extensive-
ness of their storage, so it is difficult to assess how
reliant they were on this buffering strategy (∑uri≠i≤
2021). They cultivated crops with diverse growing
patterns, that could have been sown during different
seasons (Atalay, Hastorf 2006), which could pro-
vide a balanced food supply on the seasonal level
and diminish the risk of crop failure in case of un-
predictable interannual variations. In addition to the
cultivation of multiple crops, domestic animal herd-
ing, hunting and wild plant gathering form part of
their diversification strategy. By applying these mu-
tually complementary procurement strategies, the
community can obtain a balanced diet on the seaso-
nal and interannual levels. Even though evidence of
long-distance exchange is scarce, there are elements
which would point to certain food sharing practices
within settlements. While exchange between neigh-
bouring settlements is a possibility, the available
data still does not allow determination and recons-
truction of inter-settlement relations (∑uri≠i≤ 2021).

Nonetheless, the majority of settlements of these
farming communities imply increased mobility (Krai-
ser, Voytek 1983; Greenfield, Jongsma 2006.66–67;
Whittle 1996.52; ∑uri≠i≤ 2021). The architecture of
Star≠evo culture communities with pit-dwellings and
above-ground houses, which a lack of thermal struc-
tures and fixed architectural features, indicate less
investment in house construction and furnishing
(∑uri≠i≤ 2021). Recent studies offer some insight
into potential reasons for this increased mobility of
Star≠evo culture communities (Ethier et al. 2017; Sto-
janovski et al. 2020; Ivanova 2020; ∑uri≠i≤ 2021).
Domesticated plants and animals were brought to
the Central Balkans by the new population of Early
Neolithic Near Eastern migrants. These plant and
animal taxa did not have wild relatives in this re-
gion, so their relocation to the temperate climate of
the Balkan inland may have created problems for
these Mediterranean crops and animals, accustomed
to warmer and dryer climate. The climate in the Bal-
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kan inland was harsher, with winter frosts and a
more precipitation. Acclimatization to new condi-
tions was certainly a long-lasting process, so com-
munities who previously primarily relied on agricul-
ture had to create new subsistence patterns (Ethier
et al. 2017; Stojanovski et al. 2020; Ivanova 2020;
∑uri≠i≤ 2021). The arrival of the Neolithic popula-
tion to the territory of the Central Balkans around
6250 cal BC coincided with the 8.2-kiloyear cold
event (Bonsall 2007; Kobashi et al. 2007; Gronen-
born 2009; Por≠i≤ et al. 2021). This event lasted for
roughly 200 years (approx. 6250–6050 BC) (Por-
≠i≤ et al. 2021), resulting in 2–3°C lower tempera-
tures in the northern hemisphere in comparison to
the previous period. In the territory of the Central
Balkans this also resulted in an increase in precipi-
tation, both in winter and summer months (Bonsall
2007). These conditions could have been unfavour-
able for the newly arrived Mediterranean plant and
animal taxa, but further studies are necessary for
the determination of the effects this event had on
the environment. In order to compensate for losses
in agriculture due to this acclimatization process,
Early/Middle Neolithic communities may have relied
more on cattle meat, and dairy products (Stojanov-
ski et al. 2020; ∑uri≠i≤ 2021). Furthermore, goats/
sheep also did not have wild relatives in the Cen-
tral Balkans, so they may have had problems ad-
justing to the new climate, resulting in changes in
their reproductive patterns, which may have led to
the increased role of cattle (Ethier et al. 2017; Iva-
nova 2020; ∑uri≠i≤ 2021). In contrast to goats and
sheep, pigs had wild relatives in the Central Bal-
kans, and this territory is favourable for them, but
their significance in the diet of the Star≠evo culture
population was negligible. Pigs, being less prone to
transhumance, are usually a good indicator of seden-
tary settlements (Ethier et al. 2017; ∑uri≠i≤ 2021).
Archaeozoological analyses conducted on the mate-
rial from the sites of Golokut and Blagotin provided
information about the seasonality of these settle-
ments (Ωivaljevi≤ et al. 2017; Ethier et al. 2017; ∑u-
ri≠i≤ 2021). These analyses are crucial for the deter-
mination of the seasonal occupation of the settle-
ments and understanding of the mobility patterns
of the Star≠evo culture communities. By comparing
the data, it is evident that Star≠evo culture commu-
nities had an increased level of mobility, but the cha-
racter of their mobility is still unknown. Sites with
both types of dwellings are often interpreted as mul-
ti-seasonal settlements (Nicholas 2002.75). Milutin
Gara∏anin argued that Early Neolithic mobility was
cyclic (Gara∏anin 1979.138), while Dragoslav Srejo-
vi≤ noted that Star≠evo culture communities inha-

bited a location while the soil was fertile, abandon-
ing it afterword (Srejovi≤ 1988.15).

In contrast to Star≠evo culture communities, Vin≠a
culture ones show less reliance on mobility as a buf-
fering strategy but are more dependent on storage.
They cultivated an even wider range of crops with
diverse growing patterns, possibly sown during dif-
ferent seasons (Filipovi≤, Tasi≤ 2012; Filipovi≤, Ob-
radovi≤ 2013). They could rely more on cereals,
which enabled storage as a buffering strategy. Sto-
rage was well documented on the Vin≠a culture sites,
with numerous pithoi, food caches and clay bins
found inside houses (Vukovi≤ 2011; Tripkovi≤ 2013;
Spasi≤, Ωivanovi≤ 2015; Filipovi≤ et al. 2018; Boro-
jevi≤ et al. 2020; ∑uri≠i≤ 2019). Even though Vin≠a
and Star≠evo culture communities based their diet
on the same domestic animals, cattle and pigs had
a more prominent role during the Late Neolithic (Or-
ton 2012). Hunting and gathering were also practis-
ed as a form of a diversification strategy. Interesting-
ly, a wide variety of previously undocumented ani-
mas (wild animals and dogs) was consumed during
later phases of the Vin≠a settlement. Archaeozoolo-
gical analysis conducted on the faunal material from
the final occupational horizon at this site shows
the typical Vin≠a culture diet, indicating that the in-
clusion of new animal species in previous phases
could have represented application of diversification
as a buffering strategy during periods of food scar-
city. Nevertheless, final conclusion cannot be made
before the material from other excavated areas is
analysed (Dimitrijevi≤ 2006.252). The longevity of
Vin≠a culture settlements, with numerous occupatio-
nal horizons and houses built one on top of the
other, rectangular buildings with fixed mud plaster
architectural features and regulations in house fur-
nishings, attest to the sedentary lifestyle of these Late
Neolithic communities (Vasi≤ 1932; Peri≤ 2008).
Pigs, which were well represented in the archaeozo-
ological assemblage (Orton 2012), are a good indi-
cator of a sedentary lifestyle, as well (Ethier et al.
2017). Even within sedentary communities, certain
social groups could have been more mobile (Leary,
Kador 2016). Residents of Opovo, a settlement with
short-term occupation, could have conducted some
specialized activities – the procurement of certain
raw materials or exchange (Tringham et al. 1992).
The mobility of these social groups could have fur-
ther pointed to diversification and exchange, as they
performed specialized activities and came in contact
with members of different communities. For seden-
tary communities, storage and diversification are
suitable buffering strategies, especially on the seaso-
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nal and interannual level. For them relocation would
be applied when no other options were available.
The evidence for food sharing within a settlement
is limited, but this practice should not be excluded
as it is hard to confirm this in the archaeological re-
cord. Further studies could point to contacts between
settlements and exchange networks within the re-
gion. Nevertheless, Vin≠a culture communities had
established connections with communities of other
contemporary cultures (Tripkovi≤, Mili≤ 2009), so in
times of need they could have contacted their dis-
tant ‘allies’. Even though this strategy could have
provided some level of security, the exchange would
not be a long-time solution.

Conclusion

In order to avoid periods of food scarcity, Star≠evo
culture communities relied primarily on diversifi-
cation and mobility. Based on the current archaeo-
logical evidence, storage seems to have been limit-
ed. Even though exchange was practised, as we
have indications for food sharing activities within
settlements and confirmations of contacts between
communities, it is hard to assess how dependent
they were on this strategy. The increased mobility of
these farming communities could have been caused
by long-term variations. Whether the 8.2-kiloyear
event had an effect on the adaptation of the Mediter-
ranean crops and animals (sheep/goats) in the Cen-
tral Balkan region has not been established, but cur-

rent data suggests that these new plant and animal
taxa, accustomed to a warmer and dryer climate,
had problems acclimating to the harsher conditions
of the Balkan inland. Star≠evo culture farmers were
prevented from being fully reliant on agriculture, re-
sulting in their increased mobility (∑uri≠i≤ 2021).
On the other hand, Vin≠a culture communities relied
primarily on diversification and storage. Exchange
within the settlement and between different Vin≠a
culture communities was probable, but we still need
more studies to determine these social practices.
They had established relations with communities
form other cultures, so in times of need they could
have contacted ‘allies’ from distant territories. Vin-
≠a culture communities lived in permanent settle-
ments, so mobility during the Late Neolithic was dif-
ferent from the Early/Middle Neolithic one. Specia-
lized short-term settlements, like Opovo, could point
more to the mobility of certain social groups, diver-
sification or exchange than to settlement relocation
as a buffering strategy. Vin≠a culture communities
did not rely on mobility as a buffering strategy on a
seasonal or interannual level, but they applied it as
a last resort, when no other options were available.

This paper is the result of work on the project ‘Hu-
mans and Society in Times of Crisis, Archaeology of
Crisis’ funded by the Faculty of Philosophy, Univer-
sity of Beograd.
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Introduction

The seasonality of the agricultural cycle means that
some degree of storage is inevitable. In prehistory,
seasonal and intensive storage of major food re-
sources for the short, medium or long-term would
have been directly related to coping with seasonal
variability in agricultural productivity and seden-

tary overwintering strategies (e.g., Halstead, O’Shea
1989). In addition, large-scale or centralized stor-
age has been seen as an indication of social comple-
xity, surplus production, and redistribution, as well
as emphasizing socio-economic inequality (e.g., Bo-
gaard et al. 2019; Forbes, Foxhall 1995). Surplus
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ABSTRACT – This paper presents new archaeobotanical data from the Lower Cerova≠ka Cave locat-
ed in Dalmatia, Croatia. At the site a high density of carbonized plant remains was recovered, indi-
cating the remnants of a burnt crop store dating to the Late Bronze Age. Overall, the assemblage is
dominated by lentil (Lens culinaris) and free-threshing wheat (Triticum aestivum/durum), and to a les-
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broomcorn millet (Panicum miliaceum). In general, the large botanical collection from Lower Cero-
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history.
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The site

The Cerova≠ke caves are located on the south-east-
ern part of Mt. Velebit (Fig. 1), on the steep north-
ern slopes of the massif of Crnopac, on the edge of
Gra≠ac field (elevation 550m). They are represented
by three sub-horizontal cave channels, namely the
Lower (Donja), Middle (Srednja) and Upper (Gornja)
Cerova≠ka Cave. The Lower Cave was discovered in
1913 and since then the caves have been a focus for
speleologists and other geoscientists (Kure≠i≤ et al.
2021). The first exclusively archaeological excava-
tions in the Lower Cave were conducted by Ru∫ica
Drechsler-Bi∫i≤ in 1966 and 1967. They recovered
fragments of ceramic vessels and a few metal arte-
facts attributed to the Late Bronze Age (Drechsler-
Bi∫i≤ 1970; 1983; 1984).

In 2019 new archaeological excavations were con-
ducted in the Lower Cave in response to the con-
struction of a new visitor’s path running 120m from
the entrance (Fig. 2). Excavations covered an area
of 173m2, i.e. 120m in length and from 0.5–6m in
width. Six phases were identified; Phase 1 was the
bedrock, Phase 2 the first human occupation at the
beginning of the Late Bronze Age, Phase 3 a further
Late Bronze Age layer, Phase 4 the end of the Late
Bronze Age, Phase 5 which dated to the Middle Ages
(13th century AD), and Phase 6 which dates to the
modern era. The Late Bronze Age Phases 2 to 4 were
thin layers that together did not exceed 10cm.

A large amount (3.5 tons) of Late Bronze Age pot-
tery fragments were recovered, as well as several
objects made of bronze, amber, bone, ceramics and
stone, identified mainly as dress ornaments. Only a
small number of animal bones and utilitarian ob-
jects (needles, awls, vertebrae) were found, suggest-
ing that the cave was not used regularly. Instead, it
is suggested that the cave functioned mainly as a
storage location during the Late Bronze Age, with
periodic episodes of temporary occupation. Three
radiocarbon dates (tooth, charcoal and grain) were
taken from different locations within Phase 4 and
all had similar dates of c. 2870–2910 BP (Tab. 1).
Phase 3, dated to c. 2950 BP, and Phase 2 to c. 3090
BP. It is likely that the period of use was relatively
short and ended abruptly at the same time in the
whole occupied area of the cave, possibly due to
fire, resulting in large areas of burnt archaeological
features. This was particularly evident in quadrant
D21 where a large deposit of carbonized plant ma-
terial was found, along with possible remains of a
woven basket or other type of receptacle, as well as

also links to networks and trade, whereby an indi-
vidual or group does not have to store everything
themselves but can count on others to provide food
at certain times (Angourakis et al. 2015; Hastorf,
Foxhall 2017; Winterhalder et al. 2015). Subse-
quently, storage has been conceptualized in three
different ways (Ingold 1983; Soffer 1989): (1) as in-
tra-corporeal, where body fat helps survival through
lean times; (2) social storage where formalized ex-
change systems and social obligations can be recon-
verted into food in times of shortage; (3) and mate-
rial or practical storage that involves the processing
and accumulation of food resources, and the con-
struction of immovable storage features such as sto-
rehouses and pits that encourage permanent resi-
dence. Recognizing different modes of food storage
in prehistory is therefore critical to assessing the
roles that the environment, mobility, settlement
size, and socioeconomic circumstances play in the
development of different storage behaviours.

Interpreting the economic and/or social motives for
storage facilities in prehistory is challenging. Was
their use temporary, seasonal, or long-term? Were
they managed by households, networks of extend-
ed kin, entire communities, or aspiring or established
elites? Were they securing food resources, and/or
other goods? In order to help with this interpretation
scholars typically look at food storage and prepara-
tion facilities, as well as primary deposits of ecofacts,
such as in-situ food storage (e.g., Bogaard et al. 2009;
Sadori et al. 2006). Here we present unique archaeo-
botanical evidence of Late Bronze Age crop storage
within Lower Cerova≠ka Cave, located in Dalmatia,
Croatia. We will examine the use of caves as storage
contexts and how this site can expand our under-
standing of Bronze Age communities in Dalmatia.

Fig. 1. Location of Cerova≠ke caves, Croatia.

●
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ceramic fragments (Fig. 2). In the same area three
postholes were discovered, which may indicate the
presence of a wooden structure, possibly linked to
some sort of storage shelf or structure. Clusters of
carbonized plant remains were also found in other
layers, but in much smaller numbers and are largely
isolated cases (Tresi≤ Pavi≠i≤ 2020).

Materials and methods

Twenty-three samples were collected for archaeobo-
tanical analysis during the 2019 excavation (Tab. 2).
Four samples were taken from Phase 6, sixteen from
Phase 4, two from Phase 3 and one from Phase 2.
Soil samples and hand-picked archaeobotanical re-
mains were collected. The samples were taken to the
Division of Botany, Department of Biology, Univer-
sity of Zagreb. No flotation was conducted due to
the high density of plant material in the soil sam-
ples, and instead the samples were dry sieved to al-
low easy sorting under the microscope (Radakovi≤
2021). All samples were 100% sorted, except sam-
ples U-130, U-131, U-132 and U-134 (Tab. 2). Due to
the high density of the remains, further subsampling
was required for samples U-130, U-131, U-132, U-134
and U-135, where the >1mm fraction was fully sort-
ed, but only 1/3 of the <1mm fraction was sorted,
including only a 1/3 of the chaff remains (Radako-
vi≤ 2021.15). Subsequently, the Supplementary Data
contains the multiplied estimates for the plant ma-
croremains identified within these samples and not
the actual subsampled counts.

The carbonized plant remains were sorted and iden-
tified under a zoom stereo microscope at a magnifi-
cation of 7–45x with the help of reference literature/
seed atlases (Cappers, Neef 2012), as well as the
modern carpological collection (under establish-
ment) of the Division of Botany. The nomenclature
of scientific plant names follows Daniel Zohary and
Maria Hopf (2000) for cultivars and the Flora Croa-
tica Database (Nikoli≤ 2018) for wild plants. Whole
grains were counted as one, and two longitudinal
fragments and embryos of grains were also counted
as one. Glume bases were counted as one, while

whole spikelet forks were counted as two glume ba-
ses. Cereal remains classed as fragments had to be
at least 1/4 of the original grain/seed, and anything
smaller was not counted. The fruit and weed seeds
were counted as one, even when only a fragment
was found, except where large seeds were broken
and clearly represented the same parts of the same
seed (e.g., Quercus sp.).

Results

All 23 samples contained carbonized plant macro-
remains, totalling approximately 1 179 000 items
(see Supplementary Data). Lumps of broomcorn mil-
let (Panicum miliaceum) were recovered from U-
201 (20ml, Phase 3) and U-137 (20ml, Phase 4) and
have been estimated to contain up to 4000 grains
per sample (Fig. 3a). Overall, preservation was good,
especially the plant remains recovered from quad-
rant D21. The bulk samples taken from Phase 4 had
the highest density of remains that were dominated
by lentil (Lens culinaris) and free-threshing wheat
(Triticum aestivum/durum) grains, as well as em-
mer (Triticum dicoccum), einkorn (Triticum mo-
nococcum), spelt (Triticum spelta) grains and chaff
and broomcorn millet. The other phases have gene-
rally very low quantities of remains, since the plant
remains were handpicked during the excavation. For
Phase 2 a few acorn fragments (Quercus sp.) were
picked out, while four lentil seeds were identified
from Phase 3, along with a lump of broomcorn mil-
let grains, approximately 20ml (ª4000 grains). Phase
6 contained mostly broad beans (Vicia faba) and a
few cereal grains and acorn fragments, totalling no
more than 76 items.

The largest quantity of plant remains were from the
burnt area identified in quadrant D21 (Fig. 4). Sam-
ples U-130, U-131, U-132, U-134 and U-135, in par-
ticular, contained a large quantity of cereal grain
and chaff (Fig. 3b), as well as pulses, but only a
small proportion of wild/weed type taxa (Fig. 5a).
The composition of these samples is relatively sim-
ilar except for U-134, a posthole, which has a high-
er proportion of broomcorn millet grains and less

glume wheat chaff. The propor-
tion of crops within Phase 4 is
dominated by lentil and free-
threshing wheat, while the re-
maining crops only represent up
to 5% of the assemblage (not in-
cluding the cereal chaff, Fig. 5b).
The diversity of wild/weed type
taxa identified is extremely low,

Sample Laboratory
Type Phase

Conventional Calibrated age (cal BC,
no. number ±30 BP 95.4% \ 2ss hpd range)
7 Beta-533949 Tooth 4 2890 1133–978
140 Beta-533951 Grain 4 2870 1127–931
152 Beta-533952 Charcoal 4 2910 1209–1011
185 Beta-533953 Charcoal 3 2950 1236–1051
228 Beta-533954 Charcoal 2 3090 1427–1277

Tab. 1. Radiocarbon dates from Lower Cerova≠ka Cave.

https://doi.org/10.4312/dp.49.22
https://doi.org/10.4312/dp.49.22
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Fig. 3. Carbonized (a) lumps of broomcorn millet (Panicum miliaceum) from U-134 and (b) glume wheat
(Triticum monococcum/dicoccum/spelta) glume bases from quadrant D21, Lower Cerova≠ka Cave.
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consisting of grasses, mainly Bromus arvensis and
B. secalinus, and cleavers (Galium aparine and G.
spurium), which can all be found as weeds in cere-
al crops.

Measurements were also taken of emmer, einkorn,
spelt and free-threshing wheat, lentil, and broad
beans recovered from quadrant D21 (Tab. 3). The

size of the wheat and pulses
correspond with measure-
ments taken from Late
Bronze Age Kalnik-Igri∏≠e;
a site located to the north-
east of Lower Cerova≠ka
Cave in continental Croatia
(Radakovi≤ 2021).

Discussion

Crop processing
The high density of plant re-
mains in the five samples
from quadrant D21 and the
clear evidence of burning in
and around the deposit in-
dicate that the plant remains
were burnt in-situ. Unfortu-
nately, the similarities in
composition of the plant re-
mains recovered from the
different areas in D21 pre-
vent any assumptions about
how or where the different
crops were stored. Instead,
we can look at the level of
crop processing that may
have occurred before stor-

age. Predictive models have been created to iden-
tify which stage of the crop processing sequence an
assemblage represents, based on the assumption
that each stage produces a characteristically differ-
ent ratio of cereal, chaff and weeds within the sam-
ple (Hillman 1984; Jones 1984; Van der Veen 1992;
Van der Veen, Jones 2006). Here we can examine
the ratio of glume bases to glume wheat grains, as

Sample Stratigraphic
Quadrant Phase

Archaeological Litres Litres

(U) unit (SJ) context (L) analysed

192 87 D21 2 Fill 0.01 0.01

201 109 D19 3 Deposit 0.02 0.02

216 132 E13 3 Deposit 0.01 0.01

119 72 D22 4 Deposit 0.01 0.01

130 72 D21 4 Deposit - North 28.7 2

131 72 D21 4 Deposit - Centre 34 2

132 72 D21 4 Deposit - South 19.4 2

134 73 D21 4 Fill - Posthole 1 0.33

135 71 D21 4 Deposit 3.5 3.5

137 72 D21 4 Deposit 0.02 0.02

139 72 D21 4 Deposit 0.01 0.01

148 95 D20 4 Deposit 0.01 0.01

153 97 D20 4 Deposit 0.01 0.01

156 98 D20 4 Deposit 0.01 0.01

159 93 D20 4 Deposit 0.01 0.01

172 104 D21 4 Deposit 0.01 0.01

211 168 E13 4 Hearth 0.07 0.07

246 69 E14 4 Deposit 0.01 0.01

252 200 D16 4 Deposit 0.01 0.01

116 42 D22 6 Fill from 1967 trench 0.01 0.01

117 42 D22 6 Fill from 1967 trench 0.01 0.01

118 42 D22 6 Fill from 1967 trench 0.01 0.01

233 194 D17 6 Fill from 1967 trench 0.01 0.01

Tab. 2. List of archaeobotanical samples from the Lower Cerova≠ka Cave.

a b
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well as the number of weeds to the
number of grains to help determine
what crop processing has occurred.
Unfortunately, the third ratio look-
ing at the number of rachis intern-
odes to grains is not possible, as
these were not recovered for the
free-threshing wheat or barley. This
could be for several reasons, includ-
ing poor preservation, as experi-
ments have shown a taphonomic
bias against chaff, especially under
oxidizing conditions and high tem-
peratures (Boardman, Jones 1990).
However, the most likely reason for
the absence of rachis remains is that
the free-threshing wheat and barley
were already cleaned by the time
they reached the cave. This is because both barley
and free-threshing wheat grains easily detach from
the chaff during the early stages of crop processing
(i.e. threshing, winnowing and coarse sieving), whe-
reas glume wheats require a further dehusking stage
to remove the glumes from the grains (Van der Veen
1992.81).

For emmer and spelt the ear generally contains two
grains and two glumes, so the ratio of 2:2 = 1, while
einkorn has one grain and two glumes, so the ratio
of 1:2 = 0.5. If we apply this to the glume wheats in
quadrant D21, we see that nearly every sample has
a high to very high ratio of glumes to grain (Fig. 6,
based on estimated numbers of remains). This means
that there is significantly more chaff than grain in
the samples. If we look at the ratio of grains to weed
seeds, a ratio of 1:1 = 1, the ratio is extremely low.
Of the crop processing stages, this could indicate
that the glume wheat grains had been cleaned but
not processed through the additional dehusking sta-
ges, which would remove the broken spikelet forks
(see Hillman 1984; Jones 1984;
Stevens 2003). Thus, the grains
could have still been in their glu-
mes when they reached the cave.
Once at the cave, dehusking could
have occurred piece meal, as and
when grain was required, and the
chaff discarded onto the floor of
the cave or kept aside for other
purposes. Similarly, two different
types of storage could have oc-
curred where cleaned grains were
stored in containers and the glume
bases in another. Cereal by-pro-

ducts could be used for a range of purposes, such as
a building material, for fuel, or as fodder for live-
stock (Van der Veen 1999; Valamoti, Charles 2005).
Cereal chaff is also used as temper in pottery, as seen
at Bronze Age Monkodonia, Istria (Hellmuth Kram-
berger 2017.418), as well as in Eneolithic loom
weights found at a Slovenian pile-dwelling sites (To-
lar et al. 2016). In Palestine, ethnographic obser-
vations noted chaff was laid on top of stored grain
before the underground jar-shaped receptacles were
sealed with clay (Turkowski 1969.101–112). Thus,
there could be several reasons to find chaff in this
context. Comparing Lower Cerova≠ka Cave with si-
milar finds of cereal storage at two Late Bronze Age
caves in southern France, glume wheat chaff is strong-
ly underrepresented in relation to grains, suggesting
that the glume wheats were dehusked before stor-
age (Bouby et al. 2005).

Multi-cropping and mono-cropping
Multi-cropping, or maslins, have been used to de-
scribe the growing of more than one crop in a sin-

Fig. 4. Image of the layer of carbonized botanical remains recover-
ed from stratigraphic unit 72, quadrant D21.

Length (mm) Width (mm) Thickness (mm)
Triticum aestivum 5.58 (4.66–6.25) 3.59 (3.11–4.08) 2.98 (2.47–3.4)
Triticum dicoccum 6.3 (5.6–7) 3.14 (2.75–3.57) 3.03 (2.64–3.35)
Triticum monococcum 5.97 (4.56–7.42) 2.53 (1.93–2.88) 3.06 (2.35–3.51)
Triticum spelta 6.79 (5.56–7.82) 3.11 (2.45–3.69) 2.42 (2.04–2.85)
Vicia faba 7.31 (5.82–10.37) 5.72 (3.94–8.24) 5.64 (4.36–7.96)

2r (mm)
Lens culinaris 3.21 (2.55–3.99)

Tab. 3. Measurements of free-threshing wheat (Triticum aestivum),
emmer (Triticum dicoccum), einkorn (Triticum monococcum), and
spelt (Triticum spelta) grains, and broad bead (Vicia faba) and len-
til (Lens culinaris) identified from Quadrant D21 at Lower Cerova≠-
ka Cave.
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gle season on the same land (Halstead, Jones 1989;
Jones, Halstead 1995; Petrie, Bates 2017). It is sug-
gested that a mixed crop could have been more re-
liable than a single-grain crop. For example, if the
season was colder then rye would flourish, but if the
season was hot then wheat would do better. The
crops are usually those with similar maturation and/
or crop processing stages, but a recent study by Alex
C. McAlvay et al. (2022) highlights other benefits of
multi-cropping. This crop practice is distinct from
monocropping where only one crop is grown on the
same plot for one of more years. Although there are
benefits to multi-cropping in terms of reducing risk
of total crop failure, what type of grain crop grown
would have depended on the local soil and climate,
balanced with socio-economic de-
mands.

Where and when multi-cropping
may have occurred in the past is
debated, and identification in
archaeological contexts can be
difficult. Marijke Van der Veen
(1995) compared the relative pro-
portion of grain types and ana-
lysed the weed assemblages in
relation to growing conditions in
different crops to determine that
wheat and rye were probably
sown together in medieval west-
ern Europe. Weed ecology, such
as phytosociology, autecology and
FIBS (Functional Identification of
Botanical Surveys), have been
used to understand cropping
practices in the past (e.g., Van

der Veen 1992; Stevens 1996; Charles et al. 1997;
Bogaard et al. 1999; Jones et al. 2010). Ethnogra-
phic observations by Glynis Jones and Paul Halstead
(1995) on the Greek island of Amorgos found that
sown proportions of up to 80% wheat and 20% bar-
ley were considered mixed intercrops by farmers,
although this proportion could change depending
on the environmental conditions. However, they
also highlighted issues of contamination resulting
from crops from previous growing cycles becoming
incorporated in that season’s crop (Jones, Halstead
1995). Overall, these methods require the archaeo-
botanical remains to have enough weeds to study
the weed ecologies and be representative of one
harvest. However, plant remains that survive in the

Fig. 5. Composition of the carbonized seed assemblage for (a) each sample in quadrant D21, and (b) the
proportion of cereal grains and pulses,excluding cereals chaff, in total from Phase 4, Lower Cerova≠ka
Cave.

a

b

Fig. 6. Ratio between the number of grains and number of glume
bases for emmer (Triticum dicoccum), spelt (Triticum spelta) and ein-
korn (Triticum monococcum) for each sample in area D21, Lower Ce-
rova≠ka Cave.
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archaeological record are typically either discarded
waste or accidentally preserved remains, which ge-
nerally result in contexts where crops from different
sources are combined over tens or even hundreds
of years, preventing any secure identification of crop
husbandry practices (Jones, Halstead 1995; Van der
Veen 2007).

In prehistoric contexts some suggest that the glume
wheats emmer and einkorn were grown as maslins
during the Neolithic (Kreuz 2007). Einkorn and
‘new’ glume wheat are also thought to have been
cultivated together as a mixed crop during the Neo-
lithic and Bronze Age (Jones et al. 2000; Kohler-
Schneider 2003). More recently Rebecca A. Fraser
et al. (2013) examined the stable isotopes of wheat
and barley from an LBK storage deposit at Vaihin-
gen in Germany, and found they shared distincti-
vely low d13C signatures relative to other samples,
suggesting that they grew in similar conditions, pos-
sibly in a similar location as a mixed crop.

Whether inter-cropping was practiced by the farm-
ers who used Lower Cerova≠ka Cave to store their
crops is hard to determine. There are very few
weeds, which prevents the analyses of weed ecolo-
gies. Most cereal remains are free-threshing wheat,
with only a very small quantity of barley grains pre-
sent, far less than 20% if we go with an 80/20 ratio
outlined by Jones and Halstead (1995). Thus, the
presence of barley could simply indicate contami-
nation of the free-threshing wheat crop, maybe from
a previous harvest, or could be remnants of a pre-
viously stored crop. The glume wheats, emmer, ein-
korn and spelt are found in smaller quantities, and
again it is unclear from the context whether they
were grown together. Instead, they could represent
smaller harvests or remnants of previously stored
crops.

Storage location and containers
The utility of each type of storage depends on perish-
ability and distribution, the predictability and du-
ration of lean periods, as well as the settlement pat-
terns and social ethos of the society (Testart 1982).
A huge range of food-keeping practices have there-
fore evolved. Ethnography, historical documents,
and imagery highlight a wide range of storage facili-
ties, such as caves, pits, built silos, cellars, and barns,
a variety of accompanying equipment used, such as
bins, baskets, barrels, sacks, suspension hooks, jars
or chests, as well as different preservation methods,
such as drying, parboiling, fermenting, etc. (e.g., Pe-
ña-Chocarro et al. 2015). For cereals and legumes,

controlling the humidity is the most important part
of maintaining the nutrient quality and usability of
the crop (Păun et al. 2021). Before storage, grain
must be dry (i.e. have a low moisture content) to
minimize infestation by insects and microorgani-
sms (bacteria, fungi, etc.), and to prevent germina-
tion (Rajendran 2003). The main objective of stor-
age systems is to therefore preserve food for an ex-
tended period with minimal loss.

The recovery of cleaned cereals and pulses in Low-
er Cerova≠ka Cave, along with other contextual evi-
dence, suggests that the remains represent stored
crops. The cave itself would have had its own mi-
cro-climate, though it is uncertain what the condi-
tions would have been in the Bronze Age. Today the
dark well-ventilated cave, with low but fluctuating
temperatures, could make a practical storage loca-
tion (Tresi≤ Pavi≠i≤ 2020). Yet the cave has a very
high humidity (around 90%), which could cause sig-
nificant spoilage of the crop, activating sprouting
in the surface layer of a store, as well as encourag-
ing contamination by micro-organisms, especially
mould. This was noted at Baume Layrou, a Late
Bronze Age cave situated in southern France, where
the high humidity in the cave was thought to have
caused germination in the stored grain (Bouby et
al. 2005). Yet in Anatolia, caverns in tuffs have been
used for food storage in the past and are still regu-
larly used today for wine and to extend the shelf
life of fruits and vegetables. The caves maintain a
relatively constant temperature of around 13°C,
with good airflow, and humidity can be as high as
80% in places, although it’s suggested that the tuff
rock holds dehumidifying properties making them
ideal caves for short-term food storage (Emir, Da-
loglu 2012; Aydan, Ulusay 2013). Experiments also
show that at low temperatures moisture changes in
wheat occur relatively slowly, compared to those
stored at higher temperatures (Pixton, Griffiths
1971).

At Lower Cerova≠ka Cave germinated grains were
not identified. This may suggest that the crops were
not stored for long periods within the cave, or that
these specific grains had not been in the cave for
enough time to allow germination before they were
carbonized. Storing grain in their chaff is also sug-
gested to be a way of protecting glume wheat grains
and could have helped preserve the glume wheats
discovered in Lower Cerova≠ka Cave (e.g., Meurers-
Balke, Lüning 1992). As Laurent Bouby et al. (2005)
conclude, the conditions within the cave probably
suggest occasional short-term storage, possibly
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through periods of insecurity. They suggest that
both caves in southern France are characteristic of
refuge caves; being difficult to access, have hidden
entrances and lack light. These characteristics are
also shared with Lower Cerova≠ka Cave.

One of the main problems with understanding stor-
age practices in prehistory lies in finding direct evi-
dence of storage, especially if more perishable items
such as woven baskets are used, as well as identi-
fying what exactly was being stored. At Lower Ce-
rova≠ka Cave fragments of ceramic vessels and thin
carbonized strips of vegetal material were found
within quadrant D21, which could suggest the pres-
ence of some sort of wicker basket (Figs. 7 and 8).
The carbonized strips have not been identified yet,
so it is unclear what type of plant could have been
used. Braided plant fibres and basketry are rarely
found in archaeological contexts, and mostly in
waterlogged contexts, so it is unclear the extent to
which these were used in prehistory. The discovery
of post holes at Lower Cerova≠ka Cave could also
suggest the presence of a wooden structure, or shelf,
that could have stored items off the ground. Seve-
ral methods of storage could thus have been used
within the cave that could have allowed short- to
long-term storage, under the right conditions.

Baskets and textiles are both the result of the inten-
tional weaving of fibres. The terms ‘basket’ and ‘tex-
tile’ are often definitionally separated, perhaps some-
what arbitrarily, by both end-use and construction
technique. Baskets generally serve as vessels or other
containers or as mats for sitting and sleeping on,
floor coverings, in the con-
struction of mud-brick archi-
tecture, and as burial shrouds
and grave liners. Textiles,
which are made from softer
and more pliable fibres, are
used for clothing, bed linens,
and to create soft bags or
other containers that need to
have more flexibility than a
basket. A large variety of fi-
bres are used in weaving tex-
tiles and baskets, including
bast fibres from plants and
trees as well as hair and wool.
Textile fibres generally receive
more pre-treatment than the
fibres used in basket making.
Baskets are created from plant
fibres that are generally thick-

er and more resilient than textile fibres, and they
are often treated with splitting, heating, dying, bend-
ing, and bundling. Moreover, baskets are never wo-
ven on a loom and generally have a different end-
use than textiles (Adovasio 1977.1; Crowfoot 1954.
414; Wendrich 1999.31–35). Tools such as awls and
needles are often used in the construction of a bas-
ket, and thread or cordage may be used to create a
more secure weave or to fasten the end of the weav-
ing bundle or the baskets edge. The techniques of
basket making are generally classified into three
weave types: twining, coiling, and plaiting. Within
each of these three classes are many sub-classes; all
are mutually exclusive based on technique or “fea-
tures of manufacture” (Adovasio 1977.1; Wendrich
1999.41–42).

The archaeological visibility of storage methods and
stored goods varies widely, making it difficult to de-
termine the character, organization and importance
of storage within a specific context. For the prehisto-
ric Balkans a range of different storage methods
have been identified, but usually from indirect evi-
dence, such as the discovery of large vessels, clay
bins or subterranean features, and are usually inter-
preted from ethnographic analogies (Filipovi≤ et al.
2018; Papaefthymiou-Papanthimou et al. 2013).
Observations on construction techniques and meth-
ods and materials used for lining and sealing stored
crops highlight the wide range of practices that can
be used (e.g., Mobolade et al. 2019; Peña-Chocarro
et al. 2015). When storing crops, especially cereals,
it is important to keep both moisture and tempera-
ture levels low if the items are to be stored succes-

Fig. 7. Thin carbonized strips of vegetal material, possibly from a wicker
basket, found within carbonized botanical remains in quadrant D21
Lower Cerova≠ka Cave.
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sfully for long periods (e.g., Reynolds 1979; Currid,
Navon 1989). Grain aeration is a technique that is
still used today to improve the storability of grain by
maintaining a cool, uniform temperature throughout
the storage. However, this only works if the aerated
air has a relative humidity below the grain’s mois-
ture content, otherwise the grain would still slowly
absorb water from the air (Jones, Hardin 2017).
Sealed, airtight, storage is an alternative method to
control moisture, and various methods have been
observed where things like dung, clay and straw
have been used to help seal containers or pits to
keep moisture levels low (e.g., Singh et al. 2017). In
Syria, clay lined baskets have been observed, as well
as sacks and wooden silos (Al-Azem 1992). While in
Palestine burgur and frikkeh were seen stored in
cloth sacks or in lined straw baskets with some form
of protective cover (Turkowski 1969).

Lower Cerova≠ka Cave in Bronze Age Croatia
The discovery of such a large archaeobotanical col-
lection at Lower Cerova≠ka Cave is unique in Dalma-
tia and Croatia as a whole. Although Bronze Age ma-
terial culture has been identified at several cave
sites along the Dalmatian coast, only one other site
has so far produced botanical remains. Grap≠eva ∏pi-
lja, a cave on the island of Hvar in Croatia, yielded
only a few plant remains from early and middle
Bronze Age occupation horizons, including a few
wheat grains (Triticum sp.) and acorns (Quercus
sp.; Borojevi≤ et al. 2008). The cave is thought to
have had ritual connotations, but the botanical data
is inconclusive and could simply suggest transient
occupation. Burials in caves are also seen. A recent
study at the Middle/Late Bronze Age (1430–1290
BCE) Bezdanja≠a Cave, located slightly inland in the
Lika region of Croatia, identified notable quantities
of C4 plant consumption, most likely millet, in 16 in-
dividuals (Martinoia et al. 2021). At Pupi≤ina Cave,
located in NE Istria, evidence suggests the use of the
site periodically by herders as well as for other, as
yet unknown activities from the Neolithic through

the Iron Age, though a hiatus is noted from the Late
Neolithic to middle Bronze Age (Miracle, Forenba-
her 2005). The use of caves as animal stabling is
also suggested for four caves in the Trieste Karst,
north-eastern Italy (Boschian, Montagnari-Kokelj
2020). Caves were thus utilized in different ways
along the Adriatic coast.

At present only 17 sites have published archaeobo-
tanical evidence from Croatia as a whole, and the
quality and quantity vary greatly (Reed et al. 2022a).
Along the coast, we see a very limited repertoire of
remains, with only the settlement at Monkodonja
providing any clear evidence of crop cultivation, in-
cluding emmer (Triticum dicoccum), barley (Hor-
deum vulgare) and grape pips (Vitis vinifera). In
continental Croatia, the Late Bronze Age site of Kal-
nik-Igri∏≠e revealed thousands of plant remains with-
in a burnt down house, with broomcorn millet, bar-
ley, free-threshing wheat (Triticum aestivum) and
broad bean predominating (Marekovi≤ et al. 2015;
Reed et al. 2021). Broomcorn millet, barley and
free-threshing wheat are also frequently found at
other sites in the region by the Late Bronze Age
(Reed et al. 2002a). Recent research on the intro-
duction and adoption of millet has shown its arrival
into Croatia by the middle Bronze Age (Filipovi≤ et
al. 2020; Reed et al. 2022b), but it is not until the
Late Bronze Age that we see clear evidence of its cul-
tivation as a crop within the Croatian assemblage.
Overall, the range of taxa identified from Lower Ce-
rova≠ka Cave fits well with what is already known
about Late Bronze Age agriculture in Croatia.

What is absent at Lower Cerova≠ka Cave is evidence
of the collection of fruits and nuts, such as cornelian
cherry (Cornus mas) and Chinese lantern (Physalis
alkekengi), from the local environment, which we
commonly see at settlement sites during this peri-
od in Croatia. We do find a few remains of acorns,
although these are largely present in Phases 2 and
6, with only one fragment found in Phase 4. There

Fig. 8. Image of the carbonized vegetal material, possibly from a wicker basket, found in quadrant D21
Lower Cerova≠ka Cave.
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are many species of acorn, both sweet and bitter
and unfortunately here we have not been able to
identify to species. Acorns are nutritionally compa-
rable to cereals, being a good source of carbohy-
drates, fats, proteins, and vitamins, mostly A and C,
and have been consumed in the form of bread,
soups, porridge, or even as herbal coffee through-
out history (Sekeroglu et al. 2017). Acorns have
been found at other Bronze Age sites, including Kal-
nik-Igri∏≠e (Marekovi≤ et al. 2015), but it is unclear
whether the few acorns recovered here represent
deliberate collection.

Conclusion

At Lower Cerova≠ka Cave the unique discovery of a
large quantity of burnt plant remains dating to the
Late Bronze Age indicate crop storage in the cave. Si-
gnificant mixing of the crops prevents any assump-
tions about how or where the different crops were
stored. Yet the significant quantity of remains indi-
cate the storage of lentil (Lens culinaris) and free-
threshing wheat (Triticum aestivum/durum), as

well as emmer (Triticum dicoccum), einkorn (Triti-
cum monococcum), spelt (Triticum spelta) and bro-
omcorn millet (Panicum miliaceum). The large
quantity of glume wheat glume bases could also sug-
gest a multifunctional space where glume wheats
were also processed, or alternatively the separate
storage of chaff for other purposes. Whether the
cave was used for short- or long-term storage is de-
batable, as the high humidity could cause crop
spoilage. At the Late Bronze Age caves in southern
France, it was concluded that the caves were used
for short-term storage, owing to the high humidity,
and that people took shelter in these ‘refuge caves’
during disturbed times (Bouby et al. 2005). How-
ever, if air-tight storage is used then crops can be
stored for longer. At Lower Cerova≠ka Cave possible
evidence of woven containers is present, but it is un-
clear whether these were sealed or simply used to
contain each of the crops separately. The large quan-
tity of other materials found within Phase 4, such as
bronze dress ornaments and jewellery, and the short
date range (c. 940–960 BC), could indicate a period
of instability.
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Introduction

Several methods have traditionally been employed
to keep humidity, oxygen, and insects away from
field crops in order to preserve them, with airtight
sealed containers, along with pits lined with straw
or chaff, being among the most common (Reynolds
1974; Sigaut 1980; 1988; Fairbairn, Omura 2005,
Villers et al. 2006; Diffey et al. 2017; Urem-Kotsou
2017). However, it is difficult to find evidence for
such techniques in the archaeological record, parti-
cularly regarding regions with earthen architecture
and in the absence of carbonized cereals (Monah
2002; Marinova, Valamoti 2014; Hrisrova et al.
2017; Valamoti et al. 2019 for an overview of such
evidence from southeastern Europe). So far, the
identification of grain storage has mostly been based

on the identification of characteristic archaeological
features (Sigaut 1988; Fairbairn, Omura 2005 with
references). This approach may to some degree be
hindered by the frequent and complex reuse of sto-
rage pit features (Ivanova et al. 2020). This pilot
study sets out to highlight a pit type that with a high
probability is connected to a specific cereal storage
technique and a methodology that allows its iden-
tification by phytolith and starch analysis. Our case
study comes from the Bronze Age/Early Iron Age
settlement of Rotbav in Transylvania, a region and
time for which so far only scarce macrobotanical
evidence exists (Cârciumaru 1996; Ciută2012; Ciu-
tă, Bejinariu 2012; 2019; Ciută, Molnár 2014 with
references).
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ABSTRACT – The present paper explores the possibility to better understand the function of pits
through phytolith and starch analysis. A case study from the Late Bronze Age/Early Iron Age settle-
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rage vessel originally sealed with a bowl was kept in a pit filled with chaff or straw to preserve its
contents.
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sights into the settlement structure, which is char-
acterized by large, regularly dispersed, partly subter-
ranean constructions (Fig. 2). Fireplaces and pit fea-
tures are located between these buildings. The cultu-
ral layer was situated immediately below the plough
horizon and had a thickness of approximately 15cm,
although likely it was originally much thicker. A to-
tal of four semi-subterranean houses could be par-
tially excavated in the main area of the settlement,
situated at distances of four to 15m from each other.
Postholes and burnt loam with impressions of
wickerwork hint at the superstructures, although
the entrances or inner divisions of houses could not
be identified. Near the houses, concentrations of
pottery and other artefacts suggest that activity areas
and pits were regularly associated with the dwel-
lings. Most pits were filled with domestic refuse or
settlement debris (Dietrich 2014a for an extensive
presentation of the features), and thus their original
functions could not be determined with security.
However, one, labelled feature 4/2008, stood out
because of its contents – two nearly complete ves-
sels, making an in situ use context highly likely.

Pit feature 4/2008
Feature 4/2008 was located approximately 5m to
the south of one of the houses (structure 10, Figs. 2–
3) and next to the remains of a fireplace (feature 2/
2008, Fig. 2) destroyed by ploughing. It first show-
ed as an oval-rounded yellowish spot of c. 110cm
maximal diameter. The pit filling proved to be very
homogenous loamy fine sand. Pottery fragments
and burnt loam were observed only in its upper-
most part, roughly within the first 10cm. The maxi-

The Gáva culture settlement of Rotbav

The archaeological site of Rotbav-La Pârâut is situ-
ated upon a high terrace formation above the River
Olt in southeastern Transylvania at 498 m.a.s.l (Fig.
1; 45°83’N/25°56’E). The plateau is delimited by
the Valea Cetătii stream to the north and a steep hill
to the west (Fig. 2); to the east, the Josephinian sur-
vey shows a swampy area with an arm of the River
Olt. This landscape was heavily transformed by the
creation of two lakes to the north of the site in the
1970s, and today the Olt flows at a distance of rough-
ly 500m to the east of the site. The form of the pla-
teau was not affected, but the site has been and still
is used for cultivation, the plough horizon reaching
a thickness of approximately 40cm.

The settlement has a size of around 4ha, of which
1800m2 were excavated, and the site was additional-
ly investigated by archaeological and geophysical
surveys. Rotbav-La Pârâut is thus the most extensi-
vely researched site of this period in the region so
far, and has been comprehensively published (Diet-
rich 2014a). Its importance lies in a long stratigra-
phy comprising the timespan from the Middle Bronze
Age (in Romanian terminology) to the Bronze Age/
Iron Age transition, being inhabited roughly between
1900/1800 BC and 1200/ 1100 BC, following radio-
carbon data (Dietrich 2014b). The stratigraphic se-
quence covers six distinct building phases. The first
three belong to the early Middle Bronze Age Wieten-
berg culture, followed by two of the Late Bronze
Age Noua culture. The last building phase belongs
to the Gáva culture, which marks the Bronze Age/
Iron Age transition (Dietrich
2012). The pottery from Rot-
bav (Dietrich 2012; 2014a.
211–214) places the Gáva set-
tlement into a developed
phase of the culture, described
by Marian Gumă as horizon
Mahala IV-Somotor II-Medias
I-II-Teleac II and dated to Ha
B (Gumă 1993.190; cf. Ciugu-
dean 2009; 2011).

The remains of the Gáva set-
tlement phase were not pre-
sent in all sections excavated
at Rotbav, likely due to ero-
sion and ploughing, but they
could be excavated on an area
of 1372m2 (Dietrich 2014a.
214–217). This allowed us in-

Fig. 1. Gáva finds in southeastern Transylvania and location of the settle-
ment of Rotbav (findspots after Dietrich 2014a.322–332; base map Go-
ogle Satellite, https://mt1.google.com/vt/lyrs=s&x={x}&y={y}&z={z}).
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Fig. 2. The Gáva settlement phase of Rotbav and the location
of the pit feature 4/2008 (graphics by L. Dietrich).

mum depth of the feature was 54cm, a part of the
pit likely being destroyed by the plough. After remo-
val of 10cm of sediment, finds became scarce, but
the rims of two large vessels became visible. One
was a large, bag-shaped vessel decorated with four
knobs at the shoulder and a rim drawn towards the
exterior (Fig. 3a). The vessel, of which all fragments
could be recovered, has a height of 42.7cm, a maxi-
mal diameter of 47.6cm and a rim diameter of 35cm.
The measurements and formal characteristics – a
wide stable bottom and large mouth to enable users
to reach the contents – speak in favour of a storage
vessel. The second vessel is a so-called ‘Zipfelschüs-
sel’, a bowl that originally had four pronounced lo-
bes, fluted in the interior (Fig. 3b). This vessel was
found broken in several fragments, but unlike the
first one not all fragments were present in the pit.
The preserved smallest width of the vessel is 41.8cm,

and thus it could have served well as a lid for the
larger vessel even in a damaged condition.

The sediments from the pit and the inside of the ves-
sel were separated, sieved through a 1mm mesh and
flotated. This produced a number of small bone
fragments and <1g of charred wood from the pit fill-
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ing, but no other charred plant macroremains. As
charred grains and plant remains were recovered
from other contexts at Rotbav (cf. Dietrich 2014a.
Anhang 6), this is not due to preservation condi-
tions. The vessel contents were completely decayed,
or the vessel had been emptied (which could be
indicated by the position of the lid besides the large
vessel). No food crusts were observed on either ves-
sels’ inner surface. However, neither of the two ves-
sels had been placed on the bottom of the pit, indi-
cating that the latter had been filled with some kind
of material that held the vessels in place (Figs. 4–
5). We suspected that the vessels could have been
originally placed in chaff or straw. Accordingly, four
sediment samples were taken to check this hypoth-
esis.

Phytolith evidence
Phytolith analyses were conducted on the four soil
samples (Tabs. 1–2). RT08-1 is from the upper part
of the pit, RT08-2 from inside the pit next to the ves-
sels, RT08-4 is from inside the vessel and RT08-3
from the cultural layer outside the pit (sample loca-
tions are marked in Fig. 4).

Phytolith extraction of the samples followed the pro-
cedures outlined by Rosa Maria Albert et al. (1999).
To remove carbonates, phosphates, and organic ma-
terial, approximately 1g of the air-dried sediment
was treated with 3 N HCl, 3 N HNO3, and H2O2. The
mineral components of the samples were separat-
ed according to their densities using 2.4g/ml sodium
polytungstate solution [Na6 (H2W12O40) H2O]. Slides
were prepared by weighing out about 1mg of sedi-
ment onto a microscope slide, mounting
with Entellan New (Merck). The count-
ing of about 1300 phytoliths per sample
was performed using a KERN OBE-114
microscope at 400x magnification. Un-
identifiable phytoliths were counted and
recorded as weathered morphotypes. To
allow quantitative comparisons between
the samples, phytolith numbers per
gram of sediment were estimated by re-
lating phytolith amounts and weights
of the processed sample material to the
initial sample weights. Morphological
identification of phytoliths was based
on standard literature (e.g., Twiss et al.
1969; Brown 1984; Mulholland, Rapp
Jr. 1992; Piperno 2006), as well as on
modern plant reference collections (Al-
bert 2000; Albert, Weiner 2001; Tsartsi-
dou et al. 2007; Albert et al. 2011; Por-

tillo et al. 2014). The International Code for Phyto-
lith Nomenclature was followed where possible (Ma-
della et al. 2005).

Phytoliths were abundant in all four soil samples
examined, ranging from 1.1 to 4.0 million phytoliths
per gram of sediment (Fig. 6a; Tab. 1). The highest
concentrations were observed in samples RT08-2
and RT08-4, while the lowest concentration was ob-
served for sample RT08-3. Phytolith preservation is
generally poor, as evidenced by high proportions of
weathered phytoliths (mean=21.4%, σ=1.5%, n=4;
Tab.1) and the absence of multicellular phytoliths,
likely in association with a varied range of deposi-
tional and post-depositional processes (Alexandre
et al. 1997; Cabanes et al. 2011; Madella, Lance-
lotti 2012).

The morphological analyses show that all samples
are similar in their morphotype assemblages (Tab.
1). Grass phytoliths, occurring at a rate of about
56.5% (σ=0.6%, n=4), were the most common group
identified. According to their short cell morpholo-
gies, grasses belong mostly to the C3 Pooideae sub-
family that include common cereals, such as wheat
and barley. However, the absence of multicellular
phytoliths in the samples did not allow for identi-
fying the type of grasses and cereals. Grass short
cells, commonly produced in leafs, stems and inflo-
rescences, were abundant in all samples, averaging
40.4% (σ=1.8%, n=4). Epidermal cells from grass
leaves and stems, including, for instance, prickles
and bulliform cells, show similar values with an ave-
rage amount of c. 40.3% (σ=2.1%, n=4). Additio-

Fig. 3. The two vessels from pit feature 4/2008 (photos/draw-
ings by O. Dietrich).
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nally, grass phytoliths derived from their floral parts
(e.g., decorated elongate dendritic and elongate echi-
nate cells) account for 19.3% on average (σ=1.5%,
n=4).

Dicotyledonous phytoliths occur at an average rate
of 21.5% (σ=2.0, n=4; Tab. 1). Parallelepipedal blocky
phytoliths, for instance, one of the most common
wood/bark morphotypes, account for 12.5% (σ=
1.7%, n=4) on average. Other diagnostic dicotyledo-
nous morphotypes such as globulars, polyhedrals or
jigsaw-shaped phytoliths were not observed.

Starch analysis
To confirm the original presence of cereals within
the large vessel, five subsamples from sample RT08-
4 (inside of the vessel) and the control sample RT08-
3 (cultural layer outside of the pit) were subjected
to microscopic analysis in order to identify possibly
preserved starch granules. Sample preparation/mi-
crofossil extraction followed the protocol established
by Li Liu et al. (2018) with a few modifications. The
sediment was mechanically crushed and homoge-
nized. One mg of sediment was put into 1.5ml test
tubes, dispersed in distilled water and centrifuged
for 5 minutes. Microfossil extraction then followed
two procedures: (a) EDTA dispersion; after centri-
fuge the supernatant was decanted, 0.4ml of EDTA
solution was added to each tube. The tubes were left
for 2 hours and vortexed each 10 minutes for 30 se-
conds to disperse the sediment, then filled with dis-
tilled water and centrifuged for 5 minutes at 3000
rpm, and the supernatant was decanted. (b) Heavy
liquid separation; 0.4ml of SPT at a specific gravity
of 2.35 was added to each tube. The tubes were then
centrifuged for 15 minutes at 3000rpm. The top la-
yer of organics was removed from each tube by a
new pipette and then transferred into a new tube.
Distilled water was added, and the samples centri-
fuged for 5 minutes at 3000 rpm to concentrate the
starch at the bottom of the tube, and the superna-
tant was decanted. The process was repeated two
more times.

The samples were mounted in 50% glycerol and
50% distilled water on glass slides and analysed
with polarizing filters at x400 for starch with a Bres-
ser Polarisation microscope. Photos were taken with
a Bresser Microcam of 12 MP for each slide. The re-
ference collection for starch granule types estab-
lished by Gismondi et al. (2019) was used for com-

Sample ID, description of sample location Relative abundances Anatomical origin

and phytolith amounts of phytoliths of grass phytoliths

Sample ID
Number of

Layer\areal\
phyt. per 1g

description
of sediment

RT08-1\MD 5309 2 675 000 inside pit, upper part 56.80 4.18 15.23 0.85 22.95 37.24 42.78 19.98

RT08-2\MD 5310 3 972 000 inside pit next to vessels 56.47 6.38 16.90 0.58 19.66 41.06 38.69 20.25

RT08-3\MD 5311 1 138 000 cultural layer outside pit 55.72 6.97 16.18 0.53 20.60 40.92 39.34 19.75

RT08-4\MD vessel 3 617 500 inside large vessel 57.08 6.27 14.03 0.20 22.42 42.07 40.82 17.11

Tab. 1. Description of samples, phytolith amounts, relative abundances of phytoliths and anatomical ori-
gin of grass phytoliths obtained from all sediment samples.
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Fig. 4. Pit feature 4/2008. a planum view, b after
removal of 10cm of sediment, c section of the pit
(drawings made by O. Dietrich).
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parison. Starch preservation was overall bad, and
well preserved granules were only observed in three
subsamples of RT08-4. These allow a tentative deter-
mination as Triticum aestivum (common wheat, cf.
Fig. 6b and Gismondi et al. 2019.nr. 30a-b). Triti-
cum aestivum is not among the species identified
for the Wietenberg culture layers at Rotbav, from
which macrorests of Triticum monococcum, Triti-
cum sp. and Hordeum sp. have been recovered
(Dietrich 2014a.Anhang 6). For the Noua culture,
evidence is lacking so far.

Discussion

Phytolith analysis reveals that two samples have
particularly high phytolith concentrations. Sample
RT08-2 was taken inside the pit, next to the two pot-
tery vessels, RT08-4 is from the inside of the large
bag-shaped vessel. Another sample, RT08-1, was
taken inside the pit filling, but in a stratigraphical
position above the two vessels. Here, the phytolith
concentration is considerably lower. The lowest va-
lue comes from sample RT08-3 which represents a

RT08-1\ RT08-2\ RT08-3\ RT08-4\

Phytolith morphotype
MD 5309 MD 5310 MD 5311 MD Vessel
inside pit, inside pit next cultural layer inside large
upper part to vessel outside pit vessel

Bulliform 3 7 4 2
Cillindroid psilate 84 121 85 112
Cillindroid scabrate 33 51 45 49
Hair cell 33 65 60 70
Papillae cell 21 22 17 19
Hair cell  (prickle) 22 29 32 21
Elongate dendritic 15 20 23 20
Elongate echinate 45 53 44 55
Elongate polylobate 20 24 14 15
Elongate wavy 16 16 15 16
Elongate verrucate 6 8 4 9
Elongate crenate 5 4 2 2
Elongate ruminate 3 5 1 2
Elongate granulate 0 2 3 4
Elongate spilate 3 0 0 3
Elongate corniculate 0 3 2 0
Parallelepipedal blocky psilate square ends 60 86 60 72
Parallelepipedal blocky psilate rounded ends 28 44 29 16
Parallelepipedal blocky scabrate square ends 30 47 31 30
Parallelepipedal blocky scabrate rounded ends 20 11 10 19
Parallelepipedal blocky psilate irregular 11 9 9 8
Parallelepipedal blocky scabrate irregular 3 0 6 6
Parallelepipedal elongate psilate 12 8 17 22
Parallelepipedal elongate scabrate 7 8 13 9
Parallelepipedal elongate facetated 0 0 0 0
Parallelepipedal thin psilate rounded ends 6 11 10 16
Parallelepipedal thin psilate square ends 73 79 55 131
Parallelepipedal thin scabrate rounded ends 0 2 5 4
Parallelepipedal thin scabrate square ends 17 18 21 38
Short cell rondel 187 213 171 226
Short cell tall rondel 2 0 3 5
Short cell trapeziform 68 67 56 95
Short cell saddle 10 8 6 3
Short cell bilobate 19 18 15 15
Short cell cross 11 2 4 5
Trapeziform sinuate 21 25 13 22
Trapeziform polylobate 8 14 13 6
Cylindric sulcate tracheid 8 3 4 5
Weathered morphotype 271 270 234 333
Total number of counted morphotypes per sample 1181 1373 1136 1485

Tab. 2. List of phytolith morphotypes identified and their frequencies (counts) in soil samples and a pot-
tery vessel from Rotbav, giving the stratigraphic location and sample information.
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control sample from the cultural layer next to the
pit. The phytoliths stem mostly from the C3 Pooid
subfamily and come largely from stems and leaves.
Both concentrations and origin of the phytoliths fit
the hypothesis of a pit filled with chaff or straw to
protect the contents of the vessel. Starch analyses in-
dicate that the vessel contained cereals, likely Triti-
cum aestivum.

In addition to being covered with the bowl (frag-
ment), the vessel could have been sealed airtight
with clay. As the upper part of the pit was absent, the
possibility that also the pit was sealed in that way
cannot be excluded. Sealing in an airtight container
would have reduced moisture and kept insects or
mice away, conserving the grains for several years
(Diffey et al. 2017.1–3). The capacity of the vessel at
Rotbav may indicate that it was used to store a part
of the provisions for the winter or seed grains. The
find context with the bowl next to the large vessel
and the vessel itself filled with straw (phytoliths do
not form in grains, starch being scarce) makes it
highly possible that the vessel was emptied and then
left there (damaged during retrieval?) while the
straw/chaff decayed and the pit in its upper part was
slowly refilled with sediments. Originally there could
have been more such vessels stored in the pit.

Phytolith or starch analyses have so far not been
published for Gáva sites. Organic remains have only
sparsely been reported from contexts of the Gáva
culture or the Early Iron Age in general. From Sim-
leu Silvaniei – ‘Observator’ foxtail millet (Setaria ita-

lica), and two wheat species (Triticum monococ-
cum and Triticum dicoccum) are mentioned (Ciu-
tă, Bejinariu 2019). Beatrice Ciută and Ioan Beji-
nariu recently collected the evidence published to
date of other finds of cereals from Early Iron Age
contexts, and their list contains three more sites (Te-
leac: Triticum durum and Hordeum vulgare from
a grave; Bernadea: millet; Tăsad: mostly Triticum
aestivum, but also Triticum monococcum, Triti-
cum dicoccum, Triticum spelta, and Panicum mi-
liaceum; Ciută, Bejinariu 2019.47). Rotbav now
adds to this list, although any sensible discussion of
Early Iron Age cereal use still needs much more data.

Summing up, our case study proves that combined
phytolith and starch analysis are an interesting (and
not overly costly) approach to determine the proba-
ble use of prehistoric pits in the absence of pre-
served macrorests.

Fig. 5. Tentative reconstruction of the pit feature
with two vessels embedded in straw and the pit
sealed by clay (drawing by O. Dietrich).

Fig. 6. a photomicrographs of selected phytolith morphotypes identified in the Rotbav samples. The photo-
graphs were taken at 400x magnification: 1 short cell rondel; 2 short cell trapeziform (left), short cell
bilobate (right); 3 elongate entire (left), short cell rondel (top view, right); 4 elongate dentritic; 5 elon-
gate echinate; 6 prickle (photos made by C. Binder). b photomicrograph of a starch granule (Triticum
aestivum), taken at 400x magnification.
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Ciută B. 2012. Plant species within the diet of Prehisto-
ric communities from Transylvania. Editura Mega. Cluj-
Napoca.
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ABSTRACT – Despite their widespread presence and potential to shed light on various aspects of
prehistoric life, for a long time Neolithic macrolithics attracted little scholarly attention. The situa-
tion, however, is rapidly changing as more and more assemblages are being studied and published
systematically. The study of the grinding and abrading tools from the earlier Neolithic site of Ponto-
komi-Souloukia in northern Greece is part of this recent trend, as it integrates macroscopic exami-
nation, use wear, microbotanical and macrobotanical analysis, an experimental program, ethnogra-
phic data, as well as contextual analysis. In this article, we present the results of our study and make
comparisons with other assemblages, placing the Pontokomi-Souloukia material in its wider Aegean
Neolithic context.

IZVLE∞EK – Kljub raz∏irjenosti in sposobnosti osvetliti razli≠ne vidike ∫ivljenja v prazgodovini, so
neolitski makroliti pritegnili le malo raziskovalne pozornosti. Ocena se hitro spreminja, saj je siste-
mati≠no analiziranih in objavljenih vse ve≠ zbirov. Mednje sodi tudi ∏tudija orodij za mletje in bru-
∏enje iz zgodnje neolitskega naselja Pontokomi-Souloukia v severni Gr≠iji, saj vklju≠uje makroskop-
sko analizo, analizo sledov uporabe, mikro in makro botani≠ne analize, eksperimentalni program,
etnografske podatke in kontekstualno analizo. V ≠lanku predstavljamo rezultate na∏e ∏tudije in zbir
primerjamo z drugimi. Gradivo z najdi∏≠a Pontokomi-Souloukia tako ume∏≠amo v ∏ir∏i egejski neo-
litski kontekst.

KEY WORDS – Neolithic; Greece; grinding and abrading tools; use wear analysis; residue analysis
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and Thessaly compared to roughly 10 from the
southern part of the country. The second imbalance
is chronological. The available information for indu-
stries dated to the later part of the Neolithic by far
exceeds that for earlier materials; there are roughly
twice as many reported Late or Final Neolithic as-
semblages as those belonging to earlier phases (see
Bekiaris et al. 2020.146–147; Stroulia in press).22

By focusing on the earlier Neolithic material from
the site of Pontokomi Souloukia in the Kitrini Lim-
ni Basin, in the prefecture of Kozani, west Macedo-
nia, this article tackles none of the geographic bias
but does address the chronological one. As such, (1)
it sheds light on the macrolithic implements of the
first agropastoral communities that occupied the
Aegean; (2) it contributes to an understanding of the
diachronic evolution of the macrolithic industries
and related practices in this part of the world.

The Site

Kitrini Limni was a busy place in the Neolithic. As re-
vealed by surface surveys or accidental discoveries
related to various development projects, from the
7th to the 4th millennium BCE, this 35km2 basin

Introduction

Despite their ubiquitous presence at Aegean Neoli-
thic sites, involvement in most (if not all) chaînes
opératoires, and potential to illuminate various as-
pects of prehistoric life, for a long time macrolithics11

attracted little scholarly attention. It is not an exag-
geration to state that traditionally they represented
one of the most neglected materials from Neolithic
Greece. When relevant information was reported, it
often consisted of a few cursory paragraphs in the
‘small finds’ section of a site publication (e.g., Evans
1964.229–231). Some tools, abandoned at the site
after the completion of the excavation, were not
considered worthy of even such a superficial treat-
ment. This is the bad news.

The good news is that the situation is rapidly chang-
ing. In the last fifteen years or so, the field of Aegean
Neolithic macrolithics has witnessed dramatic growth
as more and more assemblages are being studied
and published systematically. As a result, significant
progress has been made in exploring raw materials,
manufacturing processes, aspects of use, practices of
discard, as well as social and symbolic dimensions
(e.g., Almasidou 2019; Bekiaris 2007; 2018; 2020;
Bekiaris et al. 2017; 2020; in
press; Chadou 2011; Chon-
drou 2018; 2020; Chondrou
et al. 2018; 2021; Chondrou,
Valamoti 2021; Lewis et al.
2009; 2011; Ninou 2006;
Stergiou et al. 2022; Stroulia
2002; 2010a; 2010b; 2018a;
2018b; 2020; Stroulia, Chon-
drou 2013; Stroulia et al.
2017; 2022; Tsoraki 2008;
2011a; 2011b; 2011c).

Despite these developments,
the field suffers from two se-
rious imbalances. The first is
geographic. Much more is
known about the macrolithic
industries of northern Greece
than those from sites farther
south; reports (of varying
length and quality) are avail-
able for almost 30 assembla-
ges from Macedonia, Thrace,

1 For a discussion of the term ‘macrolithics’ and its advantages over the traditional term ‘ground stone’, see Adams et al. (2009.
43–44) and Stroulia (2018a.202).

2 The few assemblages that span the Neolithic period were not taken into account in these calculations.

Fig. 1. Map of prefecture of Kozani with
locations of Pontokomi-Souloukia and
four other sites in the Kitrini Limni Ba-
sin mentioned in the text. 1 Pontokomi-
Souloukia; 2 Mavropigi-Fillotsairi; 3 Klei-
tos; 4 Megalo Nisi Galanis; 5 Kremasti-Kilada. Kitrini Limni is indicated
by dashed line. Graphics by Sofia Vlahopoulou.



Anna Stroulia, Jérôme Robitaille, Birgül Ögüt, Areti Chondroyianni-Metoki, and Dimitra Kotsachristou

96

served as the homeland for 30 settlements (Chond-
royianni-Metoki 2020; in press a; b; c). One of the
earliest among them is Pontokomi Souloukia (hence-
forth Souloukia) (Fig. 1).

Located on the western edge of the basin, Soulou-
kia covers c. 1.0–1.2ha and dates to the second half
of the 7th millennium and the beginning of the 6th.
Roughly half of the site was severely damaged in the
past few decades by the construction of a highway,
a railroad, and other infrastructure-related projects.
The other half (c. 0.4ha) was targeted by salvage ex-
cavations in the context of large-scale coal mining
operations (Chondroyianni-Metoki in press b; Ka-
ramitrou-Mentessidi et al. 2010.39–46; Ziota et al.
2014.77–79).

Carried out by the Ephorate of Antiquities of Kozani
between 2010 and 2017, the excavations revealed
two contiguous but distinct areas. The centre of the
site has the form of a low tell with anthropogenic
deposits reaching a maximum thickness of 2m. This
represents the residential sector as indicated by the
remains of successive post-framed buildings. Five
(mostly infant) human burials and one animal bur-
ial were found inside the buildings, while a concen-
tration of 15 or so pits was excavated immediately
to the south. A preliminary study of the stratigraphy
and pottery of a single trench revealed three Early
Neolithic building horizons and one dating to the
early Middle Neolithic. Only c. 0.1ha was dug, but
the residential area is estimated to have covered be-
tween 0.25 and 0.5ha (Chondroyianni-Metoki in
press b) (Fig. 2a–d).

The surrounding flat area comprises the non-resi-
dential sector and includes three types of features:
ditches, pits, and clay structures. Two ditches were
uncovered. The first – on the western edge of the
site – was linear, measuring c. 55m in length, 2m in
maximum width, and 2.1m in maximum depth
(Chondroyianni-Metoki in press b). The second –
on the site’s eastern part – was roughly curvilinear,
measuring c. 14.5m in length, 2.4m in maximum
width, and 1.4m in maximum depth (Karamitrou-
Mentessidi et al. 2010.41–43, 45). The functions of
the ditches remain enigmatic, as there is no evidence
that they connected with each other or surrounded
the site (Fig. 2e).

Dispersed around the non-residential area are more
than 40 pits of various sizes.33 Their contents consist
of pottery, lithics, faunal material, and figurines, but

generally speaking, they yielded a small number of
finds (Chondroyianni-Metoki in press b; Karamit-
rou-Mentessidi et al. 2010.43–44; Ziota et al. 2014.
78). It is tempting to interpret these features as con-
tainers for ordinary waste disposal, but their disper-
sal over a large area is certainly intriguing.

East of the residential area (not far from the eastern
ditch), the excavations uncovered a partially pre-
served clay structure with ashes – probably the re-
mains of a hearth. North of the residential area, a
second clay structure was excavated. It was ellipti-
cal in plan, with whitish clay coating the interior
walls. Another structure may have existed west of
the residential sector where masses of clay were un-
covered along with, among others, a large number
of grinding tools (Fig. 2f). Additional clay structures
are vaguely mentioned in the preliminary reports
(Chondroyianni-Metoki in press b; Karamitrou-
Mentessidi et al. 2010.43; Ziota et al. 2014.78–79).

Significantly, the bipartite settlement structure, with
a tell-like residential centre and a surrounding flat,
extra-residential periphery, recognized at Souloukia,
does not characterize Mavropigi-Fillotsairi, the other
extensively excavated Early Neolithic site of Kitrini
Limni (Karamitrou-Mentessidi et al. 2013; 2015).
It has, however, been identified at Kremasti-Kilada,
which dates to the Late Neolithic (Chondroyianni-
Metoki 2009; 2020). To the best of our knowledge,
this settlement layout is not known from other parts
of Greece and thus may represent a regional varia-
tion. Whether regional or not, this bipartite configu-
ration argues against the long-held, simplistic dicho-
tomy between tell sites and flat/extended sites and
underlines the diversity of the ways in which Aegean
people organized their settlements in space during
the Neolithic (see also Kotsakis 1999.69–70; Krah-
topoulou 2019.77–82; Sarris et al. 2017; Toufexis
2017.23–30, 333–362).

Materials and methods

The Souloukia excavations uncovered large amounts
of pottery, various quantities of stone and bone
tools, an unusually high number of figurines, as well
as a few rather uncommon artefacts (i.e. two clay
house models, a marble vessel, and a bone flute)
(Chondroyianni-Metoki in press a; b; Karamitrou-
Mentessidi et al. 2010.44–45; Ziota et al. 2014.79).

The stone tool inventory includes nearly 400 macro-
lithics. Among them are the roughly 170 grinding

3 Intriguingly, a single pit dates to the Final Neolithic (Chondroyianni-Metoki in press b).
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tools, abrading implements, and related pieces of
raw material that make up the focus of this paper.

The term ‘grinding tools’ refers to implements used
to pulverize or crush foodstuffs and minerals. These
artefacts operate in pairs comprising a lower statio-
nary component and an upper mobile one. In the li-
terature, the first is often referred to as a millstone,
quern, metate, grinding slab, etc., the second as a
handstone, mano, grinder, rider, roller stone, rubber,
etc. (e.g., Adams 2014.142–145; Cappers et al. 2016.
391–392; Elster 2003.186; Evans, Renfrew 1968.71;
Hamon, Le Gall 2013.113; Hayden 1987.187; Tso-
raki 2008.91, 97; Wright 1992.61; Wright, Baysal
2012.3). Here we use the more neutral terms ‘pas-
sive tool’ and ‘active tool’, respectively. The term
‘abrading tools’ refers to implements used without
a complementary component for shaping/maintain-
ing other artefacts (e.g., celts, bone tools, and orna-
ments) through abrasion. We should emphasize that

the differentiation between grinding and abrading
tools as well as that between passive and active
grinding implements serve analytical purposes. As
seen below, the Souloukia residents did not always
conform to these distinctions.

Since the systematic study of both the stratigraphy
and pottery is pending, a distinction between Early
Neolithic and early Middle Neolithic specimens has
not been possible. However, given that three of the
four building horizons in the residential area are
Early Neolithic, we assume this to be the date of the
majority of specimens. Be that as it may, in this ar-
ticle all specimens are referred to collectively as ear-
lier Neolithic.

All but six of the roughly 130 abrading and grinding
tools were subjected to use wear analysis with a ste-
reoscope (10–80x magnification) and a metallogra-
phic microscope (100x and 200x magnification) (Ro-

Fig. 2. Excavation views. Residential sector: a remains of burnt building; b postholes; c pits; d pot burial.
Extra-residential sector: e ditch; f area with grinding tools, pieces of raw material, as well as masses of
clay possibly from a clay structure. Photos by A. Chondroyianni-Metoki.
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bitaille). Preservation of microwear was moderate
to low. Acetate and polyvinyl siloxane casts were
made of used surfaces that were preserved reason-
ably well. Use wear analysis was conducted in con-
junction with an extensive experimental program
that involved a variety of materials: cereals, pulses,
nuts, bone, shell, stone, and wood (Robitaille, Strou-
lia). Microwear was identified on a total of 63 speci-
mens.

Residue analysis following a protocol and nomen-
clature defined by Rosa M. Albert et al. (1999) and
Marco Madella et al. (2005) was carried out on 14
unwashed specimens: 13 grinding tools (both work
and dorsal faces were sampled) and one abrading
implement (both used surfaces were sampled). Six
control samples were analysed as well. The detect-
ed phytoliths were examined with a Leica DM 750
microscope at 400x magnification. For each sample,
calculations were made for the number of phytoliths
per 1g of sediment, the percentages of grass and di-
cotyledonous phytoliths, as well as those of weather-
ed and multicellular morphotypes. Phytoliths that
can be associated to use with a reasonable degree of
confidence were identified on only five of the sam-
pled artefacts (Ögüt 2018).

The Souloukia grinding and abrading tools are among
the first from Neolithic Greece to have been subject-
ed to use wear and residue analyses.44 In this paper,
we present the general results of these analyses, but
more detailed data on both, as well as the experi-
mental program, will be published elsewhere.

While the analysis of microbotanical remains has
been completed, the examination of the macrobota-
nical material has not. No more than a small sam-
ple has so far been analysed (Kotsachristou). Only
preliminary observations have therefore been pos-
sible regarding the plants processed and consumed
at the site.

The study of the Souloukia grinding and abrading
tools is particularly important. The severe underre-
presentation of earlier Neolithic assemblages in the
literature (noted above) is one reason. There are
another two: these assemblages have been treated
superficially or happen to be very small. For exam-
ple, over 100 grinding and abrading tools from Achil-
leion were presented in fewer than two pages (Winn,
Shimabuku 1989.268–272), while the roughly 70
specimens from Nea Nikomedeia were discussed in

only seven paragraphs (Pyke 1993.103, 108–109,
111). The macrolithic material from Prodromos, on
the other hand, was studied systematically, but in-
cludes fewer than 15 grinding and abrading tools
(Moundrea 1975.92–99).

By integrating macroscopic examination with use
wear and residue analysis, experimental, macrobota-
nical, and ethnographic data, as well as contextual
analysis, our study of the substantial Souloukia as-
semblage helps fill this gap and thereby clarify the
role these implements played in the lives of the com-
munities that made Greece their home in the earlier
part of the Neolithic.

This paper operates at three levels: (1) It presents
the results of our multi-proxy study of the Soulou-
kia tools by discussing the raw materials and their
acquisition; the choices made in the context of ma-
nufacture and the priorities that these reflect; the
specimens’ morphometric and technofunctional cha-
racteristics; the processed food and non-food sub-
stances; as well as the tools’ spatial distribution and
processes of discard. (2) It makes references to as-
semblages from four sites in Kitrini Limni (Kremasti-
Kilada, Kleitos, Megalo Nisi Galanis, and Mavropigi-
Fillotsairi) as well as others elsewhere, placing the
Souloukia material in both its regional and wider
Aegean Neolithic context. (3) It utilizes the limited
available information on contemporary industries
and makes comparisons to later ones in an attempt
to place the Souloukia material in its synchronic and
diachronic framework.

Abrading tools

Only six specimens were securely identified as ab-
rading tools. All derive from the residential sector.
An additional specimen – found outside the residen-
tial area – carries no use wear but may represent raw
material intended for an abrading tool.

The Souloukia abrading tools share two basic com-
monalities: (1) all are a posteriori – the raw mate-
rial was put directly to use without modification; (2)
all were used passively. These tools, on the other
hand, exhibit significant morphological and litholo-
gical differences that allow a distinction between
two groups.

Group 1 comprises four specimens of tabular fine-
grained sandstone. This type of raw material is not

4 For other studies, see Danai Chondrou et al. (2021) and Anna Stroulia et al. (2017.3–7).
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found in the Kitrini Limni Basin, the bottom of which
consists of clay marl and lacks stones larger than
5cm (Fotiadis 1988.45; Fotiadis et al. 2019.5–6).
It is not found anywhere else in the local landscape
either. The closest source is located on the slopes of
Mt. Vourinos, close to the village of Agia Paraskevi,
about 25km south of the site.55 The sandstone crops
out naturally in the form of plaques of varying thick-
ness (Stroulia, Dubreuil 2011.3).

Only one tool in this group is complete. It is not how-
ever intact, as it was found in two pieces (the break-
age probably being post-depositional). This specimen
is polygonal and measures 14.3x13.8x3.4cm. The
other three are fragmentary. None appears to derive
from a tool larger than the complete one. On this
basis, it is fair to say that all specimens in Group 1
are small and thin.

The extent and intensity of use, as well as the ensu-
ing morphological changes, vary from tool to tool.
The two thickest specimens – one complete, the

other fragmentary – were used
on both faces. The use was in-
tensive enough to create con-
cave configurations. The faces
of the complete specimen are
parallel, but one (A) is deeper
than the other (B) (Fig. 3.a).
Face A features a central ovate,
concave c. 9x6cm area. Due to
the presence of concretion, no
microwear was identified on
this face, but that detected on
face B appears compatible with
the abrasion of bone. This is the
only abrading tool subjected to
residue analysis. A relatively
high proportion of wood phy-
toliths were detected on face A.
However, since many of them
consist of skeletons rather than
weathered morphotypes, they
may not be use-related (Ögüt
2018). The faces of the frag-
mentary specimen are diagonal
(Fig. 3.b). Again, one face is de-
eper than the other, but both
show an increasing depth to-
wards the thinnest edge. We
were not able to specify the ma-
terial that was processed on

these faces, but according to the use wear analysis,
it was neither bone nor wood.

One of the thinnest specimens was also used on
both faces. Judging by the fact that one face is more
or less flat, while the other is lightly concave with
an increasing depth from one side to the other, the
two faces were not used with equal intensity. Use
wear analysis points to wood processing, at least for
one of the faces (Fig. 3.c). Finally, the fourth and
equally thin specimen was used on only one face,
resulting in the formation of a slightly concave area.
The processed material was most likely bone. This
is the least utilized of the Souloukia abrading tools
(Fig. 3.d).

Group 2 includes two tools. Both are much more
massive than those making up Group 1. This is well
illustrated by the complete specimen, which mea-
sures c. 31x19x11cm (Fig. 4). The raw material con-
sists of waterworn boulders, gneiss in one case and
sandstone of a coarser variety than that used for

Fig 3. Abrading tools (Group 1): a faces A (left) and B (right), sections,
and use wear views of complete specimen GS325 (metallographic micro-
scope); b faces and sections of fragmentary specimen GS95; c faces and
sections of fragmentary specimen GS190; d used face, sections, and use
wear views of fragmentary specimen GS56 (metallographic microscope).
Drawings by T. Gouliafas, photos by A. Stroulia and J. Robitaille.

5 This is probably the only primary source of fine-grained sandstone in the prefecture of Kozani.



Anna Stroulia, Jérôme Robitaille, Birgül Ögüt, Areti Chondroyianni-Metoki, and Dimitra Kotsachristou

100

Group 1 in the other. In both tools, one of the faces
is lightly convex but has a lightly concave used area
measuring c. 15x8cm. In neither case has the proces-
sed material been determined.

Our general conclusion is that the Souloukia abrad-
ing tools were involved in the production (and/or
maintenance) of bone objects such as those that
were excavated (see Karamitrou-Mentessidi et al.
2010.45) as well as wooden artefacts that were not
preserved. It is important to note that bone or wood
abrasion has been hypothesized for certain Greek
Neolithic macrolithic tools on a macroscopic basis
(e.g., Bekiaris 2018.276–277; Chondrou 2018.227–
228; Fotiadis et al. 2019.31; Stroulia 2010a.40–
54, 2018a.211–212; Tsoraki 2008.102–10), but this
is the first time that such functions are documented
for the Neolithic Aegean.

Significantly, no wear related to stone abrasion was
detected. This is unexpected in light of the over 100
excavated celts. We find it plausible that celt shap-
ing and resharpening took place outside the settle-
ment. Such a hypothesis is compatible with the al-
most complete absence of unfinished specimens. On
the basis of ethnographic evidence, both practical
and non-practical considerations may have been be-
hind the off-site production and maintenance of celts
at Souloukia. Among several Irian Jaya groups, celt
grinding is carried out away from the compounds,
usually by a river or stream. This activity is invested
with a strict prohibition along gender lines as it must
take place out of view of women (Pétrequin, Pétre-
quin 1993.373).

Abrading tools of tabular fine-grained sandstone
have been uncovered at three other Kitrini Limni
sites: Kremasti-Kilada (Chondrou 2011.101–102;
Stroulia, Dubreuil 2011.1), Megalo Nisi Galanis (Fo-
tiadis et al. 2019.31), and Kleitos (Chondrou 2018.
200–230). Similar artefacts have also been report-
ed from Servia,66 a site in the prefecture of Kozani
but not in Kitrini Limni (Mould et al. 2000.155–157).
Microscopic analysis of a sample from Kremasti-Kila-
da by Laure Dubreuil revealed use wear somewhat
compatible to that produced experimentally through
stone abrasion and scraping unfired bone-dry clay
vessels (Stroulia, Dubreuil 2011.2). Kremasti-Kila-
da, Megalo Nisi Galanis, Kleitos, and Servia date to
the Middle, Late, or Final Neolithic and are thus later
than Souloukia, but the presence of such tools on all
five sites points to a certain regional tradition of ex-

ploiting fine sandstone tabular pieces from the same
source for a variety of abrading purposes. Finally,
we should note that farther north and west, but
also in Macedonia, the Late Neolithic site of Avgi yield-
ed over 60 tabular pieces of fine-grained sandstone.
They are of generally larger dimensions than those
found at the above sites and were employed in a
cooking rather than an abrading context (Bekiaris
et al. in press).

Grinding Tools

Raw material type, procurement
The Souloukia excavations yielded a much higher
number of grinding than abrading tools. One hun-
dred twenty-six specimens were securely identified
as grinding tools, while one and possibly up to four
specimens represent roughouts (Figs. 5–9). In addi-
tion, 31 pieces of gravel were recovered of material
similar to that employed for grinding tools but with-
out traces of manufacture or use. At least 20 of these
are complete or substantially preserved and thus li-
kely represent unworked nodules intended for grind-
ing tools. Of the remaining specimens, some are very
fragmentary, while others have surfaces covered by
concretion or altered by fire. Whether these belong
to tools or raw nodules is impossible to tell.

If tabular sandstone was the preferred material for
abrading implements, it was used rarely for grinding

Fig. 4. Complete abrading tool GS243 (Group 2):
work face and profile. Photos by A. Stroulia.

6 They are referred to as ‘palettes’ by the excavators.



Grinding and abrading activities in the earlier Neolithic of northern Greece> a multi-proxy and comparative approach for the site of ...

101

tools. For the latter, Soulou-
kiotes almost always chose
gneiss in the form of cobbles
and boulders. In this sense,
the grinding tool assemblage
is remarkably homogeneous,
a reflection of a deeply em-
bedded tradition that span-
ned several generations. The
gneiss used comes in various
degrees of coarseness, is of-
ten oxidized with a characte-
ristic red/brown colour, has
a high quartz content and is
thus quite hard, typically in-
cludes no mica, and its surface
is usually anomalous and/or
has vesicular areas (Figs. 5–
9). As we found out by expe-
rimentally producing a work
face through pecking, this
type of gneiss is characteriz-
ed by high workability. Mo-
reover, because of its hard-
ness it does not require fre-
quent resharpening, nor does
it produce much grit during
use. Or so we discovered
through our grinding and co-
oking experiments. This was
a good choice.

Primary gneiss sources are
found on two of the moun-
tains surrounding Kitrini Lim-
ni: Mt. Askio to the west and
Mt. Vermio to the east (Fig. 1). Both sources are
extensive, but Mt. Askio is the closest to Souloukia.
Although no petrographic analyses have been con-
ducted, macroscopic similarities indicate that as a
rule Mt. Askio gneiss was utilized by the Souloukio-
tes. Nevertheless, with a handful of possible excep-
tions procurement did not take place at primary
sources. The material is waterworn and thus must
have been collected at more proximate secondary
locations.

A comparison between Souloukia and other Kitrini
Limni sites regarding the raw materials of grinding
tools revealed one fundamental similarity. In all ca-
ses, secondary sources were exploited (Kremasti-Ki-
lada: Chondrou 2011.81, 106; Stroulia, Dubreuil
2011.1; Kleitos: Chondrou 2020.291; Megalo Nisi
Galanis: Stroulia 2002.576).

This comparison also revealed two patterned varia-
tions:

❶ The almost exclusive focus on a singular material
noted at Souloukia is not paralleled in the later Ne-
lithic assemblages of Kremasti-Kilada (Chondrou
2011.80–81; Stroulia et al. 2017.3), Kleitos (Chon-
drou 2020.290–291), and Megalo Nisi Galanis (Fo-
tiadis et al. 2019.30–31), which are characterized
by a variety of materials. Gneiss is part of this vari-
ety but never the dominant lithology. On this basis
and in a preliminary fashion, we would like to hy-
pothesize that in Kitrini Limni an earlier Neolithic
focus on a single material was followed by the ex-
ploitation of diverse lithologies. What needs and/or
opportunities could have led to such a diversifica-
tion cannot be systematically discussed with the
available data. However, a simplistic and straightfor-

Fig. 5. Passive tools: a intended work face, dorsal face, and longitudinal
profile of complete roughout specimen GS307; b concave/concave work
face, dorsal face, and longitudinal profile of complete specimen GS71; c
concave/convex work face and longitudinal profile of fragmentary speci-
men GS244; d concave/convex work face and longitudinal profile of frag-
mentary specimen GS250. Photos by A. Stroulia.
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ward equation between the
number of raw material types
and processed substances does
not appear to be the answer.
As seen below, the use wear
of the Souloukia specimens
points to processing a variety
of substances. Be that as it
may, the nearly exclusive use
of a single material for grind-
ing tools appears to have been
rare in Neolithic Greece. To
the best of our knowledge, the
only other sites in which this
practice has been documented
are Dikili Tash (Bekiaris et al.
2020.147) and Alepotrypa Ca-
ve (Stroulia 2018a.205), in
the northern and southern
parts of the country, respecti-
vely. Both date to the later
part of the Neolithic.

❷ The Mt. Askio gneiss used
at Souloukia is macroscopical-
ly different from the varieties
employed at Kremasti Kilada
and Megalo Nisi Galanis (ob-
servations by Stroulia) that
appear to originate in Mt. Ver-
mio. Notably, these two sites
are located in the eastern part
of the basin and thus closer
to Mt. Vermio than Mt. Askio.
On this basis, we would argue
that western and eastern Kitri-
ni Limni communities exploited different regional
sources of gneiss. Since all these varieties are of good
quality, the distance from the sources may very well
have been the determining factor behind these choi-
ces. Hopefully, these hypotheses will be tested in the
future through comparative petrographic analyses.

Manufacture
As mentioned above, the Souloukia excavations un-
covered at least 20 unmodified gneiss cobbles and
boulders that were probably intended for grinding
tools. Their presence is indicative of two practices:
(1) raw material was brought to the site without
prior processing at the sources; (2) larger quantities
of raw materials than those immediately needed
were periodically collected in anticipation of future
needs – the hallmark of curation practices. With
the available evidence, it is impossible to tell how

the collected raw material was distributed, but the
recovery of raw nodules from both the residential
and non-residential areas at the very least points to
the lack of a single communal spot where raw ma-
terial was kept awaiting future use. The fact, more-
over, that only one roughout was positively identi-
fied (Fig. 5.a) indicates that no designated manu-
facturing locus existed either (at least in the exca-
vated area).

The scarcity of unfinished specimens noted at Sou-
loukia matches that known from other Kitrini Lim-
ni sites; see Kremasti Kilada (Chondrou 2011.81–82,
134; Stroulia et al. 2017.4), Kleitos (Chondrou 2020.
291), and Megalo Nisi Galanis (observation by Strou-
lia). No such match applies to unworked specimens.
While by no means high, the number of such speci-
mens at Souloukia is rather substantial when com-

Fig 6. Passive tools: a complete specimen GS277 with concave/concave
work face and dorsal face used in the context of recycling; b concave/
concave work face and longitudinal profile of fragmentary specimen
GS255; c concave/concave work face and dorsal face of nearly complete
specimen GS324; d concave/concave work face and transverse section
of fragmentary specimen GS388. Drawing by T. Gouliafas; photos by A.
Stroulia.
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pared to Kleitos (Chondrou 2020.291) and Megalo
Nisi Galanis (Stroulia 2002.576),77 which are charac-
terized by an almost complete absence of unmodi-
fied cobbles and boulders. Indeed, the combined
paucity of raw nodules and roughouts in the huge
assemblage of the almost fully excavated site of Klei-
tos led to the hypothesis that tools arrived in a more
or less finished state (Chondrou et al. 2018.31;
Chondrou 2020.291). A similar scarcity character-
izes assemblages from sites beyond Kitrini Limni
such as Makriyalos (Tsoraki 2008.81), Alepotrypa
Cave (Stroulia 2018a.234), Avgi (Bekiaris 2018.
221), and Platia Magoula Zarkou (Stroulia in press).
This pattern deserves systematic investigation, but
it appears to suggest a widespread practice of off-site
grinding tool production in Neolithic Greece.

Two manufacturing techniques were employed for
grinding tools at Souloukia: pecking and flaking
(Figs. 5.a, 9.a). Both are known from other sites in
Kitrini Limni and elsewhere; see Kremasti-Kilada
(Chondrou 2011.82–83, 106–107; Stroulia, Dubre-
uil 2011), Megalo Nisi Galanis (Stroulia 2002.576),
Kleitos (Chondrou 2020.291–293), Avgi (Bekiaris
2020.4), Makriyalos (Tsoraki 2008.114), Koroneia
(Almasidou 2019.90, 99–100), Franchthi Cave (Stro-
ulia 2010a.35), Alepotrypa Cave (Stroulia 2018a.
206), and Platia Magoula Zarkou (Stroulia in press).

The process of manufacture at Souloukia was nei-
ther comprehensive nor systematic: work faces were
most often created through pecking. Portions not
intended for use, on the other hand, were as a rule
left in their raw state or received localized treatment
in order to facilitate the tool’s gripping/resting or
ensure a specific plan (Figs. 5.b, 6.a and c, 9.a–c).

This manufacturing approach was aided by a raw
material acquisition strategy that favoured cobbles/
boulders with sizes and shapes similar to those of
the intended tools or with portions that could be
strategically incorporated into the final tool shape.
Two examples: the first is a roughout of a passive
tool measuring c. 33x23x5.5cm., with one naturally
flattish surface that could be converted into a work
face with minimal pecking (Fig. 5.a); the second
example – an active tool – measures c. 20x19x
17.5cm, pointing to use with two hands. Its dorsal
face has a naturally ridged shape that must have fa-
cilitated gripping during grinding (Fig. 8.c).

The above strategy expedited manufacture, it did
result, however, in tools with uneven/anomalous
dorsal and peripheral surfaces or asymmetrical plans
(Figs. 5.b, 6.a and c, 8.c, 9.c). Clearly, this was not
considered a sufficiently serious problem to make
the people of Souloukia invest more effort in tool
making. Clearly, saving time and energy took prio-
rity over appearance. A similar attitude is reflected
in the assemblages of other Kitrini Limni sites and

Fig. 7. Passive tools: a concave/concave work face
and longitudinal profile of fragmentary specimen
GS389; b concave/concave work face and sections
of fragmentary specimen GS385. Drawings by T.
Gouliafas, photos by A. Stroulia.

7 The case of Kremasti-Kilada is ambiguous. More than 300 fragmentary specimens without traces of manufacture or use were
excavated, but how many represent unworked raw materials and how many consist of unmodified tool portions we cannot tell
(Stroulia et al. 2017.23).
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beyond, which are also characterized by a low ma-
nufacturing investment and/or non-comprehensive
treatment of the raw materials – see Megalo Nisi Ga-
lanis (Stroulia 2002.576), Kleitos (Chondrou 2020.
291), Kremasti-Kilada (Chondrou 2011.82–83, 106–
107; Stroulia et al. 2017.4), and Makriyalos (Tsora-
ki 2008.114).

Morphometric characteristics
Only 30 (24%) of the Souloukia grinding tools are
complete or nearly so. The vast majority (n=96) are
fragmentary. This imbalance is far from remarkable,
since Aegean Neolithic grinding tool assemblages (at
least those with available preservation information)
are dominated by fragments (see Bekiaris et al.
2020.157–158; Stroulia in press). What is notewor-
thy is the stark contrast between the frequencies of
complete specimens at Souloukia and other Kitrini
Limni sites. As it turns out, at Kremasti-Kilada, Klei-
tos, and Megalo Nisi Galanis, such specimens are ex-
tremely rare, accounting for <4%, 3%, and <1% of
the total, respectively (Chondrou 2011.91–95, 111–

113, 164–165; 2020.290; Fotiadis et al. 2019.31;
Stroulia 2002.576; Stroulia, Chondrou 2013.125–
126; Stroulia et al. 2017.3). The hypothesis of de-
liberate breakage has been put forward for all three
assemblages. The fact that the Souloukia material is
earlier than the other three raises the possibility that
grinding tools were subjected to different treatments
and assigned different dimensions by earlier and la-
ter Neolithic communities in Kitrini Limni.

On the basis of microwear analysis, morphometric
characteristics and/or work face configuration, 63
tools (50%) were identified as passive, 47 (37%) as
active. All identifications refer to primary uses. Due
to fragmentation or surface alteration, it has been
impossible to determine whether the remaining 16
specimens were used passively or actively.

The numerical prevalence of passive tools is intri-
guing. As known from ethnographic sources, active
tools wear out faster and thus have shorter life spans
than passive ones (see Delgado Raack, Risch 2016.

129; Hayden 1987.193; Nixon-
Darcus, D’Andrea 2017.206;
Risch 2008.22; Robitaille 2016.
438). That is why, for example,
among the Minyanka of Mali two
active tools are produced for each
passive one (Hamon, Le Gall
2013.112), while among the Kon-
so, Hamar, Mursi, and Dorze of
Ethiopia each passive tool is used
with two active ones over its life-
span (Robitaille 2016.445; 2021.
240, 546). On this basis, one
would expect the Souloukia as-
semblage to feature precisely the
reverse imbalance, i.e., a higher
proportion of active than passive
tools.

What is even more unexpected,
similar discrepancies between
passive and active tools have
been noted at other Greek sites
such as Alepotrypa Cave (Strou-
lia 2018a.208), Franchthi Cave
(Stroulia 2010a.79–94), Ilioto-
pos (Chadou 2011.134), and Ma-
kriyalos (Tsoraki 2008.Tab.
5.28). They are also known from
other periods or countries; see,
for example, several Neolithic
sites in Serbia (Galdikas 1988.

Fig. 8. Active tools: a concave/convex work face and profiles of frag-
mentary specimen GS97; b concave/convex work face, dorsal face,
and sections of complete specimen GS292; c slightly concave/convex
work face, dorsal face, and profile of complete specimen GS247; d re-
cycled dorsal face and sections of complete specimen GS238. Drawings
by T. Gouliafas, photos by A. Stroulia.
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341; Vu≠kovi≤ 2019. 228), the Greek Bronze Age
site of Toumba Thessalonikis (Tsiolaki 2009.61–62),
certain Pre-Dynastic and Bronze Age Egyptian sites
(Robitaille 2015; Samuel 2010.466), as well as
Bronze Age sites in southern Iberia (Delgado Raack,
Risch 2009.10; 2016.129; Risch 2002.111–127). We
suspect that this is a widespread phenomenon, one
that has been severely underappreciated in the lite-
rature.

Risch and his colleagues attributed the predomi-
nance of passive implements in southern Iberian as-
semblages to the use of unpreserved wooden active
specimens (Delgado Raack, Risch 2009.17; 2016.
139; Menasanch et al. 2002.108; Risch 2002.111–
127). Such a hypothesis does not appear valid for
Souloukia. The microtopography of the work faces
of passive tools points to active counterparts made
of stone. There must be another explanation, and

this will be discussed later in
this work.

The Souloukia passive tools
are typically elongated. Their
plans are subrectangular, sub-
trapeze, or ovate, with occa-
sional subsquare or elliptical
cases (Figs. 5–7). Active tools
are also elongated, with sub-
rectangular, ovate, and, more
rarely, subtrapeze, subsquare,
or subtriangular plans (Figs.
8–9).

The eleven complete (or near-
ly so) passive specimens range
from c. 23 to 45.5cm in le-
ngth, from c. 15.5 to 28.5cm
in width, and from c. 4.5 to
17.5cm in thickness, averag-
ing c. 31cm, 19cm, and 7.7cm,
respectively. The 52 frag-
ments average c. 23.5cm in
length, 17cm in width, and
7.5cm in thickness. The aver-
age length of the complete
specimens is slightly over
the standard limit of 30cm
between small and large spe-
cimens. This may lead to the
general conclusion that the
Souloukia passive tools were
of moderate size. However,
the average length of the

many more incomplete specimens is relatively high
– an indication that most tools were originally large.
This hypothesis is reinforced by the fact that quite
a few of the fragments represent half or less of the
complete tool, as well as by the high mean width
and thickness of the fragmentary specimens in gene-
ral. On this basis, we would argue that the Soulou-
kia assemblage includes several small (mostly com-
plete) passive specimens, but large ones make up
the majority (Figs. 5–7).

The picture conveyed by the active tools is more
straightforward. The 17 complete specimens are
clearly large. They range from c. 16 to 30cm in
length, from c. 10.5 to 19cm in width, and from c.
4.5 to 9cm in thickness, averaging c. 23cm, 15cm,
and 6cm, respectively. With respective averages of
c. 15cm, 12cm, and 6cm, the 30 fragments appear
to derive from equally big tools. With one possible

Fig. 9. Active tools: a concave/convex work face, dorsal face, and sections
of complete specimen GS257; b concave/convex work face, dorsal face,
and longitudinal profile of complete specimen GS254; c concave/convex
work face, dorsal face, and sections of complete specimen GS289; d con-
vex/convex work face and transverse profile of fragmentary specimen
GS316. Drawings by T. Gouliafas, photos by A. Stroulia.
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exception, we consider all active specimens to have
been two-handed (Figs. 8–9). The combined metric
data of all specimens (passive and active, complete
and incomplete) suggest that the grinding toolkits
employed by the residents of Souloukia were for the
most part large.

The active tools could have been used in conjunc-
tion with large passive implements such as those
found. Active specimens that would have been com-
patible with the identified small passive ones, on
the other hand, appear to be missing. This is a sec-
ond discrepancy between passive and active tools.

Given their large sizes, it is tempting to assume that
the active implements operated in an overhanging
manner. However, both macroscopic and microsco-
pic examination suggest that, as a rule, their length
was roughly similar to or slightly higher than the
width of the associated passive tools. Specimens
whose length substantially exceeded the width of
their passive counterparts are not common in this
assemblage. Overhanging specimens have been re-
ported from Kleitos (in Kitrini Limni), Ayios Vlasis,
Stavroupoli, and Dikili Tash (Chondrou 2020.293–
294; Chondrou et al. 2021.6–9). It is, however, un-
clear whether these tools were slightly or substan-
tially longer than the width of the associated passive
tools.

Given that a number of passive and active speci-
mens weigh over 7kg and 4kg, respectively, it is
also tempting to assume that at least some of the
Souloukia grinding toolkits were fixed in place. How-
ever, no grinding installations were uncovered by
the excavators. In fact, such an assumption projects
to the past our Western modern relationship with
heavy objects. The relationship of prehistoric peo-
ple with such objects may have been different, as
illustrated by ethnographic examples from Ethiopia.
Among the Dorze, passive tools weighing 11–25kg
are regularly moved from their storage location in-
side the house to the yard of the compound where
they are used. The Hamar passive tools range in
weight from 8 to 60kg. The heaviest among them
remain inside the house, but the lighter ones are
often moved between indoor and outdoor areas. In
most cases, tools are transferred on a daily basis.
Other movements are periodical, depending on the
season, the substances to be processed, or the con-
text of use of the ground product. With certain ex-

ceptions, the tools do not leave the boundaries of
the compound. The exceptions refer to special occa-
sions. Among the Mursi and the Hamar, tools are
taken to farther locations for processing large quan-
tities of grain in a group context. The processed grain
is then used to make beer for weddings or other fes-
tive events (Robitaille 2021.181; see also Hamon,
Le Gall 2013.117).

We close this section with the overall sizes of Neoli-
thic Aegean grinding tools. General claims have been
made about “the predominance of milling tools of
relatively limited dimensions in many…sites”
(Chondrou et al. 2018.37; see also Valamoti et al.
2013.171, 184). We disagree with this characteriza-
tion and consider it to be a misconception shaped
by high rates of fragmentation. Our examination of
the sizes of both complete and fragmentary speci-
mens has revealed a more nuanced picture. Some
Neolithic assemblages include both small and large
specimens; see Servia (Mould et al. 2000.146–155),
Stavroupoli (Alisøy 2002), and Platia Magoula Zar-
kou (Stroulia in press). Others comprise primarily
small tools; see Franchthi Cave (Runnels 1981.101;
Stroulia 2010a.37–38) and Lerna (Banks 2015.184;
Runnels 1981.101). Yet others, like Souloukia, ap-
pear to include primarily large specimens; see Kre-
masti-Kilada (Stroulia et al. 2017.4; observation by
Stroulia) and Alepotrypa Cave (Stroulia 2018a.204,
208–209).88

With its earlier Neolithic date, the Souloukia assem-
blage demonstrates that the use of large-sized grind-
ing tools was not a later development. Rather, such
implements were a part of the material culture of
the first sedentary communities established in the
Aegean. What is more, the four largest specimens
from Souloukia (Fig. 5.b–c)99 are among the most
massive known from Neolithic Greece (for examples
from Kitrini Limni and elsewhere, see Chondrou
2011.83–84; Mould et al. 2000.150; Stroulia et al.
2017.4; Touloumis 2002.108–109). Not only did
early Aegean farmers have grinding tools of large
dimensions, they had some of the largest ones yet
found.

Morphofunctional characteristics
The Souloukia tools typically have only one work
face. There are nine exceptions to this rule. Two pas-
sive (3%), five active (11%), and two indeterminate
specimens have two parallel or diagonal work faces

8 See also Bekiaris et al. 2020.154.
9 They measure 45.5x21x17.5cm, 42x28.5x20cm, 41x28.5x9cm, and 40x19.5x7cm.
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with similar or different configurations. These num-
bers do not include tools with localized use wear
on the dorsal face (see below). The scarcity of dou-
ble work-face specimens indicates that creating two
work faces was not a common means for prolonging
a tool’s use life at Souloukia. The higher percentage
of active tools with two work faces, on the other
hand, suggests that these were considered more ap-
propriate for use with both faces than passive ones.

Regarding other Kitrini Limni assemblages, the si-
tuation varies. Double work-face tools are rare at
Kleitos (Chondrou 2020.299), but more common at
both Kremasti-Kilada (Chondrou 2011.74–113;
Stroulia et al. 2017.4) and Megalo Nisi Galanis
(Stroulia 2002.576). Since all sites are found in the
same region, the variation cannot be attributed to
differences in raw material availability and accessi-
bility, and instead possibly reflects individual or cul-
tural preferences (see also Robitaille 2021.815).
Whatever the case, a similar variation characterizes
the Aegean as a whole. For example, specimens with
two work faces account for roughly a quarter of the
assemblage at Makriyalos (Tsoraki 2008.91, Tabs.
5.14 and 5.24), but close to 60% at Alepotrypa Cave
(Stroulia 2018a.207, 209). There is a constant in
the midst of this variation, however. Among tools
with two work faces, active ones always represent
the majority.

As documented by use wear analysis, the Souloukia
grinding tools functioned in a reciprocal fashion.
None was used in a circular/elliptical manner, even
though such a suspicion was initially raised for a
couple of roughly square or elliptical passive tools
whose work face is concave along both axes. Use
wear analysis, macroscopic examination, and/or
morphometric characteristics of specimens from
sites, such as Kremasti-Kilada (Chondrou 2011.95–
96; Stroulia et al. 2017.4), Kleitos (Chondrou et al.
2018.31; Chondrou 2020.293), Avgi (Bekiaris 2018.
230, 243), Makri (Bekiaris 2007.45), Makriyalos
(Tsoraki 2008.98–100), Koroneia (Almasidou 2010.
100), and Franchthi Cave (Stroulia 2010a.40–46),
indicate that use in a back and forth manner was
typical not only in Kitrini Limni but Greece in gene-
ral (see also Bekiaris et al. 2020.143–144).

Due to fragmentation, it has not been possible to se-
curely identify the configuration of the work faces
of all the Souloukia specimens. That said, a variety of
configurations have been identified. Opposed work
faces may or may not have the same shape.

Most commonly, the work faces of passive tools are
concave both longitudinally and transversally (or
concave/concave). At least 30 such specimens (48%)
were identified (Figs. 5.b, 6–7). In this respect, the
Souloukia assemblage appears to be atypical. No
other assemblage from Kitrini Limni exhibits a pre-
ponderance of concave/concave passive tools; see
Kleitos (Chondrou 2020.293–294), Kremasti-Kilada
(Chondrou 2011.85–88; observation by Stroulia),
and Megalo Nisi Galanis (observation by Stroulia).
With a couple of exceptions, the same is true for as-
semblages from other sites, such as Franchthi Cave
(Stroulia 2010a), Makriyalos (Tsoraki 2008.99), Ilio-
topos (Chadou 2011.73), Platia Magoula Zarkou
(Stroulia in press), Dispilio (Ninou 2006.28–56),
and Apsalos (Ninou 2006.72–90). The exceptions re-
fer to the assemblages of Avgi (Bekiaris 2018.228)
and Alepotrypa Cave (Stroulia 2018a.207).

Nineteen of the Souloukia passive tools (30%) have
a work face that is concave longitudinally but con-
vex transversally (or concave/convex) (Fig. 5.c–d).
This is the second most frequent configuration
among passive specimens. Both concave and con-
vex curvatures can be only slight. Concave/convex
specimens tend to be larger than concave/concave
ones. Regarding other Kitrini Limni sites, con-
cave/convex passive tools represent the majority at
Kleitos (Chondrou 2020.293–294) but are rare at
Megalo Nisi Galanis (observation by Stroulia). Like-
wise, in the Aegean in general such tools are com-
mon at some sites (see Platia Magoula Zarkou: Strou-
lia in press), less common at others (see Avgi: Be-
kiaris 2018.228), and nearly absent at others still
(see Makriyalos: Tsoraki 2008.Tab. 4.39).

Lastly, four of the Souloukia passive tools have work
faces that are convex along both axes (or convex/
convex). This is an odd configuration and we can
only hypothesize that these specimens were used a
posteriori, the convexity representing the natural
shape of the raw material.1100

According to established typologies as well as ethno-
graphic and experimental data, passive tools with
concave/concave work faces are compatible with
active tools whose work faces are convex/convex.
Passive tools with concave/convex faces, on the
other hand, are compatible with active tools that are
also concave/convex (e.g., Delgado Raack, Risch
2009.7; 2016; Lidström Holmberg 2004.213; Risch
2008.20; Robitaille 2016.443; Stroulia et al. 2017.
19).

10 For some Copper Age Iberial parallels, see Risch 2008.20.
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Given the higher ratio of concave/concave vs. con-
cave/convex passive tools at Souloukia, one would
expect a concomitant higher ratio of convex/con-
vex vs. concave/convex active specimens. Yet this is
not the case: concave/convex active specimens sur-
pass convex/convex ones by a ratio of 2.5 to 1. There
are, moreover, three active tools with flat/flat work
faces. These would have been compatible with pas-
sive flat/flat tools. No such specimens have been
identified, however. The discrepancy between pas-
sive and active tools regarding work face configura-
tions is as intriguing as those mentioned above with
respect to numbers and sizes. More about this later,
but it is worth noting that a discrepancy regarding
work face shapes has also been noted in the assem-
blage of Alepotrypa Cave (Stroulia 2018a.209).

We close this section with two more morphofunctio-
nal features referring to active and passive tools, res-
pectively.

❶ A small number of active tools are characterized
by a wedge-like transverse section – the result of dif-
ferential wear between the proximal and distal sides
(Fig. 9.c). A similar configuration has been noted at
Kremasti-Kilada (Chondrou 2011.108; Stroulia et
al. 2017.4) and Kleitos (Chondrou 2020.295). In the
literature, this uneven wear has been mainly inter-
preted as the result of application of extra pressure
on the proximal side of the tool during grinding
(Adams 2014.114; Bartlett 1933.11–16; Stroulia et
al. 2017.17–18).1111 To avoid the negative effect of
this unevenness on the tools’ use lives, Hopi grin-
ders traditionally employed a specific wear manage-
ment strategy as they periodically rotated their ‘ma-
nos’ so that the proximal side became the distal one,
and vice versa (Bartlett 1933.15–16). Clearly, such
a strategy was not used for the wedge-like Souloukia
active tools. Yet it may have been popular among
the Souloukia grinders, or so is suggested by the lack
of a wedge-like configuration among the majority of
active tools.

❷ The work face of a handful of passive tools exhi-
bits a very strong longitudinal angle (Figs. 5.d, 7).
We assume that highly inclined gravels were delibe-
rately selected. The rationale behind this choice re-
mains elusive, however. We are not aware of such
passive specimens from other Greek Neolithic sites,
and if they exist, they are rare.

Processed materials
Before discussing the substances processed with
grinding tools at Souloukia, we should note the fol-
lowing:

❶ Although almost all specimens were subjected to
traceological analysis, microwear was identified on
roughly half (n=59 or 47%). The microwear discus-
sed in this section resulted from primary uses (for
that pertaining to secondary functions, see next sec-
tion).

❷ The series of experiments conducted in conjunc-
tion with use wear analysis involved: grinding free
threshing wheat (both dry and parched); dehusk-
ing emmer wheat and subsequently grinding the
clean grain; dehusking hulled barley and subse-
quently grinding the clean grain; grinding lentils
(both dry and soaked); grinding dry and parched
chickpeas; grinding acorns. All these experiments
were carried out with the same gneiss grinding tool-
kit. The last two experiments – abrading a piece of
stone and a bovine femur – involved the passive
component of the toolkit only.

❸ Thirteen grinding tools (six passive, six active,
and one indeterminate) were subjected to residue
analysis. In eight cases, very few or no phytoliths
were detected (Ögüt 2018). A low amount of phy-
toliths may be the result of prehistoric cleaning or
a non-plant related use. The first hypothesis is like-
ly for five of these specimens, which according to
use wear analysis were used for plant processing.
The second hypothesis is plausible for two speci-
mens with use wear associated with an unspecified
abrasive but flexible material. None of these hypo-
theses could be evaluated for the eighth specimen,
whose use wear remains undetermined.

❹ The excavations yielded a large quantity of char-
red macrobotanical remains, only a small sample of
which has so far been analysed. The sample is do-
minated by cereal remains – a reflection of the im-
portance of cereal cultivation, processing, and con-
sumption at the site. Four cereal varieties have been
identified: einkorn wheat (Triticum monococcum),
emmer wheat (Triticum dicoccum), ‘new’ glume
wheat type, and hulled barley (Hordeum vulgare).
A very high proportion of the assemblage consists of
glume wheat chaff, presumably the by-product of de-
husking. Whether the chaff was burnt in the context

11 But see Chondrou (2020.295), who considers the wedge-like transverse sections of active tools at Kleitos as the result of specific
raw material choices and/or design.
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of accidents or utilized as fuel is impossible to tell.
Pulses are present in low proportions, with lentils
(Lens culinaris) being the most common. Fruits,
such as cornelian cherry (Cornus mas), are also re-
presented in very small amounts, while wild/weed
species (Chenopodium sp. and Polygonum avicula-
re) occur very sporadically.

The cereal dominance noted among macrobotanical
remains is mirrored in the results of use wear ana-
lysis. Over 75% of tools with identifiable microwear
show traces compatible with processing cereals –
dry emmer and barley, to be more specific (Fig. 10.a
and b). Five of these specimens were subjected to re-
sidue analysis. Of these, the phytoliths found on the

Fig. 10. Use wear views of work faces of specific tools at 100x and 200x magnifications (metallographic
microscope): a GS252, use wear that appears consistent with cereal grinding; b GS268, use wear that
appears consistent with cereal grinding; c GS292, use wear that appears consistent with grinding of wet
(possibly soaked) lentils; d GS288, use wear resulting from processing an undetermined flexible but
abrasive material; e GS285, use wear that appears consistent with grinding dry dirt or clay. Photos by J.
Robitaille and A. Stroulia.
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work faces of four also suggest a cereal-related func-
tion (Fig. 11). However, differences in the propor-
tions of weathered and multicellular morphotypes
lead us to suggest that two were used for grinding,
while the other two may have been used for de-
husking.1122 The morphotypes found on the work face
of the fifth specimen were too weathered to allow a
determination of the processed plants (Ögüt 2018).
At any rate, it appears that cereals were processed on
passive tools with work faces of all configurations
(concave/concave, concave/convex, and convex/con-
vex). The active tools used for these tasks are both
concave/convex and convex/convex. Clearly, there
is no association between cereal grinding and a spe-
cific toolkit type.

Judging from the results of traceological analysis of
specimens from other sites – e.g., Kremasti-Kilada,
Kleitos, Ayios Vlasis, Stavroupoli, and Dikili Tash
(Chondrou et al. 2021; Stroulia, Dubreuil 2011.3)
– cereal processing may have been the dominant
function of grinding tools in both Kitrini Limni and
the Aegean as a whole. As a rule, clean grain was
ground. Only a few specimens from Ayios Vlasis,
Stavroupoli, and Dikili Tash carry evidence of hulled
grain grinding. However, an association with de-
husking was proposed with a reasonable degree of
confidence for only a couple of specimens from Ayios
Vlasis. In all other cases it was not possible to as-
sess whether the end goal of grinding was dehusk-
ing or the production of a fibrous meal that may or
may not have been later subjected to some kind of
cleaning (Chondrou et al. 2021.7–9; see also Proco-
piou 2003.23–33). Either way, the available data
suggest that in Neolithic Greece grinding tools were
not typically used for dehusking. Given the perva-
siveness of chaff (Valamoti 2010) and the paucity
of (suitable) stone mortars (Bekiaris et al. 2020.
144; Stroulia 2020.5), it can be assumed that this
task was carried out by pounding grains on wood-
en mortars or with other ethnographically known
methods that would leave no archaeological signa-
ture under ordinary taphonomic conditions (see Da-
vid 1998.25–28; D’Andrea, Mitiku 2002.204; Hil-
lman 1984.129–131; Peña-Chocarro, Zapata 2003.
107–110; 2014.230–231; Robitaille 2021.241–242).

The use wear of a handful of Souloukia specimens
appears compatible with that produced by the ex-
perimental grinding of wet (probably soaked) lentils
(Fig. 10.c). Four are active with concave/convex or

convex/convex work faces, and one is passive with
a concave/concave work face, suggesting a lack of
differentiation between the toolkits employed for ce-
real and pulse processing.

While known for some time for Bronze Age Cycla-
des (Sarpaki 2001.32), legume grinding was docu-
mented only recently for prior time frameworks
through use wear analysis of later Neolithic tools
(Chondrou et al. 2021.2). The Souloukia findings
now extend Aegean pulse flour production farther
back, to the earlier part of the Neolithic, as do the
new findings from the neighbouring site of Mavro-
pigi-Fillotsairi (Ninou forthcoming).

Use wear analysis of four tools points to grinding
a flexible but abrasive material (Fig. 10.d). Residue
analysis carried out on two of these specimens de-
tected a minor amount of phytoliths, raising the pos-
sibility of a use unrelated to plants (Ögüt 2018). All
tools are passive, with work faces that are concave/
concave or concave/convex. What was processed on

Fig. 11. Cereal phytolith silica skeletons from pas-
sive grinding tool GS309. Photos by B. Ögüt.

12 Regarding dehusking, the results of use wear analysis were inconclusive. The possibility that the same work faces were used
for both grinding and dehusking cannot be ruled out.
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these tools will hopefully be clarified through fur-
ther experimentation.

No use wear compatible with acorn processing has
been detected on the Souloukia tools. Danai Chon-
drou et al. (2021.5) reported Greek Neolithic speci-
mens with microwear consistent with processing of
‘greasy’ substances, but whether the term refers to
nuts, oily seeds, or both has not been clarified.

The Souloukia tools yielded no evidence of pigment
processing either. In this sense they appear to follow
a more general pattern. The association of grinding
tools with pigment is relatively uncommon in the
Neolithic Aegean. For some reported specimens, see
Makri (Bekiaris 2007.45), Theopetra Cave (Kyparis-
si-Apostolika 1996.68), Stavroupoli (Alisøy 2002.
573), Dikili Tash (Séfériadès 1992.91), Avgi (Bekia-
ris 2018.229–232, 244), Makriyalos (Tsoraki 2008.
95, 98), and Drakaina Cave (Bekiaris in prepara-
tion).

To conclude, the Souloukia grinding tools were pri-
marily meant for processing foodstuffs. This is pre-
cisely what is expected on the basis of ethnographic
data (e.g., Bartlett 1933.3; Hamon, Le Gall 2013.109;
Nixon-Darcus, D’Andrea 2017.193; Robitaille 2016.
433; 2021.773; Roux 1985.34–38; Searcy 2011.1).

Reuse, recycling, use intensity
With one uncertain exception, there is no evidence
of redesigning among the Souloukia grinding tools.
The assemblage, nevertheless, includes 27 specimens
(21%) with traces of reuse and recycling. The term
‘reuse’ refers here to similar uses of different parts
of a tool, while ‘recycling’ refers to different uses of
the same tool. Only one tool carries firm evidence of
reuse. It is active with two work faces, both of which
show wear consistent with cereal grinding. A large
portion of the tool is missing, but the two faces ap-
pear to have different configurations – possibly a re-
flection of use with different passive work faces or
kinematics.

Firm evidence of recycling has been identified on
many more tools. Most (n=13) are passive. We have
distinguished three varieties of recycling among pas-
sive tools. In none did recycling entail an active
function. In the first and most common variety, the
face which served the primary use was also involved
in recycling. There are several combinations. In the
most frequent among them, a work face was used
first for grinding and later (only locally) for abrad-
ing (five instances). Other combinations are rarer,

each typically represented by a single specimen:
grinding an undetermined substance followed by (a)
grinding a flexible but abrasive material; (b) grind-
ing an unspecified soft material; (c) grinding dry dirt
or clay (Fig. 10.e); (d) percussion. The last case in-
volves the largest specimen in the assemblage
(weighing over 25kg). Percussion took place in two
stages, resulting in a larger, roughly ovate, concave
area and an overlapping smaller, deeper, more cir-
cular area. Unfortunately, microwear was not pre-
served, leaving the precise use/s of these areas un-
determined. Given their shallowness and the lack
of clear borders, however, cereal dehusking is un-
likely. In the second variety, the primary use involv-
ed one work face, recycling another. This variety is
represented by two specimens: in the first, one of
the work faces was used for cereal grinding, the
other for processing a flexible but abrasive materi-
al; in the second, the work face was used for grind-
ing an unspecified substance, the dorsal one for ab-
rading. The third variety blends the previous two,
with recycling involving both the work and dorsal
faces. It is represented by a single specimen: its work
face was used first for grinding and then (locally) for
abrading, while the dorsal face was used for (localiz-
ed) abrading as well (Fig. 6.a).

Seven active specimens were recycled. In all cases,
recycling consisted of a double conversion of an ac-
tive grinding tool to a passive abrading one. In all
but one case, both primary and secondary uses in-
volved a single face (Fig. 8.b). In the exception, pri-
mary and secondary uses were carried out by the
work face and dorsal face, respectively (Fig. 8.d).

Finally, one of the indeterminate passive or active
specimens was first used for cereal grinding and
then for abrading with the same face.

Determining the abraded material was not possible
in all cases. When it was, use wear was associated
with bone or wood processing. No evidence of stone
abrasion was identified.

Generally speaking, the recycling of several grind-
ing tools at Souloukia into abrading implements sug-
gests a certain flexibility on the part of the users re-
garding the two categories. That most cases of recy-
cling involve such a conversion suggests that this
was considered an appropriate use life trajectory for
grinding tools. The fact, moreover, that most of the
grinding tools used for abrading are complete and/or
relatively thick indicates that recycling was not typi-
cally associated with breakage or exhaustion. Rather
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the choice was made to divert some perfectly good
grinding tools to abrading usages. The infrequent se-
condary use of active specimens for passive grinding
and the complete absence of the reverse type of re-
cycling, on the other hand, indicate that passive and
active grinding implements were largely conceived
as different categories. Finally, that only one grinding
tool was used in a percussive manner suggests that
grinding and pounding functions were largely per-
formed by different tools, and therefore grinding
and pounding implements were conceived as distinct
categories as well.

Not only do grinding tools exhibit a relatively low
rate of reuse and recycling, but they were also used
less than expected. This is well illustrated in both the
thickness range (3.1–20cm) and average (6.9cm).1133

Schön and Holter (1990.362–363) reported that
among the Mahria of Sudan, a passive tool is consi-
dered useless “when it is thinner than 1cm, i.e.,
when a hole appears”. Active tools “become useless
when they … get too thin, i.e. become barely 3cm
or less in the middle and measure only a few milli-
metres at the edges”. Writing on Guatemalan tools,
Michael T. Searcy (2011.103) noted that: “It was not
uncommon to see manos that were extremely thin
(around 3cm), leaving the woman grinding only
enough stone on the edges to hold with her finger-
tips”. If the Souloukia grinders had similar degrees
of tolerance and similar ideas about the limits of
their tools as their ethnographic counterparts, then
none of the specimens can be considered exhausted.
However, the situation is slightly more nuanced, as
explained below.

Both the thickness range and average of the Soulou-
kia specimens mentioned above refer to maximum
measurements. However, minimum thickness is in-
formative about use intensity and exhaustion, too.
A handful of passive tools have a high maximum
thickness but a very low minimum one. In fact, these
specimens are broken in the area of minimum thick-
ness. We consider these to be worn out (Fig. 5.d, 6.d).

If thickness offers a way to assess tool exhaustion, it
is not the only one. The degree of concave curvature
can also serve as an exhaustion indicator, at least in
passive tools. According to Roux’s ethnoarchaeolo-
gical study in Mauritania, reciprocally operating pas-

sive tools with unrestricted work faces are discard-
ed when reaching a depth of 4–5cm since they are
not comfortable to use (Roux 1985.57). A compa-
rable limit has been noticed by Jérôme Robitaille
(2021.398–399) among the Hamar of Ethiopia who
discard or recycle their passive tools when the work
faces become 4–7cm deep. On this basis, two Sou-
loukia tools with work faces deeper than 4cm can be
considered as exhausted, too (Fig. 6.b). However,
another Ethiopian group provides a note of caution:
some of the passive implements used by the Konso
are 25–30 cm deep. These tools are passed from ge-
neration to generation, their use lives reaching up
to a hundred years (Robitaille 2021.Appendix 138–
142) (Fig. 12).

Be that as it may, the vast majority of grinding tools
at Souloukia were abandoned long before the end
of their use lives. Why this is so is a question that
will be addressed when the study of the stratigra-
phy, features, and other finds is completed, and the
assemblage is viewed in the context of the site oc-
cupation as a whole. What we can say for the mo-
ment is that a similar conclusion was reached with
respect to the assemblage from Kleitos (Chondrou
2020.300–301). Indeed, as a rule, Greek Neolithic
assemblages are not dominated by exhausted tools.
For a couple of exceptions, see Dikili Tash and Ayios
Vlasis (Chondrou, Valamoti 2021. 68).

Spatial distribution, processes of discard
All six abrading tools, 45 grinding tools, three pos-
sible roughouts, and 15 unmodified pieces of raw
material derive from the main residential area of the
settlement.1144 Forty percent of the tools are complete
or nearly so (15 grinding and three abrading tools).
These were not found in association with the sub-
stances and objects they processed or (in the case
of grinding implements) as parts of toolkits. The ma-
jority were likely not in situ. Both this and the ab-
sence of joining fragments suggest a certain post-use
or post-breakage1155 movement of tools around space.
This hypothesis is supported by the fact that a cou-
ple of fragments were converted into building mate-
rials, while another ended its biography in a pit.

However, the largest portion of the assemblage (al-
most 60%) was excavated outside the main residen-
tial area. This material comprises 81 of the grinding

13 These numbers refer to both complete and fragmentary specimens.
14 Whether they come from house interiors or open areas is unclear since the analysis of the excavated features and stratigraphy

is pending.
15 As appealing as it may be, the hypothesis of storage of complete grinding tools in-between use episodes is not satisfactory, since

it raises the question as to why only one component of the toolkit was stored away.
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tools (64%), one roughout, as well as 17 gneiss gra-
vels and one tabular sandstone piece without traces
of manufacture or use – a total of 100 specimens.
Notably, fifteen of the grinding tools are complete,
representing half of all the complete specimens
found at the site. Equally significant, grinding tools
make up the only macrolithic type with a higher re-
presentation in the non-residential sector. Abrading
tools, celts, hammerstones, and so on were exclusi-
vely or primarily found in domestic contexts.

Even more remarkably, most of the extra-residen-
tial grinding tools (n=63), along with several un-
worked gneiss cobbles and boulders, derive from
an area measuring c. 300m2 and located about 40m
away from the house remains. These specimens were
found in no particular arrangement, along with
sherds, a substantial number of quartz pieces, a few
figurine fragments, a concentration of rocks, as well
as masses of clay probably from a small structure
(Figs. 2.f, 13). Residue analysis of soil samples from
this area detected a significantly lower density of
phytoliths than those found on the tools (Ögüt 2018),
arguing against the in situ use of these specimens.

This hypothesis is reinforced by both the extremely
high tool density in this area as well as the lack of
a match between the work face configurations of
passive and active specimens (most of the former are
concave/concave, while most of the latter are con-
cave/convex). More likely, these implements were
transferred to this spot after utilization somewhere
else. In fact, general differences in the characteristics
of phytoliths identified on the tools and the control
soil samples appear to indicate that these tools were
amassed not at once, but gradually, over a period of
time (Ögüt 2018). Where these specimens originat-
ed, we cannot tell for sure. Yet we consider the resi-
dential area as the most likely candidate, especially
given the aforementioned indirect evidence of post-
use and post-breakage movement of tools.

We do not know why this material would have been
taken out of the residential space. However, the hy-
pothesis that this area served as a locus of discard
for broken or worn-out grinding implements should
be ruled out, since this assemblage includes roughly
ten complete specimens, none of which is exhausted.
Nor is the provisional storage of tools with the inten-
tion of future reuse/recycling in the domestic arena
(see Tsoraki 2008.143) a better explanation, since
this assemblage includes several recycled specimens.

Be that as it may, the movement of material outside
the residential area is not new in Aegean Neolithic
archaeology. It is known, for example, from Krema-
sti-Kilada, a site in the Souloukia neighbourhood
where massive quantities of artefacts, animal bones,
building material, and so on were found within
roughly 460 non-residential pits (Chondrou 2011.
52; Chondroyianni-Metoki 2009.387–389; 2020.54–
56; Stroulia 2010b.63; Stroulia, Chondrou 2013.
109; Stroulia et al. 2017.2–3). It is also known from
Makriyalos, a site farther east in Macedonia, where
enormous amounts of material were deposited into
a huge negative feature known as Pit 212 (Pappa et
al. 2004.84; Tsoraki 2008.126, 135). Macrolithics,
and grinding tools in particular, feature prominent-
ly in both deposited assemblages. Both Kremasti-Ki-
lada and Makriyalos are later than Souloukia, but
the combined evidence from all three sites possibly
suggests that the transfer of material to areas outside
the residential space took place at a small scale in
the earlier phases of the Neolithic, but intensified in
the later ones.

Moving perfectly usable tools out of domestic con-
texts may have not been enough for the people of
Souloukia. The fact that the extra-residential concen-

Fig. 12. Passive tools with very concave work faces
used by Konso women in Ethiopia. Photo by J. Robi-
taille.
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tration contains 66% of all active specimens but 51%
of the passive ones raises the suspicion of an extra
layer of manipulation. If our suspicion is correct, ac-
tive and passive tools were treated differently, or to
be more specific, the former were targeted for trans-
fer more often than the latter. Why Souloukiotes
would engage in such behaviour is anyone’s guess,
but if they did, they may have also moved active
tools to other portions of the site that remain unex-
cavated. That would explain both the discrepancy
between the numbers of passive and active speci-
mens and the mismatch between their sizes and
work face configurations mentioned above.

The differential treatment of passive and active tools
is unexpected in light of the practical complemen-
tarity of the two implements. As stated by Cecilia
Lidström Holmberg (2004.226), grinding toolkits re-
present “dual objects with two parts that continu-
ously construct each other”. It is also striking in
light of ethnographic evidence that underscores the
symbolic complementarity of the two grinding com-
ponents. Among the Bemba of Zambia and the Hopi
of the US Southwest, the relationship between a
passive tool and an active one was used as a meta-
phor for the relationship between male and female
identities and roles (Lidström Holmberg 2004.227),
while among the Mursi of Ethiopia (Robitaille 2016.
434), the Minyanka of Mali (Hamon, Le Gall 2011.
27), and the Zapotec of Mexico (Lidström Holmberg
1998.134; 2004.228), it is/was used to convey the
close link between a mother and a
child. According to the Mursi in parti-
cular, “the handstone must rest well
on the grinding slab, just as a baby
does on its mother’s back” (Robi-
taille 2016.434, Fig. 3) (Fig. 14).1166

Unexpected as a differential treat-
ment of passive and active tools may
be, unequivocal evidence for such
behaviour has been identified at ano-
ther Kitrini Limni site. According to
Chondrou (2020.302–303), all but
one of the specimens found inside
pits at Kleitos (I) are passive. Com-
parable patterns are known from
two sites beyond Kitrini Limni. At
Stavroupoli, one of the pits included
mostly passive tools, while another
featured primarily active ones, indi-

cating a certain “structuring of how and where ma-
terial was deposited” (Alisøy 2002.581–582). At Ma-
kriyalos, the passive specimens found within Pit 212
outnumber active ones by a ratio of c. 6:1 (Tsoraki
2008.143, Tab. 6.28).1177

This phenomenon deserves systematic comparative
study, but at this point we would like to point out
three differences between Souloukia and these three
sites. The first has to do with the state of preserva-
tion of the tools subjected to differential treatment.
While at the other sites almost all specimens are
broken, at Souloukia some are fragmentary, others
are not. The second difference has to do with the
features from which these tools were recovered.
While at the other sites they were found in nega-
tive features, at Souloukia they were not. The third
difference has to do with time. While the other sites
date to the later Neolithic, Souloukia belongs to the
earlier Neolithic. The significance of these differences
remains to be investigated, but for the moment we
would like to suggest that Kitrini Limni was the lo-
cus of selective grinding tool deposition in both the
earlier and the later part of the Neolithic.

Epilogue

Despite the recent dramatic growth of Aegean ma-
crolithic studies, very little is known about materials
from the earlier part of the Neolithic. Our study of
the grinding and abrading tools from the site of Pon-

Fig. 13. Partial view of concentration of grinding tools and un-
worked gravels in the non-residential sector of the site. Photo by
A. Chondroyianni-Metoki.

16 For a different perspective, see Chondrou (2020.303).
17 For a few non-Greek examples of a differential treatment of passive and active tools, see Lidström Holmberg (2004.222, 229–

230).
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tokomi Souloukia, in the Kitrini Lim-
ni Basin, represents an attempt to
address this gap.

By integrating systematic macrosco-
pic examination, use wear and resi-
due analysis, as well as macrobota-
nical, experimental, contextual, and
ethnographic data, we explored these
tools’ raw materials, technomorpho-
logical characteristics, and functions,
discussed their spatial distribution,
and shed light on the ways they
were conceived by their producers
and users.

The assemblage includes a small
number of abrading tools. All are a
posteriori and mostly of fine-grain-
ed sandstone obtained from a regio-
nal source. According to traceological analysis, wood
and bone are the two materials processed with these
tools. No evidence of stone processing was identi-
fied, but the several dozen celts excavated from the
site hint at the presence of unrecovered abrading
implements, perhaps close to sources of water.

The number of grinding tools is much higher, com-
prising over a hundred specimens. These were made
of gneiss (another regional material) in a manner
that was far from involved. Most were used in pro-
cessing foodstuffs, cereals being the most common.
A number were used for abrading purposes in the
context of recycling. Generally speaking, grinding
tools were not used as intensely as one would ex-
pect given the substantial masses of raw material
they represent. Our study, moreover, pointed to dis-
crepancies between the numbers and configurations
of passive and active specimens that possibly result-
ed from differential discard processes.

Throughout this paper, comparisons were made with
other sites in the area and elsewhere in an attempt
to place the Souloukia assemblage in both a region-
al and a broader Aegean framework. These compa-
risons revealed, for example, that: similar abrading
tools of similar material were employed at various
sites of the Kitrini Limni basin; sites located at diffe-
rent parts of the basin used the type of gneiss that
could be found in the nearest sources; the high pro-
portion of concave/concave passive tools noted at
Souloukia is not known from other Kitrini Limni as-
semblages and is extremely rare in Neolithic Greece
as a whole; and the deposition of substantial amounts

of material in non-residential areas at Souloukia pa-
rallels that known from a few later Neolithic sites in
Kitrini Limni and elsewhere.

For the most part, these comparisons refer to later
Neolithic assemblages. The one with which we close
this paper references earlier assemblages, offering
some insights into the roles of grinding tools in the
context of the first Aegean agropastoral communi-
ties. While sufficient data for a meaningful and sys-
tematic assessment of the morphometric, techno-
functional, and contextual characteristics of the few
known earlier Neolithic assemblages is for the most
part missing, basic information about the sizes of
some of them is available. It thus appears that at cer-
tain sites – e.g., Achilleion (Winn, Shimabuku 1989.
268), Sossandra (Georgiadou 2015.42–43), Revenia
Korinos (Besios, Adaktylou 2004.363), and Ayios
Vlasis (Bekiaris et al. 2020. 145) – grinding tools
were common as they were at Souloukia. At other
sites – e.g., Mavropigi-Fillotsairi (Ninou et al. in
press), Paliambela Kolindros (Tsartsidou, Kotsakis
2020.11), and Prodromos (Moundrea 1975.92–99)
– they were rare. The paucity of grinding imple-
ments cannot be considered an artefact of excava-
tion biases since substantial areas were investigated
at these sites or other macrolithic tools were found
in considerable quantities. For example, the exten-
sively excavated site of Mavropigi-Fillotsairi yielded
only one specimen positively identified as a grinding
tool (Ninou et al. in press). Prodromos yielded over
40 celts but only two passive grinding tools and (as
far as we can tell) no active ones (Moundrea 1975.
92–99). The Early Neolithic strata of Paliambela Ko-

Fig. 14. Mursi lady grinding wheat outside the house with her baby
on her back. Among the Mursi, ‘golu oiné’, the term used for the
passive implement, means mother, while ‘golu joiné’, used for the
active tool, refers to a baby. Photo by J. Robitaille.
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lindros – one of the most systematically excavated
sites in Greece – are characterized by an almost
complete absence of grinding tools (Tsartsidou, Kot-
sakis 2020.11). This scarcity does not appear to re-
flect a different kind of occupation either. None of
these sites represents a special use or seasonal set-
tlement. Nor, lastly, does it appear to correlate with
an absence of cereals and pulses, the types of sub-
stances typically processed with grinding tools. Such
plant remains were found, for example, at both Mav-
ropigi-Fillotsairi (Karamitrou-Mentessidi et al. 2013.
2) and Paliambela Kolindros (Kotzamani, Livarda
2018.86–89; Tsartsidou, Kotsakis 2020.12).

Without a thorough study and publication of earlier
Neolithic assemblages, this discrepancy cannot be
explained systematically. However, we would like in
a preliminary fashion to offer two alternative hypo-
theses.

According to the first hypothesis, the discrepancy re-
flects two broad types of cereal and legume prepa-
rations. On the one hand, there were recipes that in-
volved boiling, toasting, or parching of whole, split,
or cracked seeds; e.g., soups, stews, gruels, bulgur,
koliva, etc. (for experimental versions of such pre-
parations, see Fig. 15.a, Dimoula et al. 2020.Fig
5g).1188 Grinding had no part in these preparations.
On the other hand, there were recipes that involv-
ed flour/meal and thus required the use of grinding
tools; e.g., regular bread, flat bread (e.g., pita or
naan type), falafels, etc. (for experimental versions
of two of these preparations, see Fig 15.b–c). In the
context of this hypothesis, in some earlier Neolithic
Aegean communities there was an emphasis on the
first type of recipes. In others, the second type of re-
cipes was used, either exclusively or alongside those
of the first type.

If real, this distinction existed even within the same
area: Mavropigi-Fillotsairi is less than 3km from Sou-
loukia, while Paliambela Kolindros is not far from
Revenia Korinos. Such culinary identities may have
had a cultural/ethnic origin, reflecting the ancestral
homelands of the different groups that occupied the
Greek landscape at the beginning of the Neolithic
(see also Valamoti 2017.178–184).

According to the second hypothesis, the scarcity of
grinding tools at some sites is due to specific practi-
ces that involved the removal of tools from residen-
tial areas. Such practices would have amounted to
more massive versions of the deliberate transfer of
specimens identified at Souloukia.

We consider the former hypothesis as more likely
than the latter, but both (and possibly others) should
be tested when we acquire a better understanding of
each individual assemblage. Be that as it may, such
strong discrepancies in the sizes of grinding tool as-
semblages are not visible in the archaeological re-
cord of the later part of the Neolithic. During this pe-
riod, more or less substantial numbers were the
norm.

Fig. 15. a Boiled wheat grains such as those used
for the traditional Greek dish koliva: b emmer
wheat flat cakes; c lentil flat cakes. Photos by A.
Stroulia.

18 According to Sonya Atalay and Christine A. Hastorf (2006.298–311), these were common preparations for cereals and pulses in
the Early Neolithic component of Çatalhöyük.



Grinding and abrading activities in the earlier Neolithic of northern Greece> a multi-proxy and comparative approach for the site of ...

117

We are grateful to the Mediterranean Archaeological Trust whose two grants (to Stroulia) made the study of the
Souloukia material possible. Our thanks also to: Takis Gouliafas for preparing the drawings, Sofia Vlahopoulou
for working on the map, Vasilios Melfos for identifying the raw materials, Melfos and Mihalis Fotiadis for helping
with the survey of raw material sources, Tasos Bekiaris and Ismini Ninou for sharing unpublished information,
Laure Dubreuil for comparing use wear notes, Michael Strezewski for help with the illustrations and editing, the
staff of the Archaeological Museum of Aiani for practical support and hospitality, as well as Paschalis Tounas
and Vasiliki Koutrafouri for assistance with our project in general.

ACKNOWLEDGEMENTS

Adams J. 2014. Ground Stone Analysis: A Technological
Approach. University of Utah Press. Salt Lake City.

Adams J., Delgado S., Dubreuil L., Hamon C., Plisson H.,
and Risch R. 2009. Functional analysis of macro-lithic ar-
tefacts. In F. Sternke, L. Costa, and L. Eigeland (eds.), Non-
Flint Raw Material Use in Prehistory: Old Prejudices
and New Directions. Archaeopress. Oxford: 43–66.

Albert R. M., Lavi O., Estroff L., Weiner S., Tsatskin A., Ro-
nen A., and Lev-Yadun S. 1999. Mode of occupation of Ta-
bun Cave, Mt Carmel, Israel during the Mousterian Pe-
riod: A study of the sediments and phytoliths. Journal of
Archaeological Science 26(10): 1249–1260.
https://doi.org/10.1006/JASC.1999.0355

Alisøy H. A. 2002. Consumption of ground stone tools at
Stavroupoli. In D. Grammenos, S. Kotsos (eds.), Sostikes
Anaskafes sto Neolithiko Oikismo Stavroupolis Thessa-
lonikis. Archaeological Institute of Northern Greece. Thes-
saloniki: 561–608.

Almasidou E. 2019. Ta Tripta Ergaleia apo to Neolithiko
Oikismo sti Limni Koroneia. Unpublished MA thesis. Ari-
stotle University of Thessaloniki. Thessaloniki. (in Greek)

Atalay S., Hastorf C. A. 2006. Food, meals, and daily acti-
vities. Food habitus at Neolithic Çatalhöyük. American
Antiquity 71(2): 283–319.
https://doi.org/10.2307/40035906

Banks E. C. 2015. Lerna VII: The Neolithic Settlement.
American School of Classical Studies at Athens. Princeton.

Bartlett K. 1933. Pueblo Milling Stones of the Flagstaff
Region and their Relation to Others in the Southwest: A
Study in Progressive Efficiency. Museum of Northern Ari-
zona Press. Flagstaff.

Bekiaris T. 2007. Tripta Ergaleia apo to Neolithiko Oi-
kismo tis Makris Evrou. Unpublished MA thesis. Aristot-
le University of Thessaloniki. Thessaloniki. (in Greek)

2018. Tehnologies Tripton sti Neolithiki tis Voreias
Elladas: O Neolithikos Oikismos tis Avgis Kastorias.
Unpublished PhD thesis. Aristotle University of Thessa-
loniki. Thessaloniki. (in Greek)

2020. Ground stone technology in context: Consump-
tion of grinding tools and social practice at Neolithic
Avgi, NW Greece. Journal of Lithic Studies 7(3): 1–24.
https://doi.org/10.2218/jls.3078

in preparation. Ground stone tools from Drakaina Cave:
Grounds for thought. In G. Stratouli (ed.), Drakaina
Cave on Kephalonia Island: A Place of Social Activity
during the Neolithic.

Bekiaris T., Stergiou C., and Theodoridou S. 2017. Making
choices in a Neolithic landscape: Raw materials and ground
stone tool technology in Neolithic Avgi, northwestern
Greece. In A. Sarris, E. Kalogiropoulou, T. Kalayci, and L.
Karimali (eds.), Communities, Landscape, and Interac-
tion in Neolithic Greece. Proceedings of the Internatio-
nal Conference, Rethymno 29–30 May, 2015. Internatio-
nal Monographs in Prehistory. Archaeological Series 20.
Ann Arbor: 415–433.

Bekiaris A., Chondrou D., Ninou I., and Valamoti S. 2020.
Food-processing ground stone tools in the Greek Neoli-
thic and Bronze Age: A synthesis of the published data.
Journal of Greek Archaeology 5: 135–195.

Bekiaris A., Katsikaridis N., Stergiou C. L., and Stratouli G.
in press. Cooking on the rocks? An interdisciplinary ap-
proach on the use of burnt stone slabs from Middle/Late
Neolithic Avgi, Kastoria. In S. M. Valamoti, M. Ntinou, and
A. Dimoula (eds.), Plant Foods of Ancient Europe and
Beyond.

Besios M., Adaktylou F. 2004. Neolithikos oikismos sta
“Revenia” Korinou. To Arhaiologiko Ergo sti Makedonia
kai Thraki 18: 357–366. (in Greek)

Cappers R. T. J., Neef R., Bekker R. M., Fantone F., and
Okur Y. 2016. Digital Atlas of Traditional Agricultural

References

∴∴



Anna Stroulia, Jérôme Robitaille, Birgül Ögüt, Areti Chondroyianni-Metoki, and Dimitra Kotsachristou

118

Practices and Food Processing. Vol. 1. Barkhuis & Uni-
versity of Groningen Library. Groningen.

Chadou M. 2011. Ta Lithina Tripta apo ton Iliotopo tou
Anatolikou Lagada. MA thesis. Aristotle University of
Thessaloniki. Thessaloniki. (in Greek)

Chondrou D. 2011. Tripta Ergaleia apo ti Neolithiki The-
si tis Toumbas Kremastis Kiladas. Unpublished MA the-
sis. Aristotle University of Thessaloniki. Thessaloniki. (in
Greek)

2018. I Tripti Lithotehnia apo tous Proistorikous Oi-
kismous Kleitos I kai Kleitos II tis Lekanis tis Kitri-
nis Limnis Kozanis. Unpublished PhD thesis. Aristotle
University of Thessaloniki. Thessaloniki. (in Greek)

2020. Daily practices and special events: Exploring
grinding technologies at the two neighbouring settle-
ments of Kleitos in Late/Final Neolithic northern Gre-
ece. Documenta Praehistorica 47: 286–310.
https://doi.org/10.4312\dp.47.16

Chondrou D., Valamoti S. M., Procopiou H., and Papado-
poulou L. 2018. Grinding cereals and pulses in the Neo-
lithic site of Kleitos: An experimental investigation of mi-
croconglomerate grinding equipment, final products and
use wear. Journal of Greek Archaeology 3: 23–45.

Chondrou D., Bofill M., Procopiou H., Vargiolu R., Zahou-
ani H., and Valamoti S. M. 2021. How do you like your
cereal? A qualitative and quantitative use-wear analysis
on archaeological grinding tools from prehistoric Greek
sites. Wear 2021: 1–10.
https://doi.org/10.1016/j.wear.2021.203636

Chondrou D., Valamoti S. M. 2021. Mapping life-cycles:
Exploring grinding technologies and the use of space at
Late/Final Neolithic Kleitos, northern Greece. In P. Peder-
sen, A. Jörgensen-Lindahl, M. Sørensen, and T. Richter
(eds.), Proceedings of the 3rd Meeting of the Association
of Ground Stone Tools Research. Archaeopress. Archaeo-
press Access Archaeology. Oxford: 63–81.
https://doi.org/10.2307/j.ctv2b07trt

Chondroyianni-Metoki A. 2009. Mi Oikistikes Hriseis Ho-
rou stous Neolithikous Oikismous: To Paradeigma tis
Toumbas Kremastis Kiladas. Unpublished PhD thesis.
Aristotle University of Thessaloniki. Thessaloniki. (in Gre-
ek)

2020. Outside the residential place at the Neolithic set-
tlement of Toumba Kremastis Koiladas, northern Gre-
ece. In N. N. Tasi≤, D. Urem-Kotsou, and M. Buri≤ (eds.),
Making Spaces into Places: The North Aegean, the
Balkans and Western Anatolia in the Neolithic. BAR
Internationa Series 3001. Oxford: 53–71.

2022. Kosmimata tis neoteris neolithikis periodou apo
tin Toumba Kremastis Kiladas. In N. Merousis, M. Niko-
laidou, and L. Stefani (eds.), Mirrini: Meletes Aigaiakis
Proistorias: Timitikos Tomos gia tin Aikaterini Pa-
paefthimiou-Papasteriou. Archaeological Museum of
Thessaloniki Publication No. 50. Thessaloniki: 329-349.
(in Greek) https://www.amth.gr/research/publictions/
myrrini-meletes-aigaiakis-proistorias

in press a. Kitrini Limni Kozanis: Ta haraktiristika tis
katoikisis tis periohis ipo to fos ton neon anaskafikon
dedomenon apo tin periohi ton lignitorihion tis DEI.
Praktika Sinedriou Arhaiologikes Erevnes kai Mega-
la Dimosia Erga, 8–9 December 2017. (in Greek)

in press b. Kitrini Limni 2016–2017: Ta anaskafika de-
domena apo tin periohi ton lignitorihion tis DEI. To Ar-
haiologiko Ergo sti Makedonia kai Thraki 31, 2017.
(in Greek)

in press c. Pontokomi, thesi Souloukia. Arhaiologikon
Deltion (Hronika) 72(2017). (in Greek)

D’Andrea A. K., Mitiku H. 2002. Traditional emmer pro-
cessing in Highland Ethiopia. Journal of Ethnobiology
22: 179–217.

David N. 1998. The ethnoarchaeology and field archae-
ology of grinding at Sukur, Adamawa State, Nigeria. Afri-
can Archaeological Review 15(1): 13–63.

Delgado Raack S., Risch R. 2009. Towards a systematic
analysis of grain processing techniques. In M. de Araújo
Igreja, I. Clemente Conte (eds.), Recent Functional Stu-
dies on Non Flint Stone Tools: Methodological Impro-
vements and Archaeological Inferences. Lisboa, 23–25
May 2008. LISBOA – Proceedings of the Workshop (CD-
ROM). Lisbon: 1–20.

2016. Bronze Age cereal processing in southern Iberia:
A material approach to the production and use of grind-
ing equipment. Journal of Lithic Studies 3(3): 125–
145. https://doi.org/10.2218/jls.v3i3.1650

Dimoula A., Tsirtsoni Z., Paraskevi Y., +4 authors, and Va-
lamoti S. M. 2020. Experimental investigation of ceramic
technology and plant food cooking in Neolithic northern
Greece. STAR: Science & Technology of Archaeological
Research 5(2): 269–286.
https://doi.org/10.1080/20548923.2020.1762370

Elster E. S. 2003. Grindstones, polished edge-tools, and
other stone artifacts. In C. Renfrew, M. Gimbutas, and E.
S. Elster (eds.), Excavations at Sitagroi: A Prehistoric Vil-
lage in Northeast Greece Volume 1. Institute of Archaeo-
logy University of California. Los Angeles: 175–195.

https://www.amth.gr/research/publictions/myrrini-meletes-aigaiakis-proistorias


Grinding and abrading activities in the earlier Neolithic of northern Greece> a multi-proxy and comparative approach for the site of ...

119

Evans J. D. 1964. Excavations in the Neolithic settlement
of Knossos, 1957–60. Part I. The Annual of the British
School at Athens 59: 132–240.

Evans J. D., Renfrew C. 1968. Excavations at Saliagos
near Antiparos. British School at Athens Supplement 5.
Thames & Hudson. London.

Fotiadis M. 1988. Proistoriki erevna stin Kitrini Limni N.
Kozanis: Mia sintomi ekthesi (in Greek). To Arhaiologiko
Ergo sti Makedonia kai Thraki 2: 41–54.

Fotiadis M., Hondroyanni-Metoki A., Kalogirou A., Mania-
tis Y., Stroulia A., Ziota C. 2019. Megalo Nisi Galanis
(6300–1800bc): Constructing a cultural sequence for the
Neolithic of west Macedonia, Greece. The Annual of the
British School at Athens 114: 1–40.
https://doi.org/10.1017/S0068245419000145

Galdikas B. 1988. Milling Stones. In A. McPherron, S. Sre-
jovi≤ (eds), Divostin and the Neolithic of Central Serbia.
University of Pittsburgh. Pittsburgh: 338–344.

Georgiadou A. 2015. The Neolithic House at Sosandra.
University Studio Press. Thessaloniki.

Hamon C., Le Gall V. 2011. Les meules en pays Minyanka
(Mali): étude des carrières et techniques de production
actuelles. In D. Williams, D. Peacock (eds.), Bread for the
People: The Archaeology of Mills and Milling. Archaeo-
press. Oxford: 19–28.

2013. Millet and sauce: The uses and functions of querns
among the Minyanka (Mali). Journal of Anthropologi-
cal Archaeology 32: 109–121.
https://doi.org/10.1016/J.JAA.2012.12.002

Hayden B. 1987. Past to present uses of stone tools in
the Maya Highlands. In B. Hayden (ed.), Lithic Studies
Among the Contemporary Highland Maya. University of
Arizona Press. Tuscon: 160–234.

Hillman G. 1984. Traditional husbandry and processing
of Archaic cereals in recent times: The operations, prod-
ucts and equipment which might feature in Sumerian
texts. Part I: the glume wheats. Bulletin of Sumerian Agri-
culture 1: 114–152.

Karamitrou-Mentessidi G., Efstratiou N., Kaczanowska M.,
and Kozłowski J. K. 2015. Early Neolithic settlement of
Mavropigi in western Greek Macedonia. Eurasian Prehi-
story 12(1–2): 47–116.

Karamitrou-Mentessidi G., Efstratiou N., Kozlowski J. K.,
+5 authors, and Valamoti S. M. 2013. New evidence on
the beginning of farming in Greece: The Early Neolithic
settlement of Mavropigi in western Macedonia (Greece).

Antiquity 87 (336): Project Gallery.
http://antiquity.ac.uk/projgall/mentessidi336/

Karamitrou-Mentessidi G., Lokana C., and Anagnostopou-
lou K. 2010. Dio theseis tis arhaioteris kai mesis neolithi-
kis stin Pontokomi kai Mavropigi Eordaias. To Arhaiolo-
giko Ergo sti Makedonia kai Thraki 24: 39–51. (in Greek)

Kotsakis K. 1999. What tells can tell: Social space and set-
tlement in the Greek Neolithic. In P. Halstead (ed.), Neo-
lithic Society in Greece. Sheffield Academic Press. Shef-
field: 66–76.

Kotzamani G., Livarda A. 2018. People and plant entan-
glements at the dawn of agricultural practice in Greece:
An analysis of the Mesolithic and early Neolithic archaeo-
botanical remains. Quaternary International 496: 80–
101. https://doi.org/10.1016/j.quaint.2018.04.044

Krahtopoulou A. 2019. Current approaches to the Neoli-
thic of Thessaly. Archaeological Reports 65: 73–85.
https://doi.org/10.1017/S0570608419000048

Kyparissi-Apostolika N. 1996. The Theopetra Cave. In G.
A. Papathanassopoulos (ed.), Neolithic Culture in Gre-
ece. Nicholas P. Goulandris Foundation, Museum of Cyc-
ladic Art. Athens: 67–68.

Lewis R., Rahim M., Cripps J., Roubos V., and Tsoraki C.
2009. Wear of stone used to manufacture axes in the Neo-
lithic settlement at Makriyalos in Northern Greece. Wear
267: 1325–1332.
https://doi.org/10.1016/J.WEAR.2008.12.090

Lewis R., Tsoraki C., Broughton J., Cripps J. C., Afodun S.
A., Slatter T., and Roubos V. 2011. Abrasive and impact
wear of stone used to manufacture axes in Neolithic Gre-
ece. Wear 271: 2549–2560.
https://doi.org/10.1016/J.WEAR.2010.12.074

Lidström Holmberg C. 1998. Prehistoric grinding tools as
metaphorical traces of the past. Current Swedish Archa-
eology 6: 123–142.
https://doi.org/10.37718/CSA.1998.10

2004. Saddle querns and gendered dynamics of the
Early Neolithic in mid central Sweden. In H. Knuttson
(ed.), Arrival: Coast to Coast 10. Wikströms. Uppsala:
199–231.

Madella M., Alexandre A., and Ball T. 2005. International
code for phytolith nomenclature 1.0. Annals of Botany
96: 253–260. https://doi.org/10.1093/aob/mci172

Menasanch M., Risch R., and Soldevilla J. A. 2002. Las tec-
nologías del procesado de cereal en el sudeste de la pen-
insula ibèrica durante el III y el II milenio A.N.E. In H.



Anna Stroulia, Jérôme Robitaille, Birgül Ögüt, Areti Chondroyianni-Metoki, and Dimitra Kotsachristou

120

Procopiou, R. Treuil (eds.), Moudre et broyer I: Méthodes.
Memoire Histoire Sc.et Techniq. Comite Des Travaux Hi-
storiques Etscientifiques. Paris: 81–110.

Mould C. A., Ridley C., and Wardle K. A. 2000. The stone
small finds. In C. Ridley, K. A. Wardle, and C. A. Mould,
Servia. Vol. 1, Anglo-Hellenic Rescue Excavations 1971–
73. The British School at Athens. London: 112–190.

Moundrea H. A. 1975. Le site néolithique de Prodromos
(Grèce). Outillage lithique et osseux. Position dans le
context Thessalien. MA thesis. University of Paris X. Nan-
terre.

Ninou I. 2006. Analysis of Grinding Stones from Neo-
lithic Sites of Northern Greece: Dispilio and Apsalos. MA
thesis. University of Southampton. Southampton.

forthcoming. Tripti Lithotehnia tis Arhaioteris Neo-
lithikis sti Ditiki Makedonia: O Oikismos Mavropigis
(Thesi Fillotsairi) – Tehnologia, Oikonomia, Koinoni-
kes Diastaseis. Unpublished PhD thesis. Aristotle Uni-
versity of Thessaloniki. Thessaloniki. (in Greek)

Ninou I., Efstratiou N., and Valamoti S. M. in press. Grind-
ing and pounding in Early Neolithic southeastern Europe:
Culinary preferences and social dimensions of plantfood
processing. In S. M. Valamoti, M. Ntinou, and A. Dimoula
(eds.), Plant Foods of Ancient Europe and Beyond.

Nixon-Darcus L. A., D’Andrea A. C. 2017. Necessary for
life: Studies of ancient and modern grinding stones in
Highland Ethiopia. African Archaeological Review 34:
193–223. https://doi.org/10.1007/s10437-017-9252-4

Ögüt B. 2018. Residue Analysis of Ground Stone Tools
from the Greek Neolithic Site of Pontokomi-Souloukia.
Unpublished report.

Pappa M., Halstead P., Kotsakis K., and Urem-Kotsou D.
2004. Evidence for large-scale feasting at Late Neolithic
Makriyalos, N. Greece. In P. Halstead, J. C Barrett (eds.),
Food, Cuisine, and Society in Prehistoric Greece. Oxbow
Books. Oxford: 16–44.

Peña-Chocarro L., Zapata L. 2003. Post-harvesting proces-
sing of hulled wheats: An ethnoarchaeological approach.
In P. C. Anderson, L. S. Cummings, T. S. Schippers, and B.
Simonel (eds.), Le traitement des récoltes: un regard sur
la diversité, du Néolithique au présent. Actes des XXIIIe
rencontres internationales d’archéologie et d’histoire
d’Antibes, 17–19 Octobre 2002. Éditions APDC. Antibes:
99–113.

2014. Parching and dehusking hulled wheats. In P. C.
Anderson, L. Peña-Chocarro (eds.), Early Agricultural
Remnants and Technical Heritage (EARTH): 8,000

Years of Resilience and Innovation, vol. 2. Oxbow
Books. Oxford: 226–232.

Pétrequin P., Pétrequin A.-M. 1993. Écologie d’un outil.
La hache de pierre en Irian Jaya (Indonésie). CRA-Mo-
nographie 12. Centre national de la recherche scientifi-
que. Paris.

Procopiou H. 2003. Les techniques de décorticage dans le
monde égéen: Étude ethnoarchéologique dans les Cycla-
des. In P. C. Anderson, L. S. Cummings, T. S. Schippers,
and B. Simonel (eds.), Le traitement des récoltes: un re-
gard sur la diversité, du Néolithique au présent. Actes
des XXIIIe rencontres internationales d'archéologie et
d’histoire d’Antibes, 17–19 Octobre 2002. Éditions APDC.
Antibes: 115–136.

Pyke G. 1993. The Stratigraphy, Structures and Small
Finds of Nea Nikomedeia, Northern Greece. MA thesis.
University of Birmingham. Birmingham.

Risch R. 2002. Recursos naturales, medios de produc-
ción y explotación social. Un análisis económico de la
industria lítica de Fuente Álamo (Almería), 2250–1400
antes de nuestra era. Verlag Philipp von Zabern. Mainz.

2008. Grain processing technologies and economic or-
ganization: A case study from the south-east of the Ibe-
rian peninsula during the Copper Age. The Arkeotek
Journal 2(2): 1–47.

Robitaille J. 2015. Analyse fonctionnelle de l’outillage
de broyage de Tell el-Iswid: Approche expérimentale et
ethnographique. Éditions Universitaires Européennes.
Saarbrücken.

2016. The ground stone industry of the Mursi of Maki,
Ethiopia: Ethnoarchaeological research on milling and
crushing equipment (technique and function). Jour-
nal of Lithic Studies 3(3): 429–456.
https://doi.org/10.2218/jls.v3i3.1680

2021. Approches éthno (archéo) graphique et mor-
photechnique du Macro-outillage de quelques contex-
tes éthiopiens. Unpublished PhD thessis. École des Hau-
tes Études en Sciences Sociales. Paris.

Roux V. 1985. Le matériel de broyage: Étude ethnoar-
chéologique à Tichitt, Mauritanie. Éditions Recherche
sur les Civilisations. Paris.

Runnels C. N. 1981. A Diachronic Study and Economic
Analysis of Millstones from the Argolid, Greece. Unpub-
lished PhD thesis. Indiana University. Bloomington.
https://search.proquest.com/openview/d5a076dc319b1a
ba55848f3b1522773f/1?pq-origsite=gscholar&cbl=18
750&diss=y

https://search.proquest.com/openview/d5a076dc319b1aba55848f3b1522773f/1?pq-origsite=gscholar&cbl=18750&diss=y


Grinding and abrading activities in the earlier Neolithic of northern Greece> a multi-proxy and comparative approach for the site of ...

121

Samuel D. 2010. Experimental grinding and ancient Egyp-
tian flour production. In S. Ikram, A. Dodson (eds.), Be-
yond the Horizon: Studies in Egyptian Art, Archaeology
and History in Honour of Barry J. Kemp. Publications of
the Supreme Council of Antiquities. Cairo: 456–477.

Sarpaki A. 2001. Processed cereals and pulses from the
Late Bronze Age site of Akrotiri, Thera; Preparations prior
to consumption: a preliminary approach to their study.
Annual of the British School at Athens 96: 27–40.
https://doi.org/10.1017/s0068245400005219

Sarris A., Kalayci T., Simon F.-X., +17 authors, and Stame-
lou E. 2017. Opening a new frontier in the study of Neo-
lithic settlement patterns of eastern Thessaly, Greece. In
A. Sarris, E. Kalogiropoulou, T. Kalayci, and L. Karimali
(eds.), Communities, Landscape, and Interaction in Neo-
lithic Greece. Proceedings of the International Confe-
rence, Rethymno 29–30 May, 2015. International Mono-
graphs in Prehistory. Archaeological Series 20. Ann Ar-
bor: 27–48.

Schön W., Holter U. 1990. Grinding implements from the
Neolithic and recent times in desert areas in Egypt and
Sudan. Beitrage zur allgemeinen und vergleichenden
Archäologie 9–10: 359–379.

Searcy M. T. 2011. The Life-Giving Stone. Ethnoarchaeo-
logy of Maya Metates. University of Arizona Press. Tucson.

Séfériadès M. 1992. La pierre polie. In R. Treuil (ed.), Di-
kili Tash. Village préhistorique de Macédoine orientale
I. Fouilles de Jean Deshayes (1961–1975) volume 1. Bul-
letin de Correspondance Hellénique Supplément 24. Pa-
ris: 84–99.

Stergiou C. L., Bekiaris T., Melfos V., Theodoridou S., and
Stratouli G. 2022. Sourcing macrolithics: Mineralogical,
geochemical and provenance investigation of stone arte-
facts from Neolithic Avgi, north-west Greece. Archaeo-
metry 2022: 283–299. 
https://doi.org/10.1111/arcm.12706

Stroulia A. 2002. Lithina tripta apo tin Kitrini Limni Koza-
nis: Proti proseggisi, prota erotimata. To Arhaiologiko Er-
go sti Makedonia kai Thraki 17: 571–580. (in Greek)

2010a. Flexible Stones. Ground Stone Tools from Fran-
chthi Cave. Indiana University Press. Bloomington and
Indianapolis.

2010b. Ergaleia me kopsi apo tin Kremasti Kilada no-
mou Kozanis: viografikes paratiriseis. To Arhaiologiko
Ergo sti Makedonia kai Thraki 24: 63–71. (in Greek)

2018a. Macrolithics: Ordinary things in an extraordi-
nary place. In A. Papathanasiou, W. A. Parkinson, D. J.
Pullen, M. L. Galaty, and P. Karkanas (eds.), Neolithic

Alepotrypa Cave, in the Mani, Greece. In Honor of
George Papathanassopoulos. Oxbow. Philadelphia:
200–241.

2018b. Making tools, reconstructing manufacturing pro-
cesses: The celt industry of Varemeni Goulon in north-
ern Greece. Journal of Greek Archaeology 3: 47–74.

2020. Mending fragments: Stone vessels from Franchthi
and other Greek Neolithic sites. The Annual of the Bri-
tish School at Athens 115: 1–58.
https://doi.org/10.1017/S0068245420000106

in press. The Platia Magoula Zarkou macrolithics: A
Thessalian industry in its Aegean Neolithic Context. In
E. Alram-Stern, K. Gallis, and G. Toufexis (eds.), Platia
Magoula Zarkou. The Neolithic Period: Environment,
Stratigraphy and Architecture, Chronology, Tools, Fi-
gurines and Ornaments. Institute for Oriental and Eu-
ropean Archaeology. Vienna.

Stroulia A., Dubreuil L. 2011. Ground Stone Tools from
Kremasti-Kilada, Kitrini Limni, Northern Greece. Unpub-
lished grant report submitted to the Institute of Aegean
Prehistory. Philadelphia.

Stroulia A., Chondrou D. 2013. Destroying the means of
production: The case of ground stone tools from Kremasti-
Kilada, Greece. In J. Driessen (ed.), Destruction. Archaeo-
logical, Philological and Historical Perspectives. Pres-
ses universitaires de Louvain. Louvain: 109–131.

Stroulia A., Dubreuil L., Robitaille J., and Nelson K. 2017.
Salt, sand, and saddles: Exploring an intriguing configura-
tion among grinding tools. Ethnoarchaeology 9(2): 1–
27. https://doi.org/10.1080/19442890.2017.1364053

Stroulia A., Tounas P., Robitaille J., Hondroyanni-Metoki
A., Kouziakis Z., Wardle K. A., and Theodoropoulou T.
2022. Fishing, weaving, matting: Debating the function
of notched cobbles in Neolithic Greece. Journal of Neoli-
thic Archaeology 24: 15–46.

Toufexis G. 2017. Oikistiki Drastiriotita kai Organosi
tou Horou stous Oikismous tis Neoteris Neolithikis sti
Thessalia: Paradeigmata apo tous Oikismous ston Pro-
fiti Ilia Mandras, Makrihori, Galini kai Rahmani. Un-
published PhD thesis. University of Thessaly. Volos. (in
Greek)

Touloumis K. 2002. I oikonomia enos Neolithikou lim-
naiou oikismou (in Greek). In G. Hourmouziadis (ed.),
Dispilio 7500 Hronia Meta. University Studio Press. Thes-
saloniki: 89–113. (in Greek)

Tsartsidou G., Kotsakis K. 2020. Grinding in a hollow?
Phytolith evidence for pounding cereals in bedrock mor-
tars at Paliambela Kolindros, an Early Neolithic site in Ma-



Anna Stroulia, Jérôme Robitaille, Birgül Ögüt, Areti Chondroyianni-Metoki, and Dimitra Kotsachristou

122

cedonia, north Greece. Archaeological and Anthropolo-
gical Sciences 12(8): 1–16.
https://doi.org/10.1007/s12520-020-01161-8

Tsiolaki E. 2009. Tripta Lithina Ergaleia tis Mesis kai Is-
teris Epohis tou Halkou apo tin Toumba Thessalonikis.
MA thesis. Aristotle University of Thessaloniki. Thessalo-
niki. (in Greek)

Tsoraki C. 2008. Neolithic Society in Northern Greece:
The Evidence of Ground Stone Artefacts. Unpublished
PhD thessis. University of Sheffield. Sheffield.
https://etheses.whiterose.ac.uk/15030/1/637512_Vol1.pdf

2011a. Stone-working traditions in the prehistoric Ae-
gean. In V. Davis, M. Edmonds (eds.), Stone Axe Stu-
dies III. Oxbow. Oxford: 231–244.

2011b. Disentangling Neolithic networks: Ground stone
technology, material engagements and networks of ac-
tion. In A. Brysbaert (ed.), Tracing Prehistoric Social
Networks through Technology: A Diachronic Perspec-
tive on the Aegean. Routledge. New York: 12–29.

2011c. ‘Shiny and colourful:’ Raw material selection and
the production of edge tools in Late Neolithic Makriya-
los, Greece. In A. Savill (ed.), Flint and Stone in the
Neolithic Period. Oxbow. Oxford: 287–303.

Valamoti S. M. 2010. Magirevontas ta dimitriaka stin
proistoriki Makedonia. In N. Merousis, L. Stefani, and M.
Nikolaidou (eds.), IRIS. Studies dedicated to the Memory
of Prof. Angeliki Pilali-Papasteriou. Cornelia Sfakiana-
ki. Thessaloniki: 35–58. (in Greek)

2017. Culinary landscapes and identity in prehistoric
Greece: An archaeobotanical exploration. In M. Gori, M.
Ivanova (eds.), Balkan Dialogues: Negotiating Iden-

tity between Prehistory and the Present. Routledge.
London and New York: 169–193.

Valamoti S. M., Chondrou D., Papadopoulou L. 2013. Plant
food processing and ground stone equipment in prehisto-
ric Greece. In P. C. Anderson, C. Cheval, and A. Durand
(eds.), Regards croisés sur les outils liés au travail des
végétaux. Actes des 33e rencontres internationales d’ar-
chéologie et d’histoire d’Antibes, 23–25 October 2012.
Éditions APDCA. Antibes: 169–187.

Vu≠kovi≤ V. 2019. Neolithic Economy and Macro-lithic
Tools of the Central Balkans. Unpublished PhD thesis.
Universitat Autonoma de Barcelona. Departament d’An-
tropologia Social i de Prehistòria. Barcelona.
https://www.tdx.cat/handle/10803/669666#page=1

Winn S., Shimabuku D. 1989. Bone and ground stone
tools. In M. Gimbutas, S. Winn, and D. Shimabuku (eds.),
Achilleion: A Neolithic Settlement in Thessaly, Greece
6400–5600 BC. Monumenta Archaeologica 14. Los Ange-
les: 259–272.

Wright K. I. 1992. A classification system for ground stone
tools from the prehistoric Levant. Paléorient 18(2): 53–
81.

Wright K., Baysal A. 2012. Ground stone tools and techno-
logies associated with buildings in the BACH Area at Ça-
talhöyük. In R. Tringham, M. Stevanovi≤ (eds.), Last House
on the Hill. BACH Area Reports from Çatalhöyük, Tur-
key. Cotsen Institute of Archaeology Press at UCLA. Los
Angeles: 415–422.

Ziota C., Anagnostopoulou K., and Lokana C. 2014. To sos-
tiko ergo tis L’ E.P.K.A. stin Pontokomi kai stin Mavropigi
Kozanis to 2014. To Arhaiologiko Ergo sti Makedonia
kai Thraki 28: 77–88. (in Greek)

Bojan
Typewritten Text
back to contents



124

Documenta Praehistorica XLIX (2022)

Introduction

The third millennium BCE is a key phase of human
history in the Iberian Peninsula. It is marked by an
important social complexity and economic intensifi-
cation that started during the Late Neolithic (~3500/
3200–3000 cal BCE) and further developed during
the Chalcolithic (3000–2000 cal BCE). The appear-
ance and development of complex societies through-
out the Chalcolithic (Cruz Berrocal et al. 2013) and
the different social perspectives in the transition to

the Early Bronze Age (Valera 2015) are some of the
important topics that have been a matter of debate
among our colleagues.

The beginning of the third millennium BCE marks
the emergence of new domestic architectures in the
archaeological records, understood as “Walled en-
closures” (Jorge 2003). Although not exclusive to
this area (Gonçalves 1989; Molina, Cámara 2005;
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chaeological perspective, its natural caves have fu-
nerary uses dated at least from the Middle Neolithic
(Carvalho et al. 2019) to the Bronze Age (Gonçal-
ves 1992). This highlights that there seem to be dif-
ferent spatial relationships and meanings that might
dictate how the communities were spread through-
out the territory and the different cultural influen-
ces and expressions (Basílio in press), as is the case
of the archaeological site of Ota. In this paper, we
present the results of the archaeological excavation
of the Ota walled enclosure (Alenquer, Portugal), lo-
cated less than 10km from Montejunto hill. We will
focus on the unpublished absolute dates and the fau-
nal record aiming to contribute to debates on re-
source exploitation and management during the
Chalcolithic in western Iberia. We will also present
an in-depth taphonomical analysis of the assemblage,
uncommon for the period and region under analy-
sis, which will allow for a clearer understanding of
the faunal accumulation and site use.

Materials and Methods

Materials
Ota site is located about 50km north of Lisbon in the
heart of the Portuguese Estremadura region, and,
like its 22 counterparts, belongs to the walled enclo-
sure phenomenon (Fig. 1). It shares, along with the
great majority of these, chronological synchrony in
its discovery in the first half of the 19th century, by
Hipólito Cabaço, when the ground visibility scenario
was different, mostly due to efficient forest manage-
ment and the existence of communal herds. Current-
ly, Ota is densely populated with Quercus coccife-
ra, Olea europaea var. sylvestris, Rubus ulmifolius,
Pinus pinaster and, in scarce instances, Eucalyptus
globulus. This vegetation results from thin soils, al-
ready attested in Ota during 2019, 2020 and 2021
fieldwork, reducing the surface visibility and the re-
sults of archaeological surveys. In lithological terms,
the region is composed of Mesozoic sedimentary
rocks and a small area of Cenozoic sediments, mean-
ing that past communities were surrounded by lime-
stones, sands and clays (Ramos-Pereira et al. 2020),
using them as the raw materials for different archi-
tectures and artefacts. The geological framework ori-
ginates in a landscape marked by small mountains,
hills, interior plateaux, plains, and littoral platforms
(Ramos-Pereira et al. 2020), with the western re-
gion, where Ota is integrated, being particularly re-
levant.

Regarding climate, paleoenvironmental reconstruc-
tions suggest that the first changes in regional vege-

Jorge et al. 2006; Mataloto 2010), the Portuguese
Estremadura presents a high density of these types
of sites. Its Western region concentrates 14 out of
the 22 known walled enclosures, but the informa-
tion on these is imbalanced – only four have had
archaeological excavations in the last decade and a
half, and only four have absolute chronologies, with
the large site of Zambujal having 25 dates and the
remaining three sites only having eight dates. Be-
cause they are generally placed on the top of hills
that grant them wide visual control of the surround-
ing landscape, these sites are characterized by a new
way of occupying space. They are recurrently placed
near water sources that would function as a source
of raw materials and subsistence, but also as a way
of communication and connection to other areas
and social networks. Other common characteristics
are architecture and construction techniques. Struc-
tures such as ‘walls’, towers and doors are built with
the drystone technique reaching areas with a maxi-
mum of 5ha (Kunst 2010) and structures with 200m
in length (Texugo 2022). These structures are a no-
velty in the region, and continuously go through re-
formulations and changes that might bias the preser-
vation of the archaeological record.

Fauna has also been an important part of the discus-
sion regarding economic intensification (Valente,
Carvalho 2014; Almeida, Valera 2021; Almeida et
al. 2021b). The larger sites from the Portuguese Es-
tremadura have historically been used as guidelines
for palaeoeconomic debates (e.g., Driesch, Boes-
sneck 1976; Cardoso, Detry 2001/2002), but at the
same time hindered the understanding of possible
variability. The publication of other assemblages
from the Estremadura (Correia 2015; Moreno-Gar-
cía, Sousa 2015; Detry et al. 2020) and the com-
parison with the southern Alentejo region (Arnaud
1993; Davis, Mataloto 2012; Costa 2013; Moreno-
García 2013; Almeida, Valera 2021) is only more
recently being achieved. The first results for animal
diet and mobility have been published (Waterman
et al. 2015; Ωalaité et al. 2018; Wright et al. 2019;
Valera et al. 2020b), showing differences in the ma-
nagement and exploitation of fauna not only be-
tween the Neolithic and Chalcolithic but also with-
in the Chalcolithic.

In the western region, the 666m Montejunto hill is
oriented NE-SW, visually impacting the area while
also polarizing the surrounding landscape and cul-
tures (Basílio, Texugo 2017; Basílio in press). This
hill has several river springs that determine its re-
lationship with the surrounding areas. From an ar-
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tation by anthropic influence, detected in pollen
shifts, occurred around 5400 BCE, with the begin-
ning of cereal cultivation (Lord et al. 2011). As for
the mean sea level and coastline changes, it was
observed that they remained stable between 9300
BCE and 2900 BCE (Lord et al. 2011). In this peri-
od, periodic floods were identified, a behaviour that
changed with the progression of marine transgres-
sion (Lord et al. 2011). In sum, the chalcolithic cli-
mate seems close to the current Estremadura cli-
mate, characterized by a ‘Csa’ hot-summer Mediter-
ranean climate (Kottek et al. 2006.Fig. 1) with ave-
rage temperatures of 17°C and annual precipitation
between 700mm and 900mm (Mora, Vieira 2020).

The archaeological site of Ota was the target of the
archaeological surveys in the framework of a more
exhaustive investigation (ROSETTA project) which
aims to study the Chalcolithic architectures of the
western walled enclosures through remote sensing.
In the case of Ota, the LiDAR survey allowed the dis-
covery of 21 high potential archaeological anoma-
lies through the use of the LiDAR sensor in a system
mounted in a UAS (a DJI Matrice 600 Pro with a
Phoenix LiDAR Scout-8). To understand, evaluate,
test and confirm the results obtained by remote sens-
ing, three excavation campaigns were carried out.

These resulted in 90 days of intervention between
2019 and 2021.

The selected excavation areas relate not only to the
anomalies detected but also to potential chalcolithic
structures. The strategy adopted thus aimed to deter-
mine, in the first place, a vital structure for the defi-
nition of the walled enclosures – the wall. Next, and
based on the previous knowledge of Wall 1, we un-
derstood the potential use of the natural geological
platforms to define an occupation made in embank-
ments. This corresponds to Structure 9, which ma-
terializes the symbiotic relationship between the
anthropic architectures and the limestone substra-
tum. Finally, the area where more work has been
carried out relates to Structure 3, not only to under-
stand the structure itself, possibly unique within the
Chalcolithic walled enclosure phenomenon, but also
to understand the sites’ historiography and Cabaço
interventions, of which no records are available.

Structure 1
The two surveys carried out on the wall, at different
points of its layout, aimed at the typological classi-
fication and clarification of its construction rhythms
and temporalities. The first one is to the north end
(survey 1), and the second survey is in the south

Fig. 1. Distribution of Walled Enclosures in Portugal (a) with a zoom-in at the western cluster (b), where
the Ota archaeological site is located. The sea level reconstruction is based on Lord et al. (2011). 1 Moin-
ho do Custódio; 2 Castelo; 3 Pedra d’Ouro; 4 Penedo; 5 Fórnea; 6 Zambujal; 7 Pitagudo; 8 Pragança; 9
Columbeira; 10 Paço; 11 Outeiro de S. Mamede; 12 Outeiro da Assenta.
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end, 150m away from the first one, giving a total of
38m2 of excavated area (Fig. 2).

In stratigraphic terms, only two sedimentary depo-
sits were intervened. The first, [1007], is also the
oldest, lying directly on the limestone base platform.
In this one, there were few records of fauna, cera-
mic and lithic artefacts. However, there was very
considerable chronological homogeneity, with all

the elements pointing to prehistoric contexts. This
deposit was covered and sealed by a second deposit,
[1006], composed of a group of small and medium-
sized stones enclosed in compact clayey sediment.
The [1006] deposit contains the most significant ar-
chaeological materials from Structure 1 – the wall –
in which the bone of Ovis/ Capra was found, pro-
viding the absolute dating of this structure.

Fig. 2. Examples of the structures found in Ota: the final record of Structure 1 with the indication of pos-
sible wall alignments in red; different stages of the excavation process of Structure 3; final record and
section of Structure 9 with the upper and lower bedrock platforms separated by the structure.
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Both the information relating to the materials and
the 14C information (Tab. 1) allowed for the under-
standing that this structure was already active dur-
ing the third quarter of the third millennium BCE (the
regional Middle/Late Chalcolithic), serving as a post-
quem indicator. As such, the identified dynamics that
were already broadly replicating some of the regio-
nal prehistoric behaviours seem to be chalcolithic.

Structure 9
The approach to Structure 9 (Fig. 2) arises from two
main vectors. On the one hand, following its identi-
fication through the data obtained by LiDAR. On
the other, the results and information gathered at
Wall 1, pointed to an occupation made through mul-
tiple platforms. These seemed to result from the na-
ture of the base geology and the addition of struc-
tures carried out by the first communities that oc-
cupied this site. With this in mind, a 2 by 6m survey
was set up between the two platforms to characte-
rise three apparently distinct spaces: (1) the upper
platform; (2) the lower platform; (3) the possible
natural or artificial structure between the two plat-
forms. The analysis determined that the bedrock
was between 5 and 20cm deep and that there were
no preserved deposits. However, it was clear that
the top and slope of the hill had an intense prehi-
storic occupation, since most of the collected mate-
rials corresponded to hand-made pottery, with and
without the traditional regional chalcolithic motifs,
siliceous lithic materials, and even a fragment of a
limestone vase.

Structure 3
This is the only ‘negative’
structure identified so far at
the Ota archaeological site
(Fig. 2). It was discovered dur-
ing the field surveys, but it
was also recorded in the Li-
DAR scanning. However, it cor-
responds to a structure al-
ready intervened by Hipólito
Cabaço, although no record
or mention of its existence
has been recovered. This is a
reality of a circular tendency
that replicates the construc-
tion strategy observed in the
other structures of Ota, based
on a combination between the
local geology and the addition
of constructive elements. This
symbiosis is particularly noti-

ceable in this structure, being partially modelled on
the limestone bedrock, complemented by the place-
ment of large stone blocks that help in the definition
of the apparently intended circular layout. Besides
these large blocks, which cover about 40 to 50% of
the circumference of the structure, a possible con-
tainment structure composed of an agglomerate of
medium and small-sized limestones was detected to
the west. Its functionality seems to be related to an
eventual stabilization and support of the larger blocks
(Texugo et al. in preparation). Another aspect of
the manipulation of the base geology is the surface
inside the structure. Relatively flattened outcrop ben-
ches were also detected at other points of the archa-
eological site; however, the interior of this structure
is perfectly smoothed, suggesting human activity in
the formation of a flattened floor.

Regarding its excavation, the sediments from this
structure were entirely sieved, and there was a dou-
ble approach to the fieldwork: interior and exteri-
or areas of the circular structure, resulting in an
excavated area of 98m2. As for the stratigraphic se-
quence, we can state that the deposits around Struc-
ture 3 come from last century’s excavations, and that
the present materialities were selected with the clear
obliteration of materials with greater value – the de-
corated ceramics and other goods of greater aesthe-
tic value. This situation is opposite to that reflected
by the materials collected by Hipólito Cabaço, where
no undecorated ceramics are present. After the ex-
cavation of these superficial contexts – [1104] to
[1110] – it was possible to understand that none of
the deposits were preserved, either because they

Lab. Sample Context BP date Cal BCE (2ss)
Beta-561854 Ovis\Capra Structure 1 ∂1006] 3960±30 2571–2516 (32.8%)

rib 2502–2400 (52.7%)
2383–2347 (10%)

Beta-568786 Capra hircus Structure 3 ∂1103] 3970±30 2575–2444 (87.6%)
horn core 2424–2404 (3.3%)

2379–2350 (4.6%)
Beta-612398 Sus sp. Structure 3 3860±30 2460–2276 (80.5%)

phalange (exterior) ∂1120] 2256–2206 (15%)
Beta-612399 Bos sp. Structure 3 ∂1115] 2576–2454 (93.4%)

phalange 3990±30 2418–2409 (0.9%)
2369–2356 (1.1%)

Beta-612400 Sus sp. Structure 3 3980±30 2576–2454 (93.4%)
cranium (exterior) ∂1120] 2418–2409 (0.9%)

2369–2356 (1.1%)
Beta-612401 Sus sp. Structure 3 4000±30 2578–2463 (95.4%)

tooth (exterior) ∂1120]

Tab. 1. Absolute dates obtained for Structures 1 and 3 of Ota. Calibration
of 14C dates using IntCal20 calibration curve (Reimer et al. 2020) and the
OxCal v4.4 program (Bronk Ramsey 2009).
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were previously excavated or because they were de-
cisively affected by intense bioturbation. Nonethe-
less, it is possible to conclude that the overwhelm-
ing majority of the archaeological materials in these
strata belong to late prehistory. Overall, only five
stratigraphic units were preserved, with coherent
contextual information. Inside Structure 3, [1003]
and [1115] correspond to the remains left by Caba-
ço, having provided a sample of a Capra hircus
horn core with a date fitting into the Middle Chalco-
lithic (2574–2350 BCE) and of a Bos sp. phalange
with a very similar date – 2577–2459 BCE (Tab. 1).
The sediments outside Structure 3 were quite affect-
ed and it was only possible to record two preserved
contexts in an area with strong anthropic alterations
of the base lapis. In addition to this manipulation of
space, the presence of several horizontally deposit-
ed faunal elements – [1120] – further corroborates
the probable preservation of the deposits, with the
repeated presence of human action in the organiza-
tion of the elements. [1120] was on top of [1121],
which, in line with what was noted in the last depo-
sit, included various unstructured faunal elements
with cohesive materials framed in regional Chalco-
lithic social dynamics.

Methods
The assemblage provenance is diverse and compris-
es remains from all the stratigraphical units with
absolute or relative chronologies pointing to the
Chalcolithic period, independently of the degrees of
bioturbation recorded. A larger amount of remains
comes from [1104] (n=1450, 24.1%), [1111] (n=959,
16%), [1114] (n=777, 12.9%), [1117] (n=427, 7.1%),
[1120] (n=385, 6.4%), and [1113] (n=357, 5.9%).
Remaining units have <5% of the NSP: [1000], [1006],
[1007], [1008], [1101], [1102], [1103], [1105],
[1106], [1107], [1108], [1109], [1110], [1115],
[1116], [1118], [1119], and [1121].

Methodologies for the zooarchaeological and tapho-
nomical analysis of faunal assemblages were fol-
lowed (Lyman 1994; Reitz, Wing 2008). Data are
presented according to the number of specimens
(NSP), number of identified specimens (NISP), mini-
mum number of elements (MNE), and minimum num-
ber of individuals (MNI) (Grayson 1984; Lyman
2008). The MNI was calculated by distinguishing stra-
tigraphic units (MNIsu) and as a general cumulative
estimate not considering differences between strati-
graphic units (MNIg).

Linear biometrics analysis was carried out by mea-
suring bones and teeth with a Lux digital calliper fol-

lowing current standards (Driesch 1976; Payne,
Bull 1988; Davis 1996; Albarella et al. 2005; Salva-
gno, Albarella 2017). The results were compared to
regional ‘contemporaneous’ published measure-
ments and were considered together with morpho-
logy to better characterize bovine, swine, caprine
and leporids (Boessneck et al. 1964; Boessneck
1970; Callou 1997; Zeder, Pilaar 2010; Zeder, Lap-
ham 2010). Taxonomically indeterminate remains
were tentatively classified according to generic
weight groups (Brain 1981; Bunn 1983; 1986): in-
determinate (WG 0), <20kg (WG 1), 20–100kg (WG
2), 100–300kg (WG 3), and >300kg (WG 4). The
age-at-death estimate considered bone (general os-
sification and epiphysis fusing) and teeth develop-
ment (eruption, replacement, wear) according to
data published for the main species documented in
the assemblage (Payne 1973; 1987; Bull, Payne
1982; Grant 1982; Jones 2006; Zeder 2006; Lemo-
ine et al. 2014; Zeder et al. 2015). The results were
grouped in general age groups, namely perinatal, in-
fant, juvenile, sub-adult, adult, and senile.

The assemblage breakage patterns were assessed fol-
lowing Henry T. Bunn (1983) and Paola Villa, and
Eric Mahieu (1991). Diaphysis length (<25%, 25–
50%, 50–75%, >75%) and section (<25%, 25–75%,
>75%) completeness are presented in relation to the
original figures. Breakage planes outline (oblique,
longitudinal, transverse), angle (mixed, oblique,
right), and surface (jagged, smooth) are considered
according to the weight groups mentioned above. The
surfaces of the remains were macroscopically and mi-
croscopically analysed to record possible BSMs (bone
surface modifications) related to processing and con-
sumption, but also the sedimentary environment. We
searched for anthropogenic breakage (e.g., peeling,
percussion impacts, cones, fissures), cutmarks (e.g.,
incisions, chop marks, scrape marks), tooth marks
(e.g., pits, punctures, crenulated edges), other con-
sumption indicators (e.g., furrowing, digestion), and
thermal alteration (i.e. boiling, burning) (Binford
1978; 1981; Brain 1981; Shipman 1981; White
1992; Stiner et al. 1995; Pickering et al. 2013; So-
lari et al. 2015). When present, their location, dispo-
sition, relations, typology, morphology, size and in-
tensity are described (Almeida 2017). The furrow-
ing evaluation follows the proposal of Saladié et al.
(2011; 2013) according to the intensity of tissue loss
distinguishing between light, moderate, and heavy
furrowing. The location of tooth marks was also re-
corded considering the type of tissue affected (corti-
cal, thin cortical, cancellous – Selvaggio, Wilder 2001;
Domínguez-Rodrigo, Piqueras 2003).



Fig. 3. Histogram of results ob-
tained for the Greatest Lateral
length (GLl) of swine astraga-
lus from the Ota site and other
Portuguese and adjacent Spa-
nish sites dated to the Pleistoce-
ne and Mesolithic (Detry 2007);
Neolithic (Almeida 2017; Davis
et al. 2018; Encarnação, Almei-
da 2017; Almeida et al. 2021b);
Chalcolithic (Driesch, Boes-
sneck 1976; Cardoso, Detry
2001/2002; Castaños 1992;
1997; Rodríguez-Hidalgo, Cabe-
zas 2011; Davis, Mataloto 2012;
Moreno-García 2013; Correia
2015; Moreno-García, Sousa
2015; Detry et al. 2020; Almei-
da et al. 2021a; Almeida, Vale-
ra 2021; Cardoso et al. 2021;
Pereiro et al. 2021); Iron and
Bronze Age sites (Davis 2006;
Almeida et al. 2020b).
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Weathering is presented according to the degrees
suggested by Behrensmeyer (1978). Other taphono-
mical indicators, such as the presence of vermicula-
tions (Lyman 1994), manganese oxide precipitation
(López-González et al. 2006), indeterminate chemi-
cal corrosion (Fernández-Jalvo et al. 2002), tram-
pling (Behrensmeyer et al. 1986; Shipman, Rose
1984), rodent gnawing (Shipman 1981), or concre-
tions (Courty et al. 1989) were qualitatively record-
ed according to the intensity and surface altered
(<25%, 25–50%, 50–75%, >75%) (Almeida 2017).

Results

Anatomy and taxonomy
The assemblage comprises a majority of Mammalia
(NISP% 96.5%) remains, with some amount of Bival-
via (NISP% 2.4%) and to a lesser extent Amphibia
(NISP% 0.5%), Reptilia (NISP% 0.5%), and Aves
(NISP% 0.2%) (Tabs. 2, 3, 4). Swine are prevalent,
with the majority of them being specifically indeter-
minate, and some remains being identified as pos-
sible wild boar and pig due to morphology and size.
As can be seen in Figure 3, there is some superimpo-
sition between Mesolithic wild boar and Late Prehi-
story (presumable) pig for the astragalus Greatest
Lateral length (GLl) measurement. For the case of
Ota and considering the results for other large Chal-
colithic assemblages, it seems that some of the astra-
gali correspond to small swine, and at least the larg-
er one would probably correspond to wild boar.
Still, the possible presence of hybrids in the assem-

blage must be considered, as pigs were probably
bred free. Swine show an important number of iso-
lated teeth (n=68). All parts of the skeleton are pre-
sent, but vertebrae and ribs are under-represented.
A higher number of anterior in comparison to poste-
rior long bones is evident according to NISP and MNE
values. The obtained MNIs indicate the presence of
adult and senile wild boar; juvenile, sub/adult and
adult pigs; and infant/juvenile, juvenile, and sub-
adult swine that further enlarge the MNIs (Tab. 5).
Hence, different age groups are represented in the
assemblage.

Caprine are well represented, comprising a majority
of goat/sheep and similar NISP values for remains
identifiable specifically as goat or sheep. Similarly
to swine, isolated teeth are also frequent in caprine
remains (n=75), with the appendicular skeleton
being more abundant than other body parts. The di-
stinction between goat and sheep was achieved
based on the morphology of horn core fragments,
isolated teeth, humerus, radius, metapodial, calca-
neus, phalanges, and both morphology and measu-
rements of astragali following Simon J. M. Davis
(2017b). Sub-adult, adult and adult/senile individu-
als of goats, and juvenile, sub-adult and adult indivi-
duals of sheep are countable. The goat/sheep follow
this pattern even if adding one juvenile individual in
the MNIg.

Bovine comprises domesticated cattle and wild au-
rochs. The latter are scarce in comparison to the
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large number of remains identified as Bos taurus
and Bos sp., the latter generally also have smaller
sizes and probably corresponded to the domesticat-
ed form as well. The most abundant measurable
bone used for this distinction are proximal phalan-
ges, which in the case of the Ota assemblage are ge-
nerally coincident with the sizes considered to cor-
respond to cattle, even if a larger specimen falls with-
in the admitted variability of the much larger auroch
(Fig. 4). One astragalus allowed for the measurement

of the GLl, which also show-
ed its small size (Fig. 5). Bo-
vines have all body parts, but
the higher frequency of pha-
langes and carpal/tarsal bo-
nes is of interest. Older indi-
viduals, i.e. adult or adult/
senile, and several sub-adult/
adult individuals are present.
Noteworthy is the presence of
one infant/juvenile cow and
one juvenile/sub-adult auroch.

Leporids correspond mostly
to the European wild rabbit
and also have an important
number of remains. Except
for one sub-adult, all individ-
uals are adults. Both the cra-
nial and appendicular body
parts are well represented,
mainly mandibles, innomi-
nate, femur and tibia. The
smaller bones from the extre-
mities are underrepresented,
but it is not clear if this rela-
tes to the selection, survival
or recovery bias since sieving
was implemented in the area
containing the majority of the
assemblage. Red deer are the
second more numerous spe-
cies representing wild game,
and the different bones, teeth
and antlers seem to corre-
spond to adults. Canids are re-
presented by two metapodial
and one phalange, with a pos-
sible equid phalange and a
wild cat phalange recovered.

One must emphasize the re-
covery of some Bivalvia shell
fragments (Fig. 6). Although

some of them are considered taxonomically indeter-
minate (n=7, 28%), the grooved carpet shells are
abundant, and the scarce common cockle and scal-
lop are present.

Taphonomy
The assemblage is composed by a majority of re-
mains with maximum dimensions <5cm (n=5242,
87.3%), others between 5 and 10cm (n=727, 12.1%)
and only a few with 10–15cm (n=32, 0.5%) or 15–

NSP % MNE % MNIsu % MNIg %
MAMMALIA
Artiodactyla 17 1.7 0 0.0 0 0.0 0 0.0
Bos taurus 78 7.6 63 10.1 16 12.5 3 6.5
Bos cf. primigenius 13 1.3 11 1.8 7 5.5 2 4.3
Bos sp. 92 8.9 48 7.7 1 0.8
Capra hircus 22 2.1 15 2.4 7 5.5 1 2.2
Ovis aries 16 1.6 15 2.4 8 6.3 6 13.0
Ovis\Capra 177 17.2 81 13.0 6 4.7 1 2.2
Cervus elaphus 72 7.0 50 8.0 12 9.4 2 4.3
Sus cf. scrofa 7 0.7 4 0.6 5 3.9 2 4.3
Sus cf. domesticus 21 2.0 17 2.7 9 7.0 5 10.9
Sus sp. 271 26.4 157 25.2 7 5.5 6 13.0
cf. Equus sp. 1 0.1 1 0.2 1 0.8 1 2.2
Herbivore 28 2.7 0 0.0 0 0.0 0 0.0
Canis sp. 3 0.3 3 0.5 2 1.6 1 2.2
Felis silvestris 1 0.1 1 0.2 1 0.8 1 2.2
Oryctolagus cuniculus 151 14.7 120 19.2 28 21.9 9 19.6
Leporidae 25 2.4 16 2.6 0 0.0 0 0.0
Sub-total Mammalia 995 96.8 603 96.5 0 0.0 0 0.0
AVES
Aves ind. 1 0.1 1 0.2 1 0.8 1 2.2
Sub-total Aves 1 0.1 1 0.2 0 0.0 0 0.0
AMPHIBIA
Amphibia 2 0.2 1 0.2 1 0.8 0 0.0 
Anura 2 0.2 2 0.3 1 0.8 1 2.2
Sub-total Amphibia 4 0.4 3 0.5 0 0.0 0 0.0
REPTILIA
cf. Mauremys leprosa 3 0.3 3 0.5 2 1.6 1 2.2
Sub-total Reptilia 3 0.3 3 0.5 0 0.0 0 0.0
BIVALVIA
Bivalvia ind. 7 0.7 4 0.6 3 2.3 0 0.0 
Ruditapes decussatus 4 1.4 7 1.1 6 4.7 1 2.2
Cerastoderma edule 2 0.2 2 0.3 2 1.6 1 2.2
Pecten sp. 2 0.2 2 0.3 2 1.6 1 2.2
Sub-total Bivalvia 25 2.4 15 2.4 0 0.0 0 0.0
Sub-total identified 1028 100 625 100 128 100 46 100

Tab. 2. Absolute and relative val-
ues obtained for the taxonomical-
ly identified and unidentified fau-
nal remains according to the num-
ber of identified specimens (NSP),
minimum number of elements
(MNE), and minimum number of
individuals by stratigraphic unit
(MNIsu) and minimum number of
individuals general (MNIg).

Indeterminate
Weight group ind. 2294 46.1
WG ∏20kg 81 1.6
WG ∏100kg 294 5.9
WG 20-100kg 1421 28.5
WG ∏300kg 231 4.6
WG 100-300kg 102 2.0
WG π100kg 281 5.6
WG π300kg 276 5.5
Sub-total indeterminate 4980 100
Total 6008
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Fig. 4. Scatterplot showing the breadth of the proximal end
(Bp) and the greatest length of the peripheral half (GLpe) mea-
surements obtained for bovine phalange 1 from Portuguese
and adjacent Spanish Chalcolithic assemblages (Driesch, Boes-
sneck 1976; Castaños 1992; 1997; Rodríguez-Hidalgo, Cabezas
2011; Detry et al. 2020; Almeida, Valera 2021).
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18cm (n=7, 0.1%) (Fig. 7). The results obtained for the diaphysis
completeness are interesting, with clear differences between long
bones of WG 1 and 1/2 and the remaining WGs. In the latter,
both WG 2+2/3+3 and WG 3/4+4 show higher frequencies of
length and section <25% of the original, while in WG 1+1/2 the
length of 25–50% and 50–75%, and the 25–75% section are bet-
ter represented. It thus seems that the long bones of smaller ani-
mals, which correspond mostly to leporids or animals of similar
size, are better preserved in comparison to larger animals, from
the size of caprine, swine, cervids and bovids.

To better understand this data, we looked at the breakage planes
(Fig. 7). Longitudinal outlines are abundant in the different sam-
ples, followed by oblique outlines, but these have values between
around 28–35%. Angles and edges show a similar pattern, with
right degrees and smooth surfaces always above 66%. These pat-
terns together with the diaphysis completeness and the indicators
of anthropogenic breakage suggest that although fragmentation
occurred, an important amount of green breakage exists. The dif-
ferent degrees of preservation occurring with the smaller size ani-
mals can also relate to the breakage of near to epiphysis portions
commonly occurring with human-induced breakage to access mar-
row that can result in shaft cylinders.

Complete remains (3.2%) comprise mainly 49 teeth (23.4%), 60
carpal and tarsal bones (31.1%), 65 phalanges (33.7%) and 10
metapodia (5.2%). Body parts with greater nutritional value are
rarely complete, but this can also relate to density-mediated attri-
tion.

Indicators of thermal modification are present (Tab. 6). Burning
damage (2.9%) is more common than other human-related indi-
cators, and is present mainly in taxonomically indeterminate re-m
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mains, of which we must emphasize WG2 and larger
animals. When present in identified remains (n=19),
they are mostly in rabbits (n=7) and bovines (n=4).
The body parts altered are generally elements from
the appendicular (n=93, 54.1%) skeleton or indeter-
minate (n=68, 39.5%), although some axial bones
(n=19, 5.8%) and a scallop shell were also burnt. The
degrees are generally low, with degrees 1 (n=5,
2.9%) and 2 (n=91, 52.9%) being prevalent, but de-
grees 3 (n=32, 25%), 4 (n=27, 15.7%) and 5 (n=6,
3.5%) are also present. Double colourations occur in
14.5% (n=25) of the cases. Possible boiling is almost
entirely restricted to indeterminate fragments (n=
110, 91.7%), half of which are from 20–100kg ani-
mals. The axial skeleton (n=2, 1.7%) has lower fre-
quencies in comparison to the appendicular (n=78,
65%) or indeterminate (n=40, 33.3%), and inde-
terminate long bones are prevalent (n=68, 56.7%).

Butchering practices are recognizable in the collec-
tion (Tab. 7), with cutmarks comprising chop marks

(n=14), incisions (n=116), zigzag marks (n=2) and
complete sectioning (n=2) of bones. All main but-
chering phases are present, including dismember-
ment, skin removal, evisceration, segmentation of the
axial skeleton, disarticulation and filleting. Among
anthropogenic breakage, impact points (n=63) are
the most abundant type of stigma, followed by cor-
tical extractions (n=24) and impact cones (n=18).
Other percussion stigmas (n=28) such as fissures,
possible counterblows, pitting, anvil abrasions and
adhering flakes, are recorded.

Considering consumption, the majority of remains
with taphonomical indicators were associated with
carnivore action (n=127, 77.9%), with possible hu-
man tooth marks (n=20, 9.8%) being almost entirely
circumscribed to leporid remains (n=18), and some
considered indeterminate (n=16, 12.3%). Taxono-
mically identified tooth-marked bones (n=78) are
mostly from swine (n=30), leporid (n=25) or capri-
ne (n=12), whilst indeterminate bones (n=71) are

Fig. 5. Histogram of the results
obtained for the Greatest Late-
ral length (GLl) of bovine as-
tragalus from the Ota site and
other Portuguese and adjacent
Spanish sites dated to the Meso-
lithic (Detry 2007; Valente
2008; 2013); Neolithic (Davis et
al. 2018; Almeida et al. 2021b);
Chalcolithic (Driesch, Boes-
sneck 1976; Castaños 1997; Ro-
dríguez-Hidalgo, Cabezas 2011;
Davis, Mataloto 2012; Moreno-
García 2013; Correia 2015; Mo-
reno-García, Sousa 2015; Aleixo
2018; Davis et al. 2018); Iron
and Bronze Age sites (Davis
2006; 2017a).

IN\JU JU JU\SU SU SU\AD AD AD\SE SE MNIsu\MNIg
Bos taurus 1–1 0–0 0–0 0–0 9–0 6–2 0–0 0–0 16–3
Bos cf. primigenius 0–0 0–0 1–1 0–0 5–0 0–0 1–1 0–0 7–2
Bos sp. 0–0 0–0 1–0 0–0 0–0 0–0 0–0 0–0 1–0
Capra hircus 0–0 0–0 0–0 0–0 1–0 5–0 1–1 0–0 7–1
Ovis aries 0–0 1–1 0–0 0–0 1–0 6–5 0–0 0–0 8–6
Ovis\Capra 0–0 0–1 2–0 1–0 1–0 2–0 0–0 0–0 6–1
Sus cf. scrofa 0–0 0–0 0–0 0–0 0–0 4–1 0–0 1–1 5–2
Sus cf. domesticus 0–0 3–2 0–0 0–0 3–1 3–2 0–0 0–0 9–5
Sus sp. 2–2 1–0 0–0 0–0 4–4 0–0 0–0 0–0 7–6
Oryctolagus cuniculus 0–0 0–0 0–0 1–1 0–0 27–8 0–0 0–0 28–9

Tab. 5. Minimum number of individuals calculated distinguishing between stratigraphic units (MNIsu)
and considering the entire assemblage (MNIg). Legend: IN infant, JU juvenile, SU sub-adult, AD adult,
SE senile.
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mainly from small (20–100kg) animals, thus very
small animals with tooth marks are almost unique-
ly leporids. Consumption indicators are present in
appendicular (n=117, 71.8%) bones, and compara-
tively less in axial (n=12, 7.4%) or indeterminate
bones (n=34, 20.9%). Among indicators of consump-
tion, pits (n=48, 23–6%), punctures (n=46, 22.7%)
and furrowing (n=37, 18.2%) are more frequent than
crenulated edges (n=24, 11.8%), digestion (n=21,

10.3%), notches (n=18, 8–9%), scores (n=4, 2%),
chipped back-edge (n=3, 1.5%), crushing (n=1, 0.5%)
and shaft cylinders (n=1, 0.5%). Furrowing is main-
ly in heavy degrees (n=22, 59.5%) compared to mo-
derate (n=11, 29.7%) and light (n=4, 10.8%) degrees.

The larger number of measurements obtained for
pits/punctures are presented in Table 8. Not consi-
dering the data from very small animals (WG 1) due

Fig. 6. Selection of materials from Ota: a shell fragments from common cockle, b grooved carpet shell
and c scallop; d, e, f, g different rabbit long bones with mechanical damage in the form of notches in frac-
ture planes and crenulated edges; h, i bovine proximal phalanges with mechanical damage by carnivo-
res; j caprine proximal phalange; k swine humerus and l maxilla; n bovine distal metapodial and p pro-
ximal phalange with cutmarks; m bone fragment with burning damage and cutmarks; o proximal pha-
lange from cattle and p auroch showing large size differences between specimens.
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to sample size, we present a comparison of the re-
maining results with published experimental and
actualistic measurements obtained for wolf, dog,
wild boar, pig and humans (Delaney-Rivera et al.
2009; Saladié 2009; Andrés et al. 2012; Saladié et
al. 2013). Results for cancellous tissues show simila-
rities with canids, swine and humans, while cortical/
thin cortical data is better framed within the varia-
bilities of canids and swine (Fig. 8). We cannot dis-
card the possibility that some smaller and shallow
tooth marks could relate to human consumption. At
the same time, the absence of the characteristic sco-
res made by swine while feeding suggests that they
were not preponderant in the modification of these
remains. Canids, probably dogs, seem to fit better

with the taphonomical patterning recorded and the
different types of behavioural consumption indica-
tors.

Finally, other indicators are present in the faunal as-
semblage. Trampling, chemical corrosion and con-
cretions are scarce. The higher frequencies of wea-
thering (10%), manganese oxide precipitation (10%)
and vermiculations (10%) are noteworthy (Fig. 9).
Weathering occurs mostly in initial degrees 1 and 2,
but this together with the identification of degrees 3
and 4 suggests that while the exposition of the re-
mains before sedimentation was small, some remains
were subjected to larger exposure or at least some
moments of re-exposure. Vermiculations are relat-

Fig. 7. Assessment of breakage per weight group in the assemblage considering: a fragment size, b diaphy-
sis completeness, and c fracture planes.
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able with the provenance of remains from low-
depth stratigraphy and/or high bioturbation areas,
since these normally occur in the top horizons of the
stratigraphy. The presence of manganese oxide in
degrees 1 and 2 accompanied by some amount of
degree 3 and the little degree 4 can relate to humi-
dity and decomposition of organic matter. Overall,
the low incidence of weathering, vermiculations and
scarcity of trampling suggests that although the site
shows important bioturbation and disturbance of
deposits due to previous historical archaeological
works, the faunal remains are fairly preserved.

Discussion

The faunal record in the Ota site during the
Chalcolithic
The fauna profile identified so far in the Ota site
shows the importance of swine in the economy of
these groups during the Chalcolithic. Although it
was impossible to further separate the majority of
the remains due to the lack of metrical or morpho-
logical characteristics, wild boar and pig seem to
have been present and, probably, hybrids. The ge-
nerally small size of measurable and unmeasurable
bone and teeth is suggestive of a small input from
larger individuals, presumably wild boars. Caprines
are also noteworthy in terms of NISP and MNE, with

both goat and sheep present, and a majority of re-
mains classified as goat/sheep. The triad of domes-
ticated species is completed with the bovine, for
which a small number of remains was classified as
probable auroch due to their large size. Still, the ma-
jority of evidence is from smaller individuals of cat-
tle and other bovines that probably correspond to
cattle due to their small size.

Kill-off patterns among the main domesticated taxa
show the prevalence of adult individuals indepen-

Indicator n %
Cutmark 133 2.2
Anthropogenic breakage 126 2.1
Burning damage 172 2.9
Boiling 120 2.0
Tooth marks, digestion 170 2.8
Rodent marks 3 0.0
Vermiculations 624 10.4
Weathering 592 9.9
Trampling 9 0.1
Concretions 9 0.1
Manganese oxide 624 10.4
Chemical corrosion 5 0.1
Complete remains 193 3.2
Recent breakage 954 15.9

Tab. 6. Main taphonomical indicators identified in
the Ota faunal assemblage.

Burning Boiling Cutmark Breakage Tooth mark Digestion
n % n % n % n % n % n %

Artiodactyla 0 0.0 0 0 0 0.0 0 0.0 2 2.6 0 0
Bos taurus 1 5.3 0 0 12 17.9 0 0.0 0 0.0 0 0
Bos primigenius 0 0.0 0 0 3 4.5 5 19.2 3 3.8 0 0
Bos sp. 3 15.8 0 0 6 9.0 10 38.5 2 2.6 0 0
Capra hircus 1 5.3 0 0 3 4.5 1 3.8 0 0.0 0 0
Ovis aries 0 0.0 0 0 3 4.5 0 0.0 0 0.0 0 0
Ovis\Capra 1 5.3 1 10 8 11.9 0 0.0 12 15.4 2 20
Cervus elaphus 1 5.3 1 10 7 10.4 3 11.5 4 5.1 0 0
Sus cf. scrofa 0 0.0 0 0 1 1.5 1 3.8 0 0.0 0 0
Sus cf. domesticus 0 0.0 0 0 5 7.5 0 0.0 4 5.1 0 0
Sus sp. 2 10.5 3 30 19 28.4 6 23.1 26 33.3 6 60
Herbivore 2 10.5 0 0 0 0.0 0 0.0 0 0.0 0 0
Oryctolagus cuniculus 7 36.8 4 40 0 0.0 0 0.0 23 29.5 1 10
Leporidae 0 0.0 1 10 0 0.0 0 0.0 2 2.6 1 10
Sub-total identified 19 100 10 100 67 100 26 100 78 100 10 100
Weight group 0 ind. 48 31.4 22 20.0 24 36.4 9 9 12 16.9 6 54.5
WG 1 (∏20kg) 2 1.3 0 0.0 0 0.0 0 0 1 1.4 1 9.1
WG 1\2 (∏100kg) 7 4.6 8 7.3 1 1.5 1 1 1 1.4 0 0.0
WG 2 (20-100kg) 62 40.5 55 50.0 14 21.2 54 54 37 52.1 4 36.4
WG 2\3 (∏300kg) 10 6.5 8 7.3 8 12.1 6 6 8 11.3 0 0.0
WG 3 (100-300kg) 6 3.9 3 2.7 2 3.0 4 4 1 1.4 0 0.0
WG 3\4 (π100kg) 6 3.9 5 4.5 8 12.1 9 9 6 8.5 0 0.0
WG 4 (π300kg) 12 7.8 9 8.2 9 13.6 17 17 5 7.0 0 0.0
Sub-total indeterminate 153 100 110 100 66 100 100 100 71 100 11 52
Total 172 120 133 126 149 21

Tab. 7. Different taphonomical indicators’ absolute and relative values per species and weight groups.
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dently of the MNI calculated. Considering swine, it
is not easy to understand age patterns due to the su-
perimposition of wild and domesticated specimens.
All the larger size individuals identified as possible
wild boar are adult or senile, with the possible pigs
comprising juvenile, sub-adults/adults and adults,
and the wild boar/pig adding infant/juvenile indivi-
duals. These omnivorous animals were being slaugh-
tered while the meat was tender, but older indivi-
duals are also present and they could relate to re-
productive purposes. Caprine are represented by dif-
ferent individuals, from juvenile to adult/senile in-
dividuals, with a clear higher proportion of adults
and even one case of one adult/senile goat. More in-
formation is needed to better understand the kill-off

pattern in caprine, but a focus on older individuals
is clear. The large majority of the assemblage comes
from contexts that were sieved so we do not expect
a bias against small teeth (including deciduous te-
eth). An infant/juvenile cattle individual was iden-
tified based on the presence of scarce unfused ele-
ments and low ossification bones, but teeth that
could allow for a better age estimate were not reco-
vered. The presence of younger bovine can relate to
the acquisition of primary and secondary products,
since the slaughter of calves can relate to the need
to reduce the amount of fodder needed and no fur-
ther need for milk exploitation, or the use of one
calf to stimulate several cows (Vigne, Helmer 2007).
The slaughter of older cattle after they started to be

Fig. 8. Comparison of results (in mm) obtained for the maximum (length) and minimum (width) axis of
pits/punctures recorded in the Ota assemblage according to the type of bone tissue. Values presented are
the mean and CI 95%. Legend: *Andrés et al. 2012; “Saladié 2009; /Saladié et al. 2013, )Delaney-Rivera
et al. 2009.

C.I. C.I.
N Mean SD +95% -95% Min Max 95%CI

length WG 1 cortical\thin cortical 2 4.89 0,45 5.50 4.27 4.57 5,20 0.62
length WG 2, 2\3 cortical\thin cortical 125 2.46 0,83 2.61 2.31 1.02 5,29 0.15
length WG 3, 4 cortical\thin cortical 24 2.77 0,74 3.06 2.47 1.67 4,27 0.30
width WG 1 cortical\thin cortical 2 2.59 0,60 3.42 1.75 2.16 3,01 0.83
width WG 2, 2\3 cortical\thin cortical 125 1.58 0,55 1.67 1.48 0.51 3,76 0.10
width WG 3,4 cortical\thin cortical 24 1.98 0,48 2.17 1.79 1.24 3,22 0.19
length WG 1 cancellous 7 2.52 0,86 3.15 1.88 1.64 4,25 0.64
length WG 2, 2\3 cancellous 115 2.95 1,21 3.17 2.73 1.31 7,49 0.22
length WG 3,4 cancellous 38 3.48 1,03 3.80 3.15 1.83 5,64 0.33
width WG 1 cancellous 7 1.89 0,48 2.25 1.53 1.32 2,73 0.36
width WG 2, 2\3 cancellous 115 1.96 0,75 2.10 1.82 0.59 4,83 0.14
width WG 3,4 cancellous 38 2.60 0,91 2.89 2.32 0.83 5,07 0.29

Tab. 8. Descriptive statistics for the length and width (in mm) of pits and punctures on cortical/thin cor-
tical and cancellous tissues recorded on identified and indeterminate remains identified to weight group
(SD standard deviation, CI confidence interval).
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less productive is a common
practice, especially if older indi-
viduals are not needed for use
as traction (Pérez Ripoll 1999).

Clear hunting practices are re-
corded. Besides the smaller
amount of red deer adult indi-
viduals, leporids, probably only
consisting of the European rab-
bit and almost entirely adult in-
dividuals, show important NISP,
MNE and MNI results. Other taxa
comprise a possible equid bone,
carnivores, Aves, amphibia ind.
and Anura for which the scar-
city of available data hinders further discussion. One
must emphasize that sieving was implemented in
Structure 3, corresponding to 97% of the total as-
semblage under study. Finally, some bivalves were
recovered; the grooved carpet shell is more frequent,
but the common cockle and scallop are present.

The assemblage has several indicators of anthropo-
genic processing of animal body parts, with cutmarks
related to the different stages of butchering and an-
thropogenic breakage indicators recognizable. Burn-
ed and possible boiled remains are present with si-
milar frequencies and can potentially relate to the
higher longitudinal outlines and right or mixed an-
gles of the breakage planes in the small to large
weight groups. The frequency of double colourations
and the larger number of degrees 2 and 3 might re-
sult from the culinary practices, more than another
type of natural or non-culinary anthropogenic action.
Overall, the fragmentation as well as modern break-
age that affected the collection is also evident.

Regarding leporids, they have higher preservation
of diaphysis in comparison to other species. None-
theless, complete long bones are absent – only iso-
lated teeth and bones from the extremities are com-
plete, and modern breakage is infrequent (n=9). At
the same time, consumption indicators on leporid
bones and burning are present. The former compri-
ses notches and punctures in appendicular bones
(n=16), and crenulated edges (n=12) in innominate
(n=8), scapula (n=1), femur (n=2) and mandible
(n=1). Morphologically, the majority of these re-
mains seem to lack the typical characteristics of car-
nivore gnawing tooth marks, showing similarities
with human consumption. One must consider the
possibility that other carnivores, such as canids,
could have had access to the remains. Wolfs, for

example, are known to completely consume rabbit
remains, thus this would result in a large, digested
sample (Lloveras et al. 2020) but this is not found
in the assemblage, and the implementation of siev-
ing certainly diminished recovery bias. The impor-
tance of dogs in Late Prehistory contexts is note-
worthy, since they probably ate human-abandoned
waste, resulting in a different patterning of body
parts, besides distinguishable tooth marks and di-
gestion degrees, but data is lacking for better com-
parison (Almeida et al. 2022). Other carnivores, as
is the case of foxes (Sanchis 2000; Lloveras et al.
2012) and the Iberian-lynx (Lloveras et al. 2008a;
Rodríguez-Hidalgo et al. 2013; 2015), have slightly
different patterns of consumption, but leave tooth
marks that can be distinguishable from human chew-
ing. Beak/talon marks created by birds of prey (e.g.,
Sanchis 2000; Lloveras et al. 2008b; 2009) are ab-
sent in the collection. Measurable tooth marks on
leporid bones were scarce, because pits are less pre-
valent than crenulated edges and tooth notches.
Moreover, a lower breakage of leporid bones com-
pared to that seen with larger animals was ob-
served. The lack of young leporids could relate to
the natural dead’s latu senso, or the lack of anato-
mical connections that could hint at predation, toge-
ther with the abovementioned data, lead us to sug-
gest a largely anthropogenic origin for the leporids
in the assemblage. Hence, carnivores seem to not
have contributed substantially to the faunal accumu-
lation of the Ota site for smaller specimens, but we
cannot entirely discard secondary access to them,
for example, by dogs. The secondary access and mo-
dification of remains are well characterized regard-
ing larger taxa. In these cases, it is not clear if all
consumption damage should be related to carni-
vore action, because some smaller and more shallow
tooth marks could be produced during human chew-

Fig. 9. Other indicators identified in the assemblage and their assess-
ment based on degrees of modification.
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ing. While swine do not seem to be of relevance in
the consumption due to a lack of diagnostic tooth
marks, the morphologies, types and size of tooth
marks are consistent with a large canid, also identi-
fied in the assemblage.

The presence of molluscs in Iberian Late Prehistory
contexts is common and associated with merely eco-
nomic or an ideological and symbolical dimension
of their consumption or the use of shells. Regarding
scallops, for example, the circulation of their shells
is recurrent even in inland sites, while others, such
as the grooved carpet shell, could be consumed or
circulated in conditions that would allow their con-
sumption in farther regions (Valera, André 2016/
2017). The few bivalves identified do not allow for
further considerations, since they were scattered in
several stratigraphical units and not related to spe-
cific contexts that could further reveal their purpose.
On the one hand, they could be consumed and thus
represent a small portion of these groups’ diet due
to their bromatological value, on the other hand,
they could be part of the existing interaction and cir-
culation networks where shells are commonly inter-
preted (e.g., Coelho 2006; 2008; 2013; Soares 2013;
Delicado et al. 2017; Valera, André 2016/2017; Al-
meida et al. 2020a; Almeida, Valera 2021).

The data from a wider perspective
An important amount of Chalcolithic faunal records
is published for central and southern Portugal (Fig.
10). Focusing on Estremadura, it is clear that equids
are almost absent from the assemblages and, when
recovered, their NISP is <1%. Clear hunting strate-
gies are represented by the presence of cervids,
mainly red deer and the occasional roe deer, but be-
sides Columbeira (14%) and Ota (9%), these species
have values of <5% in Chibanes, Zambujal, and es-
pecially Leceia and Penedo do Lexim. Swine domi-
nate the assemblages of Ota (39%) and Chibanes
(48%), showing frequencies similar to caprine in Co-
lumbeira and Zambujal. Caprine are even more fre-
quent than swine in Penedo do Lexim and Leceia. In
all cases, bovines are proportionally less common
than swine and caprine, although the values ob-
tained in the Ota site (24%) are similar to Zambujal
(25%) and a bit less to Leceia (20%). The small fre-
quency of equids and cervids is maintained during
the end of the Chalcolithic, even if Vila Nova da São
Pedro shows 8% of cervids. This site is the only one
where bovines have important values (30%), but are
still lower than swine, which are prevalent in all
these assemblages, even reaching 58% in the Chiba-
nes IC collection. Further results are expected to be

published for VNSP that could allow for a better
understanding of this pattern and if it is fully repre-
sentative of the site.

It is not clear how observed differences in propor-
tions between the larger faunal groups for these
sites relate to environmental and archaeological fac-
tors and how this change regarding chronology and
context. The lack of contextual and fine-grain chro-
nological information, especially for older studied
and published collections, hinders the proper discus-
sion and assessment of possible patterns that could
help explain these differences.

These results have some disparities from the ones
obtained for the Alentejo region with its peneplains
that differ from the Estremadura region. The diffe-
rence between these two regions is currently seen
not only in the archaeological records themselves
but also in the faunal spectra that have been recov-
ered (Valente, Carvalho 2014; Almeida, Valera
2021). While equids are slightly more abundant than
in the Estremadura, cervids have much higher val-
ues, reaching 3–12% during ~3000–2400 BCE, with
one case of 36% in the S. Pedro site, in Redondo.
Later, between ~2400–2000 BCE, the two ditched
enclosures of Porto Torrão and Perdigões show
that cervids were an important part of these econo-
mies with 23% and 29%, respectively. In the Alen-
tejo, swine are the most frequent group in all sites
with exception of the Perdigões collection dated to

~3000–2400 BCE from where caprine reaches 39%.
Caprine has values similar to bovine in S. Pedro,
but the latter is less frequent in Monte da Tumba,
Perdigões, Mercador and the older Torrão study by
Driesch in Arnaud (1993). During ~2400–2200 BCE,
the rise in cervids is accompanied by a similarity in
abundance between caprine and bovine, always be-
tween 14–19% to both groups, with a prevalence of
swine.

The lower dependency on red deer hunting in the
Estremadura compared to the Alentejo might relate
to availability and the type of sites. The Estremadu-
ra records of larger settlements, more dependent on
domesticated animals, could result in a higher an-
thropization of the surrounding areas leading to
less availability of the large wild game. While the
archaeological data (type of sites, material culture)
can point in this direction, the scarce archaeobota-
nical data does not allow for further discussion of
this hypothesis, a human impact on the landscape
was already observable during the Chalcolithic (and
previously) in several regions (e.g., Lord et al. 2011).
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Equids and mainly cervids are scarce in the Estrema-
dura regional records with higher frequencies in the
Alentejo, thus similar to other roughly contempora-
neous records from Spanish Extremadura, such as
Atalaya (Rodríguez-Hidalgo, Cabezas 2011), Horna-
chuelos (Castaños 1998), Cerro de la Horca (Casta-
ños 1992), Cerro I (Castaños 1991; 1997) and Cer-
ro II de Los Castillejos (Castaños 1991).

Conclusions

With its 170m AMSL and an occupational chronolo-
gy ranging from the Neolithic to the Islamic period,

Ota is exposed to various climatic actions that re-
sult in a generalized lack of sedimentation (Texugo
et al. in preparation). This is a reality shared by its
congeners in Estremadura, resulting in a cultural
phenomenon – the walled enclosure– that is mainly
based on palimpsests, very difficult to disentangle
and securely study. These problems were taken into
consideration during the excavation campaigns that
occurred from 2019 up to 2021 at Ota (Texugo et al.
in preparation). To reduce their impact and help in
the excavation and interpretative process of the iden-
tified archaeological units, the taphonomical study
of the faunal assemblage of this site was promptly

Fig. 10. Map with location of sites mentioned in the text and histogram comparing the %NISP of equids,
cervids, swine, bovine, and caprine between the Portuguese Estremadura and Alentejo regions during
the Chalcolithic (after Antunes 1987; Arnaud 1993; Davis, Mataloto 2012; Costa 2013; Moreno-García 2013;
Correia 2015; Pereira 2016; Pereira et al. 2017; Cardoso et al. 2021; Driesch, Boessneck 1976; Cardoso,
Detry 2001/2002; Moreno-García, Sousa 2015; Valera et al. 2020a; Detry et al. 2020; Almeida, Valera 2021).
VNSP Vila Nova de São Pedro. PoSACs Parts of the Skeleton Always Counted.
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carried out. It allowed us to characterize the con-
sumption patterns of these communities, which in-
cluded both hunting and local production, and the
networks to which they might have been connected,
due to the presence of exogenous shells. However,
it also allowed us to empirically corroborate the exi-
stence of paedogenic processes, to which the anthro-
pic influence, through the intense architectonic re-
formulations, is added.

Nonetheless, and summing up, it seems that Ota re-
plicates the patterns found in neighbouring regio-
nal sites, with a fauna profile highlighting the impor-
tance of domestic species, namely swine, goat/sheep
and cattle. Hunting practices are complementary, as
is suggested by the less common red deer, auroch
and possibly wild boar. Of added interest are the le-
porids, mostly composed of rabbits, that after a ta-
phonomical assessment seems to relate mainly to
human consumption, even if occasional indicators of
other predators are recorded. As noted earlier, we
do not discard access to these remains by carnivo-
res, which is also demonstrated in the larger animal
remains. However, this would mainly have been se-
condary access to human food refuse. The assem-
blage has several indicators of anthropogenic pro-

cessing, with cutmarks derived from butchering, an-
thropogenic breakage, and thermal alteration with
culinary proposes. The kill-off patterns are sugges-
tive of secondary product exploitation in caprine
and bovine, possibly milk, to produce cheese, mate-
rialized in the presence of cheese makers in the ar-
chaeological record. The analysis of taphonomical
indicators of the sedimentary environment rein-
forced the interpretation based on fieldwork obser-
vations concerning stratigraphies, further support-
ed by new absolute dates. This allowed for the pre-
sentation and discussion of zooarchaeological infor-
mation from a current perspective, one still uncom-
mon for this region and period.
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ABSTRACT – Exploiting a database developed during a previous research project, this study uses
factor analyses, GIS techniques and basic geostatistics to evaluate in detail the agro-ecological deter-
minants of the first Neolithic diffusion in continental temperate Europe (the Linearbandkeramik or
LBK), as well as its underlying settlement dynamics around half a millennium (5550–4925 BCE).
More than 6600 LBK site locations, spread from Moldavia to Normandy, are initially assessed for
their informative coherence and ability to offer a unified perspective on the evidence established at
more local and regional levels. Most of these data can be used to define the broad geo-pedological
options involved in the location of sites across Europe; loess substrate was far from being an exclu-
sive settlement choice and a variety of soils, typically of medium moisture, were exploited. LBK far-
mers thus had a great capacity to adapt to the different geographical contexts they encountered. With
regard to settlement dynamics in Central and Western Europe, the data reveal a systemic interplay
between creation, stability and abandonment of sites, supporting the diffusion of the LBK subsistence
system. The progressive decline in the number of new sites was compensated by an increase in their
stability until the last stage of the expansion process. At this point, abandonments became wide-
spread without significant renewal, except in the westernmost regions. The easternmost parts of
Europe could not be integrated in the large-scale temporal modelling, since the chronological data
available in the database are insufficiently precise. Shedding new light on the systemic variability
of the geo-environmental options followed by these early farmers and highlighting some modalities
and spatial-temporal limits of the resilience of their agro-sylvo-pastoral system, our overall analysis
confirms and somewhat clarifies current interpretations of the LBK phenomenon.

IZVLE∞EK – S pomo≠jo podatkovne baze, vzpostavljene v prej∏njem raziskovalnem projektu, v tej ∏tu-
diji predstavljamo rezultate faktorskih analiz, tehnik GIS in osnovne geostatistike, s katerimi natan≠-
neje vrednotimo agro-ekolo∏ke dejavnike med prvo neolitsko difuzijo v Evropo z zmernim celinskim
podnebjem (podro≠je kulture linearno trakaste keramike ali LTK) in poselitveno dinamiko v pol ti-
so≠letnem obdobju med 5550–4925 pr. n. ∏t. Ve≠ kot 6000 LTK lokacij, ki se raztezajo od Moldavije
do Normandije, smo najprej ocenili glede na njihovo informativno koherentnost in sposobnost po-
nuditi poenoten pogled na podatke, razvidne na lokalni in regionalni ravni. Ve≠ino teh podatkov je
mogo≠e uporabiti za dolo≠anje ∏irokega nabora geo-pedolo∏kih danosti na lokacijah po vsej Evropi;
puhlica ∏e zdale≠ ni bila izklju≠na poselitvena izbira, raznolika, srednje vla∫na tla so bila pogosta
izbira. LTK kmetje so se bili sposobni prilagoditi razli≠nemu okolju, s katerim so se sre≠evali. Glede

KEY WORDS – Neolithic; LBK; Europe; colonization; geo-environment; settlement dynamics 
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refine our understanding of its geography, a plani-
metric dataset was built around this archaeological
database, inspired by the GIS approaches developed
in the ‘ArcheoMedes’ and ‘ArchaeDyn’ programmes
(van der Leeuw et al. 2003; Gandini et al. 2012;
Gauthier et al. 2022).

After a general analysis of the archaeological and en-
vironmental data, we will address the question of
the dynamics of archaeological settlements based on
measures of geographical distribution.

An in-depth exploration of the agro-ecological rela-
tionships involved in this archaeological distribution
will be the subject of another paper developing a
space-time model of the LBK expansion process. Fi-
nally, to bring this research to a close, a third contri-
bution will focus on the role of salt resources in the
overall LBK process, in relation to this ecological
modelling. 

The archaeological data

The analysis includes 6639 sites, spread over 14 coun-
tries and eight major river basins (Danube, Dniestr,
Elbe, Oder, Rhine-Meuse, Seine, Vistula, Weser). The
database (BD_LBK) is informed by various descrip-
tors presented in sections 1.1 and 2.1 and Appendix
6. The initial ‘OBRESOC’ database, with 6566 units,
was corrected and reorganized to enable SQL que-
ries, and then amended by including data from Ro-
manian Moldavia (Robin Brigand, Oliver Weller) and
the Republic of Moldova (Madalin-Cornel Văleanu,
Brigand, Weller). The study window was extended
by a buffer zone of 70km around outlying LBK sites.
This measurement corresponds to half the observ-
ed maximum inter-site distance, which is theoretical-
ly possible to cover in two days’ walk. This brings
the total study area to 1 211 807km2. For some re-
gions, the BD_LBK contains fewer sites than those
recorded in the literature. This is principally the case

Introduction

This paper discusses the settlement dynamics of the
LBK (Linearbandkeramik), from Hungarian Trans-
danubia to the shores of the English Channel and
the Black Sea, between 5550–5500 and 4950–4900
BCE (Figs. 1.a and 2). The origin of this large cultu-
ral complex is to be sought in the peripheral areas
of the Painted Pottery cultures of the Carpathian-
Balkan regions, most notably the Star≠evo/Körös-
Cris which extended during the first half of the 6th

millennium from Serbia to the lower Danube basin.
In its early phase of development, the LBK is charac-
terized by the low variability of its ceramics, house
types and more generally settlement and food pro-
duction systems (Bánffy, Oross 2010; Czekaj-Zas-
tawny 2009; Kreuz et al. 2005; Kulczycka-Lecieje-
wiczowa 2000; Lenneis 2001; 2003; 2010; Lenneis,
Pieler 2016; Lichardus et al. 1985; Lüning 2005;
Oross, Bánffy 2009; Quitta 1960; Pavlů 2000; Sa-
lavert 2017). Recent bioarchaeological and palaeo-
genetic research supports the migration hypothesis
developed as early as the 1920s (Childe 1929) and
describes a process of direct population movement
(Brandt et al. 2013; 2015; Lipson et al. 2017; Ma-
thieson et al. 2015), in addition to the internal mo-
bility of individuals, particularly women (Price et al.
2001; 2002; Bentley et al. 2012). Current palaeoge-
nomic analyses point to an incipient genetic admix-
ture from local hunter-gatherers during the LBK pe-
riod, further developing through the succeeding cen-
turies (Brunel et al. 2020; Rivollat et al. 2020). Prior
to these new insights, a pure migration hypothesis
formed the basis of a multi-agent modelling ap-
proach (ANR-09-CEP-004-01/OBRESOC project), ex-
ploring multiple socio-environmental interactions
(Bocquet-Appel et al. 2015; in prep.; Dubouloz et
al. 2017). Following this experimental approach and
based on the archaeological data collected on this
occasion (Dubouloz, Gauvry, in prep.), our objec-
tive here is to carry out a detailed evaluation of the
site database and its capacity to account for settle-
ment dynamics. In order to address this issue and

na poselitveno dinamiko v srednji in zahodni Evropi podatki ka∫ejo sistemsko povezanost postavit-
ve, stabilnosti in opustitve naselij, skladno z difuzijo LTK pre∫ivetvenega sistema. Postopno zmanj∏e-
vanje ∏tevila novih naselij je nadomestila njihova stabilnost, ki se je ohranila do zadnje stopnje pro-
cesa ∏irjenja. V njej so opustitve naselij brez obnove postale, razen v najbolj zahodnih podro≠jih, ze-
lo pogoste. V ≠asovno modeliranje nismo vklju≠ili najvzhodnej∏ih delov Evrope, saj so kronolo∏ki po-
datki, ki so na voljo, premalo natan≠ni. Z analizo smo osvetlili sistemsko geo-okoljsko variabilnost
in modalitete ter prostorsko-≠asovne omejitve odpornosti agro-gozdno-pa∏nega sistema prvih kmeto-
valcev ter potrdili oz. pojasnili veljavne interpretacije LTK fenomena.

KLJU∞NE BESEDE – neolitik; LTK; Evropa; kolonizacija; geo-okolje; poselitvene dinamike
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in the Kraichgau and Middle/Upper Neckar (Baden-
Württemberg), where the number of known sites is
much higher than in the database (Bogaard et al.
2016). As the latter was designed as an inventory of
fully identified sites, many locations on published
maps without precise bibliographic and geographi-
cal references have been ignored. Additional work
to identify all the available sites will be necessary
here in order to address these gaps. The question
will arise later of the impact of these deficits (~5%)
on our overall results (see section Brief synthesis
and perspectives).

Archaeological descriptors
Each site is recorded by several descriptors of a strict-
ly archaeological nature or linked to a brief geogra-
phical description (countries, rivers watershed). They
are presented below in increasing order of relevance.

❶ The ‘Country’ variable is coded by two letters (ISO
3166-1 alpha-2). It reflects the general effects of his-
tory and research policies in major political regions.

❷ The ‘Basin’ variable is derived from a simplified
map of rivers drawn up by the European Commis-
sion Environment Agency (Catchments and Rivers
Network System, 2012). It shows the apparent struc-
turing role of river basins in the geography of LBK
diffusion. After verification of its operational value,
it will not be used in the multivariate analyses.

❸ The ‘Nature of the intervention’ variable is a means
of assessing the primary quality of the archaeologi-
cal data, mostly derived from random collection
(Collect., 50.7%), organized survey (Survey, 23.9%)
and partial excavation (F.Part., 22%); extensive ex-
cavations are very much in the minority (F.Ext.,
<4%). This variable makes it possible to modulate
the results according to the uncertainties of the data-
base.

❹ The variable ‘Category’ of sites (settlement, en-
closure, shelter/cave, cemetery, etc.) is mostly not
filled in (67.5%). Therefore, on a European scale, all
the entries in the database are integrated under the
neutral term ‘site’.

❺ ‘Spatial accuracy’ is of uneven quality: 39.6% of
the coordinates of the sites are very well to fairly
well positioned (Loc ++ £100m and Loc +– £500m),
while 60.4% are more poorly located (Loc ––
≥1000m). But this range of uncertainty usually coin-
cides with the resolution of the geo-environmental
data.

❻ The ‘Area’ of a settlement should be a relevant
criterion for describing its importance, but the low
occurrence of documented instances (18.4%) rules
out statistical analysis.

❼ The ‘Dating’ variable (see section Chronology of
settlements and Appendix 13 for more details) de-
scribes the dating evidence in Boolean coding. Sites
dated by major chrono-cultural stage are characteri-
zed by a ‘first settlement’ variable (St. x) and a ‘du-
ration of occupation’ variable in years of continuous
occupation (D. x00); the absence of information is
coded ‘nr’ in both cases. The mapping of dating pre-
cision (Precise = St. x Loose = St. nr) reveals a very
strong dichotomy (Fig. 1.a) between Western Eu-
rope (France, Belgium), where sites are more often
well dated, and Eastern Europe (Ukraine, Romania,
Republic of Moldova). Central Europe (Fig. 1.b) is
intermediate in this respect, with some well-docu-
mented sectors (Hungary, Austria, Slovakia and Ger-
many to a lesser extent) and others that are often
more limited (Poland, Czech Republic).

❽ ‘Reliability’ is a synthetic variable which descri-
bes the overall quality of the archaeological map. It
combines the values of three variables: geography
(accuracy of location), chronology (accuracy of dat-
ing) and contextual expertise (type of fieldwork).
The mapping of this index is carried out through a
transformation of the point entity into a raster infor-
mation with 5km sides, from the most reliable to the
least reliable. This mode of representation offers a
general view of the state of research on the data
(Fiab.A = 3 positive variables; Fiab.B = 2 positive va-
riables including chronology; Fiab.C ≥ 2/3 negative
variables = 80.2% of sites). There is a strong hete-
rogeneity in the database (Fig. 2), very similar to that
produced by the ‘Dating’ variable. The western and
southern ‘half’ (Seine, Meuse and Moselle basins,
Rhine and Weser basins, Hesse and Württemberg,
Danube valley, Austria) is generally well document-
ed. The other ‘half’, in the centre and the east of
the map (Thuringia/Saxony-Anhalt/Saxony, Bohe-
mia, Moravia, Slovakia, Hungary, Poland, Romania,
Moldova and the Ukraine) often shows a more limi-
ted documentary quality. 

Multiple Correspondence Analysis (MCA)
A multiple correspondence analysis (MCA) was ap-
plied to the complete disjunctive table of most of the
BD_LBK’s discrete data (Benzecri 1973; Escofier,
Pagès 1990). This analysis will characterize the do-
cumentation in its suitability for addressing the is-
sues of the determinants and rhythms of the LBK
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Fig. 1. Upper: LBK settlement map (6639 features) and chronological accuracy (each site – or group of
sites – is represented by a pixel of 25km2). Bottom: map of LBK sites in Central Europe (Poland, Slova-
kia, Hungary, Czech Republic, Austria, Germany) precisely dated (black dots) and simply dated LBK
(white dots).
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agro-sylvo-pastoral system in its continental devel-
opment. Six variables are mobilised for 38 active
modalities: the variables ‘Category’, ‘Area’ and ‘Ba-
sin’ were excluded from the analysis because of the
insufficient quality of the available information or
because they were too general.

A preliminary reading of the relative contributions
of the six variables themselves provides a frame-
work for the following detailed analysis of their mo-
dalities involved in the MCA (Fig. 3).

This first approach shows that five variables out of
six contribute, through some of their modalities ana-
lysed below, to explaining the intrinsic variability of
the data recorded in the inventory. The ‘Country’
variable does not seem to play a particular explana-
tory role in the overall construction, which is reas-
suring. The ‘Reliability’ variable, despite its poly-
thetic dimension (cf. 1.1–8), does not sum up the
patterning of the data alone: its statistical weight is
only significant on the first factor. We shall see be-
low that different modalities of its own descriptors
are particularly discriminating throughout the ana-
lysis. The other four variables do not show very
strong correlations: for example, ‘Duration’ is not
strictly related to the age of the installation (‘Chro-
nology’) nor to the research intensity (‘Fieldwork’);

in the same way, geographical precision seems only
partially related to ‘Fieldwork’. These general obser-
vations suggest that a rather complex dispersion cha-
racterizes the variability of the data, which are there-
fore not univocally determined.

Description of the factors or components (Appen-
dices 2–4)
The detailed analysis of the first three factors of the
MCA, then of the factorial maps of their 38 modal-
ities, makes it possible to specify the previous obser-
vations (Appendices 2–4, 7 and Figs. 4 and 5).

The first factor (original eigenvalue of F1 = 10.69%
or 77.79% in Benzecri correction) is detailed in Ap-
pendix 2. It contrasts the sites well documented by
excavations, dating to different stages of the LBK
(especially St. 2 and 4) and of rather limited dura-
tion, with the less well-documented and therefore
less reliable sites: France and Poland/Czech Repub-
lic respectively embody these two opposing poles
which, not surprisingly, dominate the structuring of
the data.

The second factor (F2 = 5.55% or 8.45% Benzecri,
Appendix 3) mainly articulates the temporal varia-
bility around the differential documentary effects of
‘Survey’ and the ‘Collect’.

Fig. 2. LBK settlement map (6639 features) and overall reliability of the archaeological information
(each site, or group of sites = 25km2/pixel). Hydronyms are abbreviated: Bu. Bug, Da. Danube, Dn. Dnie-
str, Dr. Drava, El. Elbe, Is. Isar, Ma. Main, Ma. Marne (Fr.), Me. Meuse, Mo. Moravia, Mo. Moselle, Od.
Oder, Pr. Prut, Rh. Rhine, Sa. San, Se. Seine, Va. Vah, Vi. Vistula, Vl. Vltava, Wa. Warta, We. Weser, Yo.
Yonne.
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The third factor (F3 = 5.07% or, 5.53% Benzecri,
Appendix 4) specifies the variability of the borders
of the time sequence, by underlining the opposition
of older and long-lived Central European sites, re-
sulting from ‘Survey’ prospection (52.1% of the iner-
tia), to westernmost sites dating to the later stages
of the LBK and correctly located (31.2%). It also
shows that some countries linked to ‘Collect’ in F2
(Slovakia, Hungary) are additionally associated with
‘Survey’.

Analysis of maps F1/F2, F1/F3 and F2/F3 (Figu-
res 4–5 and Appendices 5–7)
● Map F1/F2 (Figure 4 and Appendix 5) shows a
qualitative and chronological structure in the data
and reveals three main groups of modality associ-
ations. It contrasts extreme documentary situations,
between France/Netherlands (best information) and
Poland/Czech Republic (worst information). In addi-
tion, it defines for part of Central Europe an inter-
mediate group of sites with variable documentation
and often ‘average’ quality. Germany and Belgium,
at the centre of the scatterplot, are linked to all qua-
lities of documentation, but with only a small pro-
portion of the best; Austria has a significant rate of
good quality information; Hungary and Slovakia are
isolated from the other countries mainly because of
their stronger ties to the early stages of the LBK.

● Map F1/F3 (Figure 5 and Appendix 6) identifies,
in addition to the extremes already identified in F1,
a central cluster of medium to high level modalities;
this indicates a fair to good reliability shared by
many sites in central-western Europe belonging to
the main part of the LBK sequence and of all dura-
tions. It also confirms the better documentation of
the western trio (Netherlands, Luxembourg, France),
and the more varied documentary quality in Ger-

many, Belgium and Slovakia. The cluster of
countries gathered around the least posi-
tive modalities confirms the singularity of
Poland, linked to ‘Survey’.

● Map F2/F3 (Appendix 7) characterizes
the database without the influence of poor
documentary situations; it shows links
masked by the hyper-structuring weight in
F1 of the strong correlation of qualitative-
ly weaker or undefined modalities. Hence
it confirms the existence of the same poor-
ly or badly characterized sites in the BD_
LBK (here centrally positioned and there-
fore not very significant in describing this
additional variability) and their distinction

with the very well-characterized group in France
and the Netherlands in the later stages of the LBK.
In addition, this plot underlines a significant and fa-
vourable situation with Poland and its systematic
‘Survey’ practices. It also confirms that, at the time
of database completion, Hungary and Slovakia stand
out strongly from the other European countries in
terms of the relative weight of their older, long-term
and partially documented sites.

A synthesis of these successive and complementary
analyses is quite easy to make, as they provide fairly
similar results on the variability of the documenta-
tion. Three major poles emerge: first, the group with
the best possible combination of documentation, in
Western Europe, with sites in France, the Nether-
lands and Luxemburg; second, the group with low-
est quality information, around the Czech Republic
and partly Poland; third, the combination of inter-
mediate quality information in Hungary, Slovakia,
Germany, and Belgium. The remaining five ‘Country’
modalities are divided between the poor-quality com-
binations (Moldova, Romania, Ukraine, Switzerland)
and the medium-quality ones (Austria).

Apart from the western trio, Poland and Hungary/
Slovakia both present a complex situation. They can
be regarded as specific versions of poor and mode-
rate documentation. Thus, Poland shares with the
western part of Europe a significant proportion of
sound documentation (Fig. 4, map F2/F3), thanks
to its affinity for high-quality ‘Survey’. In the group
of medium quality documentation, Hungary and
Slovakia stand apart from others (see Figs. 4–5 and
Appendix 7). This may be related to their greater
connection to the earlier stages of the LBK. The mid-
quality group is also well represented by Germany
and Belgium, which possess all the variety of docu-

Fig. 3. Relative contributions of the six variables to the cha-
racterization of the first three components of the MCA (co-
lours shown in Annexes 2 to 4)
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mentation in significant proportions. Some is rather
poor and broadly similar to the qualitatively under-
documented Eastern Europe and Czech Republic,
where the huge number of entries in the database
statistically overshadows the well-documented sites
in Bohemia and Moravia. Finally, Austria’s documen-
tation lies between the good and medium quality
groups, quite close to that of the western countries.

Quality of the BD_LBK and overall heuristic
validity.
The overall impact of the observed heterogeneity
(Appendix 1) in the BD_LBK on the investigation
of geo-environmental aspects and LBK settlement
dynamics will now be assessed.

From the point of view of geography, this diversity
is arranged quite clearly along an east-west transect;
our information thus gains in quality along this axis
and its suitability for interpretation increases at the
same time. Apart from language barriers (for Ukraine
and Moldova), three logically related constraints con-

tribute to this overall European pattern: the number
of sites recorded, the temporal depth of the research
and the underlying types of archaeological interven-
tion. Thus, three countries which are major contri-
butors to the database (Germany, Czech Republic,
Poland) are characterized by an overall documen-
tary situation of average to mediocre quality; and
three other countries, lesser contributors to the data-
base (France, Netherlands, Austria), present much
more favourable situations. This dichotomy, which
is somewhat counter-intuitive, is probably due to a
mass effect. For the first countries mentioned, the
temporal and spatial extent of research has produc-
ed a high proportion of sites identified ‘in the past’,
while settlements that are well documented by more
recent research have in this case relatively less
weight than in countries where more recent, more
proactive and/or more localized research will have
accumulated fewer poorly documented sites.

Several intermediate situations are obviously pre-
sent. For example, Hungary and Slovakia each illus-

Fig. 4. F1/F2 map of the MCA showing the archaeological descriptors. Size and coloured highlighting
of the fonts symbolize the level of the modalities’ contribution; radius of the circles shows their represen-
tation’s rate; red contours underline the particular distribution of the countries.
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trate their specificity, and their close positioning
seems as much related to the broad trends that
structure LBK data as to their own similarity. Thus,
their convergence is probably mainly due to the
distribution of the chronological variable: these two
countries have relatively few well-documented sites
and comparable proportions of moderately to poor-
ly documented sites, but their share of later LBK
sites, lower than in the other countries, may explain
their joint isolation in the results of this analysis.

Finally, at the geographical margins of the phenome-
non under study, the situations are broadly opposed.
One, in the east, appears to be mediocre overall, no
doubt due to shortcomings in the collection of infor-
mation, but also possibly due to a very different hi-
story of research and more limited funding. The
other situation, in the west, generally appears to be
good, probably due to the geographical limitation of
the areas concerned (the Netherlands and Luxem-
bourg) and/or significant and earlier funding of res-
cue archaeology.

Thus, as was to be expected, the ‘Country’ variable
is not an explanatory descriptor, but is only relevant
in highlighting contextual trends. These can be sum-
marized by five fairly well-differentiated classes and
sub-classes: (i) the class with little information, main-

ly comprising eastern sites; (ii) the sub-class ‘Po-
land’, which has limited information in general, but
is often well documented by ‘Survey’ or extended
excavations (‘F.Ext.’); (iii) the class of mixed situa-
tions, comprising Belgium, Germany, Slovakia and
Hungary, with comparable proportions of poorly
and moderately documented sites, together with
some large to huge archaeological investigations;
(iv) the sub-class ‘Austria’, which has fairly good in-
formation overall; (v) finally, the class of the most
favourable situations, mainly associated with the
Netherlands, Luxembourg and France: Austria parti-
cipates to a certain extent in this last group (F1/2).

This extensive information variability could have a
negative impact on the use of the database for re-
search, by restricting the number of comparable sites
available in different regions and by blurring the
conclusions to a greater or lesser extent, depending
on the regional representativeness of the available
samples. However, in the broad analysis of the agro-
ecological determinants of LBK settlement, it emer-
ges that these documentary limitations have only a
marginal impact. Indeed, such an approach mainly
requires geolocation in line with the resolution used
for the geo-environmental space, and this is often
enough to provide a good summary of the main cha-
racteristics of the LBK point-pattern. Basic geostatis-

Fig. 5. Graph of the 1/3 factorial map (F3 inertia: 5.07% or, 5.53% in Benzecri correction). Same legend
as Figure 4.
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tical techniques such as low-pass filtering will be
able to overcome the main documentary weaknes-
ses. On the same geo-environmental level, the char-
acterization by stages of LBK expansion will be more
uncertain, particularly in Eastern Europe, a region
that will have to be excluded from detailed analyses.
But for the large contributors in Central Europe,
with considerable medium- to poor-quality documen-
tation, the problem is mitigated by the significant
number of available sites and their varied spatial di-
stribution.

The projected research on settlement dynamics is in
turn dependent on the quality of information on the
chronology and continuity of occupations. The MCA
presented in this section has highlighted the weight
of the undetermined modalities in the structuring of
the data: thus 60% of the sites in the BD_LBK do not
meet the fine chronological aspects. The majority of
these sites belong to the eastern regions of Europe,
which again cannot be compared with other regions
(although there are some pioneering studies such as
Dmytro Kiosak (2017) and Thomas Saile (2020)).
Among the latter, the three largest contributors to
the database (Germany, Czech Republic, Poland) cer-
tainly present a significant rate of negative respon-
ses (in Thuringia/Saxony/Saxony-Anhalt (Thüringen/
Sachsen/Sachsen-Anhalt in graphs), Bohemia (∞echy
in graphs), Little Poland (Mało-Polska in graphs) and
Kuyavia (Kujawy in graphs)), undoubtedly challeng-
ing the representativeness of these samples with re-
gard to the regional temporal variability of LBK oc-
cupation; but the distribution of correctly to very
well-informed sites overlaps quite regularly with the
general pattern of known sites (Fig. 1), giving reason
to hope for good spatial representativeness. Unless
we can correct these biases, our forthcoming histo-
rical-anthropological interpretations will have to
take this uncertainty into account.

Topographical and agro-ecological data

In this section we will focus on site locations (point
coordinates) in order to characterize their geo-con-
texts. The set of variables integrated in the analysis
is presented in Appendix 8. Each archaeological site
is thus documented by two topographic and six agro-
ecological variables for a total of 38 descriptors out
of 41 (two descriptors and one modality, not repre-
sented in the data, were deleted).

Data classification
❶ Slopes. The slope map is classified into four map
units: SL1 (flat) = from 0 to 3; SL2 (low slope) =

from 3 to 9; SL3 (medium slope) = from 9 to 20; SL4
(steep slope) = from 20 to 65; in the analysis, the
SL4 modality was grouped with SL3.

❷ Landscape openness. Classified into three sets,
this measure is a morphometric indicator that deter-
mines the degree of concavity and convexity of the
landform (Yokoyama et al. 2002). It considers for
each pixel a line of sight over 8 azimuths (r=10km)
which may be redundant with the visibility indica-
tors (total visibility): OP1 (closed); OP2 (open); OP3
(very open).

❸ Moisture. This is the variable deduced from the
low-resolution (1km) surface water saturation map.
The map is classified into four map units: HY1 (low);
HY2 (medium); HY3 (high); HY4 (very high).

❹ Soil texture. This document, originally classified
into seven classes, is simplified into six classes (by
combining the <no data> and <organic layer> fields):
TX0 (n/a); TX1 (coarse, clay<18% and sand>65%);
TX2 (medium, clay<35% and sands>15% or clay
<18% and 15%<sands<65%); TX3 (medium, fine,
clay<35% and sand<15%); TX4 (fine, 35%<clay
<60%); TX5 (very fine, clay>60%).

❺ Soil thickness. The original five-class classifica-
tion is retained: PR0 (n/a); PR1 (shallow, <40cm);
PR2 (moderate, 40–80cm); PR3 (deep, 80–120cm);
PR4 (very deep, >120cm).

❻ Loess. The European loess map (Haase et al.
2007), produced at a scale of 1:2 500 000, contains
nine classes distinguished according to their thick-
ness and degree of alteration; this document has
been simplified to the extreme to retain only the exi-
stence or not of loess in the substrate: LO1 (pres-
ence); LO2 (absence)

❼ Soil group. The 1:1 000 000 Soil Geographical Da-
tabase of Europe (SGDBE v4) initially presented in
27 classes according to the 1985 FAO classification
has been simplified to 11 classes (European Soil Data
Centre (ESDAC), esdac.jrc.ec.europa.eu, European
Commission, Joint Research Centre): SO1 (Cambisols
= brown soils with little typing or differentiation);
SO2 (Chernozems, Greyzems and Phaenozems = soils
with a high content of organic matter in their upper
horizons, clinohumic soils); SO3 (Fluvisols = alluvial
soils); SO4 (no data = glaciers, city, rivers, destroyed
soils, n/a); SO5 (Gleysols, Histosols, Marshes, Plano-
sols, Vertisols); SO6 (Podzol = soils marked by a true
podzolization process); SO7 (Luvisols, Pozoluvisols =
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degraded and leached soils characterized by eluvial
upper horizons); SO8 (Lithosols, Regosols, Rankers,
Rendzinas, Outcrops = thin soils, limited in depth by
a coherent and hard material (bedrock or hardened
horizons); SO9 (Arenosols = soils with sandy granu-
lometry, not differentiated); SO10 (Salinosols = sa-
line soils of Solonetz or Solonchaks type); SO11 (An-
dosols = soils of volcanic origin).

❽ Fertility. The fertility map produced as part of the
ANR ‘Obresoc’ project (Schwartz et al. in prep.)
was used without regrouping or modification. The
simplification of the soil cover carried out by the
authors is dictated by an attempt to reconstitute Neo-
lithic soils. As such, this work differs from classic
studies – and from those presented here – which are
based on the current state of the soil. Nevertheless,
the scale (1:5 000 000) means there is great simpli-
fication and often arbitrary cartographic limits: FR0
(n/a); FR1 (very fertile); FR2 (fertile); FR3 (medium
fertility); FR4 (low fertility); FR5 (not fertile). 

Statistical analyses (MCA and HAC)
All statistical analyses performed on the LBK set-
tlement data are based on the cross-referencing of
the point attributes with the set of environmental
descriptors operated in matrix form. The characteris-
tics of the locations are at pixel level (100m), but
include the very close environment since a low-pass
filter has been applied to the raster data. The value
of each cell is calculated from the eight surrounding
pixels, thus obtaining a smoothed raster where the
maximum and minimum values of each neighbour
are averaged and local variations are reduced.

A multiple correspondence analysis (MCA) of the to-
pographic and agro-ecological modalities and a hie-
rarchical ascending classification (HAC) on the fac-
torial coordinates (factor scores) enables a descrip-
tion of the settlement choices of LBK populations.

Description of the factors (Appendices 9–11)
● The strongest contributions to factor 1 (~85% of
its total variance or inertia) mainly separate sites in
poorly defined or rare contexts from all other sites
(Appendix 9). Its relevance to our research questions
is therefore very limited.

● The second factor (Appendix 10) is mainly based
(~84% of its inertia) on the opposition between
leached (Luvisols) or degraded soils, very deep, with
a medium-fine texture and good fertility, and brown
soils with moderate to deep depth, fine texture, very
good or medium fertility, in a closed landscape. This

second statistical summary thus distinguishes two
kinds of favourable agro-ecological environments.

● The third factor (Appendix 11) is mainly based
(~81% of its inertia) on the predictable opposition
between deep and very fertile soils of Chernozem,
Greyzem and Phaenozem types and very thin soils
or soils with a tendency to waterlogging.

Analysis of map F2/F3 (Fig. 6)
Because factor 1 is defined by modalities that main-
ly describe the absence of information, it is more re-
levant to focus on factors 2 and 3 of the MCA (Fig.
6), despite a reduced inertia (total = 14.3%, 35.7%
in Benzecri correction). With the results of the HAC
conducted on the factor coordinates of the modali-
ties, it reveals four main classes (Cl.1 to 4).

● Class 1 (Cl.1), with 2,916 sites (44% of the total),
is predominately determined (>90%) by sites locat-
ed on very deep (PR4), degraded (SO7) or alluvial
(SO3) soils; then (> 50%) on medium-fine textured
soils (TX3), fertile (FR2), humid and tending to hy-
dric saturation (HY3); to a lesser extent (35–50%)
by sites located on flat (SL1), open (OP2) to very
open (OP3) landforms and medium hydromorphic
soils (HY2). Two poles of association of agro-ecolo-
gical modalities constitute class 1: the first one is
very specific, around degraded, very deep, modera-
tely fine-textured soils, and the second one around
the most shared modalities, including good fertility,
average waterlogging, and flat or very slightly slop-
ing land in an open landscape. The presence of loes-
sic substrates does not seem to be very discriminat-
ing, since their absence also contributes to defining
this subgroup of CL.1.

● Class 2 (Cl.2) is composed of 132 sites (2%) locat-
ed on soils for which the depth (PR0) and nature
(SO4) are not given. This very marginal class of un-
characterized sites is not very relevant.

● Class 3 (Cl.3) concerns 1414 sites (21.3%) locat-
ed primarily (>90%) on clinohumic (SO2) or sandy
(SO9) soils; then (>50%) on very fertile soils (FR1),
or soils marked by a process of true podzolization
(SO6) and to a lesser extent (35–50%) on deep soils
(PR3), with low surface hydromorphy (HY1) and
sometimes with a coarse texture (TX1). Two pre-
ferred associations of agro-ecological modalities are
also visible in class 3. The first one, very characteris-
tic, concerns sites on clinohumic soils, very fertile,
and the second one sites on deep soils with low wa-
terlogging.
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● Class 4 is made up of 2177 sites (32.8%), located
primarily (>90%) on moderate depth soils (PR2) or
shallow soils (PR1), waterlogged (SO5) or thin soils
(SO8) or even saline (SO10); then (>50%) on brown
(SO1), moderately fertile (FR3) to poorly fertile (FR4),
fine-textured (TX2) soils located in topographic en-
vironments marked by a steep slope (SL3) and a
closed landscape (OP1); and to a lesser extent (35 to
50%) on slightly sloping (SL2), non-fertile (FR5) and
moderately textured (TX3) soils. This very heteroge-
neous class is structured around two very significant
groups of modalities: the first concerns sites on
brown soils of moderate depth, fine texture and, in
part, average fertility in a rather closed landscape;
the second group, very characteristic, but much less
represented, is made up of shallow soils of low ferti-
lity, such as Gleysols, Vertisols, Rendzinas and Rego-
sols.

Intermediate conclusions
The broad analysis of the agro-ecological data thus
highlights the great variety of contexts in which LBK
settlements are found. Rather than, as has often been
assumed, a simple constraint by loess (47.6% of the
total number of sites are strictly located on a loessic
substrate), it is a set of characteristics favourable to
sustainable farming that conditions the most fre-
quent location of these sites: very good to average
fertility, very great to average depth, not too pro-
nounced waterlogging, fine to average textures.
Many different soil types (SO1, SO2, SO7, even SO3
and SO6), whether on loessic or non-loessic substra-
tes and widely present throughout Central Europe,
seem to have been acceptable compromises for these
early farmers. It is thus clear that they had an ances-
tral practical knowledge of the agrological properties
of the soils, including their natural vegetation and

Fig. 6. Plot of the MCA showing topographic and agro-ecological traits (map F2/F3, inertia F2: 7.69% –
22.95 in Benzecri correction; F3: 6.58% – 12.74% in Benzecri correction) and arrangement of the class-
es from the HAC. The class boundaries are indicative; they do not exclude other under-represented mo-
dalities.
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associated fauna. This background will have succes-
sfully guided their settlement choices in the Central
European landscape.

Additional analyses
As regards the importance of loess and major soil
types in the choices of location, further analysis can
be made on a continental scale in order to identify
interregional and/or temporal variability. Uncertain-
ties related to soil evolution over the last 7000 years
will be addressed in the course of the analysis and in
the conclusions that can be drawn from the current
soil cover.

The loess issue
Loess substrates make up more than a quarter of the
surface area occupied by the LBK as a whole (26.2%).
This share is greater if one excludes the mountain
ranges, largely avoided by LBK agro-pastoralists.
Loess is fairly evenly distributed (see Appendix 12),
with a particularly marked presence to the northeast
and east of the Carpathians, as well as in Hungary,
around the Harz mountains and in Belgium/the
northern Paris Basin. It is therefore expected that in
most of these regions, loess may have been a major
substrate for the establishment of LBK settlement.

Two approaches have been followed to specify the
archaeological impact of these formations. One is
based on the geographical coordinates of the sites
and the other on a buffer zone of 2.5km around each
site. This second approach partly reduces some of
the imprecision in locating the sites and mapping
the loess areas.

According to the first approach, the general trend
between the Black Sea and the English Channel
shows (Fig. 7.A) an almost equal number of locations
on loess or other substrates (47.5% of occupations
and 47.6% of localities). At a more precise temporal
scale (Fig. 7.A and B), and therefore at a varying

geographical scale, a trend can be seen towards a
lesser dependence on Loess (Chi2: df 4, p. 0.001)
between the beginning and the end of the LBK (from
55% to 42.4%), well expressed by the deviation from
the mean of the occupations. This overall develop-
ment thus underlines the importance of loess, but
mostly at the beginning of the process, as well as in-
creasing adaptation to the varied geo-pedological
contexts encountered.

This space-time trend, identified on the basis of the
present-day distribution of loess across Europe, mo-
tivated a second approach and further investigations
of the geo-pedological composition of the terroir
within a radius of 2.5km around each site, by major
settlement region. In order to evaluate loess depen-
dence, three surface thresholds in the buffer zone
were established: (1) with 80% of loess in the buffer
area, the site is considered to be located to maximize
the presence of this formation, or has simply bene-
fited from its extensive availability in the area; (2)
conversely, with between 0 and 20% of loess in the
buffer area the site is considered to be located with
no particular interest in the presence of this sub-
strate or has simply suffered from its low availabi-
lity; (3) an intermediate threshold at 40% of the buf-
fer area is also tested to define a proximity of the
site to loess (<1km), but without excluding other
substrates. According to this analysis, approximately
30% of all LBK sites are loess-independent, 34% have
predominantly a loessic substrate, and 20% have a
broad access to other types of geology. The remaining
16% (between 20 and 40% loess surface) represent
sites with little attraction to this loess. At this level of
geographic and temporal resolution, the importance
of loess in the location of LBK sites is clearly variable.

The distribution of this differential access to loess ac-
cording to major settlement regions (98% of sites),
reveals a number of different patterns of settlement
(Fig. 8.A-B).

Fig. 7. A proportions of sites punctual location on a loess substratum; B deviations from average
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❶ The opposition of the extreme situations (80% vs
20% of the buffer area) creates four groups (Fig. 8.A): 

● A first group (green) with 42–64% of sites with
over 80% loess and 15–34% of sites loess-indepen-
dent (0–20% of their buffer area), occurring in re-
gions where the spatial distribution of loess corre-
sponds to large, compact sectors (Niederrhein-
Westph./Maas (NWM), Wetterau/Main, Franken, Elbe-
Saale, Austria (Österreich in graphs), Southern Vistu-
la, Romania/ Moldova).

● A second group (yellow) with only 12–30% of sites
with over 80% loess and 30–48% of sites loess-in-
dependent, occurring in regions with smaller and
more discontinuous loess sectors (Alsace-Middle
Rhine (Alsace-Mittel-Rhein in graphs), Neckar, Low-
er Saxony/Fulda-Weser (BSFW), South Bavaria/
Schwabia (Süd-Bayern/Schwaben in graphs (SBS)),
Bohemia, Moravia, Slovakia-Hungary and South-East-
ern Poland-Ukraine (SPK)).

● A third group (orange), far western [Paris Basin/
Hainaut, Franco-Luxembourg Moselle (BPHM)],
where only 5–8% of sites have over 80% loess (main-
ly the nine sites in Belgian Hainaut) and 67–78% are
loess-independent;

● The fourth and last ‘group’ (dark red) is made up
of the Kuyavia/Chelmno area (KUJ), where 100% of
sites are not located on loess.

❷ At the threshold of 40% loess in their buffer area
(Fig. 8.B), the sites fall into almost the same four
groups as above:

● The fourth and third groups (red and orange) are
formed by the same regions (KUJ, BPHM), where the
attraction of loess concerns only 0% and 11–15% of
sites, respectively, except in the small Belgian Hain-
aut region. This overall statistic confirms the weak
association of the LBK with loess in these regions.

● The second group identified above concerns 40–
62% of the sites in the same regions, to which are
added the Moldavian-Romanian and Southern Vistu-
la regions. By doubling or even tripling the propor-
tion of sites concerned, the ‘mixed’ terroirs thus re-
present a considerable weight in these regions and
reveal a fairly strong link between the LBK and loess
(50% ± 10).

● The first group retains five of the seven regions
with 80% loess, and now includes 72–83% of the
sites in NWM, Franken, Wetterau/Main, Austria and
Elbe-Saale, which is only a slight increase (1.3 to 1.7
more cases). This weak progression is due to the
high spatial availability of loess, which ‘mechanical-
ly’ attracts a large number of sites (42–64%). But, by
increasing this proportion of sites to 72% and more,
the ‘mixed’ sites contribute to the dominant view of
the crucial importance of loess for the LBK. This ob-
servation remains true for some regions of Germany
and Austria, where Eva Lenneis (2001) notes that
about three quarters of the settlements are located
on loess, from the earliest phase onwards. But in
other important regions of Central Europe (Hunga-
rian Transdanubia (Magyar-Dunántúl in graphs), Mo-
rava, Bohemia, South Bavaria/Schwabia (Südbayern/
Schwaben in graphs), Middle Rhine/Alsace (Mittel-
Rhein/Alsace in graphs), the dominance of loess

Fig. 8. Geographical distribution of sites according to the proportion of loess area in their 2.5km buffer
zone: A <20% vs. >80%; B <20% vs. >40%.
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must be tempered by a significant proportion of
‘mixed’ configurations associating proximity of loess
and other substrates.

Intermediate conclusions

The analyses at supra-regional and regional levels
of site position and buffer areas both confirms and
moderates the importance of loess in the choice of
LBK site location, as already revealed by the MCA
(Fig. 6): only 52.3% of the large sample of sites exa-
mined (Fig. 8) have over 40% of loess in their buf-
fer areas. As the results show many alternatives, the
study indicates a certain independence of the LBK
system from loess, even in regions where its pres-
ence is high, such as the eastern Carpathians or the
Transdanubian Hungary. However, there is a slightly
stronger link at the beginning of the sequence (St1)
than at the end (St4 and 5–6). These figures suggest
that starting from a subsidiary exploitation of non-
loessic substrates by the earliest farmers (St1), the
LBK’s subsistence system has been increasingly
adapted to this kind of substrate.

LBK and present-day soil groups
The geographical distribution of present-day soil
groups shows the predominance of Cambisols and
Luvi-Podzoluvisols (57% of the total area), far ahead
of Clinohumic soils (Chernozems, Phaenozems, Grey-
zems), Podzols, Fluvisols, Gleysols and Renzine-Re-
gosols (Fig. 9 and Appendix 12). 

Cambisols develop in large continuous areas in the
heart of the LBK territory and particularly in the
central and central-western parts. Luvisols (and Pod-
zoluvisols) generally border these Cambisols, in ra-
ther fragmented patches, and dominate in Poland,
as well as in the north-western and western parts of
the study area. Clinohumic soils are distributed main-
ly in the east and south-central regions, on the peri-
phery of the above soils, with some other good pat-
ches in the Elbe-Saale region and more modestly in

southern Poland and Bohemia. Gleysols occur be-
tween the previous groups, mainly in the northern
periphery, like the Podzols, and more in connection
with Fluvisols. The latter are distributed throughout
the study area, particularly in Moldova/Romania, Po-
land, Belgium and France. Lastly, Rendzinas essen-
tially show the opposite distribution to Podzols, in
the southern half of the LBK occupation zone, with
important areas along the Paris Basin, the Austrian
Danube and in Hungary, Slovakia and Ukraine: the
LBK largely avoided these soils.

This current distribution of the main soil groups, ex-
pressing major topographical, geological and mor-
phological factors, appears to be a significant geo-
graphical determinant for LBK settlement location.
We can nevertheless expect considerable variability,
as has been shown for the loess.

Available soils/selected soils
The distribution of soils at LBK sites shows a good
overall correlation with the distribution of soils cur-
rently available in the study area (Pearson (0.866)
and Spearman (0.7381): p. <0.05). This indicates
that the early Neolithic farmers made use of most of
the possibilities offered by the environment. But the
observation of the deviations from the relative dis-
tribution of these soil groups in the study area as a
whole and at the sites (Fig. 10) shows a stronger
relationship (Chi2, df 7, p. <0.01) with Luvi-Pod-
zoluvisols (+51.7%), Clinohumic soils (+45.6 %) and
Fluvisols (+28.6%). The best represented group in
the study area, Cambisol (33.3%) is a bit under-rep-
resented (–20.4%), and Renzinas-Regosols, Gleysols,
Arenosols and Podzols (between 2.7 and 8.9%) are
clearly under-represented at LBK sites compared to
current geographical availability (between –34.5 and
–88.8%).

The importance of Luvi-Podzoluvisols could be at
least partly due to soil developments over the last
7000 years (Lorz, Saile 2011) and could reflect the

higher availability of Chernozems
(here with Clinohumic soils) at the
time of the LBK. This hypothesis can
be applied especially around the Harz
mountains, as well as in Bohemia
and Moravia, judging by the present-
day intermingling of Luvisols in the
Chernozemic areas and their imme-
diate surroundings. However, Car-
sten Lorz and Thomas Saile (O.c.)
also point out that such a proposal
can only be based on detailed pedo-

Fig. 9. Distribution of the main types of soils in the geographical
area of the LBK.
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logical studies. The question of Cambisols is even
more complex, since this notion covers very diverse
soils whose main common feature is an incipient pe-
dological differentiation, and their age is therefore
questionable. We will simply note here that more
than 80% of the sites located on these formations,
very often close to areas where Chernozems and Lu-
visols are concentrated, avoid their most acidic
forms. This is the case in the regions noted above,
especially along the secondary, or lesser, watercour-
ses. Here, the ‘absolute’ quality of the soils would
have weighed less than the proximity of densely set-
tled areas and site networks.

Loess and selected soils
Together with these apparent connections, there are
significant differences in numbers by substrate for
the four main occupied soils (Fig. 11). A Chi-square
test confirms (df 3, p. <0.001) that the presence of a
loessic substrate at the site coordinates tends to fa-
vour Luvi-Podzoluvisols and Clinohumic soils in the
establishment of LBK sites, especially in the early
LBK; conversely, the absence of loess tends to fa-
vour Fluvisols and marginally Cambisols, especially
towards the end of the LBK.

The weighting of these archaeological observations
by the geographical patterns of the three main soil
groups attested on loess provides a complementary
conclusion (Tab. 1):

● Clinohumic soils, preferred on loess more than
on other substrates (18.7 vs. 14.6%), have appar-
ently been exploited in proportions lower than their
availability on loess (18.7 vs. 28%), except in their

two main distribution zones east of the Carpathians,
as well as in Slovakia and more partially in Moravia
and Kuyavia (see Fig. 12).

● Luvisols appear to be the main beneficiary of the
apparent choices of LBK settlement location, espe-
cially on loess (> 42% of sites).

● Despite the lower overall availability on loess,
Cambisols also seem to be readily chosen, and in
higher proportions than their overall availability on
loess. This trend may reflect an environmental and/
or social determinant, i.e. a pull of the loessic sub-
strate on the location of LBK sites, irrespective of
the soil itself, and/or a desire to be close to a site
network occupying the best soils.

Thus, according to these non-exclusive preferential
connections, the locational choices of LBK sites as a
whole reveal several major alternatives. The ‘Cher-
nozem on loess’ archetype would have been only
one of the LBK settlement modes, valid in certain
regions and/or at the beginning of the sequence.
Elsewhere, according to the gradual spatial variation
of environmental availability, LBK settlements seem
to have largely found other geo-pedological contexts
that were suitable for their farming requirements
(Figs. 12 and 13).

Regional variability
An analysis by major settlement zone (Fig. 12) illu-
strates this variety of situations in seven main classes:

● Romania-Moldova is distinguished by a preponde-
rance of clinohumic soils (> 80% of cases).

● Slovakia, Moravia (Chernozem) and Kuyavia/Chel-
mno region (Phaenozem) show a preference for both
Luvisols and Clinohumic soils (>66% combined).

● In a large part of Germany Luvisols dominate Cam-
bisols (>70% combined).

● In contrast, in the west and southwest of Germany,
Cambisols predominate over Luvisols (>70% combin-
ed); in Austria, Clinohumic soils take second place
(=89% combined), as already observed by Lenneis
(2001.Fig. 6) for LBK 1 in Austria, where present-day
Brown soils are preferred to present-day Chernoze-
mic soils.

● Bohemia, Southern Vistula and Silesia show a more
balanced distribution of Cambisols, Luvisols and Cli-
nohumic or Fluvisol (>67% combined).

Fig. 10. Relative deviations in the proportions of
the selected soil types from those of the available
soils (horizontal values proportional to the over-
all availability).
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● On the periphery, Hungary, Mecklenburg-Pomera-
nia, south-eastern Poland and the Ukrainian borders
show a wide variety of soils, including a type that has
been encountered rarely until now (only in Kuya-
via): Gleysols, associated with Luvisols and Cam-
bisols or Fluvisols (>68% combined).

● In the west, except for Belgian Hainaut (nine
sites), Fluvisols dominate, associated with Cambi-
sols (>75% combined) and a variety of other soils.

The cartography of these major classes (Fig. 13 and
Appendix 12) shows that, during its spread, the LBK
farming system did not focus on a specific geo-pedo-
logical niche, but adapted to changing local and re-
gional conditions. In view of this general strategy,
the Paris Basin sites appear somewhat distinct, since
they underuse the soils developed on the large loess
patches occurring in this region. Mainly dated here
to the end of the LBK sequence but locally pioneer,
the occupation initially tied to the main floodplains
was extended, during the early 5th millennium (BVSG
group), to the loessic plateaus now largely covered
by luvisols (Dubouloz et al. 2005; Bostyn et al.
2019). The BVSG farmers seem therefore to have
returned to the predilections followed during the
European expansion process from which they ultima-
tely resulted.

Overall weighting of results
Beyond issues of loess and soils, the distribution of
LBK sites highlights their relationship to highly sig-
nificant sedimentary characteristics. The MCA/HAC
(Fig. 6) identifies groupings that are largely defined
around variations in water saturation, texture and
soil depth (Tab. 2). And it should be remembered
here that soil quality not only affects agricultural po-

tential, but also natural plant com-
munities. The influence of these se-
dimentary characteristics on tree and
herbaceous formations implies that
the associated vegetation and fauna
were most likely important parame-
ters in site location, although such
factors remain hidden in our strictly

geo-pedological analysis.

Medium-fine to fine-textured soils thus characterize
more than 82% of the sites (Tab. 2.A), and of these
about 71% have low to medium water saturation. In
the same way, a great to very great thickness of the
soils characterizes nearly 80% of the sites, of which
nearly 72% have low to medium water saturation.
These very high proportions identify the main soil
characterization of LBK locations and indicate the
skills of already expert farmers. However, a signifi-
cant proportion of the occurrences (<30%) combi-
nes the same characteristics of depth and texture
with high water saturation, thus showing that alter-
native choices were made. This option may have
been related to a particular interest in the proximity
of specific vegetational areas such as riparian zones
or marshes. Concerning the other soil types (Tab.
2.B) on which a minority of LBK settlements are lo-
cated (£20%), low to medium water saturation also
dominates (more than 70% of the cases), thus re-
stating the critical value of this characteristic for LBK
agriculture.

From all these observations it can be inferred that,
beyond particular types of soil, LBK farmers first
sought and found geo-soil formations that were not
water saturated, rather fine-textured and quite deep:
in other words, a range of situations favourable to
their agricultural and gathering needs and widely re-
presented in the territory they explored. These gene-
ral characteristics provide a better definition than
present-day soil types of LBK farmers’ main criteria
for establishing settlements. According to the statis-
tical study, we must add to this major trend the com-
plementary and less common search for waterlogged
soils and their particular vegetation and fauna.

Fig. 11. Archaeological proportions of the four main soil types according to the presence/absence of loess.

% area % soil on loess\ % soil\loess % soil-sites
Soil groups (%) soil group area area on loess
Clinohumics (11.4) 66 28 18.7
Luvi-Podzoluvisols (23.6) 34 27 42.1
Cambisols (33.3) 14 17 25.4

Tab. 1. Proportions of various loess configurations/major soil
groups.
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These findings are at least partially in line with the
conclusions of Michael Kempf (2020a), whose re-
search is not really comparable to that developed
here, as differences in spatial scale, temporal perspec-
tive, size of the samples examined, resolution of the
basic environmental data and the descriptive system
of the geo-pedological units make this comparison
rather impractical. However, we note a convergence
of our observations with some results of his analy-
sis, especially the importance of low-medium water
saturation in the choice of settlement location.

On the other hand, the study by Lorz and Saile
(2011) on the genesis of the Chernozems, restricted
to southern Lower Saxony, also reaches some con-
clusions compatible with those pro-
duced here on a continental scale.
This is the case for the partial dis-
connection that can be observed
between site location, loess and the
presence of Chernozems, which has
already been proposed by various
researchers cited by these two au-
thors. Thus, their database clearly
shows the major importance in LBK
site location of contact zones be-

tween geo-pedological ensembles, recalling our defi-
nition of ‘mixed terroirs’ (section 2.3.1 and Fig. 8).
Due to the fine resolution of their environmental
data, they ultimately draw the conclusion, unattain-
able at the resolution of our own study, “[...] that
LBK settlers preferred highly productive and light
soils with easy access to water courses (Sabel
1983). These conditions are provided in the dry
Loess landscape of the investigated region with a
distinctly incised, dense drainage network.”
(op. cit. p. 278, underlined by authors). This speci-
fic environmental configuration might be the actual
source of our observations (section 2.3.2a) concern-
ing site distribution in the intertwined Chernozems-
Luvisols-Cambisols of the loessic region around the

Fig. 13. Geographical distribution of the dominant soil configurations of twenty LBK settlement areas:
very dark brown: predominance of Clinohumic soils; dark brown: predominance of Luvisols/Clinohumic
soils; medium brown: predominance of Luvi Podzoluvisols/Cambisols; beige: predominance of Cambi-
sols/Luvisols or Clinohumic soils; blue-gray: importance of Gleysols; light blue: importance of Fluvisols;
light green: Loess.

% of total (N) Low-medium Strong and
A sat. (N) more sat. (N)
Txt. fine to medium-fine 82.2 (5455) 70.7 (3832) 29.8 (1623)
Depth + and depth ++ 79.8 (5200) 71.7 (3730) 28.3 (1470)
B
Other textures (very fine, 17.8 (1184) 79.5 (941) 20.5 (243)
medium, coarse)
Moderate and shallow depth 20.2 (1317) 70.1 (923) 29.9 (394)

Tab. 2. Overall statistics of site distribution by soil water saturation,
texture and depth (NB: 1.8% of soils are not characterized by depth).
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Harz or in Moravia. As much as the search for a
dense and socio-economically supporting neighbour-
hood, the need for easy access to water, identified at
the meso-regional scale and at higher spatial reso-
lution (see also Kon≠elová 2005), appears to be a
strong complementary determinant of this site distri-
bution that is partly disconnected from the best soils.

Settlement dynamics

Much has already been written on settlement dyna-
mics and no attempt is made here to challenge the
interpretations and conclusions drawn from previous
research. Rather, we will try to show how large-scale
geo-spatial statistical analysis can identify and weigh
the different factors underlying this space-time phe-
nomenon.

Chronology of settlements
The phasing of the overall extension of the LBK, at
least in broad stages, is a necessity for this research
project, as it enables continuities and discontinuities
across time and space to be considered together. But
this ambition is particularly sensitive when the west-
ern and central-eastern zones are compared. Despite
the predictable discomfort of many specialists, we
have nevertheless attempted such a chronological
standardization, according to a six-stages (St. 0 to 5)
sequence (Appendix 13).

The information in the archaeological database can
then be used to reconstruct probable settlement dy-
namics on a continental scale. This first approach is
based on the 2559 locations with LBK occupations
that can be dated to a stage (4535 different occupa-
tions), excluding both extremities of the sequence
(St. 0 and St. 5–6) as the occurrences are very low
and/or their definition very specific. Indeed, the ‘5–
6’ and ‘Post CL’ (or ‘6’) stages only appear in the
database as marginal information that we did not
want to lose at first. The ‘5–6’ stage is related to the
Paris Basin where it extends the LBK occupation
(early BVSG) and the ‘Post-CL’ stage was taken into
consideration only for subsequent occupations on
LBK sites: this stage is therefore not really listed as
such and cannot be considered here. The total sam-
ple thus represents about 39% of the database, but
is unevenly distributed among the different regions.
In addition to far Eastern Europe, this limitation is
likely to be noticeable for Poland, the Czech Repub-
lic and Belgium, for example (Appendix 1).

Several elaborations of the database are necessary,
in the form of simple aggregations by major stage:

(1) the total number of occupations; (2) the number
of newly created sites, i.e. without immediately pre-
ceding occupation; (3) the number of enduring oc-
cupations (total number of occupations excluding
site creations); and lastly (4) the number of aban-
doned sites during stage ‘t’, previously occupied dur-
ing stage ‘t -1’.

In order to compare settlement trends over similar
time periods, these values have been weighted by
the approximate duration of the different stages
(Appendix 13). Each is split into ‘n’ periods of twen-
ty-five years (a human generation), according to the
following division (the cut-off effect remains un-
avoidable): St. 1 ª 7 x 25 y., St. 2 ª 6 x 25 y., St. 3
= 2 x 25 years, St. 4 ª 4 x 25 y., St. 5 ª 4 x 25 y.
Lastly, a renewal rate is calculated (ratio of new cre-
ations to total numbers) that allows an overall sum-
mary of settlement dynamics.

The resulting curves (Figs. 14 and 15) reveal singu-
larly different dynamics, depending on which of the
parameters is considered.

Apart from the few settlements of the formative LBK
stage (St. 0), the number of creations is similar dur-
ing St. 1 and St. 3, around 19% for each stage. How-
ever, almost 39% of the dated sites (Fig. 14, red
curve: Creation) are established during St. 2. Crea-
tions then decline and fall to about 5% during St. 5.

At first glance, settlement density is relatively sta-
ble between St. 2 and St. 4 (Fig. 14, black curve: To-
tal), with the latter appearing as a clear stage of equi-
librium, in view of the highest number of enduring
sites (Fig. 14, yellow curve: Stability). The process
that emerges, already well identified, is one of an ex-
panding pioneer front that was particularly mark-
ed for stages 1 and 2.

However, these trends as perceived through the
numbers of occupations per 25-year period offers a
different reading (Fig. 15). The curves highlight the
St. 3 stage, where the density (black curve) is clearly
higher here than in the St. 2 and St. 4 stages, despite
a significantly decreasing renewal rate (in green,
42.9 vs. 87.6%) and an increase in abandonments
(in light blue, 215 vs. 61 per 25 years). New crea-
tions and a great stability of previously existing sites
(in red and yellow) explain this counter-intuitive
result. At the 25-year generation rate, St. 3 probably
represents, at the mid 52nd century BCE, the climax
of the expansion process, before a pause at St. 4
which remains at a high level of settlement density.
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At St. 5, all factors considered except ‘abandonment’
reach unprecedentedly low values and indicate the
exhaustion of the LBK. 

As stated earlier in this chapter, this overall reading
of the chronological processes is obviously related
to the state of the basic information in the database
and its representativeness. It is therefore still fragile
in terms of detail and should be considered with a
margin of error that cannot be easily assessed.

Geocentres and standard deviation ellipses 
First, a method is applied to assess the overall dis-
persion of sites and analyse the similarities at each
chronological stage: the measurement of centroids
(barycentres or geocentres) and deviation ellipses.
This approach has long been used in spatial geosta-
tistics (Lefever 1926; Pumain, Saint-Julien 2001)
and in spatial archaeology (Hodder, Orton 1976;
Gauthier 2004; Poirier 2010; Nuninger et al. 2012).
It enables the comparison of distributions based on
a number of indicators:

(i) The geocentre corresponds
to the average coordinates of
the dispersion by period and
the distance between each of
these centroids is a way to as-
sess the rates of population
movement (Tab. 3).

(ii) The deviation ellipse en-
compasses sites whose loca-
tion shifts by no more than
one standard deviation from
the centroid and therefore al-
lows a measurement of dis-
persion at each stage of the
LBK culture (Fig. 16). For the
reasons mentioned in the con-
clusions of section I.3, the
eastern expansion in Moldova
and Romania has not been in-
cluded in these analyses.

The centroid of the LBK for-
mative stage (St. 0, <5500
BCE), located on the shores
of Lake Balaton, involves only
a very small set of settle-
ments. The orientation of the
deviation ellipse (in white)
shows the dispersion gradi-
ent along a SE-NW axis. Then,

a shift in polarities is very marked in the next stage
St. 1: the roughly 350km distance between the two
geocentres (Tab. 3 and Fig. 16) undeniably evokes
territorial expansion during this founding stage of
the colonization of Central Europe (in yellow). In-
deed, between c. 5500 and c. 5325 BCE settlement
extended from Transdanubia to the Rhine (nearly
900km of maximum extension) and the upper Vis-
tula valley, then towards the end of this stage Kuya-
via and northwest Ukraine (nearly 800km). This set-
tlement expansion, with standard deviation ellipses
increasingly orientated east-west, remains at least
until St. 3 (c. 5175–5125 BCE, in blue) very close to
that of St. 2 (in purple), with a small extension to
the west (lower Rhine/Meuse region, the Moselle
and eastern Champagne).

The westward expansion restarts with St. 4 (c. 5125–
5025 BCE) during which further parts of the Seine
Basin and the Belgian Hainaut are colonized. Never-
theless, the geocentre shifts less than a hundred ki-

Fig. 14. Summary of the population dynamics (excluding the reoccupa-
tions after hiatus as Creation), combined with the renewal rate (right-
hand scale); colours are the same as in Figure 22 (maps).

Fig. 15. Summary of the settlement dynamics by 25-year period.
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lometres (Tab. 3),
settlement being lar-
gely maintained in
the former foci of
Central Europe. The
situation changes radically in St. 5, at the very end
of the 6th millennium and the beginning of the 5th,
with the weakening of the Transdanubian and cen-
tral-eastern LBK foci. This is clearly underlined by
a 308km shift of the barycentre (Tab. 3) and by the
change in orientation of the deviation ellipse to-
wards a NE-SW axis. It can be assumed that a rather
similar process would be observed in Eastern Europe
when the dating is better established there, and it
will be interesting to compare the rates and average
distances of progression there with those measured
for the western expansion. 

Density and transition maps 
In order to go beyond the point distribution of sites,
the ‘kernel density estimation’ tool (KDE) analyses
the data in a continuous surface, reflecting the inten-
sity of the occupation of the space. This method pro-
vides an estimate of the density of sites in a moving
window and the resulting values include the situa-
tion in the neighbourhood. Thus, an area surround-
ed by other densely populated areas will have its
own density increased. This method has been well
known to geographers since the 1980s (Silverman
1978; 1986; Wand, Jones 1995; Zaninetti 2005),
and widely used by archaeologists working at site
scale (Baxter, Beardah 1997; Beardah 1999).

The results depend on two parameters: (i) h, the va-
lue of the radius, fundamental since it determines
the degree of smoothness of the data that offers the
best representativeness, between the point scatter
and a non-discriminating mesh (Silverman 1978);
(ii) k, the chosen function, here a quadratic function.
In our study, a graphical approach inspired by the
ArchaeDyn program (Nuninger et al. 2012) and al-
ready proven (Brigand, Weller 2018a) is exploited.
This involves plotting the maximum values obtained
from a series of calculations according to a given in-
terval, here 5000m. The inflection point of the curve
corresponds to the best window size, which in our
situation is 12.5km, a value between 10 and 15km
(Fig. 17) corresponding to about half a day’s walk.

At a radius of 12.5km, the KDE density value (in
km2) is therefore calculated for each stage and com-
pared with another relevant indicator: the average
observed distance (AOD) (Fig. 18). These values are
considered from stages 1 to 5 (formative St. 0 AOD
= 51km and KDE = 0). In the graph combining these
two parameters, the values of AOD and KDE are res-
pectively very high and very low for stages 1 and 5.
It is clear that during these two periods the occupa-
tion is the least dense. Conversely, the occupation is
more concentrated during stages 2 to 4, with the

Fig. 16. Geocentre and standard deviation ellipse of the LBK settlement (stage-dated sites, 39%).

Stages ST. 0\ST. 1 ST. 1\ST. 2 ST. 2\ST. 3 ST. 3\ST. 4 ST. 4\ST. 5
Inter-centroid distance (km) 350 75 28 92 308

Tab. 3. Spacing of centroids over successive stages (in km).
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average distance being lowest and the maximum
density being higher: the values of stage 4 show a
slightly higher AOD, reminiscent of the situation
highlighted in Figure 14.

In order to evaluate the differences between periods
following the density curves and maps (Figs. 19–20),
an approach based once again on methodological
advances from the ArchaeDyn program (Nuninger
et al. 2012) is proposed. This method exploits the re-
lative difference in density between two periods
through the use of the Normalized Differential Ratio
(NDR), defined in the same way as the Normalized
Difference Vegetation Index, namely: NDR= (T1–T0)/
(T1+T0). This calculation makes it possible to visua-
lize the dynamics of settlement between two chrono-
logical sequences, and thus to distinguish the newly
created sectors from those more stable or in disuse.
A precise example of such a protocol is proposed in
Appendix 14.

This modus operandi was thus implemented on a
European scale (excluding Romania, Moldova and a
large part of Ukraine), and a synthesis of the propor-
tions and areas relative to the created, stable or
abandoned sites by stage is presented in an analyti-
cal diagram (Fig. 19) and five maps (Fig. 20). 

● Between St. 0 and St. 1, the newly colonized areas
(Figs. 19 and 20.a, red) are the most extensive, since

the LBK leaves its initial focus to reach Moravia, Bo-
hemia, Saxony/Thuringia and the Rhine valley in
the west, Little Poland, Transcarpathian Ukraine and
the upper Bug valley in the north and northeast.

● Between St. 1 and St. 2 spatial expansion remains
substantial both outside and inside the previous oc-
cupied areas (Figs. 19 and 20.b, red or orange). The
main features are: expansion or densification of set-
tlement in the Rhine-Meuse-Moselle valleys (Fig. 20.b,
red-orange), colonization of the hilly areas of the
western Carpathians (Fig. 20b, red), and a decline in
southern Transdanubia and the Elbe-Saale area (Fig.
20.b, light blue). In Saxony, Saxony-Anhalt and Thu-
ringia, for example, the small number of very ‘reli-
able’ and well-dated sites (Figs. 1 and 2) relativizes
the significance of the results proposed here, espe-
cially for the abandonments.

● Between St. 2 and St. 3, the dynamics of coloniza-
tion decrease and stability dominates (Figs. 19 and
20.c, yellow), in spite of some mobility of settlement
in the occupied spaces (orange) and limited expan-
sion out of the already colonized zones (red), such
as the southern foothills of the Western Beskids up
to the confluence of the Vah and the Danube (Slova-
kia). This is the beginning of a stability that will be
strengthened with the passage to St. 4 (Figs. 19 and
20.d), especially north of Lake Balaton, during which
the internal and external ‘conquests’ are weak.

● The dynamics between St. 4 and St. 5
(Figs. 19 and 20.e, light blue) have already
been observed in sections 3.1 and 3.2 (Figs.
14–16) and indicate a massive decline in
Central Europe and a refocusing on western
Germany, Benelux and the Paris Basin,
whose centre is now occupied.

Brief synthesis and perspectives

Although many meso- to macro-regional stu-
dies have already been carried out on both
the settlement dynamics and land-use pat-
terns of the LBK, our study is the first to
tackle these questions on a continental scale
using a large geo-referenced database and
GIS.

As archaeologists, we are well aware that
understanding the outputs of such an ana-
lysis depends largely on analytical studies
at the lower scales. Due to the higher spa-
tial and temporal resolution of the availableFig. 17. Evaluation of optimal radius
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information, these more localized stu-
dies can often produce a better de-
scription and understanding of par-
ticular situations. Fortunately, much
of this kind of research has already
been done so that it is possible to ad-
just some of the results of our broa-
der approach using these more spe-
cific cases and observations (among
many others: Bakels 1978; Bogaard
2004; Bogaard et al. 2016; Ebers-
bach, Schade 2005; Koncelova
2005; Kreuz 1990; 2008; Lenneis
2001; 2003; 2010; Lenneis, Pieler
2016; Pieler 2010; Saile 2009; 2010; 2020; Tóth et
al. 2011; but see also Kempf 2020b). It is also no-
table that our results are essentially an estimation of
the processes underlying the current distribution
maps, as were most of the synthetic narratives al-
ready proposed. It is to be hoped that the overall ap-
proach and methodological tools applied here will
provide a more comprehensive basis for drawing
conclusions. One of the main limitations of this ap-
proach, which is difficult to quantify globally, lies in
the importance of the natural and anthropic phe-
nomena which, since the 6th millennium BCE, might
have masked and caused the disappearance of nu-
merous settlements: direct erosion and colluvial co-
ver and burial. These types of processes can appear,
when analysed at a local scale, to be of considerable
importance and therefore constitute one of the most
problematic biases of the available spatial distribu-
tions. The overall assessment of this impact on the
archaeological record remains to be made through
further detailed local research. Nevertheless, at this
stage of our general knowledge of the LBK pheno-
menon, the analysis proposed in these pages can re-
present a satisfactory framework for future improve-
ments.

Three main topics were thus addressed for testing
the overall capacity of archaeological research, as
reflected in our database, to deal with some impor-
tant issues: (1) the homogeneity, quality and limita-
tions of the archaeological data; (2) the definition
of agro-ecological determinants, if any, in the expan-
sion process of this culture; (3) the highlighting of
settlement dynamics that will have affected a signi-
ficant part of temperate Europe between mid 6th

and early 5th millennia BCE.

❶ The evaluation of the archaeological documenta-
tion gathered here delivers a rather complex verdict
regarding its potential for description on a continen-
tal scale. The easternmost part of LBK Europe can
only partially answer the questions raised and can-
not be fully incorporated into an overall synthesis,
mainly because of the lack of chronological preci-
sion on the occupations (see sections Archaeological
descriptors and Quality of the BD_LBK and overall
heuristic validity). The other settlement areas of the
BD_LBK seem to be suitable for joint analysis; some
of these are less well-documented, but still have suf-
ficiently detailed samples in terms of number and
space-time distribution. In this respect, the effect of

the information deficit in the Neckar
Basin on our results (see section The
archaeological data) can be briefly
mentioned here. First it can be as-
sumed that the analyses are not real-
ly affected in their chronological di-
mension, since most of the non-se-
lected sites are ‘Survey-’ or ‘Collect’-
sites probably lacking reliable chro-
nological information. Conversely,
there is a concern that the regional
statistics on agro-ecological determi-
nants may be affected. Yet on a con-
tinental scale this impact can be as-
sessed as marginal, without signifi-

Fig. 18. Comparison of the observed average distance and density.

Fig. 19. Percentage representation of the areas concerned by the
transition maps.
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cant impacts on the robustness of the overall ob-
servations (see below).

❷ The analysis proposed in this article does not
seek to describe the exact variability of LBK settle-
ment agro-ecology in each region, but rather the do-
minant trends that have ruled it across Europe. And
the general conclusions of our study appear to be
supported by some higher resolution research: the
importance of ecological transition zones (ecotones),

the only relative relevance of the presence of loess,
and the targeting of favourable soil characteristics,
with no exclusive focus on their exact soil type. By
examining the LBK settlement process in terms of
the current geo-pedology, we can show that a major
characteristic was the absence of exclusive preferen-
ces for particular formations. Thus, the LBK system
was adaptive to the changing conditions available
across temperate Europe, proof of a farming culture
honed by centuries of practice. Here again, evalua-

Fig. 20. Transition maps between developmental stages: a St. 0 (c. 5550–5500 BCE)/St. 1 (c. 5500–5325
BCE); b St. 1/St. 2 (c. 5325–5175 BCE); c St. 2/St. 3 (c. 5175–5125 BCE); d St. 3/St. 4 (c. 5125–5025 BCE);
e St. 4/St. 5 (c. 5025–4925 BCE).
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tion of the documentary bias in the Neckar region
suggests that our rejection of many sites there, equi-
valent to about 5% of the current database, has only
slightly weakened the rate of loessic substrates and
of Luvisols and Cambisols in LBK’s settlement sys-
tem. This situation does not therefore profoundly
affect the validity of our general observations, nor
their relevance in describing the overall expansion
process. Better still, their presence in the statistics
would support the highly variable and adaptive cha-
racter of the LBK agro-sylvo-pastoral system as a
whole. It therefore appears that the current database,
despite its limitations noted in the first part (section
1), is indeed a suitable sample for a reliable analysis
of the geo-pedological components of the LBK expan-
sion.

❸ In the light of different geo-statistic approaches,
the LBK expansion dynamics ultimately appear as a
combination of two major quantitative trends distri-
buted over time. From stage 1 to stage 4, there is a
rapid and steady decrease in the creation of sites be-
yond the previous colonization front, at the same
time as an ever-stronger growth in the stabilization
of places already occupied. The second trend is the
fairly regular process of site abandonment, partially
balanced by a roughly stabilized rate of creation
within already occupied areas. Then, with stage 5,
the number of site abandonments soars while the
other settlement dynamics further decline, clearly
demonstrating the weakening and increasing scar-
city of the LBK cultural expression on a continental
scale. The analyses also showed that stage 3 of our
chronological framework (centred around 5150
BCE) may be considered as the climax of LBK ex-
pansion. This composite stage, formed, as noted in
section 3.1, by compilation of an identified stage 3
in the west and a reconstructed middle/late transi-
tional stage in the east, determines a state of equili-
brium in stage 4 (and in the late LBK/post-Noten-
kopf in general). Then in stage 5 (or the latest LBK)
a gradual dissolution occurs, as if the driving forces
of expansion (demography, networks of socio-cultu-
ral exchange, sense of common identity) had after
four centuries reached the limit of their capacity to
maintain basic unity at such a large spatial scale.
Thus, in our view, this overall trajectory is firstly and
mainly indicative of a socio-cultural process.

It might be tempting to relate this trajectory to the
‘boom and bust’ pattern identified by Stephen Shen-
nan et al. (2013) and Adrian Timpson et al. (2014)
in their analysis of 14C data covering the whole Eu-
ropean Neolithic. Yet, for several major reasons, it

seems clear that our LBK trajectory cannot be strict-
ly linked to the pattern proposed by Shennan and
colleagues, and in fact does not really match it at all.
The authors of the population model under conside-
ration themselves state that their results can only
have a good statistical significance on a multi-millen-
nial scale, with a time step of more than two centu-
ries (Timpson et al. 2014.550). However, the time
scale analysed in the two cases is very different, with
the duration of the LBK representing a small fraction
(10–13%) of the span envisaged for Neolithic West-
ern Europe, and occurring very close to its onset.
Thus, the LBK trajectory alone (400–500 years, de-
pending on the regions considered) cannot corrobo-
rate a model built according to other methodologi-
cal requirements and with a much more general aim.
In fact, it would not be logical to seek in the LBK tra-
jectory highlighted by our own work confirmation
of a model developed for a process that was taking
place over about two millennia.

At the same time, it can be observed that the 14C
data of the eight European regions involved in the
LBK expansion do not clearly illustrate the pattern.
Indeed, on closer inspection of the curves proposed
by Shennan et al. (2013) and Timpson et al. (2014)
in their respective Figure 3, we can see considerable
heterogeneity of the results and three different pat-
terns. (i) The Paris Basin, Rhineland-Hesse and Mo-
ravia-Austria show a statistically valid start of a pro-
nounced ‘boom’ approximately concomitant with the
onset of LBK. However, this ‘boom’ lasts for about
one millennium, i.e. twice the duration of the LBK
itself. (ii) South Germany and Kujavia show a short
and slight LBK-related ‘boom’, then two bigger ones
many centuries later. (iii) The third pattern is rep-
resented by central Germany, Little Poland and Bo-
hemia, where there is no LBK-related ‘boom’ but a
few short ‘booms’ occurring 1500 to 2000 years after
the end of the LBK itself. Curiously, these three re-
gions have some of the most numerous LBK occupa-
tions known, so that these results appear very coun-
ter-intuitive. As for the ‘bust’, it appears statistically
very significant in only three out of the eight regions,
yet around 1700 to 2200 years after the end of an
initial LBK-related ‘boom’ (Paris Basin, Rhineland-
Hesse, South Germany). A fourth region (Moravia)
displays a very short and slight ‘bust’, occurring at
the same pace of time. This regressive phenomenon
is therefore not directly related to the disappearance
of the LBK. Moreover, in central Germany, a ‘bust’
seems to occur about 750 years after the end of a
flourishing LBK that did not produce the signal of a
‘boom’, though logically predictable. Lastly, in two
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regions where the strong settlement dynamics of the
LBK are very apparent (Bohemia and Little Poland),
we observe the absence not only of any ‘boom’, but
also of any ‘bust’ over the four millennia considered.

In short, the overall heterogeneity of these results,
where one would expect a good coherence, does not
provide firm support for the population model de-
fended by Shennan and colleagues and in our view
raises doubts about the real adequacy of the proxy
used in their study. Such an approach using a cate-
gory of information that has become an expensive
standard in scientific protocols is undoubtedly legi-
timate for defining new hypotheses, but it is up to
researchers to confront them fully with the basic
data, which should themselves be critically evaluat-
ed. The least that can be concluded, from the point
of view of our work, is that the trajectory identified
by our approach to the LBK cannot provide solid evi-
dence for the population model promoted by Shen-
nan et al., at both methodological and factual levels.

In this respect, the final LBK dissolution should pro-
bably not be directly interpreted as an overall pop-
ulation collapse without an assessment at the same
time of post-LBK cultural developments. Indeed, the
trajectory identified here on the basis of the distri-
bution of LBK sites alone cannot say much about the
subsequent situations in the same regions (Stich-
bandkeramik (Stroke-ornamented ware), Lengyel,
Hinkelstein/Grossgartach, BVSG). It is clear that the
spatiality of these cultural developments must also
be analysed in detail, as closely as possible to what
is proposed here for the LBK. This is one of the rea-
sons why it seems to us that the attempt to create
demographic scenarios on the basis of radiocarbon
dates alone is probably only a stopgap measure of
very relative reliability. Indeed, such an approach
cannot easily escape the heterogeneity of research
focuses and their intensity, nor the varying archae-
ological visibility of different settlement modes; it
cannot therefore guarantee a comparable represen-
tation of the different chrono-cultural aspects at
stake. Under these conditions, statistical corrections,
however rational and sophisticated they may be, can-
not in our opinion replace basic archaeological in-
formation of the same reliability as that provided
by the LBK. Since we have found that even the LBK
data may be deficient for some specific analyses and
interpretations, the results of radiocarbon analysis
alone, disconnected from more or less uniform
knowledge of chrono-spatial dynamics, are likely to
be somewhat illusory with regard to long-term popu-
lation dynamics (see Crombé, Robinson 2014).

For reasons of limited space here, we are develop-
ing elsewhere a complementary study- about the
agro- ecological factors and their related settlement
dynamics, through a spatial-temporal modelling (Bri-
gand et al., in prep.). In a third contribution, spe-
cial attention will be paid to the distribution of salt
resources, the importance of which for Neolithic
communities is now well identified (Munteanu et
al. 2007; Weller, Dumitroaia 2005), especially for
the relatively more complex societies of the 5th and
4th millennia (Weller 2015; Brigand, Weller 2018b).
While some salt production centres have been stu-
died in Eastern Europe (Sordoillet et al. 2018), we
know much less about the early LBK farmers in
Western and Central Europe. And as already raised
in the literature for several geographical areas
(Bánffy 2013; Geschwendt 1958; Pyzel 2016; Saile
2012; Weller 2015), to what extent did salt resour-
ces contribute to the rapid LBK expansion and the
development of its main settlement areas through-
out Europe? As we can see, there is still a lot of re-
search to be done on this famous LBK culture, both
on a local and European scale, in order to under-
stand this unprecedented phenomenon.

This work has received financial support from the
LabEx “DynamiTe. Territorial and Spatial Dyna-
mics” (ANR-11-LABX-0046), as part of the French “In-
vestissements d’Avenir” program, and from the “Neo-
Dyn Project. Dynamiques migratoires des premiers
paysans en Europe: Le rôle clé des ressources sali-
fères dans la néolithisation” (University Panthéon-
Sorbonne, Paris).

ACKNOWLEDGEMENTS



Robin Brigand, Jérôme Dubouloz, and Olivier Weller

176

Bakels C. C. 1978. Four Linearbandkeramik Settlements
and their Environment. A Paleoecological Study of Sit-
tard, Stein, Elsloo and Hienheim. Analecta Praehistorica
Leidensia II. Institute of Prehistory. Leiden University. Lei-
den University Press. Leiden. https://www. sidestone.com/
openaccess/9789060214275.pdf

Bánffy E., Oross K. 2010. The earliest and earlier phase of
the LBK in Transdanubia. In D. Gronenborn, J. Petrasch
(eds.), Die Neolithisierung Mitteleuropas. Internationa-
le Tagung, Mainz 24. bis 26. Juni 2005. RGZM – Tagun-
gen 4. Römisch-Germanischen Zentralmuseum. Forschungs-
institut für Vor- und Frühgeschichte. Verlag des Römisch-
Germanischen Zentralmuseums. Mainz: 255–272.

Bánffy E. 2013. Tracing 6th–5th millennium BC salt explo-
itation in the Carpathian Basin. In A. F. Harding, V. Kav-
ruk (eds.), Explorations in Salt Archaeology in the Car-
pathian Basin. Fieldwork in central and eastern Eu-
rope, 2002–2012. Archaeolingua. Budapest: 201–207.

Baxter M. J., Beardah C. C. 1997. Some Archaeological Ap-
plications of Kernel Density Estimates. Journal of Archa-
eological Science 24: 347–354.
https://doi.org/10.1006/jasc.1996.0119 

Beardah C. 1999. Uses of Multivariate Kernel Density Esti-
mates in Archaeology. In L. Dingwall, S. Exon, C. F. Gaf-
fney, S. Laflin, and M. van Leusen (eds.), CAA97. Compu-
ter Applications and Quantitative Methods in Archaeo-
logy. Archaeology in the Age of the Internet. Proceedings
of the 25th Anniversary Conference. Archeopress. Oxford
(CD-ROM).

*Behrens H. 1973. Die Jungsteinzeit im Mittelelbe-Sa-
ale-Gebiet. Veröffentlichungen des Landes- museums für
Vorgeschichte in Halle Band 27. VEB Deutscher Verlag
der Wissenschaften. Berlin. 

Bentley R., Bickle P., Fibiger L., +11 authors, and Whittle
A. 2012. Community differentiation and kinship among
Europe’s first farmers. Proceedings of the National Aca-
demy of Sciences 109(24): 9326–9330.
https://doi.org/10.1073/pnas.1113710109

Benzécri J.-P. 1973. L’analyse des données, Vol. 1 and 2.
Dunod. Paris.

*Blouet V., Klag T., Petitdidier M.-P., Decker E., Constantin
C., and Ilett M. 2013. Le Néolithique ancien en Lorraine,
Vol. 1. Étude typochronologique de la céramique. Socié-
té préhistorique française. Mémoire 55. Paris.

Bocquet-Appel† J.-P., Dubouloz J., Moussa R., Berger J.-F.
(eds.), in preparation. Modelling the socio-natural tra-
jectory of the LBK farmers.

Bocquet-Appel J.-P., Moussa R., Dubouloz J. 2015. Multi-
agent Modelling of the Neolithic LBK. In F. Giligny, F. Djin-
djian, L. Costa, P. Moscati, and S. Robert (eds.), CAA2014
21st century Archeaology concepts, methods and tools.
Proceedings of the 42nd Annual Conference on Compu-
ter Applications and Quantitative Methods in Archaeo-
logy. Archeopress Archaeology. Oxford: 595–612.

Bogaard A. 2004. Neolithic Farming in Central Europe.
An Archaeobotanical Study of Crop Husbandry Practi-
ces. Routledge. London. 

Bogaard A., Arbogast R.-M., Ebersbach R., +5 authors, and
Krause R. 2016. The Bandkeramik settlement of Vaihin-
gen an der Enz, Kreis Ludwigsburg (Baden-Württemberg):
an integrated perspective on land use, economy and diet.
Germania 94: 1–60. 

Bostyn F., Charraud F., Denis S. 2019. Variabilités techni-
ques, évolutions et aires d'influence des centres de pro-
ductions laminaires au sein de la culture de Blicqut/Vil-
leneuve-Saint-Germain. In C. Montoya, J.-P. Fagnart, and
J. L. Locht (eds.), Préhistoire de l’Europe du Nord-Ouest.
Mobilités, climats et identités culturelles. XXVIIIe con-
grès préhistorique de France, Amiens 30 mai-4 juin
2016. Société Préhistorique Française. Paris: 43–56. 

Brandt G., Haak W., Adler C. J., +14 authors, and The Ge-
nographic Consortium 2013. Ancient DNA Reveals Key
Stages in the Formation of Central European Mitochon-
drial Genetic Diversity. Science 342(6155): 257–261.
https://doi.org/10.1126/science.1241844

Brandt, G., Szécsényi-Nagy A., Christina Roth C., Werner
Alt K., and Haak W. 2015. Human paleogenetics of Eu-
rope. The known knowns and the known unknowns.
Journal of Human Evolution 79: 73–92.
http://dx.doi.org/10.1016/j.jhevol.2014.06.017

Brigand R., Dubouloz J., Weller O. in preparation. Du pro-
jet ObReSoc à NéoDyn: une modélisation de la diffusion
du Néolithique rubané (LBK) à travers l’Europe. 42e Ren-
contres Internationales d’Archéologie et d’Histoire de
Nice Côte d’Azur. Dynamique des peuplements, des ter-
ritoires et des paysages: bilan et perspective en archéo-
logie spatiale. Hommage à Jean-Luc Fiches. 12 – 14 oc-
tobre 2022, Nice, France.

Brigand R., Weller O. 2018a. Kernel density estimation
and transition maps of Moldavian Neolithic and Eneoli-
thic settlements. Data in Brief 17: 452–458. doi.org/10.
1016/j.dib.2018.01.051

2018b. Neo-Eneolithic settlement pattern and salt ex-
ploitation in Romanian Moldavia. Journal of Archaeo-
logical Science. Reports 17: 68–78.
doi.org/10.1016/j.jasrep.2017.10.032 

References (* for Appendix 13)

https://www.sidestone.com/openaccess/9789060214275.pdf


Colonization dynamics of LBK farmers in Europe under geostatistics test

177

Brunel S., Bennett E. A., Cardin L., +37 authors, and Pru-
vost M. 2020. Ancient genomes from present-day France
unveil 7,000 years of its demographic history. Proceed-
ings of the National Academy of Sciences 117(23): 12791–
12798. https://doi.org/10.1073/pnas.1918034117

Childe V. G. 1929. The Danube in Prehistory. Clarendon
Press. Oxford. 

Crombé P., Robinson E. 2014. 14C dates as demographic
proxies in Neolithisation models of northwestern Europe:
a critical assessment using Belgium and northeast France
as a case-study. Journal of Archaeological Science 552:
558–566. http://dx.doi.org/10.1016/ j.jas.2014.02.001 

Czekaj-Zastawny A. 2009. The First Neolithic Sites in Cen-
tral/South-East European Transect. Volume V. Settlement
of the Linear Pottery Culture in Southeastern Poland.
BAR International Series 2049. Archaeopress. Oxford.

*2013. The Structure of Linear Pottery Culture Settle-
ment in South-Eastern Poland. In S. Kadrow, P. Włodar-
czak (eds.), Environment and subsistence – forty years
after Janusz Kruk’s “Settlement studies”. Studien zur
Archäologie in Ostmitteleuropa/Studia nad Pradziejami
Europy Środkowej, Vol.11. Institute of Archaeology
Rzeszów University. Verlag Dr. Rudolf Habelt GmbH.
Rzeszów, Bonn: 69–84. http://books.arche ologia.rzes-
zow.pl/en/71-environment-and-subsistence-forty-ye
ars-after-janusz-kruk-s-settlement-studies-.html

*∞i∫mář Z. 1998. Nástin relativní chronologie lineární ke-
ramiky na Moravě. Acta Musei Moraviae 83(1/2): 105–139.

*Denaire A., Lefranc P., Wahl J., +6 authors, and Whittle
A. 2017. The Cultural Project: Formal Chronological Mo-
delling of the Early and Middle Neolithic Sequence in Lo-
wer Alsace. Journal of Archaeological Method and Theory
24: 1072–1149.
https://doi.org/10.1007/s10816-016-9307-x 

*Dohrn-Ihmig M. 1979. Bandkeramik an Mittel- und Nie-
der-rhein. In Beiträge zur Urgeschichte des Rheinlan-
des III. Rheinische Ausgrabungen 19. Rheinisches Lan-
desmuseum Bonn. Rheinland-Verlag. Köln-Bonn: 191–362.

Dubouloz J., Bostyn F., Chartier M., Cottiaux R., and Le Bol-
loc’h M. 2005. La recherche archéologique sur le Néolithi-
que en Picardie. Revue Archéologique de Picardie 3–4:
63–98. https://www.persee.fr/doc/pica_0752-5656_200
5_num_3_1_2458

Dubouloz J. Gauvry Y. in preparation. An archaeological
referential of the settlement system and the domestic
unit. In J.-P. Bocquet-Appel†, J. Dubouloz, R. Moussa and
J.-F. Berger (eds.), Modelling the socio-natural trajecto-
ry of the LBK farmers.

Dubouloz J., Moussa R., Bocquet-Appel J.-P. 2017. Modéli-
sation, simulation et scénarios d’expérimentation. La co-
lonisation LBK de l'Europe tempérée (5550–4950 av. n.
e.). In L. Manolakakis, N. Schlanger, and A. Coudart (eds.),
European Archaeology. Identities & Migrations. Sidestone
Press. Leiden: 315–337.

Ebersbach, R., Schade C. 2005. Modelle zur Intensität der
bandkeramischen Landnutzung am Beispiel der Altsiedel-
landschaft Mörlener Bucht/Wetterau. In J Lüning, C. Frir-
dich, and A. Zimmermann (eds.), Die Bandkeramik im
21. Jahrhundert. Symposium in der Abtei Brauweiler
bei Köln vom 16.9–19.9.2002. Internationale Archäologie
Arbeitsgemeinschaft, Symposium, Tagung, Kongress. Band
7. Marie Leidorf. Rahden/Westf.: 259–274. 

Escofier B., Pagès J., 1990. Analyses factorielles simples
et multiples: objectifs, méthodes, interprétation. Dunod.
Paris.

Gandini C., Favory F., and Nuninger L. (eds.) 2012. Settle-
ment patterns, production and trades from the Neoli-
thic to the the Middle Ages. ARCHAEDYN Seven Millen-
nia of Territorial Dynamics. Final Conference Univer-
sity of Burgundy. Dijon, 23–25 June 2008. BAR Interna-
tional Series 2370. Archeopress. Oxford.

Gauthier E. 2004. L’évolution de la consommation du mé-
tal à L’Age du Bronze, en France orientale et en Transda-
nubie. Histoire et Mesure 19(3–4): 345–376.
https://doi.org/10.4000/histoiremesure.775

Gauthier E., Georges-Leroy M., Poirier N., and Weller O.
2022 (in press). ArchaeDyn. Dynamiques spatiales des
territoires de la Préhistoire au Moyen Âge. Vol. 1. PUFC.
Cahiers de la MSHE. Besançon.
https://hal.archives-ouvertes.fr/hal-02127300

Geschwendt F. 1958. Die Solquellen von Sülbeck, Kr. Ein-
beck, in Urzeit und Mittelalter. Die Kunde 9: 53–67. 

Haase D., Fink J., Haase G., +4 authors, and Jäger K.-D
2007. Loess in Europe. – its spatial distribution based on
a European Loess Map, scale 1:2,500,000. Quaternary Sci-
ence Reviews 26(9–10): 1301–1312. 

Hodder I., Orton C. 1976. Spatial analysis in archaeolo-
gy. Cambridge University Press. Cambridge.

*Kaufmann D. 1987. Linien- und Stichbandkeramik im
Eibe-Saale-Gebiet. In T. Wiślański (ed.), Neolit i początki
epoki brązu na ziemi Chelmińskiej. Materiały z między-
narodowego sympozjum, Toruń, 11–13 XI 1986. Uni-
wersytet Mikołaja Kopernika. Toruń: 275–301. 

Kempf M. 2020a. Neolithic land-use, landscape develop-
ment, and environmental dynamics in the Carpathian Ba-

http://books.arche ologia.rzeszow.pl/en/71-environment-and-subsistence-forty-years-after-janusz-kruk-s-settlement-studies-.html
https://www.persee.fr/doc/pica_0752-5656_2005_num_3_1_2458


Robin Brigand, Jérôme Dubouloz, and Olivier Weller

178

sin. Journal of Archaeological Science. Reports 34:
102637. https://doi.org/10.1016/j.jasrep.2020.102637 

2020b. Fables of the past landscape (re-)constructions
and the bias in the data. Documenta Praehistorica 47:
476–492. https://doi.org/10.4312/dp.47.27

Kiosak D. 2017. Kamyane-Zavallia, the Easternmost Line-
ar Pottery Culture Settlement Ever Excavated. Sprawo-
zdania Archeologiczne 69: 253–269.

*Kneipp J. 1998. Bandkeramik zwischen Rhein, Weser
und Main. Studien zu Stil und Chronologie der Kera-
mik. Universitätsforschungen zur prähistorischen Archäo-
logie 47. Habelt. Bonn.

Kon≠elová M. 2005. Struktura osídlení lidu s lineární ke-
ramikou ve východních ∞echách – Linear Pottery settle-
ment structure in East Bohemia. Archeologicke rozhledy
LVII: 651–706.

Kreuz A. 1990. Die ersten Bauern Mitteleuropas – eine
archäobotanische Untersuchung zu Umwelt und Land-
wirtschaft der Ältesten Bandkeramik. Analecta Praehi-
storica Leidensia 23. Publications of the Institute of Pre-
history. University of Leiden. Leiden. https://www.sidest
one.com/openaccess/9789073368033.pdf

2008. Closed forest or open woodland as natural vege-
tation in the sur- roundings of Linearbandkeramik set-
tlements? Vegetation History and Archaeobotanyt 17:
51–64. https://doi.org/10.1007/s00334-007-0110-1

Kreuz A., Marinova E., Schäfer E., and Wiethold J. 2005. A
comparison of early Neolithic crop and weed assemblages
from the Linearbandkeramik and the Bulgarian Neolithic
cultures: Differences and similarities. Vegetation History
and Archaeobotany 14: 237–258.
https://doi.org/10.1007/s00334-005-0080-0

Kulczycka-Leciejewiczowa A. 2000. Early linear pottery
communities to the north of the Sudeten and Carpathian
Mountains. Recent researches. In I. Pavlů (ed.), In Memo-
riam Jan Rulf. Památky archeologické. Supplementum
13. Archeologický ústav Akademie Věd ∞eské republiky.
Praha: 196–204. 

Lefever D. 1926. Measuring geographic concentration by
means of the standart deviational ellipse. American Jour-
nal of Sociology 32: 89–94.
https://doi.org/10.1086/214027

*Lefranc P. 2007. La céramique du Rubané en Alsace.
Contribution à l’étude des groupes régionaux du Néoli-
thique ancien dans la plaine du Rhin supérieur. Mono-
graphies d’Archéologie du Grand-Est – Rhin, Meuse, Mosel-
le, 2. Université Marc-Bloch. Strasbourg.

Lenneis E. 2001. The beginning of the Neolithic in Austria
– a report about recent and current investigations. Docu-
menta Praehistorica 28: 99–116.
https://doi.org/10.4312/dp.28.7

2003. Die frühneolithische Besiedlung Österreichs im
Bezug zur natürlichen Umwelt. In J. Eckert, U. Eisenha-
uer, and A. Zimmermann (eds.), Archäologische Pers-
pektiven. Analysen und Interpretationen im Wandel.
Festschrift für Jens Lüning zum 65. Geburtstag. Inter-
nationale Archäologie. Studia honoraria 20. Verlag
Marie Leidorf. Rahden: 279–292. 

2010. Zur Chronologie der älteren Linearbandkeramik
in Österreich. In J. πuteková, P. Pavúk, P. Kalábková,
and B. Kovár (eds.), PANTA RHEI. Studies on the
Chronology and Cultural Developmentof South-East-
ern and Central Europe in Earlier Prehistory Present-
ed to Juraj Pavúk on the Occasionof his 75th Birth-
day. Studia Aechaeologica et Mediaevalia XI. Comme-
nius University. Bratislava: 189–200.

Lenneis E., Pieler F. 2016. Relative chronologie der Li-
nearbandkeramik in Österreich. In J. Kováník (ed.), Cen-
tenary of Jaroslav Palliardi’s Neolithic and Aeneolithic
relative chronology (1914–2014). University of Hradec
Králové. Philosophical Faculty. Hradec Králové: 45–66.

Lichardus J., Lichardus-Itten M., and Bailloud G. 1985. La
Protohistoire de l’Europe. Nouvelle Clio 1. Presses Uni-
versitaires de France. Paris.

*Lindig S. 2002. Das Früh- und Mittelneolithikum im
Neckarmündungsgebiet. Universitätsforschungen zur prä-
historischen Archäologie. Verlag R. Habelt. Bonn. 

Lipson M., Szécsényi-Nagy A., Mallick S, +53 authors, and
Reich D. 2017. Parallel palaeogenomic transects reveal
complex genetic history of early European farmers. Na-
ture 551: 368–372. https://doi.org/10.1038/nature24476

Lorz C., Saile T. 2011. Anthropogenesis of chernozems in
Germany? A critical review. Quaternary International
243: 273–279.
https://doi.org/10.1016/j.quaint.2010.11.022

Lüning, J. 2005. Bandkeramische Hofplätze und absolute
Chronologie des Bandkeramik. In J. Lüning, Ch. Frirdich,
and A. Zimmermann (eds.), Die Bandkeramik im 21.
Jahrhundert. Symposium in der Abtei Brauweiler bei
Köln vom 16. 9.–19. 9. 2002. Internationale Archäologie.
Arbeitsgemeinschaft, Symposium, Tagung, Kongress. Bd.
7. Verlag Marie Leidorf. Rahden: 49–74.

Mathieson I., Lazaridis I., Rohland N., +34 authors, and
Reich D. 2015. Genome-wide patterns of selection in 230
ancient Eurasians. Nature 528: 499–503.
https://doi.org/10.1038/nature16152

https://www.sidestone.com/openaccess/9789073368033.pdf


Colonization dynamics of LBK farmers in Europe under geostatistics test

179

*Meier-Arendt W. 1966. Die bandkeramische Kultur im
Untermaingebiet. Veröffentlichungen des Amtes für Bo-
dendenkmalpflege im Regierungsbezirk Darmstadt,
Hessen. Vol 3. Verein von Altertumsfreunden im Regie-
rungsbezirk Darmstadt. Darmstadt.

*1972. Die ältere und mittlere Linienbandkeramik im
westlichen Mitteleuropa. Ein Überblick. In H. Schwabe-
dissen (ed.), Die Anfänge des Neolithikums vom Orient
bis Nordeuropa. Fundamenta A3, Va. Böhlau Verlag.
Köln: 66–76. 

Munteanu R., Garvan D., Nicola D., Preoteasa C., and Du-
mitroaia G. 2007. Cucuieti-Slatina Veche (Romania). Pre-
historic exploitation of a salt ressource. In D. Monah, G.
Dumitroaia, O. Weller, and J. Chapman (eds.), L’exploita-
tion du sel à travers le temps. Biblioteca Memoria Anti-
quitatis. Piatra Neamt: 57–70. 

Nuninger L., Saligny L., Ostir K., +5 authors, and Tolle F.
2012. Models and tools for territorial dynamic studies.
In C. Gandini, F. Favory, and L. Nuninger (eds.), Settle-
ment Patterns, Production and Trades from Neolithic
to Middle Ages, Archaedyn, 7 millennia of territorial
dynamics. Final Conference. University of Burgundy.
Archeopress. Oxford: 23–37.

Oross K., Bánffy E. 2009. Three successive waves of Neo-
lithisation: LBK development in Transdanubia. Documen-
ta Praehistorica 36: 175–189.
https://doi.org/10.4312/dp.36.11

Pavlů I. 2000. Life on a Neolithic Site. Bylany. Situatio-
nal Analysis of Artefacts. Institute of Archaeology CAS.
Praha. http://bylany.com/pdf/BYLANY1_2000LIFE_EN.pdf

*Pavúk J. 2004. Early Linear Pottery Culture in Slovakia
and the Neolithisation of Central Europe. In A. Lukes, M.
Zvelebil (eds.), LBK Dialogues. Studies in the Formation
of the Linear Pottery Culture. BAR International Series
1304. Archaeopress. Oxford: 71–82. 

*2005. Typologische Geschichte der Linearbandkera-
mik. In J. Lüning, Ch. Fridrich, and A. Zimmermann
(eds.), Die Bandkeramik im 21. Jahrhundert. Sym-
posium in der Abtei Brauweiler bei Köln vom 16.9.–
19.9.2002. Internationale Archäologie. Arbeitsgemein-
schaft, Symposium, Tagung, Kongress. Bd. 7. Verlag Ma-
rie Leidorf. Rahden: 17–39. 

*Pechtl J., Land A. 2019. Tree rings as a proxy for seaso-
nal precipitation variability and Early Neolithic settle-
ment dynamics in Bavaria, Germany. PLoS ONE 14(1):
e0210438. https://doi. org/10.1371/journal.pone.0210438

Pieler F. 2010. Die Bandkeramik im Horner Becken
(Niederösterreich). Studien zur Struktur einer frühne-

olithischen Siedlungskammer. Universitätsforschungen
zur prähistorischen Archäologie 182. Verlag Dr. Rudolf
Habelt. Bonn. 

Poirier N. 2010. Un espace rural à la loupe: paysage,
peuplement et territoires en Berry de la Préhistoire à
nos jours. Presses Universitaires François-Rabelais. Tours. 

Price T. D., Bentley R. A., Lüning J., Gronenborn D., and
Wahl J. 2001. Prehistoric human migration in the Linear-
bandkeramik of Central Europe. Antiquity 75(289): 593–
603. https://doi.org/10.1017/S0003598X00088827

Price T. D., Burton J. H., and Bentley R. A. 2002. The cha-
racterisation of biologically-available strontium isotopera-
tios for investigation of prehistoric migration. Archaeo-
metry 44: 117–35.
https://doi.org/10.1111/1475-4754.0004

Pumain D., Saint-Julien T. 2001. Les interactions spatia-
les. Flux et changements dans l’espace géographique.
Armand Colin. Paris. 

*Pyzel J. 2006. Die Besiedlungsgeschichte der Bandkera-
mik in Kujawien. Jahrbuch des Römisch-Germanischen
Zentralmuseums Mainz 53: 1–57. 

*2010. Zofipole/a≠kovy/Flomborn. On the problems of
the Polish subphase Ib of the Linear Band Pottery Cul-
ture. In J. πuteková, P. Pavúk, P. Kalábková, and B. Ko-
vár (eds.), PANTA RHEI. Studies in the Chronology
and Cultural Development of South-Eastern and Cen-
tral Europe in Earlier Prehistory Presented to Juraj
Pavúk on the Occasion of his 75th Birthday. Studia
Archaeologica et Mediaevalia XI. Commenius Univer-
sity. Bratislava: 539–547.

2016. Research perspectives on the exploitation of salt
in the Early Neolithic in Kuyavia, In T. Kerig, K. No-
wak, and G. Roth (eds.), Alles was zähit… Festschrift
für Andreas Zimmermann. Universitätsforschungen
zur prähistorischen Archäologie 285. Verlag Dr. Rudolf
Habelt GmbH. Bonn: 143–152.

Quitta H. 1960. Zur Frage der ältesten Bandkeramik in Mit-
teleuropa. Prähistorische Zeitschrift 38(1–2): 153–188.

*1970. Zur Lage und Verbreitung der bandkeramischen
Siedlungen im Leipziger Land. Zeitschrift für Archäolo-
gie 4: 155–176. 

Rivollat M., Jeong C., Schiffels S., +19 authors, and Haak
W. 2020. Ancient genome-wide DNA from France high-
lights the complexity of interactions between Mesolithic
hunter-gatherers and Neolithic farmers. Science Advan-
ces 6(22): eaaz5344.
https://doi.org/10.1126/sciadv.aaz5344



Robin Brigand, Jérôme Dubouloz, and Olivier Weller

180

*Sabel K. J. 1983. Die Bedeutung der physisch-geogra-
phischen Raumausstattung für das Siedlungsverhalten der
frühesten Bandkeramik in der Wetterau (Hessen). Prähi-
storische Zeitschrift 58: 158–72.

Saile T. 2009. Siedlungsarchäologische Untersuchungen
zum Frühneolithikum im südlichen Niedersachsen. In H.
J. Beier, E. Claßen, T. Doppler, and B. Ramminger (eds.),
Varia neolithica VI. Neolithische Monumente und neo-
lithische Gesellschaften. Beiträge der Sitzung der Ar-
beitsgemeinschaft Neolithikum während der Jahresta-
gung des Nordwestdeutschen Verbandes für Altertums-
forschung e. V. in Schleswig 9.–10. Oktober 2007. Bei-
träge zur Ur- und Frühgeschichte Mitteleuropas 56. Beier
& Beran Archäologische Fachliteratur. Langenweissbach:
43–53.

2010. Aspects of Neolithisation in the Weser-Harz re-
gion. In D. Gronenborn, J. Petrasch (eds.), Die Neolithi-
sierung Mitteleuropas. Internationale Tagung, Mainz
24. bis 26. Juni 2005. RGZM – Tagungen 4. Römisch-
Germanischen Zentralmuseum. Forschungsinstitut für
Vor- und Frühgeschichte.Verlag des Römisch-Germani-
schen Zentralmuseums. Mainz: 439–447.

2012. Salt in the Neolithic of Central Europe: produc-
tion and distribution. In V. Nikolov, K. Bacvarov (eds.),
Salt and Gold: The Role of Salt in Prehistoric Europe.
Proceedings of the International Symposium (Hum-
boldt-Kolleg) in Provadia, Bulgaria, 30 September – 4
October 2010. Provadia, Veliko Tarnovo: 225–238.

2020. On the Bandkeramik to the east of the Vistula Ri-
ver: At the limits of the possible. Quaternary Interna-
tional 560–561: 208–227.
https://doi.org/10.1016/j.quaint.2020.04.036

Salavert A. 2017. Agricultural Dispersals in Mediterranean
and Temperate Europe. In H. Shugart (ed.), Oxford Re-
search Encyclopedia of Environmental Science. Oxford
University Press. Oxford. https://doi.org/10.1093/acrefo
re/9780199389414.013.307

Schwartz D., Ertlen D., Davtian G., Dubouloz J., Gauvry Y.,
Vyslouzilova B., and Berger J.-F. in preparation. Soil fer-
tility in the LBK. Identification of methodological prob-
lems and distribution of LBK populations in relation to
soil fertility. In J.-P. Bocquet-Appel†, J. Dubouloz, R. Mous-
sa, and J.-F. Berger (eds.), Modelling the socio-natural
trajectory of the LBK farmers.

Shennan S., Downey S. S., Timpson A., +4 authors, and
Thomas M. G. 2013. Regional population collapse followed
initial agriculture booms in mid-Holocene Europe. Nature
Communications 4: 2486.
https://dx.doi.org/10.1038/ncomms3486 

Silverman B. W. 1978. Choosing a window when estimat-
ing a density. Biometrika 65: 1–11.

1986. Density Estimation for Statistics and Data Ana-
lysis. Chapman and Hall. London.

Sordoillet D., Weller O., Rouge N., Buatier M., and Sizun
J.-P. 2018. Earliest salt working in the World: From exca-
vation to microscopy at the prehistoric sites of Tolici and
Lunca (Romania). Journal of Archaeological Science 89:
46–55. https://doi.org/10.1016/j.jas.2017.11.003

*Strien H.-C. 2000. Untersuchungen zur Bandkeramik
in Württemberg. Universitätsforschungen zur prähistori-
schen Archäologie 19. Verlag Dr. Rudolf Habelt GmbH.
Bonn.

Timpson A., Colledge S., Crema E., +4 authors, and Shen-
nan S. 2014. Reconstructing regional population fluctu-
ations in the European Neolithic using radiocarbon dates:
a new case-study using an improved method. Journal of
Archaeological Science 52: 549–557.
https://doi.org/10.1016/j.jas.2014.08.011

Tóth P., Demján P., and Gria≠ová K. 2011. Adaptation of
settlement strategies to environmental conditions in
southern Slovakia in the Neolithic and Eneolithic. Docu-
menta Praehistorica 38: 307–321.
https://doi.org/10.4312/dp.38.24

Van der Leeuw S., Favory F., and Fiches J.-L. (eds.), 2003.
Archéologie et systèmes socio-environnementaux. Etu-
des multiscalaires sur la vallée du Rhône dans le program-
me Archaeomedes. Monographie du CRA 27. CNRS Editi-
ons. Paris.

Wand M. P., Jones M. C. 1995. Kernel smoothing. Mono-
graphs on Statistics and Applied Probability. Chapman
and Hall. London.

Weller O. 2015. First salt making in Europe: an overview
from Neolithic times. Documenta Praehistorica 42: 185–
196. https://doi.org/10.4312/dp.42.12

Weller O., Dumitroaia G. 2005. The earliest salt produc-
tion in the world: an early Neolithic exploitation in Poia-
na Slatinei-Lunca, Romania. Antiquity 79(306): Project
Gallery. http://antiquity.ac.uk/projgall/weller306/

Yokoyama R., Shirasawa M., and Pike R. J. 2002. Visuali-
zing topography by openness: a new application of ima-
ge processing to digital elevation models. Photogrammet-
ric Engineering and Remote Sensing 68: 257–265.

Zaninetti J.-M. 2005. Statistiques spatiales, methodes et
applications géomatiques. Lavoisier. Paris. 

https://doi.org/10.1093/acrefore/9780199389414.013.307


Colonization dynamics of LBK farmers in Europe under geostatistics test

181

Appendices

Appendix 1. Variability of site data (BD_LBK) across major countries.



Appendix 2. Contributions of the mo-
dalities to the first component (F1) of
the MCA on the archaeological informa-
tion of the database. The vertical dot-
ted lines represent the average theore-
tical contribution.

The first factor (F1) is based on 15 modali-
ties at or above the average theoretical con-
tribution (81.7% of the total inertia). Five
of these (positive, 26.2%) belonging to 5
out of 6 different variables define a weakly
documented cluster; it is significantly re-
presented in Poland and even in the Czech
Republic. Ten other modalities characterise
the opposite pole (negative, 55.6%); they
belong to all the variables and combine geo-
graphical precision, extensive and partial
excavations, short/medium duration of oc-
cupation, datation at LBK stages 2, 4, 5, and
as a whole, good to very good documenta-
ry reliability: France contributes more than
the other countries to this configuration,
due to its strong link with the modalities
‘Loc. ++’, ‘Fiab. A’ and ‘D. 100’.

F1 thus reveals a maximum and not very
surprising variability of the data around do-
cumentary reliability and precision. There
is a clear correlation between the most su-
perficial types of intervention (prospecting,
collecting), imprecise location (Loc ––), un-
defined chronology and duration of occu-
pation (St.nr and D.nr).

Robin Brigand, Jérôme Dubouloz, and Olivier Weller

182



Colonization dynamics of LBK farmers in Europe under geostatistics test

183

Appendix 3. Contributions of the mo-
dalities to the second component (F2)
of the AFCM.

The second factor (F2) is based on 11 mo-
dalities at or above the average contribu-
tion (79.2% of the residual inertia). Of
these, six are positive (33.6%) and belong
to four out of six different variables. They
define a pole representing early and mid-
dle LBK sites (Ph.1–3) from surface collec-
tions, with short/medium duration, correct-
ly located and on the whole limited in re-
liability. Two countries contribute particu-
larly to this cluster: Slovakia and Hungary.

Five other negative modalities (45.5%) cha-
racterise the opposite pole; they belong to
four of the six variables analysed and com-
bine geographical accuracy, surveys and
good to very good documentary reliability.
Only two countries determine this configu-
ration, Poland in particular and France more
slightly.

This second summary on the remainders of
variability not described by F1, therefore
reveals the contributions of four new de-
scriptors: two modalities of the variable
‘Type of intervention’ (Survey and Collect.)
and two of the variable ‘Country’ (Slovakia,
Hungary). It contrasts sites mainly North-
ern and Western sites with good documen-
tary reliability, resulting from ‘Surveys’ and
very well located, with a group of early
sites in the chronology from southern cen-
tral Europe, resulting from more or less ran-
dom collections (‘Collect’), but correctly lo-
cated.



Appendix 4. Contributions of the mo-
dalities to the third component (F3) of
the MCA.

Finally, the third factor (F3) sumarize a re-
sidual fraction of the total inertia of the
data, not yet taken into account. In this way,
it adds complementary components to the
global design of the data variability. It is
constructed by 12 modalities at or above
the average contribution (83.3% of the re-
sidual inertia). Seven of these are positive
(52.1%) and belong to 4 out of 6 variables.
They define a cluster of central-eastern sites
(Hungary, Poland, Slovakia, Austria) result-
ing from ‘Survey’, belonging rather to stage
2 of the LBK (Ph.2) and showng a long du-
ration (D. 300). Five other negative moda-
lities (31.2%) define the opposite pole; they
belong to only half of the variables ana-
lysed and combine late LBK stages with a
correct location: this configuration is found
mainly in France and Belgium.

This third complementary synthesis thus
marginally contrasts early and long-lived
Central European sites, not very well locat-
ed and resulting from ‘Collect’, with Far-
Western sites belonging to the recent sta-
ges of the LBK and correctly located. It also
tells us that the main countries concerned
in F2 by the ‘Collect’ modality are also con-
cerned in F3 by the ‘Survey’ modality (Po-
land, Slovakia, Hungary).
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Appendix 5 (see Figure 4, Map F1/F2)

The analytical data set is displayed in the factorial
space around the most discriminating modalities of
the first two summaries of the MCA. They oppose,
in a ternary system, Poland, Hungary/Slovakia, and
France.

● To the right of axis 1, are grouped the modalities
representing sites which are relatively poorly doc-
umented (Fiab. C), both chronologically (St.nr and
D. nr) and geographically (Loc ––). Among them
are those resulting from the lightest archaeological
investigations (Collect. and Survey). Many Polish,
Czech, Swiss, Ukrainian, Romanian and Moldovan
sites share these characteristics: the first ones par-
ticularly linked to the ‘Surveys’ and all the others ra-
ther to the ‘Collect’ variable. It is therefore a large
group of mostly central-eastern and eastern sites,
which are generally less well documented than those
in other regions of LBK Europe.

● In contrast, to the left of axis 1 and at the bottom
of axis 2, are the well documented sites (Fiab. A),
with good geographical precision (Loc ++), result-
ing from extensive excavations (F. Ext) and dated
to the latest stage of the LBK (St.5). The countries
concerned by this high-quality documentation are
mainly France, the Netherlands and Luxembourg.

● As an intermediate to the previous clusters but
still to the left of axis 1, meaning not being domi-
nated by low quality documentation, the average
archaeological information from Germany, Belgium,
Slovakia, Hungary and Austria seems to be relati-
vely well documented and localised (Fiab. B and
Loc +–); it appears to be linked particularly to par-
tial excavations (F. Part.), to the main stages of the
LBK (St.1 to St.4) and to the most common occu-
pation duration modalities (D. 100 to D. 300). This
average position applies thus to countries that pre-
sent in moderate proportions the whole spectrum
of research types and a great variety of documen-
tary realities. Austria is rather better documented
than Belgium and Germany, where there is a signi-
ficant proportion of less well-informed sites. These
are therefore similar to those widely encountered
further east, notably in the Czech Republic. Finally,
Hungary and Slovakia, linked to partial rather than
extensive excavations and to the early stages of the
LBK, are isolated from the other regions of Europe
and particularly from Poland with its particular
link to ‘Survey’.

Actually, the structuring of the data revealed by
this first and most distinctive synthesis of the data,
is not surprising at all. Main opposition between po-
orly documented groups of sites and others is a kind
of truism; similarly, the correlations between loca-
tion accuracy, chronological characteristics and type
of investigation are also predictable. But it was not
taken for granted that all these possible variations
should be organized in coherent sequences, evident
for almost all the descriptors together. Under these
appearances, the ordering of the countries on the
factorial map draws an almost perfect east-west pro-
gression, which we believe is related to the tempo-
ral depth of research on the one hand and its fund-
ing on the other. Such a spatial configuration could
rapidly change under an unlikely common elevation
of the economic and technic standards of archaeolo-
gical research in Europe. Poland, Hungary, eastern
Lands of Germany, for example, have finally imple-
mented effective and promising practices (rigorous
survey programs, broad scientific Rescue Archaeo-
logy) that show a way forward. But at the same time
West Germany has been slowly regressing in these
respects, while other regions (Belgium, Slovakia, Ro-
mania) have remained behind. We cannot yet be
sure whether the recent evolution of practices in
France will impact the results upwards or down-
wards. Therefore, the harmonisation of data on a
continental scale is still a long way off, or could be
achieved at a frustrating intermediate standard.

Appendix 6 (see Figure 5, Map F1/F3)

Following the methodological principles of MCA,
map F1/F3 (Fig. 5) modulates the previous conclu-
sions. It presents only two groups of opposite mo-
dalities: to the right of axis 1, the same set as before
is shown again, due to the decisive weight of their
modalities in the characterization of the first factor,
and confirms the singularity of Poland; but it redis-
tributes the other modalities in a single second group
around which gravitate the other modalities of ‘coun-
tries’ and those, extreme, of the LBK ‘chronology’
(St.0 and 4–5): this map confirms Austria, linked to
the long-lived durations (D.300 500), in a positive
situation; France and the Netherlands, around late
chronological stages and short durations, appear
again as more often better informed and the Bel-
gium-Germany-Slovakia trio still show their interme-
diate quality.



Appendix 7 (map F2/F3)

The F2/F3 map characterises the database without
the influence of poor documentary situations; it can
thus show some secondary links previously masked
by the hyper-structuring weight, in F1, of weaker or
undefined modality values. The main point of this
map is, on the one hand, a significant and favour-
able configuration around Poland and its systematic
‘Survey’ practices; on the other hand, a clear high-
lighting of the Hungary and Slovakia’s specificity re-

lated to the weight of their older and long-lived sites.
The group of sites of the BD_LBK with limited or
scarce documentation is logically in a central posi-
tion and therefore not very significant in this sec-
ondary statistical summary. But interestingly, a part
of the German sites belongs to this group, as already
suggested by the previous diagrams. At last, the
western trio (FR, NL, LU) remains linked to the best
modality values, while part of the excavated Belgian
sites are close to them, probably because of their
links with the late stages of the chronology.
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Appendix 8. Topographic and agro-ecological data of the GIS.



Appendix 9. Contributions of the agro-environ-
mental modalities to factor 1 of the MCA. Ver-
tical dotted red lines show the average theore-
tical contribution.

The highest contributions to Factor 1 (~85% of its
inertia) are all negative. They relate to the ‘unde-
fined’ modalities PR0 (n.r.), SO4 (no data) and TX0
(n.r.) which almost exclusively construct this first sta-
tistical summary (respective contributions of 22.9%,
22%, 27.8%, i.e. ~73% of the variability summarised
by this factor). The other negative modalities PR1
(7%) and SO5 (5.3%), i.e. shallow soils and Gleysols
or Vertisols, contribute only a little. The first factor
therefore mainly separates sites in poorly defined
or rare contexts from all other sites. Its relevance to
our questions is therefore very limited.
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Appendix 10. Contributions to F2 of the MCA.

The second factor is mainly built (~84% of its iner-
tia) upon the opposition between negative PR4/very
deep soil (15.7%), SO7/degraded and leached soil
(13%) and also, very moderately, TX3/medium-fine
texture (6.7%) and FR2/fairly good fertility (3.4%),
for a total of ~38% of the factor’s inertia; facing the
positive modalities PR2/moderate depth (10.3%),
SO1/Cambisol (11.9%), and very moderately TX4/
fine texture (4.8%), FR1/very good fertility (4.2%),
OP1/closed landscape (3.9%), PR3/deep depth
(3.9%), FR3/medium fertility (3.2%) and SO2/clino-
humic soil (3.2%) for a total of ~40%.

That is to say, an overall opposition between set-
tlements on leached (Luvisols) or degraded soils,
very deep, with medium-fine texture and good fer-
tility; and those on brown soils slightly evolved or
even clinohumic, with moderate to deep depth, fine
texture, very good or medium fertility and in a
closed landscape.



Appendix 11. Contributions to F3 of the MCA.

The third factor is mainly built (~78% of its vari-
ance) upon the opposition of the negative modali-
ties SO2/clinohumic soil (16.6%), FR1/very good
fertility (10.5%), PR3/deep depth (9%), and HY1/low
hydric saturation (3.8%), for a total of ~40%; against
positive modalities PR1/shallow depth (10.9%), PR2/
moderate depth (5.8%), SO8/thin soil (5.2%), SO5/
gleysol-vertisol (5.2%), HY3/high hydric saturation
(4.1%), OP1/closed landscape (3.7%), FR3/moderate
fertility (3.2%) and FR4/low fertility (2.7%), for a
total of ~41%. 

This is an expected contrast between settlements on
deep and very fertile soils of Chernozems-Greyzems-
Phaenozems types and those on very thin or water-
logged soils.
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Appendix 12. Geographical distribution of the main soil groups in the LBK’ occupation area.



Appendix 13. Chronological stage-system in
this paper.

Unified phasing of the whole LBK’s extension, at
least in large stages, is required for this research pro-
ject: continuities and discontinuities across time and
space have to be considered at once. However, this

ambition is particularly sensitive between the West-
ern and Central Eastern chronological systems. Al-
though many specialists may not be satisfied, we
have nevertheless made such an attempt at chrono-
logical standardisation, according to the following
approximative six stages sequence.
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Approx. cal BC 5600– 5500– 5350– 5325– 5175– 5125– 5025–
5500 5325 5325 5150 5125 5025 4925

This paper St 0 St 1 St 1\2 St 2 St 3 St 4 St 5
Meier-Arendt 1966< 1972 I II III IV V
Dorhn-Ihmig 1979 1a Ib-c Id-IIa IIb-c IId
Lorraine-Bassin-Parisien Rubané 3–4 – Rub. 5–7 – Rub. 7–9 Rub.
(Blouet et al. 2013) Ancien Moyen Récent Final\ 

(Flomborn) Termin. –
Alsace Rubané Rub. Moyen Rub. Récent Rub. Final
(Denaire et al. 2017< Ancien
Lefranc 2007) (Flomborn)
Mit.\Nied. Rhein I\II| Ib-c Id-IIa IIb-c IId
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Würtemberg-Neckar Älteste 2a | 2b-5 6–7 8 Hi
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Hessen (Kneipp 1998) Älteste 2 | 3–5 6 7–8 9
Nied. Sachsen-Elbe\ Älteste | Ältere Mittlere Jüngere Jüngste\
Saale-Sachsen (Flomborn) SbK
(Behrens 1973< Kaufmann 1987<
Quitta 1970)
Südbayern\Schwaben Älteste | Ältere Mittlere Jüngere Jüngste
(Pechtl, Land 2019) SOB (SbK)
:eský (Pavlu 2000) Ib-c I\II IIa-b-c\ IIIa-b III\IV IV|\SbK

Ältere (Á;kový |) (Á;kový) IVa-b< [arka
Morava (:i/mář 1998) Ia-b 1b2 IIa-b IIc III |

Ältere (Á;kový |) Jung LBK NKK\Zseliz [arka
LBK

Niederösterreich\Burgenland Älteste Ältere Übergangsph. II II| Zseliz\ III [arka\ |
(Lenneis, Pieler 2016) Forma- LBK I\II Jung LBK Keszthely Zseliesovce

tive Notenkopf
Centra a západ Slovensko Forma- Ältere Milanovce Jung LBK – Zseliesovce Zseliesovce Z.
(Pavúk 2004< 2005) tive| LBK Notenkopf

Biňa
Magyar Dunántúl Forma- Ältere Milanovce Jung LBK Zseliz\ ZI-II ZIII\L.
(Oross, Bánffy 2009) tive LBK Notenkopf\ Keszthely Zseliz\

Bicske- Keszthely Keszthely
Biňa

Malopolska Ältere Zofipole| Jung LBK Zseliz Zseliz LPC\SbK
(Czekaj-Zastawny 2009< 2013) LBK Notenkopf
Kujawy\Chelm. Ältere Zofipole| IIa-b III| III LPC\SbK
(Pyzel 2006< 2010) LBK Jung LBK
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ly occupied area. In this way we can better identify
true expansion from densification.

Left and centre: density maps (r. 12.5km) and 12.5km
buffer zone (St. 3 and St. 4); right: transition map. The
area of slightly less than 500km2 delimited around
sites from a radius of 12.5km is only a study protocol
aimed at optimizing the density maps and allowing
for a synoptic representation of settlement dynamics.

Appendix 14. Protocol for the elaboration of
transitional maps (example of the Upper-Rhine
Valley).

As shown in the figure below, the colonization sec-
tors for a period t+1 are divided into two groups:
the one (orange) that develops (at t+1) inside an
area already settled during the previous period (t);
and the one (red) that develops outside a previous-

Bojan
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back to contents
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Introduction

After the end of the stage of the initial development
of Neolithic society in central Europe, which is cha-
racterized by the Linear Pottery culture (LBK), the
original symbolic style broke down into several re-
gional factions in terms of the decoration of ceramic
vessels. The existing research on Neolithic society

in this region has been almost exclusively dependent
on knowledge of pottery decoration, which serves
as a basic chronological descriptor. In the traditio-
nal sense, then, symbolism on pottery is seen as a
key reflection of social affiliation – archaeological
culture, as a legacy of Romanticism in the form of
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the Morava River Basin and the eastern half of Bo-
hemia (Fig. 1). We hypothesise that Neolithic organi-
zation of settlements is part of the reflection of life-
styles conditioned primarily by the natural environ-
ment and by social behaviour patterns.

The basic questions we address are: (1) What vari-
ables influence the development of settlement pat-
terns in two geographically separated regions? (2)
Can some variables be regionally distinguished? (3)
What weight do the selected variables have for the
study of settlement structures? (4) Do changes in ce-
ramic style correspond to changes in settlement struc-
tures or some of the variables under study?

The beginning of the period (c. 4900 BC) included
in the study corresponds to the end of the Early Neo-
lithic, when there is a decline in human activity in
many regions of central Europe, as reflected in the
frequency of radiocarbon dates (Shennan 2018),
and at the same time the symbolic Linear Pottery
style (LBK) comes to an end. In terms of the traditio-
nal nomenclature of symbolic styles, the period we
study corresponds to the Stroked Pottery (SBK),
Lengyel Pottery (LgK), Jordanów/Epi-Lengyel Pot-
tery, Michelsberg Pottery (mainly Bohemia) and the
Funnelbeakers (TRB), which occur together with Retz-
type pottery (mainly Morava River catchment).

The first region of interest is the eastern half of Bo-
hemia. Here, the settlement area is bounded to the
north, east and south by mountains and highlands,

the theoretical approaches of Gustaf Kossina (1911)
and Vere Gordon Childe (1925). In contrast to sym-
bolic systems, the study of settlement structures was
developed under the influence of processual archaeo-
logy as a manifestation of strategic adaptation to
changes in environmental conditions, which became
evident in archaeological research on the Neolithic
in Central Europe from the 1980s onwards (Lenneis
1982; Rulf 1983). Despite the influence of processu-
al archaeology, however, questions of human adap-
tation to the environment were shaped by the in-
fluence of cultural historicism, particularly with re-
gard to perceptions of the chronological develop-
ment of early agricultural societies.

In previous research on settlement structures the
chronology was determined solely on the basis of
symbolic systems, which are reflected in the mor-
phology and decoration of pottery and are called
‘archaeological cultures’. However, these lack expla-
natory potential for understanding the dynamics of
prehistoric societies (most recently Furholt 2021).
However, due to their frequent occurrence, Neolithic
symbolic systems captured in ceramic production
are a useful means for understanding the chronolo-
gy of settlements based on knowledge of their tem-
poral occurrence using radiocarbon dates (Trampo-
ta, Květina 2020).

In this study, we focus on characterizing the changes
in the settlement organization of human populations
that inhabited two separate regions in central Europe:

Fig. 1. Area of interest and all studied sites from the period of c. 4900–3400 BC.
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while the eastern part is artificially demarcated by
the watercourses of the Vltava and Jizera rivers,
which have an approximately north-south course.
The number of analysed settlements in the area of
c. 9000km2 is 597, which corresponds to an average
density of 0.06settlements/km2.

The second settlement area is the Morava River Ba-
sin, which is mainly located in Moravia, in the north-
ern part of Lower Austria and in the westernmost
part of Slovakia (Záhorie). This area is bounded by
mountains and highlands to the west, north and
east, while at the southern border the settlement
area continues further. The number of analysed set-
tlements in the settlement area of c. 19 000km2 is
1556, which corresponds to an average density of
0.08sites/km2.

The two settlement regions are located in similar
geographical and climatic areas of the temperate
zone of central Europe; the terrain relief is not cate-
gorically different, and we consider them compara-
ble in terms of the natural environment.

Data and methods

Chronology
In the absence of a dominant successor interpretive
model, the model of archaeological culture has been
used until now, at least in the sense of the basic clas-
sification of material culture, while the change of ce-
ramic style is taken into account as a unique chrono-
logical factor through whose transformation other
changes in the structure of society can be captured.
This a priori model is problematic because it does
not assume the possibility of significant social chan-
ges during the existence of a given symbolic style.
On the other hand, we do not currently have a more
appropriate chronological identifier that could bet-
ter characterize the chronological position of most
settlements.

In order to understand the chronological evolution
of settlement transformations, we turn to three
forms of describing individual settlements based on
(a) symbolic systems on pottery (archaeological cul-
tures – ceramic traditions); (b) basic subdivisions of
ceramic typology (phases of archaeological cultures
– ceramic groups) based on knowledge of their tem-
poral occurrence (following Trampota, Květina
2020); and (c) knowledge of radiocarbon density
data that reflect concentrations of human activities.
While the chronological distribution is expressed in
the aforementioned publication, the determination

of the chronology based on the frequency of occur-
rence of radiocarbon dates is a sub-subject of this
study. A similar analysis has already been performed
for both Bohemia and the Moravian-Lower Austrian
area (Timpson et al. 2014.553) using the summed
probability distribution (SPD). Given the currently
significantly higher amount of available radiocarbon
dates for both areas, we performed a new SPD in
OxCal (Bronk Ramsey 2009) using the IntCal 2020
atmospheric calibration curve (Reimer et al. 2020),
which we interpreted using kernel density estima-
tion (KDE; Bronk Ramsey 2017).

All 14C dates from anthropogenic contexts were in-
cluded in the input radiocarbon database (see Sup-
plementary material). All 14C dates related to the
period between the beginning of the agricultural pre-
history to the end of the TRB, c. 3350 BC, were con-
sidered. Only dates with a 1σ greater than 100 and
dates measured from humic acids were excluded
from the dataset. The resulting SPD and KDE plots
are validated by the number of known settlements
(Fig. 2).

In the Morava Basin, the structure of the radiocar-
bon dates is divided into three peaks representing
three distinct units of population activity. The first
peak corresponds to the occurrence of Linear Pot-
tery (LBK), and the marked decrease in the frequen-
cy of radiocarbon dates at the end of the LBK around
4900 BC is a known phenomenon in other regions
in western central Europe (Shennan 2018.104). The
second peak is represented by the pottery styles
with Stroked Pottery (SBK) and Lengyel pottery
(LgK). At the end of this peak, some archaeologists
use the term Jordanów culture or Epi-Lengyel. Be-
tween c. 4000 and 3800 BC, there is an apparent
hiatus in human activity that has not been consid-
ered in archaeological research to date, as it cannot
be detected outside the context of absolute dates.
The last peak of human activity is associated with
the Funnelbeakers (TRB) and Retz-type pottery.
However, its termination is artificially based on the
initial definition of the period under study, which
is only associated with TRB, but actually continues
in the context of at least Baden pottery.

The three identified peaks are a new chronological
indicator which we henceforth refer to as Neolithic
A, Neolithic B and Neolithic C (Neolithic A is not
the focus of this study).

In Bohemia, the resulting model is far more proble-
matic, as there are significant data biases. At pre-

https://doi.org/10.4312/dp.49.15
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sent, it is not possible to say whether there is a signi-
ficant decline in the frequency of 14C dates during
the transition from the LBK to the SBK, as the under-
dating of contexts associated with Linear Pottery is
evident when comparing the number of settlements
and the amount of radiocarbon dates. A subsequent
significant peak is associated with Stroked Pottery
or the study of rondel ditch fills. In this respect, we
can speak of a heavy overestimation of the accumu-
lation of 14C dates in favour of the one problem ad-
dressed. After the SBK period, there is a decline in
both the frequency of 14C dates and the number of
settlements, which indicates a different development
compared to the situation in the Morava Basin. The
possibility of a settlement hiatus after 4000 BC is
reflected in the modelled dates, but the number of
14C dates from the Early Eneolithic is too low to ob-
tain a relevant result. However, similar to the Mora-
va Basin, there is a clear increase in the density of
14C dates and the number of settlements around

3800 BC. The resulting den-
sity curve of 14C dates is not
representative in part, so we
provisionally use the same
model for Bohemia, which di-
vides the Neolithic into peri-
ods A, B, and C.

For the analysis of settlement
characteristics, we use this
broad chronological concept
in terms of long-term proces-
ses. We are interested in whe-
ther the settlement during
each population phase was
chronologically or regionally
specific.

Settlement data
The choice of variables relat-
ed to Neolithic settlements re-
flects the real possibilities of
studying the data structures
of the region. Some complex
datasets are defined by insti-
tutions in three countries and
may not be compatible or
available. For this reason, pe-
dological and geological data,
in particular, which may be
important for the formation
of Neolithic settlements, are
not taken into account. The
studied variables form two

groups – the first is labelled environmental vari-
ables, and in general it is comprised of variables de-
termined by the environment and terrain surround-
ing the settlements; the second group is labelled
social variables, and in general these are influenced
by processes taking place in the Neolithic society.

The database of settlement sites (n=2154) is based
on our desire to maximize the information potential
with regard to Neolithic settlement sites. In addition
to published sites, we acquired data from archaeo-
logical archives and some unpublished sources in
museum collections. Data were obtained in the form
of standard excavations, as well as collections from
surface surveys. In its minimalistic form, the Neoli-
thic settlement is defined by the repeated presence
of ceramics that can be assigned with certainty to at
least one of the ceramic traditions (archaeological
cultures). Neither isolated lithic finds nor hoards or
any cave finds are taken into consideration. The mi-

Fig. 2. SPD and KDE of 14C data from anthropogenic contexts in the Mo-
rava River catchment (above, n=516) and in Bohemia (below, n=299).
The red curve shows number of settlement sites defined based on pottery
traditions, the orange curve shows number of sites based on more de-
tailed typochronology.
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nimum distance separating two settlements is c.
200m.

The data is described in detail in a dedicated data ar-
ticle (Pajdla, Trampota 2021) and is also published
in a separate repository under https://zenodo.org/
record/5768049#.YydAhLRBxPY.

Data is analysed in the R programming language (R
Core Team 2022). To enhance transparency, the
compendium containing code is published at the Ze-
nodo data repository under https://zenodo.org/recor
d/6703463#.YydBi7RBxPY according to principles
outlined in Ben Marwick (2017); the original reposi-
tory is at https://github.com/petrpajdla/settlements.

The most important software packages used in the
analysis are the tidyverse family of packages (Wick-
ham et al. 2019), sf (Pebesma 2018), and spatstat
(Baddeley et al. 2015).

We approach the analysis as a multidimensional pro-
blem, dimensionality reduction (PCA) is used on the
continuous input variables and, consequently, model-
based clustering (mclust package, Scrucca et al.
2016) is used to define groups of similar settlements.

Analysed environmental variables
Altitude is derived manually from online map servers
(https://geoportal.cuzk.cz, https://www.geoportal.sk,
and https://www.niederoesterreich.at/karte), and al-
so from a digital elevation model (DEM) to verify
this approach. The values derived from DEM and by
hand correlate well (R = 0.97). For the analysis, the
values derived by hand are used.

The value of slope at the settlement location is de-
rived from ASTER GDEM (NASA et al. 2019). ASTER
GDEM is used because the territorial scope of the
area of interest intersects several state boundaries,
namely the Czech Republic, Slovakia and Austria, and
obtaining and/or harmonizing individual digital ele-
vation models with identical resolutions, etc., for each
of the countries was not possible. The slope value is
derived as a mean value in a buffer zone around
each of the settlement sites with a radius of 300m.

The density of the watercourse is the preferred me-
thod of assessing the relationship between human
occupation and water courses over the distance to a
water course. The approach used is based on meth-
ods used to study road networks in modern urban
areas (Lin et al. 2020). The watercourse density is
derived from three individual layers for each of the

countries, DIBAVOD (Fojtík et al. 2022) for the Czech
Republic and Geofabrik for Slovakia and Lower Au-
stria. The density of watercourses is estimated using
kernel smoothed intensity from a line segment pat-
tern with a kernel size of 2km. The mean value in
a buffer zone with a radius of 300m around the set-
tlements is recorded.

The topographic position index (TPI) is used (toge-
ther with the slope) as a proxy for terrain fragmen-
tation. It is derived from the digital elevation model
using Wilson’s approach (Wilson et al. 2007), i.e.
TPI is the difference between the value of a given
cell and a mean of eight surrounding cells. TPI effec-
tively shows whether the surroundings of a site are
flat, or the site is located on a hill (positive values)
or in a valley (negative values). As in the case of
slope, the TPI for a given settlement site is defined
as a mean TPI value in its buffer zone with a radius
of 300m.

Analysed social variables
Settlement density was calculated using kernel den-
sity estimation with a kernel size of 4km. Not that in
the figures we used a kernel size of 10km.

The linear arrangement deals with settlements orga-
nized in linear formations along watercourses and
on terrain contours, typically in the foothills of up-
lands. Settlements have not yet been analysed in this
way on a larger scale. Settlement lines were manual-
ly defined in the GIS environment based on base
layers from ZABAGED and Geofabrik (for Slovakia
and Austria) for watercourses and a digital elevation
model (OpenStreetMap) for terrain lines. The mini-
mum number of settlements per line is three.

The location of sources of lithic raw materials in the
studied areas (Fig. 3) is defined by Antonín Přichys-
tal (2013). Subsequently, the distance of each settle-
ment to each source during the periods when each
raw material was exploited was calculated. Resource
exploitation was categorized for each period as: none,
sporadic, significant.

The hierarchical element of settlement structures is
considered to be a palisaded or ditched enclosure,
which is assumed to have had primarily an econo-
mic or fortification purpose. We do not include ron-
dels typical for the first half of the 5th millennium
BC in this category because of the distinctiveness of
rondels from other enclosures – both with regard to
the shape of the ditch and the single-phase occur-
rence within prehistory. The rondels have a V-shaped

https://zenodo.org/record/5768049#.YydAhLRBxPY
https://zenodo.org/record/6703463#.YydBi7RBxPY
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ditch, whereas the settlement enclosure ditches are
flat-bottomed. In the case of hilltop enclosures, then,
we observe the remains of a stone wall. Rondels are
specific in the context of agricultural prehistory be-
cause of their short-term, single-phase occurrence,
while settlement enclosures are observed continu-
ously.

The distance from each settlement to all enclosures
has been calculated.

The presence of individual ceramic groups at indivi-
dual sites was observed, for which we assume chro-
nological succession. On the basis of the frequency
of successive settlements we observe changes in set-
tlement continuity.

Results

Altitude
The character of settlements in relation to altitude
differs significantly in Bohemia and in the Morava
Basin, both in terms of the evolution of preferences
and in terms of data homogeneity. While in Bohemia
the values of altitude are very similar for the mean
and median, in the Morava Basin the mean and me-
dian are significantly different, reflecting the wide

range of settlement values; in Bohemia they have a
homogeneous character and thus less dispersion of
values (Fig. 4). For developmental trends, there is a
clear tendency in the Morava Basin to settle sites at
higher elevations from the interval 4800–4600 BC
(Early Lengyel), which gradually decreases to very
low values in the interval 4200–4000 BC (Epi-Len-
gyel). A renewed increase in preference for higher
altitudes is observed from 3800 BC (TRB) onwards.

On the other hand, in Bohemia there is a slight, stea-
dy decline in the preference for higher elevations
from the beginning of the period under study to
3800 BC. As in the Morava Basin, we observe a pre-
ference for higher elevation settlements from 3800
BC onwards in relation to the TRB.

The described trends are consistent with the data
defined by both ceramic traditions and ceramic
groups.

Slope
The data categorized by ceramic tradition show a si-
milar tendency for slope preference as for elevation,
which is indirectly related. If we classify the data in
more detail according to ceramic groups, there is a
greater dynamic (Fig. 5). For both study areas, low

Fig. 3. Map of studied area with lithic raw material sources. Red – sources for polished stone tools; yel-
low – speculative sources for polished stone tools (culm rock); blue – sources for chipped stone tools. Tri-
angles – primary sources, lines – secondary sources in river gravels or moraines.
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settlement slope values (Early SBK) are present at
the beginning, followed by an increase from 4800
BC (Early Lengyel, Late SBK) and followed by a gra-
dual decrease until 3800 BC. A reversal towards
higher values occurs in Bohemia from 3800 BC and
in the Morava Basin from 3600 BC. Towards the end
of the period under study in Bohemia (Saalzmünde,
Boleráz) the settlements are located on flatter sites,
while in the Morava Basin (Boleráz) there is a clear
preference for more sloping sites.

Watercourse density
The basic characteristics of the development of the
relationship between settlement and watercourse

density is the same for data categorized by both ce-
ramic tradition and ceramic group. During the peri-
od 4900–4600 BC (SBK), settlements in Bohemia
are located in areas of high watercourse density, fol-
lowed by a sharp decline and a slightly downward
trend in the rest of the period. In contrast, the situ-
ation in the Morava Basin is negatively correlated
with this and the trend is exactly the opposite (Fig.
6).

Kernel density (KDE) of settlements
The density of settlements in terms of general trends
is similar for the data categorized by ceramic tradition
and ceramic group, but some changes in the short-

Fig. 4. Violin plot with elevations of settlement sites in individual periods. Data are classified according
to pottery groups.

Fig. 5. Violin plot with slope values of settlement sites in individual periods. Data are classified accord-
ing to pottery groups.
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term trends are significant in the case of the ceramic
groups (Fig. 7). In both regions, the beginning (Early
SBK) is characterized by low settlement density. This
is followed by an increase in settlement density, but
in the Morava Basin the settlement density reaches
almost twice the values in Bohemia. While in the pe-
riod 4600–4200 BC (Late Lengyel) the values in Bo-
hemia no longer reach the previous maximum, in
the Morava Basin the density continues to increase,
followed by a sharp decline in values in the period
4200–4000 BC (Epi-Lengyel). In the Morava Basin a
settlement interlude follows in the period 4000–
3800 BC, whereas in Bohemia the settlement hiatus
is not yet evident in the radiocarbon dates. The low-

est settlement densities, however, are shown by set-
tlements in 3800–3600 BC in association with the
beginning of the TRB, but this is probably related to
the relatively small proportion of TRB settlements
whose ceramic typology is more closely subdivided.
During the TRB, settlement density increases slightly
in both regions.

Beyond the statistical results, it is important to con-
sider the spatial location of the main settlement clus-
ters and their size. We categorize these data only in
the context of ceramic typological groups. In Bohe-
mia, the settlement core in the Early SBK period is
located in the north of the settlement area in the

Fig. 6. Violin plots with KDE of watercourses in individual periods. Data are classified according to pot-
tery groups.

Fig. 7. Violin plot with KDE of settlement sites in individual periods. Data are classified according to pot-
tery groups.
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broader vicinity of the Ji≠ín Upland, an area that is
somewhat less populated in other periods, especial-
ly in comparison with the Polabí (Elbe) region (Fig.
8). Subsequently, in the context of the Late SBK, set-
tlement appears in several distinct settlement clus-
ters on the right bank of the Elbe in eastern Bohe-
mia and in the vicinity of Chrudim and Kolín. Settle-
ment during the Late Lengyel (Fig. 9), albeit in smal-
ler numbers, is organized very
similarly, but the settlements
are more concentrated in the
broader vicinity of the Elbe.
Settlement structure changes
markedly during the Proto-
Eneolithic (Fig. 9), when set-
tlements are concentrated in
the Polabí region between
Prague and Kolín, while set-
tlements in eastern Bohemia
are sporadic. In Bohemia, TRB
settlements occupy the area
in central Bohemia south of
the Elbe River and in eastern
Bohemia west of the Elbe Ri-
ver. The sub-typochronologi-
cal classification of TRB set-
tlements is at a low level, but
it can be assumed that the
characteristics of settlements
in 3800–3400 BC are similar
to those of the TRB in gene-
ral. The conclusion of the TRB
(Fig. 10) is interesting in
terms of settlement organiza-
tion because of the occurrence
of one distinct cluster in and
around Prague characterized
by Saalzmünde pottery, while
a separate second smaller clu-
ster of settlements is located
in the ∞áslav Basin and is cha-
racterized by Boleráz pottery.

In the Morava River Basin, the
smaller number of settlements
in the period characterized by
the Early SBK are concentrat-
ed in the western half of the
settlement area, while the
area east of the Morava River
shows almost no settlement
activity (Fig. 8). Subsequent-
ly, in the context of the Early
Lengyel there is an increase

in the number of settlements concentrated mainly
around Brno and in southwest Moravia. The area
east of the Morava River is only sporadically settled,
and in central Moravia there is also very sparse set-
tlement, moreover the ceramic production is charac-
terized by Late SBK. In the Late Lengyel period (Fig.
9), the settlement situation reverses: while in the
southern half of the basin the density of settlements

Fig. 8. Settlement KDE of sites with SBK and Early Lengyel.
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decreases considerably and they are concentrated
into more small settlement clusters, in the north-
ern half of the basin (central Moravia) a large settle-
ment cluster is formed. The area to the east of the
Morava River is for the first time since the LBK more
heavily populated. During the Epi-Lengyel (4200–

4000 BC), the southern half
of the Morava Basin is spar-
sely populated, except for
the area along the right bank
of the lower course of the Mo-
rava River. As in the previ-
ous period, settlement is con-
centrated in central Moravia.
Between c. 4000 and 3800
BC, we assume a settlement
hiatus, or a form of human
presence that left no signifi-
cant archaeological traces. In
c. 3800–3500 BC (Early TRB,
Baalberge, Retz-type), three
unequal settlement clusters
(Fig. 10) emerge in the vici-
nity of present-day Prostějov,
Brno and Znojmo. The south-
east of the studied area is
sparsely settled, if at all. To-
wards the end of the period
under study (TRB – Boleráz)
we observe an increase in the
concentration of settlements
in central Moravia, with a
small cluster in southwest Mo-
ravia and the lower course of
the Morava River. The rest of
the Morava Basin is not signi-
ficantly populated.

Linear arrangement –
along terrain lines
In terms of proportions, set-
tlements are located along the
terrain lines mostly in the pe-
riod 4900–4800 BC (Early
SBK), after follows a decline,
especially in Bohemia. Here,
settlements form slightly
more distinctly along terrain
lines from 4200 BC onwards
(Proto-Eneolithic and TRB). In
the Morava River catchment,
on the other hand, the forma-
tion of settlements along ter-
rain lines is a very fundamen-

tal phenomenon for the period 3800–3300 BC (TRB),
with the main area where settlements are organized
in this way being the southern and eastern margins
of the Drahany Uplands (Fig. 12). Parallel to these,
the linear organization of the hillforts forms a spe-
cific structure during the Boleráz phase.

Fig. 9. Settlement KDE of sites with Late Lengyel and Epi-Lengyel/Jorda-
nów/Proto-Eneolithic.
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Linear arrangement – along water lines
In terms of frequency, the organization of settle-
ments along water lines appears less pronounced
than for terrain lines. The only period and region
where settlements are significantly located along
water lines (Fig. 11) is 4900–4800 BC (Early SBK) in
the Morava Basin. There is also significant settle-
ment organization along watercourses in the Mora-

va Basin during the Late Lengyel, c. 4600–4300 BC,
but statistically this disappears in the face of the
very high number of settlements during this time.
The organization of settlements along watercourses
and on terrain lines during the Late Lengyel is also
significant (Fig. 12), but this is not statistically signi-
ficant in the context of the large number of settle-
ments.

Hierarchical arrangement
The analysis of the relation-
ship between settlements and
enclosed sites (Fig. 13) was
carried out only in the con-
text of data described by cera-
mic traditions, as the detail-
ed chronology of many en-
closed areas is unknown. The
analysis shows that for most
of the periods the distance be-
tween settlements and enclo-
sures recorded in the Morava
Basin is smaller, which is
mainly due to the larger num-
ber of known enclosures. The
opposite situation is in Bohe-
mia during 4200–3800 BC
(Proto-Eneolithic), when a
large number of lowland en-
closures are recorded in cen-
tral Bohemia (Kri∏tuf, Turek
2019). In the Morava River
catchment, on the other hand,
the distance to enclosed areas
decreases significantly in
3800–3300 BC in the context
of the TRB, when a number
of new hillforts are establi-
shed, often with evidence of
a stone rampart. The spatial
distribution of enclosures in
the Morava Basin is interest-
ing from the long-term pers-
pective, with almost all of
these enclosures located in
the western half of the occu-
pied area.

Distance to raw material
sources for chipped stone
industry
A comparison of the data dis-
tribution by ceramic tradition
and ceramic group shows noFig. 10. Settlement KDE of sites with TRB.
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structural differences. For the settlements in Bohe-
mia, the mean and median values are above 100km;
their slight diachronic increase is probably not a re-
flection of a change in the relationship between
sources and settlements in the context of such large
distances.

In the Morava Basin, the situation is significantly dif-
ferent, mainly due to the proximity of the sources of
raw materials for chipped industry. In the period
4900–4800 BC (Early SBK), a significant concentra-
tion of settlements is evident in the vicinity of chip-
ped industry resources (Fig. 14), which is related to
the depopulation of the eastern part of the Morava
Basin, where resources are less abundant, and the lo-
calization of settlements in the western part, where
more raw material resources are concentrated. Krum-
lovský les chert played a key role in this period. It
is completely predominant in the chipped stone in-
dustry assemblages within a radius of at least 60km
(Trampota 2015.180–183) and is also significantly
present at distances above 80km (Olomouc-Slavo-
nín; Kazdová et al. 1999), thus quantitatively the
most abundant raw material and the one distributed
over the greatest distances in the entire studied pe-
riod. In subsequent periods, the distance to the re-
sources increases in connection with establishing
new sites in the whole settlement zone. The highest
distance to the sources of raw materials for chipped
stone tools is recorded in the period 4200–4000 BC
(Epi-Lengyel), when the number of settlements de-
creases to the level of the period 4900–4800 BC
(Early SBK), but their main concentration is in cen-

tral Moravia, in a region relatively distant from the
sources. As such, two types of relationships of settle-
ments to the sources of the chipped stone industry
can be observed in similarly few populations.

A distinct phenomenon since 3800 BC (Early TRB,
Baalberge, Retz-type) is the mining and local distri-
bution of chert from Stránská skála near Brno (Bar-
tík et al. 2019), but the overall settlement pattern
does not statistically correspond to this activity, al-
though a small cluster of settlements forms around
the source.

Distance to raw material sources for polished
stone industry
As with the raw materials of chipped industry, the
division of data by pottery traditions and pottery
groups shows no structural differences.

In Bohemia, Jizera Mountain-type metabasite was an
important resource during the Early Neolithic (Při-
chystal 2013.192), whose distribution radius extend-
ed beyond central Europe. The use of this raw ma-
terial continues in the following period, but only on
a regional scale in Bohemia (πída 2007). In 4900–
4800 BC (Early SBK), the settlement structure in re-
lation to the sources of raw materials of polished
stone industry is oriented more towards the vicini-
ty of the source. In the subsequent period, however,
no changes in settlement structures are evident in
relation to the distance from the sources of raw ma-
terials.

In the Morava River Basin, set-
tlements are not related to
sources of stone raw material
at all in 4900–4800 BC (Early
SBK) and raw materials are ge-
nerally located at a great dis-
tance, which reflects the low
frequency of tools found. From
c. 4800 BC onwards (Lengyel),
a marked change follows, with
settlements very much located
in the vicinity of raw material
sources for polished stone
tools, which is strongly reflect-
ed in the archaeological record.
Subsequently, the distance from
the sources increases slightly,
which is statistically due to the
occupation of a wider area. Set-
tlements are more strongly ori-
ented in relation to the period

Fig. 11. Linear arrangement of settlement sites along terrain lines
(black) and along water lines (blue). The map shows merged lines for
all periods.
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3600–3300 BC (Boleráz phase), but this is not as
pronounced in the occurrence of polished stone tools
as during the Lengyel period.

Settlement continuity
The use of data from settlements defined by pottery
traditions is not very suitable for the analysis of set-
tlement continuity, as this division includes broad
time categories and results in the appearance of of-
ten significant settlement continuity.

The first time period studied is artificially disconti-
nuous, as we do not compare the data with the pre-
vious period (LBK). In the Thaya River basin (c. half
of the entire Morava Basin), continuity between the

Late LBK and the Early SBK is found for 37% of set-
tlements (Trampota 2015.138).

Data classified by pottery groups (Fig. 15) show a
higher proportion of continuously occupied sites in
Bohemia than in the Morava Basin. In general, a
higher proportion of continuously occupied positions
can be observed when the number of known settle-
ments is low; when population growth and/or settle-
ment of new positions occurs, the proportion of con-
tinuously occupied positions is low.

TPI index
The structure of data is the same for pottery tradi-
tions and pottery groups. Values for most settlements

in both regions are around zero,
reflecting a preference for flat
locations (Fig. 16). In the case of
concave landforms (hills), a gra-
dual transition to higher values
is evident, especially in the Mo-
rava Basin, during the period of
4800–4400 BC (Lengyel), while
in 3800–3400 BC (TRB) hilltop
sites form a specific cluster of
values (also less pronounced in
Bohemia). Here the hillfort si-
tes are separated, whereas in the
earlier period hilltop settlement
is not a defined category.

Results of multivariate sta-
tistics
The similarity of settlement struc-
tures based on long chronology
(Neolithic B and Neolithic C)
were analysed using principal
component analysis. All variables
except settlement continuity and
the hierarchical arrangement of
sites were included in the ana-
lysis. However, the results did
not yield significant differences
that could be interpreted accord-
ing to the significant factors, nor
according to clusters of points
(Fig. 17), which are more a ma-
nifestation of random arrange-
ment. As a result, the settlement
patterns defined by long chrono-
logy did not differ in principle,
and reflected similar preferen-
ces for locations suitable for agri-
culture.

Fig. 12. An example of the linear arrangement of settlement sites dur-
ing Late Lengyel (above) and during Boleráz (below).
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Discussion

Importance of individual
variables
We evaluated the weight of
each variable using the sum-
med factor scores on the axes,
which reflect 75% of the to-
tal variability. The number of
axes varies, so the average
value for each variable was
calculated. From the results
for the individual chronolog-
ical classifications (Tab. 1), it
is clear that the variables with
the largest sum of factor sco-
res are those that show great
stability over time and do not
change much. These are al-
ways the topographic position
index and the settlements or-
ganized along terrain lines in Bohemia. In the Mora-
va River catchment, these are also the topographic
position index and the estimation of the kernel den-
sity of watercourses. These variables are therefore
not very suitable for explaining the dynamics of set-
tlement structures.

In contrast, variables that have the lowest sum of
factor scores can be expected to have more varia-
bility and thus these variables may be important for
understanding the organization of settlement struc-
tures at certain time intervals. A second possible ex-
planation is then that they are generally insignifi-
cant. In Bohemia, these variables are mainly distance
to sources of raw materials, especially chipped in-
dustry, and an estimate of the kernel density of set-
tlements. In the Morava River Basin, distance to sour-
ces of raw materials of polished industry and altitude
mainly have the lowest sum of factor scores. These
two variables are chronologically highly variable in
the Morava River Basin, while in Bohemia the vari-
ables with the lowest sum of factor scores have low
explanatory potential.

Difference between settlement structures in
two regions
Some of the observed variables are different in the
two separate settlement regions and are important
for understanding the unequal dynamics of the evo-
lution of social organization, subsistence or lifestyle.

Analysis of the altitude of individual settlements re-
veals that areas up to 500m above sea level were

commonly settled in in Moravia, whereas in Bohe-
mia settlement was common only up to 350m above
sea level, and only rarely at higher altitudes. This is
not due to different geomorphological conditions,
but another factor. A possible demarcation of settle-
ment areas between Neolithic and Mesolithic popu-
lations comes into consideration, which leave archa-
eological traces on a limited scale. Parallel coexis-
tence between Late Mesolithic and Neolithic popu-
lations in Bohemia can be considered in the context
of Bohemia rather than in the Morava River Basin.

Fig. 13. Distribution of enclosed sites in the studied area. Red – Early
SBK, blue – Lengyel, black – Proto-Eneolithic, pink – TRB. TRB enclosed
sites are exclusively elevated, others lowland.

region variable r
B tpi 0.2895
B line_terrain 0.2648
B hydro 0.2548
B altitude 0.2276
B slope 0.2109
B settlements_kde 0.2078
B line_water 0.2053
B rm_dist_polished 0.1888
B rm_dist_chipped 0.1865
M hydro 0.2661
M tpi 0.2368
M settlements_kde 0.2348
M slope 0.2177
M rm_dist_chipped 0.2128
M altitude 0.2029
M line_terrain 0.2010
M rm_dist_polished 0.1934
M line_water 0.1931

Tab. 1. Table with the sum of factor scores of indi-
vidual variables. The resulting value is the aver-
age value against the number of axes expressing
75% variability.
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This is consistent with the relatively large number
of known Mesolithic sites in Bohemia (∞uláková
2015.Fig. 10.10.3). In contrast, the number of Meso-
lithic sites in the Morava River Basin is very small
(Svoboda 2008; Oliva 2018) and the chronological
coexistence of the two distinct populations is un-
likely. As such, in terms of the spatial extent of Neo-
lithic settlement, the fact that the Morava River Ba-
sin experiences the most extensive settlement dur-
ing the Neolithic in agricultural prehistory, which
was only surpassed in extent after 1000 AD, is cru-
cial. The situation is just the opposite in Bohemia.
The Neolithic settlement area here occupies a rela-
tively small area, which only increases significant-
ly with the onset of the Bronze Age (Demján et al.
2022.Fig. 10). David Graeber and David Wengrow
(2021.262–263) explain the rapidity of the Neolithic
colonization of central Europe
by the absence of human set-
tlement. This colonization
stopped mainly before the
coastal areas, which were
strongly occupied by Mesoli-
thic populations. Whether we
can draw a similar conclusion
for the absence of Neolithic
settlements in parts of Bohe-
mia, especially in the south,
is uncertain.

In our case we observe the se-
condary consequences of this
colonization, which do not dif-

fer substantially in their extent from the original si-
tuation during the LBK.

Another important variable is the sources of stone
raw materials. Jizera Mountain-type metabasite play-
ed an important role at the beginning of the studied
period in Bohemia, but after 4800 BC there was a
reversal, with the production of polished stone tools
dominating quantitatively from sources in south Mo-
ravia, around which settlements were heavily con-
centrated.

In the eastern part of Bohemia, local sources were
never used to a great extent for the production of
chipped tools, and the vast majority (silicite of glaci-
gene sediments) came from Silesia or Saxony, an area
separated by mountains. On the other hand, especial-

Fig. 14. Violin plot with distance between settlement sites and used lithic raw materials in individual
periods. Data are classified according to pottery groups.

Fig. 15. Bar plot expressing share of continuity of settlement activities in
relation to previous chronological phase.
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ly in south Moravia, the sources of chipped stone in-
dustry were mostly part of a densely populated area,
which was reflected in the quantity of their exploi-
tation. The Epi-Lengyel period, when settlements
were generally concentrated at a great distance from
the exploited sources, is a significant deviation from
this. This may indicate that stone artefacts were of
low socio-economic importance at this time.

Another significant difference is the dynamics of set-
tlement, which took place in different ways in the
two regions. In Bohemia, settlement reaches its peak
in the context of the Late Stroked Pottery (c. 4800–
4500 BC), whereas in the Morava Basin it is not
until the Late Lengyel (c. 4500–4300 BC). It follows
that to understand the lifestyle of each society, it is
necessary to study each region separately, and the
lifestyle of Neolithic people cannot be generalized
by similarities in symbolic expression using ‘archaeo-
logical cultures’.

The relationship between settlement site and slope
gradient in the two regions follows a broadly similar
pattern according to the expected population dyna-
mics, which we estimate based on the frequency of
the occurrence of radiocarbon dates combined with
the number of settlement sites. In periods when we
record low population density, mainly flat sites are
occupied, while in periods of the estimated highest
population density, sloping sites are also occupied.

Pottery style as a social identity indicator?
During the period under study, both areas are cha-
racterized by one decorative style, but there are ex-
ceptions. In central Moravia, there was in 4800–

4600 BC a small cluster of settlements characterized
by the Late SBK, while in the area further south there
was dense settlement characterized by Early Lengyel
pottery (Fig. 8).

Towards the end of the studied period, the settle-
ment of the ∞áslav Basin in central Bohemia is cha-
racterized by Boleráz pottery, with settlements with
Saalzmünde pottery concentrated especially around
Prague (Fig. 10). In both cases, the two groups with
different symbolic styles are separated by an unin-
habited or very sparsely inhabited area. In the re-
sults of the statistical analysis of settlement structu-
res, apart from spatial location, these groups do not
differ. This reflects the similar nature of lifestyle or
subsistence, but in the social dimension there is an
obvious geographical distance.

A distinct form of the relationship between two dif-
ferent decorative styles existed especially in the Mo-
rava Basin (and other parts of Lower Austria) in
3800–3400 BC, when Funnelbeaker pottery is often
found in contexts together with Retz-type pottery
(also known as Furchenstichkeramik). These two
styles, completely different in vessel morphology
and decoration, are not territorially exclusive but di-
rectly intertwined. While the Morava Basin is the
south-eastern periphery of the distribution of Fun-
nelbeakers, pottery of the Retz type is most often
found in the western part of the Carpathian Basin.

Two different examples of the spatial occurrence of
the different pottery styles thus illustrate the ambi-
guity of its interpretation.

Fig. 16. Violin plot expressing values of TPI index. Positive values express the position of sites on concave
shapes of the landscape (hills), negative values on convex shapes of the landscape (valley).
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Evolution of Neolithic settlements
The evolution of Neolithic settlements was clearly
dynamic. The rate of change of settlement structu-
res was greater than the change of symbolic systems
– ‘archaeological cultures’. A weakness of the pre-
sented study of settlement structures is the fact that
we frame the development of settlement structures
on the basis of the development of particular pot-
tery styles. While the pottery style is the most appro-
priate descriptor of settlements from a quantitative
point of view, its disadvantage is its interval nature,
which may not capture the other possible and even
more rapid dynamics of the development of settle-
ment structures. Nor can it be used as a prism to
consider whether the transformation of settlement
structures occurred gradually or in leaps. With the
number of settlements analysed, it is not realistic at
present to have a series of radiocarbon dates that
would define the probabilities of the beginning and
end of most settlements.

Conclusion

In this article, we have analysed the relationships
between Neolithic settlement sites and the environ-
ment. The research covered a total of 2153 sites
from two separate areas, the eastern half of Bohe-

mia and the Morava River Basin for the period of
c. 4900–3400 BC.

The two separate settlement regions studied differ
fundamentally in their characteristics. What is strik-
ing is the different chronological development of
the number of settlements, which in the Morava Ri-
ver Basin correlates relatively well with the long-
term development of the frequency of radiocarbon
dates, whereas in Bohemia only the development of
the number of settlements can be relied upon at pre-
sent. The two regions differ in the extent of settle-
ment, with the Morava Basin being extensively set-
tled, while the eastern half of Bohemia is only spar-
sely settled compared to later phases of prehistory.
The two regions differ markedly in their access to
raw material sources for the production of chipped
and polished stone tools. In the Morava River Basin,
the importance of amphibole diorite and porphyritic
microdiorite for the first mass production of axe-
hammers is particularly evident in the significant
concentration of settlements around the source area.

The chronological evolution of most of the variables
studied can be seen as proxy information of popula-
tion dynamics. The evolution of settlement structures
does not correlate with archaeological cultures, but

Fig. 17. Result of principal component analysis on two main axes, data are classified based on long chro-
nological segments.
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greater dynamics can be observed. The information
found can be generalized to the European level by
stating that the Neolithic had an insular character,
the dynamics of the settlement development of each
region is specific, and to understand the lifestyle of
the people it is necessary to study these regions se-
parately.

While it is not relevant for the Neolithic to work with
the question of centrality in terms of individual sites,
broader regions can be understood in this way. In
this respect, these are defined by dense and long-
term settlement, whereas the periphery is only heav-
ily populated at the population maximum. In the Mo-
rava Basin, the central area can be defined as prima-
rily the eastern edge of the Bohemian Massif, while

Outer Subcarpathia and the Vienna Basin can be un-
derstood as Neolithic peripheries. In Bohemia, then,
the central areas are the right bank of the Elbe in
the upper reaches and the wider area of the left
bank in central Bohemia.
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cle. The research described in this paper was accom-
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Introduction

All architectural remains and associated objects are
conditioned by abandonment processes (Tomka,
Stevenson 1993.191), which affect the related struc-
tures, activity areas, whole settlements or regions,
and are caused by various factors (Cameron 1991;
Cameron, Tomka 1993; Lightfoot 1993). Excluding
rapid and unanticipated abandonments, due to natu-
ral disasters or enemy attacks, these processes are
often planned. Settlements are therefore transform-
ed by a sequence of practices and behaviours that
entail the decision to leave behind or transport to
the new site artefacts and, in some cases, building ma-
terials (Schiffer 1972; Schlanger, Wilshusen 1993.

91). Factors that influence this decision are the de-
gree of preabandonment planning, the distance from
the new settlement, the capability and means of
transport, the activities foreseen in the next loca-
tion, the season of movement and ritual practices
(Cameron 1991.172; Cameron, Tomka 1993; Deal
1985; Lange, Rydberg 1972; Lightfoot 1993.166;
Schiffer 1972.160; 1985; Stevenson 1982). In many
cases, places return to be lived in cyclically, involv-
ing the recovery and reuse of objects and building
materials (Schiffer 1985.27). This phenomenon caus-
es a significant loss of information related to the pre-
vious stages of life and the disuse episodes of an area.
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1650 BC). The transition from the Middle to the Late
Bronze Age (MC III-LC I) has been defined as a mo-
ment of change and a first step to the urban society
of Cyprus (Crewe 2017.140). This transformative
period entails the abandonment of a series of villa-
ges left in various conditions and following differ-
ent practices. Abandonment studies on prehistoric
Cyprus could provide information that would help
us to better define the social changes which char-
acterise the period, and also fill the related gaps on
the study of this phenomenon in prehistoric settle-
ments.

The site of Erimi-Laonin Tou Porakou

Erimi-Laonin tou Porakou (Limassol district) ex-
tends over an area of c. 1.20ha on the upper slopes
of a natural hill located 250m above sea level. The
general topography of the site is characterised by a
hilltop surrounded by a series of lower terraces slop-
ing southward and eastward (Bombardieri 2017;
Amadio et al. 2021.302). The settlement presents
two main areas organised in roofed units carved ap-
prox. 0.60–0.70m into the bedrock and open spaces
(Fig. 1). The workshop complex (named area A) de-
velops on the top of the hill and a residential area
(areas B, T2-T5) is located on the first lower terrace,
while a massive wall divided the settlement from
the cemetery (area E) (Christofi et al. 2015).

Planned abandonments are often gradual (Cameron
1993.4), and it is fundamental to recognise the pre-
abandonment behaviours to investigate the reasons,
possible length and socio-political and economic pro-
cesses behind the decision to leave a place (Nelson
2000; Schiffer 1976.33; Stevenson 1982) in order
to define the moment of change that is always link-
ed to an abandonment (Nelson, Hegmon 2001).
What is commonly found – when abandonment dy-
namics are not distorted by scavenging or resettle-
ment – is the result of a choice, influenced by func-
tional and ritual practices. In order to define vari-
ous type of deposits and their transition from the
systemic to the archaeological context, scholars have
identified eight different formation processes of the
floor assemblage (Schiffer 1985.24–30; see also
Hayden 2000). The conditions of objects, their lo-
cation in the rooms, the possible practice behind the
discard of them and finally the moment in which
they were discarded (prior, during or after the aban-
donment of the settlement) characterise these dif-
ferent processes (Schiffer 1985; Iannone 1990; Hay-
den 2000.300).

The aim of this paper is to present an analysis on
the discard practices and gradual disuse of some
units of the workshop complex (area A) during the
abandonment phase of Erimi-Laonin tou Porakou
at the end of the Middle Bronze Age on Cyprus (c.

Fig. 1. The site of Erimi-Laonin tou Porakou (elaborated by the author; archive Erimi archaeological
project/Italian archaeological mission in Erimi, Cyprus).
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The position of the productive area (workshop,
named area A) in the upper flat plateau and the pe-
culiar layout of its rooms permitted the conservation
of the majority of objects in their context of prima-
ry deposition, saving them from washout and other
post-abandonment formation processes. At the same
time, the use of the area for cultivation partially de-
stroyed the upper layers of stratigraphy. In contrast,
the residential area was subjected to considerable
erosion and soil movement by natural agents and
slope wash. Due to its position, the accumulation of
soil partially saved walls and structures from de-
struction or massive reuse of building materials in
post-abandonment periods (e.g., areas B2 and T2).
In addition, frequentation of the area during the
Hellenistic and Roman periods could be noted (Bom-
bardieri et al. 2009.134–138).

Refuse types at Erimi-Laonin Tou Porakou
Archaeological investigations suggest a planned and
gradual abandonment of the settlement. While some
units were discovered empty of objects, most of the
still usable artefacts were concentrated in a group of
rooms. Finds were recovered sealed on the floors by
the collapse of roofs and walls, in some cases accele-
rated by a fire. The rapid destruction meant that
these rooms were not used for resettlement or mas-
sive reuse in post-abandonment periods and, thanks
to this possible closure practice, this can provide a
precious opportunity to analyse the site’s last phase
of life.

Abandonment studies stress the recurrence, in var-
ious areas of the world, of a deliberate use of fire
to voluntarily destroy structures or part of a settle-
ment. This action would be performed by those who
lived at a place at the end of a sequence of practices
linked, in most cases, to funerary rituals (Cameron
1990; Lindskoug 2016; Schiffer 1985.29; Schlan-
ger, Wilshusen 1993; Verhoeven 2000; Wilshusen
1986.246). In addition, other cases of destruction
by fire are represented by unexpected natural cata-
strophes or enemy attacks, and by sites which were
affected by closure practices performed by the inha-
bitants (Cameron 1991; Chapman 1999; Lightfoot
1993; Stevanovi≤ 1997).

Some evidence seems to suggest that the case of Eri-
mi-Laonin tou Porakou belongs to the last group.
No human skeletal remains sealed by the collapse
of structures as a result of catastrophic disaster have
been found, and no signs of scavenging or any at-
tempts at rebuilding activities can be detected at the
site (Amadio et al. 2021.312–313). Moreover, the

concentration of some artefacts in specific units, and
the presence of a sequence of functional practices,
such as the possible recovery of building materials
from disused spaces, as well as possible ritual practi-
ces made before the fire, can support this interpre-
tation. Analysis in this paper are focused on the as-
semblage and stratigraphy of the unburned units
with the aim to describe a sequence of functional
practices during the abandonment phase at Erimi.

In order to define the abandonment behaviours,
and the transition of artefacts found in the rooms
from the systemic to the archaeological context (fol-
lowing Schiffer 1985.24–30; La Motta, Schiffer 1999;
Hayden 2000.300), objects have been divided into
three different categories:

● De facto refuse refers to objects still usable which
were left behind at the time of the abandonment.
Michael B. Schiffer (1972.160) defines these as
“elements which reach archaeological context
without the performance of discard activities”.

● Primary refuse refers to artefacts left in their lo-
cation of use or in proximity to their original posi-
tion (Schiffer 1972.161–162).

● Secondary refuse refers to objects discarded any-
where other than in their location of use (Schif-
fer 1972.161), about which Hayden (2000.300)
noted: “this is refuse that has been cleaned up
and removed from its primary use or manufac-
turing context and dumped elsewhere, usually
in designated refuse areas”.

It is worth specifying that even if they will be used
as guidelines in the present work, these categories
are not universal but conventional. For example, in
the case of the stone tools in the depositional his-
tory of stone artefacts at Maki-Alonia, David Frankel
and Jennifer M. Webb (2012.480) distinguished ex-
pedient tools (de facto refuse), described as still in-
tact objects, discarded at or near their location of
original use after a short use-life, from curated tools
(normal refuse) that they define as objects that spent
a long period in the systemic context and were dis-
carded “in or near their context of final use when
damaged, broken, near exhausted, or exhausted”.
Moreover, Arthur A. Joyce and Sissel Johannessen
(1993.138) stated that primary and secondary re-
fuse disposal, prior or during a gradual process,
must be seen as abandonment refuse. As noted by
Schiffer (1985), the identification and categorization
of these different kinds of refuse, particularly con-
cerning pottery, is difficult, but in the case of Erimi-
Laonin tou Porakou it is possible to suggest a dis-
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tinction based on the particular conservation and di-
stribution of some assemblages of artefacts. In the
workshop complex some de facto refuse, mainly re-
presented by ground stone and vessels, was disco-
vered. Despite being still usable and in good condi-
tion, these items were still left in the buildings, sug-
gesting functional motivations, such as difficulties
in transport due to the large size and heavy weight
of the artefacts, behind their abandonment (Villa-
ni, Tripodi, under submission). At the same time,
some rooms returned artefacts which it is possible
to define as primary or secondary refuse (Figs. 2 and
7). They represent objects at or near the end of their
use-life (Joyce, Johannessen 1993.138). The pres-
ence of artefacts broken before the collapse of the
structures (Webb 2017.187–191; Dionisio 2017.341–
343), modified or reused for a secondary function,
such as some ground stone (see Webb 2017.214–
215; McCartney 2017.253–256), repaired (Dionisio
2017.336; see Dooijes, Nieuwenhuyse 2009) or with
traces of macro use-wear (Bombardieri et al. 2017.
250) suggests that they were left in the proximity
of their original positions or displaced and discard-
ed because they were both easily replaceable and
almost at the end of their usefulness (Tomka 1993.
22; see also Frankel, Webb 2006.226–232; Webb
2006). As noted by scholars, when secondary refuse
had some potential value, it was usually concentrat-
ed in provisional discard, until the reuse of the items
or their displacement to a permanent dumping loca-
tion (Joyce, Johannessen 1993.139; Deal 1985.253;

see also Wilson 1994 and Tani 1995.234–235). Fre-
quently the inhabitants of the settlement use aban-
doned structures for this type of refuse (Seymour,
Schiffer 1987.554). To conclude, the presence of
primary and secondary refuse – e.g., a broken pithos
recovered in unit SA IIa with the upper part in the
centre of the room and pieces of the lower part near
the north-western corner (Bombardieri 2017.45,
Fig. 3.41), or a group of objects (in the small room
SA X) which it is difficult to correlate with the place
where it was found – suggests a particular function
of some rooms during the gradual abandonment of
the site. An in-depth description of the assemblages,
and the possible identification of some artefacts as
de facto, primary or secondary refuse, will be pro-
vided in the following paragraphs. 

Artefacts from the workshop complex (area A)

The objects found in the workshop units are terra-
cotta vessels (in part destroyed by the collapse of
the structures, as accelerated by the fire), ground
stone tools and small objects like spindle whorls,
worked and unworked ornamental artefacts made
of picrolite, loom weights, bronze knives and chipped
stones (Bombardieri 2017.219–250).

Several studies have shown that the distance from
the new settlement, the capability and means of
transport, the artefacts’ size and weight and the pre-
sence of repairs or damage, tend to influence the
choice to leave an object (Schiffer 1976; Schlanger,
Wilshusen 1993.91–92). In the case of Erimi-Lao-
nin tou Porakou, some of the above motivations
can justify the abandonment of the larger vessels
and of the pithoi found in situ, often supported by
stone emplacements (like in units I, IIa, III, IV and
XII). A similar explanation can be applied for the
querns (discovered in burned and unburned units)
and for the heavy or easily replaceable stone tools
in general. At the same time, the presence of a num-
ber of transportable objects such as ceramic vessels
(which in some cases have few signs of use-wear
and do not show repairs or breakages), spindle
whorls, bronze blades (two of which have been re-
covered, of which one is broken and the other al-
most complete), loom weights and worked picrolite
artefacts (in particular, two pendants), suggest the
possible decision to abandon some still usable arte-
facts before setting fire to the area. The units con-
taining concentrations of artefacts were totally or
partially destroyed by the fire, while the others re-
turned few objects and appear to have been partial-
ly dismantled and cleaned out (Fig. 3). The ten exca-

Fig. 2. Examples of refuse recovered in room SA
IIa. a broken bronze knife (A.423.1); b large bowl
with repair in antiquity (A.516.18); c jug with an-
cient breakages (A.434.8); d picrolite with traces
of macro use-wear (A.342.95) (readapted from
Bombardieri 2017).
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vated units of the workshop complex are characte-
rised by a similar layout, since they were carved in
the bedrock and share walls with the adjacent buil-
dings.

The result is an area with contiguous roofs, connect-
ed as if they were only one. In this respect, it would
be very hard to stop the burning of the roofs to li-
mit the fire only to those units where the artefacts
were concentrated in a phase of use of the entire
area. In addition, stratigraphic analyses show evi-
dence for the presence of possible intentional igni-
tion points employed to feed the flames in units SA
I and SA III (Bombardieri 2017.276), while a speci-
fic treatment seems to have been reserved for unit
SA V, where the fire started from the roof (Amadio
et al. 2021.311–313).

The unburned units

The outermost units investigated in area A, name-
ly units SA VI, SA IX, SA X and SA XI, are those that
partially surrounded the rooms affected by the fire.
When compared with the burned spaces, these rooms
have yielded few artefacts and no pithoi were found
on the floor, while in SA X only a spindle whorl was
discovered. Scholars have hypothesised that in case
of planned and gradual abandonment the areas near
living spaces could become discards, and that when
people know that a place will be left they tend to
reduce the standard of cleaning (Schiffer 1985.25;
Stevenson 1982.247–248, 252). Unit SA VI (6.5m x
3m) is the easternmost roofed space in the south-
ern wing of the workshop complex and has the

same NE–SW orientation as the adjacent units, but
it was carved at a lesser depth of 0.50m into the li-
mestone bedrock (Bombardieri 2017.52). This room
yielded a small number of fragmentary artefacts,
two medium-sized Red Polished (RP) jugs, two Drab
Polished (DP) juglets, a small Red Polished (RP)
bowl, a Coarse Ware (CW) mealing bin, a rubber and
four chipped stone tools (Bombardieri 2017.55).
Two fragmentary gaming stones, as noted by Luca
Bombardieri (2017.56), were discarded in a previ-
ous occupation phase and reused as building mate-
rial. The access from the north, the presence of few
objects, the absence of pithoi or big storage vessels
and its multiple phases of construction and occupa-
tion, suggest that the use of this space has proba-
bly been changed several times (L.c.). In the conti-
guous unit SA I, which shares the perimeter walls
with SA VI and SA II, three possible ignition points
were found. It is therefore arguable that, if a fire oc-
curred during the last phase of use of SA VI, its roof
would be affected by the fire. However, the absence
of a burnt layer – as recovered in the adjacent unit
– and the few artefacts found on the floor, make it
possible to hypothesise that this space was disman-
tled and consequently disused before the deliberate
burning of SA I. SA IX is a small annex of SA V. In
this unit only fragments of vessels and ground stone
tools were found, and no evidence of de facto re-
fuse can be observed. The room appears to have
been filled with clay, while in the last phase of use
a small structure has been built near the eastern
limit, on the top of a pre-existent basin. This feature
has probably been disused and filled before the
burning. Indeed, no ashy deposits have been no-
ticed in the filling of the basin, which additionally
appears to have not been covered by the layer of
plaster which constitutes the floor of SA IX. Worth
noting is the case of unit SA X, where the presence
of different layers of limestone blocks associated
with ceramic sherds could confirm its intentional
filling and disuse in an early stage of the abandon-
ment phase.

In summary, these units returned few artefacts, most-
ly interpretable as primary or secondary refuse, and
the proximity to the burned rooms suggests the loss
of their function at the beginning of the workshop’s
dismantling. Having presented the overall picture,
the next section analyses in detail the disuse of the
unburned unit SA X.

Unit SA X
Unit SA X is a small space (3.35m x 3.10m) located
in the north-western part of the workshop complex,

Fig. 3. Rooms investigated in the workshop com-
plex of Erimi-Laonin tou Porakou and the distribu-
tion of the burnt layer (elaborated by the author).



Disuse of spaces and discard of artefacts during the abandonment of Erimi-Laonin tou Porakou

219

lacking a well-defined entrance and interpreted as
an annex of SA V. The stratigraphic sequence was
characterised by the presence of three different la-
yers of limestone blocks (more than 130 of various
sizes) associated with ceramic sherds (most of them
are bowls with less than 1/3 preserved, and found
in all the filling layers) suggesting a deliberate depo-
sition, especially if compared with the lower num-
ber of limestone blocks discovered in the largest
units of the same area (Fig. 4). At the same time, the
unit does not show traces of ashy layers, which
would have surely been identified if the burning of
SA V occurred during the use of SA X. The assem-
blage found on the floor was composed of two par-
tially worked picrolites, a spindle whorl, two frag-
mentary vessels, three chipped stones, a quern (at
an early stage of use or not used), a hammer and
more than 300 ceramic sherds. It is difficult to estab-
lish a priori that all these objects belong to a spe-
cific category of refuse, but the small dimensions of
the space, the absence of a defined entranceway, the
heterogeneity of the assemblage and its casual dispo-
sition on the floor, suggest an unspecialized func-
tion. It is therefore possible that objects found on
the floor are secondary refuse discarded in the unit
when it was disused.

It is interesting to note that SA X returned one of the
highest dimension/sherds ratios of the whole work-
shop (c. 35 sherds for m2), but only few attributable
to the same vessels. These data and the presence of
sherds in all the filling layers suggest that the con-
centration could be related to the practice of clean-
ing the units still in use, and when people knew that

the site would be left and there was no need to re-
deposit the refuse elsewhere it accumulated here.
This hypothesis could support its final treatment as
a discard, particularly for building materials. 

The burned units

At Erimi-Laonin tou Porakou, major concentrations
of artefacts were found in the larger units SA I, SA
II (in both sub-units, A and B), SA III, SA IV, SA V and
SA XII. Only five of the ten rooms investigated in the
workshop complex – units SA I, SA III, SA IV, SA V
and SA XII – were directly affected by a fire, which
partially reached the contiguous unit SA II (Bombar-
dieri 2017.46).

This first macro evidence suggests a gradual spatial
reduction in the use of the workshop, with a pro-
gressive transformation of some units into discard
rooms destined to be filled with no longer usable
artefacts. Therefore, if some objects appear to have
been discarded because they had been consumed,
exhausted, damaged or were easily replaceable, still
usable objects seem to have been intentionally con-
centrated in the room whole or partially affected by
the fire. These units yielded the highest number of
portable artefacts, some of them in good condition,
such as the pendants from SA I, SA IIb and SA XII,
the spindle whorls recovered from all the units
excluding SA IIa, the bronze blade from SA XII, and
numerous loom weights and some vessels found in
this area. Interestingly, not all these objects can be
attributed to the common typologies, as in the case
of the decorated RP biconical spindle whorl (Bom-

bardieri et al. 2017.219–236)
and the RP goat-shaped askos
from unit SA III (Bombardie-
ri 2017.49). Among the burn-
ed units, only one returned a
rich assemblage without
showing the massive ash la-
yer or the presence of possi-
ble intentional ignition points
observed in some of the other
rooms. This peculiar situation
is represented by unit SA II,
the assemblage and stratigra-
phic data of which will be ana-
lysed in the following section
of this paper, with the aim to
define its possible (dis-)use
and final treatment during
the abandonment phase of
the workshop area.

Fig. 4. Unit SA X before and after the archaeological investigation. On the
bottom (left side) are shown the blocks removed from the room (archive
Erimi archaeological project/Italian archaeological mission in Erimi,
Cyprus).
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Unit SA II
Unit SA II, located in the southern part of the work-
shop, was underwent a change in layout during
phase A, when the position of the opening which
connects the two sub-units (named SA IIa and SA
IIb) was modified (Bombardieri 2017.38–39) (Fig.
5). Some easily transportable and still usable arte-
facts were found in the smallest SA IIb (Bombardie-
ri 2017.43–46). Particularly intriguing for the ana-
lysis of the abandonment discard processes is the
larger sub-unit SA IIa.

The stratigraphic analysis revealed the absence of
possible ignition points, in contrast to the contigu-
ous SA I and SA III, while an ash layer was record-
ed only near the perimeter of the room with a par-
ticular concentration along the east and south walls
(Bombardieri 2017.46). The assemblage discovered
on the floor of SA IIa was composed of a high num-
ber of artefacts (35 from phase A; Fig. 6). The state
of preservation of most of these objects is funda-
mental to define the role that this space played dur-
ing the abandonment phase of the settlement. Re-
gardless of the preservation of vessels – which in
this work includes all the diagnostics fragments
without distinction, from almost complete to not
restorable – the majority of them can be ascribed to
the more common ceramic classes found at the site
(see Webb 2017). As noted by scholars, local items
are more likely to be left at the time of the abandon-
ment (Tomka 1993.22; Joyce, Johannessen 1993.
150).

Contemporaneously, they present a bad state of pre-
servation: the RP large bowl, for example, is the
only almost complete vessel found at the settlement
with a repair (Dionisio 2017.336), while the large
pithos located near the northern limit of the unit
was found crushed on the floor, with the upper part
unbroken in the centre of the room (Fig. 7). More-
over, the DP spouted jug was broken in antiquity,
and presents a small hole of 5mm on the body
(Bombardieri 2017.41; Webb 2017.187– 191), the
only almost complete vessel – despite a high level
of fragmentation (Dionisio 2017.341, Fig. 15.15) –
found in the room without repair or breakage is the
amphora (Webb 2017.197). Other vessels are com-
posed of a few fragments, such as a mealing bin in
Coarse Ware or a cooking pot. Residual artefacts are
represented by three picrolites (one broken, one un-
finished and one with signs of macro use-wear from
a post-phase A layer), a broken axe (a third preserv-
ed), a broken, very heavy pounder (1.9kg), a broken
chipped stone and two reused objects (a broken pes-

tle transformed into a pounder with extensive use
damage, and a broken perforator made from a re-
used gloss crescent) (Bombardieri 2017.43). Fur-
thermore, the unit yielded one of the only two
bronze knives discovered in the settlement, broken
near the junction between the blade and the han-
dle (Bombardieri et al. 2017.247). Interestingly,
one of the more representative artefacts of Erimi,
that is to say spindle whorls, was not found in unit
SA IIa.

The room returned few partially complete artefacts.
Among them, only a complete quern was described
as a de facto refuse “in storage or active use into
the unit” (Webb 2017.208). Contemporaneously the
ground stone shows various traces of use-wear (see
Fig. 7; see also Frankel, Webb 2006.227) and, if we

Fig. 5. The plan of Unit SA IIa with the location of
the majority of the artefacts (readapted from Bom-
bardieri 2017.44, Fig. 3.37).
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hypothesise that the room lost its function during
the gradual abandonment, it could represent prima-
ry refuse left in the place where it was used. Almost
all the other objects are fragmentary and show da-
mage or macro use-wear, while the well-preserved
bowl repaired in antiquity found at Erimi was reco-
vered in this room. In addition, residual artefacts
were found concentrated in the northern part of the
unit and in the south-eastern corner behind the door-
way. In the workshop complex, the only objects
discovered near a threshold belong to unit SA IV
(Amadio et al. 2021.316), where four piled and
complete vessels were found. In contrast, the ves-
sels, the broken bronze knife and the heavy pounder
recovered behind the entrance of SA IIa do not ap-
pear to be well preserved or placed in an organised
manner. Moreover, a bin (Ft. 9; see Fig. 5) was built
close to the entry that connects SA IIb and SA IIa
during phase A, making it more difficult to move

between these spaces. The presence of residual ar-
tefacts, the absence of possible ignition points and
the construction of the bin seem to suggest the gra-
dual disuse and transformation of this unit as a pro-
visional discard. Almost all the objects concentrated
in SA IIa could be then interpreted as primary and
secondary refuse. At the site the reuse of broken or
exhausted artefacts is attested by the presence of
ground stones and gaming stones in the walls, by
the reuse of a quern as a support for a mezzanine in
SA III (Ft. 59) (Bombardieri 2017.51, Figs. 3.53,
3.54), and by the modified neck of an RP jug insert-
ed in another jug neck and utilised in a double-
chambered hearth (Bombardieri 2017.36–37). As
stated by Michael Deal (1985), when the abandon-
ment of a building complexpeople is foreseen and
planned, refuse is accumulated in areas usually kept
free and not concentrated into the generally desig-
nated areas. At the same time, Marc G. Stevenson

Artefact Broken Secondary use\ Macro Fragmentary Partially complete\ Inventory
unfinished\repaired use-wear complete

Amphora x A.423.19b
Axe x x A.447.2
Bronze blade x x A.423.1
Cooking pot x A.423.16
Cooking pot x A.423.14
Cooking pot x A.423.11
Core trimming element x A.434.3
DP amphora x x A.423.7
DP amphora x A.423.6
DP hemispherical bowl x A.434.6
DP jug x x A.423.9
DP spouted jug x x A.434.8
Flake\blade bladelet x x A.423.3
Jug or juglet x A.427.16
Jug or juglet x A.423.19
Jug or tankard x A.508.1
Mealing bin x -
Medium bowl x A.427.7
Perforator x x x A.427.14
Pestle x x x x A.422.2
Picrolite x x A.434.7
Picrolite x x x A.434.5
Picrolite x x A.342.95
Pounder x x A.423.2
Pyxides x A.427.11
Quern x A.447.1
RP decorated jug x A.516.17
RP hemispherical bowl x A.423.5
RP large bowl x x x A.516.18
RP large pithos x x A.448.11
RP storage jar x A.434.15
Small bowl x A.427.13
Spouted jug or tankard x A.427.12
Spouted jug or tankard x A.427.10
Tool (Piéce esquillèe) x x 434.8

Fig. 6. Artefacts discovered inside unit SA IIa.
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(1982.248) noted that in case
of gradual abandonment re-
fuse within enclosed living
area “will be more abundant
and distributed in a more
clustered or orderly man-
ner”. Some scholars have also
defined provisional discard
as “the intentional storage of
damaged or fragmented
items for future disposal” or
reuse that had high probabi-
lity of being left at sites after
abandonment (Deal 1985; Ca-
meron, Tomka 1993; Joyce,
Johannssen 1993; see also
Frankel, Webb 2006.153–
154). The decision to concen-
trate these objects in a single
unit is thus possibly related
to their potential value for re-
use. In addition, Deal (1985.
263; see also La Motta, Schiffer 1999.21–22) notes
that “if a structure was slowly being dismantled
within an ongoing household it might become a
dumping location for large inorganic items, and
especially pottery”.

In the chart, objects defined ‘fragmentary’ are arte-
facts for which only as most as a third of their en-
tire body has been found (Fig. 8). 

It is important to note that the majority of these
consist of only few fragments. In the category ‘par-
tially complete (with breakage or macro use-wear)’
we have included vessels and other objects inter-
preted as possibly broken before the collapse of the
structures (e.g., the pithos, the axe, one of the pic-
rolite items or the bronze knife). It is interesting to
note that only 14 of the 35 artefacts are complete or
partially complete, of which only three are not cha-
racterised by breakage or secondary use. As men-
tioned above, in unit SA IIa burned deposits seem to
occur mainly on the east and south walls and only
along the perimeter of the room (Bombardieri
2017.46). The absence of a layer of ash, indicating
the collapse of the roof, and the discovery of the
intact upper part of the pithos in the centre of the
room seem to indicate a partial dismantling of the
roof prior to the fire. In this respect, Swiny inter-
preted the presence of collapsed roofs at Sotira-Ka-
minoudhia as further evidence of its rapid aban-
donment, caused by an earthquake, noting that ser-
viceable beams are retrieved when structures are

voluntarily abandoned (Swiny 2003.53; see also
Horne 1993; Schlanger, Wilshusen 1993.90–95; Ste-
venson 1982) (Fig. 9).

Moreover, unit SA IIa seems to share disuse proces-
ses similar to those seen in the unburned units SA X
(dismantled and filled with stones) and SA IX (filled
with clay). In SA IIa the abandonment of the quern
is possibly related to its weight, as confirmed by the
presence of heavy querns and other ground stone
tools left or discarded on the floors of other units of
the workshop (e.g., SA III, SA IV, SA X and SA XII).
The large dimensions and difficulties in transport
could also explain the decision to leave the largest
RP decorated jug, while the discovery of the pithos
deserves a more detailed examination. In contrast to

Fig. 7. The broken pithos (A.448.11), and the quern left on the bench
(A.447.1) discovered in unit SA IIa (archive Erimi archaeological pro-
ject/Italian archaeological mission in Erimi, Cyprus; readapted from
Bombardieri 2017.45, Fig. 3.41).

Fig. 8. Conditions of artefacts discovered in unit
SA IIa.
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what is observed for other units (Bombardieri
2017.53, Fig. 3.57), this vessel does not appear to
have been crushed in situ by the collapse of the
roof. Its upper part, in fact, was found separated
from the body in the middle of the room, suggesting
that it was already broken before the unit’s collapse.
If, in other units, most of the pithoi represent de
facto refuse still usable until the destruction caused
by the fire, the pithos from SA IIa could be primary
refuse, crushed on the floor and abandoned before
the collapse of the unit. As suggested by Muti (2020.
200), pithoi could be moved from their location to
get rid of their contents, and the particular breakage
and fragmentation of the pithos in SA IIa suggest
that it was broken upon such displacement (Bombar-
dieri 2017.45, Fig. 3.41).

Smaller and easily movable objects would probably
have been curated in SA IIa on the basis of different
criteria. On the one hand their bad state of preser-
vation would make them not useful in the new set-
tlement, on the other they would have been still
usable in case of extreme necessity. At the same time,
the absence of an ashy layer homogeneously distri-
buted inside the room can suggest a partial disman-
tlement of the roof. The absence of beams, in fact,

could force the creation of possible ignition points
in SA I and SA III aimed to burn and destroy the two
non-contiguous spaces. It is impossible to define if
the ignition points were created to burn the rooms
or if they represent a concentration of wooden ma-
terials which were destroyed by the fire. The ab-
sence of wood inside unit SA IIa could be related
to the displacement of usable materials in rooms in
use until the end of the site occupation. This space
provided further elements in support of the planned
abandonment without anticipated return. In the
case of a planned return, the discard of objects
would not have been occurred in the interior of one
of the units and, as noted by Stevenson “less refuse
would be discarded within enclosed living areas”
(Stevenson 1982.260). Finally, it is important to
note that SA IIb, the smallest unit (6m2) of the work-
shop complex (Bombardieri 2017.38), returned
portable artefacts that were still usable (specifically
a pendant, six spindle whorls and some small ves-
sels) and does not show traces of massive ash la-
yer, as well as SA IIa. The concentration of burned
debris near the partition wall between SA IIa and
SA IIb and the massive presence of artefacts sug-
gest that a particular final treatment was reserved
for this unit. The absence of an ash layer could be
due to the room’s layout, since the unit has partial-
ly been carved in the bedrock (approx. 0.30m), pos-
sibly facilitating the dispersion of ash. In addition,
some of the objects appear to have been destroyed
by the collapse of walls and roof. The limited con-
centration of ash near the southern limit of the unit
(Bombardieri 2017.46), close to the wall that di-
vided SA IIa from SA IIb, might be related to the pre-
sence of a roof only in the smaller sub-unit IIb at the
time of the fire.

The residential area

Particularly interesting for the abandonment proces-
ses is area B, which brought to light a complex se-
quence of changes in the layout of some domestic
units (Fig. 10). 

The last sub-phase A1 is characterised by a reduction
in terms of use of space, with the dismantling of unit
7 and the construction of a wall to close the passage
to unit 6 (Bombardieri 2017.70). As in the case of
Marki-Alonia, where Frankel and Webb (2006; 2012.
488) identified nine different phases, it is possible to
define changes, renovations and modifications in
the layout of the rooms. Since the reduction of di-
mensions occurred during the last sub-phase, the re-
sidential area seems to have experienced a gradual

Fig. 9. A typical Cypriot building after the partial
dismantling (photo by A. Villani).
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and planned disuse, as noted for the Erimi work-
shop. At the same time, the excavation of area T2 re-
vealed a possible ‘atypical’ disuse practice reserved
for two contiguous doorways that give access to two
distinct units. During the abandonment of these spa-
ces, the thresholds would have been surmounted by
monolithic blocks put on the short tight side, pos-
sibly testifying to the symbolic isolation of the inter-
nal from the external space of the building (see Gar-
wood 2011). The peculiar disposition of the mono-
lithic blocks suggests an action more related to an
abandonment behaviour than a change in the layout
of the spaces. The blocks, in fact, are isolated and not
included in a possible new structure, while the pas-
sage in front of the thresholds was not closed. A si-
milar practice appears to be represented by the
threshold D3 of unit 3 in area B which, during the
passage from phase A2 to A1, changed its use and
was transformed into a large square basin. In this
case, the decision seems to suggest a change in the
layout of the unit and not its final abandonment
(Bombardieri 2017.65–70). 

Abandonment processes at Erimi-Laonin tou
Porakou

This paper has highlighted the contribution that a
cross analysis of the stratigraphy and artefacts’ as-
semblages could provide to explain the treatment
reserved for the rooms of the workshop area during
the gradual abandonment of Erimi-Laonin tou Po-
rakou. Ethnoarchaeological studies have shown that
when the process is gradual and planned, abandon-
ment often occurs through a differential treatment
of the spaces (Rothschild et al. 1993). The site was
then partially disused and dismantled, and the in-
habitants selected and concentrated still usable ar-

tefacts in units that were finally set on fire. Studies
on discard processes in Bronze Age Cyprus note that
part of the households or the alleys were used to
concentrate refuse or to discard obsolete objects
(Frankel, Webb 2006; Falconer, Fall 2014.174–
176). Due to the particular layout of the workshop,
with most rooms not connected by internal passa-
ges but only through open spaces, it is possible to
suggest that some units lost their productive role
and were gradually dismantled, while SA IIa be-
came a sort of provisional discard, a place to concen-
trate objects not useful but possibly reusable in case
of extreme necessity. As noted by Frankel and Webb
in the case of Marki-Alonia, vessels with flaws have
been “maintained for use in a limited or secon-
dary capacity or in provisional discard awaiting
mending, reuse or removal” (Frankel, Webb 2006.
153). Unburned units would have been disused and
partially dismantled, while in some burned rooms
a set of artefacts in still usable condition has been
curated. This hypothesis can also be confirmed by
the comparison of the ratio between entire vessels
and sherds. As noted by some scholars, rooms aban-
doned in an earlier phase tend to show the pres-
ence of a high number of sherds but few complete
artefacts. In contrast, spaces which were disused in
a later phase seem to show the opposite (Montgo-
mery 1993.157–159; see also Schiffer 1985.23). In
this respect, no well-preserved vessels were found
in SA X, but it returned one of the highest propor-
tions of sherds found in the workshop. In addition,
unburned spaces seem to be related to unspecialized
functions due to their smaller size and the limited
presence of features, an aspect that could justify
their final treatment and the exclusion from the pos-
sible deliberate burning (see Joyce, Johannessen
1993.151).

Fig. 10. Reconstruction of the renovations layout in area B (Bombardieri 2017.70, Fig. 3.87).
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At the workshop of Erimi, the gradual and differen-
tiated treatment of spaces could reflect the decision
to intentionally seal some rooms as part of the aban-
donment strategy. The deposition of some objects,
their location and concentration are markers of spe-
cific choices, often related to the burial of members
of the community or, in other cases, to possible de-
tachment rituals before leaving structures or settle-
ments. As demonstrated by several ethnoarchaeo-
logical studies and experimental archaeologists, a
structure could burn for days before collapsing (Ca-
meron 1991.162; Gheorghiu 2019.30–47; see also
Stevanovi≤ 1997), and the inhabitants would have
had the possibility to recover at least some objects.
At Erimi, however, the absence of any attempt to re-
trieve artefacts and the presence of possible inten-
tional ignition points seem to confirm the decision
to voluntarily seal the objects inside the units. At the
same time, different studies have highlighted how
the distance from the new settlement influences the
decision to take or leave an object (Schlanger, Wils-
husen 1993.90–91; Schiffer 1985.26–33). Taking
into account the empty units of Erimi alone, we could
hypothesise that the new site could have been in
close proximity, entailing the transport of most of
the artefacts to the new settlement. If we exclude
possible ritual or symbolic practices, the assemblage
of the burned units suggests the opposite scenario,
a longer distance and the abandonment of artefacts
caused by functional motivations. Deeper analysis
on almost complete or fragmentary artefacts – and
particularly vessels – will be fundamental to define
the real quantity of still usable objects left in the site.

Nevertheless, the sequence of the gradual abandon-
ment processes, from the reduction and disuse of
some spaces to the burning of part of the workshop,
seems to confirm that the selection, location and con-
centration of some portable and often still usable
artefacts depended on specific and voluntary deci-
sions, influenced by different motivations. Scholars
have often defined abandonment as a strategy fol-
lowing practice determined by local populations, as
well as local and regional conditions (Schlanger,
Wilshusen 1993.85; see also Nelson, Hegmon 2001.
213). The conditions in which the site was aban-
doned and the possible foundation of a close, new
settlement seems therefore to be ascribed to a wider
social phenomenon that involved the island of Cyp-
rus at the end of the Middle Bronze Age. Suggesting
a gradual and pre-planned abandonment in the case
of the Bronze Age site Marki-Alonia, Frankel and
Webb (2006.153) stressed how some rooms re-
turned complete or restorable vessels while in oth-

ers the absence of artefacts could depend on diffe-
rent motivations, from the curation to episodes of
renovation, which could have affected some rooms.

At Kissonerga-Skalia Crewe noted a decrease in the
activities that would have produced a slow abandon-
ment of the site (Crewe 2017.146), while the pres-
ence of intact artefacts and skeletal remains at So-
tira-Kaminoudhia has been interpreted as a rapid
abandonment caused by a seismic event (Swiny
2003.53–54). Even at Kalopshida, the presence of a
burned layer in the house of trench 3 and in the
room 7 of site C combined with the rich assemblage
found on the floor suggests a rapid abandonment
(Åström 1966.139–140; Gjerstad 1926; Webb 2012.
52), while Swiny noted that the absence of certain
typologies of objects at Episkopi-Phaneromeni could
be related to curating behaviours due to the short
distance from the settlement G to A (Swiny 1979.
330). At the same time many artefacts were left in
situ when settlement G was abandoned (Swiny
1979.15). Therefore, excluding cases of rapid and
not anticipated abandonments, the choice to leave
the settlement through a planned and gradual pro-
cess could have been based on social and economic
motivations. At Erimi, finally, the voluntary destruc-
tion of part of the workshop and the particular lo-
cation of the partially complete artefacts in some
units, seem to reflect the specific way in which the
inhabitants decided to detach from their place (see
Lamoreux-St-Hilaire, Macrae 2020), performing a
voluntary closure (see Adams 2016; Cameron 1990).

Conclusions

The data presented in this paper, combining an ana-
lysis of artefact refuse with the study of the abandon-
ment practices performed at the MBA site of Erimi-
Laonin tou Porakou, provide interesting informa-
tion. Some spaces were cleaned out and the objects
were probably progressively put in the compounds
still in use and then taken away at the end of a gra-
dual abandonment. Some units were disused, parti-
ally dismantled and transformed in discard areas;
contemporaneously, some artefacts were concen-
trated inside the rooms then possibly set on fire.
The workshop has likely been impacted by a series
of symbolic practices, such as the decision to leave
some artefacts inside the units as well as the depo-
sition of the piled vessels in front of the entrance
of SA IV, the concentration and location of artefacts
inside the burned units, and the absence of attempts
to recover the smaller objects during the fire. Final-
ly, if in the rooms it is possible to distinguish arte-
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facts as de facto, primary and secondary refuse, the
differences in preservation, concentration and se-
lection of artefacts from some burned units suggest
that in some cases objects entered in the archaeolo-
gical context possibly through symbolic depositions
made before the burn. Elsewhere in Cyprus, the pre-
sence of artefacts has been interpreted as the result
of a rapid process caused by natural disasters. In
contrast, the abandonment practices performed by
the Erimi’s inhabitants resulted in the possible depo-
sition of some artefacts, clearly suggesting some de-
cision-making in this process.
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ABSTRACT – Iron Age settlements in the Middle Atrak Basin in Iran have a particular distribution
pattern due to environmental, social, and economic variables, among which geographical factors
play an essential role in creating and dispersing settlements. Some of these factors play a more ef-
fective and stable role than others. The present study examines and evaluates the role of geogra-
phical factors in the distribution of Iron Age sites to determine factors that have a more signifi-
cant role than others. Moreover, the zoning map of the Middle Atrak Basin should be presented using
four different types of location, grouped in terms of those with a perfectly suitable, relatively suitable,
suitable, and unsuitable location. To achieve this goal, seven natural factors, including the distance
of sites from the river, altitude, slope, slope direction, distance from communication routes, soil type,
and land use, were selected as influential factors in choosing the location of the Iron Age sites. In
this study operating maps were prepared digitally using ArcGIS, and then the weight of each index
was determined using the AHP model. The results of this study show that 46.7% of the Iron Age set-
tlements (or 28 sites) were located in a perfectly suitable environment and geography, 24 sites
(29.3%) in a relatively suitable location, seven sites (11.4%) in a suitable place, and one site (1.6%)
in a completely unsuitable environment. This last type of location in the region’s landscape indicates
the choice of different livelihoods, including agriculture and animal husbandry with both seasonal
and permanent methods.

IZVLE∞EK – Ωeleznodobne naselbine v pore≠ju srednjega Atraka v Iranu imajo poseben vzorec umes-
titve zaradi okoljskih, socialnih in ekonomskih spremenljivk, med katerimi igrajo geografski dejav-
niki klju≠no vlogo pri nastanku in ∏iritvi naselij. Nekateri od teh dejavnikov so bolj u≠inkoviti in traj-
nej∏i od drugih. V ∏tudiji predstavljamo najpomembnej∏e geografske dejavnike pri porazdelitvi naj-
di∏≠. Karto poselitvenih obmo≠ij srednjega Atraka predstavljamo s pomo≠jo ∏tirih tipov lokacij, raz-
vr∏≠enih glede na popolnoma primerne, manj primerne, primerne in neprimerne pogoje poselitve.
Pri tem smo kot klju≠ne izbrali sedem naravnih dejavnikov: oddaljenost najdi∏≠a od reke, nadmor-
ska vi∏ina, strmina, smer pobo≠ja, oddaljenost od komunikacijskih poti, vrsta tal in raba tal. Digital-
ne karte smo izdelali s pomo≠jo programa ArcGIS in obte∫ili z indeksi, ki jih dolo≠a model AHP. Re-
zultati ka∫ejo, da je 46,7 % ∫eleznodobnih naselbin (28 lokacij) ume∏≠enih v povsem primeren, 24
(29,3 %) v manj primeren, sedem (11,4 %) v primeren in ena (1,6 %) v popolnoma neprimeren pro-
stor. Zadnji tip lokacije ka∫e na izbiro razli≠nih vrst pre∫ivljanja, tako kmetijstva in ∫ivinoreje s stal-
no ter sezonsko poselitvijo.

KEY WORDS – Iron Age sites zoning; Analytic Hierarchical Process (AHP); Middle Atrak Basin;
Northeast of Iran
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In this study we use several environmental variables
and natural criteria, along with the Analytic Hierar-
chical Process (AHP) integrated with the Geographic
Information System (GIS), for zoning and evaluating
the Iron Age sites of the Atrak River Basin to deter-
mine: (1) What are the zones in the Middle Atrak?
(2) Which of these basins were considered by Iron
Age people? (3) What do the Iron Age sites in the
different zones reveal?

Theoretical foundations

AHP is one of the most efficient multi-criteria deci-
sion-making techniques, and was developed by the
mathematician Thomas L. Saaty (1980) in the late
1970s. One of the advantages of the hierarchical
analysis method in the context of this study is that
it can deal with the various factors that influence
the location of human settlements. It prioritizes re-
sidential areas by weighting factors with pairwise
comparisons (Abdelouhed 2022.11) and the impact
rates of each of them (Liao, Kao 2010.571). AHP is
an effective and helpful method for solving multi-
criteria problems that use a hierarchical structure to
show the problem, and a better way to solve such
issues and prioritize different options based on user
judgment. In other words, this method is used both
in reality and theory in decision-making (Toledo-
Aceves et al. 2011.975). To be more specific, the ul-
timate goal of the AHP method is to determine the
relative weight of each factor in a system (Yao, Zhao
2022.17). By solving decision problems, AHP allows
researchers to focus on several criteria simultane-
ously and also allows decision-makers to compare
quantitative and qualitative criteria (Rodhiah et al.
2021.197). AHP is a multi-objective, multi-criteria
decision-making approach that enables the user to
reach priorities based on a set of options derived
from three principles: parsing, comparative judg-
ment, and prioritization (Abdul Rahaman, Arucha-
my 2017.3).

The AHP method has three basic steps: (1) creating
a hierarchy, which is the essential part of the hier-
archical analysis process (Cimren 2007.369); (2) de-
termining the importance coefficients of variables
and criteria using pairwise comparison methods; (3)
assessing the consistency of judgments according to
the percentage of consistency (Saaty 1980.287).

As discussed above, AHP can be used for relative
measurements by pairwise comparison of criteria
and data, or measurement of data according to cri-
teria and variables. Ranking mode and preferences

Introduction

Archaeological findings show that the development
and evolution of past human settlements are closely
related to the substrate of the natural and social en-
vironment. Environmental and natural substrates
create the necessary conditions for establishing set-
tlements, and some create more stable conditions
than others. These natural substrates are each re-
gion’s slope, altitude, geological structure, water re-
sources, and climate. Each of these factors, both in-
dividually and in relation to each other, shows dif-
ferences. The existence of such differences causes
the characteristics of different regions (Gholami
Rad, Wali Shariatpanah 2013.56). Humans have
long tried to settle in the natural environment in
such a way that makes the best use of it. In other
words, human settlements act as the most basic link
between man and the Earth, and reflect human inte-
ractions with the environment (Zhang et al. 2014).
Therefore, ancient societies lived in places that had
favourable conditions for life and development –
with environmental factors such as rivers, commu-
nication routes, and beds of deltas and river terra-
ces along with foothills or mineral resources – which
provided them with raw materials and the possibi-
lity of protection against enemies (Maga∏ et al. 2021.
21). In addition to these cases, various other factors
and forces are involved in the location and forma-
tion of rural settlements, which should be consid-
ered in any location of settlements. Although the ef-
fects of these factors and forces depends to a great
extent on the underlying characteristics of the en-
vironmental substrate and ecological structures
(Zhang et al. 2014.2818), the primary stimulus in
this process is the set of motivations that arise to
meet basic needs, and the forms of various funda-
mental demands among different human groups. As
such, different forms and varieties of locations, and
the locating of human settlements in certain places
because of the demands and motivations they are
able to satisfy, are realized in different ways. As a re-
sult, settlements are structurally and functionally dif-
ferent from one area to another (Rahimi, Hassan-
pour 2013.14). For example, settlements formed in
hilly areas are more affected by natural factors such
as altitude, slope, and slope direction. In contrast,
settlements formed in lowland areas are more af-
fected by human factors such as communication rou-
tes and transportation, surface water networks (hy-
drography), and agricultural and cultivated lands
(Ma et al. 2017.12). Therefore, these factors affect
the texture and body of the settlements and the ways
of life of their people.
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include a pairwise comparison of criteria according
to purpose. Ranking levels and preferences – such
as excellent, very good, good, average, poor, and
very poor – are then determined for each criterion.
In the next step, pairwise comparisons are made be-
tween the ranking levels of each criterion to obtain
a set of priorities (weights) for these levels. For each
criterion, scaled weights are considered, and each
option is assigned a ranking level and will be scaled
(Bahurmoz 2004.6).

Materials and methods

This research was carried out using a descriptive-
analytical method to consider the issue of land suit-
ability and its analysis with regard to settlement se-
lection. Accordingly, after collecting the required in-
formation and also reviewing the status of the Iron
Age settlements in the Middle Atrak Basin, using AHP
and going through the steps in ArcGIS – including
entering variables and criteria, preparing informa-

Fig. 1. Maps of the locations of Iron Age sites with regard to environmental factors. 1 distance of sites to
water sources; 2 distance of sites to communication routes; 3 degree of slope; 4 height above sea level;
5 location of the site on soil type; 6 land use.
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tion layers and new maps, classification and evalu-
ation of variables, information layers and the com-
bination of these layers – suitable locations for set-
tlements were identified. Moreover, seven indicators
– including distance from ancient sites to communi-
cation routes, distance from ancient sites to water
sources, land use, altitude, soil type, slope direction,
and slope degree – were used to identify suitable
areas for settlement (Fig. 1). ArcGIS10 and AHP were
used to prepare a database of the layers described
above (Fig. 2).

Geography and ecology of the Atrak River Basin

Although there is no long-standing accurate climate
record of the northeastern region of Iran for the
Iron Age, studies by researchers have shown that,
contrary to popular belief, there were stages of sud-
den climate change during the Holocene. There is a
consensus that such phenomena are pervasive, and
their results can be generalized to different parts of
the world (Hejebri Nobari et al. 2021.298). Towards
the end of this period, especially from the beginning
of the first millennium BC, the tendency of tempera-
ture changes tended to be colder (Shaikh Baikloo
Islam 2020.40). The same cold and humid climate
phenomenon are seen in all parts of the Tibetan Pla-
teau (Callegaro et al. 2018) and West Central Asia
(Fouache et al. 2020.92). The most recent long-term
climate studies have been carried out near the study
area of Jazmourian Playa (Vaezi et al. 2019) and Ha-
moon Lake in Sistan (Hamzeh et al. 2016), and the
coast of Gorgan (Kakroodi et al. 2015). The decrease
in temperature caused the inhabitants of arid/semi-
arid regions, such as north-central Iran (Shaikh Bai-

kloo Islam, Chaychi Amirkhiz 2020.40), to adapt
to the cold climate, in addition to agriculture. They
also chose a nomadic-herding livelihood system, and
a number of the areas covered in this article confirm
this.

The Atrak basin, one of the largest water basins in
northeastern Iran with an area of 33 890km2, origi-
nates from the mountains of Hezar Masjed in the
north of Quchan. About 26 500km2 of this basin’s
area is located in the political area of Iran, and the
rest in Turkmenistan (Fig. 3). The Atrak basin is
bounded by Turkmenistan in the north, Gorgan and
Kălshor basin in the south, the Qaraqum basin in the
east, and the Caspian Sea in the west (Noori et al.
2011.160). This basin consists of two parts, plains
and mountains. Its climate is barren or continental.
Rainfall is less than 200mm in the plains and up to
500mm in the highlands. The maximum altitude of
this basin at the site of Tabărak River is about 2903m,
and a minimum of 22m above sea level is estimated
(Sheikhvahed et al. 2011.5). The main waterway of
the basin can be divided into three parts: upper,
middle, and lower (border) Atrak. After crossing the
plains of Quchan, Shirvan, and Bojnourd (Upper At-
rak), the river continues its route in Măneh, Ghori
Meidan, and Marăveh Tappeh, then runs to the bor-
der of Iran and Turkmenistan (Middle Atrak). After
connecting to the Sumbar branch at the Chat site and
forming the Border Atrak (Lower Atrak), it finally
flows into the Caspian Sea. The study area includes
the middle part of the Atrak River with a length of
approximately 150km (the boundary between Reza-
abad Gharbi and Sisab villages on the border of Shir-
van and Bojnourd cities to Ghazan Ghayeh village

Fig. 2. The structure of the hierarchical analysis process used in the research.
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on the border of Mane and Solmaghan cities with
Maraveh Tappeh) (Yamani et al. 2010.4).

The Middle Atrak Basin is geographically located be-
tween the Hyrkani Plain in the west and the land of
Khorasan in the east. The high mountains of Alborz
in the west separate it from Hyrkani, and the moun-
tains of Kopeh Dagh in the north separate it from
the Qarehqom desert. With the Aladagh-Binalood
Mountains in the south, the Middle Atrak Basin is
safe from the central desert of Iran. The not-so-high
altitude set separates this basin from the upper At-
rak valley, and such a situation has made the central
Atrak basin a relatively independent and closed ba-
sin. This feature has a significant impact on the cli-
mate of this region, which is something between
the humid climate of Hyrkani and the cold and dry-
ness of Khorasan. The western parts of this basin,
especially in the Solmaghan plain, sometimes find a
climate similar to the Gorgan plain, such as in sum-
mer. Especially since the Aladagh Mountains, over-
looking the Solmaghan plain, have a relatively dense
forest cover. However, in higher latitudes (northwest
of the central Atrak basin) this part is warmer and
very poor in terms of vegetation and water resour-
ces, due to the impact of the Turkmen Sahra low-
lands in the west on the one hand and the soil of
the region on the other.

Background of archaeological research

The first archaeological activities in the area of the
Middle Atrak were the studies and work of Faegh To-
hidi, which led to the arena determination of some
sites. However, the first scientific excavation in this
basin was carried out on the Tape Qaleh Khan, which
showed an extended sequence from the Neolithic to
the contemporary period (Garazhian 2011; Garaz-
hian et al. 2014; Garazhian, Askarpour 2018). Ex-
ploration reports on the Tape Ashkhaneh Bimarestan
(Dana et al. 2017; Dana, Hejebri Nobari 2018), Ta-
pe Ashkhaneh Rivi (Jafari, Thomalsky 2016), and
Tape Eshgh Bojnourd (Vahdati 2014), along with
efforts to determine the area and boundaries of the
tape Kalateh Mostofi Bojnourd (Yazdani 2015), Ta-
pe Bruski Ashkhaneh (Adine 2012) and Kohnekand
Bojnourd (Dana et al. 2019), have also been pub-
lished with regard to this basin. However, studies of
the cities of Shirvan (Mirzaei 2008), Bojnourd, Raz
and Jirgalan (Rajabi 2013), Mane and Solmaghan
(Garazhian 2007; Ataei 2009; Zare 2011) in this
area have not been published yet.

Iron Age sites of the Middle Atrak Basin

In the study and identification work carried out in
the Middle Atrak Basin, over 360 archaeological sites

Fig. 3. Upper and middle Atrak River Basin.
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from all periods have been identified. Seventeen
sites have been identified in Shirin Darreh springs
(a tiny part of Shirvan city), which are located in the
middle Atrak area (Mirzaei 2008); 143 sites have
been identified in Bojnourd city, which is comple-
tely located in the Middle Atrak Basin; 43 sites have
been found in Raz and Jarglan city, about half of
which is located in the Middle Atrak Basin (Rajabi
2013); and 160 sites have been identified and intro-
duced in Mane and Solmaghan city, which are com-
pletely located in the Middle Atrak Basin (Garazhian
2007; Ataei 2009; Zare 2011) (see Table 1). Of these,
61 sites were inhabited during the Iron Age.

Environmental factors survey

Water resources factor
Human settlements are usually located where access
to surface water is possible, and thus water is an
essential factor in the emergence of human habi-
tats and the most crucial factor in their growth and
development (Heydari Dastenaei, Niknami 2020.
316). The land type and topographic status of each
location significantly impacts water storage and flow.
Accordingly, villages are established where there is
enough water to meet the needs of the inhabitants
(Motarjem, Siasar 2017.58). Atrak and its tributa-
ries (Fig. 1.1), as a permanent and reliable water
source, would be present many attractive locations
in this regard. Suitable soil and altitude are also cru-
cial for avoiding periodic or seasonal river floods
when locating settlements. As shown in Figure 4,
80% of the Iron Age sites are located within 1000m
from running water, indicating the connection be-
tween the ancient sites and water resources.

Communication routes factor
Communication routes are another essential variable
in the formation of ancient sites, especially in the
Bronze Age and beyond, when we see the formation
of cities with long-distance and trans-regional trade
relations in the Greater Khorasan region. In the past,
ancient roads were usually built based on natural
paths and systems of valleys and plains (Hejebri No-
bari et al. 2021.301), and this region follows this
due to its mountainous nature. Com-
munication routes in mountainous
areas usually pass from the bottom
of the valleys. What we have in mind
today as a communication route is
very different from what existed in
the past. Before the creation of mo-
dern roads, people used gorges and
the cuts caused by geological activity

to travel. Due to the mountainous location and the
forested nature of the focal area, the only passable
routes were inevitably the same cuts and the lengths
of other valleys located between relatively high and
steep mountains that were used as paths (Vosogh
Babae, Mehrafarin 2018.197). This also applies in
historical times, even in adjacent areas such as Dar-
gaz, and historic sites have sometimes been formed
adjacent to the main communication routes. This
communication role is one of the essential factors in
securing the economy of the inhabitants of these ci-
ties and rural areas (Nami, Mousavinia 2019.239).

There are 42 sites (69%) in the range of 0 to 1000m
from the communication routes in this area, seven
sites (11%) at a distance of 1000 to 2000m, eight si-
tes (13%) at a distance of 2000m to 3000m, and four
sites (7%) located 3000m or more from the commu-
nication routes (Fig. 5). Among these, only one site –
Tape Dăshăd (IAMA60) – is located c. 9000m away
from the communication routes. More than 70% of
the sites are located at the bottom of the valleys, in
the middle of the mid-mountain plains, and next to
the communication routes (Fig. 1.2).

Slope degree factor
One of the influential environmental factors in the
human settlement distribution system is the height
and slope criterion. The slope is one of the essential
factors in the transformation of land surface rough-
ness (Akbar Aghalli, Velayati 2007.48), and thus it
affects human life and activities such as agriculture,
keeping livestock, and even some human settlements

Middle Atrak Basin Number of Percentage of Percentage of
based on city identified sites identified sites Iron Age sites
Shirvan 17 5 2
Bohnord 143 39 23
Raz and Jarglan 43 12 3
Mane and Solmaghan 160 44 72
Total 363 100 100

Tab. 1. Location of Iron Age Sites based on counties.

Fig. 4. Location of Iron Age sites in terms of dis-
tance from water sources.
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on the slopes either directly or indirectly (Zomorro-
dian 1995.25).

The degrees of the slopes in the region were classi-
fied into nine separate groups. The lowest slopes
(0–5 degrees) were determined as the first group,
and the highest slopes were classified as group 9.
Since the best slope for establishing human habita-
tion is a slope of 0–10 degrees (Anabestani 2011),
we examined the location of the sites on the slo-
pes. The slope degree of the location of ancient si-
tes is an essential factor that affects the area due to
its economic impact. Among the sites of this period
(Fig. 1.3) 18 (28%) were on slopes of 0–5 degrees,
20 sites (32%) on slopes of 5–10 degrees, 12 sites
(18%) on slopes of 10–15 degrees, and 14 sites
(22%) on slopes of more than 15 degrees (Fig. 6).

Altitude from sea level factor
Altitude from sea level can cause climate changes
and, consequently, changes in lifestyle and some
climatic features (Qazanfarpour et al. 2013.129). In
addition, it directly affects ecosystems, vegetation,
animals, and livelihood choices (Duckstein et al.
1973.22). The central Atrak region’s sea-level alti-
tude varies between 226m and 2962m. The location
of the sites in terms of altitude (Fig. 1.4) shows that
about 60% of the sites are located at an altitude be-
tween 226m to 819m above sea level (Fig. 7). In this
region, the average annual rainfall in meteorologi-

cal stations is about 250mm, which is suitable for
rainfed cultivation. However, it should be noted that
despite the appropriate rainfall and altitude, the soil
type is also crucial for cultivation. Sufficient rainfall
and humidity at altitudes of about 600m above sea
level and above allow optimal rainfed cultivation
(Kirkby 1979.Tabs. 83–84). However, the annual
rainfall is a more critical factor for rainfed cultiva-
tion. The minimum annual rainfall suitable for rain-
fed cultivation is about 200mm (Adams 1981.12),
indicating that this area is suitable for rainfed agri-
culture due to having more rainfall.

Soil type factor
Today, geoarchaeological studies have found a spe-
cial place as a helpful tool in archaeological research
and explaining ancient Quaternary environments
(Maghsoudi et al. 2020.2). Soil is a non-dense or-
ganic matter that has been created over many years
under the influence of various factors, such as cli-
mate, vegetation, and elevation (Salmanpour et al.
2013), and soil type affects the livelihood structure
of an area (Estelaji, Ghadiri Masoum 1995.126). As
can be seen on the map, large areas of the western
parts of the Middle Atrak Basin are geologically cal-
careous and unsuitable soils that are also very poor
in vegetation. The Iron Age sites of the region are in
the category of Incepti soil/Entisoil rocky outcrop
soils with a small amount of Incepti soil (Fig. 1.5).

In this area, 42 (68%) of the Iron Age sites are lo-
cated on Incepti soil, seven sites (12%) are located
on Insepti soil with rocky outcrop soil, and 12 sites
(20%) are located in areas with enti soil with rocky
outcrop soil (Fig. 8). The presence of fine-grained
and fertile sediments usually provides suitable ma-
terials for agriculture, pottery, and other economic
activities and acceptable conditions for developing
settlements (Maghsoudi et al. 2020.7). Incepti soils
are spread all over the world, and research shows
that they are suitable for agricultural and non-agri-
cultural uses, and can be widely used for crop culti-

Fig. 5. Distance of sites from communication rou-
tes.

Fig. 6. Percentage of ancient sites based on their
slopes.

Fig. 7. Location of Iron Age sites in terms of alti-
tude.
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vation, provided that artificial drainage is possible
in them (Sohrabi et al. 2013).

Land use factor
Land use results from a combination of human ac-
tivity and the capabilities of a place. Although Land
use is the result of population activities, it is also in
some ways a reason for the existence of certain ca-
pabilities and the possibility of using the capabili-
ties of the natural environment (Sadr Mousavi et al.
2018.734). The cultivability of land is one of the fac-
tors that is influenced by many important criteria,
such as altitude, presence or absence of surface wa-
ter, soil type, human manipulation of the environ-
ment, and climate. However, this human manipula-
tion can also have a decisive role on the erosion rate.
Most importantly, the land cultivability and type of
vegetation can also be a very determining factor in
the type of livelihood of those living in the related
settlements. As such the settlement or use of many
shelters in an area, especially in association with rais-
ing livestock, depends on land cultivability and type
of vegetation (Afifi 2018.636). To this end, the pur-
pose of land surveying is to determine the land va-
lue from the location point of view (Rahimi, Hasan-
pour 2011.21).

The map of the area based on land use (Fig. 1.6)
shows that about half of the sites are located in areas

that are currently used for agriculture, whether
irrigated or rainfed, and the other half are in areas
that are located in a pasture or forest areas (Fig. 9).
This local difference in the sites should be consid-
ered as related to the livelihood of the residents.
This means that in pasture areas the sites indicate
that nomads used them for temporary settlement or
cemeteries, and that the sites on suitable agricultu-
ral land belonged to sedentary farmers.

Slope direction factor
As a general concept, direction is a well-defined fea-
ture for the linear effects of a phenomenon in geo-
metry. In the context of this study it also includes
other concepts, such as slope and geological slope
(Heydari Dastenaei, Niknami 2020.320). Slope di-
rection determines the amount of solar energy that
the soil receives. This energy determines the tempe-
rature of air and soil and the amount of available
water in the soil, which are the factors that cause
differences in the vegetation of different slopes. In
mountainous areas slopes facing the sun seem to
be more suitable for settlement, while in tropical
areas this is the case for slopes that do not face the
sun. In the Middle Atrak Basin the southern slopes
are the most important and the northern slopes the
least, because the former receive the lowest heat in
summer and the most heat in winter. The eastern
and western slopes are less important than the
southern slopes, and are used in spring and au-
tumn (Heydari Dastenaei 2018.7). Surveying the
location of Iron Age sites indicates that the northern
slopes contain more settlements and the southern
slopes are less used (Fig. 10). Accordingly, 12 sites
are located on northern slopes, 11 sites on the north-
east, two sites on the east, six sites on the southeast,
six sites on the south, two sites on the southwest,
eight sites on the west, and 12 sites on the west
areas.

Zoning of Atrak River Basin

Potential zones for the placement of Iron Age set-
tlements have been determined by weighting and
classification of the abovementioned criteria and en-
vironmental factors, including communication rou-
tes, distance from water resources, land use, slope,
slope direction, altitude, and soil type. The layers’
weights, which are the same factors as determined
in the model, were evaluated according to the avai-
lable options, and finally the total weight of the la-
yers was obtained using the calculation formulas.
The weight of each layer according to the preference
options is shown in Table 2.

Fig. 8. Site placement on different types of soils.

Fig. 9. Location of Iron Age sites in terms of land
use.
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In AHP, in addition to considering the factors and
combining their different levels, the rate of the num-
ber of achieved priorities and the accuracy of weight-
ing results can be trusted due to the method of cal-
culating the comparisons’ compatibility with regard
to the studied layers, and determining the overall
compatibility rate. In this research, the value of the
compatibility rate is calculated as 0.4, which indi-
cates the appropriate compatibility of the studied
layers. According to Table 3, it can be seen that alti-
tude, distance to a water source, distance to a com-
munication route, slope, and soil type have the high-
est weights, and land use and slope direction have
the lowest weights.

In Table 4, according to the results obtained from
the final weight of the factors affecting the creation
of ancient sites, it can be seen that altitude is in the
first place with a weight of 0.26, distance to rivers
is in the second place with a weight of 0.19, dis-
tance to communication routes is third with a weight
of 0.15, slope direction is fourth with a weight of
0.14, soil type is fifth with a weight of 0.08, land use
is sixth with a weight of 0.08, and in seventh place
is slope, with a weight of 0.07.

In the next step, GIS is used to prepare layers to se-
lect areas with a higher priority. The final map is
obtained by stacking the existing layers in terms of
weight, as extracted from Table 4. According to the
results obtained in this section, those areas with a
higher potential for locating settlements have lighter
colours, while those with a lower potential for this
settlements have darker colours.

More specifically, those valuable areas that have the
most potential for establishing settlements are the
relatively limited areas shown in green. These have
an area of 2235km2, equivalent to 10% of the total
area, with a low slope of about five degrees and a
suitable slope direction, land use, suitable vegetation,
and rich soil, and are generally suitable for the de-
velopment of settlements (Fig. 11). This area has 28
Iron Age sites, accounting for 46.7% of the sites.

Moreover, the areas marked in orange with an area
of 12 550km2, equivalent to 47% of the total area,
also have relatively good values. These areas are
geographically hilly, suitable for growing rainfed
plants, and also a good place for livestock grazing.
This section includes slopes up to 13 degrees, rain-
fed agricultural uses with an almost suitable soil
type, and a short distance to water sources and com-
munication routes. Twenty-four sites (39.3%) are
located in this area.

The dark brown areas with an area of 7900km2,
equivalent to 22% of the
total, have a relatively
low value for settlement.
These areas are hillsides
with steep vegetation
and steep slopes, and
the land is used only for
pasture. In addition, the
type of soil and even
the soil depth in these
areas is low, and they
are far from permanent
water sources such as ri-
vers, as well as commu-
nication routes. It is no-
teworthy that seasonal
water springs are usual-
ly seen in these areas,
and this type of area is
used only for livestock

Tab. 2. The binary preference matrix of the components.

Slope
Landuse

Slope Distance Distance Above Type
direction degree to roads to rivers sea level of soil

Slope direction 1 3.03 0.45 0.45 0.29 0.25 0.83
Landuse 0.33 1 4.35 0.32 0.45 0.26 0.27
slope degree 2.21 0.23 1 3.2 0.48 0.48 4
Distance to roads 2.22 3.12 3.2 1 0.26 0.31 4.55
Distance to rivers 3.45 2.22 2.1 3.9 1 0.36 3.33
Above sea level 4 3.8 2.1 3.25 2.8 1 2
Type of soil 1.2 3.7 0.25 0.22 0.3 0.5 1
Total 14.41 17.1 13.45 12.34 5.57 3.15 15.98

Tab. 3. Normalized matrix of preferences.

Slope direction 0.69 0.177 0.234 0.037 0.052 0.079 0.052 0.071
Landuse 0.023 0.058 323 0.026 0.081 0.093 0.017 0.087
Degree of slope 0.153 0.013 0.074 0.259 0.085 0.151 0.25 0.141
Distance to roads 0.154 0.182 0.238 0.081 0.046 0.098 0.248 0.155
Distance to rivers 0.239 0.13 0.156 0.316 0.179 0.113 0.09 192
Above sea level 0.278 0.222 0.156 0.263 0.502 0.317 0.125 0.266
Type of soil 0.083 0.216 0.019 0.018 0.054 0.159 0.063 0.087

Fig. 10. Percentage of Iron Age sites in relation to
slope direction.
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grazing. Seven ancient sites in this area can be seen,
accounting 11.4% of the sites.

Finally, the dark red areas, with an area of 393km2

and equivalent to 15% of the total area, do not have
any settlement value. These areas have steep slopes
and rocky, non-agricultural lands, with poor range-
land vegetation. Thus, due to their high altitude and
steep slopes, unsuitable terrain for agriculture, and
distance from communication routes, these areas are
often unsuitable for settlement. However, an Iron
Age site (IAMA 44) (1.6%) is located in this area,
which seems to have been a short-term seasonal es-
tablishment.

Discussion and conclusion

The use of GIS and geostatistical techniques can be
a useful, practical tool in archaeology. These tools
make it possible to apply complex mathematical
equations to maps. On the other hand, using the
existing interpolation methods in the field of statis-
tics, statistical and spatial analysis can be carried out
in different places based on the locational and geo-
graphical situation of the phenomena. In the present
study, we tried to evaluate the effects of environ-
mental factors on the formation of Iron Age settle-
ments. The results showed that environmental con-

ditions in the form of slope characteristics, slope di-
rection, altitude, distance from communication rou-
tes, access to water resources, soil type, and land use
all positively affect the distribution and density of
site in the area being studied.

In the first step, in order to determine the impor-
tance of each layer using the AHP method, indica-
tors were compared pairwise with each other, and
each indicator was weighted. According to the re-
sults of the AHP model, the highest weight is related
to the altitude index with a weighted score of 0.26,
and the lowest weight is related to the slope direc-
tion, with a score of 0.07. In the next step, the lay-
ers were standardized into four levels and a zoning

Tab. 4. Calculation of final weights based on pref-
erences with regard to the environmental factors.

Layers
Abnormal Normalized

weight weight
Slope direction 0.0500158 0.071450106
Landuse 0.0611772 0.087396017
Degree of slope 0.0987156 0.14105536
Distance to roads 0.1083421 0.154775398
Distance to rivers 0.1342631 0.191802997
Above sea level 0.1863892 0.266270269
Type of soil 0.061098 0.087282862
Total 0.7 1

Fig. 11. Iron Age zoning map.
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map of the Iron Age areas of the Middle Atrak Ba-
sin was prepared. The results show that one site is
in a zone with no settlement value, size sites are in
a low importance zone, 24 sites are in a relatively
appropriate zone and 28 sites are in a very impor-
tant zone.

The results of analyses show that the locations of
the sites in different zones indicates different kinds
of livelihoods were pursued there. Based on zoning
analysis, it is determined that the areas that are lo-
cated in Zone 4 (show in dark colours) are villages
that engaged in irrigated and rainfed agriculture.
The areas located in Zone 3 are areas that used both

highland resources and plain agricultural resources.
Such sites had a combined economy of livestock and
agriculture, and also engaged in trade. Sites in Zone
3 are sites at the foot of the mountains and seaso-
nal sites with livestock. Finally, Zone 1 is not suit-
able for settlement at all, and for this reason only
one site is located in this area, and this site, like
those in Zone 3, is a seasonal site.
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Introduction

Burial customs and ritualistic behaviour patterns are
a great source for understanding past belief systems,
social structures, and cultural interactions between
different groups and regions. Western Anatolia,
Thrace, and the Balkans are of special importance
in terms of understanding the spread of Neolithic
lifeways and the transition to the Chalcolithic. Infor-
mation on burial practices and/or any other types of
rituals related to human remains is not well repre-
sented in this area. A recent discovery of a pit with
human remains offers an opportunity to look into

the ritual behaviours of people during the 6th mil-
lennium BC on the island Gökçeada in Turkey.

The settlement of Ugurlu is located in the western
part of Gökçeada, in the northern Aegean Sea. The
site is on the pathway to Europe from Anatolia, mak-
ing it an important site in terms of understanding
human cultural interaction (Fig. 1). Six cultural lay-
ers have been identified in the excavation at Ugurlu
(see Table 1 for the phasing). The earliest phase of
the site dates to the pre-pottery Neolithic 6800–6600
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other pits, and to discuss the possible motivations
for this deposition of human bodies.

The structural and depositional characteristics
of the pit 188

The pit is located in the western part of the settle-
ment in the courtyard of the communal building
(Fig. 2). Two AMS dates were taken from the human
bones. The first one from the first skeleton at the
bottom of the pit which gave a date of 6380±30 BP
(Beta-480187, 5389–5310 BC at 95.4%); the second
date comes from a human bone from the upper layer
and gave a date of 6340±30 BP (Beta-465445, 5363–
5302 BC at 95.4%. This range is contemporary with
the communal building’s earliest use at around
5300–4300 cal BC (Boz, Erdogu 2019.3).

cal BC, and is the earliest evidence of agri-
culture and animal husbandry in the area
(Erdogu 2014; 2017; 2020).

Ugurlu is also one of the few settlements
in the region that represents the transi-
tion from the Neolithic to the Chalcolithic
(5500–4900 cal BC) between western
Anatolia and the eastern Aegean islands.
This transitional period bears witness to
changes in settlement organization, buil-
ding plans, pottery production, and subsi-
stence economy (Erdogu 2014; 2017). A
particularly distinct feature was the prac-
tice of pit use. This new tradition emerged in Phase
IV, continued throughout Phase III, and was slowly
disappearing in Phase II. To date, more than 37 pits
have been found in Phase IV (3 pits) and Phase III
(Fig. 2).

During Ugurlu Phase III, the settlement appears to
be divided into two parts. The western part has a
communal building (B4) with a courtyard, while in
the eastern part the buildings are multi-roomed
dwellings (Erdogu 2020). Most of the pits were in
the northwest part of the settlement in the open area
around the communal building (Erdogu 2020).

The pits differ in terms of size and depth (10–90cm),
and with a few exceptions they are all plastered with
greenish clay and have similar inclusions. Among
the contents of these pits are
fragments of pottery and animal
bones, clay and marble figurines,
bone and flint tools, fragments
of shell ornaments (bracelets and
rings, etc.), and stone axes (Ka-
ramurat et al. 2021). Three of
these pits contained a small num-
ber of disarticulated human re-
mains (seven pieces of human
bone in pit 25, and a few others
in pits 29 and 104). All pits were
deliberately infilled and covered
with large stones to end the lives
of the pits. Apart from these
three pits that have fragments of
human remains, one other pit
stands out with its remarkable
deposition of several individuals
(unit 188, feature 88). This paper
thus aims to describe pit 188 and
place it within larger contextual
data, especially in relation to

Phasing Period Date
VI Pre-pottery Neolithic 6800–6600 cal BC
VI-V Transition to Early Neolithic 6600–6500 cal BC
V Early Neolithic 6500–5900 cal BC
IV Late  Neolithic 5900–5500 cal BC

IV-III
Transition to Late Neolithic to

5500–5300 cal BC
Early Chalcolithic

III Early Chalcolithic 5300–4900 cal BC
Hiatus – 4900–4500 cal BC
II Middle Chalcolithic 4500–4300 cal BC
I Surface> Early Bronze\Middle Age |

Tab. 1. Phasing of Uggurlu settlement (reproduced from Gürçal
2021.65).

Fig. 1. The location of Uggurlu/Gökçeada in the Aegean.
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Having a 1m diameter and c. 2m depth, this pit is
one of the largest of 34 pits found in Phase III. The
pit was plastered with yellowish-green clay plaster
on the side walls and the floor. Fragments of clay
were found throughout the infill of the pit, indi-
cating that the inner walls were also plastered in a
similar way as the other pits. A total of 11 individ-
uals11 were found piled up on top of each other with
numerous stones in between them. After the last
body was interred, the pit was filled with stones for
closure at a depth of between 60 and 80cm.

In addition to human bodies, the pit contained a
large amount of archaeological material, including
two large broken grinding stones, a great number of
pottery sherds, three pieces of red ochre, a small

number of beads, and a worked bone (for details
see Karamurat et al. 2021). Partially articulated leg
bones and the pelvis bones of two calves were also
among these finds, as well as many fragments of ani-
mal bones. A sterile grey ash deposit covering a
30cm area and with c. 1.5cm thickness was found
on one of the largest stones in the middle of the pit.

The pit was filled up with many stones and marked
by another stone, as seen in others22.

Human remains

Standard osteological analysis was carried out for
age and sex estimation. The biological sex of the
adults was identified based on morphological fea-

Fig. 2. The distribution of the pits around the communal building (Uggurlu Archive).

1 Different skeletal parts of the same individual were recorded under two separate skeleton numbers in the field. The pieces were
matched in the lab therefore the total number of the skeletons within this pit is 11 rather than 12, as was indicated in the previ-
ous publication (Boz, Erdogu 2019).

2 Pit 187 was directly on top of pit 188 (F88) and has been interpreted as a different pit (Karamurat et al. 2021). However, fur-
ther excavation revealed that human bones were extended into the assumed border of pit 187, indicating that this pit appears to
be the upper part of pit 188. Therefore, the marking stone on pit 187 was in fact marking pit 188, as in other pits.
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tures of the pelvis and skull (Buikstra, Ubelaker
1994). Changes in pubic symphyses (Brooks, Su-
chey 1990) and occlusal tooth wear (Smith 1984)
were used to group the adult skeletons into three
broad age categories: young adults (20 to 30 years
old), mature adults (30s and 40s), and older adults
(50+). Dental development (Schour, Massler 1941)
was used for subadult ageing. The age range of indi-
viduals varies from 3 to 4 years to mature adults,
and both biological sexes are represented among
the 11 individuals found in the pit (Tab. 2).

Taphonomic changes, trauma-related fractures, and
other pathological lesions were examined macrosco-
pically using osteological methods, as described in
Silvia M. Bello and Peter Andrews (2006). The gene-
ral condition of bones is poor and fragmentary.
Some bones were crushed into a state that they
were almost fused as if to form a bony layer. This
condition applies especially to some bones of the
last two individuals in the sequence (Indv. 1 and 2)
whose bones were closer to the surface. Taphono-
mic analysis of the better-preserved bones revealed
numerous fresh bone fractures as well as dry bone
breaks (Fig. 3). Macroscopic analysis of bone surface
showed no evidence of cut marks that might be re-
lated to traumatic events or sharp force wounds,
chopping, or bone peeling.

Description of bodies

The first body to be interred in the pit was a 5- to 6-
year old child (Indv. 11) which was found directly
on randomly distributed stones on the floor of the
pit (Fig. 4.a). The body was lying on its right side,
with the right arm from the elbow and left leg lo-
osely open towards to south, the rest of the body
was in a flexed position. Different sizes of
stones and animal bones were scattered di-
rectly on top of this child’s skeleton along
with articulated parts of two calves. Two
large fragments of grinding stones (not
parts of the same one) seemed to have
been dumped into the pit. One was leaning
perpendicular to the side of the pit, the
other was partially covering the child’s
head (Fig. 4.b).

Above the child, five more bodies were
piled up one after another with many dif-
ferent-sized stones interred with them.
Even though each skeleton was articulated
individually, the position of each body was
randomly scattered on top of each other

which indicates that they were thrown in rather
than placed carefully in the pit. Stratigraphically, the
second individual (Indv. 10), a middle-aged adult
female, was dumped in with her head on the floor
facing down and with the body leaning perpendicu-
lar against the wall of the pit. The hips and the legs
were leaning on the side at a level that was about
50cm higher than the head. Her arms were twisted
towards the back and the hands were found on the
back of the body. The position of the arms and hands
were unlikely to happen naturally unless they were
tied at the back. The two biggest stones in the pit
were thrown/ placed in the pit after this female. One
of the stones was on top of her head, crushing her
skull completely (Fig. 5). Before the other bodies
were placed, sterile grey ash was thrown on top of
the biggest stone in the middle, which weighed 80kg.

Individual
Age group Sex

number
1 MA Female 
2 MA Female
3 Adolescent (~ 18) Female
4 YA Male
5 Juvenile (~ 3–4yrs) Indeterminate
6 Juvenile (~10–11yrs) Indeterminate
7 MA Male
8 MA Female
9 Juvenile (~ 12 yrs) Indeterminate
10 MA Female
11 Juvenile (~ 6–7 yrs) Indeterminate

Tab. 2. Age and sex distribution of individuals
from grave pit 188. Skeleton numbers represent
stratigraphical order from the top to the lowest le-
vel. Age categories are: juvenile: 3–12 years; ado-
lescent: 12–20; young adult (YA): 20–30; mature
adult (MA): 30s–40s.

Fig. 3. Fresh bone breaks (indicated by arrows) related with
the stones between the skeletons (Uggurlu Archive-Photo Ne-
jat Yücel).
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After placing the ash deposit, four
more bodies were dumped carelessly
(Fig. 6).

In contrast to these six people, a
young adult male body (Indv. 4) ap-
pears to have been intentionally
placed on its left side, with the legs
flexed tightly against the abdomen,
the arms flexed tightly at the elbow
on the chest, and the hands under
the chin. This individual’s arms and
legs might have been tied to the
body firmly or wrapped with perish-
able material before placement (Fig.
7). After this individual, five more
bodies were dumped in the pit with
a vast number of stones.

Along with the mature adult female
(Indv. 10) and young male (Indv. 4)
mentioned above, another individu-
al, a mature adult male (Indv. 7) also
has a body position that suggests
binding. This mature male’s body
was in full articulation, with the
head and the chest facing upwards
and the legs up against the side of
the pit. The legs were very tightly
bent at the knees so that there was almost no space
between the femur and lower legs. The arms were
opened to the sides and bent tightly at the elbow to-
wards the shoulders, the hands were resting on the
shoulders. This peculiar position once again is very
unlikely to occur naturally and suggests that the
hands were tied at the neck and perhaps the legs
might have been tied together too (Fig. 8).

Except for these three indivi-
duals with the possibility of
binding, other bodies’ arms
and legs were spread out
within the pit (i.e. Indv. 3 and
8), and body parts of the dif-
ferent individuals were inter-
twined while the bones main-
tained their anatomical posi-
tions (Fig. 6).

Apart from one skeleton (Indv.
6), all other individuals’ re-
mains were intact with slight
displacements of some bones,
which appeared to be caused

by gravity within the empty spaces of the pit. Some
of the bone displacement was caused by the weight
of the stones (i.e. the left femoral head of Indivi-
dual 8 was removed from the acetabulum by the
weight of the stone on top of the left knee, leaving
one side of the pelvis and leg bones moved from
its original position). Apart from these slight mo-
vements of bony elements of some individuals, one
child’s (6±2 years) body was separated into two

Fig. 4. A The first Individual 11 at the bottom of the pit, B stones
and animal bones over the skeleton (Photo Bassak Boz).

Fig. 5. Skeleton of a female (Indv. 10) with her hands at her back (Photo
Bassak Boz).
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parts at the lumbar vertebrae. The child (Indv. 6)
was located directly on the abdomen of Individual
7 with no soil in between, lying on its right side. The
upper body was in full articulation down to the lum-
bar vertebrae, including the hyoid bone and small
manual phalanges. The bones of the lower body, on
the other hand, were disarticulated and commingled.

A few individuals from the upper layers have miss-
ing skeletal elements. For example, chronologically
the last individual placed in the pit (Indv. 1) was
lacking one lower arm bone (right ulna), a young fe-
male (Indv. 3) was missing the right fibula, and last-
ly a 3 to 4 year-old child (Indv. 5) was missing the
right lower leg bones.

Discussion

Deposition of the bodies
Eleven individuals were squeezed into a pit measu-
ring one meter wide and two meters deep, along
with dozens of large and small stones (Fig. 9). Such
an occurrence is rather bizarre and enigmatic. How
could eleven bodies possibly fit in this relatively
small pit? One possible scenario is that long inter-
vals elapsed between the interments of each body,
which would allow the previous ones to decay and

occupy less space. Throwing/pla-
cing stones would also weigh
down the bodies. In this scena-
rio, the pit must have been cov-
ered with a lid to prevent soil ac-
cumulation in between intern-
ment events. The slight displace-
ment of some bones of articulat-
ed bodies (i.e. the sacrum of the
vertically placed pelvis of Indivi-
dual 7 slipped down with gravi-
ty) suggests some void spaces
within the pit during the decay
process indicating that the pit
was not filled with soil after the
disposal of the bodies. The extre-
mities of some individuals were
found intertwined with other bo-
dies and there was almost no fill
between the bones (Fig.10). The
only exception to this is the first
child’s body at the bottom of the
pit, where the body was covered
with random stones and animal
bones. The bones of none of the
above individuals were mingled
with or directly touching the

bones of this child (Fig. 4).

The other possible scenario would be that the bodies
were kept unburied for some time before being
moved to this death pit, perhaps for a special occa-
sion. A ritual ceremony may have been performed,
and these 11 bodies may have been moved to this
pit to be interred together as a secondary burial. The

Fig. 6. Illustration of the position of individuals in relation to each
other. A is the top view of the pit with skeletons and D is the lowest le-
vel. Only the bodies are shown here to avoid further crowding with the
stones in between the bodies (illustration by Begona Rodriquez).

Fig. 7. Tightly flexed position of individual 4.
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only case that is plausible for this is the body of a
child (Indv. 6) whose body was separated into two
and whose lower body was partially disarticulated.
These data could have indicated different stages of
decomposition if only the bones of the upper body
(even the small finger bones, and the hyoid bone)
were not in full articulation. Therefore, it seems un-
likely that this body was half defleshed when it was
thrown into the pit. Cultural intervention (i.e. dis-
memberment) is a likely option for this kind of se-
paration of body parts that may have occurred be-
fore placing the body into the pit. However, no cut
marks were visible on the surviving bones to sup-
port the argument of dismemberment. Another plau-
sible case for dismemberment is the missing the right
lower leg of a 3 to 4 year old child (Indv. 5); how-
ever, the presence of animal holes throughout the
pit could be another possibility for the loss of the
small bones of this child. Along with this child, mis-
sing single elements from two other individuals (the
right ulna for Indv. 1 and the right fibula for Indv.
3) makes the dismemberment option unlikely for
these two cases. Both Individual 1 and the legs of In-
dividual 3 were close to the surface, and thus these
single bone losses might have been the result of a
later intervention (i.e. animals) or poor preservation.

Neither scenario is firmly supported by the condi-
tion of bones in terms of articulation, skeletal com-
pleteness (with a few exceptions), the taphonomic
evidence, or the depositional structure of the pit. It
is therefore plausible that the bodies were deposit-
ed in two different processes. The first one includes
two actions; placing/throwing the first child (Indv.
11) as the first event, then the other ten bodies being
deposited of as the second event after a certain time.
The second option is that all bodies were deposited
simultaneously in a single event or within short in-
tervals (Fig. 9). However, these tentative attempts at
explaining the deposition of 11 bodies in this rela-
tively small pit remain highly speculative.

Burial customs in western Anatolia in the
second half of the 6th millennium cal BC3

Mortuary practices in the region of Thrace, Balkans,
Greece, and Anatolia show great diversity during the
Neolithic and Chalcolithic periods. However, despite
the well-documented mortuary practices of central
and south-east Anatolia throughout the Neolithic pe-

riod (see for example, Andrews et al. 1995; Bıçakçı
et al. 2012; Boz, Hager 2013; 2014; Büyükkaraka-
ya 2019; Erdal 2015; Özbasaran 2012; Öztan 2012;
Lichter 2016; Bori≤ 2015), western Anatolia is less
known.

For north-west Anatolia, our information comes
mainly from the Marmara region. During the mid-
dle of the 7th millennium BC, at Barcın Höyük VI
(6600–5900 cal BC), adults were buried in court-
yards while infants were buried in abandoned hou-
ses (Roodenberg et al. 2013; Özbal, Gerritsen 2019).
At Aktopraklık, bodies are flexed and buried under
the house floors in the Late Neolithic (6400– 6235
cal BC) layers. The emergence of cemeteries starts
in the first half of the 6th millennium at the Early
Chalcolithic level (5736–5635 cal BC) at Aktoprak-
lık C in the abandoned settlement (Karul, Avcı 2013;
Lichter 2016.72). Also, at Ilıpınar X/IX, most of the
Late Neolithic and Early Chalcolithic burials were
located in a non-residential area at around the first
half of the 6th millennium (Lichter 2016.72; Rooden-
berg 2008).

In contrast, western Anatolia has revealed very lit-
tle information to set a pattern of burial customs
and related ritual activities during that period. For
example, at Ulucak only a small number of infants
have been found buried in the settlement during the

Fig. 8. Illustration of an adult male (Indv. 7), the
arms and hands positions suggesting binding (il-
lustration by Begona Rodriguez).

3 The process of Neolithization developed in different regions with different dynamics and different processes. Neolithization and
subsequent changes in material culture in the excavated settlements in coastal west and northwest Anatolia have led some resear-
chers to propose a different chronology and terminology for this region (for detail see Erdogu, Çevik 2020). Comparative chro-
nology between sites and regions is provided in Table 3.
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within settlements (Stratton et al. 2018.1). They
are generally grouped into two body positions –
flexed burials and extended supine burials (i.e. Cer-
nia, Muntenia). According to Du∏an Bori≤ (2015) the
latter is a continuation of the local Mesolithic bur-
ial customs in the region. The flexed body position
was a new way of burying the dead in the region
and is considered to originate from the Near East
(Bori≤ 2015). There are also different ways of deal-
ing with dead bodies and burials in Balkan prehis-
tory. These forms of burials mostly consist of frag-
mented bodies, recombination/hybrid burials, or the
replacement of body parts with an object and remo-
ving body parts and other forms (Chapman 2010;
Chapman et al. 2014). Ditch burials are another
type of burial, which are off-site burials from the
eastern Balkans, such as at Nova Nadezhda (Bacva-
rov et al. 2016). During the Neolithic in Greece,
single or multiple simple pit burials were common
with some variety such as cremations and pot buri-
als (Fowler 2004; Chapman et al. 2014). Diversity
in mortuary behaviours was also traced in the Neo-
lithic of central Europe (for details see Hoffmann,
Orschiedt 2014).

Towards the late 6th millennium (5400–5000 cal
BC) and early 5th millennium, extramural cemeter-
ies emerged in the eastern Balkans in settlements
such as Durankulak (c. 5000–4500 BC) and Cerni-
ca (5355–5215 cal BC) (Stratton et al. 2018.23).
This change in the way of disposition of the dead
away from the settlements was interpreted as “po-
tentially significant new relations between the li-
ving and the dead” (Bori≤ 2015; Nikolov 2011; Stra-
tton et al. 2018.2). On the other hand, diversity in
the treatment of the dead continued throughout the
Neolithic and Chalcolithic in the Balkans (Chapman
et al. 2014).

This diversity in the treatment of the dead in the 6th

millennium extended to another type of ritual acti-
vity. Some human remains were found within ritual
places related to pits in the eastern Balkans. For in-
stance, more than 20 off-settlement ritual areas in
eastern Bulgaria have been reinterpreted as pit sanc-
tuaries throughout the 6th millennium at sites such
as Volaga-Ohaden, Dana Bunar 2, Kapitan Andreevo,
and Voden (Nikolov 2011; Bacarov, Gorczyk 2017).
These off-settlement places consist of many irregu-
lar-shaped dug-out features and pits with filled frag-
mented material including grinding stones, animal
bones, etc., and closed by a cairn of stones. Among
many of these ritual pits, only a small number in-
clude human remains such as four single inhuma-

Fig. 9. Illustration of the bodies in order in the pit
(by Begona Rodriguez).

first half of the 7th millennium (Çevik, Abay 2016.
12; Çevik 2019.223), while sites like Yesilova and
Ege Gübre have no information on the ways of dis-
posing of human remains in the studied period.

During the Early (the first half of the 6th millennium)
and Middle Neolithic (the second half of the 6th mil-
lennium) in the Balkans, burials are rare and found
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tions at early Neolithic Volaga-Oha-
den (first half of the 6th millenni-
um), five inhumations were found
in Krum and two isolated skulls
placed vertically in pits at Dana Bu-
nar 2 and Usae in the second half of
the 6th millennium (5400–5000 BC)
(Nikolov 2011; Bacarov, Gorczyk
2017). Pit use is interpreted in var-
ious ways, for example, Vasil Niko-
lov (2011) interpreted 110 small cy-
lindric pits around a big pit at Dana
Bunar, as a place for ceremonial ac-
tivities where sacrificial food along
with fire was offered to the Mother-
Goddess. John Chapman (2010) sug-
gests that pit use could indicate how
ritual behaviours produce social
meaning or beliefs, whereas Krum
Bacvarov and John Gorczyk (2017.
439–440), relate pit use as a way of
creating a bond with a socio-culturally important
landscape.

In terms of the burial practices of Ugurlu, no burials
have been found up to this date within the settle-
ment, neither in Phase IV nor Phase III. However,
this could be a sign of non-residential burial areas,
as in western Anatolia and the Balkans, which makes
it challenging to place pit 188, whether as part of
the burial customs in earlier levels or a part of the
changes at the site during the transitional period
along with other changes in material culture and
the settlement plan. Among these changes, pit con-
struction starts to appear at Ugurlu in the first half
of the 6th millennium and continue in the second
half of the millennium as in the Balkans.

Cansu Karamurat and colleagues (2021.8), argue
that the emergence of pits at Ugurlu probably start-
ed with building closure rituals in Phase IV repre-
sented by three pits. During Phase III, pit rituals
seem to be repeated more regularly and are concen-
trated in the communal area. Based on the findings
from the 37 pits with their fragmented material con-
tents, the locations and marking stones for each pit
seem to have significance and are interpreted as pla-
ces for social negotiations (Karamurat et al. 2021.
15). Among these pits, three pits in Phase III in-
clude a few pieces of human remains along with
other fragmented materials. This behaviour of frag-
menting and circulating items is possibly part of the
same rituals which served people’s enchainment to
the place and perhaps to a particular group. Frag-

mentation and circulation of pieces of items and bo-
dies are common practices in many societies through-
out Near Eastern and Balkan prehistory, and are ge-
nerally associated with transforming bodies and so-
cial identities, gaining power, claiming places, nego-
tiating relations in the societies and a bond between
past and present (Chapman et al. 2014; Glencross,
Boz 2016; Bloch, Parry 1982; Metcalf, Huntington
1991; Kuijt 2008; Karamurat 2013).

Pit 188 was constructed during the second half of
the 6th millennium (5389–5310 cal BC) which in
many ways is similar to other pits at Ugurlu yet dif-
fers somewhat by its differentiating properties, es-
pecially the presence of articulated whole human
bodies. Can we place this pit within the general pit
rituals at the site, or could other motivations ex-
plain the contents of the pit and the reason for its
construction? Even though it is difficult to give a
straight answer given the nature of the archaeologi-
cal record, this pit with 11 human bodies could have
been more than just another variation of human dis-
posal within a region with a wide variety in terms
of mortuary practice.

In the following parts of the text, the other possibi-
lities of the motivations for this pit will be discussed.

A consequence of an epidemic
The depositional structure of the pit contents seems
to represent a single, if not two, depositional episo-
des. General carelessness in depositing the bodies
raises the question of whether these people died of

Fig. 10. Intertwined extremities of different individuals with no
fill between them indicating simultaneous disposal of the bodies.
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an acute illness. The expected mortality profile for
the rapid death from disease should be similar to
the living population, with a representation of all
age groups with a higher proportion of infants, chil-
dren, and the elderly (Margerison, Knüsel 2002).
The presence of different age groups, including
young children, adolescents, and adults, and the re-
presentation of both sexes in the Ugurlu pit make
it plausible for a deadly disease to be an alterna-
tive cause of this deposition. The paleopathological
analysis did not show any lesions on the bones, in-
dicating that none of the individuals suffered from
long-term disease, but this in no way diminishes the
possibility of acute illness being the cause of death
due to the fact that acute diseases do not show any
traces on the surface of bones in a short period.
Nevertheless, the indications of possible bindings
of at least three individuals raises doubts about the
acute disease scenario, since such binding requires
close contact with sick, dead bodies. Why would
they tie up the sick bodies instead of quickly getting
rid of them? Moreover, the presence of some arte-
facts (i.e. animal parts, the layer of ash, and grind-
ing stones) indicates this was not a case of the quick
deposition of sick, dead bodies, as they were most
likely to be related to rituals.

Victims of murder or ritual sacrifice
The composition of the pit, what seems to be the ca-
reless body positions of some individuals, and the
indication of tied hands and legs of some other in-

dividuals, makes the case intriguing. Could the mo-
tivation for the construction of the pit and its depo-
sition be a result of some sort of sacrificial killing or
other types of destruction of one group within the
community or outsiders? The existence of aggressive
behaviours has been documented from various pre-
historic sites spanning the Early Neolithic to Chalco-
lithic. Some of the cases were interpreted as victims
of prehistoric warfare, as in Halberstadt dated to c.
5600–4900 cal BC (Meyer et al. 2018), or the mas-
sacre of local people by invaders, as in the case of
Talheim in the early Neolithic (Wahl, Trautmann
2012). Here we can also note Asparn-Schlets in Au-
stria (Teshler-Nicola et al. 1999), Potocani in Croa-
tia (Novak et al. 2021), and Els Traocks in the Spa-
nish Pyrenees, where Early Neolithic farmers were
massacred, possibly over resources (Alt et al. 2020).

In the case of Ugurlu, the lack of weaponry within
the pit and the demographic composition of the
group differs from that of war victims, where young
and middle-aged males are predominant, although
females and children are present in cases of attacks
on a settlement (Wahl, Trautmann 2012). Analysis
of the bones in pit 188 showed no fractures related
to blunt force trauma or cut marks on the skull bones
or the other bones of the skeletons. On the other
hand, fresh bone breaks were detected on some
bones, especially on the long bones of certain indi-
viduals (Fig. 3). The presence of heavy stones di-
rectly on top of some of these fractures indicates that

Date (cal BC)
Northwestern-

Sites Greece Balkans Sites
West Anatolia

c. 7000–6800 Epi-paleolithic Final Mesolithic

c. 6800–6500 Initial Neolithic
Barcın, Ulucak

Initial Neolithic
Uğurlu

Barcın, Aktopraklık
c. 6500–6000\5900 Early Neolithic Ulucak, Uğurlu Early Neolithic

Ege Gübre, Yeşilova

c. 6000–5700\5500 Late Neolithic
Ulucak, Uğurlu

Middle Neolithic Volaga-Ohaden
Ege Gübre, Yeşilova

c. 5700–5400\4900 Early Chalcolithic
Aktopraklık

Middle Neolithic
Early Neolithic

Volaga-Ohaden
Ilıpınar, Uğurlu (Star;evo)

Middle – Late
Durankulak

c. 5400–4600\4200
Middle

Uğurlu Late Neolithic Neolithic
Cernica, Dana

Chalcolithic
(Vin;a A, B)

Bunar 2,Usae
Krum

c. 4600-4200 Final Neolithic
Chalcolithic

Durankulak
(Vin;a C, D)

Tab. 3. Absolute and relative chronologies between the region and sites used for comparison. The compa-
rative framework is mainly based on Çevik and Abay (2016), Erdoggu and Çevik (2020), Tomkins (2007),
Demoule and Perles (1999), Radivojevi≤ and Roberts (2021), Sampson (2018), Tsirtsoni (2018), Krauss
(2011), and Blum et al. (2014).



Başak Boz

254

these particular fractures may have been the result of
the weight of the stones, and they were thrown/
placed when these bodies were still fleshed. The
ability of the bones to retain the flexible collagen
matrix after a certain time and the general frag-
mented condition of bones make it difficult to as-
sess if any of these fresh bone fractures were peri-
mortem or early post-mortem taphonomic fractures
(i.e. after death but still fleshed). The fractures that
occur at the time in between the fresh bone and
complete dry bone tend to show varying degrees of
perimortem fracture characteristics (Wieberg et al.
2008). For this reason, it is not possible to use these
fractures to argue for either the presence or absence
of violence. Besides, the difficulty of finding the in-
tent of observed injuries is a generally accepted issue
(Schulting, Fibiger 2012.12). On the other hand,
typical battle-related injuries such as skull (includ-
ing face) trauma, since this is often the main target
for interpersonal/intergroup violence, traumas on
ribs and scapulae, or defence injuries to the fore-
arms and hands were not observed on the bones.

Another possible explanation for the human depo-
sition is a ritual sacrifice, however recognizing a sa-
crificial event and distinguishing it from other forms
of ritualized killing in the archaeological record can
be very difficult (Swartz 2017.224). Swartz summa-
rizes possible indications of sacrifice in an archaeo-
logical context. Analysis of architectural and strati-
graphic context, repetition of the behaviour, devia-
tions from normative human and animal deposi-
tions, and signs of violent death are some of the in-
dications for sacrifice (Swarzt 2017.228). Localities
can be also important signs for sacrificial purposes
if the bodies were placed in a different location than
usual burial places. If the case is a retainer sacrifice
then it can be identified through the positions of bo-
dies, as the person who the others were sacrificed
for will have a specific body position and sophisti-
cated grave goods, while the others will have dis-
respectful modes of disposition (Chenal et al. 2015).

In the case of Ugurlu, pit 188 was located in the
courtyard of the communal building along with
other pits. This location seems to be special, al-
though this does not entirely differentiate this pit
from the others. This is also true for the pit con-
struction and some of the inclusions. The specific
structure of the pit in terms of lining with plaster,
closing and sealing by stones, placing ‘marking sto-
nes’, the inclusion of fragmented artefacts, and the
ubiquitous presence of animal bones are the shared
features of almost all pits. Therefore, based on con-

struction specifications and contents other than the
human remains, pit 188 seems to represent some of
the common ritual behaviours related to pits.

The presence of a distinct artefact could be a sign of
a sacrificial act such as an altar, a specific ornament,
or animal parts that might have been used during
ritual behaviour (Swartz 2017). For example, an im-
ported pink stone slab was found in the Skull Buil-
ding at Çayönü Tepesi (southeast Turkey) which
contained human and animal blood (Özdogan 2007;
Croucher 2010). Pit 188 contains some fleshed parts
of animals, specifically the upper legs and arms of
two young calves, which is the only case within 37
pits at Ugurlu. Three small lumps of red ochre, a
thin layer of sterile grey ash deposit, and broken
grinding stones are also distinct depositions that
could be remnants of offerings in pit 188. In terms
of specific ornaments, none of the individuals had
grave goods directly associated with the bodies, in-
cluding the adult male (Indv. 4) in the centre, whose
body was in a tightly flexed position as opposed to
the other individuals with aberrant positions. It is
unclear if the objects found in the fill were part of
ritual activities and placed intentionally, or if they
arrived there through accidental intrusion, as none
of the artefacts were directly associated with the bod-
ies.

Philippe Lefranc and colleagues (2010; see also
Schmitt, Déderix 2018), in a literature review, ag-
reed that ‘accompanying dead’ seem to be wide-
spread in the Late Neolithic Upper Rhine region (see
also Testart 2010). However, it is difficult to con-
clude that this is a common or ordinary way of dis-
posing of the dead, since this type of burial has only
been found in small numbers. Because of the vari-
ety of different modes of disposal of the dead, in-
cluding ‘non-normative’ body positions accompa-
nied by grave goods, Lefranc and colleagues (2010)
indicate that some of these disposals might have
had other social implications than sacrifices for a
high-status individual. An example from the late
Neolithic site Bergheim in Colmar/France reveals a
case where at least 14 individuals’ body parts were
scattered within the pit and showed various modifi-
cations, i.e. amputation, cuttings some limbs, and
some traces of violence (Chenal et al. 2015). Fanny
Chenal and colleagues (O.c.1322), suggest that these
individuals were sacrificed to accompany a privi-
leged individual. Another example is from the Diden-
heim region in Alsace, where a man was accompa-
nied by one adult and two children (Testart et al.
2010).
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Traces of violence on human and/or animal bones
are other indications of a sacrificial event if confirm-
ed that they were not caused by warfare or murder
(Swartz 2017.229). As explained earlier, there are
no observable fractures that could be directly relat-
ed to violence on the Ugurlu human remains (i.e.
cranial blunt force trauma, cut marks on bones).
Nonetheless, killing a person or an animal does not
have to leave marks on bones. For example, heart
extraction, throat-slitting, and decapitation were
modes of sacrifice for the victims in Mesoamerica
and Andes (Swartz 2017.232).

Despite the lack of observable evidence of violence
on bones, the presence of an adult male tightly
bound in the middle (Indv. 4) whose body was ap-
parently carefully placed as opposed to the other
ten bodies, along with some special deposition (i.e.
a layer of ash, ochre lumps) raises the possibility
that the others might have been sacrificed for the
individual in the centre.

Conclusion

The first proper human body deposition (except for
a few fragments of human bone) has been found at
Ugurlu, and has the potential to give insight into
the ritual behaviours of the inhabitants of the is-
land. Taking all the evidence together, pit 188 stands
out as part of the pit ritual practice. However, the pit
deviates from others by its inclusion of people with
a variety of positions (side, at the back, and face
down), including bodies with haphazard body posi-
tions, one individual separated into half and three
bound bodies, which makes interpretation a chal-
lenge. The nature of this deposition within the wider
pit tradition context at Ugurlu indicates a symbolic
act, but the impetus and motives behind this specif-
ic pit are difficult to interpret with certainty. Consi-
dering the possibilities based on contextual evi-
dence and information from other sites, ritual killing
is certainly one possibility and may have been a re-
gular practice at Ugurlu among the inhabitants dur-
ing the 6th millennium, as also seen in the Balkans
(see Chanel et al. 2015; Testart et al. 2010). If these
ten people were killed to accompany the individual
in the middle whose body was laid out intentional-
ly, as Alain Testart and colleagues (O.c.) suggest, it
may indicate a hierarchy within the society and its
continuity to the world of the dead. However, Te-
start offers another possibility of social relegation of
the status of these people by burying them in uncon-
ventional positions. Nonetheless, some of the accept-
ed indications of ritualistic purpose can change

meaning in different circumstances and in different
communities. For some, dedication to underground
or above ground forces, for a rebirth/renewal of
anything, seasonal transitions, rain, fertility, power
relations or to eliminate something bad or improve
what exists, may all have been factors, but overall,
they seem to have been for the same greater pur-
pose of community cohesion.

The phenomena were practiced in central and east
Europe at around 4500 BC and going south at
around 3500 BC (Testart et al. 2010), which sug-
gests that this cultural behaviour travelled from the
northeast to west and south (Chanel et al. 2010; Te-
start et al. 2010). Nonetheless, Ugurlu’s earlier exam-
ple with the date 5300 cal BC raises another ques-
tion of the origins of this type of practice of human
disposal. Further findings will provide more insight
into the burial practices and ritualistic behaviours of
the inhabitants of Ugurlu and their relation to other
settlements around the region.
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Introduction

Linear Pottery culture (hereinafter LPC) played a
key role in the Neolithization of Central Europe. It
is a period of the early Neolithic farming communi-
ties, and is dated between the middle 6th and the
second half of the 5th millennium BC (Manning et
al. 2014).

Not much attention has been paid to the topic of
cremation burials of the LPC in Central Europe so
far, perhaps except for the study by Edith Hoffmann
(1973). The main reason was the previously small

number of LPC graves found in the burial context.
The situation was changed by the discovery of the
biritual burial grounds in Kleinhadersdorf, Austria
(Neugebauer-Maresch, Lenneis 2015) and Kralice
na Hané, Moravia (πmíd 2006; 2012), and of the
cremation cemetery in Modłniczka, Little Poland
(Czekaj-Zastawny, Przybyła 2012).

The last person to deal with the analysis of the be-
ginnings of cremation from the Mesolithic to the
Early Neolithic with a focus on the LPC culture with-
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burials has increased significantly in the last two
decades. In Europe approximately 22 sites are re-
corded, which seems to be a small number in com-
parison to more than 200 sites of Mesolithic inhuma-
tion graves with more than 2100 individuals (Grün-
berg 2000.I, 51–54, 170, 171; 2008.40, 54; Gray Jo-
nes 2017.Fig. 2.1; Little et al. 2017.Tab. 2). Specific
features of burial rituals associated with Mesolithic
cremations include, for instance, collecting or clean-
ing of bones before the burial (e.g., Hammelev, Gøn-
gehusvej 7 – grave Æ) or, on the other hand, the cu-
stom when bones were not completely collected
from the funeral pyre (e.g., Hermitage – pits A and
B, Gøngehusvej 7 – grave N, Oirshchit V, Coswig,
Rotterdam, Heffingen?, la Chaussée-Tirancourt; see
Gray Jones 2017.Tab. 2.1). The research is focusing
on various methods of depositing the bodily re-
mains in the ground (Fahlander 2012; Gray Jones
2017.41–45) as well as on interpretation of the va-
riability in the number and typological composition
of grave goods to confirm their active role in the bu-
rial ritual (Little et al. 2017.235–236). Within Cen-
tral Europe, cremation in the Mesolithic was dis-
covered in Poland and in the territory of the great
Danube Bend on the border between Serbia and Ro-
mania (the region of the Iron Gate). In Poland, this
includes the cremation of an adult male(?) in a shal-
low pit on the Wieliszew VII site and the cremation
of several individuals (at least one child and other
individuals) in a dwelling at the Pomorsko 1 settle-
ment (Sulgostowska 2006.196). Intentionally burn-
ed human skeletons were recorded in four Mesoli-
thic graves at Mszano 14, which the author consid-
ers to be evidence of a combination of cremation
and inhumation (Marciniak 1993.7).

In the Iron Gate region at the site of Vlasac, 18 con-
texts with burned human remains were examined
between 1970 and 1971, and the number of docu-
mented cremations increased further between 2006
and 2007, when seven more cremation graves and
at least six secondary cremations were found in ske-
letal graves (Bori≤ et al. 2009.247–282; 2014.14,
20, Tab. 3). The phenomenon of secondary crema-
tion consisted of disarticulation of some parts of the
skeleton and their tanning/burning, while other
parts of the skeleton remained without cremation
(Bori≤ et al. 2009.257). The secondary cremation
on the site was characteristic of the Late Mesolithic
and had the purification aim to prepare the spot for
a new grave (Bori≤ et al. 2009.272, 273). This habit

in the wide territory of Europe was Agnieszka Gil-
Drozd (2011), a decade ago. Therefore, the present
study attempts to fill in this gap and utilize new
data and information which have been added to
the study of the topic. The concept of cremation
within the presented archaeological material is used
to indicate the burial rite, i.e. method of burial of
a dead individual. According to Howard Williams
(2004.Tab. 1) and Lise Harvig (2015) cremation can
be defined as the use of fire to dispose of a body
(burying a dead individual’s body), i.e. it is a process
in which the dead body was partly or completely
burned.

For the analysis, we selected two examples (burial
grounds), which in the current state of research
seem to be the most suitable for using the method
of correspondence analysis11 (CA). CA (Greenacre
2007) works on a presence/absence basis. It does
not consider the number of items in any individual
grave. To qualify for the analysis, each object and
variable must be represented twice (each burial
must contain two or more grave good types; each
grave good type must occur in two or more buri-
als). For both selected sites a catalogue of burials
and grave goods was available. Besides aspects about
the body (sex and age), we recorded the grave goods
associated with the burial (number and type of
grave goods in each burial). We were looking for po-
tential patterns between the grave goods themsel-
ves, and by adding in further information such as
age and sex, we were able to see if these variables
explain the variation seen in the dataset.

We intend to find out whether the obtained terrain
information or the state of cemeteries itself, is suit-
able for this type of analysis and what results can
be expected. We will study the place in which the
cremation burials are situated, who was buried in
them and what grave goods were added to the indi-
viduals’ graves. We want to know what it says about
the buried individual, and if the burial method re-
flects the deceased person’s social identity.

Historical context of cremation in hunter-ga-
therer society

Fire has been part of prehistoric burial rituals since
the Mesolithic, with its cleansing but also destructive
power (Gray Jones 2017; Larsson, Nilsson Stutz
2014). The number of known Mesolithic cremation

1 Correspondence Analyses was carried out using the PAST software (version 4.05 online on: https://www.nhm.uio.no/english/rese
arch/infrastructure/past/) (Hammer et al. 2001).

https://www.nhm.uio.no/english/research/infrastructure/past/
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persisted until the transitional period of Mesolithic-
Neolithic dating in the region between 6200–5900
BC (Bori≤ et al. 2014.20, 25).

All in all, the Mesolithic cremations in Europe pro-
vide clear evidence that hunter-gatherers knew and
used cremation as a method of disposal of human
bodies. It is also obvious that cremation of the dead
as well as depositing utility artefacts/tools on the
pyre or in the grave were important aspects of the
ritual behaviour of communities (Lenneis 2007).
Some actions were undoubtedly associated with co-
oking or a funeral feast. We can conclude that the ri-
tual depositing of cremated remains together with
grave goods at a previously decided place was a cha-
racteristic feature of prehistoric life before the start
of the Neolithic. It is also true that cremation was not
the only burial practice at Mesolithic burial grounds
(sites), but was closely associated with inhumation
or another form of burial customs (Bori≤ et al. 2014,
20; Gray Jones 2017; Little et al. 2017).

Evidence of biological interaction between incoming
farmers and local hunter-gatherers during the ear-
liest stages of the arrival of farming in Neolithic Cen-
tral Europe (the formative LPC phase) has also re-
cently been proved based on bioarchaeological ana-
lysis of the remains of the interred at Brunn 2 site
of the Brunn am Gebirge-Wolfholz complex, one of
the oldest LPC sites (Nikitin et al. 2019). Further-
more, prior studies also found a limited presence of
hunters-gatherers in the DNA of the LPC population
(e.g., Shennan 2018; Lipson et al. 2017; Szécsényi-
Nagy et al. 2015; Haak et al. 2010).

On the other hand, cremation was not often prac-
tised in the Starevo-Körös-Cris culture, which was
the likely ancestor of the LPC in Europe (Bánffy et
al. 2007). The oldest incineration grave is M7 from
the settlement Gura Baciului (Star≠evo-Cris culture)
(Vlassa 1968.371–379). Until now, it is the only cer-
tain discovery for the Carpathian-Danubian Early
and Middle Neolithic (Gligor, Băcuet-Crisan 2014.
50). The find is unique not only for the peculiarity of
the cremation grave in the given timeframe, but also
for its position between the fragments of the house
debris (complex P24), which relates to rituals com-
mitted to the priests of the time. The finding of a mo-
numental stone head (stela) covering the burial em-
phasises the cult’s supremacy (Lazarovici, Lazarovi-
ci 2006.107, Fig. 6). Another discovery that demon-
strates the Körös culture’s use of cremation is like-
wise cultic in nature. It was discovered in a second-
ary location on the outskirts of the tell Hódmezvásár-

hely-Gorzsa I (Kovács-tanya). The lower part of an
anthropomorphic container called the ‘Venus of Gor-
zsa’ contained evidence of charred skull fragments
and grain (Gazdapusztai 1957.12, Tabs. I.3, II). Cal-
cined bone fragments belonged to the skull of a 60-
year-old male (Paluch 2012.182; Farkas 2005.13).

Linear Pottery culture burial practices

The LPC demonstrates the diversity of funeral cus-
toms. Generally left-sided crouched inhumations do-
minate, right-sided crouched positions, cremations,
double graves, prone and supine positions are recur-
rent; partial burials, disarticulated bodies, cenotaphs,
and post-mortem manipulations are also document-
ed. In addition, cemeteries and burials in settlements
coexist in most areas (Pechtl, Hofmann 2013; Bic-
kle, Whittle 2013.46–48, 57–58, 107–114, 168–170;
Hofmann, Orschiedt 2015; Zeeb-Lanz, Haack 2016).

With regard to documented burials in Central Eu-
rope, inhumations with crouched bodies lying main-
ly on their left sides prevailed (Lichter 2003.139; Ka-
licz, Makkay 1977; Oross, Marton 2012. 282–291).
Burial districts/areas are first recorded in the Late
LPC, e.g., in Austria, Kleinhadersdorf (Neugebauer-
Maresch, Lenneis 2015) and in Slovakia, Nitra-Prie-
myslová ulica (Pavúk 1972). The proximity of bur-
ial grounds to settled areas, like in western Europe,
e.g., in Elsloo, the Netherlands (Moddermann 1970)
or in Arnoldsweiler, Germany (Cziesla, Ibeling 2014.
125–150) is also confirmed. In Vedrovice, Moravia,
dated to LPC I and LPC II, graves were located at a
separate burial ground as well as in the residential
area (Podborský 2002.9–21; Pettitt, Hedges 2008).
The biritual burial ground Kralice na Hané, Moravia,
was also situated near the contemporary settlement
(πmíd 2012.14–15).

The dead buried in the residential area near houses
were either in graves or settlement pits, e.g., in Slo-
vakia – πtúrovo (Pavúk 1994.94–99); Hurbanovo-
Bohatá (Březinová, Pa∫inová 2011.168–171), in
Moravia – Ωádovice (∞i∫mář, Geislerová 1997); Br-
no-Bohunice (Do≠kalová, ∞i∫mář 2008.43); in Hun-
gary – Balatonszárszó-Kis-erdei-dőlő (Marton 2008.
197–198; Kreiter et al. 2017.113); Harta-Gátőrház
(Kustár et al. 2014.31–33); Füzesabony-Gubakút (Al-
föld/eastern LPC; Kalicz, Koós 1997; Bickle, Whit-
tle 2013.64–66); Mezőkövesd-Mocsolyás (Szatmár II
group/Alföld LPC; Raczky et al. 1997.28–33; Ka-
licz, Koós 2014.65–69); in Poland – Miechowice 4,
Brześ≤ Kujawski 3 (Grygiel 2004); Ludwinowo 7
(Czerniak, Kabaciński 2004.154–155); Stary Za-
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mek (Kulczycka-Leciejewiczowa, Romanow 1985.
45–47). A burial directly connected with a house
(foundations) has been confirmed in Little Poland
(Kulczycka-Leciejewiczowa 2008.176) and in Slo-
vakia (Bátora 1999).

Daniela Hoffman (2009.230–232) concluded that
in both such cases it is a regular burial act, and thus
that burials within settlements do not mean any ex-
ceptional burial tradition (Sonderbestattung in Ger-
man), and this also undoubtedly applies to Central
Europe. For instance, in Slovakia, the study of Mi-
chaela Niklová (2014) revealed that LPC burials at
settlements became a fixed feature of funeral cus-
toms and are one of the hallmarks of this period.

In Germany, mass burials probably caused by vio-
lent conflicts (Talheim near Stuttgart, Wahl, Traut-
mann 2012; Schöcken-Killianstädten near Frank-
furt, Meyer et al. 2015) and cases of post-mortem
manipulation (e.g., Herxheim in southwestern Ger-
many; Zeeb-Lanz 2019) have been discovered. In
Central Europe, we can find some parallels too. Clear
evidence for severe inter-personal violence was
documented in Lower Austria (Asparn/Schletz; Tesch-
ler-Nicola 2012). Secondary manipulation with re-
mains has been discovered at the site of Bicske-Ga-
lagonyás (Makkay et al. 1996.20, 21, Fig. 6) in Hun-
gary, where re-depositing of the upper left limb (fe-
mur, tibia, fibula) in the anatomic position beyond
the head (without fingers) shortly after placing the
dead in grave 1 occurred (end of LPC/Sopot-Bicske).
Post-mortem manipulation was also confirmed by a
newly discovered LPC site in south-west Slovakia –
Vráble, where ‘regular’ burials with the deceased in
a crouched position were placed on either side of
the large outer ditch within the settlement (Müller-
Scheeßel et al. 2021.66–69, Fig. 2). Besides that, the
second category of mortuary treatment (‘irregular’
burial type) was represented here by three headless
individuals (Müller-Scheeßel et al. 2021.69, 70; Fig.
3.1, 2, 5), who were each placed in an extended po-
sition at the bottom of the outer ditch. These buried
individuals show clear signs of post-mortem manipu-
lation, the skulls were removed during the decompo-
sition process. Possible open-air staging of the dead
for a certain period presents a burial ritual not pre-
viously taken into consideration for the LPC. Such a
practice could explain seemingly disturbed burials
found also elsewhere (Müller-Scheeßel et al. 2021.
74, 80).

As for the grave goods of the buried LPC individuals
in Central Europe, older graves usually did not con-

tain any goods (e.g., LPC graves at the burial ground
in Balatonszárszó – Kis-erdei-dőlő: Oross, Marton
2012.263), while the Late LPC graves or the Ωelie-
zovce group graves included burials with above-
average grave goods: e.g., in Budapest-Nagytétény
(Gallus 1936), Budakeszi-Szőlőskert (Czene, Otto-
manyi 2007; Czene 2008) and Baj≠-Medzi kanálmi
(Cheben 2000.72, Abb. 11.1, 12, 13). In general, we
can state that graves without goods make up more
than half of the known burials (Veit 1996.Tab. 4).
We can use the cemetery in Nitra-Priemyslová ulica
(Slovakia) as an example, where burials without
grave goods made up as much as 62.2% of all gra-
ves (Peschel 1992.176).

Cremation in the LPC
Finds from the LPC contributed profoundly to the
study of cremation graves and the beginnings of the
cremation burial rite (Gil-Drozd 2011.11). As early
as the beginning of the 20th century, the first biri-
tual burial ground of the LPC was discovered in Arn-
stadt, Germany (Hoffmann 1973.71). The twelve
cremations discovered here, besides ten inhuma-
tions, represented the first case of a previously un-
known method of depositing burned remains in
small heaps and then covering them with vessels
placed with their bottoms up. Other continuously
appearing rather large biritual burial grounds of
the LPC in the territory of Germany (Aiterhofen-Öd-
mühle: 69 cremations and 159 inhumations; Wan-
dersleben-Gotha: 132 cremations and 179 inhuma-
tions; Stephansposching: 31 cremations and 10 inhu-
mations) and the Netherlands (Elsloo: 47 cremations
and 66 inhumations) allowed wider considerations
of the burial rites of the population. Christine Pe-
schel (1992), for instance, found out that cremation
burials at most biritual burial grounds contain few-
er grave goods. However, differences between indi-
viduals of different genders or ages were not noti-
ceable. Based on the analysis of the burials, Peschel
(1992.199) formed a hypothesis that individuals
with lower social status were cremated, while the
richer social class had full-body burials.

Norbert Nieszery (1995.17, 18, 43, 44) was among
the first who suggested that cremation was the do-
minant form of burial in the Neolithic. He compar-
ed the number of uncovered graves with the cove-
rage of LPC settlements and concluded that only
around a fifth of the population is buried in the bu-
rial grounds, as most of the shallower cremation bu-
rials were eroded and destroyed by farming activi-
ties.
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Iris Trautmann (2006.183, 185) presented some
important insights with regard to the genesis and
development of cremation in Europe. Based on the
analysis of burnt bone remains of the LPC in Ger-
many and their comparison with skeletal remains,
Trautmann concluded that practising various funer-
ary rites is a result of affiliation with different groups
of the population, i.e. Mesolithic hunters and gathe-
rers would often unite with a Neolithic population
that had newly arrived in an area, still retaining their
funerary traditions, in addition to the new customs
practiced by Neolithic communities.

Overall, we can conclude that biritual cemeteries
were once especially frequent in Central Germany,
Bavaria, and the Netherlands (Jeunesse 1997). From
a funerary perspective, while inhumations dominate,
they coexist side by side with recurrent cremations
in most areas. For example, the percentage of crema-
tion burials is the following at selected sites: Elsloo
42%, Wandersleben 42.44%, Niedermerz 9.73%,
Schwetzingen 4.45%, Fellbach-Oeffingen 7.27%, Ai-
terhofen 30.13%, Stephansposching 75.61%, Arn-
stadt 54.55%, Niederdorla 23.07% and so on (Mod-
derman 1970; Nieszery 1995; Jeunesse 1997; Cze-
kaj-Zastawny, Przybyła 2012.49, Fig. 31; Gerling
2012).

Moving to Central Europe (Fig. 1) the finds include
mostly separate cremation burials. In Bohemia, a cre-
mation burial of a five-to-six-year-old child, probably
a male, was uncovered in a construction pit of the
Late LPC near a longhouse in
Litice near Plzeň (Braun
2001; Pavlů, Zápotocká 2007.
83). Other cremation burials
are known from the Moravia
region. In the south-west part
of the settled area in Brno-
Starý Lískovec, a cremation
grave together with burned
animal bones was document-
ed (Do≠kalová, ∞i∫mář 2007.
34). In Prostějov-∞echůvky,
three cremation burials were
uncovered at the Kopaniny
site, probably from a larger
burial ground (πmíd 2011.
8). Cremated human remains
were also documented at the
LPC cemetery Vedrovice-πiro-
ká u lesa (Skutil 1941.28, 29).
Nevertheless, their condition
did not allow further analyses.

Fig. 1. Topographical map of the Central Europe region showing case
study sites with LPC cremation graves. Bohemia: 1 Litice; Moravia: 2 Br-
no-Starý Lískovec; 3 Kralice na Hané; 4 Prostějov-∞echůvky; 5 Vedrovice-
πiroká u lesa; Poland: 6 Gródek Nadbużny; 7 Modłniczka, site 2; 8 Zwię-
czyca 3; Slovakia: 9 Nitra–Priemyslová ulica; Austria: 10 Kleinhadersdorf.

In Poland, a cremation burial of probably the East-
ern LPC was discovered in Gródek Nadbużny in Lit-
tle Poland, where the grave itself was documented
by remains of burned bones, secondarily burned
pottery fragments (probably from two globular ves-
sels) and pieces of charcoal, arranged in and east-
west direction (Kempisty 1962.284, 285). A possible
LPC cremation burial (without finds, but near to a
LPC clay extraction pit) is mentioned at Zwięczyca
3 in south-eastern Poland (Debiec et al. 2014.107,
142), where pit No. 409 (31x30cm) contained the
burned remains of an adult individual (maturus, 35–
50 years old), probably a male.

In Slovakia, at the only LPC cemetery in Nitra–Pri-
emyslová ulica, in addition to 72 inhumation buri-
als of the Late LPC/Ωeliezovce group, at least eight
groups of burned human bones of adults as well as
children without preserved grave pits or associated
grave goods have been reported (Pavúk 1972.39,
69).

Reliable evidence of cremation comes from the LPC
cemetery in Kleinhadersdorf in Lower Austria, where
up to 100 burials are estimated. Among them, there
were 57 inhumations, 26 symbolic (empty) graves
and at least four cremations (Neugebauer-Maresch
1992.5–6; Neugebauer-Maresch, Lenneis 2015). Al-
together, seven graves with traces of burned bones
were found at the site. However, only four of them
(graves 37, 46, 54 and 82) were identified as crema-
tion burials (Neugebauer-Maresch, Lenneis 2015.
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Tab. 5). Most of the cremations were in the north-
ern (older) part of the cemetery, and one of them
(grave 37) in the southern (younger) part. Their dat-
ing falls into the Late LPC phase IIa (grave 54), or
Ωeliezovce group – LPC III (grave 37). An inhuma-
tion burial (grave 37a) was documented very close
to grave 37. Similarly, inhumation burial 55 was
located near to grave 54. The sizes and shapes of
grave pits were difficult to identify, but it is proba-
ble that they were approximately circular, with dia-
meters between 40 and 80cm. Grave 54 has larger
dimensions – 139x116cm – and thus exceeds this
range (Neugebauer-Maresch, Lenneis 2015.Tab. 5).
Grave goods were found only in two graves (37 and
54) and did not differ from grave goods in inhuma-
tion burials (Neugebauer-Maresch, Lenneis 2015.
Tab. 13). They consisted mainly of pottery, flakes,
adzes (grave 37) or a bone tool (grave 54). No other
pyre cremation remains (e.g., ashes, charcoals) have
been found. The remains of burned grave goods
were not stated.

The discovery of the biritual burial ground at the
site of Kralice na Hané (πmíd 2012) in Prostějov di-
strict, Moravia, brings a significant change in our
opinions on cremation in the LPC in Central Europe.
Of equal importance is the cremation burial ground
(39 graves) Modłniczka, site 2 in Little Poland (Cze-
kaj-Zastawny et al. 2011.53; Czekaj-Zastawny, Pr-
zybyła 2012). We deal with both cemeteries more
in detail below.

Example 1. Kralice na Hané (Moravia) – biritu-
al cemetery of the Late LPC

Kralice na Hané is located on the alluvial flat (214m
a.s.l.) of the Rom∫e flood plain in central Moravia,
in the region of Olomouc (πmíd 2012.10). During
the construction of the industrial zone of Prostějov
in Kralice na Hané, a large multi-phase settlement
was excavated in 2002–2012, including a LPC settle-
ment. On the northern edge of the LPC settlement, a
contemporary biritual cemetery (Fig. 2) was disco-
vered in 2005–2006. The results of the excavation
were published with detailed descriptions of find
contexts, a catalogue of graves and grave goods, an-
thropological analysis, etc. (πmíd 2012; Stránská
2012).

The burial ground was situated along the northern
edge of the LPC settlement. The cremation burials

were only 0.3–0.4m below the current terrain. The
estimated size of the cemetery is 1.8ha (dimensions:
300x60m). However, a considerable (central) part
was destroyed in the second half of the 15th cen-
tury because a pond was built, followed by the sub-
sequent modern cultivation of soil (πmíd 2012.15).
The excavated area of the cemetery makes up only
one-tenth of the burial site’s area. Seventy-eight gra-
ves in total were uncovered – there were 69 crema-
tions, eight inhumations and one empty grave pit,
as well as one burial of a child without the outlines
of the grave pit (πmíd 2012.9, 72, Obr. 5).

Dating of the cemetery
The older phase (stage LPC I–early II) of the ceme-
tery was characterized mainly by inhumation buri-
als of crouched individuals in rectangular to oval
grave pits. From the total of 30 cremations with
datable pottery, only three burials (graves 15/05;
20/05; 28/05) belonged to the older phase (LPC Ib,
I/II). A change in the funerary rite occurred in stage
LPC II (cremation was used exclusively from LPC
IIb on) – as many as 26 burials belonged in this pe-
riod (graves 1/05; HOPI 1/06; 6/05; 7/05; 9/05; 23/
05; 26/05; 30/05; 31/05; 32/05; 1/06; 4/06; 5/06; 6/
06; 7/06; 8/06; 11/06; 17/06; 18/06; 21/06; 22/06;
23/06; 24/06; 25/06; 26/06; 28/06). One grave (9/
06) was dated as the youngest (LPC IIc/III). Another
39 cremations were not suitable for dating (πmíd
2012.72–77).

Cremation graves2

Graves were detected on the level of topsoil and
subsoil (approx. 0.3m deep). Grave pits were made
up of clusters of burned small bones which were
mainly situated in bowl-shaped depressions whose
preserved depth varied from 2cm to max. 30cm. The
grave pits were mainly circular in shape, with a dia-
meter from 0.3m (13 examples), 0.4–0.5m (16 exam-
ples) or 0.52–0.7m (nine examples) to 0.74–0.9m
(seven examples). In 19 cases, the shape of the grave
pits was oval with the dimensions ranging from of
0.3x0.4m to 1.05x0.65m. Any association between
age, gender and size of the grave pit has not been
confirmed (πmíd 2012.108), e.g., in small pits with
a diameter of 0.3m children (graves 16/05; 22/05;
11/06) as well as adults (graves 4/05; 11/05; 28/
05; 26/06) were buried. Even a double burial (child
and adult) was identified in a pit with a smaller dia-
meter (grave 17/05). However, a young child (0.5–6
years old) in grave 18/06 was buried in a pit of 0.92x

2 In the book (πmíd 2012), we noticed slight differences between the catalogue and the analytical parts. Thus, we follow exclusively
the catalogue part when processing graves, their goods, dating and anthropological identification (πmíd 2012.19–60). Where our
results are identical and we adopt the previously discovered facts, we give the exact citation of the analytical part of this earlier
study.
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0.8m and an adult (grave 21/06) was deposited in a
pit of 1x0.6m.

Almost half of the remains weighed less than 10g
per burial (Stránská 2012.126). The surface colours
of the burnt bones were grey to a blue-grey, the ave-
rage temperature of burning reached approx. 550°C.
The examined remains suggest uneven cremation
depending mainly on the access of oxygen to indivi-
dual body parts (Stránská 2012.126, Tab. 2). A fu-
neral pyre was not discovered in the cemetery or its
immediate vicinity (πmíd 2012. 109).

Immature individuals were buried in 16 graves (In-
fans I-III, or Infans III-juvenis). A child together with
an adult was buried in two graves (3/05 and 17/05).

In 26 cases, adults were buried. Two in juvenis-
adultus age (grave 5/05 and 41/05), another two
were identified as adultus I–II (grave 25/05 and 42/
05), two others were older than 30 (grave 3/06 and
8/06), and the oldest individuals included one adult
in adultus II-maturus I age (grave 27/05) and male
adult in maturus I–II age (grave 30/05). Gender was
identified only in three cremation burials. A woman
was buried in grave 19/05, probably a man was de-
posited in grave 32/05, and the oldest individual was
a man in grave 30/05.

Two superpositions were also found in the ceme-
tery. In one case, inhumation burial 33/05 was in su-
perposition with cremation grave 30/05 (πmíd 2008.
251). Another superposition was detected in grave

Fig. 2. Kralice na Hané, Moravia. Biritual cemetery. Location of LPC graves: a cremation, b inhumation
(after πmíd 2012.Obr. 6). Colour-coded graves suitable for correspondence analysis (child – green; adult
– black).
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8/06, where a vessel dated to stage LPC IIb was in
the upper part of the ‘fill’ of the grave pit with a ves-
sel with archaic decoration at the bottom (LPC IIa),
i.e. it could be a disturbance of an older cremation
grave with a younger cremation grave (πmíd 2012.
105).

Grave goods
Fifteen (10%) of cremation burials did not contain
any grave goods. Nevertheless, many graves were
disturbed or very shallow (just below the topsoil/
subsoil), and thus it is very probable that grave
goods were richer and the ‘empty’ graves originally
contained something. Twenty (14%) cremations con-
tained exclusively pottery preserved mainly in frag-
ments. Vessels or their fragments were present in 45
graves (31%). Complete vessels were uncovered in
grave 8/06, where two vessels deposited with their
bottoms up were documented (πmíd 2012.49, Obr.
47), in grave 9/06, there were three vessels with
their bottoms up (πmíd 2012.51, Obr. 48). One com-
plete vessel (lying) occurred also in grave 21/06
(πmíd 2012.55, Obr. 53). Traces of fire were record-
ed also on most grave goods and vessels with tra-
ces of burning occurred also in inhumation burials
(grave 33/05 and 46/05).

Nineteen graves contained polished stone industry.
In 18 of them, children’s or adults’ adzes or their
parts were found. One exemplar was also discover-
ed in the double burial of a child and an adult 3/05.
In one grave of an adult individual (grave 27/05),
a complete stone hoe was found. Only seven adzes
were not damaged (in graves 4/5, 9/05, 24/05, 38/
05, 3/06, 21/06, 23/06), four others were perforat-
ed (in graves 1/05, 6/05, 45/05, 28/06) and other-
wise damaged – it is not clear whether they bear tra-
ces of intentionally damaging or a result of internal
tension caused by the high temperature of a pyre
(πmíd 2012.83).

Chipped stone industry (mainly silex blades and fla-
kes) was present in 10 burials in form of miniature
burned fragments of former tools. They were pre-
sent in children’s burials (grave 15/05, 1/06 HOPI),
but dominated mostly with adults or old men (gra-
ves 27/05, 30/05, 32/05, 4/06, 6/06). It was also
found in the grave 3/05 where a child was buried
together with an adult individual. In the other two
graves (26/05 and 9/06), it was not possible to iden-
tify the age or gender of the buried. As for the num-
ber of flakes in individual graves, most often there
was one example, with a maximum of three. Burial
30/05 with an older man (maturus I-II) was an ex-

ception to this, as 12 fragments of burned silex bla-
des were discovered among the cremation remains
(πmíd 2012.32, Obr. 26).

Grinding stones (without visible traces of modifica-
tion) were found in two graves (15/05 and 9/06);
their central (symbolic) position was obvious, as
other grave goods were arranged around them
(πmíd 2012.82).

In three graves (12/05, 15/05, 31/05) the remains
of bone (species: sheep/goat) pointed tools were
preserved. It was even possible to restore the bone
burin from grave 31/05 (πmíd 2012.Obr. 27.3). In
the other two cremation graves the remains of meaty
food (medial phalanx of sheep/goat with the child
in grave 1/06 HOPI; radial bone of a rabbit with the
adult in grave 27/05) were discovered (πmíd 2012.
Tab. 8).

Red pigment (hematite) was recorded in nine (6%)
cremation burials (graves 7/05, 8/05, 15/05, 23/5,
32/05, 41/05, 42/05, 1/06 HOPI, 6/06). It was found
in the form of lumps of several millimetres up to
3.5mm, and its occurrence in the cemetery was not
dependent on the age or gender of the buried indivi-
dual (πmíd 2012.84). In a single child grave 15/05,
a lump of raw graphite was confirmed (35mm long).

Correspondence analysis
Twenty-eight cremation burials with grave goods
(Fig. 2) met the relevant CA criteria. The plot (Fig. 3)
does not show significant deviations, and no notable
hidden data are visible. However, the graves with
mineral pigment show an interesting position. In to-
tal, lumps of red pigment were discovered in nine
cremation burials – eight of them (apart from grave
8/05) were analysed. Four burials of probably adult
individuals (graves 7/05, 23/05, 41/05, 42/05) with
hematite constitute a separate group, outside the
main cluster of burials. Nearby, burial 6/06 of ano-
ther adult individual with lumps of red pigment is
located. It appears that the inclusion of ochre in a
grave was based on a variable distinct to other choi-
ces of grave goods. Of course, it is worth emphasi-
sing that the CA, in this case, is based on a very
small sample number, but the lack of correspon-
dence between ochre covered burials and those with-
out is interesting, both in terms of those with grave
goods and without.

The remarkable proximity (and thus good correspon-
dence) of children’s graves 15/05, 31/05, 1/06 HOPI
and 18/06 is also interesting. There is also a double
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Example 2. Modłniczka 2 (Little Poland) – cre-
mation cemetery of the LPC

Site 2 in Modłniczka (238 m a.s.l.) is located in the
valley of the Wedonka River (a small tributary of the
Rudawa) in western Little Poland (Czekaj-Zastawny
et al. 2011.53). The cremation cemetery (39 buri-
als) was in a wet, seasonally watered part of the val-
ley (Czekaj-Zastawny, Przybyła 2012.Fig. 16; Cze-
kaj-Zastawny 2008). The burials were grouped on
about 70 acres in the eastern part of the site (Fig.
4), earlier occupied by a settlement of the Zofipole
phase. The graves did not form any bigger concen-
tration, but were rather clustered in several places
(Czekaj-Zastawny, Przybyła 2012.Fig. 2, Plan 1). A
few graves were dug into the ditch linked with the
early settlement. In 26 cases outlines of cremation
pits were visible, and the others were marked by
concentrations of artefacts and burnt bones.

Chronological context of the cemetery
Due to the relatively small amount of pottery in gra-
ves, the chronological position of the burial ground
within the LPC is not very evident. Almost all pot-
tery fragments found in graves were decorated with
Music Note motives. Only grave 1109 contained frag-
ments with engraved lines and single Ωeliezovce not-
ches. Considering this, graves equipped with stone
artefacts only or not equipped at all may also come

Fig. 3. Correspondence analysis plot of Kralice na Hané cremation burials, on 1. and 3. principal axes
(child – green; adult – black).

burial of a child with an adult (grave 3/05) nearby.
In this case, we can assume that the grave goods of
children corresponded with the standard tradition
and did not exceed the conventions very much.

The last not very isolated group consisted of graves
(probably adult men) containing adzes together with
pottery (graves 4/05, 6/05, 9/05, 20/05, 3/06, 7/06,
21/06, 23/06, 25/06, 28/06). This combination was
probably commonly used as well, although due to
the small size of the sample, we cannot speak of a
universal rule now. Nevertheless, certain artefacts
might be associated with or point to specific identi-
ties and their combination, with other grave goods
could provide information on the personality (sta-
tus) of the individual.

A comparison of cremation and inhumation burials
from the biritual cemetery using the CA in Kralice
was not successful, since – except for one inhuma-
tion burial – none of them met the criteria of the
CA. In the deepest grave 40/05, a 25–40-year-old
woman was buried, crouched on her left side, with
pottery and a grinding stone. As it was the only in-
humation burial suitable for CA, its information va-
lue was very low. No significant similarities were re-
corded in the basic comparison with cremation bu-
rials which also contained grinding stones, as their
grave goods were richer and more varied.
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from the Music Note phase (Czekaj-Zastawny, Przy-
była 2012.42–44).

The cremation cemetery in the eastern part of Site 2
in Modlniczka was possibly linked with the settle-
ment dated to the Music Note phase and the turn of
Music Note/Ωeliezovce phase located a few hundred
metres apart (Modlnica, Site 5). It was situated on a
loess elevation on a slope of the low river terrace,
and two contemporary inhumation burials were dis-
covered there, too (Czerniak 2010). There are no vi-
sible relations between the cremation cemetery with
the nearer settlement Modlniczka 2 from the Zofi-
pole phase (Czekaj-Zastawny, Przybyła 2012.31).

Graves3

All cremation burials in Modlniczka are pit graves.
The original shapes of the grave pits are very poorly
preserved (Czekaj-Zastawny, Przybyła 2012.Fig.
17–18), although various outlines have been found:
oval with dimensions 100–185x60–120cm, circular
with diameters 40–90cm, or rectangular with dimen-
sions 60–130x45–110cm. The preserved parts were
up to 30cm deep. The cross-section of pits was in all
cases basin-like. They were filled with grey, grey-
brown, or black-brown sand with burnt human bo-
nes and remains of the funerary equipment. In bet-

ter-preserved pits two fill layers were visible – slight-
ly lighter sand with scattered bone fragments and
very small charcoal pieces. Pieces suitable for palaeo-
botanical analyses were exceptional, including one
oak (Quercus sp.) fragment from grave 1354. Origi-
nal grave pits had small depressions into which the
remains of the pyre had been placed, possibly in or-
ganic containers (small sacks?). Oval and quasi rectan-
gular pits were in three cases orientated N-S, in other
three cases E-W, in two cases NW-SE, and in one case
NE-SW (Czekaj-Zastawny, Przybyła 2012.56–62).

Among 39 graves (Szczepanek 2012.305–313), the
sex of buried individuals has been determined in six
cases (one woman – grave 1205; five men – graves
1087; 1213; 1423; 4688; 7496) and age in seven ca-
ses (woman Maturus, two men Adultus/Maturus,
man Maturus, man Maturus/Senilis, one Adultus of
undetermined sex, and one Infans). The remains
from 14 graves have been determined as belonging
to adults. For 17 graves no information on the bu-
ried persons is available.

No links between age, gender and the size of the
grave pit have been established. However, only one
child was identified at the burial ground (grave
1249), and thus this claim is not generally valid. The

Fig. 4. Modłniczka, Site 2, Little Poland. Cremation cemetery. Location of LPC graves (after Czekaj-Za-
stawny, Przybyła 2012.Fig. 2). Colour-coded graves suitable for correspondence analysis (child – green;
adult – black; male, adult – red).

3 In the publication (Czekaj-Zastawny, Przybyła 2012), we noticed slight differences between the catalogue and the analytical parts.
Thus, we follow exclusively the catalogue part when processing graves, their goods, dating and anthropological identification (Cze-
kaj-Zastawny, Przybyła 2012.96–129).
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adult woman (grave 1205) and the three grown men
(graves 1087, 1213, 4688) were buried in smaller
pits than the child. The largest grave pits were for
adult individuals (graves 1061, 7427/7428) or adult
men (grave 1423 and 7496).

No superpositions were documented at the burial
ground. All burials were single graves, hence no
grave included more than one individual (Szczepa-
nek 2012.305).

Grave goods
Sixteen burials contained grave goods (Czekaj-Za-
stawny, Przybyła 2012.96–129). The other 23 gra-
ves were probably also equipped, but the goods
were destroyed and poorly preserved. Generally,
grave assemblages included adzes (13 graves), pot-
tery (nine graves), and flint artefacts (nine graves).
Altogether, 78 pottery fragments were recovered
from grave pits (Czekaj-Zastawny, Przybyła 2012.
38). Nine graves were equipped with pottery (23%).
In four cases (graves 1145, 1354, 7422, 7496) pot-
sherds came from one vessel, in other cases from up
to 11 vessels (grave 1109). In grave 7427/7428
were altogether 35 potsherds (of which 14 frag-
ments were from one vessel, 15 fragments from ano-
ther vessel, four fragments from a third). All frag-
ments found in the graves were either thin or me-
dium-thick. For the most part, they were decorated.
Whole vessels have not been documented. No traces
of fire have been observed on potsherds.

Fourteen burials were equipped with stone tools.
There were 17 adzes, four adze fragments, and 3
hoes (Czekaj-Zastawny, Przybyła 2012.41, 42). Most
of these were made of amphibolite, probably from
the Sudety Mts. Only two tools from graves 1218
and 1354 are of feldspar (Trąbska 2012). Almost all
adzes are burnt, usually on two-thirds of the length
(from the blade). The grave inventory usually con-
tained one or two adzes (e.g., grave 1423, determin-
ed as a man), or one adze and a pot (e.g., grave
7496, determined as a man). The male grave of Adul-
tus/Maturus (feature 1087) contained three items:
an adze, a hoe, and a trapeze – functionally an ar-
rowhead. The richest and most diverse equipment
was found in grave 1061 (adult of undetermined
sex): three whole adzes and one shoe-last tool frag-
ment, one hoe, three flint artefacts, one obsidian ar-
tefact and 9 potsherds (Czekaj-Zastawny, Przybyła
2012.96–98, Pls. 29–31).

Nine graves were equipped with flint or obsidian
(one case) artefacts (Trela-Kieferling, Zając in press),

ranging from one to eight of these (in grave 1061).
Twelve artefacts were of the Cracow Jurassic flint,
one of obsidian, and one of undetermined burnt
rock. The obsidian artefact (from feature 1061) is a
small single-platformed core for blades. The assem-
blage of tools includes a combined tool (burin + per-
forator) and a retouched blade from feature 1109, a
trapeze (arrowhead) from feature 1087, a double
truncated blade with sickle gloss from feature 1218,
and a burin on truncation from feature 1249. The
last mentioned example is a child grave, and the bu-
rin was in the grave together with an adze.

In grave 4688, identified as the burial of male aged
Maturus/Senilis, apart from a hoe, four flint arte-
facts, and four potsherds, there was a unique perfo-
rated stone fragment of an oblong polished object
made of white aplite, oval in cross-section (Czekaj-
Zastawny, Przybyła 2012.105, 124, Pl. 42.2). It has
a small opening (diameter approx. 5mm) in half of
its length, bored from both sides.

Correspondence analysis
Eleven graves with grave goods met the CA criteria
(Fig. 4). Since this is a small ensemble with unique
graves, several divergences could be tracked (Fig. 5).

In any combination of main axes, the grave 4688,
which has several distinctive attributes, was set
apart from the others. It is the burial of the only
male aged Maturus/Senilis, and apart from other
grave goods he had a unique perforated stone arte-
fact in the whole cemetery – a pendant(?). A sepa-
rate position is also noted for the male Adultus/Ma-
turus grave 1087, with a trapeze arrowhead com-
bined with an adze and a hoe. Nearby is the richest
grave 1061 of another adult individual, which, in ad-
dition to a combination of adzes, hoes, obsidian core
and flint tools also contains potsherds.

Smaller clusters form graves without potsherds con-
taining a combination of adzes and flint tools such
as a burin and blades (child grave 1249; adult grave
1218; adult grave 1040).

Another cluster is made of possible adult male graves
1109, 1354, 4619. These have in common a combi-
nation of potsherds, adzes and flint tools and a lar-
ger grave pit.

Discussion

The LPC cremation cemeteries presented in this
study were certainly used for regular burials of peo-
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ple from contemporary settlements. The cemetery in
Kralice na Hané was in the immediate vicinity of a
settlement. The neighbourhood whose inhabitants
probably buried their dead in the cemetery in Modł-
niczka, Site 2, was only a few hundred metre from
their last resting place. The cemeteries were used at
least from phase LPC II to LPC II/III. During this pe-
riod, biritual burials were used. In Kralice na Hané,
human skeletons were recorded not only at the biri-
tual burial ground, but also in pits right at the near-
by settlement (πmíd 2012.110). In Modłniczka, Site
2, only cremation burials were uncovered. Neverthe-
less, two contemporary inhumation burials were
found at the nearby settlement of Modłniczka, Site 5
(Czerniak 2010). This funerary tradition documents
the considerably diverse spiritual world of the LPC
communities. Biritual burying in Kralice na Hané was
probably not used until the end of the cemetery’s
existence, and it seems that cremation prevailed here
in the later period as well. In both cases, however,
we must bear in mind that only a small part of the
original sacred area has been studied. Despite this,
the burial grounds maintained their status as impor-
tant places in the landscape for a long time, and they
were used repeatedly. The progression from high
quantities of inhumations in the east to their decline
in the west in favour of cremations was also seen as
chronological development at Aiterhofen-Ödmühle
(Lower Bavaria). Cremations are here likewise be-
lieved to be a younger phenomenon (Nieszery 1995.
89; Hahnekamp 2021.982, 983).

The fact that the burials found at both the above
analysed sites were mostly undisturbed or not de-
stroyed in the LPC period is important. Therefore,
we can assume a certain form of indication of graves
or long remaining memory of the buried individuals
(see Chapman 2000.46). Naturally, we cannot be
sure about the relations between the graves or be-
tween the burying and the buried without an exact
chronology of the place (cemetery and the related
settlement). Previous sequences of ceramic decora-
tion are insufficient for revealing chronological de-
velopments, and thus more radiocarbon and genetic
studies are suggested.

Superpositions were recorded only in two cases in
Kralice na Hané. The reuse of old funerary spots
maintains community ties and may represent a link
between generations. The use of the same location
for cremation remains (grave 30/05) and inhuma-
tion (grave 33/05) in Kralice na Hané (πmíd 2008.
251) and traces of fire detected on the vessel depo-
sited next to the skeleton might indicate the tradi-
tional use of fire at the funerary rite. More informa-
tion in relation to this hypothesis could be brought
by detailed DNA analyses of both dead people, which
has so far not been possible.

With regard to burial practices, there are no distinct
differences between burials of adult women or men
and children. The presented burial grounds reflect
the demography of the population. The right and

Fig. 5. Correspondence analysis plot of Modlllniczka, Site 2 cremation burials, on 1. and 3. principal axes
(child – green; adult – black; male, adult – red).
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possibility of being buried at the burial ground were
not denied to neither sex nor any age category. Ne-
vertheless, there are also some exceptions. In some
cases, whole groups of graves are excluded from the
burial ground, and sometimes there are no female,
male, or child graves within a given site (Chapman
2000; Wunn 2001). Such localization of graves can
be observed in the Vedrovice – πiroká u lesa LPC ce-
metery (Podborský 2002). Selected clusters can also
be divided by sex, with one group of graves being
populated exclusively by females and the other one
by men, children, and anthropologically undefined
individuals (Podborský 2002.301, Fig. 2).

Grave goods in cremations do not show any signifi-
cant differences at both analysed sites. They were
placed in graves of adult men, women, and children.
Grave goods specific for sex (e.g., occurrence of ad-
zes and hoes with men) are an exception. Numerous
experts have pointed out that LPC adzes appear to
have conveyed social, or even status, differences
also in relation to the LPC inhumation burials (Jeu-
nesse 1997; Nieszery 1995; John 2005; Mandák
Niklová, Mandák 2020). For example, in Vedrovice
wealthy burials including prestige items such as
adzes were only associated with men (the only ex-
ception was a child grave 39) (Květina 2004.385).
Regarding social hierarchy exceptionally wealthy
male burials, comprising older individuals (matures,
senilis) were therefore attributed to chieftains, big
men or elders (Květina 2004.387). The increased
frequency of polished stones in cremations at Aiter-
hofen-Odmühle also indicate a predominating prese-
nce of men, with half of the provided ones confined
to adzes as the only gift (Hahnekamp 2021.979,
982). The difference in grave goods equipment be-
tween inhumations and cremations is thus seen here
as potentially signifying gender distribution inequa-
lities. Moreover, adult men buried with polished
adzes in certain sites (Aiterhofen-Ödmühle, Vedrovi-
ce, and Nitra) have a higher protein intake of animal
origin (15N) so it seems that this social group has
certain privileges such as a richer nutrition and a
stable residence (Augerau 2021.959).

In burial contexts, no symbolic elements associated
with the female gender are found. It seems that wo-
men have no gendered tools, and their adornments
(if they have any) are not specific. However, there
might be a preservation issue, therefore we must
remember that some grave goods are possible not
so visible in the archaeological record. Members of
the Linear Pottery population who cremated their
dead may have considered the act of burning itself

to be significant, reducing the need of specific as-
semblages to identify the deceased’s social standing
or sex and instead focused on fewer but meaning-
ful burial goods. Alternatively, a variety of organic
material might have been burnt at the funeral, re-
sulting in their absence in the grave-pit. Stone tools
and remains of former – often unidentifiable – tools
(fragments of chipped industry) represent an impor-
tant tradition in grave goods and point to the every-
day work of the inhabitants. Three bone tools (awls)
and grinding stones can be considered representati-
ves of human activities in Kralice na Hané, although
two of the grinding stones found in cremations were
without traces of any activity whatsoever.

Pottery was represented by the highest number of
artefacts (as for fragments) which occurred in crema-
tion burials. It was preserved mainly in fragments or
as damaged vessels. The shape in which they were
deposited in the graves, however, can reflect a diffe-
rent form of burial traditions. From the aspect of the
rite of passage, for instance, intentional damaging
of things (e.g., breaking a vessel) might symbolize
the dying of things so that they can further be used
by the dead person (Lutovský 1998.256).

Unlike Modłniczka, Site 2, three graves in Kralice na
Hané contained complete vessels. It could suggest
a different function of pots and fragments deposited
in graves. All this pottery is probably for the serving
and to a lesser extent storing food and drink. Whe-
ther they were part of a funerary ritual involving
the mourners eating and drinking at the grave, or
whether they were placed in the grave for the de-
ceased’s use in the afterlife is open to debate. In this
context, the fact that the presence of animal bones
in cremation graves was minimum is very impor-
tant. Unique burned bones (rabbit and sheep/goat)
that might indicate adding meat to graves were iden-
tified only in two cremations in Kralice na Hané.

We must not overlook the significant fact that there
is generally no indication of urn burials in the LPC
(as well as in the studied sites). Vessels are placed
deposits (grave goods) to the burial or used to cover
cremated remains. In this context, it would be appro-
priate to regard the vessel as an upside-down urn?

A funeral pyre has not been recorded at any of the
burial grounds. They were possibly at some distance
from the burial ground. Transporting pyre remains
into graves probably followed specific rules. In Mo-
dłniczka, Site 2, was observed that human bones,
often with flint artefacts, were placed first, then – on
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the same level or slightly above – adzes and pottery.
Many stone and flint artefacts are burnt, but no tra-
ces of fire have been documented on potsherds. It
suggests that broken vessels might have been plac-
ed directly into the pit (Czekaj-Zastawny, Przybyła
2012.38–42).

Certain differences and variations occurring among
graves are a result of other factors – hidden in ar-
chaeological records – which could point to the sta-
tus of an individual and/or a family (?), to wealth,
and they could have been inherited, as children’s
graves rank among the richest ones from the aspect
of typological diversity of grave goods. They include
e.g., grave 15/05 and 1/06 HOPI in Kralice na Hané
and grave 1249 in Modłniczka, Site 2.

A certain change in the number of grave goods can
be noticed when comparing older and newer graves.
The youngest grave 9/06 (LPC phase IIc/III) belong-
ed to the richest graves in the cemetery in Kralice
na Hané. In the grave, three vessels, chipped lithic
industry and a sandstone grinding stone were found.
The youngest grave 1109 (Ωeliezovce phase) in Mo-
dłniczka, Site 2 also ranks among the richest ones
discovered at the site with its inventory.

It was noticed in the past that cremation played va-
rious roles in various territories. In some regions, it
was almost as common as inhumations, regardless
of a chronological phase, in others much less fre-
quent (Czekaj-Zastawny, Przybyła 2012.49, Fig. 31).
We can also add – based on the above-presented
facts – that it depends mainly on the state of re-
search, not the regional tradition.

Conclusion

When considered alongside the small sample size,
the potential of CA did not seem promising. Never-
theless, the use of CA in this contribution was in-
tended to be exploratory and, in this case, it served
its purpose. As we see the CA results brought not
hidden, previously unrecognized data, but rather
highlighted certain facts. We intended to find out
what cremation says about the buried individual
and if the burial method reflects the deceased per-
son’s social identity.

In the first place, we can confirm that any attempt
to extrapolate a relationship between age and the
use of cremation is frustrated by the low rate of suc-
cess in identifying the cremations. Secondly, there
seems to have been no association between sex or

age and the type of burial used. Naturally, as the bo-
dies were burnt, age and sex determinations are
missing for the most part. There are also several as-
pects of burial practice that seem to have been ‘cross-
regional’. For example, the grave goods in crema-
tion did not differ significantly from grave goods in
inhumation burials, including exceptionally furni-
shed burials of wealthy adult men or the presence
of ochre in burials of adult individuals. These are
LPC practices that occur across Europe and may
point to shared understandings or values. It is es-
pecially relevant in addressing the mainstream ideo-
logy in the LPC society (Augereau 2021). However,
this pattern does not characterise the whole LPC
burial practice. Indeed, in the case of placing commo-
dities at the funeral pyre together with the dead,
unification does not apply, thus the ideology of cre-
mation in the LPC culture was probably different or
expressed in a different way, not perceptible in the
funerary data.

Thirdly, a key issue in understanding the LPC sites
is time. Unfortunately, all the sites with cremations
in Central Europe are lacking a refined chronology,
and the burials at the cemeteries have not been ra-
diocarbon dated. Chronologies of the cemeteries dis-
cussed above were only broad phases based on ty-
pologies. And as the analysis of Franti∏ek Trampota
and Petr Květina (2020) showed changes in the ori-
ginal material culture do not necessarily occur on a
time axis. Hence more refined chronologies, such as
whether a burial group/row was added to in a parti-
cular direction, or whether one area was finished
before another came into use, do not yet exist. It is
therefore impossible to follow the burial practice, in
our case cremation, more closely in time. However,
summarizing the current facts on cremation burials
in Central Europe, their beginnings and gradual es-
tablishment in the Neolithic, we can state that their
origin no longer needs to be sought in distant and
more developed regions. In the LPC, cremation fu-
nerary rite becomes ‘domesticated’. The rite itself
cannot be associated with ethnicity and probably
not with the social status of individuals either. How-
ever, cremation can be considered a common burial
custom spreading simultaneously with inhumation
since the Neolithic. This fact is documented also by
recent excavations at biritual cemeteries in Central
Europe. They gradually open the way to a better un-
derstanding of this funeral tradition and objective
evaluation of the situation in a wider territory.

At the beginning of the millennium, we learned
about cremation in LPC based on data from west-
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ern Europe. New excavations and published data in
the studied territory point to the fact that cremation
was represented at cemeteries to a much greater ex-
tent as assumed. Therefore, we can state that crema-
tion in the LPC was not limited territorially, chrono-
logically, or demographically and it was used paral-
lelly with inhumation also in Central Europe. Al-
though cremations are still far less numerous than
inhumations, they occurred in significant numbers
depending on region and site, and thus must have
played an important role in Linear Pottery funerary
rites and might have reflected changes in notions
of the afterlife. For example, at Vedrovice, Kleinha-
dersdorf and Nitra, cremations are scarce to absent,
while they predominated in sites such as Kralice na
Hané and Modłniczka, Site 2. All of these features
point to dynamic and adaptable funeral practices
and norms rather than fixed systems. The mode of
body disposal could be affected by social organiza-
tion, hierarchies, family, economic factors, religious
beliefs, and by the individual preferences of the de-
ceased or their survivors, and other factors not ap-
parent in today’s ideology.

The act of cremation can be associated with the pu-
rifying power of fire. The ritual aspect of the crema-
tion process was a strong spiritual experience for
the people attending a funeral (Schlentner 1960;
Ucko 1969). The practical aspect of cremation is pre-
sented by the effort of the survivors at the creation
of a funeral pyre, as well as reduced requirements
for the deposition space. All these facts might have
played equally important roles in deciding on the
funerary rite. We also agree with the idea that the
funerary treatment represents a chronological act
expressing idealized social identities (more details
in Fowler 2013), i.e. the archaeological remains are
not an a priori reflection of a current social organi-
zation – they present a deeper view of the world of
the contemporary community (family of the deceas-
ed person).

Since only a fraction of the living population was
being buried in cemeteries, there will always be
doubts about what could be considered a mortuary
norm and exception (cf. Boyad∫iev 2009; Perlès
2001.274). Nevertheless, the known data provide in-
formation on the religious, ritual, and social tradi-
tion, but these aspects can constantly change and
vary in everyday practice. The presented examples
confirm that the burial customs of individual com-
munities primarily reflect domestic traditions and
rules. A good example in cremation can be seen in
the various compositions and ways of depositing
grave goods – either on a pyre or in a grave inter-
mingled with the burnt remains on variable sites.

As for the future of excavations of cremations and
cremation cemeteries of the LPC, there are several
determining factors, including localization of ceme-
teries in inundation areas or floodplains where set-
tlement and associated activities are not expected or
have not been searched by survey activities so far.
The second determinant is the high proportion of
destroyed graves which is associated with their smal-
ler and shallower grave pits being disturbed or
completely damaged by (not only) recent activities.
Bearing this fact in mind, we must pay more atten-
tion to targeted searches and exact documentation
of find contexts, which are unique testimonies of the
LPC funerary rite.
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ABSTRACT – A handful of new radiocarbon dates from three Balaton-Lasinja culture graves at the
site of Veszprém-Jutasi út in western Hungary form the starting point for formal models for late
Lengyel and post-Lengyel chronology in that region. The graves date to the later fifth millennium cal
BC. They provide the opportunity to put the earlier Copper Age Balaton-Lasinja culture of Trans-
danubia into its regional and wider context, and to highlight both gradually improving understand-
ing of its character and remaining problems of chronology and classification. The Balaton-Lasinja
culture was part of a whole series of regional shifts in settlement and society connected to the end
of the Neolithic and the demise of major settlement aggregations which had dominated lifestyles in
previous centuries. This study indicates how much further detailed research continues to be needed
to get fully to grips with this set of important changes, which run on into the Copper Age. Contrasts
are drawn between western and eastern Hungary, and the uncertainties surrounding the chronol-
ogy of the fourth millennium cal BC, including for the Furchenstich pottery style, are emphasised.

KEY WORDS – western Hungary; Late Neolithic and Copper Age; post-Vin≠a development; Balaton-
Lasinja culture; radiocarbon dating; Bayesian chronological modelling

Nekaj grobov kulture Balaton-Lasinja iz najdi[;a Veszprem-Jutasi út
in oris kronologije starej[e bakrene dobe na zahodnem Mad/arskem

DOI> 10.4312\dp.49.4

IZVLE∞EK – Novi radiokarbonski datumi iz treh grobov kulture Balaton-Lasinja v Veszprém-Jutasi út
na zahodu Mad∫arske predstavljajo izhodi∏≠e za izdelavo formalnih pozno lengyelskih in postleng-
yelskih kronolo∏kih modelov v regiji. Grobovi so datirani v pozno peto tiso≠letje pr. n. ∏t. Omogo≠a-
jo umestitev zgodnje bakrenodobne Balaton-Lasinja kulture v Transdanubiji v regionalni in ∏ir∏i kon-
tekst in pomagajo pri bolj∏em razumevanju njenega zna≠aja, kronolo∏kih te∫av in klasifikacije. Kul-
tura Balaton-Lasinja je del vrste regionalnih poselitvenih in dru∫benih premikov na koncu neoliti-
ka, povezanih z razpadom ve≠jih poselitvenih obmo≠ij, ki so prevladovala v prej∏njih stoletjih. πtudi-
ja ka∫e koliko detajlnih raziskav je ∏e potrebnih, da bi razumeli spremembe, ki so se nadaljevala
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Tiszapolgár to Bodrogkeresztúr to Baden), was estab-
lished in the early 1960s, but has been severely que-
stioned more recently (Raczky, Siklósi 2013; Sikló-
si, Szilágyi 2021; and see below), allowing consid-
erable overlap between Tiszapolgár and Bodrogke-
resztúr.

In contrast, research on the same times in Transda-
nubia in western Hungary has historically lagged
behind. One obvious gap here was between the Late
Neolithic Lengyel culture and the Late Copper Age
Baden culture. From the 1970s onwards (Raczky
1974), the late phase of the long-enduring Lengyel
culture, Lengyel III, was seen to persist in the peri-
od that was traditionally called the Early Copper
Age in the central Carpathian basin, contemporary
with Tiszapolgár in the previously accepted cultural
scheme for eastern Hungary (Raczky, Siklósi 2013;
Siklósi, Szilágyi 2021).

Just as there was historically uneven knowledge of
Lengyel settlement in Transdanubia – whilst large
settlements and cemeteries were found and exca-
vated in east Transdanubia, including the epony-
mous site (Wosinsky 1889; 1891) and a recent site
with more than 2000 burials at Alsónyék (Osztás et
al. 2016), data from the western Lengyel complex
is characterised by smaller, dispersed settlements,
with almost entirely ‘Sonderbestattungen’ or unusu-
al graves – very little was known about late Lengyel
settlement before 1974 (Raczky 1974) and more
robust settlement data followed only in the 1990s
(Bánffy 1995), with subsequent insights into chan-
ges in subsistence strategy in favour of stockbre-
eding (Bánffy 1994; 1995; Barna et al. 2019). Ac-
cording to current knowledge, the Lengyel III hori-
zon can be divided into two typo-chronological pha-
ses, IIIa and IIIb. The latter was taken to represent
the gradual adoption of more elements common in
the subsequent Balaton-Lasinja culture (Kalicz 1991;
Bánffy 1994). As part of a larger cultural formation
already described in Croatia, Slovenia and eastern
Austria, the Balaton-Lasinja culture was initially sup-
posed to be the result of a massive migration into
southern Transdanubia (Kalicz 1969), based on the
work of Josip Koro∏ec (1958) who summarised its

Introduction: aims and contexts

This paper presents a handful of new radiocarbon
dates from three Balaton-Lasinja culture graves at
the site of Veszprém-Jutasi út in western Hungary, as
well as a series of formal models for late Lengyel
and post-Lengyel chronology of that region based
on the small number of existing dates. The graves
date to the later fifth millennium cal BC. They pro-
vide the opportunity to put the middle Copper Age
Balaton-Lasinja culture of Transdanubia into its re-
gional and wider context, and to highlight both
gradually improving understanding of its character
and remaining problems of chronology and classi-
fication. The Balaton-Lasinja culture was part of a
whole series of regional shifts in settlement and
society connected to the end and aftermath of the
Neolithic and to the demise of major settlement ag-
gregations, including tells, which had dominated
lifestyles in previous centuries. This study indicates
how much further detailed research continues to be
needed to get fully to grips with this set of impor-
tant changes, which run on into the Copper Age. The
immediate focus here is on western Hungary, but
there are implications for other neighbouring re-
gions as well.

From the Late Neolithic to the Copper Age in
western Hungary and beyond

There has long been an imbalance in studies of the
Neolithic and the Copper Age in Hungary between
its eastern and western parts (Kalicz 1991; Bánffy
1994). This applies not least to the end of the Neo-
lithic, broadly in the middle of the fifth millennium
cal BC. This period is represented by a series of
changes in eastern Hungary that are archaeologi-
cally well documented, like the abandonment of
tell settlements and the appearance of new pottery
styles. A significant shift in subsistence strategy has
also been noted, with more reliance on stockbreed-
ing and pastoralism in emerging Early Copper Age
communities (Bánffy 1995). The Copper Age of east-
ern Hungary was already well-investigated by the
mid-late 1950s (Kutzián 1955; Banner, Bognár-Ku-
tzián 1961), and even underpinned by some reliable
stratigraphic observations (Kalicz 1958). Its pre-
sumed cultural and chronological sequence (from

v bakreno dobo. Predstavljamo kontraste med zahodno in vzhodno Mad∫arsko in opozarjamo na ne-
zanesljivo kronologijo ≠etrtega tiso≠letja pr. n. ∏t., tudi lon≠arskega sloga brazdastega vreza.

KLJU∞NE BESEDE – zahodna Mad∫arska; pozni neolitik in eneolitik; post-Vin≠a razvoj; lasinjska
kultura; radiokarbonsko datiranje; Bayesovo kronolo∏ko modeliranje
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principal characteristics in the late 1950s, and on 25
sites of the Lasinja culture published by Stojan Dimi-
trijevi≤ (1961), who considered them to be part of
the suite of post-Vin≠a phenomena.

The Balaton-Lasinja culture
One of the earliest identifications of the Balaton-La-
sinja culture resulted from systematic work on the
archaeological topography of Hungary in the early
1960s. Volumes 1 and 2 were published on results
from the Balaton Uplands in County Veszprém,
where surface collections were complemented by
small excavations (Bakay et al. 1966; Éri et al.
1969). The similarity of some assemblages to re-
cently published Slovenian and Croatian material
led to the definition of the Balaton group in 1969
by Nándor Kalicz, who stressed the dominance of
southern traditions in its early
phase of its development,
while also emphasising cen-
tral European ties both in
the ceramic assemblages and
in the metallurgy of its later
phase (Kalicz 1969). Soon
after, ceramics were already
being classified as Balaton-
Lasinja I, II and III types (Ka-
licz 1973). They became Ba-
laton-Lasinja I and Balaton-
Lasinja II-III cultures by the
early 1980s in a further com-
prehensive survey, in which
Kalicz discussed the dynam-
ics, the cultural connections
and the metallurgy of the pe-
riod (Kalicz 1982). The label
of ‘Furchenstich’ was also pro-
posed for the more recent pot-
tery assemblages in this pro-
posed typo-chronological se-
quence. Related cultural
groups are also known with
many different names in ad-
jacent regions (such as Retz-
Gajary in Croatia, Baj≠-Retz in
Slovakia and Mondsee in Au-
stria).

Kalicz went on to distinguish
Balaton-Lasinja III as the Pro-
toboleráz horizon, with some
sites in eastern Hungary as
well (Kalicz 1991; 2001). In
this system, Lengyel III was

set to be contemporaneous with Tiszapolgár, and
Balaton-Lasinja with Bodrogkeresztúr, in eastern
Hungary, and with Ludanice in the north-central
part of the Carpathian basin; Furchenstich was seen
as parallel to the Hunyadihalom group (Bodrogke-
resztúr B). Protoboleráz already marked the emer-
gence of Late Copper Age cultural groupings, such as
Boleráz and Baden.

Although meticulous studies of typo-chronology were
the principal focus for decades, architecture, settle-
ment structure, burials, subsistence strategy and me-
tallurgy also received attention. Two major types of
houses of the Lengyel III and Balaton-Lasinja peri-
ods can be distinguished. Bipartite houses, with a
larger northern and a smaller southern room, pro-
ved to be very characteristic for the period. No tra-

Fig. 1. Radiocarbon dated earlier Copper Age sites in western Hungary:
1 Balatonőszöd-Temetői-dűlő; 2 Balatonszárszó-Kis-erdei-dűlő; 3 Győr-
Szabadrétdomb; 4 Keszthely-Fenékpuszta, Halászrét-Nádgazdaság agyag-
bányája; 5 Keszthely-Fenékpuszta, Vasúti őrház; 6 Mosonszentmiklós-Pál-
major; 7 Nagykanizsa-Sánc; 8 Szentgál-Teleki dűlő; 9 Szombathely-Metro;
10 Veszprém-Jutasi út; 11 Zalaszentbalázs-Szőlőhegyi mező; 12 Zalavár-
Mekenye.
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ces of internal division and just a single row of
postholes in the position of the ridge purlin were
observed in other buildings, which were extremely
variable in shape and size. Some further construc-
tions are more like Neolithic Lengyel houses with a
single cross-row of heavy posts in their interior.
Bedding trenches usually mark the walls of the hou-
ses. The exceptional visibility of the house plans,
comparable only with those of LBK buildings, is due
to these features. Different house types were dated
to both the late Lengyel and Balaton-Lasinja peri-
ods, and no strict architectural sequence could be
distinguished (Virág 2003; 2005; Virág, Figler 2007;
Oross et al. 2010).

Balaton-Lasinja settlement layouts are clearly looser
than those of the densely built-up extended Neoli-
thic sites of the LBK and the Lengyel periods. Small
clusters of houses and a limited number of buildings
have been discovered at sites such as at Zalavár-Basa-
sziget and Balatonszárszó-Kis-erdei-dűlő (Virág 2003;
Oross et al. 2010). Archaeozoological and especially
archaeobotanical evidence has remained extremely
scarce. In sharp contrast to the extended extramural
cemeteries of the earlier phases of the Copper Age
in eastern Hungary, only single burials and small
grave groups have so far been discovered on con-
temporaneous Transdanubian sites.

Metallurgy in western Hungary does not present the
abundance of large copper axes and the series of
other different artefacts known from eastern Hun-
gary that reveal close ties with the Balkans. Attri-
buted to a central European tradition, hooked cop-
per spirals, so-called glass-shaped spirals, and dif-
ferent kinds of copper wire belong to repertoires re-
covered in the western Carpathian basin. However,
the so-called Csáford-Stollhof type gold discs form a
very spectacular and characteristic group of objects
that have their close counterparts in the adjacent
central European regions, sometimes also made
from copper, and rarely from silver (Korek 1960;
Bóna 1963/1964.33–37; Makkay 1976; Kalicz 1982.
10–16).

The Balaton-Lasinja graves at Veszprém-Jutasi
út

During the excavation of the Neolithic and Copper
Age site of Veszprém-Jutasi út in 2003, some Bala-
ton-Lasinja graves in the southern and eastern parts
of the excavated area were recorded. Settlement fea-
tures related to the graves could not be observed on
the site, although Balaton-Lasinja pottery occurred

in the Lengyel pits, into which Copper Age graves
were cut. Balaton-Lasinja pottery was found in a well-
defined small area around the graves, and the situ-
ation can be interpreted as relating to burial ritual.
The scattering of broken vessels into graves is a phe-
nomenon known in other Balaton-Lasinja graves.

Veszprém-Jutasi út (earlier called Felszabadulás út)
is a well-known site of the Lengyel culture, entering
the literature as the first known settlement of the
late Lengyel period (Raczky 1974). The western
edge of the site was investigated during the exca-
vation in 2003, and mainly the early stage in the set-
tlement’s life (Regenye 2004; 2006; 2007; Regenye,
Biró 2014; 2019). Based on previous research, we
know that the Lengyel site includes an extended
Lengyel III settlement in the eastern direction as
well; the centre of the site shifted eastward over
time. The Balaton-Lasinja graves were located in a
group on the westernmost edge of this large Lengyel
III settlement.

The graves excavated in 2003 are mostly dated to
the Lengyel culture. Eight burials can be listed here.
These graves are located in a group. Four more gra-
ves (9, 13, 14, and 15), about 90m away from this
group, were interpreted as burials of the Balaton-La-
sinja culture (Regenye 2006). One of these, grave
15, an unfurnished burial, was subsequently shown
by radiocarbon dating to be of Lengyel date (SUERC-
54643; Regenye et al. 2020.Tab. 2).

So only three graves of the Balaton-Lasinja culture
are securely recorded. Grave 9 is that of a child (of
Infans II age) lying on its right side in a contracted
position, the skeleton oriented east–west. Grave 13

Fig. 2. Veszprém-Jutasi út, grave 9.
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is that of an adult man, lying on his right
side in a contracted position, his skeleton
oriented southwest–northeast. Grave 14 is
that of an adult woman (of Maturus-Senilis
age, Köhler 2006), her upper body lying in
supine position, the legs bending to the left,
and skeleton oriented south-southeast–
north-northwest.

The grave pit could be observed only in the
case of grave 9, which was roughly round,
1.2m in diameter. The other two graves
were buried into a Lengyel III pit; the form
of the graves could not be determined.

All three burials are inhumations, but their
orientation varies. Grave 9 has an east–
west layout; the orientation of graves 13
and the 14 varies slightly from south–north.
Two of the skeletons (9, 13) lie on their
right side and the third turns to the left.
The location of the two graves in a pit
roughly parallel to each other may suggest a linked
burial. Grave 14 was covered with irregular large
limestone blocks which extended partly to grave 13.
There was a possibility of post-depositional manip-
ulation or disturbance in the case of grave 14, the
left arm being separated between the two skeletons
and covered by the stones.

Two of the three graves had grave goods. Ceramics,
ornaments and several stone implements are in-
cluded in the child’s grave, but only one of the adult
graves had a single vessel. Both the composition of
the grave goods and their placement in the grave fol-
low Lengyel traditions in the case of the child’s grave.
One vessel was placed behind the head, two in front
of it. At the neck were pieces of shell ornaments, in
the form of rectangular flat beads (two intact, with
three fragments, with two drilled holes at the top)
made from river shells, and an unworked shell. The
stone tools were placed around the head: a core in
front of the neck, a core-flake behind the head, and
a polished basalt axe preform above the head.

Three out of four vessels were in grave 9 (that of the
child) and the fourth in one of the two adults, in
grave 13. In that grave fill there were two more
pots, incomplete pieces of a pedestalled vessel and
a jug. These are not included in the grave furniture.
Together with the fragments of different pots found
in the grave fill beneath the stone deposit and un-
der the legs of grave 14, they may have been placed
in the grave as part of the funerary rite.

Both the graves had a pedestalled bowl with a bell-
shaped base; in grave 9 there were also a biconical
bowl and a small cup. The vessels are typical forms
of the Transdanubian Copper Age (Kalicz 1995b.
75–76; 2003.14); both the biconical bowl and the
bell-shaped pedestal are basic forms, just like the pe-
destalled bowl in grave 13 (cf. Kalicz 1995a.Fig. 3,
12). The biconical bowl with a short upper part is
a frequent type deriving from the Lengyel culture,
but the decoration of the upper part, typical of the
Balaton-Lasinja culture, is missing here. The bowl on
a pedestal ornamented with four drop-shape knobs
fits well into the repertoire of both the Balaton-Lasi-
nja (Horváth, Simon 2003.Figs. 21.9,24.3) and the
Ludanice culture (Virág 1995.Abb. 2, 10). The little
biconical cup is not characteristic of the Balaton-La-
sinja culture, lacking decoration or handle.

The four pots found in the two graves show strong
Lengyel traditions. The vessel forms are typical of
the Balaton-Lasinja culture, but the characteristic
channelled decoration is missing. Based on these
characteristic features, these ceramics can be relat-
ed to the material of the north Transdanubian sites.

Radiocarbon dating

New radiocarbon measurements were obtained on
three human skeletons from the Balaton-Lasinja gra-
ves at Veszprém-Jutasi út as part of the Times of
Their Lives project (see Acknowledgements, and Ta-
ble 1).

Fig. 3. Veszprém-Jutasi út, pots from grave 9.
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The samples dated at the Curt-Engelhorn-Zentrum
Archäometrie (CEZA), Mannheim (sample identifiers
‘MAMS’), were prepared by gelatinisation and ultra-
filtration (Brown et al. 1988), combusted in an ele-
mental analyser, graphitised and dated by Accelera-
tor Mass Spectrometry (AMS) (Kromer et al. 2013).
The samples dated at the Scottish Universities En-
vironmental Research Centre (sample identifiers
‘SUERC’), East Kilbride, were also gelatinised, ultra-

filtered and then graphitised and
dated by AMS (Dunbar et al. 2016).

These measurements are conventio-
nal radiocarbon ages (Stuiver, Po-
lach 1977). At CEZA they have been
corrected for fractionation using δ13C
values measured by AMS. These val-
ues can include an element of frac-
tionation introduced during the pre-
paration and measurement of the
samples in addition to the natural
isotopic composition of the sample,
and so they are not suitable for die-
tary analysis. For this reason, where
sufficient material was available, sub-
samples of the dated gelatin pre-
pared at MAMS- were analysed for
δ13C and δ15N using IRMS at the Iso-

trace Facility, University of Otago Chemistry Depart-
ment, using methods outlined by Beavan Athfield et
al. (2008.3). At SUERC, δ13C and δ15N samples were
prepared and analysed from sub-samples of the
dated gelatin as described by Kerry Louise Sayle et
al. (2014), and these δ13C values were used for age
calculation.

Groups of replicate radiocarbon measurements are
available on two skeletons, both of which are statisti-
cally inconsistent at the 5% significance level (Ward,
Wilson 1978) (Tab. 1). Those for Ve-9 are statisti-
cally consistent at the 1% significance level and
have been combined before inclusion in the chrono-
logical models, but those from Ve-13 are significant-
ly divergent. This degree of replication arises from
attempts to resolve some differences between repli-
cate measurements reported in August 2014 by Man-
nheim (MAMS-21328–41) and East Kilbride (SUERC-
54631–4, SUERC-54638–44 and SUERC-54648–9)
and is discussed further by Judit Regenye et al.
(2020.24). Although the δ13CAMS value for MAMS-
14829 is unusually depleted, the remaining three
measurements are still significantly divergent (T’=
22.0, T’(1%)=11.3, ν=2) and so, in the absence of
contextual information suggesting which results may
be in error, we have again incorporated a weighted
mean of the results in our modelling.

Details of existing radiocarbon measurements from
settlement features associated with ceramics of the
Balaton-Lasinja phase are listed in Table 2, those of
the preceding Lengyel III ceramic phase in Table 3,
and those of the succeeding, related, Furchenstich
phase in Table 4.

Fig. 4. Veszprém-Jutasi út, lithic artefacts and shell finds from
grave 9.

Fig. 5. Veszprém-Jutasi út, graves 13 and 14.

Grave 14

Grave 13
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Radiocarbon calibration and reservoir correc-
tions

Radiocarbon ages from fully terrestrial samples have
been calibrated using IntCal20 (Reimer et al. 2020).

The measurement on mussel shell from Balaton-
őszöd-Temetői-dűlő (KI-16690) probably has a fresh-
water reservoir effect derived from the nearby Lake
Balaton. Unfortunately, no data are currently avail-
able for the freshwater reservoir in the lake, and so
we use a value of 540±70 BP as calculated for Sche-
la Cladovei on the Danube at the Iron Gates (Cook
et al. 2001).

Human bone can also exhibit a reservoir age, if peo-
ple ate foods that did not derive entirely from the
terrestrial biosphere. Accurate calibration in this case
requires the proportions of different diet-sources in
each individual to be estimated. This allows a mixed-
source calibration curve to be constructed for each
person, which incorporates the aquatic reservoir in
the appropriate proportion for that individual. For
this reason, source-proportional dietary modelling
was undertaken for the dated human skeletons in
this study. Existing pairs of radiocarbon measure-
ments on human and animal bone from Neolithic
and Copper Age graves in this region, however, are
statistically consistent, suggesting that consumption
of non-terrestrial foods by the population was prob-
ably negligible (Bayliss et al. 2016.Tab. 1; Jakucs et
al. 2016.Tab. 1; Raczky, Siklósi 2013. Tab. 1). This
does not mean, however, that particular individuals
might not have consumed a larger component of
freshwater resources.

Proportional dietary analysis for the Balaton-
Lasinja skeletons from Veszprém-Jutasi út

The δ13C and δ15N isotopic values for burials Ve-13
and Ve-14 are from replicate measurements, and the
weighted means (Ward, Wilson 1978) (Tab. 1) have
been used in the analysis. As no stable isotopic val-
ues have been measured from Ve-9, the proportio-
nal diet estimates have been derived from the mean
FRUITS (Food Reconstruction Using Isotopic Trans-
ferred Signals; Fernandes et al. 2014) estimates for
Veszprém burials for which there are stable isotope
values (Regenye et al. 2020.Tab. 4a).

The individual mixed-source calibration curve for
each of the Veszprém burials incorporates the aquat-
ic reservoir in the proportion suggested by the die-
tary estimates provided by the Bayesian mixing mo-La
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del FRUITS vβ2.0. FRUITS produces esti-
mates of the mean percentage (and stan-
dard deviation) for each of the possible
food sources making up the diet for each
consumer.

To estimate the relationship between an
individual’s isotopic profile and the food
sources that were likely available, we first
create a FRUITS model starting with the
’baseline’ isotopic values for foods from
the isotopic averages of each likely food
source. The FRUITS proportional dietary
estimates were modelled on two diet pro-
xies (δ13C and δ15N) for the average iso-
topic data and its associated mean error
for each of three general food sources –
cereals, terrestrial herbivores and omni-
vores (cattle, sheep, and pigs), and fresh-
water fish. The cereals baseline used car-
bon and nitrogen values for archaeobo-
tanical samples of wheat (n=12) and bar-
ley (n=6) from Nives Ogrinc and Mihael
Budja (2005), and emmer wheat (n=1)
and barley (n=3) from Amy Bogaard et al.
(2013), producing mean cereal values and
errors of –24.6±0.3‰ (δ13C) and +5.0±
0.4‰ (δ15N). The food baseline data are
particularly robust for animal protein sour-
ces, as the data are drawn from sites with-
in approximately 1000km of Veszprém-Ju-
tasi út. Baseline values for terrestrial ani-
mals (pig, sheep, cow, n=89; δ13C –20.3±
0.2‰ and δ15N +6.9±0.2‰) are from fau-
nal materials in the Star≠evo, Sopot, and
Lengyel sites at Alsónyék-Bátaszék (includ-
ing 27 sets of analyses on terrestrial fauna
provided by the Bioarchaeology Work-
group Mainz; Bayliss et al. 2016). These
values for terrestrial fauna complement
mean isotope ranges cited from sites with-
in 250km of our study area (cf. Gamarra
et al. 2018; McClure et al. 2020), extend-
ing the potential geographical relevance
of the baseline terrestrial fauna isotope
values in this study. Isotopic values for
archaeological freshwater fish were drawn
from Olaf Nehlich et al. (2010; n= 3), Du-
∏an Bori≤ et al. (2004; n=12), and Ale-
xandra Bayliss et al. (2016; n=4) and
were further supplemented with six sets
of carbon and nitrogen values on fish from
Alsónyék-Bátaszék, also provided by the
Bioarchaeology Workgroup Mainz. ThisLa
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űl

ő
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ői
-d

űl
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group of samples provided a final freshwater fish
baseline value of δ13C of –21.4±0.2‰ and δ15N of
+8.7±0.2‰.

The FRUITS proportional diet model also uses the
metabolic enrichment of stable isotope values that
occur in the course of building consumer tissue. This
is known as an ‘isotopic offset’ between diet and
consumer. We used an isotopic offset in the FRUITS
model of 4.8±0.2‰ for δ13C (Fernandes et al. 2014),
and for 6.0±0.5‰ for δ15N (O’Connell et al. 2012).
The FRUITS dietary model also allows for further

constraints on the calculations from a priori obser-
vations in the archaeological record and logical con-
siderations. We had observed in a previous dietary
analysis of populations at Alsónyék-Bátaszék (Bay-
liss et al. 2016.40–46) that there was a possibility for
the consumption of freshwater resources. We ran
tests of the FRUITS model first using no prior infor-
mation, and then with prior information weighting
terrestrial protein over fish. The final version of the
FRUITS model was modified, incorporating prior in-
formation that the proportion of terrestrial protein
was greater than that of cereals which added weight

Laboratory
Site Material and context

Radiocarbon δδ13C (‰)
Referencesnumber Age (BP) ∂IRMS]

deb-10274
Szengál-Teleki Unidentified animal bone from pit 1,

5530±60 –20.3 Regenye 2011.43dűlő Lengyel III

deb-3365
Zalaszentbalázs- Unidentified charcoal from feature 5\2, 

5728±58 –25.3 Bánffy 1995Szőlőhegyi mező –45cm
deb-3378 –\\– Unidentified charcoal from feature 2, –80cm 5767±70 –25.8 Bánffy 1995
deb-3385 –\\– Unidentified charcoal from feature 4\2, –100cm 5720±71 –24.9 Bánffy 1995
deb-3379 –\\– Cattle tibia from feature 4, –85–90cm 5682±57 –21.8 Bánffy 1995
deb-3380 –\\– Cattle from feature 4, –90cm 5614±70 –20.8 Bánffy 1995

deb-8408
Szombathely- Unidentified animal bone, from

5520±60
Ilon 2004.27,

Metro foundation trench of house 1 Fig. 26
deb-8486 –\\– Unidentified animal bone, feature 35 5590±60 Ilon 2004.Fig. 26
deb-8518 –\\– Unidentified animal bone, feature 19 5450±90 Ilon 2004.Fig. 26

Tab. 3. Radiocarbon and stable isotopic measurements associated with Lengyel III ceramics.

Lab.
Site Material and context

Radiocarbon δδ13C (‰)
References

number Age (BP) ∂IRMS]
Bln-500 Keszthely-Fenék- Charcoal (Quercus sp.), from pit Objekt 2, 4780±80 Quitta, Kohl 1969.

puszta, Vasúti at 1.5m depth. Finds include lots of sherds 241
őrház of Gajary-type assigned by Kalicz (1982.10,

fn39) to Balaton-Lasinja II–III group
Bln-501 Keszthely-Fenék- Charcoal (Quercus sp.), from big, multi-part 4890±80 Quitta, Kohl 1969.

puszta, Halászrét- pit complex. Sample at 1m depth in pit 242
Nádgazdaság sector 2. Lower part of pit currently below
agyagbányája water table. Finds include lots of sherds of

Gajary-type assigned by Kalicz (1982.10,
fn39) to Balaton-Lasinja II–III group

Bln-502 Zalavár-Mekenye Charcoal (Abies cf. alba Mill.), from settle- 5400±80 Quitta, Kohl 1969.
ment pit 13, lower down in fill at 1m below 247
surface. Finds include white-painted late
Lengyel sherds and undecorated sherds
and associated copper smelting debris.

KI-16690
Balatonőszöd- Mussel from pit B-1984 5210±40 –10.3±0.3 Horváth et al.
Temetői-dılő 2014a.Tab. 2

deb-2196
Győr- Unidentified animal bone from feature 251 4650±60 –20.89 Figler et al. 1997.
Szabadrétdomb Tab. 2

deb-2194 –\\– Unidentified animal bone from feature 251 4850±60 –19.49 –\\–

deb-2178 –\\– Unidentified animal bone from feature 510 4730±60 –20.81 –\\–

deb-2213 –\\– Unidentified charcoal from feature 510 4630±60 –26.27 –\\–

deb-2095 –\\– Unidentified animal bone from feature 589 4820±60 –20.11 –\\–

Tab. 4. Radiocarbon and stable isotopic measurements associated with Furchenstich features and ceram-
ics.
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to the higher δ15N contribution of terrestrial meat in
the diet.

The results of the FRUITS analysis for the individu-
als from Veszprém-Jutasi út indicates the population
all had diets that were made up almost entirely of
cereals and terrestrial protein, and that freshwater
fish are a negligible contribution to the diet (Tab. 5).

Chronological modelling

The Bayesian chronological modelling has been un-
dertaken using the program OxCal v4.4 (Bronk Ram-
sey 2009). The algorithms used are defined exactly
by the brackets and OxCal keywords on the left-hand
side of Figures 6 and 8 (http://c14.arch.ox.ac.uk/).
The posterior density estimates output by the mod-
els are shown in black, with the unconstrained cali-
brated radiocarbon dates shown in outline. The
other distributions correspond to aspects of the mo-
del. For example, the distribution “start Veszprém
Lengyel” (Fig. 6) is the posterior density estimate for
the start of Lengyel burial at Veszprém. In the text
and tables, the Highest Posterior Density intervals of
the posterior density estimates are given in italics.

Furnished inhumation burials from Veszprém-
Jutasi út
The first model examines the dating of furnished in-
humation burials at Veszprém (Fig. 6). Five furnish-
ed Lengyel graves have been dated (Regenye et al.
2020.Tab. 2), four of which have been included in
the correspondence analysis of Lengyel funerary ce-
ramics (Regenye et al. 2020.Fig. 2). Ve-5 is allocated
to phase 2 of that seriation, and ve-2, ve-3, and ve-7
to phase 3. One further, dated but unfurnished, grave
appears to belong to this period of activity (Regenye
et al. 2020.Fig 5).

The model illustrated in Figure 6 suggests that Len-
gyel burial at Veszprém began in 4950–4710 cal BC
(95% probability; start Veszprém Lengyel) (Fig. 6),
probably in 4830–4725 cal BC (68% probability). It
ended in 4695–4485 cal BC (95% probability; end
Veszprém Lengyel) (Fig. 6), probably in 4670–4575
cal BC (68% probability), having been used for a

period of 30–245 years (95% probability; duration
Veszprém Lengyel) (Fig. 7), probably for 65–180
years (68% probability). There was then an extend-
ed gap with no furnished burial on the site, which
endured for a period of 20–490 years (95% proba-
bility; gap Veszprém Lengyel/Balaton-Lasinja (Fig.
7), probably for 200–435 years (68% probability).

Only three Balaton-Lasinja graves from Veszprém
have radiocarbon dates, two of which are furnished
with diagnostic pottery. The other has Balaton-Lasi-
nja sherds in the grave fill, and is parallel to one of
the furnished graves. The model shown in Figure 6
suggests that this period of burial began in 4565–
4160 cal BC (93% probability; start Veszprém Bala-
ton-Lasinja) (Fig. 6) or 4150–4115 cal BC (2% pro-
bability), probably in 4370–4180 cal BC (68% pro-
bability). It ended in 4235–3575 cal BC (95% pro-
bability; end Veszprém Balaton-Lasinja) (Fig. 6),
probably in 4215–4010 cal BC (68% probability),
having been used for a period of 1–215 years (93%
probability; duration Veszprém Balaton-Lasinja
(Fig. 7) or 230–260 years (2% probability), probably
for a period of 10–130 years (67% probability) or
155–165 years (1% probability).

The earlier Copper Age in western Hungary
The second model explores the context of the Vesz-
prém cemeteries within the ceramic sequence of the
earlier Copper Age in western Hungary (Figs. 8–11).

First, we consider the relationship between the end
of Lengyel furnished burial (which is largely restrict-
ed to the eastern part of this region) and the start
of Lengyel III ceramics, which do not appear in gra-
ves and are restricted to settlement contexts. Regenye
et al. (2020.Figs. 11–12) present a model for a three-
phase seriation of Lengyel graves, which we have re-
calculated using IntCal20 (Reimer et al. 2020). This
suggests that Lengyel furnished burial started to de-
cline in 4770–4560 cal BC (95% probability; start
end Lengyel 3) (Fig. 11), probably 4750– 4635 cal
BC (56% probability) or 4610–4580 cal BC (12%
probability), and finally ended by 4605– 4460 cal
BC (95% probability; end end Lengyel 3) (Fig. 11),
probably 4575–4505 cal BC (68% probability).

Grave Sex Age δδ13C (‰) δδ15N (‰) Cereals
Terrestrial Freshwater

protein fish
Ve-9 Unknown 8–9 years – – 48.3±1.1% 50±1.2% 1.7±1.7%
Ve-13 Male 23–40 years –19.5±0.1* +10±0.21* 48.4±1.1% 49.9±1.2% 1.7±1.7%
Ve-14 Female over 40 years –19.6±0.2* +10±0.3* 47.9±1.5% 49.9±1.5% 2.2±2.2%

Tab. 5. Proportional dietary estimates for the dated burials from Veszprém-Jutasi út, derived from the
FRUITS analysis (*mean of values from Table 1).
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There may then have been a short gap of –55 –210
years (95% probability; gap Lengyel furnished
graves/Lengyel III; Fig. 10), probably of 30–155
years (68% probability)11.

The model shown in Figure 8 suggests that Lengyel
III ceramics appeared in western Hungary in 4570–
4360 cal BC (95% probability; start Lengyel III;
Fig. 8), probably in 4490–4390 cal BC (68% prob-
ability). They were last used in 4445–4300 cal BC
(95% probability; end Lengyel III; Fig. 8), probably
in 4415–4335 cal BC (68% probability), having
been used for a period of 1–155 years (95% proba-
bility; duration Lengyel III) (Fig. 9), probably for
1–70 years (68% probability). This apparently rela-
tively short phase was succeeded by Balaton-Lasinja
ceramics, probably with little or no gap: 1–165 years
(95% probability; gap Lengyel III/Balaton-Lasinja)
(Fig. 10), probably 1–85 years (68% probability).

The model suggests that Balaton-Lasinja pottery first
appeared in 4400–4190 cal BC (95% probability;
start Balaton-Lasinja) (Fig. 8), probably in 4360–
4255 cal BC (68% probability). It ended in 3895–
3585 cal BC (95% probability; end Balaton-La-
sinja) (Fig. 8), probably in 3790–3625 cal BC (68%
probability), having been used for a period of 280–
610 years (95% probability; duration Balaton-La-
sinja; Fig. 9), probably for 355–540 years (68% pro-
bability). This extremely long tradition was succe-
eded by a related pottery style, the Furchenstich.
Again, there was probably little or no gap: 1–275
years (95% probability; gap Balaton-Lasinja/Fur-
chenstich) (Fig. 10), probably 1–140 years (68%
probability).

The Furchenstich style first appeared in 3770–3520
cal BC (92% probability; start Furchenstich; Fig.
8) or 3460–3405 cal BC (3% probability), probably

Fig. 6. Probability distributions of dates from inhumation burials at Veszprém-Jutasi út. Each distribu-
tion represents the relative probability that an event occurred at a particular time. For each of the dates
two distributions have been plotted, one in outline which is the result produced by the scientific evidence
alone, and a solid one which is based on the chronological model used. The other distributions corre-
spond to aspects of the model. For example, “start Veszprém Lengyel” is the estimated date when the
Lengyel cemetery was initiated. The large square brackets down the left-hand side of the figure along with
the OxCal keywords define the overall model exactly.

Fig. 7. Probability distributions of the durations of the cemeteries at Veszprém and the interval between
them, derived from the models defined in Figure 6.

1 The negative part of this range reflects the 10% probability that start Lengyel III was before end Lengyel 3, and thus that there
was a period of overlap rather than a gap between these ceramic phases. It should be noted that our sample of radiocarbon
dates for the Lengyel III phase (Tab. 3) is pitifully small and that these derive from only three sites. In these circumstances, the
potential gap may be an artefact of our current dataset.
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in 3670–3545 cal BC (68% probability). It ended in
3545–3125 cal BC (95% probability; end Furchen-
stich) (Fig. 8), probably in 3485–3320 cal BC (68%
probability). Overall Furchenstich pottery was used
over a period of 1–265 years (95% probability; dura-
tion Furchenstich) (Fig. 9), probably for 60–210
years (68% probability). Given the small number
of radiocarbon dates currently available associated
with the Furchenstich style, this ending may fall with-
in the earlier part of this date range and is then com-
patible with the suggestion that this ceramic style

was replaced by Boleráz pottery c. 3500 cal BC (Fur-
holt 2008).

Figure 11 illustrates the outline chronology for the
earlier Copper Age ceramics in western Hungary.
These traditions span more than a thousand years,
which brings into sharp relief the small number of
radiocarbon dates on which this chronology is based.
Nonetheless, it is striking that the Balaton-Lasinja
tradition appears to have endured for much longer
than the other ceramic styles.

Fig. 8. Probability distributions of dates from the earlier Copper Age ceramic sequence in western Hun-
gary. The format is identical to that of Figure 6. The large square brackets down the left-hand side of the
figure along with the OxCal keywords define the overall model exactly.
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Discussion

Great changes occurred across big swathes of Europe
in the mid-fifth millennium cal BC. In the Carpa-
thian basin, the previous system of tells and large
agglomerated flat settlements came to an end. In
the Vin≠a orbit, this process had probably begun
around 4700 cal BC, as seen for example in the se-
quence of the Uivar tell in western Romania (Draso-
vean et al. 2017; Drasovean, Schier 2020; Bayliss
et al. 2020). The great tell of Vin≠a-Belo Brdo itself
was probably the latest tell in its area to be aban-
doned, around 4500 cal BC (Tasi≤ et al. 2016; Whit-
tle et al. 2016). In the Lengyel sphere of Transdanu-
bia and beyond, the major settlement aggregations
with substantial houses and large grave groups had
also largely ended by the middle of the fifth millen-
nium cal BC (Bánffy et al. 2016; Regenye et al. 2020).
The largest known Lengyel aggregation, at Alsónyék-
Bátaszék, had reached its peak size around 4700 cal
BC, declining steadily from then until probably the
45th century cal BC (Osztás et al. 2016; Bánffy et al.

2016). In the broad, so-called Danubian distribution
of the LBK and post-LBK, longhouses and longhouse
settlements also largely came to an end in the mid-
fifth millennium cal BC. One regional study, in Low-
er Alsace in the upper Rhine valley, suggests that the
last longhouses there belonged to the Rössen phase,
dating probably to the 46th–45th centuries cal BC
(Denaire et al. 2017). In another region, that of the
Polish lowlands, the last longhouses were in use till
the turn of the millennium (Czerniak et al. 2017).
These worlds have traditionally been studied by se-
parate research communities, and as a result, while
there are plenty of hypotheses about the causes of
such changes, there has been little discussion about
the convergent timings.

In the aftermath of these changes, a different life-
style came into existence. This can be broadly charac-
terised by a more dispersed settlement system, the
existence of generally smaller settlements (in mod-
ern terminology hamlets rather than villages), often
smaller groups of graves or cemeteries, less obvious

Fig. 9. Probability distributions of the durations of the earlier Copper Age ceramic traditions of western
Hungary, derived from the model defined in Figure 8.

Fig. 10. Probability distributions of the gaps between the earlier Copper Age ceramic traditions of west-
ern Hungary, derived from the model defined in Figure 8.

Fig. 11. Probability distributions of the key parameters for the earlier Copper Age ceramic traditions of
western Hungary, derived from the models defined in Figure 8 and Regenye et al. (2020.Figs. 11–12; re-
calculated using IntCal20).
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social differentiation, and finally an often less osten-
tatious material culture (Parkinson 2006; Yerkes et
al. 2009; Siklósi, Szilágyi 2021.585). There was, how-
ever, considerable variability across east-central, cen-
tral and western Europe, perhaps hardly surprising
given the size of the area. In some regions, houses
remained a visible and frequently detected feature
of settlements, while in others a more elusive pat-
tern of pits and other remains is met with, for exam-
ple across many parts of the TRB distribution. On
the Great Hungarian Plain, cemeteries became a
notable feature, seemingly supplanting the graves
previous intermingled in tells and flat settlements;
the grave ground of Tiszapolgár-Basatanya remains
the largest (Siklósi, Szilágyi 2021), perhaps serving
as some kind of regional centre (Chapman 2020).
There are signs of differentiation within the grave
goods at that cemetery (Chapman 2020; Sofaer De-
revenski 2000), and further north there has been
a long debate about the character of megalithic and
related constructions. While a shift to plainer, or less
exuberantly decorated, pottery characterises many
regional sequences, the increasing appearance of
copper and gold should be noted (Siklósi, Szilágyi
2021.585), and the production and distribution of
jadeitite continued in the second half of the fifth mil-
lennium cal BC in western Europe (Pétrequin et al.
2012).

From this deliberately broad perspective, the results
presented here for Veszprém-Jutasi út and the post-
Lengyel sequence in western Hungary contribute in
the first place to the better establishment of more
robust local and regional detail, mirroring the pro-
gress towards the same end being made on the
Great Hungarian Plain (Yerkes et al. 2009; Siklósi,
Szilágyi 2021). It is, however, important to stress
the varied quality of the dating samples currently
available. The date estimates from Veszprém-Jutasi
út and for the regional west Hungarian post-Lengyel
sequence (Figs. 6–11) may suggest gradual change
from the peak of earlier Lengyel activity (again, as
seen at Alsónyék-Bátaszék), and then apparent con-
siderable longevity for the Balaton-Lasinja pheno-
menon; the estimate for its duration, lasting several
centuries (Fig. 9), is particularly striking. Although
clearly incomplete and in need of much further re-
search, the settlement record suggests much small-
er settlement units than in the Lengyel heyday in
Transdanubia, especially in its southeastern part. In-
terestingly, individual houses may not have been
substantially smaller than in Lengyel times, and are
archaeologically recognisable and visible. It is hard
to quantify settlement density, but Balaton-Lasinja

sites have been recurrent finds in both surveys and
rescue excavations and appear to have existed in
significant numbers. Finally, the contents of Balaton-
Lasinja graves do not obviously suggest major so-
cial differentiation, though the presence of gold is
again to be noted.

By way of contrast, the situation on the Great Hun-
garian Plain was different. According to recent ana-
lyses (Raczky, Siklósi 2013; Siklósi, Szilágyi 2021),
the Tiszapolgár and Bodrogkeresztúr ceramic tradi-
tions probably overlapped in time, rather than being
successive as previously thought; there may also be
regional variation within the Plain (Siklósi, Szilágyi
2021.622). Associated material, such as heavy cop-
per items and gold ornaments in Bodrogkeresztúr
contexts (Siklósi, Szilágyi 2021.585), should there-
fore have been unevenly available or accessible
across the communities of the Plain. The cemeteries
themselves, though the majority are clearly much
smaller than that of Tiszapolgár-Basatanya, are more
prominent than those in the Balaton-Lasinja orbit,
and might speak for local social differentiation, in
the form say of established places for the dead of
prominent social status. Date estimates currently
available suggest that some of the smaller cemete-
ries at least were much shorter-lived than the long
span originally attributed to Tiszapolgár-Basatanya
(Siklósi, Szilágyi 2021.586). In these ways poten-
tially less stable than the Balaton-Lasinja phenome-
non, the emergent situation on the Plain may have
also been shorter-lived than the Balaton-Lasinja
sphere, with the Tiszapolgár-Bodrogkeresztúr phe-
nomenon ending by the turn of the millennium (Sik-
lósi, Szilágyi 2021.619). A possible contrast of this
kind, however, will depend on the chronology of
Transdanubia being confirmed and refined in the
future.

The existing absolute chronological evidence rein-
forces earlier assumptions about the use of the Fur-
chenstich pottery style as a phenomenon succeed-
ing the Balaton-Lasinja era in western Hungary. That
is, moreover, at a surprisingly late period, virtually
in the second third of the fourth millennium cal BC.
This conclusion must be tentative, however, until
further radiocarbon dates are obtained on short-
lived samples associated with Furchenstich pottery
from a larger number of sites. Another significant
implication is the apparent partial contemporaneity
of Furchenstich with the Boleráz-Baden complex,
over several centuries. The emergence of the Bole-
ráz-Baden complex has been placed c. 3650 cal BC
and the expansion of the Boleráz style c. 3500 cal
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BC in the comprehensive study of Martin Furholt
(2008). It must be emphasised here, however, that
literally no scientific research targeting problems
associated with communities using Furchenstich and
related pottery styles has been carried out in Trans-
danubia in the past two decades. The only exception
is probably the long-lasting settlement at Balaton-
őszöd-Temetői-dűlő where an abundance of features
and finds represented the Baden complex, while the
earlier Copper Age occupation was only a limited
part of the prehistoric assemblage (Horváth et al.
2014a). As a consequence, reliable radiocarbon dates
associated with this kind of occupation are scarce.
Therefore, only a very tentative picture can be pre-
sented of the development and the dynamics of early
and mid-fourth millennium cal BC communities in
the region. By contrast, large cemeteries of the Bole-
ráz-Baden complex such as from Budakalász-Luppa-
csárda (Bondár, Raczky 2009) and Pilismarót-Basa-
harc (Bondár 2015) and extended sites like the
afore-mentioned Balatonőszöd-Temetői-dűlő (Hor-
váth et al. 2014b) have been published, including
statistically modelled series of radiocarbon dates.

Further research needs therefore to continue to pick
away at these local and regional differences within
the post-Lengyel and post-Vin≠a worlds. In the fu-
ture, we need to expand our focus to neighbouring
regions as well. A lot of new data have been obtain-
ed during rescue and other excavations in Croatia
and Slovenia in the last decade. These have contri-
buted greatly to the refinement of the Neolithic-Cop-
per Age sequence in this region (e.g., Balen, Drni≤
2014; ∞ataj 2014; 2016; 2020; Kramberger 2014;
2020; McClure et al. 2020).

Finally, it is worth considering whether the emerg-
ing conditions of the later fifth millennium cal BC,
seen here through the particular lens of Veszprém-
Jutasi út, contribute to a better understanding of the
circumstances in which the previous system of ma-
jor settlement aggregation came to an end. That pro-
cess has of course been much debated (among a
host of others, see for example, Tringham, Krsti≤
1990; Chapman 2000; 2020; Tripkovi≤ 2010; Por-
≠i≤ 2011; Crnobrnja 2011; Müller et al. 2013; Bo-
ri≤ 2015; Bánffy et al. 2016; Whittle et al. 2016),
and many factors have been suggested. This is not
the place to re-air all the issues, but it is an opportu-
nity to reflect briefly on how what came after may
enable further insight into some of the processes
perhaps at work; a small-scale situation like Vesz-
prém-Jutasi út may be valuable in this quest. Clearly,
it is unlikely that the system of major aggregations

just petered out, though it is the case that a gradual
decline in numbers at Alsónyék-Bátaszék has been
carefully documented (Osztás et al. 2016; Bánffy
et al. 2016). It is much more likely that there was
something unstable, with high social costs, making
the maintenance of prominent places and large ag-
gregations unsustainable in the long run. A favou-
rite idea has been the rise of the individual house-
hold at odds with the wider community (for exam-
ple, Tringham, Krsti≤ 1990; Bori≤ 2015), though
the overt evidence for difference is generally hard
to find, not helped by the lack of cemeteries in the
Vin≠a culture or by the apparent paucity of signs of
violence on the more than 2000 skeletons from Len-
gyel Alsónyék-Bátaszék (Osztás et al. 2016; Bánffy
et al. 2016); successive burnings at the top of Vin≠a-
Belo Brdo (Tasi≤ et al. 2015), or through the se-
quence at Uivar (Drasovean, Schier 2020), however,
should be remembered. Perhaps situations like Vesz-
prém-Jutasi út in Transdanubia help to support the
idea of the importance of the single (if not neces-
sarily autonomous) household, showing more indi-
vidual social units in smaller and potentially simpler
social settings. The apparent durability of the Bala-
ton-Lasinja phenomenon may also indicate the suc-
cess of this resolution of putative former social ten-
sions. The situation on the Great Hungarian Plain,
however, as described briefly above, may suggest
that competition and local or regional rivalries had
not entirely disappeared.

Dating of the graves at Veszprém-Jutasi út was car-
ried out within the project The Times of Their Lives,
funded by an Advanced Investigator Grant from the
European Research Council (2012–2017; 295412),
and led by Alasdair Whittle and Alex Bayliss.

ACKNOWLEDGEMENTS



Some Balaton-Lasinja graves from Veszprém-Jutasi út and an outline chronology for the earlier Copper Age in western Hungary

295

Bakay K., Kalicz N., and Sági K. 1966. Magyarország Ré-
gészeti Topográfiája 1. Veszprém megye régészeti topo-
gráfiája. A keszthelyi és tapolcai járás. Akadémiai Kia-
dó. Budapest.

Balen J., Drni≤ I. 2014. Archaeological excavations at Bar-
barsko – A new contribution to understanding of the Mid-
dle Copper Age in northern Croatia. Vjesnik Arheolo∏kog
muzeja u Zagrebu 47: 39–76.

Bánffy E. 1994. Transdanubia and Eastern Hungary in the
Early Copper Age. A Nyíregyházi Jósa András Múzeum
Évkönyve 36: 291–296.

1995. South-west Transdanubia as a mediating area. On
the cultural history of the Early and Middle Chalcoli-
thic. Antaeus 22: 157–196.

Bánffy E., Egry I. forthcoming. Feasting with music? A mu-
sical instrument and its context from the later fifth mil-
lennium BC Hungary. Germania 99. 2022.

Bánffy E., Osztás A., Oross K., + 6 authors, and Whittle A.
2016. The Alsónyék story: towards the history of a persis-
tent place. Bericht der Römisch-Germanischen Kommis-
sion 94: 283–318.

Banner J., Bognár-Kutzián I. 1961. Beiträge zur Chrono-
logie der Kupferzeit des Karpatenbeckens. Acta Archaeo-
logica Academiae Scientiarum Hungaricae 13: 1–32.

Barna J. P., Serlegi G., Fullár, Z., and Bánffy E. 2019. A cir-
cular enclosure and settlement from the mid-fifth millen-
nium BC at Balatonmagyaród-Hídvégpuszta. In E. Bánffy,
J. P. Barna (eds.), Trans Lacum Pelsonem. Prähistorische
Forschungen in Südwestungarn (5500–500 v. Chr.) –
Prehistoric Research in South-Western Hungary (5500–
500 BC). Castellum Pannonicum Pelsonense 7. Verlag Ma-
rie Leidorf Publisher. Rahden: 117–160.

Bayliss A., Beavan N., Hamilton D., + 13 authors, and
Whittle A. 2016. Peopling the past: creating a site biog-
raphy in the Hungarian Neolithic. Bericht der Römisch-
Germanischen Kommission 94: 23–91.

Bayliss A., Gaydarska B., Whittle A., Drasovean F., and
Schier W. 2020. Scientific dating and chronological mod-
elling. In F. Drasovean, W. Schier (eds.), Uivar “Gomila”:
a prehistoric tell settlement in the Romanian Banat.
Vol. I: Site, Architecture, Stratigraphy and Dating.
Verlag Marie Leidorf Publisher. Rahden: 491–548.

Beavan Athfield N., Green R. C., Craig J., McFadgen B.,
and Bickler S. 2008. Influence of marine sources on 14C
ages: isotopic data from Watom Island, Papua New Gui-

nea inhumations and pig teeth in light of new dietary
standards. Journal of the Royal Society of New Zealand
38: 1–23.

Bogaard A., Fraser R., Heaton T. H. E., + 16 authors, and
Stephan E. 2013. Crop manuring and intensive land ma-
nagement by Europe’s first farmers. Proceedings of the
National Academy of Sciences 110: 12589–12594.
https://doi.org/10.1073/pnas.1305918110

Bóna I. 1963–4 [1965]. The peoples of southern origin
of the Early Bronze Age in Hungary I-II. Alba Regia 4–5:
17–63.

Bondár M. 2015. The Copper Age cemetery at Pilisma-
rót-Basaharc. István Torma’s excavations (1967, 1969–
1972). Institute of Archaeology. Research Centre for the
Humanities. Hungarian Academy of Sciences. Budapest.

Bondár M., Raczky P. (eds.) 2009. The Copper Age ceme-
tery of Budakalász. Pytheas. Budapest.

Bori≤ D. 2015. The end of the Vin≠a world: modelling the
Late Neolithic to Copper Age transition and the notion of
archaeological culture. In S. Hansen, P. Raczky, A. An-
ders, and A. Reingruber (eds.), Neolithic and Copper Age
between the Carpathians and the Aegean Sea: chrono-
logies and technologies from the 6th to the 4th millen-
nium BCE. International Workshop Budapest 2012. Ar-
chäologie in Eurasien 31. Deutsches Archäologisches In-
stitut. Eurasien-Abteilung. Habelt. Bonn: 157–217.

Bori≤ D., Grupe G., Peters J., and Miki≤ Ω. 2004. Is the Me-
solithic-Neolithic subsistence dichotomy real? New stable
isotope evidence from the Danube Gorges. European
Journal of Archaeology 7: 221–248.
https://doi.org/10.1177/1461957104056500

Bronk Ramsey C. 2009. Bayesian analysis of radiocarbon
dates. Radiocarbon 51: 37–60.
https://doi.org/10.1017/S0033822200033865

Brown T. A., Nelson D. E., Vogel J. S., and Southon J. R.
1988. Improved collagen extraction by modified Longin
method. Radiocarbon 30: 171–177.
https://doi.org/10.1017/S0033822200044118

∞ataj L. 2014. Middle Eneolithic Lasinja and Retz-Gajary
cultures in northern Croatia – development of chronol-
ogy. In W. Schier, F. Drasovean (eds.), The Neolithic and
Eneolithic in southeast Europe: new approaches to dat-
ing and cultural dynamics in the 6th to 4th millennium
BC. Prähistorische Archäologie in Südosteuropa 28. Ver-
lag Marie Leidorf GmbH. Rahden/Westf.: 397–408.

References



J. Regenye, K. Oross, E. Bánffy, E. Dunbar, R. Friedrich, A. Bayliss, N. Beavan, B. Gaydarska, and A. Whittle

296

2016. Lasinja, Retz-Gajary and Boleraz? Radiocarbon
dates and the sequence of Copper Age cultures in cen-
tral Croatia. In J. Kovárik (ed.), Centenary of Jaroslav
Palliardi’s Neolithic and Aeneolithic relative chro-
nology (1914–2014). International symposium Cen-
tenary of Jaroslav Palliardi’s Neolithic and Aeneoli-
thic relative chronology (2014; Moravské Budějovi-
ce). University of Hradec Králové. Philosophical Faculty.
Hradec Králové: 181–192.

2020. Mali Komor-Vrci: the beginning of the Eneolithic
in Zagorje. In M. Dizdar, K. Boti≤, and H. Kalafati≤ (eds.),
Homo universalis: zbornik radova posve≤en Zorku
Markovi≤u povodom 65. obljetnice ∫ivota. Zbornik In-
stituta za arheologiju 15. Institut za arheologiju. Zag-
reb: 173–186.

Chapman J. 2000. Fragmentation in archaeology: peo-
ple, places and broken objects in the prehistory of south
eastern Europe. Routledge. London.

2020. Forging identities in the prehistory of Old Eu-
rope: dividuals, individuals and communities, 7000–
3000 BC. Sidestone Press. Leiden.

Cook G. T., Bonsall C., Hedges R. E. M., McSweeney K.,
Boroneant V., and Pettitt P. B. 2001. A freshwater diet-de-
rived 14C reservoir effect at the stone age sites in the Iron
Gates gorge. Radiocarbon 43: 453–460.
https://doi.org/10.1017/S0033822200038327

Crnobrnja A. 2011. Arrangement of Vin≠a culture figuri-
nes: a study of social structure and organization. Docu-
menta Praehistorica 38: 131–147.
https://doi.org/10.4312/dp.38.11

Czerniak L., Marciniak A., Bronk Ramsey C., + 4 authors,
and Whittle A. 2017. House time: Neolithic settlement de-
velopment at Racot during the fifth millennium cal BC in
the Polish lowlands. Journal of Field Archaeology 41:
618–640. https://doi.org/10.1080/00934690.2016.1215723

Denaire A., Lefranc P., Wahl J., + 6 authors, and Whittle A.
2017. The cultural project: formal chronological model-
ling of the Early and Middle Neolithic sequence in Lower
Alsace. Journal of Archaeological Method and Theory 24:
1072–1149. https://doi.org/10.1007/s10816-016-9307-x

Dimitrijevi≤ S. 1961. Problem neolita i eneolita u sjevero-
zapadnoj Jugoslaviji (Problem des Neolithikums und Ae-
neolithikums in Nordwestjugoslawien). Opuscula Archa-
eologica 5: 5–85.

Drasovean F., Schier W. (eds.) 2020. Uivar “Gomila”: a
prehistoric tell settlement in the Romanian Banat. Vol.
I: Site, Architecture, Stratigraphy and Dating. Verlag Ma-
rie Leidorf Publisher. Rahden.

Drasovean F., Schier W., Bayliss A., Gaydarska B., and
Whittle A. 2017. The lives of houses: duration, context
and history at Neolithic Uivar. European Journal of Ar-
chaeology 20(4): 636–662.
https://doi.org/10.1017/eaa.2017.37

Dunbar E., Cook G. T., Naysmith P., Tripney B. G., and Xu
S. 2016. AMS 14C dating at the Scottish Universities En-
vironmental Research Centre (SUERC) radiocarbon dating
laboratory. Radiocarbon 58: 9–23.
https://doi.org/10.1017/RDC.2015.2

Éri I., Kelemen M., Németh P., and Torma I. 1969. Magyar-
ország Régészeti Topográfiája 2. Veszprém megye régé-
szeti topográfiája. A veszprémi járás. Akadémiai Kiadó.
Budapest.

Fernandes R., Millard A. R., Brabec M., Nadeau M.-J., and
Grootes P. 2014. Food reconstruction using isotopic trans-
ferred signals (FRUITS): a Bayesian model for diet recon-
struction. PLoS ONE 9(2): e87436.
http://doi:10.1371/journal.pone.0087436

Figler A., Bartosiewicz L., Füleky Gy,. and Hertelend E.
1997. Copper Age settlement and the Danube water sys-
tem: a case study from north western Hungary. In J. Chap-
man, P. Dolukhanov (eds.), Landscape in flux: central
and eastern Europe in Antiquity. Oxbow Books. Oxford:
209–230.

Furholt M. 2008. Pottery, cultures, people? The European
Baden material re-examined. Antiquity 82: 617–628.
https://doi.org/10.1017/S0003598X0009726X

Gamarra B., Howcroft R., McCall A., + 11 authors, and
Pinhasi R. 2018. 5000 years of dietary variations of pre-
historic farmers in the Great Hungarian Plain. PLoS ONE
13(5): https://doi.org/10.1371/journal.pone.0197214

Horváth L. A., Simon H. K. 2003. Das Neolithikum und
die Kupferzeit in Südwesttransdanubien. Inventaria
Praehistorica Hungariae 9. Magyar Nemzeti Múzeum. Bu-
dapest.

Horváth T., Svingor É. S., and Molnár, M. 2008. New ra-
diocarbon dates for the Baden culture. Radiocarbon 50:
447–458. https://doi.org/10.1017/S0033822200053546

Horváth T., Svingor É. S., and Sipos G. 2014a. Absolute
and relative chronology. In T. Horváth (ed.), The prehi-
storic settlement at Balatonőszöd-Temetői-dűlő, The
Middle Copper Age, Late Copper Age and Early Bronze
Age occupation. Archaeolingua. Budapest: 39–42.

2014b. Absolute and relative chronology. In T. Horváth
(ed.), The prehistoric settlement at Balatonőszöd-
Temetői-dűlő, The Middle Copper Age, Late Copper Age



Some Balaton-Lasinja graves from Veszprém-Jutasi út and an outline chronology for the earlier Copper Age in western Hungary

297

and Early Bronze Age Occupation. Archaeolingua.
Budapest: 567–604.

Ilon G. 2004. Szombathely őskori településtörténetének
vázlata (Outline of the pre-historic settlement of Szom-
bathely). Őskorunk 2. Vas Megyei Múzeumok Igazgató-
sága. Szombathely.

Jakucs J., Bánffy E., Oross K., + 7 authors, and Whittle A.
2016. Between the Vin≠a and Linearbandkeramik worlds:
the diversity of practices and identities in the 54th–53rd

centuries cal BC in south-west Hungary and beyond. Jour-
nal of World Prehistory 29: 267–336.
https://doi.org/10.1007/s10963-016-9096-x

Kalicz N. 1958. Rézkori sztratigráfia Székely község ha-
tárában. Archaeologiai Értesítő 58: 3–6.

1969. A rézkori balatoni csoport Veszprém megyében.
(Die Kupferzeitliche Balaton-Gruppe im Komitat Vesz-
prém). Veszprém Megyei Múzeumok Közleményei 8:
83–90.

1973. Über die chronologische Stellung der Balaton-
Gruppe in Ungarn. In B. Chropovský (ed.), Symposium
über die Entstehung und Chronologie der Badener
Kultur. Verlag der Slowakischen Akademie der Wissen-
schaften. Bratislava: 131–165.

1982. A Balaton-Lasinja kultúra történeti kérdései és
fémleletei. Archaeologiai Értesítő 109: 3–17.

1991. Beiträge zur Kenntnis der Kupferzeit im ungari-
schen Transdanubien. In J. Lichardus (ed.), Kupferzeit
als historische Epoche. Symposium Saarbrücken und
Otzenhausen, 6.11.–13.11.1988. Saarbrücker Beiträge
zur Altertumskunde. Habelt. Bonn: 347–387.

1995a. Die Balaton-Lasinja-Kultur in der Kupferzeit Süd-
ost- und Mitteleuropas. In Neuere Daten zur Siedlungs-
geschichte und Chronologie der Kupferzeit des Karpa-
tenbeckens. Inventaria Praehistorica Hungariae 7:
37–49.

1995b. Letenye-Szentkeresztdomb: ein Siedlungsplatz
der Balaton-Lasinja-Kultur. In Neuere Daten zur Sied-
lungsgeschichte und Chronologie der Kupferzeit des
Karpatenbeckens. Inventaria Praehistorica Hungariae
7: 61–106.

2001. Die Protoboleráz-Phase an der Grenze von zwei
Epochen. In P. Roman, S. Diamandi (eds.), Cernavodă
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ABSTRACT – The paper presents a group of four, approximately 0.5m large, stone disks from entran-
ces or cemeteries of two protohistoric hillforts of north-eastern Adriatic. The disks, having a sparse
chronology with the exception of one dated to the Middle Bronze Age, show flat and plain surfaces
or covered with sub-circular depressions. One disk shows two larger cup-marks at the centre of both
faces. They are interpreted as ritual artefacts based on the association with sacred settlement loca-
tions and comparisons with similar coeval stones found mainly close to citadel entrances, burials
and thresholds in the Aegean area and Anatolia. 

IZVLE∞EK – V prispevku predstavljamo ∏tiri pribli∫no 0,5 m velike kamnite diske z vhodov oziroma
grobi∏≠ na dveh prazgodovinskih gradi∏≠ih na severovzhodnem Jadranu. Diski so, razen enega, ki
sodi v srednjo bronasto dobo, slabo datirani. Vsi so plo∏≠ati z gladkimi povr∏inami ali prekriti s pol-
kro∫nimi vdolbinami. Na enem sta v sredini plo∏≠atih delov kroglasti vdolbini. Interpretirani so kot
obredni predmeti, povezani s svetim mestom naselbine. Primerjamo jih s so≠asnimi kamni, najdeni-
mi blizu vhodov v citadele, grobove in prehode v Egejskem prostoru in v Anatoliji.

KEY WORDS – north-eastern Adriatic; hillforts; stone disks; cup-marks; SfM photogrammetry; Bronze
Age religion
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tombs of similar chronology have been identified
next to the western entrance (Hänsel et al. 2015).
The radiocarbon dating of some of the human re-
mains from Monkodonja covers approximately the
period between 1900 and 1600 BC (Hänsel et al.
2015). A similar cist tomb has been discovered at
the Gradac-Turan hillfort located along the eastern
Istrian coast (Mihovili≤ 1997; Bur∏i≤-Matija∏i≤, Ωe-
ri≤ 2013).

Burial mounds have been found in the Karst and
Istria in the surroundings of several hillforts, such as
the tumuli of Mu∏ego near the settlement of Monko-
donja (Mihovili≤ et al. 2012), those close to the Vr-
≠in hillfort (Battaglia 1958) or the one excavated
close to Barbariga (Codacci-Terlevi≤ 2012). General-
ly, as for burial mounds excavated in other part of
Istria, they feature one or more depositions within
stone cists covered by earth and stone caps.

In this contribution, using structure from motion
(SfM) photogrammetric techniques, we present a
group of four stone disks associated with entrances
or Bronze Age cemeteries of two hillforts, Rupinpic-
colo and Gradina, on Veliki Brijun, located in the Tri-
este Karst (Italy) and in the Brijuni/Brioni islands fac-
ing the southern Istria (Croatia), respectively (Fig. 1).

Rupinpiccolo/Repni≠ hillfort

The Rupinpiccolo/Repni≠ hillfort is located in the
southern side of the central Karst ridge, which deve-
lops through the Karst plateau with a Dinaric orien-
tation and approximately marks the border between
Italy and Slovenia (Fig. 1). The area belongs to the
Cenomanian to Turonian Repen Formation consist-
ing of bedded and massive, partly re-crystallized,
limestone containing chert and with displaced, lo-
cally broken and rounded rudist shells (Jurkov∏ek
et al. 2016).

The ruins of its massive defensive structures were
already noticed at the beginning of last century
(Marchesetti 1903). The first archaeological inves-
tigations were carried out several decades later in
1965, 1970–1974, 1986 and 1988 (Cannarella 1970;
1975; Maselli Scotti 1988), making it possible to un-
cover the entire surviving fortification system. The
site, built along the slope of a modest hill, shows a
sub-rectangular plan but its western side has been
destroyed by a modern quarry. It was defended by
a massive rampart, up to 7m tall, built with two main
external stone alignments with the intervening space
filled with smaller stones and partially supported

Introduction

The Karst plateau and Istrian peninsula at the north-
eastern shore of the Adriatic Sea (Fig. 1) are marked
by the presence of hundreds of protohistoric settle-
ments, generally located on hilltops. These sites,
protected by dry-stone walls, locally called castellie-
ri, gradine or gradi∏≠a, featured clear originality
and cultural unity in pottery production, architec-
tural models, defensive systems and funerary prac-
tices. They were settled for a very long time, span-
ning from the late Early Bronze Age (EBA), approxi-
mately between 1800 and 1650 BC, to the late Iron
Age (IA; Mihovili≤ 2013; Borgna et al. 2018). The
formation and rising of castellieri chronologically
corresponds to the EBA II in the Italian relative chro-
nological system (Cardarelli 2009) and to the BZ A2
in the Central-Europe Reinecke’s system (Hänsel
2009). Their origin is still debated. The complex
fortified entrances, the inner-space subdivision and
settlement layout of some of them, e.g., Monkodo-
nja/Moncodogno (hereafter Monkodonja) hillfort in
Istria, together with some peculiar ceramic and me-
tal artefacts, such as pottery tripods and bronze
knives with two rivet holes, suggest that the first
Istrian settlements had direct contacts with the east-
ern Mediterranean (Hänsel et al. 2015). However,
other archaeological artefacts, such as the so-called
enigmatic tablets, defined also as Brotlaibidole, and
some types of pottery vessels, show that Istria was
also connected to the Pannonian-Carpathian area
(Hänsel et al. 2015; Borgna et al. 2018). Other pot-
tery materials suggest connections with northern
Italy and Apulia, too (Hänsel et al. 2015).

Considering the funerary practices, small cemeteries
close to or within the hillfort fortifications and bur-
ial mounds are the main funerary contexts at least
from the EBA to the later Bronze Age phases. In
more detail, single or small groups of burials have
been identified next to the gates of settlements and/
or within the ramparts. Recent radiocarbon dates
obtained from two individuals buried in a small mo-
numental cemetery found next to the main forti-
fied entrance at Vr≠in/Mt. Orcino (hereafter Vr≠in)
in southern Istria (the so-called sepolcreto gentili-
zio, consisting of about 20 cist tombs) point to a time
span approximately between about 1700 and 1200
BC (Battaglia 1958; Cupitò et al. 2018). Cist tombs
included within stone platforms very similar to those
from Vr≠in are known from the Gradina hillfort on
Veliki Brijun/Brioni Maggiore island (hereafter Veli-
ki Brijun; Vitasovi≤ 2002; 2005; Bur∏i≤-Matija∏i≤,
Ωeri≤ 2013). At the Monkodonja hillfort, two cist
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by lower stone reinforcements. Two entrances have
been discovered approximately at the north-eastern
and south-eastern corners. The first one is located
on the hilltop and is about 2m tall, while the south-
ern one is larger, about 3.2 m, externally delimited
by a corridor-like structure and walled up in ancient
times. Remains of four inner transversal terraces,
probably built to support the dwellings, have been
identified.

According to available data, the stones used to build
the fortification, including massive blocks up to about
3m wide, were taken from the local limestone out-
crop which is broken in many parts, just outside
the rampart. In addition, chisel marks and a wedge
hole were identified a few meters east of the north-
eastern corner of the fortification (Priuli 1977). The
use of such huge blocks is not reported in other sites
of the Trieste Karst, and makes Rupinpiccolo a uni-
que context.

Based on the typology of ceramic finds, Rupinpicco-
lo was firstly dated to the IA (Cannarella 1975), then
to a period spanning from the Late Bronze Age (LBA)
to the advanced IA (Maselli Scotti 1982; 1983). How-
ever, Bronze Age materials were only partially pub-
lished, and our revision of pottery finds has allow-
ed to identify pottery shards dating back to the EBA/
initial Middle Bronze Age (MBA; see infra). No tra-
ces of a later Roman occupation of the site have been
identified (Cannarella 1975). Archaeological survey
(Bernardini 2012) and airborne laser scanner in-
vestigations (Bernardini et al. 2013; Vinci, Bernar-
dini 2017) have revealed that Rupinpiccolo is not
isolated, but is part of a small-scale cluster of four
hillforts.

Gradina on Veliki Brijun/Brioni Maggiore

The Gradina hillfort, also known as Monte Castellier,
is located on the eastern side of the Veliki Brijun is-

Fig. 1. The Rupinpiccolo and Gradina on Veliki Brijun hillforts. a Position of Rupinpiccolo and Gradina
on Veliki Brijun hillforts and other main sites mentioned in the text. b Plan of the Bronze Age cemetery
(t1-t.2, tombs 1-2; i.t., infant tomb) of Gradina on Veliki Brijun hillfort with the Gradina disk 2 in light
red. c Drone-derived orthophoto of the Rupinpiccolo hillfort with the position of the stone disks (1–2), an-
cient quarrying sites (3–4) and a block of the rampart with a wedge hole (5). d-e south-eastern and north-
eastern gates of Rupinpiccolo, respectively. 
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land in front of southern Istria (Fig. 1). Veliki Brijun
is part of the Upper Albian to Middle Cenomanian
carbonate succession of southern Istria (Ti∏ljar et al.
1998).

The hillfort is composed of three concentric ram-
parts extending over a surface of more than seven
hectares (Vitasovi≤ 2002; 2005). Already recognized
more than a century ago (Puschi 1898; Marchesetti
1903), it was investigated by Anton Gnirs (1925),
who identified an entrance in the north-western
part of the upper rampart and, later, by Boris Ba≤i≤
and Anton Vitasovi≤ (2002; 2005). These last resear-
chers excavated the entrance previously identified,
revealing a complex structure designed to defend
the access to the site. They also investigated other
structures and a small cemetery next to the external
side of the upper rampart, composed of a few cist
tombs within platforms divided by low walls (Fig
1B; Vitasovi≤ 2002; 2005; Bur∏i≤-Matija∏i≤, Ωeri≤
2013). The Gradina entrance finds significant com-
parisons in Bronze Age hillforts of Istria, such as
Monkodonja (Hänsel et al. 2015), while the small
cemetery is very similar to the Vr≠in necropolis, re-
cently radiocarbon dated to between about 1700 and
1200 BC (Cupitò et al. 2018). The available data
suggest that the Gradina on Veliki Brijun was set-
tled for a long time span, at least from the late EBA
and the IA (Vitasovi≤ 2002; 2005).

Materials and methods

Identification of the stone disks and related
archaeological evidence
The stone disks 1 and 2 from Rupinpiccolo were un-
covered during the excavations carried out in the
1970s close to the inner side of the south-eastern en-
trance (Cannarella 1970; 1975), but they were not
recognized as valuable artefacts and were left on
site (Fig. 1). Since the identification of the disks by
Federico Bernardini, all the area has been carefully
and repeatedly surveyed, in order to identify pos-
sible chisel marks and wedge holes on blocks of the
rampart, similar to those identified on the disks (see
infra) and on the karst outcrops just next to it. This
research confirmed the presence of chisel marks
and a wedge hole on the hilltop (Priuli 1977) (Fig.
1 and supporting Fig. 1A) and led to the identifica-
tion of wedge hole remains on the karst outcrop
next to the southern wall of the corridor-like struc-
ture in front of the south-eastern entrance (Fig. 1
and supporting Fig. 1B) and on a block of the ram-
part (Fig. 1 and supporting Fig. 2). The outcropping
rocks with traces of wedge holes and chisel marks

on the hilltop and close to the entrance were buried
under the ruins of the rampart and brought to light
by the archaeological excavations (Priuli 1977).

Stone disk 1 from Gradina on Veliki Brijun was dis-
covered during the excavation of the entrance of
the upper rampart and was preliminarily described
and recognized as an artefact with a probable ritual
value (Vitasovi≤ 2005). Stone disk 2 was identified
during a visit to the small Bronze Age cemetery of
the hillfort in 2019 by Federico Bernardini. It lies
on the eastern side of the low wall that delimits a
tomb (Fig. 1B).

Drone structure from motion photogrammetry
A drone survey of the whole Rupinpiccolo site was
performed in 2017 in order to produce orthophotos
and plans of the site, taking advantage of the low
and sparse vegetation (Eltner et al. 2016). Two se-
parate flights, with the camera aligned perpendicu-
lar to the flight path and with a tilt angle of 45 de-
grees, respectively, were planned with FlightPlanner
software (AeroScientific, Blackwood, Australia) to
maintain a constant ground sample resolution (GSR)
and optimize the area coverage. Drone pictures were
taken using a DJI Mavic drone (DJI, Nanchan District,
Shenzen, China) capable of providing 12Mp files
with a zoom lens equivalent to 24–48mm. Working
with a medium-long focal lens instead of a wide
angle allowed us to perform higher flights above the
vegetation and maintain a high ground resolution
(12.7mm/pixel) over an area of 46 953m2. In order
to reduce the flight time, jpeg files were saved,
cloudy days were preferred and almost no shadows
were registered. A total of 414 orthogonal images
and another series of 94 images with the same
focal length but different angulations and ground
resolutions were taken and processed using Agisoft
Metashape (Agisoft LLC, St. Petersburg, Russia, 2019).
The images were aligned, and a sparse point cloud
generated using high quality settings. Thickening the
cloud was done using the Dense Cloud algorithm,
which was run at high resolution to provide a large
number of points, suitable for DEM generation.

Such an approach was not applied at Gradina on Ve-
liki Brijun because the area is covered by dense
evergreen vegetation. 

Terrestrial structure from motion photogram-
metry
The terrestrial structure from motion (SfM) approach
was applied to produce a plan of the Gradina on Ve-
liki Brijun cemetery and high-resolution 3D models
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of the stone disks (Verma et al. 2019; Porter et al.
2016), a Rupinpiccolo rampart block with wedge-
hole remains, the Rupinpiccolo quarrying sites and
a block from the Bronze Age Vr≠in cemetery in Is-
tria (Croatia). A full frame 21 megapixel camera was
used with a 17mm lens, and raw format images were
taken in order to produce files with low contrast ca-
pable of generating point clouds of even dark spots.

A total of 56 images of the Gradina on Veliki Brijun
burial site, 270 images of the Rupinpiccolo quarry-
ing site east of the north-eastern gate, 91 images of
the Rupinpiccolo rampart block with two symmet-
rical half-wedge holes and 65 images of the block
from Vr≠in cemetery were acquired.

For the stone disks, two series of pictures represent-
ing both sides of the artefacts and their edges were
taken to ensure the correct alignment. When neces-
sary, a flashlight was used to achieve better visibili-
ty in the shadows and avoid uneven lighting (Men-
na et al. 2016). Finally, a colour reference was used
to calibrate colours during postproduction and to
scale the model. A total of 98 and 96 images of Ru-

pinpiccolo stone disk 1 faces, 104 and 125 images of
Rupinpiccolo stone disk 2 faces, 113 and 134 ima-
ges of Gradina on Veliki Brijun stone disk 1 faces
and 38 and 82 images of Gradina on Veliki Brijun
stone disk 2 faces were taken.

All the acquired images were processed using Agi-
soft Metashape (Agisoft LLC, St. Petersburg, Russia,
2019), as described for the drone photogrammetry
of Rupinpiccolo. In addition, to remove outliers and
improve the overall quality of the models, after
sparse cloud generation the gradual selection tool
was applied to remove non-correctly aligned pictu-
res. After separating the sparse and dense cloud ge-
neration of the stone disk faces, manual alignment
of the two clouds selecting homolog points along
the stone edges was performed just before the mesh
generation and texturing.

The large number of pixels and the high dimensio-
nality of the CCD sensor used provided high resolu-
tion models: Gradina on Veliki Brijun cemetery: 10.7
mm/pixel; Rupinpiccolo rampart block: 0.254 mm/
pixel; quarrying site: 12mm/pixel; Vr≠in block: 1.68

Fig. 2. Rupinpiccolo stone disk 1. a Radiance scaling and lattice visualizations of the disk with chisel marks
highlighted in black (full circles correspond to the bottom of the chisel marks). b Digital elevation mo-
del of the frontal face of the disk. c Curvature map of the disk with chisel marks indicated by black cir-
cles and numbers. d Enlarged view of chisel marks 10–15, 18–19 and 23. The other chisel marks are clear-
ly visible in Fig. 3.
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mm/pixel; Rupinpiccolo stone disks 1 and 2: 0.114
and 0.104mm/pixel, respectively; Gradina on Veliki
Brijun stone disks 1 and 2: 0.111 and 0.627mm/
pixel, respectively.

Elaboration of 3D models
The obtained 3D models were visualized and ren-
dered by using MeshLab 2020.03 (Cignoni et al.
2008) in order to enhance artificial features, such
as chisel marks and wedge traces, and bioerosional
evidence detected on the frontal face of the disk 1
from the Gradina on Veliki Brijun hillfort. Surface
features have been enhanced applying radiance
scaling, and/or lattice plugins. The radiance scaling
technique makes it possible to enhance shape de-
tails such as convexities and concavities (e.g., Ver-
gne et al. 2012), while the lattice shader makes it
possible to detect surface details by removing the
colour and regulating the light direction (e.g., Cas-
sen et al. 2014). In order to enhance the bottom of
the chisel marks of stone disk 1 from Rupinpiccolo,
the plugin Colorize curvature (APSS) was applied
using the default parameters, with the exception of
the filter scale which was set at 4.

Typological analysis of Bronze Age pottery
and initial occupation of Rupinpiccolo
Bronze Age materials from Rupinpiccolo have only
been partially published and, for this reason, we
have reviewed the pottery finds from the site kept
in the Soprintendenza Archeologia Belle Arti e Pae-
saggio del Friuli Venezia Giulia.

Results

Rupinpiccolo stone disks
Two disks, carved from the local massive limestone
belonging to the Repen Formation (Jurkov∏ek et al.
2016), have been identified next to the south-east-
ern gate of the Rupinpiccolo hillfort (Trieste Karst,
Italy) (Fig. 1).

Rupinpiccolo stone disk 1
The Rupinpiccolo disk 1, about 50cm wide and 20cm
thick, was carved by using a metal point chisel and
a hammer. Producing a rounded disk from very mas-
sive and compact limestone is not a simple task,
since advanced stone-working skills are required.
The stone has a relatively flat upper face showing
numerous chisel marks arranged in patterns (Figs.
2–3). The depth of the chisel marks ranges from
about 20 to 1mm in those more severely affected by
weathering processes. The diameter of the chisel
marks ranges from about 10 to 5mm with most of

them being about 7mm. This suggests that the orig-
inal point of the chisel was about 6–7mm in diam-
eter.

The relatively flat morphology of the frontal sur-
face of disk 1 was probably achieved by centripetal
flaking using a precursor. The position of the chis-
el marks corresponds to limited portions of the
disk upper surface, suggesting they were not due to
surface flattening processes. This is also shown by
the digital elevation model of the frontal surface of
the disk (Fig. 2B), where some marks were pro-
duced on the highest portion of the surface but
without making it flatter, and the others, located at
the lowest portion of the stone, have produced an
irregular depression. Moreover, the very small dis-
tance between some marks (i.e. less than 2cm) fur-
ther supports the idea that they were intentionally
created to reproduce a pattern.

The chisel marks are highlighted in the curvature
map of the disk due to their hemispherical shape,
which separate them well from the other surfaces of
the disk (Figs. 2C and 3). They are iso-oriented and
were likely created by a right-handed person holding
an oblique metal chisel with the left hand and a ham-
mer with the right one.

Considering the north-eastern Adriatic region, the
use of bronze tools to work limestone is document-
ed in the cemetery of Vr≠in hillfort in Istria covering
approximately a time span between 1700 and 1200
BC (Battaglia 1958; Cupitò et al. 2018; see infra).
Most of the cist tombs are included within platforms
delimited by low walls made of well-shaped blocks
which show clear marks produced by a metal point
chisel (Battaglia 1958; supporting Fig. 3), similar to
those found at Rupinpiccolo.

Rupinpiccolo stone disk 2
The Rupinpiccolo stone disk 2 was found close to
stone disk 1 (Fig. 4). They share the same raw ma-
terial, size (about 50cm large and 30cm thick) and
shape, but its frontal surface is very flat and without
any chisel marks (Fig. 4). To obtain such a flat sur-
face a rock with a very regular bedding plane was
selected, extracted and carefully worked. Unlike the
other stone, disk 2 still has the remains of two diffe-
rent half-wedge holes that made it possible to shape
the artefact. One of them, originally part of a com-
plete hole with a triangular cross-section, is about
12cm wide and 6cm deep and still preserves faint
parallel and oblique chisel marks on its surface (Fig.
4, black arrows and lines). It develops on the lateral
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306

surface of the disk from the frontal surface towards
the bottom of the disk. It was likely opened up to se-
parate the block from the outcrop. The other half-
wedge hole, about 15cm wide and 7cm deep, shares
a similar cross-section and chisel marks but it is lo-
cated on the bottom surface (Fig. 4, grey arrows and
lines). It was opened to reduce the thickness of the
disk. The presence of such wedge holes is significant,
as it makes it possible to connect the disks with the
quarrying sites used to build the rampart. After the
production of the rough stone, it was carefully re-
touched by using a hammer to make the frontal sur-
face round.

Typological analysis of Bronze Age pottery and
initial occupation of Rupinpiccolo
Based on our review of the pottery assemblage from
Rupinpiccolo, the initial occupation of the site is
likely to be placed during the late EBA/MBA.

In particular, one elbow (a piastra) shaped handle
with straight upper profile (Fig. 5.1), one fragment
of handle with a large central impression (Fig. 5.2)
and another a lingua pointing up handle (Fig. 5.3)
all refer to typical castellieri types well attested in
the Istrian peninsula, the Trieste Karst and Friuli be-
tween late EBA-initial MBA (e.g., Urban 1993. Pl. 1.
2–3; Mihovili≤ 1997.Pl. 1.1 and 10; Hellmuth Kram-
berger 2017.Pl. 100.8–10).

The base of a bowl decorated with rectilinear fur-
rows on the external side (Fig. 5.4) points to a simi-
lar chronological span. This decoration refers to a
cruciform-like set of motifs, probably recalling the
solar symbolism associated with pottery finds (ge-
nerally to the external base of bowls and cups) wide-
spread in several coeval contexts from the North Ad-
riatic (Trieste Karst, Istria and Kvarner), the Po plain
and the adjacent peri-Alpine zone and the Panno-
nian-Danubian region (Hellmuth Kramberger 2017.
161–168). The best comparisons for the Rupinpic-
colo base are found at the hillfort Gradac-Turan in
Istria (Mihovili≤ 1997.Pl. 1.3).

A generic chronology pointing to the MBA can be
proposed for some relatively small globular bowls
and jars with everted rims, sometimes decorated
with a circular knob under the rim (Fig. 5.5–7), well
attested in the castellieri assemblages (Cardarelli
1983.Pl. 17, type 71 and Pl. 18, type 6) and very
common at several sites in the Trieste Karst and Is-
tria (e.g., Hellmuth Kramberger 2017.Pl. 32.2).

Finally, a carinated bowl (Fig. 5.8), a jar with a thick
crown-like rim (Fig. 5.9) and a handle with a deep
circular impression (Fig. 5.10) find good compar-
isons with types in use between the final MBA and
the first centuries of the LBA (Cardarelli 1983.Pl.
18, type 97a, Pl. 19, type 14; Hellmuth Kramberger
2017.Pl. 20.1). 

Fig. 3. Curvature map of the frontal face of the Rupinpiccolo stone disk 1 and enlarged views of the chisel
marks divided in three groups (I-III). Chisel marks of Group I are indicated by black circles, those of group
II (with the exception of one mark which is not shown) by blue circles and those of group III by red circles.
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Chronology of Rupinpiccolo disks
The pottery assemblage from Rupinpiccolo shows
that the hillfort was probably in use from about
1800/1650 to 400 BC. The disks can only be safely
referred to this long time-span (the original finding
context was not recorded in detail during excava-
tions), but several data suggest they can be lined to
an early building phase of the rampart. The half-
wedge holes on disk 2 and chisel marks on disk 1
can be associated with identical stone-cutting marks
identified next to the external face of the rampart
(Fig. 1.C, locations 3–4) and in one large block of the
rampart itself (Fig. 1.C, location 5). These stone-cut-
ting marks do seem to be related to the building of
the rampart itself.

● Location 3 of Fig. 1.C. East of the north-eastern
gate of the Rupinpiccolo hillfort, an area covering
about 16 square meters, that before excavations was
buried under the ruins of the rampart, is characte-
rized by outcropping rocks showing numerous frac-
tures produced by the extraction of blocks to build
the rampart (Fig. 1.C,E, location 3). Chisel marks,
interpreted as a representation of a halberd (Priuli
1977), and a wedge hole were already identified on
the face of a large outcropping rock in the 1970s
(supporting Fig. 1.A). An accurate re-examination of
the rock and the elaboration of its 3D model have
made it possible to identify a
line of additional chisel marks
parallel to the handle of the
putative halberd and many
other previously unreported
marks on the adjacent eastern
rock face. The wedge-hole is
complete and is identical to
those identified on stone disk
2, showing a triangular cross-
section and similar dimen-
sions (about 20cm wide and
7cm deep). The chisel marks
present on both wedge-holes
and the other surfaces of the
rock are comparable to those
identified on the stone disks,
likely produced by a point
chisel. The position of chisel
marks and wedge-hole sug-
gest that all of them are relat-
ed to an aborted attempt to
extract a stone block after a
first block was successfully
obtained. The putative hal-
berd, located opposite to the

wedge-hole, seems more likely a quarry mark relat-
ed to the extraction activity.

● Location 4 of Fig. 1.C. An additional half-wedge
hole has been identified on an outcrop next to the
southern wall of the corridor-like structure in front
of the south-eastern entrance (Fig 1.C,D, location 4
and supporting Fig. 1.B). It is also very similar to
those present on stone disk 2. Originally part of a
complete hole with a triangular cross-section, it is
larger (about 40cm wide and 20cm deep) and still
preserves faint parallel and oblique chisel marks
on its surface. This area was completely buried un-
der the ruin of the entrance, testifying to its ancient
origin.

● Location 5 of Fig. 1.C. Finally, a wedge-hole di-
vided in two symmetrical parts has been identified
on a large block broken in three big pieces, which
belongs to the inner stone alignment of the rampart
of Rupinpiccolo (Fig 1.C, location 5 and supporting
Fig. 2). Three chisel marks and half-wedge hole have
been recognized on the southern fragment of the
block (supporting Fig. 2, black arrows and lines).
The chisel marks are probably related to the pre-
liminary operations aimed at the production of the
hole. Just in front of this first half-wedge hole, ano-
ther one originally belonging to the same hole has

Fig. 4. Rupinpiccolo stone disk 2. a Radiance scaling and lattice visuali-
zations of the disk with black and gray arrows showing lateral and bot-
tom wedge hole traces, respectively. b Lateral and bottom lattice visuali-
zations showing the wedge hole remains. 
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been identified on the north-
ern fragment of the block
(supporting Fig. 2, white ar-
rows and lines). The wedge-
hole is about 18cm wide and
10cm deep and shows a tri-
angular section but no paral-
lel chisel marks, similar to
those visible on the half-
wedge holes of disk 2 and
the outcropping rock close
to the south-eastern entrance,
are visible. This suggests that
the block suffered higher le-
vels of dissolution probably
because it was not completely
buried under the ruins of the
rampart such as the stone
disks and the outcropping
rocks with quarrying traces.

At the macroscopic level, the original surfaces of the
block and the wedge-hole faces appear much smo-
other than the fracture surfaces, suggesting the block
was put in place after an aborted attempt to split it
and broke up in recent times.

The ancient origin of the quarrying traces was ascer-
tained based on the fact that they were covered by
the massive ruins of the rampart and are located
next to it. A possible later quarrying activity is un-
likely, considering that the ruins of
the rampart could easily provide
abundant already extracted lime-
stone blocks of different size. The
identification of one of the newly
identified wedge holes on one block
of the rampart would further con-
firm such a hypothesis. Considering
that the surviving rampart has been
entirely excavated, and only one
main building phase was recognized
with some possible minor additions
(i.e. rampart stone reinforcements
and the corridor-like structure con-
nected to the south-eastern gate;
Cannarella 1975), its construction
could have taken place during an
early phase of the hillfort. Most of
the large blocks used to build the
Rupinpiccolo rampart were proba-
bly extracted levering along natural
fractures in the local limestone out-
crop, but, when necessary, wedge-

holes produced by metal chisels were used to split
the rock in absence of natural discontinuities by
using wooden levers or wooden/stone wedges.

In Egypt, wedging was generally believed to be a
quarry technique developed during the mid-1st mil-
lennium BC with the introduction of iron tools/wed-
ges (e.g., Harrel, Storemyr 2009), but the identifi-
cation of u-shaped holes in greywacke quarries of
the Wadi Hammamat (eastern desert of Egypt) and

Fig. 6. The Gradina stone disk 1 from the upper entrance of Gradi-
na on Veliki Brijun island. 

Fig. 5. Bronze Age selected pottery from Rupinpiccolo (drawings by G.
Vinci and A. Fragiacomo).
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stone wedges of the same rock type suggest that such
technique was in use much earlier, probably since
the Old Kingdom (mid-3rd millennium BC; Bloxam
2015).

Stone disks from Gradina on Veliki Brijun/Bri-
oni Maggiore

The other pair of disks are from the Gradina hillfort
(Veliki Brijun island, Croatia; Fig. 1), in use at least
from the late EBA to IA.

Stone disks 1–2 from Gradina on Veliki Brijun
Gradina 1 is about 50cm wide and 10cm thick and
was found next to the entrance of the upper ram-
part (Vitasovi≤ 2005). Both faces show a central ar-
tificial cup mark, 6cm wide, but only one face is co-
vered with shallow hemispherical depressions, like-
ly produced by marine bivalves (Fig. 6 and supple-
mentary text), while the opposite one is flat (Fig. 6).
The other disk, Gradina 2, has been identified in the
Bronze Age cemetery next to the upper rampart
(Figs. 1.B and 7), composed of a few cist tombs with-
in platforms divided by low walls. Despite its slight-
ly smaller size, with a diameter of about 44cm and
without wedge holes, it closely resembles the Rupin-
piccolo disk 2. Its frontal surface, partially damaged
on one side, is very flat and without any chisel
marks. It was obtained by selecting a stone slab with
a regular bedding plane and through a careful retou-
ching of the disk edges by using a hammer precur-
sor.

Chronology of disks from Gradina
on Veliki Brijun
Disk 2 gives very important clues to
date the north-eastern Adriatic disks,
since it is the only one belonging to
a secure Bronze Age context. The
disk comes from the small cemetery
next to the upper rampart (Fig. 1.B),
composed of three burials within
platforms divided by low walls. The
infant burial and burial 1 of Figure
1.B are characterized by a stone cist,
not present in burial 2. Significant
Bronze Age pottery was found in
tombs 1 and 2. Both a hemispheri-
cal bowl characterized by a straight
rim with an inwardly slanted edge
(burial 2; Vitasovi≤ 2002. Pl. 3.3)
and a cup with a raised triangular
handle with a rounded end plate (bu-
rial 1; Vitasovi≤ 2002.Pl. 5.1) point

to a MBA I-II chronology according to the Italian
relative chronological system (Cardarelli 2009;
1983.91, Pl. 17, type 15; 93, Pl. 18, type 65) corre-
sponding to the Bz III phase of the Istrian chrono-
logy (Hänsel et al. 2015). They can be compared to
similar artefacts from the recent phase of Monkodo-
nja (roughly 1600–1450 BC; Hellmuth Kramber-
ger 2017.139, Fig. 110; 144, Fig. 115, variant a1;
324, Fig. 255 for the bowl; 84, Fig. 57; 89, 323,
Fig. 254).

Considering the stratigraphic relations, the platform
of burial 2 was the first one to be built. The disk was
found on the top of the low wall of the platform of
burial 2, likely being visible when the burial was in
use. The cemetery was uncovered by excavations
which brought to light only Bronze Age materials. 

Disk 1 can be generally attributed to protohistory
and probably to the Bronze Age on the basis of com-
parisons with Gradina disk 2.

Discussion and conclusions

Structure from motion (SfM) photogrammetry has
been proved to be a low-cost, effective and accurate
method to document and represent in 3D the stone
disks and related quarrying areas presented in this
paper.

Gradina disk 2 can be safely dated to the Bronze Age
and likely to the MBA on the basis of pottery find-

Fig. 7. Gradina disk 2 from the Bronze Age cemetery next to the up-
per rampart of Gradina on Veliki Brijun island.
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ings; Rupinpiccolo disks could be related to an early
building phase of the settlement that was likely es-
tablished during the late EBA/initial MBA, while no
precise contextual chronological data are available
for Gradina disk 1, and a general protohistoric attri-
bution can be proposed. However, considering their
typological homogeneity and similar finding con-
texts – i.e., entrances or cemeteries – all probably
belong to a similar chronological horizon (i.e., an
early phase of the castellieri culture).

The disks show flat and plain surfaces or are cov-
ered with sub-circular depressions and without any
macroscopic use-wear traces. Gradina disk 1 shows
two larger cup-marks at the centre of both faces.

It is worth mentioning that simple slabs and blocks
with cup-marks are reported from IA cremation ce-
meteries of Istria (i.e., Nezakcij/Nesazio, Ka∏tel/Cas-

telvenere and Limska gradina/Gradina di Leme), but
at least some of them could originally belong to
Bronze Age tombs (Mladin 1964; Mihovili≤ 1996;
2014). Cup-marks are, indeed, reported from a block
belonging to tomb 2 of the Bronze Age cemetery of
Gradina on Veliki Brijun itself (Vitasovi≤ 2002.14),
where the Gradina disk 2 has been identified.

We propose to interpret the stone disks as ritual ar-
tefacts and/or possible cult representations based on
the association of all disks with significant and
sacred settlement locations (they could be related to
some type of cult designated to protect the hillforts
and/or connected to the dead and the afterlife), the
absence of functional traces and comparisons with
cup-marks from Istrian protohistoric cemeteries (see
above), and similar Bronze Age stones covered with
circular depressions found mainly close to citadel en-
trances in Anatolia and burial sites, entrances and

thresholds in the Aegean area.

In Anatolia blocks with cup-
marks have been found in
front of the gates of Troy, pro-
bably reflecting Anatolian reli-
gious elements before the end
of the 2nd millennium BC
(Korfmann 1998), in the city
gates or funeral contexts of Bo-
gazköy-H

˘
attu∏a (Neve 1977-78),

close to the north-west gate of
Kusaklı-Sarissa (Mielke 2018.
Fig. 6.6) and in some 2nd-mil-
lennium BC citadels in the
Marmara Lake basin of the Ge-
diz Valley (Luke, Roosevelt
2017). They are generally in-
terpreted as evidence of liba-
tion rituals (Neve 1977–78;
Luke, Roosevelt 2017).

Other significant comparisons
are cylindrical stones of simi-
lar size with a central large
cup-mark but surrounded by
circularly arranged circular de-
pressions, defined as offering
tables, known from protopala-
tial Crete, more precisely from
the New Palace of Mallia (ro-
ughly 1700–1500 BC; Chapou-
thier 1928; Cucuzza 2010.Fig.
1; Arcà 2015) and Chrysolak-
kos (Demargne 1932; de Pier-

Fig. 8. Gradina disk 1 (a) compared to the Bronze Age offering table from
Chrysolakkos (Crete) (b). Photo top left from de Pierpont 1987, the other
photo and the drawing from Demargne 1932 (image modified from Arcà
2015).

a

b
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pont 1987; Arcà 2015). Similar circularly arranged
cup-marks, mainly carved into steps and pavements
and belonging to the same chronological horizon,
are common in Phaistos and in other sites in Crete,
where they have been variously interpreted as evi-
dence of rituals or games, or both at the same time.
Among other identifications, they are variably de-
fined as stone kernoi, Minoan cup-holes, and stone
slabs with depressions (Whittaker 2002; Cucuzza,
Ferrari 2004; Hillbom 2005; Cucuzza 2010; Arcà
2015). 

Gradina disk 1 is quite similar to the Crete offering
tables from Mallia and Chrysolakkos due to the size,
shape and presence of the central, quite large cup-
marks (Fig. 8), but it differs because the smaller cir-
cular depressions around the central cup-marks are
irregularly arranged and probably the result of ma-
rine bio-erosion.

Some chisel marks of Rupinpiccolo disk 1 show a
sub-circular distribution which is, anyway, more irre-
gular than in the kernoi from the Aegean area. More-
over, their dimeter is relatively small (5–10mm)
compared to that of most kernoi (Cucuzza, Ferrari
2004). This leaves open the question as to whether
the chisel marks of Rupinpiccolo disk 1 could have
a different meaning and function.

Interestingly enough, disks with a plain face and no
cup-marks similar to Gradina 2 and Rupinpiccolo 2
are so far unknown in the eastern Mediterranean.
Considering their possible ritual meaning, stone
disks with a plain face could
perhaps be interpreted as a
representation of the Sun. So-
lar motifs are in fact known
from EBA/MBA pottery from
the north-eastern Adriatic
(Hänsel et al. 2015), includ-
ing Rupinpiccolo itself. Icono-
graphic elements referring to
the Sun and its cyclic move-
ments spread out in Europe
at least from the late Copper
Age, probably in connection
with the large-scale migra-
tions from the Pontic steppe
region to western Europe du-
ring the 3rd millennium BC
(Kaul 1998; West 2007; Kri-
stiansen 2010; 2012; Allen-
toft et al. 2015; Haak et al.
2015; Kristiansen et al. 2017).

The bronze and gold chariot from Trundholm, Den-
mark, carries an elaborate image of the Sun of the
14th century BC (Kaul 1998; West 2007). Similar
ornate gold disks have come to light in various parts
of Europe and probably are deity representations.
They were produced over a long time, between the
late Copper Age and late Bronze Age (Cahill 2015).

The occurrence of two circular faces on the same ar-
tefact, such as at Veliki Brijun, or on two associated
but separate objects, such as at Rupinpiccolo, is re-
miniscent of solar symbolic imagery of the European
Bronze Age related to the representation of the Sun’s
daily journey from day to night (Kaul 1998; West
2007; Pásztor, Roslund 2007; Kristiansen 2010;
2012). If this interpretation is correct, the plain
faces could be a representation of the Sun, while
those covered with chisel marks of the night sky.
Bronze Age representations of the night sky in the
European Bronze Age are rare, and the Nebra disk
from Germany is the most famous example (about
1600 BC; Meller 2002; Schlosser 2002; Pásztor, Ros-
lund 2007; Kristiansen 2010; Pásztor 2015; Per-
nicka et al. 2020).

In conclusion, we propose interpreting the disks
from north-eastern Adriatic hillforts as Bronze Age
ritual artefacts reflecting the position of north-east-
ern Adriatic regions between the Mediterranean and
central Europe. They seem to be related to the solar
symbolic imagery of European Bronze Age, but at
the same time show strong connections with the
eastern Mediterranean during an early phase of the

Fig. 9. Location of Rupinpiccolo and Gradina on Veliki Brijun hillforts (1
and 2 respectively) and other main sites where cylindrical offering tab-
les (5–6) or blocks with cup-marks have been found close to citadel en-
trances, burial sites and thresholds both in the Aegean area (4) and Ana-
tolia (7–10). 4 Phaistos; 5 Mallia; 6 Chrysolakkos; 7 Troy; 8 Marmara
Lake basin; 9 Boggazköy-H

˘
attu∏a; 10 Kussaklı-Sarissa.
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castellieri culture (Fig. 9). This is in line with the
hypothesis – mainly based on specific types of pot-
tery, metal artefacts and architectural models – that
the first Istrian settlements had direct contacts pre-
cisely with this area (Hänsel et al. 2015; Hellmuth

Kramberger 2017). The stone disks would show that
the inhabitants of north-eastern Adriatic regions not
only shared some aspects of the material culture,
but also common religious habits.
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Appendix

∴∴

Supporting information: Gradina stone disk 1

Both frontal and opposite faces show at their centre
an artificial cup mark about 6cm wide but only the
frontal one is covered with a network of slender pits
(width: about 1–3mm) arranged in sub-linear sets
(length: about 1–3cm; Fig. 6). This morphology is
characteristic of the sponge boring Entobia cateni-
formis, consisting of cylindrical chambers arranged
in coalescing sub-linear chains (Farber et al. 2016).
Clionid sponges produce incipient Entobia in the Ad-
riatic Sea (Bromley, D’Alessandro 1989). Entobia is
a proxy for marine rocky substrates (Bromley, D’Ales-
sandro 1989; Domènech et al. 2001).

On Gradina stone disk 1, Entobia crosscuts larger,
shallow hemispherical depressions (diameter: about
0.5–3cm). Anton Vitasovi≤ (2005) considered these
hemispherical depressions as artificial cup marks,
but some of them are cut by the central cup mark or
interrupted at the edge of the stone, implying they
were already present when the disk was shaped. In
addition, the observed cross-cutting relationships
suggest that they were produced in marine environ-
ments as well as Entobia. This hypothesis is sup-

ported by the morphological correspondence with
the boring Gastrochaenolites, which is produced by
marine bivalves (Donovan, Hensley 2006). In fact,
Gastrochaenolites is a clavate boring that is pre-
served as a hemispherical depression when truncat-
ed by physical and/or biological erosion (Domènech
et al. 2001). In the Mediterranean Sea, the bivalve
Rocellaria (Gastrochaena) dubia produces incipi-
ent Gastrochaenolites, whereas the date mussel Li-
thophaga lithophaga is another important bivalve
bioeroder (Casolia et al. 2016).

The association between Gastrochaenolites and En-
tobia typically arises from long-term bioerosion, such
as occurs on sediment-free submarine cliffs (Entobia
ichnofacies sensu Bromley and Asgaard 1993). The
Gradina borings are unfilled and therefore might
have been produced few decades before being col-
lected by humans. This hypothesis is supported by
the relatively fast bioerosion rates observed in the
Mediterranean Sea, i.e. Entobia cateniformis can be
produced in two years whereas Gastrochaenolites
requires longer (Domènech et al. 2001; Farber et
al. 2016). The depth of penetration (tiering) of En-
tobia cateniformis is usually restricted to the first
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A similar explanation is provided by Rosa Domè-
nech et al. (2001) for Entobia-Gastrochaenolites as-
semblages of Spain.

Supporting Fig. 1. Quarrying sites next to the Rupinpiccolo rampart. a Quarrying site east of the north-
eastern gate of the rampart with short and linear chisel marks (black lines) and a wedge hole (dotted
black lines). b Quarrying site next to the corridor-like structure in front of the south-eastern entrance. 

centimetre within the substrate (Farber et al. 2016).
Therefore, the Entobia from Gradina could have
been produced a short time after Gastrochaenolites.
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Supporting Fig. 2. Rupinpiccolo rampart block with two symmetrical half-wedge holes and a few chisel
marks. The southern half-wedge hole and close chisel marks are shown by black arrows and lines; the
northern half-wedge hole is shown by white arrows and lines.

Supporting Fig. 3. Block belonging to one of the platforms of the Bronze Age Vr≠in cemetery in Istria with
clear chisel marks. a Position of the block (in light red) in the cemetery; plan taken from Battaglia (1958).
b Radiance scaling and lattice visualizations of the block. c Lattice visualization of the block with chisel
marks indicated by black arrows.
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Introduction

The emergence of pottery has long been seen as an
important technological innovation in human life.
Across west Asia, the overall archaeological evi-
dence suggests that the first unfired clay vessels
appeared at the turn of the 9th to 8th millennia BC,
as shown by the Ganj Dareh materials (Darabi et
al. 2019) while the earliest pottery vessels appear-
ed at around 7000 BC (see Le Mière 2017; Le Mière,
Picon 1998; Nieuwenhuyse, Campbell 2017; Tsu-
neki 2017). In the Zagros region, excavations at Ganj
Dareh yielded two types of clay vessels, including

large storage containers, sometimes attached to the
wall of buildings, and samples from much smaller
ones. They were mostly found in the burnt deposits
known as layer D at the site (Smith 1974; 1990).
This highlights the fact that Neolithic communities
were long dealing with such unfired clay contain-
ers during the pre-pottery period as a direct pre-
decessor to the fired pottery vessels in the 7th mil-
lennium BC. In addition, this important technolog-
ical innovation should have been influenced by
some other preceding items, such as stone vessels,
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Materials and their chronology

As noted above, the pottery assemblages examined
and presented here are some selected samples from
the Neolithic sites of Ali Kosh and Guran, as well as
few sherds from Mahtaj. All three sites contain both
pre-pottery and pottery levels, though the last one
lacks any in situ samples due to anthropogenic de-
struction (see below).

As a result of the stratigraphic excavation in 2017,
a total of 227 pottery sherds were found from the
upper levels of Ali Kosh, Deh Luran Plain (32°33’
28.14”N, 47°19’29.82”E, about 6km to the north-
west of Mousian town, Ilam Province) (Darabi 2018;
Darabi et al. 2017). Following the early 1960s ex-
cavations, these levels were previously defined as
the Mohammad Ja’far Phase in which three pottery
types were recovered: Ja’far Plain, Ja’far Painted,
Khazineh Red (Hole et al. 1969.113). Accordingly,
these are mostly chaff-tempered and burnished.
Judging from the cracking and peeling of surface,
the two former types (Ja’far Plain and Ja’far Painted)
seem to have been covered with a “wash of the
same clay” (Hole et al. 1969.115,117). In relation
to Khazineh Red, both ‘slip’ (“as a fine solution of
well-cleaned clay”) and ‘self-slip’ (formed during
wet smoothing of the vessels) were applied. Only
Ja’far Painted was decorated in geometric designs,
such as chevrons, zig-zags and checkerboard (for fur-
ther information see Hole et al. 1969.113–124).
Technological analysis was carried out on 31 frag-
ments of ceramics (for basic information on the sam-
ples see Table 1 – the number and other informa-
tion of the fragments associated with their figures is
given by site in the corresponding tables), including
13 samples of the Ja’far Plain type, 12 samples of
the Ja’far Painted type, and six samples of the Kha-
zineh Red type. It’s noteworthy that the last is not
uniform in appearance, with a variation in the red
colour on the outer surface. The Ja’far Plain type has
a wall thickness between 0.6–1.2cm, predominantly
1.0–1.1cm. The thickness of the walls of Ja’far Paint-
ed and Khazineh Red is mostly less than 1cm (0.7–
0.9cm). The diameter of the vessel rims of all types
ranges from 15 to 25cm.

Chronologically, Hole (1987) attributed the pottery
layers of Ali Kosh to 6300–6000 BC and the preced-
ing pre-pottery layers (the Boz Mordeh and Ali Kosh
phases) to c. 7500–6300 BC. Melinda A. Zeder (1999;
2008) dated the entire sequence to c. 7500–7000
BC. However, recent determinations placed the site
within c. 7500–6500 BC, and proposed that the pot-

white ware, and waterproofed mat containers, as
well as pyro-technological experiments with making
clay objects. In this regard, we also assume a tech-
nological correlation between the construction of
cob walls and subsequent pottery vessels. Along the
Zagros foothills and intermountain valleys, the ear-
liest available pottery samples are dated to the turn
of the 8th to 7th millennia BC (Darabi 2018). How-
ever, they were regionally variated, although later
inter-regional interactions led to some stylistic simi-
larity or uniformity. When it comes to Neolithic pot-
tery in the Zagros (Bernbeck 2017; Hole 2018; Mat-
thews, Fazeli Nashli 2022.89), the majority of scho-
larship has dealt with stylistic consideration of var-
ious types, in particular their form and decorative
elements, while the composition of the pottery
paste, construction methods, and firing of the early
ceramics remain poorly understood. Previously, exa-
minations by Frederick R. Matson (1960) and Pame-
la Vandiver (1987) presented some information on
the Iraqi and Iranian Zagros, respectively. The Zag-
ros region is formed of high intermountain valleys
and plains or foothills at lower altitudes. This spec-
tacular geomorphological feature has always played
a major role in human life in the area, enabling the
coexistence of local, regional and interregional cul-
tural facts resulting from socio-economic interac-
tions. Frank Hole (2018) recently pointed out the
‘diversity’ and local development of various types
of Neolithic ceramics across the Zagros piedmont,
in Deh Luran, Susiana, Hulailan, Mahidasht Fars. He
thus refers to these internal ceramic trajectories as
‘creative centuries’. According to Hole, due to the for-
midable Zagros heights the nearby lowlands, such
as the Deh Luran Plain, and intermountain valleys
or plains, such as Hulailan, show distinct ceramic
trajectories during the Neolithic period. This claim
can be assessed through investigating of a large
body of various artefacts, including ceramics.

This article presents a comprehensive analysis of
Neolithic pottery technology across the Iranian Zag-
ros, with a focus on the samples recovered from
three Neolithic sites of Ali Kosh, Mahtaj and Guran.
The first two sites are located in the two corners of
the lowlands of southwestern Iran, while the last
lies at a small, closed intermountain valley, Hulailan,
in the central Zagros. Such distinct natural settings
may provide us with a better comparison of the Neo-
lithic ceramics in the light of technological, not sty-
listic, matters. Moreover, both Ali Kosh and Guran
represent the most common Neolithic ceramic types,
which are ubiquitous on the lowlands and high-
lands, respectively (Fig. 1).
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tery emerged from roughly 7000 BC onwards (Da-
rabi 2018).

During the sounding at Tapeh Mahtaj, Behbahan
Plain (30°38’7.64”N, 50°12’15.33”E, about 3km to
the west of Behbahan city, Khuzestan Province), a
few pottery fragments were recovered from the site.
However, they were all intrusions from upper, de-
stroyed levels. The site presents traces of some sub-
sequent seasonal occupations spanning from the
late 8th to early 7th millennia BC (Darabi et al. 2017;
2021). If the upper levels had not been destroyed,
the site could have helped with better understand-
ing of the transition from the pre-pottery to pottery
Neolithic in southwestern Iran. However, the two
samples that were analysed for this research should
be attributed to the early 7th millennium BC. They
represent fragments of a vessel base, and provide
adequate technological information (for basic infor-
mation on the samples, see Table 2).

Our third assemblage comes from surface of Tapeh
Guran (33°45’23.83”N, 47°05’
51.90”E, about 4km to the west/
northwest of Tohid town in the
Hulailan valley, Ilam Province).
Diachronically, the site present-
ed various types of Neolithic
pottery in the central Zagros:
Greyish-brown ware (level S),
Buff ware (levels R-D), Archaic
Painted (levels R-F), Standard
Painted ware (levels O-D), Sa-
rab Geometric (level L-D)11, and
Red-slipped ware (Mortensen
1972; 2014; Meldgaard et al.
1964.116–117) (Fig. 2).

Greyish-brown ware is the ear-
liest type made of untempered
pure clay, but later tiny pieces
of chaff and husk appeared as
inclusions. It is also wet-smooth-
ed or slightly burnished, with
incised lines and crescentic im-
pressions from fingernails or
the end of a bone tool. Variated
grey and brown surface colours
are the result of ‘poor firing’
(Mortensen 2014.50). The oc-
currence of such pottery is con-

troversial, as it was also reported from Ganj Dareh
(see Smith 1976), a site that has recently been dated
to the pre-pottery Neolithic period (see Zeder 2008;
Meiklejohn et al. 2017; Darabi et al. 2019). As the
most common type at the site, Buff ware contains
some limestone and sand, as natural inclusions of
the clay, and tempered with tiny fragments of chaff
in medium or large quantities. Some samples were
reported to have contained dung as temper. The sur-
face of the Buff ware is wet smoothed or slipped,
often slightly burnished and ranges from buff to
orange-buff. Standard Painted ware and Sarab Geo-
metric style are tempered with tiny pieces of chaff,
grits of limestone and small particles of sand, some-
times naturally added to the clay. They are also
slipped and usually burnished, varying from buff to
orange buff to reddish colour. In this regard, the in-
ner layer is buff; the outer surface is slipped (light
orange to red in colour) and usually burnished. The
decoration is also painted in red ochre; though the
Standard Painted has bobbled lines (tadpoles) and
Sarab Geometric style is decorated with elements

Fig. 1. A map showing the location of Ali Kosh, Mahtaj and Guran among
some other key pottery Neolithic sites across Zagros.

1 This type was later re-classified by the site excavator as a sub-type (group d) of the Standard Painted (see Mortensen 2014.59),
though they are obviously distinct in terms of their decorative elements.
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such as chevrons, zig-zags and bands. Archaic Painted
ware is usually burnished and heavily tempered with
chaff and decorated with groups of vertical, oblique
or horizontal lines. Red-slipped ware is also medium-
heavily tempered with chaff and small particles of
sand. Both outer and inner surfaces of the ware are
slipped and burnished. The outer, and sometimes
inner, surface is covered with a medium-dark red to
orange-buff slip. In most cases, a grey or black layer
is seen inside the fragments, which results from ‘in-
sufficient firing’ (Mortensen 2014.50–66).

Peder Mortensen (2014.17) placed the site within c.
6700–5500 BC while Zeder (2008) suggested a time
spanning c. 7300–6000 BC. Judging from a regional
perspective, the latter seems to be more realistic.
With regard to the current research, 22 potsherds
were analysed. The available assemblage consisted of
various types, with Standard Painted ware including
the Charmo (Jarmo) style (one sample) and Guran
style (one sample), Sarab Geometric (one sample),
Buff ware (four samples) and Red-slipped ware (15
samples), while no samples associated with the Gre-
yish-brown ware and Archaic Painted ware are in-
vestigated, as they were stratigraphically limited to
the lower levels and hardly found on the surface
(for basic information on the samples, see Table 3).

Methods

The ceramic technological analysis included the ana-
lysis of ceramics in terms of raw materials, pottery

paste, and methods of construction, surface treat-
ment and firing to study the stages of pottery tech-
nology. The technique applied is based on a binocu-
lar microscopy examination of technological traces
on the surfaces and in fresh cross-sections of cera-
mic fragments,22 as well as experimental modelling
of individual elements of pottery technology to ve-
rify issues that arose in the microscopic analysis
(Bobrinsky 1978; 1999).

Raw materials
In order to reconstruct the knowledge of the potter
about the kind of clay to be used for making a de-
sired pottery, the clay ferrugination, qualitative com-
position of natural inclusions, their dimensions and
concentrations were recorded. The clay ferrugina-
tion was determined by re-firing samples in a muf-
fle furnace at a standard temperature of 850°C. The
concentration of natural inclusions was also mea-
sured in comparison with the special tables, previ-
ously obtained as a result of the data of numerous
experiments (Bobrinsky 1999.35–40). Based on the
presence of natural sandy inclusions, the used clay
can be divided into low sandy, medium sandy and
high sandy groups. Low sandy clay contains single
grains that are mostly fine (0.1–0.25mm) and some-
times medium-grained sand (0.25–0.5mm) in a con-
centration of 1:10 (sand:clay). High sandy clay con-
tains very fine (0.05–0.1mm) and fine sand grains
(0.1–0.2mm) in a concentration 1:5–1:1 (sand:clay).
The larger sand grain inclusions are usually rare (Lo-
patina, Kazdym 2010).

Fig. 2. Archaeological layers at Tapeh Guran showing their related pottery styles (modified by H. Dara-
bi after Meldgaard et al. 1963.109, Fig. 9).

2 Carl Zeiss 2000-C stereo microscope.
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Pottery paste
The qualitative composition of intentionally added
inclusions, their dimensions and concentrations were
determined. Archaeological samples were compared
with experimental samples containing various types
of organic inclusions: fresh grass, hay, straw and
dung of cattle, sheep and goats (Bobrinsky 1999.18–
19,32–33,41–44,86; London 1981; Rice 1987.82;
Tsetlin 2003). The dung in pottery paste is repre-
sented by prints of small plants and sometimes the
remaining residues, 0.2–1mm wide and up to seve-
ral centimetres long, with pointed or rounded tips.
In particular, there are a lot of highly degraded par-
ticles (0.1–0.2mm wide, less than 1mm long) in the
dung of sheep and goats. In case of using fresh dung
a strong curvature of small plants is seen in the pot-
tery paste. Experiments show that an admixture of
straw, crushed by any type of grinding or by impact,
has uneven stepped edges (along the fibres), along
with the splitting of the stems along the fibres and
the falling of individual plant fibres. Only when cut-
ting is an even cut fixed without splitting into indi-
vidual fibres. Plant residues (imprints) are not bent
and do not break at the bend. The concentration of
organic inclusions was examined in comparison with
experimental samples (Petrova 2012.78; 2019; in
preparation).

Construction methods
The construction methods were examined on the
basis of studying the vertical and horizontal cross-
sections of ceramic fragments, which would attest
to the presence of junctures at the places of joints of
sequential “clay building elements” and the orienta-
tion of pores (Bobrinsky 1978.174–184; Albero San-
tacreu 2014.78; Roux,Courty 2019.164– 166; Rue
1981; Shepard 1956.184; Vandiver 1987.30–31).
Analysis of the shape, size and direction of the junc-
tures in the sherd allows us to find out from which
sequential elements (slabs, coils, bands) the vessel
was made. There are two known methods for gluing
slabs: unsystematically and along circular horizon-
tal zones. It is possible to assess the construction me-
thod by the presence of traces of some action that
occured during the forming sequence that were left
unsmoothed, changes in the relief and thickness of
the vessel walls at the places of joints of sequential
elements on the outer and inner surfaces of the cera-
mic fragments, and the presence of a mould con-
nected with slabs (Bobrinsky 1978; Rice 1987.125;
Vasil’eva, Salugina 2010.72–87). With regard to the
slab construction, the vertical and horizontal cross-
section is divided by junctures into many separate
parts. The coil construction can be detected by the

extended horizontal line of juncture at the horizon-
tal cross-section of the vessel wall. In a vertical cross-
section, in the case of coils, the wall is divided into
many separate parts by horizontal or oblique junc-
tures (Fig. 3).

Surface treatment
The surface treatment is assessed through analysing
the micro-traces left on the surface. To verify the
presence of a clay covering, we conducted experi-
ments using different clays to make a basic paste
and other types with the addition of various pig-
ments. A full study of all the features of the clay
coating is still ongoing. At present, however, it can
be noted that at least in the case of applying an ad-
ditional clay coating (including the slip) before fir-
ing, characteristic rounded (micro) cracks and chips
appeared on the surface of the vessels, as noted in
other studies (Rue 1981.41,54; Shepard 1956.67).
This resulted from uneven shrinkage of the clay that
was used in the basic paste composition and coating.

With regard to the clay covering, we need to clarify
the concepts used in our research. We divided the
concept of ‘slip’ into two types: “coating with the
same clay” – a type of very thin or watery clay simi-
lar to the main raw material from which the vessel
was made without using additional admixtures; and
‘slip’ – the application of clay composed of the same
or different clay material mixed with a pigment. This
is necessary to show the development of idea of the
‘slip covering’, which will be shown below.

In addition, the traces left by the tools used for smo-
othing the surface of the vessels were studied and
compared with our experimental observations.

Firing
The firing regime, its duration and temperature are
determined based on the thickness of the oxidized
and un-oxidized layers and the quality type of the
transition of margin between them (sharp or gradu-
al) in the cross-section, as well as changes in the form
of intentionally added or naturally occurred inclu-
sions (Bobrinsky 1999.93–95; Rue 1981.118; Vol-
kova, Tsetlin 2016).

Analyses

Clay raw materials
With regard to the Ali Kosh ceramics, a wet clay with
varying degrees of ferrugination was used: medium
(19 fragments), high (12 fragments), and low (one
fragment). In all the three pottery types recovered
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from the site, the clay contained an insignificant
concentration of sand (no more than 1:10), which
is a natural rounded admixture of sand (with a par-
ticle size of 0.2–0.5mm) and a fine admixture of
limestone (0.2–0.5mm) in an even lower concentra-
tion. The samples of Mahtaj are made of low-ferrugi-
nated, low sandy clay (sand particle size 0.2–0.5mm,
concentration less than 1:10). At Guran, medium
(14 samples) or low ferruginous (eight samples) and
low sandy clays are seen. Red-slipped ware, in the
overwhelming majority of cases, shows the use of
medium ferruginous clay (13 samples), while the
Buff ware was only made of low ferruginous clay. In
all the samples the clay contains very fine natural
sand (0.2–0.5mm) at a concentration of less than
1:10, and there are sporadic larger grains of sand.
Limestone was also found in only two fragments in
insignificant amounts.

Pottery paste
An examination of the paste of the Ali Kosh ceram-
ics showed different scales of organic prints and re-
sidues: very small plants (0.1–0.2mm wide, £1mm
long) remaining from sheep and goat dung with
pointed (needle shape) (Fig. 4.a.23) or rounded
ends (Fig. 4.a.2) in wet condition, as evidenced by
curved long (Fig. 4.a.15) and very small compressed
plant prints (Fig. 4.a.10); coarse plant residues (£
0.5mm wide, often £1mm long) in a dry state with

straight (cut) ends characteristic of me-
chanical crushing (Fig. 4.b.12). The pre-
sence of grain husk residues is also pos-
sible (Fig. 4.b.6). It is not clear whether
coarse plant admixture was added in-
tentionally or was associated with the
dung pellets (like the remnants of un-
digested fodder, or occurred accidently
when the dung was collected or picked
up from the ground). However, we may
assume that in low concentrations (5–
10%) large plant inclusions resulted
from dung, while in higher amounts
(≥30%) they were added intentionally.
The presence of husks can be indicative
of adding chaff to the pottery paste, but
it is not clear as not enough evidence is
available yet.

Ja’far Plain ceramics present the high-
est concentration of organic admixture
– approximately 50% of the volume of
the pottery paste – which was recorded
in two fragments recovered from the
lowest layer of the phase (in one case

only coarse plants, and in the other a mixture of
dung and larger plants, probably added separately
from the dung). A fragment containing only dung
was also found in the same layer. Upper layers yield-
ed samples that show only dung or plant inclusions.
However, the concentration of organic impurities
decreased over time. In terms of Ja’far Painted, ex-
cept for one fragment with only coarse plant inclu-
sions all the ceramics presented a pure admixture
of dung. In general, the concentration of organic
admixture in this type of ceramic is less than that
in the Ja’far Plain samples. It seems that its amount
remained stable, as represented by two values: 10
and 30%. In the Khazineh Red samples the pres-
ence of dung is ubiquitous. Both Khazineh Red and
Ja’far Painted types show a significant amount – up
to 30% – in the lower layers, while only an impuri-
ty of dung in a small concentration – up to 10% – is
seen in the upper layers. In the remaining two pie-
ces of Khazineh Red, dung forms approximately one-
third of the total volume of the pottery paste. In
general, we recorded organic admixtures in the cera-
mics of Ali Kosh which may have resulted from the
use of sheep and goats dung and especially crush-
ed, coarse plants (possibly chaff). The highest densi-
ty of organic impurities (~50%) is seen in the Ja’far
Plain samples that were recovered from the lowest
layer, where dung was also deployed as temper,
whether added to the plant inclusions or specifical-

Fig. 3. Experimental samples. a,b slabs construction (a free mo-
delling on the flat, b construction with using mould); c,d coil
construction (experimental samples and photos made by N. Pe-
trova).
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Fig. 4. The composition of pottery paste at Ali Kosh, Mahtaj and Guran (photos made by N. Petrova). a Ali
Kosh, plant prints, dung-related: 23 general view of dung (pointed ends of prints), 15 curved plant prints,
10 compressed plant prints, 2 rounded end of plant print; b Ali Kosh, plant prints, not related to dung:
6 probably husk imprint; 12 straw imprint with straight (cut) ends; c Mahtaj, plant prints, dung-related.
1a,b general view; d Guran, plant prints, dung-related. 6,20a,b general view, 20c shell chip, presumably
dung-related. The number of fragments here and below are given by number in the corresponding (by
sites) tables (see Tabs. 1–3).
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ly used. In the later layers, ceramic fragments with
only dung or large plants or a mixture of both com-
ponents in the pottery paste are common. The lat-
ter two types of admixtures dominated the Ja’far
Plain ceramics. There is a general tendency toward
decreasing the concentration of organic temper over
time: from 30 to 50% in the lower layers to 10–30%
in the upper ones.

In the composition of the samples selected from
Mahtaj both dung in a wet and dried state and coarse
plant imprints and residues were recorded in ap-
proximately the same concentrations. In general, the
organic admixture to the clay makes up to at least
50% of the total volume of the pottery paste (Fig.
4.c.1a,b).

Regarding Guran, the addition of dung as temper is
seen in all the ceramic types (Fig. 4.d.20a,b). The
admixture of dung is represented by the predomi-
nance of very small (<0.1–0.5mm wide) plant im-
prints with pointed (needle) ends in the cross-sec-
tions (Fig. 4.d.6). In addition, a fragment of a mol-
lusc shell (0.3mm long) was encountered, which is
also most likely connected with dung. The shell of
the mollusc is highly thinned and transparent. On
its surface, there is absolutely no surface pattern ty-
pical for the outer layer of the shell, possibly indi-
cating only the inner, pearlescent layer. In this re-
gard, it can be assumed that it had gone through a
process of digestion (Fig. 4.d.20c).

The dung was added both in lightly wet (Fig. 4.d.
20a) and dry (Fig. 4.d.6) condition, as shown by
the form of plant prints (lightly curved or straight).
Sometimes larger plant prints (>1mm wide) are also
seen, but in low concentration. Their presence is
also most likely connected with dung. In most cases
the dung of goats or sheep was added (Fig. 4.d.
20a,b). The concentration of dung varies between
10–50%. In the earlier sub-type of Standard Zagros
– Jarmo style – dung consisted of around 50% of the
total pottery paste, while in the Guran and Sarab
Geometric styles this decreased to about 30%. In
the Buff ware, dung mostly presented in a concen-
tration of about 30% (four samples), but in one case
it was 10–15%. In the Red-slipped ware it varied
much more, from 10 to 50% (Fig. 4).

Forming techniques
The features of the sequential construction of clay
building elements were recorded in the cross-section
of the Ali Kosh samples. Owing to the very small size
of the available fragments, there is not enough in-

formation to distinguish the details by ceramic type.
In most cases, slab construction was used in making
vessels (Fig. 5). The clay slabs were joined sequen-
tially along a horizontal circular path. This can be
seen in only one large example of Ja’far Painted type
(Fig. 5.a.13a) showing horizontal zones bounded
by deepened lines. In the vertical and horizontal
cross-sections joints of these zones are visible. They
divide this horizontal zone into elements (slabs)
(Fig. 5.a.13b,c). Layering of slabs divided horizon-
tal and vertical cross-sections of sherds into two
parts, inside of which joins are located at a short
distance from each other (Fig. 5.a,b,c). In all cases,
the clay slabs were elongated (approx. 2 x 3cm in
size) and placed horizontally. In most of the ceramic
fragments, there is a two-layer sequential slab con-
struction.

Two-layer slab construction is also visible in the
cross-sections of the two bases from Mahtaj in the
way that slightly-deformed and elongated slabs are
evident (1.2cm height, 3cm wide, 4.2cm long) (Fig. 6).

Sequential slab construction is also present in all
the analysed samples from Guran (Fig. 7). The Jarmo
style ceramics are made of two-layer slabs and, pos-
sibly, the same can be assigned to the fragment of
the Guran style vessel (Fig. 7.a.1). In most of the
Red-slipped samples two-layer slabs were also used
(Fig. 7.a.6,13,14). In the horizontal and vertical
cross-sections of the vessel walls, the junctions are
located a short distance from each other and at a
large angle to the walls of the vessel, creating lay-
ering. The slabs have a horizontal elongated shape.
However, in two cases we can assume the construc-
tion of vessels from coils – in horizontal cross-sec-
tion – due to the extended horizontal line of junc-
ture, parallel to the vessel walls, in vertical cross-sec-
tion, and the division into many separate parts by
junctures (Fig. 7.b.4,10). Such a construction method
is also seen in three fragments of Buff ware (Fig. 7.
b.19).

Surface treatment and decoration
With regard to the Ja’far Painted (Fig. 8) and Ja’far
Plain (Fig. 9) types at Ali Kosh, the outer and inner
surfaces in all cases are covered with an additional
dense layer, most likely of the same clay as the main
raw material but without any organic temper, as
suggested by the smooth surface of most fragments
without plant imprints. Almost all ceramics with pre-
served coating have some loss of the upper layer (for
example see Figs. 8.5a,b,6,7b, 8,9; 9.a.16b,18b,20)
and cracks (Fig. 9.c.6c), which can be associated
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with uneven shrinkage of the coating clay and the
basic composition of the pottery paste. However, on
some ceramic fragments with a destroyed surface this
slightly ferruginous clay is visible in large amounts
under a layer of clay covering (Fig. 9.a. 14,15,19). In
some cases, over the clay, the surface of the vessels
with varying degrees of wetness has been smoothed
with a hard tool, probably made of bone or pebble
(Figs. 8.a.3b; 9.b.25a).

The geometric designs, presumably painted with red
ochre, are seen on the outer surface of all the Ja’far
Painted vessels. Hole also mentioned the use of a spe-
cular hematite in one case (see Hole et al. 1969.117).
Under magnification, the paint showed a grainy tex-
ture, and it was applied unevenly (Fig. 8.a.11b).

Fragments of Ja’far Plain are usually covered with
the same slightly ferruginous clay (Fig. 9a), but some-
times with highly ferruginous clay, as evidenced by
characteristic cracks on the surface (Fig. 9b,c). This
last case is interesting: when smoothing over a well-
dried surface and then firing it in an oxidized at-
mosphere, the effect of a ‘reddish colour’ appeared.
In one case the vessel was polished with a hard tool.
As the result, both surfaces of the vessel acquired a
bright red colour (Fig. 9.c.26a-d).

In case of Khazineh Red (Fig. 10), two sub-types of
surface treatment can be distinguished. First, the
surface was covered with an additional clay coat-
ing from the same clay on both surfaces of the ves-
sel. This is usually accompanied with chips of the

upper layer (Fig. 10.a.27b,29) and
characteristic cracks (Fig. 10.a.30).
In two cases, burnishing with a hard
tool is recorded on a not completely
dried surface (the so-called ‘leather-
hard’ condition, when barely visible
grooves left by the smoothing tool
remain on the surface) (Fig. 10.a.29,
30). In general, this tradition of sur-
face treatment is also characteristic
of the Ja’far Plain and Ja’far Painted
types. Regarding Khazineh Red spe-
cifically, however, the outer surface
of fragments is completely red or
sometimes plum coloured (Fig. 10.
a.30). Second, the vessel has a layer
of red slip (clay mixed with some
red pigment) on both surfaces. The
slip is indicated both by cracks on
the outer surface (Fig. 10.b.31b) and
by a layer, 0.1mm thick (Fig. 10.b.
31c), that is easily distinguishable
under a microscope in the cross-sec-
tion. Interestingly, in one case while
the outer surface of the fragment was
only covered with red slip, the inner
red-slipped surface was overlaid with
plum colouring (Fig. 10.b.31a,d,c),
but the outer surface only had a la-
yer of coating with the same clay
(Fig. 10.b.31d,e).

In the case of the samples from Mah-
taj, an additional coating with the
same clay is distinguishable on the
outer and inner surfaces of the ves-
sels. Cracks are also visible on both
sides.

Fig. 5. Ali Kosh. Forming techniques methods: two-layer slabs. a,b
Ja’far Paint; c Ja’far Plain; d Khazineh Red (photos and drawings
here and further made by N. Petrova).
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At Guran, the Standard Painted ceramics, including
Charmo (Fig. 11.a.1) and Guran styles (Fig. 11.a.2),
Sarab Geometric (Fig. 11.b)
and buff wares (Fig. 11.c) were
slipped with a clay similar to
their paste before firing, as
evidenced by characteristic
cracks on the surface (Fig. 11.
b.3c,19c) and delamination of
the coating layer, under which
the surface is visible with a
high density of organic inclu-
sions (Fig. 11.c.22). The buff
ware was also burnished in all
cases. The ceramics types of
the Charmo style, Guran style
and Sarab Geometric were de-
corated with geometric designs
painted in red ochre. Here, Red-
slipped ware can also be divid-
ed into two sub-types.

In most of the available sam-
ples, both outer and inner sur-
faces (or sometimes just the
outer) of the Red-slipped ware
(Fig. 12), based on the colour
uncharacteristic of natural clay,
are covered with a mixture of
clay and red pigment before
firing (Fig. 12.a). In addition, a
variation of brown slip is found
(Fig. 12.a.14). The thickness of

the slip layer varies (for a comparison see Fig.
12.a.5d – 0.15mm, and Fig. 12.c.17c – 0.05mm)
and in all cases it is applied to the unfired sur-
face, as evidenced by characteristic cracks (Fig.
12.a.6c) and by surface losses – i.e. rounded
chips inside these cracks (Fig. 12.a.5a,b,c,6a,
8b). The slipped surface is usually slightly or
highly burnished. From time to time, one can
find prints of textile indicating its application
either in smoothing or slipping with a textile
(Fig. 12.a.11c).

In three cases the surface of vessels was cov-
ered with the same clay and then fully over-
laid by colouring (Fig. 12.b,c,d). Two samples
represent a reddish-brown colouring just on
the outer surface (Fig. 12.b.15a,16a). In ano-
ther case, brown colouring was applied to the
outer surface (Fig. 7.d.17a,c,d), while the in-
ner surface contains red colouring (Fig. 12.d.
17b,e). In one interesting case, brown paint

covered a layer of red slip applied to the outer sur-
face of the vessel (Fig. 12.c.18a,c,d), but the inner

Fig. 6. Mahtaj. a,b two-layer slabs in the bases of diffe-
rent vessels.

Fig. 7. Guran. Construction methods. a two-layer
slabs; b coils.
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surface was covered by red slip only. Different va-
riants of brown colour can be reached by using iron
oxide pigments with firing at higher temperatures
(Hole et al. 1969.113), for example magnetite, he-
matite and limonite in a different oxidative and re-
duction firing atmosphere (Nieuwehuyse et al.
200.158–160).

Firing
All the Ali Kosh vessels were fired using an oxidiz-
ing atmosphere. Two fragments of Khazineh Red
pottery are fully oxidized (Fig. 5.d). Others have a
dark or light grey core. In half of the cases, the
margin of the transitional layer between the outer
orange layer and dark core is sharp (this mainly re-
fers to the Ja’far Plain ceramics (Fig. 5.c.9a, 16c,
19b,20b), which indicates that the vessel did not
cool down in the firing device and was abruptly re-
moved after a short exposure to high temperatures.
In other cases – mostly Ja’far Painted – the margin

of the dark core is gradual and the oxidized layer
is much thicker, which may indicate a longer stay
in the firing device (Fig. 5.a,b). Judging from the
thickness of the oxidized layers and the presence
of calcined organic residues in some fragments, the
ceramic vessels of Ali Kosh seem to have been fired
at a temperature of about 650–700°C (cf. Bobrinsky
1999.99; Rue 1981.118). Our analysis showed that
the bases recovered from Mahtaj are completely oxi-
dized (see Fig. 6). All the Guran samples were also
fired in an oxidizing environment at a temperature
not lower than 700–750°C, and the lack of organic
inclusions suggests their long exposure to the heat.
Thin-walled fragments of Jarmo, Guran and Sarab
Geometric styles are all oxidized (Fig. 7.a.1), while
just half of other types had the same feature (Fig.
7.a.6,b19), and the rest have a light grey core with
gradient margins, although complete oxidation is
also recorded in different parts of the fragment (Fig.
6.a.13,14, b4,10). Of the analysed samples only one

piece of Red-slipped ware contains a very
thin oxidized layer, with a dark grey core
and a sharp margin between oxidized
and core layers of its cross-section.

Discussion: development of Neolithic
pottery technology in Zagros

The ceramic assemblages analysed for
this research were sampled from Neoli-
thic sites that are located in both the
highlands and lowlands. At the same
time, they, and specifically Ali Kosh and
Guran, represent the most common Neo-
lithic ceramic types in the region. This in-
spired us to deploy a deductive approach
in order to reach some ‘generalization’,
though local criteria should also be given
attention. In the light of available evi-
dence and based on the current research,
however, we may discuss the develop-
ment of early pottery technology of the
Zagros region with regard to the analy-
ses outlined above.

Addressing the emergence of pottery tech-
nology, it is necessary to draw on Vandi-
ver’s assumption highlighting its connec-
tion with building technologies (Vandi-
ver 1987). In this regard, general clay
architectural remains from the pre-pot-
tery Neolithic, and specifically those from
Ganj Dareh, indicated the presence of a
large plant admixture added during the

Fig. 8. Ali Kosh. Ja’far Painted ceramic type – covering with
the same clay + paint.
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construction of adobe buildings. At Ganj Dareh, the
clay building construction elements are found in two
types: chineh (strips) and mud bricks (Smith 1990.
328–332). It is noteworthy that such features were
omnipresent at early Neolithic sites such as Ali Kosh,
Sheikhi Abad, Mahtaj and Abdul Hosein. Along with
the production of clay vessels, stone vessels, baskets
and white ware, as well as clay objects, such pise
walls reveal both long experimentation and knowl-
edge before the appearance of true pottery. From
an architectural perspective, pise building and plas-
tering or coating walls either with clay or red ochre
merits specific attention as a key precursor to pot-
tery-making and decorating. The small and large
clay containers from Ganj Dareh evidently support
this idea. Here, large unbaked storage vessels were
in some cases fixed to the floor or attached to the
wall. These were large, round, up to one meter in
height, storage vessels, and semicircular storage

compartments that had one common
wall with the dwelling (Smith 1990.
332). Vandiver (1987.25) noted that
montmorillonite clays are mainly used
in the settlements of the region. Our
observations of earlier ceramics of Ali
Kosh, Mahtaj and Guran demonstrat-
ed the careful and intentional selec-
tion of raw materials, and that the clay
was used without large mineral impu-
rities, including limestone seen in an
insignificant concentration and small
size. This shows differences compared
to Ganj Dareh, where some vessels
were made of clay with a large mine-
ral admixture (cf. Smith 1990.332).

As for intentionally added impurities,
the earliest clay vessels of Ganj Dareh
are of two types: small samples with-
out any visible, specially added tem-
per, and oversized items (larger pot-
tery, storage vessels, and basins)
where plant impurities are recorded
(Vandiver 1987.17; 1985.194–195).
When it comes to the pottery paste,
the putative organic temper is con-
sidered for the Neolithic assemblages
though various terms like ‘vegetal’,
‘straw’ or ‘chaff’ are also applied. How-
ever, the presence of dung was already
reported from some sites, such as
Charmo, Gird Ali Agha and Tell el-
Khan (Adams 1983; Matson 1960.
68), Shimshara (Tauber 1970.143)

and Guran (Mortensen 2014.50; also see above).
With regard to the samples from Ali Kosh and Mah-
taj, the organic temper from the very beginning has
a different and multicomponent composition: dung
and crushed coarse plant inclusions, both separate-
ly and in combination. It can be assumed that the
tradition of adding the dung of sheep and goats to
the pottery paste spread during the 7th millennium
BC. It is noteworthy that dung had also been used
as fuel resource in the Zagros region during the pre-
pottery Neolithic, as evidenced by micro-morpholo-
gical analysis (Matthews et al. 2013; 2016; 2020;
Fatui Dilanchi et al. 2020). We assume that dung
along with crushed plant admixtures was used by
local potters, though a full understanding of the or-
ganic material (threshing waste, chaff or some other
type of crushed straw) requires further considera-
tion. The technological characteristics of the later
stage at Guran (from level O onwards) showed the

Fig. 9. Ali Kosh. Ja’far Plain ceramic type. a coated with the same
slightly ferruginous clay; b coated with the same highly ferrugi-
nous clay + burnishing; c high burnishing over the highly ferrugi-
nous clay creates the effect of a ‘red surface’, in the cross-section
a calcined highly ferruginous layer of clay can be seen (26.d).
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predominance of dung added
to the pottery paste.

The Neolithic ceramics in the
studied region were mostly
produced using clay slabs
(Fig. 13). Even their precur-
sor, namely clay containers
from Ganj Dareh, had a simi-
lar method of production
(Vandiver 1987.18). Slab con-
struction in the Zagros region
has been reported from a
number of sites, such as Sa-
rab (Vandiver 1987.18), Cho-
gha Sefid (in layers of later
Neolithic – Sefid and Surkh
phase) (Hole, Tonokie 2021),
Sabz (Hole et al. 1969.111–112), Chogha Mish (De-
lougaz, Kantor 1984.228), Hajji Firuz (Vandiver
1987.18–19; Voigt 1983.149–152) and in Northern
Mesopotamia – Yarim Tepe I, Sotto, Umm Dabaghi-
ya of Proto-Hassuna and Hassuna periods (both Ar-
chaic and Standard) (Petrova 2019; 2021). Based
on our analysis, the ceramics were built up in two-
layer slabs in Ali Kosh and Mahtaj. This method is
also attributable to the later Guran
ceramics from level O onwards, spe-
cifically in the cases of tadpole (Char-
mo and Guran styles) and Red-slip-
ped wares.

In connection with the use of se-
quential slab construction, the ques-
tion of using the mould to which
these slabs were stuck arises. On the
one hand, the connection with buil-
ding technologies suggests free mo-
delling, and that the first storage ves-
sels were most likely built in this
way. On the other hand, some of
the vessels made of two-layer slab
construction are small and thin-wal-
led, which is difficult to do without
using a mould and paddling. It is
noteworthy that sticking clay slabs
onto a base mould is still being used
by some women who produce pot-
tery vessels in Baneh, Iranian Kurdi-
stan (Sedighian, Mahjour 2010.83).
According to archaeological materi-
als, the use of a mould was previo-
usly supposed for the vessels from
Ganj Dareh (Smith, Crepeau 1983.

56–58). The prints of weaving, which possibly re-
mained from a liner that covered the mould (to help
separate the future vessel from mould), were found
on the ceramics of the later site of Hajji Firuz, north-
western Iran, where they are seen inside the bases
of the vessels and on the outer surface under a layer
of coating (see Voigt 1983.149, Pl. 25). In addition,
some samples from Chogha Mish showed the appli-

Fig. 10. Ali Kosh. Khazineh Red ceramic type. a coating with the same
clay + full pigment colouring; b coating with red slip (clay mixed with
red pigment). Outer surface – red slip + plum colouring (31.a,b,c). Inner
surface – red slip + coating with the same clay (31.d,e).

Fig. 11. Guran. Coating with the same clay.
a Standard Painted ceramics: 1 Charmo
style, 2 Guran style; b Sarab Geometric; c
Buff ware.
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cation of the same method
on their inner sides (Delou-
gaz, Kantor 1996.228). The
use of a mould in making pot-
tery vessels has not yet been
reported from other Neolithic
sites in Zagros. Hole et al.
(1969.111) noted the absence
of features of paddling in Ali
Kosh, and although such fea-
tures are also seen in our as-
semblage from the site, they
are comparatively smaller in
size. However, as indicated by
some fragments from Hajji Fi-
ruz, a mould or link might
have been applied during the
Neolithic, though their prints
were hidden by subsequent
clay coating.

At Guran, some samples of
Buff and Red-slipped wares
were produced using coil con-
struction. However, it is dif-
ficult at present to conclude
whether this method was
used from the beginning of
ceramic levels of the site, or
it was a later tradition that
had been brought from out-
side. This issue requires fur-
ther data. The use of coils was
previously recorded from the
sites of Hajji Firuz and Ali
Agha, both dated to the late
7th and early 6th millennia
BC, in northern and north-
western/western Zagros, res-
pectively (Voigt 1983.149–
152) and in Northern Meso-
potamia – Yarim Tepe I, Sotto, Umm Dabaghiya of
Proto-Hassuna and Archaic Hassuna periods (Petro-
va 2019; 2021).

According to ethnographic data, different technolo-
gical stages react differently to innovations (Bob-
rinsky 1978; Schiffer, Skibo 1987; Stark 1999). At
all stages of pottery technology, it is very important
to distinguish the construction methods deployed
for making the vessels. This technological stage is
least susceptible to outside influence, and may indi-
cate not only cultural interactions but also the com-
position of the population and its changes, in con-

trast to the methods of making the pottery paste
and surface treatment (Bobrinsky 1978.244; Fow-
ler 2017.14; Gosselain 1992.582; 2000.192).

The surface of the ceramics from our three sites
share a feature, the presence of an additional clay
coating (covering by the same clay or a slip). This
is also reminiscent of an earlier building construc-
tion technique when the walls of the houses were
covered with additional clay coating in pre-pottery
Neolithic settlements. Clay coatings are noted on
the ceramics recovered from various sites such as
Ali Kosh (Hole et al. 1969.110), Guran (Mortensen

Fig. 12. Guran. Red-slipped ware. a both surfaces covered with red slip
(clay mixed with red pigment); b outer surface coated with the same clay
+ red-brown paint, inner surface – coating with the same clay; c outer
surface coated with red slip + brown paint (18.a,c,d), inner surface – red
slip (18.b,e); d outer surface coated with the same clay + brown paint
(17.a,c,d), inner surface – coating with the same clay + red paint (17.b,e).
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2014.50–66), Chogha Bonut
(Alizadeh 2003.46, 56), Chog-
ha Mish (Delougaz, Kanto
1984.227), Chogha Sefid (Ho-
le 1977), and Sarab (McDo-
nald 1979). In most cases, the
coating is similar to the tex-
ture of the vessels.

Smoothing and burnishing of
the surface is ubiquitous dur-
ing the Neolithic period. We
identified various methods of
surface treatment in associa-
tion with Ali Kosh and Guran:
smoothing the surface hav-
ing varying degrees of dry-
ness with a hard tool (seen in
all ceramic types of Ali Kosh)
up to the appearance of the
effect of slightly burnishing
(in Ja’far Plain) and full bur-
nishing (characteristic of Buff
ware and Red-slipped ware at
Guran). In addition, the sur-
face was also smoothed with
textile at Guran.

Stamped and carved ornaments, specifically punc-
tate impressions like carved lines and crescent not-
ches produced by a fingernail or the end part of a
bone, are seen on the earliest ceramics of Guran and
also those from the earlier site of Ganj Dareh (Mor-
tensen 2014.50; Smith 1974.207). The nature of
such early decorated samples is still ambiguous, as
they are documented as vessels made of untemper-
ed clay and it is still arguable to what extent they
can be taken as the incipient clay/pottery contain-
ers. However, this type of ornament was then re-
placed by the paint decoration in the region. Soon
after, the surface decoration is associated exclusive-
ly with the use of pigments such as red ochre, which
were either applied for making geometric designs
or completely covered the surface. As mentioned
above, at Ali Kosh and Guran such pigment was ap-
plied over a surface previously covered with a red
slip. This suggests an attitude by the early potters
to treat slip as a way of covering, but not decorat-
ing, the surface. Our analysis showed various meth-
ods of achieving the ‘red surface’ of Khazineh Red
and Red-slipped ware at both sites. This can be di-
vided and diachronically traced. Firstly, a full cov-
erage of the surface with only a colouring pigment
such as ochre on a covering of the same clay was

common. Secondly, it seems that during the process
of treatment a red-slipped surface appeared when
the covering with the same clay was mixed with red
pigment. This method came about over time, as seen
from uppermost levels at Ali Kosh, where fully cov-
erage of the outer surface with of plum-coloured
paint is synchronously seen.

All the fragments we studied were fired using an
oxidative firing. The vessels from Ali Kosh show the
existence of various heat treatments: short or long
exposure in the heating zone, depending on the type
of ceramics. In this regard, the Ja’far Plain samples
were usually fired for a relatively short time, while
the Ja’far Painted and Khazineh red ones underwent
longer exposure. However, we have some fragments
from Ali Kosh of different ceramic types that are
fully calcined. At Guran an increase in firing dura-
tion for all types is seen over time: in half of the
cases the items they are fully calcined; in some other
cases (Red-slipped ware and Buff ware) the vessels
were fired with long exposure to the heat zone. In
general, this may indicate possible improvements in
the process of ceramic firing.

According to some researchers, dung was an out-
standing fuel resource in western Asia from the
early Neolithic onwards (see Hesse 1984; Matthews

Fig. 13. Pottery construction methods seen in Neolithic Zagros: a slab con-
struction (shape and number of layers unknown); b two-layers slab con-
struction; c coil construction.
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et al. 2020; Miller 1984; Miller, Marston 2012.97;
Spengler 2019). However, in ethnographic research
it is cattle dung that has been mostly given atten-
tion (Mahjour et al. 2014.25; Matson 1974.345; Pet-
rova 2011.135; Salimi 2014.589), while the earli-
est evidence for cattle domestication is attributed to
the early 6th millennium BC in Zagros (see Arbuc-
kle et al. 2016). Thus, the use of animal dung at the
earlier settlements such as Ali Kosh and Guran would
have been restricted to that of goats and sheep. Ac-
cording to Wendy Matthews (2016.116–117) the
type of fuel used varied depending on local condi-
tions, and dung was widely used as a fuel. In this
regard, woods (and specifically oak trees) were
more often burned in the highlands (in particular
the landscape surrounding Ganj Dareh), while in
the foothill-steppe region and on the plains, in par-
ticular the Deh Luran Plain where the settlement of
Ali Kosh is located, grasses and reeds were used for
this purpose (Helbaek 1969.387; Miller 1996.521–
525). However, the presence of dung in the pottery
assemblage from Ali Kosh suggests the multi-pur-
pose usage of dung. As mentioned before, micromor-
phological analysis has also shown presence of ani-
mal dung, most likely goat, at the pre-pottery sites
of Sheikhi Abad (Matthews et al. 2013) and Mahtaj
(Fotuhi Dilanchi et al. 2020) prior to its use in as-
sociation with early pottery production, whether as
temper or fuel. Our knowledge about firing devices
still remains at the level of assumption: firing was
carried out either in bonfires, or in hearths coated
with clay and built up with mud bricks, or in ovens
(Schmandt-Besserat 1974.15; Hole et al. 1969.40,
42). However, excavations at Yarim Tepe I (level 10)
have shown the remains of a two-stage pottery kiln
dated to the Archaic Hassuna period in Northern Me-
sopotamia) (Munchaev, Merpert 1981.75). The pre-
sence of such a developed device at the end of the
7th millennium BC allows us to assume the existence
of simpler devices at an earlier time, coinciding with
the emergence of pottery in the Iranian Zagros foot-
hills.

Concluding remarks

The technological analysis conducted on the ceramic
assemblages from the three Neolithic sites shed new
light on the nature of early developments of pottery
production along the Iranian Zagros. To conclude
the current research, we may highlight both simi-
larities and differences in terms of construction me-
thods, paste, raw materials, firing and surface treat-
ments that were applied by the early potters across
highlands and lowlands. Of the samples from Ali

Kosh, the Ja’far Plain type is somewhat different
from the other two types with regard to the techno-
logy. The walls are thicker and firing time was shor-
ter. Sometimes it contained an abundant admixture
of coarse plant residues in the pottery paste, occasio-
nally combined with dung. It was previously be-
lieved that Ja’far Plain was identical to Ja’far Paint-
ed unless the latter was decorated (cf. Hole et al.
1969.117). However, our analysis indicated that the
Ja’far Painted type shared some similarities with
Khazineh Red, as they both show the predominant
use of dung as a temper and a longer firing. The
Khazineh Red type represents three variants: the
earlier indicated by the samples bearing a red paint
fully overlaid with clay slip, and the later represent-
ed by red-slipped vessels showing a mixture of clay
slip and reddish pigments. However, the third group
includes some different cases showing red slip on
the outer surface overlaid with full colouring, and
on the inner surface with a layer of the same clay
covering. We assume that the technology of the Ali
Kosh ceramics had definitely passed some stages of
development when it emerged at the site (cf. Hole
et al. 1969. 352). However, its predecessor still re-
mains a controversial issue. The clay was specially
selected without any large natural mineral inclu-
sions. The pottery paste also has a different and mul-
ticomponent composition: crushed plants (possibly,
threshing waste – chaff) and the dung of sheep and
goats. In the construction stage, two-layer elongated
slabs were built up along a circular horizontal path.
During surface treatment, there is always a clay coat-
ing on the vessels. Various smoothing techniques
were applied at the site using a hard tool, with vary-
ing degrees of dryness on the surface to be slightly
or fully burnished. With regard to firing, there are
various approaches: short or long exposure in the
high temperature zone, depending on the type of
vessel being made.

The main technological characteristics of a few pot-
tery fragments from Mahtaj are close to those of Ali
Kosh in the way that a combination of dung and
coarser plant impurities are seen in the paste. More-
over, the sequential two-layer slab construction of
vessels and coating the surfaces with wash are also
notable.

Although various ceramic types are present at Gu-
ran, they share some technological characteristics:
selection of clay without any large amount of natu-
ral mineral inclusions, intentional adding of dung
into the pottery paste, two-layer slab construction,
an intentional covering layer on the vessel (wash or
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slip) and the presence of significant amount of com-
pletely calcined sherds during firing. In addition to
the ubiquitous method of slab construction, clay
coils were attested for some Red-slipped and Buff
ware fragments. However, the emergence of the coil
construction method at Guran is as yet unknown
either as a locally developed or an imported tradi-
tion. To better understand this a study of stratified
early materials from the site seems important.

As in case of Ali Kosh, at Guran three variants of
‘red surface’ can also be determined in Red-slipped
ware: first, a fully red painted surface overlaid with
a layer of clay similar to the paste; second, red slip-
ped (clay mixed with pigment) surface, which is
present in the majority of cases. The third case is re-
presented by two very interesting ceramic fragments
recovered from Ali Kosh and Guran. The pigment
was applied over a surface previously coated with
a red slip. The presence of similar items in both set-
tlements could synchronize the upper layer(s) of the
Ali Kosh settlement and the corresponding layer(s)
at Guran, if the ceramics came from stratified exca-
vations. However, the existence of this unusual treat-
ment at both sites may indicate cultural interactions
between highlands and lowlands. Such close inter-
actions are mirrored in a majority of comparable ar-
chaeological finds, from lithic types to architectural
layouts and to pottery style sand construction me-
thods, as well as in the spread of obsidian across
Zagros. This may undermine the idea that in the
Neolithic period contacts between the foothills of
the Zagros (Ali Kosh) and its central regions (Ganj
Dareh, Guran) were unlikely, because they were se-
parated by the ‘formidable’ Kabir Kuh – the longest
of the Zagros Mountain ranges (Hole 2018.178).
Although such natural barriers could have affected
the path and rate of interactions, the role played by
the transhumant people who were tracking a verti-
cal movement and river valleys, such as Seimarreh,
should not be overlooked.

In case of Ali Kosh, the emergence of pottery seems
to have happened abruptly at the site, an issue sug-
gesting that some earlier steps may have been taken
somewhere else. In this regard, Abbas Alizadeh
(2003) assumed that the so-called phase of ‘Susiana
Formation’ at Chogha Bonut was a precursor of the
Mohammad Ja’far phase at Ali Kosh. However, this
hypothesis is still open, as both sites experienced
different pottery styles. Therefore, one may see the
pottery Neolithic (c. 7000–6000 BC) as a millenni-
um which saw a combination of local creativity and
inter-connectedness with surrounding areas.

With regard to the initial construction methods, we
suppose both free construction of vessels and mak-
ing them on a mould. The former is seemingly con-
nected with building technologies, while the latter
suggests another experience, possibly influenced by
coating pits with clay. However, the early ceramics
were commonly produced using a slab construction
method, though clay coils were sometimes also ap-
plied. The origin of the coil construction method in
the Zagros region is not yet known. Nevertheless,
one may see it as one of the variants in the develop-
ment of building techniques or elongated slabs. This
idea, of course, requires further investigation.

In this study we have brought to light some general
information about the technology of the earliest ce-
ramics along the Iranian Zagros. However, placing
such analyses within a larger region will allow us
to better understand the Early Neolithic pottery
technology in the Eastern Fertile Crescent.
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Introduction

The hunter-fisher-gatherer economic and cultural
system, formed as a result of the adaptation of the
Final Palaeolithic population to natural changes, ap-
peared to be very flexible and existed until at least
the Middle Neolithic in Eastern Europe (Zhilin 2004).
The rich and varied ecological niches of the East
European Plain allowed ancient communities to
maintain a hunter-gatherer way of life for a long
period of time (Dolukhanov 1997; 2008; Zvelebil
2008). The instability of ecological niches due to cli-
matic and/or anthropogenic factors and the varia-
bility of biodiversity may have forced societies to

change their adaptation mechanisms – through the
development of new habitats, the adoption of inno-
vation, the formation of new social and economic
systems and networks (Burger, Fristoe 2018). The
emergence and spread of ancient pottery in Eastern
Europe at the end of the 7th to the first half of the
6th millennium BC can be seen as part of these pro-
cesses (Mazurkevich, Dolbunova 2015; Andreev,
Vybornov 2020). The chaînes opératoires of pot-
tery manufacture are suggested to be embedded in
social trajectories and social identity (Gosselain
2002; Livingstone-Smith 2001; Pétrequin, Pétre-
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change in all the constituents of chaînes opérato-
ires may be regarded as the end of the earliest ce-
ramic traditions on the territory of Eastern Europe
which occurred at the end of the 6th millennium BC.
They were replaced by communities with comple-
tely different ceramic complexes (e.g., Lyalovo cul-
ture in the Upper Volga (Lozovskaya et al. 2016),
Eneolithic cultures in the Don (Skorobogatov et al.
2015) and Lower Volga region (Vybornov et al.
2016)). In turn, the first pottery spread in the Cir-
cum-Baltic space only from 5200–5000 cal BC (Lo-
ze 1988; Hartz, Lübke 2006; Raemaekers 2011;
Povlsen 2013; Piezonka 2015; Kriiska et al. 2017)
(Fig. 1).

The Dnieper-Dvina area (Fig. 2) is one of the regions
in Eastern Europe where the oldest ceramic tradi-
tions penetrated in the first half to the middle of the

quin 2006; Gallay 1991), constituting ceramic tra-
ditions unique to each group which all makes it a
powerful proxy for social reconstructions. By the
middle of the 6th millennium BC ceramic traditions
spread over most of the territory of Eastern Europe,
following mainly the south-north direction, along
river systems. Regional ceramic traditions were
formed on their basis, preserved their initial tech-
nological, morphological and decorative features,
and continued to be part of these earliest ceramic
traditions (Mazurkevich, Dolbunova 2015). Later,
by the end of the 6th millennium BC, this early cera-
mic network, partly overlapping the pre-existing Me-
solithic network (Dolbunova, Mazurkevich, submit-
ted; Timofeev 1998a) collapsed. Ceramic styles
changed greatly, new regional traditions appeared,
as well as new directions of contacts, and a new su-
pra-cultural network was formed. This complete

Fig. 1. Earliest ceramic complexes in the Circum-Baltic space (Ertebølle, Narva, Neman culture, Dąbki
site), sites with Narva culture materials in the eastern part and Dnieper-Dvina basin (based on the data
from Courel et al. 2020; Kotula et al. 2015; Hartz, Lübke 2006; Povlsen 2013; Tkachou 2018; Wawrusie-
wicz et al. 2017).
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6th millennium BC (Mazurkevich, Dolbunova 2015).
Later, after their disappearance, it became part of
the Circum-Baltic cultural space manifested through
ceramic complexes which have direct analogies in
Narva culture. In this study we examine to what ex-
tent this tradition is similar to the preceding initial
ceramic complexes, or if it should be regarded as an
independent phenomenon; how this area was em-
bedded into the Circum-Baltic space at the end of
the 6th to 5th millennium BC; and why there was no
long evolutionary development of the earliest cera-
mic traditions that originated on the territory of fo-
rest-steppe and steppe zone of Eastern Europe. 

Dnieper-Dvina region. Paleoenvironmental set-
ting

The Western Dvina Lakeland (western part of the
East European Plain) is close to the European wa-
tershed of three catchments: the Baltic Sea, Black
Sea and Caspian Sea. The main traits of the geology
and terrain relief of this area were formed during
the Valdai (Weichselian) Glaciation and later trans-
formed in the Holocene. This region is characterized
by developed lacustrine landscapes widely chosen
for inhabitation by ancient hunter-gatherers. The en-
vironmental conditions of these basins seem to have

Fig. 2. Rudnya culture sites distribution in Dnieper-Dvina basin.
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been very attractive for hunter-gatherer communi-
ties – due to a high level of landscape geo- and bio-
diversity, with small lakes, rivers and fertile hydro-
genic and semihydrogenic soils.

Microregional studies were concentrated within the
Serteyka River basin (Serteya microregion), left tri-
butary of the Western Dvina (Daugava) River (Fig.
3). The river was presumably draining subsequent

palaeolake water bodies during the Holocene. A few
palaeolake basins were documented within the low-
er section of the present-day valley. These basins are
100–600 metres wide, 100–2000 metres long and
are connected by narrow erosive segments of the ri-
ver valley. They are filled with organic deposits of
lacustrine and swamp origin up to 8 metres thick co-
vered with sandy-silty overbank alluvia (Kulkova et
al. 2001; Kittel et al. 2018). There are several of

Fig. 3. Rudnya culture sites distribution in Serteysky microregion of Dnieper-Dvina basin (ceramics of
phases ‘c-1’, ‘d’, ‘d-1’, ‘e’). 
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them noted – the Great Serteya Palaeolake Basin
(GSPB), Nivniky Basin, and Rudnya Basin, on the
shores of which sites of the Rudnya culture were
found.

Seasonal and centennial climatic fluctuations might
have influenced ancient communities. Detailed multi-
proxy palaeoecological analyses in the Serteya micro-
region indicate weak cooling oscillations at the 7.0–
6.8, 6.2, 5.9 and 4.2 ka cal BP and an increase of
continentality during these periods, manifested in a
lower winter temperature and lower annual preci-
pitation (Kittel et al. 2020; Mroczkowska et al. 2020).

Rudnya archaeological culture

Ceramic complex
The Rudnya archaeological culture was distingui-
shed based on materials of the stratified Rudnya Ser-
teyskaya site, excavated in the Serteya microregion
(Fig. 3) in 1983–1987 (Dolukhanov et al. 1989; Ma-
zurkevich, Miklyaev 1998). Several ceramic phases
were distinguished named ‘c-1’, ‘c-2’, ‘d’, ‘d-1’, and ‘e’.

Ceramic phase ‘c-1’ (Fig. 4. 1, 6, 7). The vessels
were made from fat paste tempered with organics
and shells, judging by the traces of burned-out re-
sidue. The vessels were made of short coils/slabs,
elongated during vessel construction, 1.7–3.5cm in
height with a very sharp horizontal and vertical cut.
A separate group is represented by vessels made
from coils 1–1.5cm in height, with N-juncture (phase
‘c-2’). The technique of beating is testified by flat-
tened roundish areas on the surface of fragments.
Traces of scratches on both surfaces were recorded,
left after the application of a thin liquid clay layer.
They were polished afterwards, which can be seen
on a number of fragments with a well-preserved sur-
face, which might have been common for all the
vessels of this phase. The shapes of the vessels are
mostly closed with a pointed or rounded rim. Cera-
mics was not decorated.

Ceramic phase ‘d’ (Fig. 5; 6.1–4, 6, 9). Pottery was
made from paste tempered by a large amount of
shell and organics. The vessels were manufactured
from stretched coils/slabs with an S-juncture. The
extreme fragmentation of the vessels complicates ac-
curate determination the size and type of coils/slabs
and the presence of the beating technique. The ves-
sels are 0.4–0.7cm thick. On both sides there are tra-
ces left by a comb tool. The external side of some of
the vessels was polished. The vessels were poorly
fired, only thermally dried at low temperatures (Ma-

zurkevich, Miklyaev 1998). The rims are flattened,
and the vessels are slightly profiled. One conical bot-
tom with an added clay lump at the extremity and a
roundish bottom were found. The vessels were deco-
rated with small pits, notches, small triangular marks
and impressions of a thin, curved comb stamp, which
differed from the decoration of the vessels of the
previous Serteya culture. They were decorated by
one or several horizontal rows or a combination of
horizontal and vertical ones. Only two vessels were
decorated by a combination of pits and notches, pits
and impressions of a comb stamp. Only the upper
part of the vessels was decorated, the rest was often
covered by scratches, which were deliberately left
and not smoothed over.

Ceramic phase ‘d-1’. Vessels were made from paste
tempered by shell and organics (Fig. 7; 6.5, 7, 8, 10).
The vessels were made from stretched coils with an
N-juncture. On both sides there are traces left by a
comb tool. The surface was polished afterwards in
major cases. The beating technique was widespread.
On the surface of the vessels there was a cracking
mesh due to drying clay, which was subjected only
to temperature drying. The rims are bevelled in-
wards, flattened, straight or inclined inwards. The
bottoms are rounded. The vessels are 0.7–0.9cm
thick. The pots were not decorated or decorated with
a single line of holes under the rim or a net made
from scratches. One of the vessels is decorated with
triangular marks, arranged in horizontal lines. This
group also includes a series of small bowls with a
C-shaped profile and pointed rim.

Ceramic phase ‘e’. Vessels were made from fat paste
tempered with organics, judging by the burnt-out
remains, from short coils/slabs in the S-technique
(Fig. 4.2–5, 8–11). In a few cases, the use of U-junc-
ture was noted which was applied for vessels con-
struction from the slabs. The surface of the vessels
was smoothed, occasionally there are traces of scrap-
ing, smoothed afterwards in a number of cases. The
rims of the vessels are flattened and straight. The
pottery is decorated with small pinholes, a grid of
dashed lines and small oval imprints.

A comparison of the ceramic manufacturing techno-
logy of the Rudnya culture and preceding Serteya
culture using correspondence analysis of features,
which constitute the chaîne opératoire (Fig. 8.1; see
description of features – Fig. 8), indicates two com-
pletely different technological groups. Major differ-
ences are also observed in decoration and morpho-
logy (see the description of the Serteya culture in
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Mazurkevich and Dolbunova (2015)), which may in-
dicate a complete change in the ceramic traditions
and, probably, local population that existed in the
Dnieper-Dvina Basin in the first half to the middle
of the 6th millennium BC and later – at the end of
the 6th to the first half of 5th millennium BC.

A comparison with the Narva complexes shows par-
ticular similarities both in the technological sphere
(see the correspondence analysis of technological
features in Fig. 8.2) and decorative, morphological
one. Ceramics of ‘d-1’ appear to be close to some
types of ceramics of the Zvidze site and sites in Es-

tonia (Kääpa complex) (Kriiska 1996; Kriiska et al.
2017) and in Belarus (Charniauski 2017). Pottery
of phase ‘d’ seems to be closer to the ceramics found
at sites of Lubana Lake, and specifically the Zvidze
and Osa sites (Loze 1988; Zagorskis 1973). Pottery
of phases ‘c-1’ and ‘c-2’ is similar to that found at the
coastal river estuaries and coastal lagoon group of
sites in Estonia (Kriiska 1996; Kriiska et al. 2017).

Flint and bone industry, the remains of con-
structions
A few flint and bone items were found nearby the
pottery of the phases ‘d’ and ‘d-1’ at the Rudnya Ser-

Fig. 4. Pottery fragments of phase ‘c-1’ (1 Serteya XII; 6, 7 Uzmen); ‘e’ (2–5, 8–11 Uzmen).
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teyskaya site (Mazurkevich, Miklyaev 1998), and
single items were found at Serteya II (II-2) and Ser-
teya X (Figs. 9, 10). At the Rudnya Serteyskaya site,
the flint industry includes a rhomboid-shaped arrow-
head with bifacial retouch, end scraper, roundish
scrapers with a rounded blade, oval axes with an
asymmetrical lenticular cross-section and polished
areas on the blade. Two single-platform edge-faceted
cores and two double-platform nuclei were also found.

Bone tools include knives, which are characterized
by a lateral cutting edge (Fig. 10.1, 6). They were
produced by scraping from various anatomical sup-
ports, always from elk. It should be noted that the
knives known for the Middle-Late Neolithic Usvyaty
and Zhizhitsa cultures were made exclusively from

elk ulna. Early Neolithic bone knives are known in
the Baltic area (Vankina 1999), and also in Belaru-
sian sites (Charniauski 2007).

A few ornaments are also recorded. The Serteya X
site provided a pendant made from an incisor with
a grooved suspension (Fig. 10.4). Two other boar
incisors with grooved suspension were found at
the Serteya II-2 site. Several elk tooth grooved at
their proximal part were also found in Early Neoli-
thic layer at the Zamostje 2 site (Lozovskaya 2018).
Teeth pendants remained fairly common through-
out the Neolithic period, but their attachment sys-
tem changed, and perforation began to be used in
the Middle Neolithic.

Most of the Early Neolithic
bone projectile points are cha-
racterized by bulging and of-
ten biconical heads, mostly
with a tapered tip (Fig. 9.2, 4,
5), one of them was decorat-
ed with short incisions (Fig.
9.4). Their shaft, quite short,
is often pointed and could
be flattened or rounded in
cross-section. This type is al-
so quite common in Upper
Volga (Lozovsky, Lozovskaya
2010; Lozovskaya 2019; Zhi-
lin et al. 2002), and in the
Narva culture (Vankina 1999;
Loze 1988). A particular type
of a biconical flattened arrow-
head with symmetrical wings
and a short, pointed shaft was
found at Rudnya Serteyskaya
(Fig. 9.3) and the Serteya II-
2 site (Fig. 9.1). These projec-
tile points found in the Dnie-
per-Dvina Basin constitute di-
scriminating elements of the
Early Neolithic which will no
longer exist in the following
periods. Rudnya Serteyskaya
had a rather particular bone
projectile point with a very
long shaft and a head deco-
rated with short transverse
incisions (Fig. 9.8). A wood-
en projectile point imitating
bone items was found at the
Rudnya Serteyskaya site (Fig.
10.2).

Fig. 5. Pottery fragments of phase ‘d’ (1–3 Rudnya Serteyskaya, 4–7 Ser-
teya II).
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Two harpoons (one is fragmented) were found
(Fig. 10.6, 7). The whole piece consists of a three-
barbed harpoon with shouldered proximal part. It
might have been made from a bone blank extract-
ed from an elk metapodium. Most of the harpoons
from the Upper Volga culture feature a tight succes-
sion of barbs and a pointed proximal part (Lozov-
skaya, Lozovsky 2013), which does not correlate
with Early Neolithic pieces from the Dniper-Dvina
basin. Neither of the analogies can be traced within
the Baltic complex (Vankina 1999). In these two re-

gions, shouldered proximal parts of the harpoons
seem to arrive later (Middle or Late Neolithic).

The remains of stake structures of rectangular or
circular shape with ground hearths were recorded
at the Serteya X and XIV sites (Mazurkevich et al.
2003). The remains of a fishing trap at the Serteya
XIV and Rudnya Serteyskaya sites and strongly erod-
ed wooden objects (on Serteya II-2 site) can also be
attributed to different stages of the Rudnya culture
(Tab. 1).

Fig. 6. Pottery fragments of phase ‘d’ (1–4, 6, 9), and ‘d-1’ (5, 7, 8, 10) on Rudnya Serteyskaya site with
indication of coils/slabs juncture (2, 7, 10).
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Rudnya culture chronology

The archaeological layers with materials of the Rud-
nya culture lie above the layers or are separated spa-
tially from the materials of the Serteya culture,
which made it possible to create the sequence of
these cultures (Mazurkevich et al. 2017), supple-
mented by typological analysis. Ceramics of phases
‘c-1’/‘c-2’, and ‘d-1’ are among the earliest within the
sequence of Rudnya culture, following by materials
of ceramics of the phase ‘d’ and later phase ‘e’. The
absolute chronology is based on a series of radiocar-
bon dating by associated terrestrial material (wood
and charcoal), deposited together with finds of cera-
mics of the Rudnya culture at the Rudnya Serteyska-
ya, Serteya II and Serteya XIV sites (Tab. 1). The dif-

ficulty of using direct dating of ancient hunter-gathe-
rer ceramics is connected with the reservoir effect
arising at dating of food crust formed after proces-
sing of mainly aquatic products in vessels (Courel et
al. 2021.SI).

The Rudnya Serteyskaya site is located on a terrace
that was buried under wetland deposits, on a small
promontory that juts into the Rudnya lake basin.
The uncovered area of the site was 146m2 (Mazur-
kevich, Miklyaev 1998). Archaeological layer A, with
finds of Early Neolithic ceramics of the Serteya cul-
ture dated to the 6th millennium BC, was deposited
in a layer of fine sand at the base of bluish gyttja.
The overlying layer B, where fragments of Rudnya
culture pottery were found (phases ‘d’ and ‘d-1’),

Fig. 7. Pottery fragments of phase ‘d-1’ (1, 3, 4–6 Serteya XIV; 2 Usviaty II) with indication of traces left
during surface treatment (1, 6) and coils juncture (1, 2, 5, 6).
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Fig. 8. Correspondence analysis of Rudnya and Serteya culture pottery (1); Rudnya, Serteya and Narva
culture pottery (Zvidze and Narva Joaorg sites) (2).
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was deposited in a layer of sandy gyttja with char-
coal inclusions, located between bluish and brown-
ish gyttja. Vessel fragments of phases ‘d’ and ‘d-1’
were recorded in different parts of the site. The ra-
diocarbon dates obtained probably reflect several
stages of site occupation. Fragments of worked
wood, deposited in close proximity to the ceramics
of the Rudnya culture, are dated to 5210– 4952 cal
BC (first group) (Mazurkevich, Miklyaev 1998). The
charcoal from the base of the oval ground structure
of Serteya XIV site can also be dated to this time
(5332–4944 cal BC).

Wood fragments overlying the layer B are dated to
c. 4932–4608 cal BC – the time when gyttja accumu-
lated over the Rudnya culture re-
mains during the transgression
phase. The second group of dates
made on wooden items (includ-
ing the remains of a fishing trap)
(c. 4727–4497 cal BC) possibly
correlates with the appearance
of sites on mineral shores with
materials of the ‘e’ phase.

Ceramic fragments of the Rudnya
culture on the Serteya II site were
found in its western part (II-2
area), which is a multilayer com-
plex with several succeeding pha-
ses of occupation (Mazurkevich
et al. 2020; Kittel et al. 2018). A
very dynamic local hydrological
system and palaeolake shore con-
ditions had a considerable influ-
ence on the formation of archaeo-
logical layers and distribution of
finds. The oldest ceramics attri-
buted to the Serteya culture were
found in the lowermost sandy la-
yer, attesting to a coastal activity
zone during the Early Neolithic.
Rudnya culture fragments were
found in a dark brownish-grey
sandy layer with organic remains
and in brown gyttja (see Kittel et
al. 2020). The fragments were
eroded which could indicate the
redeposition of the archaeologi-
cal layer and organic matter in
the lake shore zone. They could
have been washed away from
higher parts of the site. The bone
arrowheads attributed to the Rud-

nya culture deposited in the dark brownish-grey
sand and black gyttja layers may be evidence of hunt-
ing. Two heavily eroded wooden items (one of them
probably a paddle) are dated to c. 5208–4849 cal
BC. A wooden stake – evidence of coastal activities –
was dated to 5373–5213 cal BC.

The results from the macrobotanical study show a
gradual shallowing of the lake level after 6900 cal
BC. During this time, the palaeolake already seems
to be rich in faunal and floral aquatic resources, and
thus attractive for exploitation. In the further course
of time, a transgression phase occurred between c.
5550 and 3600 cal BC (Wieckowska-Lüth et al.
2021). Natural accumulation of minerogenic and or-

Fig. 9. Early Neolithic bone industry: 1–2 Serteya II; 3, 7–9, 10 Rud-
nya Serteyskaya; 4, 5, 6 Serteya X.
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Date (BP) Date (cal BC) Index Material Site Context
Attribution
(culture)

5770±60 4730-4488 Le-2570 wood
Rudnya peaty gyttja with wooden remains and Rudnya cul-
Serteyskaya algae, wood from fishing construction ture

5780±40 4723-4535 Le-7182 charcoal Serteya XIV sq. A\14, yellow sand –\\–

5780±50 4727-4497 Le-2577 wood
Rudnya peaty gyttja with wooden remains and Rudnya cul-
Serteyskaya algae, wood from fishing construction ture

5850±150 5057-4362 SPb-1197 food crust
Serteya ceramic belly fragment undecorated Rudnya cul-
XXXIV (No. 1726-1728) ture

5890±60 4935-4605 Le-2586 wood
Rudnya

wood from the horizon above layer B
Rudnya cul-

Serteyskaya ture
5900±40 4850-4686 Le-7173 charcoal Serteya XIV sq. 6\3, dwelling, base layer –\\–

6090±40 5081-4896 Poz-146276 wood
Sertyeya treated and eroded wood (w405), lying Rudnya cul-
II-2 in horizontal position, on whitish sand ture

6090±40 5081-4896 Poz-146882 wood
Sertyeya treated and eroded wood (paddle|) Rudnya cul-
II-2 (9814) ture

5940±130 5137-4537 Le-2566 wood
Rudnya sandy gyttja with charcoals, layer B, Rudnya cul-
Serteyskaya sq. D\1 ture

5940±130 5137-4537 Le-4101 wood
Rudnya sandy gyttja with charcoals, layer B, Rudnya cul-
Serteyskaya sq. B\9 ture

6050±40 5053-4837 Le-9764 wood
Serteya

sq. D\2, low part of ferruginized sand
Rudnya cul-

XXXIV ture

6130±30 5210-4988 Le-9763 wood
Serteya sq. D\2, No. 2254, low part of Rudnya cul-
XXXIV ferruginized sand ture

6130±40 5210-4952 Le-2579 wood
Rudnya sandy gyttja with charcoals, layer B, Rudnya cul-
Serteyskaya sq. B\4 ture

6130±50 5215-4935 Le-7175 charcoal Serteya XIV yellow sand with charcoal, sq. b\13 –\\–

6180±40 5218-5003 Le-2569 wood
Rudnya sandy gyttja with charcoals, layer B, Rudnya cul-
Serteyskaya sq. D\1 ture

6320±40 5373-5213 Poz-146296 wood
Sertyeya II sharpened stake (W454) in vertical Rudnya cul-
(part 2) position ture

6210±80 5332-4944 Le-7176 charcoal Serteya XIV dwelling’s floor, yellow sand –\\–

6230±40 5306-5054 Le-2568 wood
Rudnya sandy gyttja with charcoals, layer B, Rudnya cul-
Serteyskaya sq. D\1 ture

6240±60 5326-5028 Le-3054 wood
Rudnya sandy gyttja with charcoals, layer B, Rudnya cul-
Serteyskaya sq. B\3 ture

6388±38 5417-5306 Le-7174 charcoal Serteya XIV sq. b\13, fish-trap –\\–

6640±110 5738-5372 SPb-750 burnt bones Serteya XXII
located nearby early neolithic vessels Serteya cul-
(phase ‘b-1’\‘b-5’) ture

6792±120 5913-5482 SPb-748 burnt bones
Serteya sq. M-L\4, located nearby early Serteya cul-
XXVII neolithic vessel (phase ‘b-5’) ture

7300±120 6419-5983 SPb-749 burnt bones
Serteya sq. B\1, located nearby early neolithic Serteya cul-
XXIV vessel (phase ‘b-4’) ture

bluish sandy gyttja layer with shells, Serteya cul-
7350±180 6571-5885 Le-5260 wood Serteya X cultural remains of early neolithic ture

Serteya culture

Tab. 1. Radiocarbon dates of materials attributed to Serteya and Rudnya culture.

ganic material in the transition zone between the
lake and land, fluctuations in lake water level (in-
flow of minerogenic material, wave erosion), and
periodic drying was recorded for this time period
(Kittel et al. 2020).

Distribution of Rudnya culture sites in the Dnie-
per-Dvina Basin

Upper Western Dvina basin. The vessels of phase
‘d-1’ are known on the Rudnya Serteyskaya, Serteya

II-2, X, XIV, XXXIV sites (Fig. 3) located at low hyp-
sometric levels, and archaeological layers are buried
under wetland deposits.

Vessels of the Rudnya culture are found much less
frequently at the sites located on drylands. These
are mostly vessels of the ‘c-1’, ‘c-2’ and ‘e’ phases.
There are a few fragments of ‘d-1’ and ‘d’ phases,
found in the sandy deposits at the Uzmen and Us-
vyaty II sites, Shugailovo, and Mochary sites. Vessels
of phase ‘e’ are found within sandy sediments at the
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Uzmen, Usvyaty II, Serteya IIa sites, Shugailovo, and
Mochary sites. The pottery of phase ‘c-1’ was found
on sites situated on mineral terraces of palaeolakes
in the southern (Serteya X, Serteya XII) and north-
ern lake basin (Serteya XIV, XXVII), on shores of pa-
laeolakes in the northern basin of the Serteya micro-
region (Serteya XXI, XXII, XXIV, 3–3, and 3–2). The
pottery of phase ‘c-2’ was found on sites situated in
mineral terraces of palaeolakes (field above Rudnya
Serteyskaya No. 3 (PRS3), Serteya XIV) and also on
the shore of palaeolake in the northern lake basin
(Serteya 3–3, XXXVI, XXXVII, XLIV).

Upper Dnieper Basin. Pottery of phase ‘c-1’ was
found at the Katyn 9 site, and of phase ‘e’ at the
Katyn 17 and Kozichino sites. These are the most
south-eastern sites of the Rudnya culture.

Vessels of the Rudnya culture
were found on the sites lo-
cated in the immediate vicin-
ity of the paleolacustrine sho-
reline, which were most like-
ly seasonal one (testified by
avifauna at the Rudnya Ser-
teyskaya site (Sablin et al.
2011)). The supposed settle-
ment system differs from the
previous time, when various
types of sites were recorded:
summer and winter camps,
long-term and specialized
hunting or fishing sites (Ma-
zurkevich, Dolbunova 2009).
Vessels of the Rudnya culture
are accompanied by finds of
single bone arrowheads, the
remains of fishing traps,
strongly eroded wood items
with traces of processing (one
of which may be a paddle),
and wooden stakes, testifying
to household activity on the
ancient shoreline (Serteya II
and XIV sites).

Discussion

The cultural space, formed in
the late 6th to 5th millennium
BC in the Circum-Baltic re-
gion, includes the Ertebølle
culture and the Dąbki site in
the west, Narva and Neman

cultures in the east, and Sperrings and Sär 1 in the
north (Gurina 1967; Rimantiene 1992; Timofeev
1998a; Loze 1988; Kriiska 1996; Kriiska et al.
2017; Charniauski 1979; 2017; Pili≠iauskas 2002;
German 2018; Torvinen 2000; Kotula et al. 2015).
A number of regional and regional-chronological
groups have also been distinguished within these
(Kriiska 1996; Kriiska et al. 2017; Vankina et al.
1973; Rimantiene 1973; Miksaite 2005; Piezonka
2015; Tkachou 2018; Wawruciewicz 2013).

The hunter-gatherer-fisherman cultures of the West-
ern and Eastern Baltic existed at the same time as
agricultural communities to the south. Thus, the ori-
gin of pottery in the Ertebølle culture has been sug-
gested to be a local innovation, the influence of hun-
ter-gatherer communities from the East (Gronen-

Fig. 10. Early Neolithic bone industry (1, 3–7), and wooden arrowhead
(2). Serteya X site. 
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born 2011), or of Neolithic farming groups (Povlsen
2013). The emergence of pottery among hunter-ga-
therer tribes of the Swifterbant culture c. 5200/5000
cal BC was explained by the influence of neighbour-
ing agricultural groups (Raemaekers 2011). The
influence of local farming communities on the for-
mation of hunter-gatherer pottery complexes in the
5th and 4th millennia BC was also noted for Central
Europe (Nowak 2017; Guminski 2020). The origin
of the Narva culture early ceramic complex is still
under discussion. The asynchrony of the processes
of ceramics acquisition in different regions by hun-
ter-gatherer communities is evidenced by the diffe-
rences in time of the pottery’s appearance and signi-
ficant variations in the ceramic technology. The dif-
ferences in the chaînes opératoires of ceramic ma-
nufacture testify to major differences between vari-
ous cultural traditions of hunter-gatherer communi-
ties of the Circum-Baltic world (Dumpe et al. 2011;
Glykou 2010).

The widespread S-profiling of the vessels in early
complexes forced researchers to look for the eastern
origin of these in the Elshanskaya culture, where S-
profile vessels are known (Timofeev 1998; Gronen-
born 2011; Andreev, Vybornov 2021). However,
the differences in technology, chronology and mor-
phology (Courel et al. 2021.Fig. S2) indicate the
more different nature of these complexes.

Studies into ceramics contents and their use (through
traces of use) point to different functional patterns
of vessel use among foraging communities (Courel
et al. 2020; 2021; Papakosta et al. 2019; Pääkkö-
nen et al. 2016). A predominance of vessels used for
aquatic products was found typical for Narva (in-
cluding vessels from the sites located in the Serteya
microregion (Courel et al. 2020)). Vessels of the
Rudnya culture were found on sites with rather spe-
cific contexts – oriented towards the use of water re-
sources – with finds of fishing traps and paddles lo-
cated in the shoreline zone, associated with fishing
grounds or household activity in the shoreline area.

Specific technological, morphological and ornamen-
tal features of ceramic phases (‘c-1’, ‘c-2’, ‘d’, ‘d-1’
and ‘e’) and the particularities of their deposition
within archaeological layers allow us to identify se-
veral groups within Rudnya culture. These may re-
flect penetration of various traditions from different
territories, which are also testified by comparison
with different Narva complexes. The flint complex
of the Rudnya culture does not have any similarities
with the preceding stone industry, bone and antler

items find analogies both in the Late Mesolithic and
Early Neolithic materials of Eastern European forest
zone sites, and in the Lubana basin (Loze 1988; Van-
kina 1999).

The chronological timeframes of the Rudnya culture
correlate with chronological periods identified for
the Zvidze site, where the early Narva pottery was
found in several archaeological layers, dated to c.
5409–4944 cal BC, 5211–4835 cal BC and 4850–
4582 cal BC; the lower border of Narva culture here
was attributed to 4446–4157 cal BC (Loze 1988.73–
74). The appearance of this ceramic complex around
5500–5300 cal BC is confirmed by stratigraphic ob-
servations, dating of accompanying materials (wood)
(Loze 1988) and direct dating of charcoal found in
the vessel fragments (Courel et al. 2020). A compa-
rison of the radiocarbon chronology of the Lubana
sites with those of the Rudnya culture shows that
the latter appeared later in the east in the upper rea-
ches of the Western Dvina River.

The similarity of the technological, ornamental, mor-
phological and functional characteristics of the ves-
sels of the Rudnya culture with the groups of the
Narva culture makes it possible to consider the trans-
fer of ceramics as one package resulting in the Rud-
nya culture formation: along with chaînes opérato-
ires, ornamental and morphological traditions, the
functional pattern was transferred. All of these may
testify to the migration of people from different re-
gions of the Eastern Baltic to the south-east.

There are single and rare evidences of Narva culture
materials on other sites in northwestern Russia, but
all these complexes are extremely sparse and could
instead indicate single penetrations of individual
groups to the east: Veksa 3 (Nedomolkina et al.
2015; Piezonka 2015), Kuzemkino 1–6, Galik 3–4,
6–7, 10 (Holkina 2019), Sjaberskaya III (Timofeev
1993), and in the Upper Dnieper basin (Fig. 1, 2).

Conclusion

The emergence of pottery in hunter-gatherer-fisher
communities in continental Europe may have follow-
ed different spatial and cultural trajectories, respond-
ing to different economic or cultural challenges. The
emergence of pottery was accompanied by extensive
development of the Eastern European territories,
overlapping only in part with the preceding Mesoli-
thic network. Destruction of this initial network is
manifested through the disintegration of the oldest
ceramic traditions that originated in the steppe and
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forest-steppe zones. The role of pottery might have
been different – as an important adaptive mecha-
nism and innovation in some regions, and perhaps
a non-utilitarian element in others (Courel et al.
2020). Societies that practiced pottery manufacture
might have existed independently among Mesolithic
societies on the territory of Eastern Europe, occupy-
ing free ecological niches, for a rather short period
of time, and thus did not make any significant con-
tributions to later ceramic traditions. The change of
ceramic types, groups and cultures did not lead to
the formation of hybrid ceramic types. The tradition
of pottery making seems to be not of a widely used
practice, which is evidenced in the small number of
the earliest vessels found on a number of sites (Ma-
zurkevich, Dolbunova 2015). The emergence of pot-
tery outside the East European Plain in hunter-gathe-
rer communities at a later time in Central Europe
may refer to a completely different process – the
borrowing of pottery-making skills from agricultural
groups (Nowak 2017; Guminski 2020).

Ceramic complexes of the Rudnya culture are not the
most ancient or first in the territory of the Dnieper-
Dvina Basin, unlike in the Eastern Baltic. This cultu-
ral group follows the earlier ceramic traditions (Ma-
zurkevich, Dolbunova 2015), which originated in
the Upper and Middle Don, Desna River, Bug-Dnies-
ter Basin. The closest analogies to the Rudnya cul-
ture ceramic complex can be found in the lower
course of the Western Dvina River in the Lubana Ba-
sin. Thus, the Rudnya culture can represent an inde-
pendent phenomenon within a larger cultural entity
of the Narva culture. The bone industry of the Dnie-
per-Dvina region shows some items existed through-

out the Neolithic (e.g., knives made from elk long
bones) and other particular for only the Early Neoli-
thic – pendants with a grooved suspension and spe-
cific types of bone arrowheads. The latter fits into
the evolutionary scheme of arrowhead development
from the Mesolithic to Early Neolithic following the
common trajectory of the size getting smaller. The
shortening of bone projectile points could reflect the
appearance of a new hunting strategy as the role of
bows increased, and may indicate the increasing im-
portance of fur hunting. Analogies in both the Up-
per Volga area and the Baltic may reflect this com-
mon trend.

Different areas of origin evidenced for the Serteya
and Rudnya cultures testify to changes in the direc-
tions of cultural interactions at the end of the 6th

millennium BC from south-north to west-east. This
could be a marker of the destruction of the estab-
lished network that existed before, during the late
7th and 6th millennia BC. Such a significant change
in material culture was due not only to the cultural
impulse, but possibly the penetration of a new popu-
lation from the western territories, which likely es-
tablished a new system of cultural and social rela-
tions.
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ABSTRACT – This paper presents the first known and systematically excavated Middle Neolithic pot-
tery workshop in southwestern Thessaly at Imvrou Pigadi. The excavations and in situ finds, along
with the pronounced kiln structures, their typological classification and pyrotechnological operation,
suggests considerable expertise in pottery manufacture. The pottery itself, together with the chipped
stone industry and other small finds, as well as the fauna and archaeobotanical assemblages are pre-
sented. The results of the 14C dating programme point to use of the workshop at the beginning of the
6th millennium. All this evidence suggests an active settlement where pottery production was carried
out, which was then circulated within the wider region.

IZVLE∞EK – V ≠lanku predstavljamo prvo znano in sistemati≠no izkopano lon≠arsko delavnico iz
srednjega neolitika v jugozahodni Tesaliji pri Imvrou Pigadi. Izkopavanja in najdbe in situ skupaj z
deli lon≠arske pe≠i, njihovo tipolo∏ko razvrstitvijo in pirotehnolo∏kim delovanjem, ka∫ejo na precej∏-
nje poznavanje lon≠arskih tehnik. Predstavljamo lon≠enino, odbitkovna kamena orodja, druge drob-
ne najdbe ter ∫ivalske in arheobotani≠ne zbire. 14C datiranje ka∫e na delovanje delavnice na za≠et-
ku 6. tiso≠letja pr. n. ∏t. Vse to pri≠a o aktivni naselbini, v kateri se je izdelovala lon≠enina, ki se je
nato ∏irila v regiji.

KEY WORDS – Neolithic; Thessaly; workshops; pyrotechnology; specialised production; kilns; pottery;
exchange networks
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tional discovery was actually presented in a preli-
minary report, about which we were initially rather
sceptical as there were no similar examples to com-
pare it with. In the present paper some points which
were less clearly described in the previous publica-
tions are now clarified. Additional research at the
site has revealed an extensive pottery workshop
spread over two different but adjacent levels, with a
height difference between the two of approximately
2m, covering around 50m2, as far as we currently
know. A total of 23 structures have been identified,
although more are believed to be located under the
adjacent unexcavated deposits. Our investigations
included excavation, geophysical survey and several
different analytical approaches to the datasets. In
this paper we present some of the results of the ex-
cavations and the study of the material recovered,
while focusing in parallel on the cultural context of
the settlement and its special role in the area.

The site and the excavations

Based on a surface survey, Imvrou Pigadi was first
referred to as a prehistoric site by Sofia Dimaki
(1994). Located at an elevation of 165masl on the
southwestern edge of the Thessalian Plain (Fig. 1),
the site is administratively located in Phthiotida,
Neo Monastiri, in the municipality of Domokos. It
lies at the crossroads between eastern and western
Thessaly and Phthiotida, and is also very close to the

Introduction

Until recently, western Thessaly was widely believed
to have been less intensively occupied than the east-
ern part of the Thessalian plain during the Neolithic.
This perception was due to limited research and the
large-scale land-reform project carried out in the
lowlands of Karditsa during the 1960s, leading to
more intensive farming and irrigation which flat-
tened the plain and buried several tells (magoula).
In fact, the area has many Neolithic sites, which
form the predominant settlement type. In no way
could we have imagined then that Imvrou Pigadi
would produce the first complex of pottery kilns
ever found in either Thessaly, or Greece as a whole,
dated to as early as the Middle Neolithic. As indicat-
ed by the geophysical survey, during which rectan-
gular anomalies representing prehistoric buildings
were identified, the tell itself is very extensive, with
the rest of the deposits probably belonging to a typi-
cal settlement (Tsokas et al. 2009). If the excava-
tions had only been carried out within the more
central part of the tell, it is almost certain that the
pottery workshops would not have been discovered.

The workshop complex at Imvrou Pigadi was first
referred to during 2o AETHSE (Kyparissi-Apostoli-
ka 2006) and then later in Documenta Praehistori-
ca as indications of the presence of relevant activity
in the area (Kyparissi-Apostolika 2012). This excep-

Fig. 1. Site location map with Imvrou Pigadi marked by an arrow and other Neolithic sites by red dots.
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railway linking Athens and Thessaloniki, just over a
kilometre north of the Domokos station.

Other Neolithic tells are visible in the area, amongst
which Koutroulou stands out (Kyparissi-Apostolika
2003; Hamilakis, Kyparissi 2012; Hamilakis et al.
2017), while many other Neolithic settlements are
located in the adjacent western part of the Thessa-
lian Plain in Karditsa (Kyparissi-Apostolika 2019;
Orengo et al. 2015; Krachtopoulou et al. 2020). Imv-
rou Pigadi is one of the most outstanding tells in
the area because of its significant extent and height,
at over 4m above the road. Based on the geophysi-
cal survey, the site extends to at least 14 000 square
metres (Tsokas et al. 2009), although since part of
its western side was cut during construction of the
local road and railway, it may well have been even

larger, 22 326 square metres according to Dimaki
(1990). The tell is located in a private field where
cotton has been regularly cultivated.

The excavations were begun on the western upper
edge of the site in 2002, and were concluded in
2019.11 They consisted of four trenches (1, 2, 3 and
a/2016), with pottery kilns in all except for trench
3 (Fig. 2). Trench 1 was 5m by 5m square and be-
gan with a deposit ranging from 1.03m to 1.5m in
thickness (phase A). This produced evidence for pos-
sible domestic activities, as defined by the pottery
(see below, in the section on the pottery evidence),
along with some figurines and obsidian and flint
tools. At this depth, a yellowish-red clay surface was
identified, beginning in the northeastern corner of
the trench and sloping down towards the south. It

1 The excavator is thankful to the archaeologists Nana Almatzi, Eleni Froussou, Sophia Ntafou, Stavroula Gaga, Evita Kalogiropoulou
and Niki Saridaki, who as trench supervisors worked very carefully, recording invaluable information that helped in document-
ing the special character of the site.

Fig. 2. Trenches 1, 2 and a/2016 showing the location of all structures (drawn by Chryssoula Founda of
the Ephorate of Antiquities of Phtiotida, with digital processing by Jamie Donati).
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formed all of the eastern side and
most probably continues beyond the
edges of the trench towards the east
and north. In the rest of the trench,
parts of this original hardened clay
surface were also found. Beneath it,
damaged clay structures were unco-
vered (phase B1) (Kyparissi-Aposto-
lika 2006.Fig. 2), at depths ranging
from 1.5m to 2.58m. Amongst these,
significant quantities of sling bullets
were found, as well as brick frag-
ments with surfaces and corners at-
tributed to the structures. Nine struc-
tures in total were identified in this
trench (Nos. 8–16), along with two
clay boxes and one clay basin, while
more structures were seen along the
sides of the trench in unexcavated
deposits (see the detailed description below, in the
section on clay-based structures).

The pottery recovered was mainly monochrome,
although examples typical of Middle Neolithic dec-
orated wares were also present (see below, in the
section on the pottery evidence). Between two struc-
tures (Nos. 8 and 10) a painted fruit stand was re-
covered, possibly a foundation offering (Fig. 3). The
excavations in trench 1 were halted at a depth of
2.5m in order to clarify the nature of the structures.

Trench 2 measured 7.8m by 2.6m and was opened
to the west of trench 1, by the edge of the local
road. It was around 2m below the excavated level
of trench 1 and also below the local road, about
4.27m from the top of the tell, extending into the
eastern draining ditch of the road.
The structures in trench 2 were iden-
tified as kilns and located within an
area of approximately 15 square
metres. These were bounded to the
north, east and south by solid argil-
laceous walls, with the eastern leg
only revealed in 2018, so not re-
ferred to in the earlier publications
(see Fig. 2). The walls were light
yellowish brown to brownish yel-
low (Munsell 10YR 6/4 – 5/4 and
6/6 respectively) in colour, with the
largest and strongest along with
northern side, with a visible length
of 4.3m. At its eastern end the wall
turned south, forming the eastern
branch. This continued for 1.37m

before disappearing under a thick section of unexca-
vated deposits for 4.5m, before meeting the south-
ern branch, so an estimated total length of 5.87m.
The south wall measured around 2m in length, with
its eastern end abutting the eastern wall, the latter
estimated to be around 0.9m long, but also covered
by the unexcavated deposits. The western branch of
the wall was completely buried beneath the local
road and therefore unexcavated. For the moment
the full lengths of the walls remain unknown, as
well as where the western wall is located within the
probable rectangular shaped enclosure. For this rea-
son, the total extent of the kiln structures will un-
doubtedly be larger than that observed during the
excavations. The width of the walls differed consi-
derably, with the northern branch measuring from
0.5m to 0.68m at its western and eastern ends res-

Fig. 3. Painted fruit stand found between structures 8 and 10, pos-
sibly a foundation offering.

Fig. 4. The northern clay wall of the kiln complex, based on an
arrangement of stones which may represent an original building
phase.
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pectively. The western part of the
northern wall must have been con-
structed in two phases, one on top
of the other, where it reached a
thickness of 0.4m, while its eastern
part measured only around half that
thickness. In this latter area, the
stones seen beneath the argillaceous
wall (Fig. 4) at a depth of 4.71m
may represent an earlier phase, or
they may have been placed in order
to provide a foundation.

The width of the eastern wall where
it was visible was 0.6m, while the
southern wall was 0.5m to 0.6m
wide. The northern wall is at the
elevated level of 4.23m compared
to the southern (5.36m), with a dif-
ference of about 1.18m. Between 0.2m and 0.26m
outside of the southern wall was another feature of
intense bright red colour (Fig. 5). Apart from some
random pieces of pottery and a few bones, it was
covered only by ashy deposits.

It was subsequently determined that this red fea-
ture was actually the edge of a ditch, consisting of
tiny pieces of pottery and hardened by ash, rather
than another similar complex of kilns extending to
the south of those seen in trench 2, as originally sug-
gested (Kyparissi-Apostolika 2012.435). Instead, it
consisted of ash thrown from the kiln complex to
the north, as can be seen in the sloping ashy de-
posits in the profile. The ditch was excavated to a
depth of 5.83m, producing nothing apart from ash
and charcoal, and it probably con-
tinues further towards the south be-
yond the edge of trench 2.

Enclosed within the argillaceous
walls were eight structures (Phase
B2) (Nos. 1–7 and 20) and four clay
boxes (see below, in the section on
clay-based structures), while more
structures were also visible within
the east and the west profiles of the
trench, extending into unexcavated
deposits. The structures were cov-
ered by soil of about 0.5m thick,
with colours ranging from red to
dark red, while in areas with combu-
stion residues, it was reddish black.
The red material in this deposit was
friable and dry, and included pieces

of broken clay with reed imprints and other flat sur-
faces, giving the impression of destruction by fire.
At a depth of between 5.12m and 5.20m the top
surfaces of several structures were uncovered. The
first strong indication of such a kiln structure was
found within the corner between the northern and
eastern walls, just a few centimetres below the up-
per surface of the wall. We excavated kiln No. 20
(Fig. 6) and found two vertically plastered clay walls
of relatively low height forming a corner, together
with a flat clay surface at the base, as previously de-
scribed (Kyparissi-Apostolika 2012.434, Figs. 2a,b).

At the time, all of this newly discovered burnt mate-
rial was attributed to the interior of a house, rather
than a kiln. This conclusion was based on the limit-

Fig. 5. The borders of a ditch compacted by ash and tiny pieces of
pottery, located to the south of the southern clay wall of the kiln
complex. Towards the left can be seen the inclined layers of
dumped ash.

Fig. 6. The first of red stained patches located in 2003, described
as a thermal structure (TS 20).
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ed amount of evidence we had at the time, as the
excavations had only just begun and had not yet
been extend into trench 2. This structure continued
to the south beyond the edge of the trench, where
it is still visible today in the profile of the unexca-
vated deposits. Pottery from amongst the structu-
res was very dense and almost all was monochrome,
with some from complete small and large vessels
(Kyparissi-Apostolika 2012.Figs. 4, 5). Several rec-
tangular clay containers measuring 22cm by 23cm
by 26cm high were also found, probably used as
storage boxes (Kyparissi-Apostolika 2012.Fig. 3b).
Close to the northwestern corner of the enclosed
complex and close to structure No 5 at a depth
4.92m, a four legged kiln figurine with two openings
was found, with one of the legs missing (Fig. 7).

Also recovered from within the kilns were some
deer antlers and a few pieces of bone, possibly used
as fuel. Some obsidian and flint tools were found,
along with a few additional figurines. An exceptional
example was structure No 2 where deer antlers of
various sizes were found, not by chance but purpo-
sefully and carefully placed (Fig. 8). At the bottom
of the structure a fire had been set, with traces of
burning on some of the antlers.

The burnt layer of intense red colour found outside
of the northeastern corner of the walled enclosure,
along with the slightly darker ones from within, both
point to temperatures ranging between 600 and
700°C (Roussos, Kyparrisi 2019). This range is si-
milar to those that have been proposed for the kiln
structures within the enclosure (Kalogiropoulou et
al. in press), further suggesting that the burnt lay-
ers may be discarded burnt sediments from the kilns
mixed with ashes.

In order to investigate the relationship between
the two pottery workshop areas in trenches 1 and 2,
which differed in height by around 2m, trench a/
2016 was excavated in the gap between, correspond-
ing almost exactly with an earlier stratigraphic clea-
rance area of 2.2m by 2.1m square (Kyparissi-Apo-
stolika 2012.433; 2006.Fig. 8). The thickness of the
deposits was 2.75m at the eastern edge of trench 1
at a depth of 2.58m, where the excavation was halt-
ed, while to the west the new trench abutted the
argillaceous wall of trench 2 at a depth of 4.22m.
The linking trench was begun in 2016 and complet-
ed in 2018. Pottery finds included mainly mono-
chrome sherds, along with a few flint and obsidian
tools, as well as some figurines and bones. Another
argillaceous wall was found at a depth of 3.05m,
crossing trench a/2016 from north to south. Al-
though not as robust as those seen in trench 2, it
ranged from 0.64m to 0.79m in width (see Fig. 2).
Another clay kiln structure, or possibly the remains

of a failed one, was found at the east-
ern end of the trench, along with
another which disappeared into the
profile of the northeastern corner.
The argillaceous walls and these two
structures were at an intermediate
elevation compared to the workshop
areas in trenches 1 and 2, hereafter
referred to as phases B1 and B2, res-
pectively. So the intermediate work-
shop area was 0.5m below B1 and
1.2m above B2, representing either
an additional phase, or possibly the
initial working surface of B1.

Trench 3 was opened in 2007, almost
20m to the northeast of trench 1.

Fig. 7. Model clay kiln that probably reflects those
in workshop. It was found amongst the structures
in the burnt deposits, along with other pottery.

Fig. 8. Thermal structure 2, where deer antlers were deposited, pos-
sibly as an offering or future fuel.
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Measuring 5m by 5m square, its purpose was to
check for possible similarities or differences in the
use of space, as the geophysical survey had high-
lighted the presence of several rectangular anoma-
lies in this area (Tsokas et al. 2009.1261–1267). At
a depth of approximately 1m, a ditch of 0.5m to
0.7m wide was found crossing the trench from
north-east to south-west. Filled with loose soil, the
ditch is recent as modern material was recovered,
and according to local knowledge the area was in
use during World War 2. Due to the presence of
amorphous compact layers attributed to the effects
of water in the southern part of the trench, the ex-
cavations were continued only in the north, where
they were halted at a depth of 1.9m. The most dis-
tinctive elements of this deposit were the abundance
of charcoal, the presence of mostly monochrome
pottery, along with decorated wares typical of the
Middle and early Late Neolithic (see the section on
the pottery evidence). Figurines and ornaments, as
well as several obsidian and flint tools, were also re-
covered. The excavations in trench 3 have been tem-
porarily halted, with no structures like those seen
in the other three trenches found so far. Although
located close to the pottery workshops, this area ap-
pears to have had a more domestic function, possi-
bly supplementary to or supporting the activities
carried out in the workshops.

Chronology

During fourteen years of excavations from 2003 until
2017, numerous pieces of charcoal were collected. A

total of eight samples were selected for radiocar-
bon dating, three by the radiocarbon unit of the La-
boratory of Archaeometry of the Institute of Nano-
science and Nanotechnology of the National Centre
for Scientific Research in Athens (Demokritos), using
the gas counting technique (Facorellis et al. 1997).
The other five were dated by AMS at the Accelerator
Mass Spectrometry Laboratory of the University of
Arizona in Tucson (Donahue et al. 1990a; 1990b).
The conventional 14C ages were calibrated using the
latest version of the IntCal20 calibration curve (Rei-
mer et al. 2020) and OxCal v4.4.4 software (Bronk
Ramsey 2009). The results are presented in Table 1,
along with the probability distribution plots of the
calibrated ages (Fig. 9).

The calendar ages of the samples from trench 1
(DEM-1435 and AA112953) ranged from 5888–5726
to 5985–5836 BC (within 2s). They were derived
from almost the same area from square A1 in the
southeastern corner of trench 1, although with a dif-
ference in depth of approximately 0.4m. Trench 2
produced three dates within 2s (DEM-1434, AA-
112955 and DEM-1402). The first was from a char-
coal sample within the southern leg of the argilla-
ceous wall, with a calendar age of 5968–5747 BC.
The second was derived from the area south of the
clay structures, close to clay box 2 and at almost the
same depth as the first sample, producing a calen-
dar age of 5987–5786 BC. The third sample was de-
rived from a deeper level (6.2–6.32m) just outside
of the northern leg of the argillaceous wall, produc-
ing a calendar age of 5618–5474 BC. This probably

Fig. 9. Probability distribution plots for the calibrated dates from Imvrou Pigadi, sorted by increasing age.
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suggests a different activity which occurred around
250 years later than those activities seen within the
enclosing walls.

Two other charcoal samples (AA112956 and AA-
112957) with a depth difference of 0.87m from
trench a/2016 produced overlapping calendar ages
within 2s, of 6021–5847 BC (depth 3.4m), and
within 2s, of 6056–5716 BC (depth 4.27m). They
were consistent with the two samples from trench
2 (DEM 1434 and AA112955), suggesting overlap-
ping use of the areas uncovered in trenches 1, 2 and
a/2016.

A final sample from trench 3 (AA112954) produced
a calendar age within 2s, of 5883–5733 BC, which
coincides with the dates from the workshops, again
suggesting contemporary use, although without the
kiln structures. This area may have played a suppor-
tive role for the workshops and/or domestic activi-
ties.

Coring

Coring was carried out during 2012 in order to trace
the outer edge of the tell, to explore the underlying
stratigraphy, to measure the depth of the original
paleosoil of the valley, and if possible, to trace any
deeper deposits that might be linked with the pyro-
technical processes. Four cores were drilled down
on a north south axis through trench 2, the first
18m to the north and a further two 10m and 16m
to the south. The fourth was drilled at the deepest
point in the northeastern corner of trench 2.

All of the cores within the walls and those to the
south reached the paleosoil at depths of between
7.76m and 8.54m from the top of the tell. The north-
ernmost core reached a maximum depth of 7.35m
without hitting the paleosoil. Anthropogenic mate-
rial including charcoal, ash and pottery fragments
were observed in all cores from top to bottom, indi-
cating continuous use of the tell throughout the Mid-
dle Neolithic and possibly extending the chronology
of the site even further back in time. Deposits that
could be linked with pyrotechnical activities were
located in the two outer cores only, north and south
of the excavated area, at depths similar to those seen
in the excavated kiln area, while the internal core
did not reveal any deeper deposits. This suggests
that similar workshop areas may exist towards the
north and south, but the kiln area in trench 2 is pro-
bably the earliest workshop phase uncovered so
far. The natural fine-grained deposits found mixed
with fine anthropogenic material at around 5.5m
and 6.5m may suggest two small-scale flooding epi-
sodes.

The clay-based structures, their typology and
pyrotechnological characteristics
A total of 23 clay structures were recorded, predo-
minantly in the walled areas on the western edge of
the settlement, with most attributed to the Middle
Neolithic cultural horizon identified in that area.
They were grouped into two general categories, the
first including structures dedicated to the use of fire,
like kilns and hearths made of clay. The second cat-
egory included large containers like clay boxes and
basins (Tab. 2).

Laboratory Sample ID and location Collection Sample type dd
13C 14C age Calendar age

code date (‰) (yr B.P.) (yr B.C.)

DE-1402
Samples 34, 35, 36, Trench 2 at the

15.10.2003 Charcoal –25 6567±40
5553–5479 (1s)

side of the road, depth 6.20–6.32 5618–5474 (2s)

DE-1435
Sample 1, Trench 1, P11, A1,

29.9.2003 Charcoal –25 6923±36
5835–5745 (1s)

Depth 1.66 5888–5726 (2s)

AA112954
Trench 3, Square B4, Pass 7,

29.11.2011 Charcoal –24,5 6928±24
5836–5755 (1s)

East> 1.38, North> 3.35, depth 1.48 5883–5733 (2s)

DE-1434
Sample 24, Trench 2 at the side

29.9.2003 Charcoal –25 6962±25
5887–5795 (1s)

of the road, Depth 4.7 5968–5747 (2s)

AA112957
Sample 3, Trench a\2016, Pass 47,

14.9.2018 Charcoal –25,9 6993±90
5982–5782 (1s)

North> 0.92, East> 0.75, depth 4.27 6056–5716 (2s)

AA112955
Trench 2 (b\2016), East of clay

8.6.2016 Charcoal –25,5 7008±40
5978–5842 (1s)

box 2 5987–5786 (2s)

AA112953
Trench 1, Square A1, South> 0.8,

5.12.2012 Charcoal –24,5 7016±25
5977–5848 (1s)

West> 0.3, depth 2.02 5985–5836 (2s)

AA112956
Sample 3, Trench a\2016,

11.10.2017 Charcoal –25,3 7069±35
5992–5901 (1s)

Pass 36, depth 3.4 6021–5847 (2s)

Tab. 1. Radiocarbon dates from Imvrou Pigadi Neolithic tell, sorted by increasing age.
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Kilns were the most numerous and impressive
group, with 13 in total, while also present were
three hearths, six clay boxes and a single clay basin.
The preservation of the structures ranged from very
good to heavily eroded, while the entire assemblage
reflects a major investment of time and labour and
a high degree of structural uniformity and sophisti-
cation. The kilns were studied both macroscopical-
ly and through several geoarchaeological approa-
ches, in order to investigate their construction and
use (Germain-Vallée, Prévost-Dermarkar, Lespez
2011; Mentzer 2014; Mallol, Mentzer, Miller 2017;
Roussos, Kyparissi-Apostolika 2019).

The kilns consisted of above ground horseshoe-
shaped structures with a solid vaulted compartment
and front-loading entrance (Prévost-Dermarkar
2002; Kalogiropoulou 2013). On average, they were
1m in length by 0.9m in width, with a typical open-

ing of 0.8m wide. They were made of local clay en-
riched with straw binding and the solid vaulted com-
partments were around 0.4m in height, with the
dome built using the coiling technique or with a
wooden mesh inner frame. The apron formed a pro-
minent construction feature, preserved in four cases
and consisting of a flat working bench beneath the
entrance. One of the characteristic aspects of the
kilns was that both the floors and walls of the domes
were subject to multiple repairs. There were up to
four phases of replastering of the smooth heating
floors, with a consistent thickness of between 2cm
to 3cm, set upon a substantially thicker initial foun-
dation layer of up to 6cm thick. Micromorphological
analysis revealed a striking absence of charcoal or
any other combustion by-products between the indi-
vidual plaster layers of the floor, suggesting that the
structures were thoroughly cleaned before being re-
paired. The walls followed a similar pattern of re-

ID* Trench Type Shape Size (m) **
Location of the

Construction elements
entrance ***

TS 1 Trench 2 Hearth Rectangular 1 x 0.75 x 0.12 East Single heating surface
TS 2 Trench 2 Kiln Horseshoe 0.85 x 0.76 5 heating surfaces

2 heating surfaces, 3 wall
TS 4 Trench 2 Kiln Horseshoe 1.26 x 0.98 x 0.42 West plasters, outer plastic

leaf-like decoration 
TS 5 Trench 2 Kiln Horseshoe 1.3 x 0.76 x 0.55 2 wall plasters, Apron
TS 6 Trench 2 Kiln Horseshoe 1.05 x0.9 x 0.12 East 2 heating surfaces
TS 7 Trench 2 Kiln Horseshoe 0.78 x 0.82 x 0.47 West, partly excavated Wall plasters, Apron

4 heating surfaces, plas-
TS 8 Trench 1 Kiln Horseshoe 1.08 x 0.85 x 0.38 Northeast tered outer dome sur-

faces, Apron 
TS 9 Trench 1 Kiln Horseshoe 1.33 x 0.9 x 0.10 North 3 heating floors

TS 10 Trench 1 Kiln Horseshoe 0.85 x 0.74 x 0.27 Northeast
4 heating surfaces,
2 wall plasters

TS 11 Trench 1 Kiln Horseshoe 0.54 x 0.5 x 0.10 West, partly excavated
3 heating surfaces,
5 wall plasters

TS 12 Trench 1 Kiln Horseshoe 0.82 x 0.71 x 0.40 West, partly excavated 3 heating surfaces, Apron

TS 13 Trench 1 Kiln Irregular 0.58 x 0.55 x 0.43 North, partly excavated
8 heating surfaces,
6 wall plasters

TS 14 Trench 1 Clay basin Vertical walls 1 x 0.82 x 0.05 East Low sidewalls 
TS 15 Trench 1 Kiln Irregular Partly excavated

TS 16 Trench 1 Hearth Horseshoe
0.8 x 0.78 x 0.35 Northwest,

Low side walls, Apron
partly excavated partly excavated

TS 18 Trench 2 Hearth Irregular 1.12 dia, height 0.09 Unexcavated Single heating surface
TS 19 Trench 2 Kiln Unexcavated
CB 1 Trench 2 Clay box Rectangular 0.47 x 0.36 x 0.22 North
CB 2 Trench 2 Clay box Rectangular 0.49 x 0.42 x 0.18 North
CB 3 Trench 2 Clay box Rectangular 0.51 x 0.4 x 0.20 West
CB 4 Trench 2 Clay box Square 0.32 x 0.32 x 0.13 
CB 5 Trench 1 Clay box Rectangular 0.44 x 0.4 x 0.09 East
CB 6 Trench 1 Clay box Rectangular 0.29 x 0.2 x 0.25 Southwest 3 plastered wall surfaces

Tab. 2. The 23 clay-based structures identified at Neolithic Imvrou Pigadi (*TS=Thermal structure, CB=
Clay box).
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pair in terms of frequency. Apart from TS4 that pre-
served a relief leaf-like decoration on its sidewall,
the kilns were probably not ornamented. All the
above observations point to careful and labour-in-
tensive construction, maintenance and repair of the
kilns, suggesting a significant element of expertise
and standardisation. Another characteristic of the
kilns is that they were all fired in oxidizing condi-
tions, as indicated by their consistent bright red co-
lour. That this uniformity in combustion is unrelat-
ed to the thickness of the walls and floors suggests
high burning temperatures and probably repeated
use of the structures. The analytical methods used
indicated that the majority of the kilns were re-
peatedly heated to temperatures ranging between
700 and 1000°C (Roussos, Kyparissi-Apostolika
2019; Conati Barbaro et al. 2021). These observa-
tions suggest a controlled burning
environment and a sophisticated le-
vel of pyrotechnology for the Mid-
dle Neolithic. In the same way as
the kilns, hearths were also above
ground features with smooth heat-
ing surfaces. They were irregular or
horseshoe-shaped, with an average
diameter of around 1.1m. Five suc-
cessive replastering phases of the
heating surface was noted in hearth
16, which were also of a unique
form, with low walls, an apron and
an entrance opening.

Clay boxes were common at Imvrou
Pigadi, directly linked with the kilns
both spatially and functionally (Fig.

10). They were small rectangular structures with an
average length of 0.45m and width of 0.4m, and low
walls with an average height of 0.2m.

Their floors were laid directly on the ground surface
and consisted of a single smooth clay layer that co-
vered the lower surface of the structure. Their small
size and the material found within them, including
lithic artefacts, clay sling bullets, horns, pottery
sherds and ash, suggest their use as storage or dis-
posal features close to the kilns. Formed of two ver-
tical low clay walls of 1m and 0.82m, a single clay
basin (structure 14) was uncovered in the northeast-
ern part of trench 1 (Fig. 11). It contained pure clay
masses, along with two ground stones tools, and
was roughly constructed with minimal investment of
labour or building expertise.

Fig. 10. Clay box 2 in trench 2 and clay box 5 in trench 1, two small rectangular features found in direct
association with TS 2 and TS 16 respectively. From within clay box 5 were recovered several clay sling
bullets.

Fig. 11. Clay basin (CBa-1 in Fig. 2) where clay masses were col-
lected for later use.
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The pottery evidence

Trenches 1 and 3, the domestic character of
the assemblage
The ceramic material from trench 3 and the upper
layers of trench 1 is dated to the Middle Neolithic,
while some sherds from the upper layers and sur-
faces of the trenches are Late Neolithic. The pottery
included large quantities of red monochrome wares,
along with substantial amounts of various styles of
painted wares (Fig. 13).

The most common shapes were open (40%), fol-
lowed by closed vessels (30%), while a large propor-
tion of sherds were without any diagnostic traits
(30%). Most vessels were spherical, hemispherical
and conical bowls, as well as basins and cups of small
and medium size. The rims were usually straight, in-
wardly curving or S-profile. The necks of closed ves-
sels were cylindrical or concave. Most bases were
ring-shaped, often retaining traces of coil construc-
tion, with fewer flat and concave bases.

Monochrome vessels were predominant and in par-
ticular red slipped, followed by brown burnished or
slipped, cloud burnished and then red burnished wa-
res. The most common decorated ware was painted,
followed by rare impresso and incised sherds. The
well-known Thessalian red on white painted wares
were also prevalent (Wace, Thompson 1912; Theo-
charis 1973; Kotsakis 1983). Decorated motifs were
mostly linear, lines and zig-zags, along with solid tri-
angles and zones, all indicative of an
advanced phase of the Middle Neoli-
thic (Kotsakis 1983). White on red
and scraped wares were less com-
mon.

Vessels were mainly used for display
and consumption, for transport of li-
quid or solid contents, and less fre-
quently for storage. Preliminary asses-
sment of the assemblage also noted
the presence of cooking vessels. The
sherds had traces of organic inclusi-
ons, while a considerable proportion
had clouds (16%), although it was
not always clear whether these de-
rived from the initial firing of the ves-
sels or whether they were the result
of later use during cooking (Fig. 12).

The pottery from trench 3 and the
upper layers of trench 1 highlighted

the domestic character of the assemblage, as it in-
cludes all of the types of vessels that a Neolithic hou-
sehold would require for consumption, display, sto-
rage, and cooking. The site is dated primarily to the
Middle Neolithic, as characterised by the classic Thes-
salian red on white wares. The characteristic Late
Neolithic sherds from the upper and surface layers
of the trenches included black and grey burnished,
polychrome painted (light red-orange and black
paint on a white background), and incised wares (see
also Fig. 13). These ceramic categories are dated to
an early phase of the Late Neolithic, specifically Late
Neolithic I, although their continuation into Late
Neolithic II cannot be excluded.

Trenches 1 and 2, the pottery workshop
Small and medium-sized vessels continued to be the
predominant categories in trenches 1 and 2. Vessel
shapes included open (28%) and closed (21%) forms,
with the most common types being bowls, cups, jars,

Fig. 13. Pottery decorative types from Imvrou Pigadi: a polychrome
painted wares; b grey burnished wares; c, j white on red pattern
painted; d, k scraped painted wares; e, f, g red on white pattern
painted wares (triangles/flames, checkerboard and hatched mo-
tifs; h red-slipped with button plastic decoration; i black burnished
wares.

Fig. 12. Rim sherd of a cooking pot with traces of
organic residues on the interior surface.
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and less frequently basins. The predominant deco-
rative category was monochrome, red-slipped bur-
nished, followed by brown burnished, brown slip-
ped and red burnished wares, while the main manu-
facturing technique was coiling. The surfaces were
highly burnished to a polished finish, while a few
were smoothed, with shapes and surface treatment
pointing to a high degree of standardisation and re-
petitive production.

The completed vessels recovered from around the
pottery kilns in trench 2 were all monochrome red
slipped bowls (Fig. 14). The vessels shared similar
morphological characteristics with differences only
in size. A significant proportion of the sherds were
recorded as uncertain, and could represent unfini-
shed vessels, such as three closed jars with unfini-
shed smoothed exterior surfaces and visible tool tra-
ces. These jars preserve part of the manufacturing
process, with unfinished surfaces prior to the appli-
cation of the red slip.

The detailed macroscopic analysis of the pottery
from trenches 1 and 2 indicated that over 70% of
the assemblage consisted of monochrome red slip-
ped wares of all shapes and sizes, allowing us to
conclude that this was the predominant output, again
pointing towards the presence of specialised pottery
workshops at Imvrou Pigadi (Fig. 15).

Alongside the monochrome burnished wares, smal-
ler quantities of decorated pottery were recovered
from both trenches. These included painted wares,
those with relief decoration, and rare impressed and
incised motifs. The predominant painted style was
the well-known Thessalian red on white (Wace,
Thompson 1912; Theocharis 1973; Kotsakis 1983).
Predominant decorative themes included linear li-
nes, zigzags, combinations of bundles of rectilinear
or wavy lines, along with solid inverted triangles and
flames. Less common types included stepped Tzani,
abacus and hatched motifs. Other rare painted types

included white on a red background and scraped
wares.

Buttons were a distinctive relief decoration, along
with very rare grains. Vessels with the former were
decorated around the main body of the vessel. The
monochrome red burnished slipped open bowls with
relief button decoration shared similar morpholo-
gical characteristics (open hemispherical bowls) and
were differentiated only in terms of their size, with
heights of 13cm to 22cm. These vessels may also
have been produced at Imvrou Pigadi (Fig. 16). The
vessels recovered from trenches 1 and 2 were main-
ly for display and consumption, or the transport of
liquid or solid contents. Conversely, storage and co-
oking vessels were rare.

The ceramic assemblage was characterised by a va-
riety of painted decorative styles, with the dominant
red on white wares and rare white on red. These
painted vessels are common throughout Thessaly
during the Middle Neolithic, pointing to their wide
circulation (Wace, Thompson 1912; Kotsakis 1983;
Gallis 1996; Rondiri 2009; Hamilakis et al. 2017).
This was also confirmed by two similar open bowls
with red on white decoration, one from Imvrou Pi-
gadi and the second from Astritsa in Karditsa (Ky-
parissi-Apostolika 2006.Fig. 5; 2019.Fig. 9; Hatziag-
gelakis 2006.Fig. 4). In addition, the small numbers

Fig. 14. Red slipped bowls (open and closed) from
the vicinity of the pottery kilns.

Fig. 15. Vessel types from Imvrou Pigadi (by Leonidas Zachariades and Efrosini Zachariadi, with digital
processing by Eirini Tzemopoulou).
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of scraped ware sherds may suggest links with the
area of Rizava, where a regional production centre
for such pottery is reported (Krachtopoulou et al.
2018; 2020). The small number of buff burnished
sherds found at the site may also suggest exchange
with the Sesklo area (Schneideretal 1994.64; Di-
moula 2014), with a programme of petrographic
analysis currently being carried out on the material
by Areti Pentedeka.

The chipped stone assemblage
The excavations at Imvrou Pigadi produced 653
chipped stone artifacts. Obsidian was the predomi-
nant raw material in use (n=411, 62.9%), followed
by flint (n=234, 35.8%) and quartz (n=8, 1.2%). The
obsidian was exclusively from Melos, while the sili-
cious material was derived from a range of sources.
The most abundant variety was the so-called choco-
late radiolarite. This was imported from the Pindos
mountains (Kourtessi-Philippakis 2009) and local-
ly knapped, although the introduction of partially
worked tools and blanks cannot be ruled out. The
provenance of the so-called honey flint is less clear,
but it was certainly being brought in from distant
sources.22 Tools made from this raw material were
relatively rare, consisting only of retouched blades.

Evidence for onsite knapping was present for both
obsidian and flint (Fig. 17). Obsidian knapping ap-
pears to have been less intense, with only five cores
recovered, along with four crested blades and three
core rejuvenation tablets. Even though six cortical
flakes could indicate that obsidian nodules were
occasionally reaching the site, it is more likely that
they were derived from a core that retained some
cortex after the initial preparation and forming of
the crests. Four cores were used for
the production of blades/bladelets,
while the remaining one had flake
scars only. The evidence suggests
that obsidian knapping was mainly
geared towards the production of
blades/bladelets using the pressure
technique. The evidence for the
working of flint, in the form of 14
cores and 15 cortical flakes, suggests
that although blades/bladelets were
being produced, this material was
more commonly used for the expe-
dient production of flakes. This was
also evident in the blade/bladelet

versus flake ratio for each type of raw material. In
the case of obsidian, blades/bladelets were over-
whelmingly predominant (195 blades/bladelets ver-
sus 80 flakes), while in the case of flint the picture
was different (19 blades/bladelets versus 64 flakes).
Note that if the blanks used for formal tools were
counted, the difference becomes somewhat less pro-
nounced due to the tendency towards applying re-
touch on flint blades/bladelets. Preparation of core
striking platform overhangs by trimming was occa-
sionally evident on both flint and obsidian blades/
bladelets.

Although flint knapping was to a large extent geared
towards the production of flakes, it is noteworthy
that obsidian rather than flint flakes were more fre-
quently used for the manufacture of retouched tools.
But flint and obsidian retouched blades/bladelets
form the predominant formal tool category (n=50
and 37 respectively) (Tabs. 3–9). Retouched flakes
and notches (Fig. 18), the latter always made on
obsidian blanks, were less numerous, while side and
end scrapers were rare. Other tool categories were
represented by only a few examples, including trun-
cated blades/bladelets, borers and burins. Although

Fig. 16. Red slipped open bowls with relief button
decoration around the body.

2 Raw materials referred to as honey flint could be distinct. For possible provenance see Catherine Perlès (1990), Georgia Kour-
tessi-Philippakis (2009) and Odysseas Kakavakis (2014).

Fig. 17. Obsidian and flint cores, technical pieces and flakes: a ob-
sidian core with flake decortication and laminar removals, b flint
multidirectional flake core, c obsidian core rejuvenation tablet, d
obsidian primary flake.
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rare, projectile points (n=4) may be helpful in terms
of chronological differences. A transverse arrowhead
is probably Middle Neolithic in date, while the two
tanged points probably date to after the Middle to
Late Neolithic transition. Flint retouched blades
were frequently used for cutting siliceous plants, as
in 24 cases there was gloss along one or both edges.
In addition to retouched tools, the assemblage also
included splintered pieces and several unretouched
pieces with macroscopic wear traces.

The chipped stone assemblage from Imvrou Pigadi
is of additional interest due to the location of the
site in the vicinity of the largely contemporary Kou-
troulou Magoula settlement. The latter has a raw
material utilisation pattern that sets it apart from
what is known from Thessalian sites further to the
north, due to the high proportions of obsidian.33 The
evidence from Imvrou Pigadi is therefore useful in
reconstructing these distinct regional patterns.44 Imv-
rou Pigadi suggests that the high proportions of ob-
sidian seen at Koutroulou Magoula are not unique,
since at Imvrou Pigadi it was even more prevalent.
It should also be noted that there is no stratigra-

phic evidence for a change in raw
material utilisation over time at the
site. This suggests the existence of a
well-established regional trend in the
far southwestern Thessalian Plain.
The location of the site, close to rou-
tes leading from both the Spercheios
Valley and the coastal area of Volos
towards the western Thessalian
Plain, was certainly conducive to the
formation of this regional pattern.
While obsidian was preferable for
the production of blades/bladelets
because of its flaking properties,
sturdier flint blades were also local-
ly made and probably, or certainly
in the case of honey flint, imported
through networks connecting the
site with the rest of Thessaly and
areas beyond.

Imvrou Pigadi appears to be in a
transitional position due to its en-
gagement within spatially overlap-
ping networks. It was simultaneous-
ly part of the supply zone for the ob-
sidian trade, but also had unhinder-

ed access to flint raw materials and finished tools,
traded through networks prevalent in areas to the
west and north. As a result of its connection with-
in a variety of networks, the site appears to have
been able to exercise a flexible strategy of raw ma-

Retouched tool types Obsidian Flint Quartz Total
Retouched blades\bladelets 35 56 91
Retouched flakes 16 10 26
Splintered pieces 9 4 13
Notches 14 14
Truncations 5 2 7
Arrowheads 1 3 4
Burins 3 1 4
End scrapers 1 2 3
Borers 1 1 2
Side scrapers 1 1
Backed blades 1 1
Technical piece, core rejuvenation tablet 1 1
Retouched indeterminate 4 1 5
Total 86 85 1 172

Tab. 3. Retouched tool categories.

Tab. 4. Trenches 1 and 2 (phases B1 and B2) basic assemblage
structure.

Trenches 1 and 2 (Phases B1 and B2) Obsidian Flint Quartz Total
Blades\bladelets 54 2 56
Flakes 27 10 37
Cores 1 3 4
Technical pieces 1 1
Tools 18 16 34
Other (debris, indeterminate,
natural pieces)

6 18 24

Total (%) 107 (69) 49 (31) 156

Fig. 18. Obsidian and flint retouched tools: a, b
retouched flint blade, c truncated flint blade, d
notched obsidian bladelet. 

3 Yannis Hamilakis et al. (2017.92).
4 For an evaluation of lithic networks in mainland Greece during the Neolithic, see Katherine Perlès (1990; 2009). Regarding the

area of Thessaly, see Evagelia Karimali (2009).
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terial and tool procurement. Locat-
ed on the edge of Thessaly, Imvrou
Pigadi or other neighbouring sites
may have served as important nodes
in these flint and obsidian trading
networks, which may have a bearing
on the social perception and integra-
tion of lithic production and trade.

Other small finds
Small finds were not very common,
reinforcing the interpretation of this
part of the site as a workshop rather
than a domestic area. Figurines were
less abundant compared to other ad-
jacent sites, just 65 from all years
and all trenches. Amongst these were
20 small items with three- or four-
sided bases, a type common at the
neighbouring Koutroulou Magoula
(Kyparissi-Apostolika 2003.Fig. 4;
Hamilakis et al. 2017.Colour pla-
tes, Fig. 8) and other sites in western
Thessaly, such as Platia Magoula Zar-
kou (Alram-Stern in press) and Sy-
keon (Alexiou 2015). The remaining
45 figurines included several types,
some of which are naturalistic and
in other cases they had ornaments
or paint on the body (Fig. 19) (Ky-
parissi-Apostolika forthcoming).
Twelve figurine heads were also re-
covered, some of which were relati-
vely large, up to 6cm (for example,
ME 65/2009 and ME 9/2007), obvi-
ously from bigger figurines. Some
larger examples of legs were also re-
covered (for example, ME 64/2017
and ME 35/2007). Most of the figu-
rines were found in trench 3, fol-
lowed by a/2016, with fewer in tren-
ches 1 and 2.

Apart from the figurines, 20 orna-
ments were also found, mostly beads
made of stone or bone, along with
some from clay. Most were found in
trench 3, with less in trenches 2 and
a/2016. Another impressive catego-
ry were the numerous sling bullets,
with 73 in total, most of which were
intact, as if just baked. They were
found close to the kiln structures,
also suggesting that they had been

Trenches 1 and 2 (phases A1 and A2) Obsidian Flint Quartz Total
Blades\bladelets 80 11 91
Flakes 33 36 69
Cores 1 4 5
Technical pieces 2 2
Tools 43 43 86
Other (debris, indeterminate,

25 22 3 50natural pieces)

Total (%)
184 116 3 30

(60.7) (38.3) (1)

Tab. 5. Trenches 1 and 2 (phases A1 and A2) basic assemblage
structure.

Trench a\2016 Obsidian Flint Quartz Total
Blades\bladelets 10 1 11
Flakes 8 4 12
Cores 2 2
Technical pieces 1 1
Tools 5 5
Other (debris, indeterminate, natural pieces)
Total (%) 26 (83.9) 5 (16.1) 31

Tab. 6. Trench a/2016 basic assemblage structure.

Trench 3 Obsidian Flint Quartz Total
Blades\bladelets 48 6 54
Flakes 11 14 25
Cores 1 7 8
Technical pieces 3 3
Tools 19 18 1 38
Other (debris, indeterminate, natural pieces) 9 16 4 29
Total (%) 91 (58) 61 (38.8) 5 (3.2) 157

Tab. 7. Trench 3 basic assemblage structure.

Surface finds Obsidian Flint Quartz Total
Blades\bladelets 2 2
Flakes 1 1
Cores
Technical pieces
Tools 3 3
Other (debris, indeterminate, natural pieces)
Total (%) 3 (50) 3 (50) 6

Tab. 8. Surface finds basic assemblage structure.

Unretouched debitage, cores and
Obsidian Flint Totaltechnical pieces

Blade\bladelet cores 4 4 8
Flake cores 1 8 9
Blade\flake cores 2 2
Crested blades 4 4
Core rejuvenation tablets 3 3
Cortical flakes 6 15 21
Blades\bladelets 195 19 214
Flakes 80 64 144
Total 293 112 405

Tab. 9. Unretouched debitage, cores and technical pieces from the
complete assemblage.
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fired therein. The majority (n=55) were found in
phase B1 of trench 1 and then in trench a/2016,
while only rarely in trenches 2 and 3. The clay ob-
jects also included a few spindle whorls and spin-
ning and weaving implements, as well as a few
cubes with incised dots (n=29). Ground stone tools
and millstones were abundant, with at least 132
recovered. Additionally, there were 41 bone tools
and worked horns in the assemblage of small finds.
The bone tools came from all trenches and were di-
rectly associated with pottery production, including
perforators, spatulae and needles, although the ana-
lysis of these objects is still in progress. They prob-
ably reflect the specific activities carried out in the
workshops, but if or when excavations are carried
out in areas of a more domestic character, this pic-
ture may change.

The archaeobotanical evidence
Archaeobotanical investigation was incorporated
within the programme of research at Imvrou Pigadi
from the very beginning of the excavations. Based
on a systematic soil sampling strategy, the aim was
to gather as much evidence as possible on the utili-
sation of plants and practices of cultivation, har-
vesting and consumption. The location of the site on
the southwestern edge of the Thessalian plain, and
its chronology within the Middle Neolithic, provide
us with a unique opportunity to complement the
fragmentary archaeobotanical evidence from this
part of Greece and this phase of prehistory. The
study of the plant remains is still in progress, and
only generic and preliminary observations are pre-
sented.

Carbonisation was the only mode of preservation
encountered in the assemblage. Cereals were repre-
sented by einkorn (Triticum monococcum) and em-

mer wheat (Triticum dicoccum), barley (Hordeum
vulgare) and possibly oats (cf Avena sp.). Wheat
was mainly present in the form of seeds, while the
occurrence of glume bases, either separate or as
whole spikelets, was more limited. The assemblage
also contained smaller quantities of various pulses,
including lentils (Lensculinaris), bitter vetch (Vici-
aervilia) and probably the common pea (cf Pisum
sp.) and chickpea (cf Cicer sp.). Only the fig (Ficus
carica) has been identified so far in the category of
fruit and nuts.

A much wider range of wild plants were identified
in the assemblage, including genera such as Fuma-
ria sp., Chenopodium sp., Galium/Asperula sp.,
Scirpus/Cyperus sp., Carex sp., Lolium sp., Bromus
sp., and several more as yet unidentified species of
Leguminosae, Polygonaceae and Gramnineae (Tab.
10). All of these could have been present amongst
the natural vegetation surrounding the site, or may
have been included in the assemblage as weeds of
cultivation or as evidence for a much broader vari-
ety of, as yet unknown uses within the context of
daily life.

The unique character of Imvrou Pigadi as a site
where specialised pottery production was being un-
dertaken poses an interesting challenge for archaeo-
botany, in that it is associated with evidence for the
use of plants in non-domestic contexts, in contrast to

Fig. 19. Large human figurine decorated with a
bead-like ornament on the chest, along with a simi-
lar depiction on the back and wheat seed shaped
beads decorating the shoulders.

Tab. 10. Preliminary list of plant species/genera/
families identified at Imvrou Pigadi.

Latin name Comon name
Triticum monococcum Einkorn
Triticum dicoccum Emer
Hordeum vulgare Barley
cf Avena sp. Oat
Vicia ervilia Bitter vetch
Lens culinaris Lentil
cf Pisum sativum Common pea
cf Cicer sp. Chickpea

Ficus carica Fig

Polygonaceae Knotweed family
Chenopodium sp. Goosefoot
Fumaria sp. Fumitory\Fumewort
Leguminosae Legume family
Galium\Asperula sp. Bedstraw\Woodruff
Lolium sp. Ryegrass
Bromus sp. Brome grass
Graminae Grass family
Scirpus\Cyperus sp. Club-rush\Sedge
Carex sp. True sedge
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more mainstream archaeobotanical studies. The in-
creased presence of seeds of the Gramineae family
may relate to the preparation of the clay. Such seeds
were probably attached to plant stems used as clay
admixtures for crafting pottery or other clay objects.
A comparative study of the plant imprints on the
kilns and other structures may help to further clari-
fy these questions.

The analysis of the archaeobotanical assemblage is
ongoing and includes the identification of the plant
species present in the assemblage, and an under-
standing of their taphonomic history and role in nu-
trition, as tools or as construction materials. Compa-
rison of the range of plant remains within the four
trenches may help to further clarify issues related
to the use of space, as well as providing a more ho-
listic view of the contribution of plants in the econo-
mic and socio-cultural life of the site. Comparison of
the Imvrou Pigadi archaeobotanical evidence with
that from the nearby contemporary settlement of
Koutroulou Magoula will significantly broaden our
current understanding of the vegetational environ-
ment, along with its role within the Neolithic of
Thessaly and Phthiotida.

Taphonomy of the faunal remains
Trenches 1, 2 and 2016/a produced a total of 6284
faunal remains, including six human bones.55 Al-
though the four leporid, 15 avian and 109 cervid
(red deer) bones may have derived from wild spe-
cies that were hunted (one amphibian and eight tor-
toise bones, possibly from intrusive vertebrates were
also recovered), the bulk of the assemblage from all
three phases was dominated by domestic animals
(Fig. 20). According to the NISP counts,66 domestic
species make up 98% of the assemblage, including
sheep/goat, pig, cattle and dog, while a donkey first
phalanx is a later intrusion.

The species composition points to an agrarian way
of life during the Neolithic in western Thessaly, and
a pastoral economy based on sheep and goat herd-
ing, which was common in the region. The 1338 ani-

mal bones recovered from trench 3 were assigned to
the same species.

Sheep and goat bones accounted for 81% of the com-
plete assemblage. Although cluster analysis based on
the limited morphological features does not clearly
separate sheep and goats,77 it appears that sheep
were more common, with twice as many fragments
as those of goats.

Table 11 provides an overview of where the bones
were found within the trenches, and how their dis-
tribution is related to other features of the manu-
facturing complex. Bones recovered from features
such as kilns, hearths, clay boxes and pots, that were
attributed to cultural phase B, accounted for 50.15%
(n=3152) of the faunal assemblage examined so far.
From the sediments covering the kiln features and
the deposits underlying the fire installations and at-
tributed to cultural phase C, a total of 2838 bones
and 294 fragments were recovered. In neither of
these assemblages were any of the bones articulated.

Evidence regarding the state of preservation (degree
of fragmentation, erosion, gnawing, burning) has
been taken into account at both the contextual and
individual levels, and has been assessed for all do-
mestic species and red deer. It should be noted that
the stages of burning visible on bones were classified
by colour. Three categories were established to assess
the impact of fire and the damage caused.88 These

Fig. 20. Trenches 1, 2 and a/2016 ungulate and
other minor species proportions based on NISP.

5 The recording per species, anatomical unit, fragment size, degree of preservation, age and sex (as well as the biometry in an elec-
tronic database) was carried out by Dimitris Filioglou and Kostas Nikolaou, supervised by Katerina Trantalidou and supported by
the Institute for Aegean Prehistory.

6 Methods of quantification for the Imvrou Pigadi assemblage included Number of Identified Specimens (NISP), whole bone equiva-
lents, Minimum Number of Individuals (MNI) and Minimum Number of Elements (MNE). But for the purpose of this paper, main-
ly to do with the taphonomy of the samples from the clay structures, only NISP is considered.

7 The distinction of sheep and goat was established based on the criteria of Joachim Boessneck (1970), Wietske Prumell and Hans-
Jörg Frisch (1986), Melinda A. Zeder and Heather A. Lapham (2010) and Melinda A. Zeder and Suzanne E. Pilaar (2010).

8 The heating stages in bone have been described by Pat Shipman et al. (1984), Gilles Grévin et al. (1990), Paloma Vidal-Matura-
no et al. (2019), all with previous bibliography.
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included moderate alteration (brown or intense
orange), carbonisation at temperatures between 200
and 400°C (black) and calcination at temperatures
greater than 600 degrees (grey or white). For exam-
ple, red deer antlers tended to be highly altered in
the area of the kilns and clay boxes, whereas light
alteration was more common amongst suid bones
than other species. The following are some general
comments regarding the assemblage:

❶ The skeletal part representation within the bone
assemblage was almost complete, even though
phalanges were rare (Figs. 21 and 22). When the
animals were slaughtered, the phalanges may
have remained attached to the hide and discard-
ed later during its processing;

❷ There is little evidence for any significant varia-
tion in the pattern of body part representation
between phases for any of the domestic species;

❸ There is spatial variation in the preservation of
the assemblages across the site, with bones in
trenches 1 and 2 relatively more affected by fire
than those in trench 3. In contrast, the bones in
trench 3 were more coated by sediment than
those found in the firing areas;

❹ Unburned bones were recovered from the layers
above the clay structures, but also from the lay-
ers incorporating the structures;

❺ High degrees of fragmentation and pieces of less
than 3cm were common. Approximately 15% of
the Caprinae sub-family could not be identified to
the level of major limb bone, humerus, radius, fe-
mur, tibia or metapodials;

❻ There was a wide range of variability in colour,
related not only to burning time but also the hi-
stological structure of each bone;

❼ Hyperfragmentation (<1–2cm) and total thermo-
alteration, as seen in heavily burnt bones from
altars and special deposit pits of Classical and
Hellenistic antiquity (Trantalidou 2013.Fig. 10;
in press),  or where the bone itself was burnt (Vi-
dal-Maturano et al. 2019.Fig. 11), has not been
full attested at Imvrou Pigadi;

❽ A working hypotheses is that much of the bone
was used as fuel. Those fragments that do not ex-
hibit visible traces of burning were either due to
be used in the kilns or were in the sediments that
intentionally covered the structures when they
were no longer in use. More detailed spatial ana-
lysis using GIS is required;

❾ Bone burn time in those features was either limi-
ted or the level of technology in the Middle Neo-
lithic did not permit them to reach much higher
temperatures. Therefore, the destruction of all
bones and the traces of combustion are not visi-
ble. Woody taxa should also be examined.

Tab. 11. Spatial distribution of 6284 bone fragments recovered from the three trenches (By Filioglou
and Nikolaou using NISP).

Taxonomic list> Phylum,
Class or (Sub) Family

Deposits covering
49 32 16 759 110 966 1 967 4 – 2 – – – 1 974the structures

Kilns area 57 43 14 595 106 815 59 874 – 1 2 – – – 2 879
Ashy layers,

21 21 7 307 63 419 1 420 – – 2 – – – – 422Northern area
Southern area 10 3 1 50 9 73 3 76 – – – – – – – 76

Total 137 99 38 1711 288 2273 64 2337 4 1 6 – – – 3 2351
Deposits covering

108 62 17 1106 90 1383 5 1388 2 2 4 2 – 1 – 1399the structures
Structures 102 70 26 1388 128 1714 8 1722 6 1 5 5 2 – 3 1744

Deposits under
15 10 5 148 38 216 1 217 – – – – 1 – – 218the structures

Total 225 142 48 2642 256 3313 14 3327 8 3 9 7 3 1 3 3361
Deposits covering

55 21 13 290 83 462 2 464 – 1 – 1 – – – 465the structures
Bone accumulation I 43 1 2 11 11 68 – – – – – – – – – 68
Bone accumulation II 2 – – 6 2 10 – – – – – – – – – 10

Pot 5, Eastern area – – – – – – 2 2 – – – – – – – 2
S.W. edge of a Kiln – – – – – – 27 27 – – – – – – – 27

Total 100 22 15 307 96 540 31 31 – 1 – 1 – – – 572
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Discussion and conclusions

Excavations since the 1950s in western and east-
ern Thessaly, as well as elsewhere, never produced
any evidence for the existence of early organised
kiln workshops, with the firing of vessel in open
fires widely accepted until recently (Rondiri, Ka-
logianni 2018). Several experimental programmes
were initiated in order to investigate how pottery
was fired (Vitelli 1994; Rondiri, Kalogianni 2018).
Based on the observation of sherds, Karen D. Vitel-
li (1997) proposed several hypothetical designs for
kilns that could have been used during the 6th mil-
lennium BC, which are quite close to those identi-
fied at Imvrou Pigadi. Her suggestion that such in-
stallations should probably be located far from the
settlement is also reasonable. The excavations at
Imvrou Pigadi and the structures themselves have
convinced us regarding the function of the site as
a kiln workshop. When some years later the site of
Rizava was discovered a few kilometres to the west
on the plain of Karditsa (Krachtopoulou et al. 2018),
as well as more recently the neighbouring site of
Koutroulou (unpublished, Kyparissi et al. 2022
forthcoming), our suggestion regarding the use of
pottery kilns since the beginning of the Middle Neo-
lithic in Thessaly was confirmed. The complex of ce-
ramic kilns at Imvrou Pigadi appears to have been
in operation almost from the beginning of the use
of the western edge of the site, although the con-
struction of the provincial road has obscured its ori-
ginal boundaries. When the kilns in trench 2 ceased
operation (phase B2), the area appears to have been
buried beneath a layer of burnt deposits, upon
which, on the basis of the finds, activities continued
although with a possible hiatus. The same appears
to be the case in trench 1, where the deposits above
the kiln structures were again covered with a layer
of clay, before being reused for domestic activities
rather than as a workshop. The workshop areas, al-
beit at different elevations, appear to have been used
in parallel, as their dates are similar. Since they were
not spatially overlapping, they could have been ope-
rated simultaneously, possibly for the firing of dif-
ferent objects or controlled by different groups of
craftsmen.

Coring as well as the excavations in trenches 1 and
2 have shown that the workshop area would have
extended even further towards the north and south
of trench 2. This was also indicated by the geophy-
sical survey, especially in the southwestern area of
site and towards the west, now under the public
road. Such an extensive workshop in operation at

one of the largest magoula sites in the region sug-
gests that it probably catered for the pottery needs
of other settlements as well. This is supported by the
lack of other similar workshop complexes at sites
nearby, although others would be expected at great-
er distances. It is also possible that different types
of vessels were being fired in the various settle-
ments, which were then redistributed amongst them.
Such a scenario may be implied by the newly disco-
vered complex at the site of Rizava, located around
30km to the west on the plain of Karditsa. But we
also need to be mindful of the recent discovery of a
smaller complex of kilns at nearby Koutroulou Ma-
goula, just 3km away, which could potentially wea-
ken the suggested model of longer distance ex-
change. The situation will hopefully become clearer
when the excavations at Koutroulou are completed
and we can compare the kiln complexes from the
two sites, both chronologically and in terms of the
finds. But it is also possible that due to its size and
importance, Koutroulou may have been self-suffi-
cient for at least some of its pottery needs with its
own kilns.

The abundance of obsidian at Imvrou Pigadi is ano-
ther striking aspect of the site, where the material
accounted for 63% of all chipped stone recovered,
contradicting the established model for western
Thessaly, where chocolate flint from the Pindos is

Fig. 21. Burnt and unburnt sheep and goat bone
elements from trench 1.
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predominant. However, given that similar propor-
tions of obsidian have also been reported from near-
by Koutroulou Magoula, it would appear that both
sites were located along the route between eastern
and western Thessaly on the one hand, but also to-
wards Phthiotida to the south. On the other hand
(Perlès 2022 in press), it would appear that the ma-
terials that arrived here, such as obsidian, were not
widespread in western Thessaly. According to Kari-
mali (2022.195), these two positions are characte-
rised as atypical.

The pottery from Imvrou Pigadi presents the same
decorative elements as the rest of Thessaly, indicat-
ing a wide network of communication and exchange.
The presence of figurines, jewellery, stone grinding
tools and millstones, as well as animal bones and
fruit, is probably related to the wider use of the area
around the magoula, which likely constituted a reg-
ular settlement, something that may be established
in the future if the excavations are extended.

The faunal remains were dominated by sheep and
goat bones, and reflect an agrarian way of life in
Neolithic western Thessaly and a pastoral economy

which is common in the geographi-
cal region. The picture in trench 3
was similar, while the bones in tren-
ches 1 and 2 were relatively more
affected by fire, probably related to
differences in the use of space, lead-
ing to the working hypothesis that
much of the bone recovered was
used as fuel.

The presence of cereals and pulses
in the archaeobotanical evidence
points towards cultivation, while the
broad range of wild plants may re-
late to the preparation of clay. The
increased presence of seeds belong-
ing to the Gramineae family were
probably attached to plant stems
used as clay admixtures for crafting
pottery, other objects and the clay
ovens themselves.

Because of its size, but mainly the
systematic use of kilns, it would ap-
pear that the pottery workshops at
Imvrou Pigadi operated as a produ-
ction hub during the Middle Neoli-
thic on the route between eastern
and western Thessaly on the one

hand, and Phtiotida via the Sperchios Valley and
southern Greece on the other. It appears to have
played a decisive role in the circulation of trade
goods and the exchange of ceramic vessels and
other aesthetic objects, which because of its position
were promoted throughout western Thessaly, but
also in the eastern part of the region and in settle-
ments further south.

Fig. 22. Burnt and unburnt sheep and goat bone elements from
trench 2.
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Introduction

How was pottery fired in the Early Iron Age in what
is today western Slovenia? Can we assume the use
of kilns despite their absence? On the territory of
present-day Italy, two-part updraft kilns with a sepa-
rate fireplace and firing chamber were known in this
period, while on the territory of Slovenia they ap-

pear no sooner than in the Late Iron Age. We assume
that the preservation of such structures in the dis-
cussed areas depends on various factors, so we will
show the possible reasons for the poor preservation
of these based on the results of experimental archa-
eology. Through macro- and microscopic analyses of
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1978–1979.79, 82), and become hard and resistant
to decay (Rice 2005.55, 80). The colour change is re-
lated to the presence or absence of iron minerals
(chlorites, micas, Fe-oxides/hydroxides, sulphides)
in the clay. In the are discussed in this study the
clays are very rich in iron, which usually causes the
vessels to turn red (oxidation atmosphere) or grey
and black (reduction atmosphere) (cf. Maritan 2018.
206). The colour can also be affected by the pres-
ence of organic material, which converts to carbon
and oxidizes into CO2 in the presence of sufficient
oxygen. This change occurs at a temperature of about
800°C and can be recognized by a change in colour
(grey/dark grey when carbon is present and cream/
reddish when carbon is oxidized) (Gliozzo 2020.26).

During firing, structural changes also occur in the
minerals in the clay (Cuomo di Caprio 1985.130;
Levi 2010.112). The thermal stability of the mineral
phase and the changes induced by heat depend on
numerous factors, such as grain size, the mineralogi-
cal and chemical composition of inclusions and tem-
per, presence of aplastic inclusions, presence of or-
ganic material, position in the vessel, the position
of the vessel in the kiln, the soaking time, and cool-
ing (Gliozzo 2020.5).

What changes occur during the firing process and
which of them are relevant for the pottery of the dis-
cussed area? Hydration begins at different tempera-
tures, depending on the heating and the type of clay
minerals (e.g., illite 300–600°C), but the mixing of
clays can lower it (Rice 2005.87–88). Carbon oxi-
dation of carbon starts at 200°C and burns out com-
pletely between 600 and 750°C or at least just be-
low 800°C (Cuomo di Caprio 1985.131; Levi 2010.
121; Gliozzo 2020.26). Experiments showed that
the main loss of organic material (the use of barley
straw) in daub and kilns occurs between 200 and
300°C, with the final loss at about 400°C (Macphail,
Goldberg 2018.235). Between 675 and 870°C, cal-
cite decomposes completely into calcium oxide, with
cell volume decreasing and crystal size increasing
(Gliozzo 2020.6). Above 800°C, complex aluminosi-
licates form and the phase of sintering begins (Levi
2010.121), which is lower for carbonate clay (around
800°C). Hence, we cannot develop a unified phase
diagram for the firing process (Gliozzo 2020.5). The
presence of calcium carbonate contributes to a low-
er sintering temperature because lime acts as a flux,
causing vessels with admixed calcium carbonate to
sinter faster (Maggetti et al. 1984; Shoval 2016.12).
In highly processed deposits, a fired mineral is pre-
sent as rubefied mineral inclusions ranging in size

the pottery and samples from archaeological experi-
ments, we will try to reveal the features of the pot-
tery associated with the firing process, which will in-
directly help us identify structures for the firing of
pottery.

Firing is one of the most important steps in pottery
production, as it involves the transformation of clay
into ceramics. Due to the complexity of the produc-
tion process of pottery vessels, from the raw mate-
rial to the final product, the concept of the ceramic
chaîne opératoire has recently developed in cera-
mic analysis (Lemonnier 1993; Roux 2016.104–
107). Based on such observations, we try to identi-
fy technological traditions and patterns of certain
technical traits (cf. Roux 2016.104, 112). By includ-
ing the ceramic chaîne opératoire approach, cera-
mic experimental archaeology has gained a more
solid methodology (Jeffra 2015. 141), but only if
when the principle of so-called controlled compar-
ison is considered (Roux 2016. 7). Until the advent
of experimental archaeology and scientific analyses,
the process of pottery firing was actually the least
known technological process in the ceramic chaîne
opératoire (Rado 1988.92). We will attempt to an-
swer the question of what type of structures were
used for firing pottery in western Slovenia in the
Early Iron Age by integrating data from the macro-
scopic and microscopic analyses of the pottery mass
and firing technology. The data will be acquired from
experimental archaeology, measurements of appar-
ent magnetic susceptibility (AMS), and with the re-
sults of mineralogical analyses (X-ray diffraction).

The firing process

In the past, people had to rely on personal experi-
ence with firing, which in practice probably meant
conducting numerous successful and unsuccessful
experiments, as evidenced by the considerable over-
fired vessel waste at archaeological sites (Cuomo di
Caprio 1985.130). Today, laboratory and archaeolo-
gical experiments are carried out, adding signifi-
cantly to the knowledge and, above all, to the un-
derstanding of technological processes, which are
usually different under controlled laboratory condi-
tions (cf. Thér 2014.96).

After clay transforms into ceramics during the firing
process (Cuomo di Caprio 1985.125), a series of
chemical and physical reactions occur affecting the
hardness, permeability, porosity, and mineral com-
position of the final product. The products become
impermeable, change colour, and lustre (Heimann
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from silt to sand-size. The presence of these materi-
als provides increased magnetic susceptibility, whe-
reas iron-free minerals are not rubefied and there-
fore magnetic susceptibility is naturally high (Mac-
phail, Goldberg 2018.235).

Iron oxides were frequently used for coatings, espe-
cially for the so-called ceramica zonata, which is
typical for the Early Iron Age in a large area, rang-
ing from northern Italy (Este, Padua) to Slovenia.
Examples of so-called ceramic situlae from Slovenia
are mostly considered imports (cf. Grahek 2018.
315). Red slips are also typical of other vessel types
(e.g., Dolenjska region in south-eastern Slovenia;
Dular 1982.90). Iron oxide haematite (Fe2O3) pro-
vides a red or reddish colour, while magnetite (Fe3O4)
provides grey, blue, green, and grey-brown colours,
and in the reduction, black (Heimann 1978–1979.
86; Rice 2005.334–336).

The firing atmosphere controls the partial pressure
of oxygen, which is higher in the oxidizing atmos-
phere. By leading the firing, we change the firing
phases (Heimann 1978–1979.86). In an oxidizing
atmosphere, complete firing occurs. We need dry
firewood and an air supply to achieve the combus-
tion of organic matter and the decomposition of sul-
fides if the latter is present. In a reduction atmo-
sphere, incomplete firing happens. We close the air
supply and pile organic material into the kiln (e.g.,
horse hooves, straw, etc.), which may be slightly
moist (Cuomo di Caprio 1985.126, 131).

In prehistory, different structures for firing pottery
were known. The basic division is into firing in the
open (bonfire) and firing in a kiln. In a bonfire, the
maximum temperature is reached quickly (approx.
10–50 minutes, usually 20–30 minutes), while firing
in a kiln takes longer (approx. 60 minutes to 11–12
hours). In a bonfire, the soaking time at maximum
temperature is shorter (a few minutes) than in a kiln
(up to 30 minutes). Oxidative and reductive atmo-
spheres can be achieved in both, yet the latter is
much more controlled in two-chamber kilns with a
perforated floor, especially the exchange. Cooling
takes less time in a bonfire (a few minutes to 1
hour), while it is slower in the kiln (1–4 days), and
firing in a bonfire also takes less time than firing
in the kiln (Gliozzo 2020.2–3).

Any natural clay type can be fired at low tempera-
tures, i.e. below 800°C, but the lowest possible tem-
perature for firing pottery is 500°C (Rye 1981. 16,
96). The data shows that prehistoric pottery was

mostly fired between 550 and 650°C or at the most
up to 750–850°C. Analyses from the field of experi-
mental archaeology generally reveal that tempera-
tures of 950°C and even 1100°C could be reached in
the kilns known in the Neolithic (Kovárník 1999.
315–317). Nevertheless, it was found that the soak-
ing time is of greater importance than the maximum
firing temperature (Gosselain 1992.244, Fig. 1). Fur-
thermore, it was also found that the temperature
of the core of the vessel burned in a bonfire is not
unified and that a temperature difference occurs be-
tween the outer surface and the fracture up to
220°C. The latter was also confirmed in the exam-
ple of vessels fired in a kiln (Maggetti et al. 2011;
Gliozzo 2020.4). Consequently, it is necessary to
examine the question of which part of the pottery
production is associated with a particular firing
structure (Thér 2014.78) or which forms or types of
vessels were fired in which structure (Gliozzo 2020.
27). Based on 72 archaeological experiments, Ri-
chard Thér (2014) showed that there are no diffe-
rences between firing structures at temperatures up
to 1050°C when thermal profiles are observed and
that the firing method is more important than the
firing structure (Thér 2014.79–80, 93). Later, he
tried to find out if it was possible to distinguish be-
tween products fired in a bonfire and those fired in
a kiln by observing the thermal gradient of maxi-
mum temperature (XRD analyses) in the core of the
vessel and in the outer and inner surfaces. He disco-
vered that the difference between the maximum
temperature between the outer surface and the core
was 100–200°C when fired in a bonfire, and be-
tween 0 and 50°C when fired in a kiln (Thér et al.
2018.1144–1145, 1169). This means that we have
finally found a way to distinguish firing in bonfire
from firing in a kiln.

Archaeological background

In general, only a few pottery firing structures from
the Bronze and Iron Ages have been found in the
area of present-day Slovenia. Until the end of the
Early Iron Age, only single-chamber kilns are known
(e.g., Oloris near Dolnji Lako∏ from the Late Bronze
Age, Dobrava near Oto≠ec (Horvat πavel 1988–1989.
130–131; Dular et al. 2002.37, T. 24–25; Josipovi≤
et al. 2015.16, Figs. 11–12). While a two-chamber
kiln with a perforated floor was found at the Late
Iron Age site Hajdina at Ptuj (Tomani≠ Jevremov,
Gu∏tin 1996.271, Fig. 4). Generally, two-chamber
kilns were used much earlier, as they appear indivi-
dually in Italy no later than in the Middle Bronze
Age (Bronzo recente), while their use increases in
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the Early Iron Age11 (Levi 2010.117). To date, no fir-
ing structures have been found in western Slovenia.
All the consumptions in the literature are still based
on indirect data, on the macroscopic analysis of the
technology of pottery firing from three hillforts in
the Kras, Tabor near Vrab≠e, Tomaj, and πtanjel (Fig.
1). In addition to stratigraphic data, also radiocar-
bon dates are also available (Vinazza 2021.430–
433, Fig. 5). The Tabor site near Vrab≠e belongs to
the transition from Late Bronze to Early Iron Age
(Phase 1; 11.–10. cent. BC) and Early Iron Age
(Phase 2; 8.–7. cent. BC). The Tomaj site belongs to
the Early Iron Age (6.–5. cent. BC) and πtanjel be-
longs to the end of Early Iron Age (6th and 5th cent.
BC). The macroscopic analysis indicated that at the
end of the Late Bronze Age (Ha A2/B1) the major-
ity of pottery was fired in a reduction atmosphere
(e.g., Tabor near Vrab≠e 38.2%). In the 8th and 7th

cent. BC (Ha C0–C2) the ratio begins to change as
less and less reductive firing take place, only 4.8%
at Tabor near Vrab≠e and 25% at Tomaj. This trend
continues until the end of the Early Iron Age, as
shown by the analysis of pottery from πtanjel (7.1–

23.9%). It should be emphasized that incomplete
oxidation firing predominates throughout at all the
sites, with the proportion of oxidation firing in-
creasing only at the end of the Early Iron Age in the
case of πtanjel (38.7%) (ibid. Tab. 3). Changes are
also observed in the preparation of the pottery paste.
The macroscopic analysis of pottery mass confirms
the findings in the wider area of north-eastern Italy
and western Slovenia, as a temper of calcite prevails
at the end of the Early Iron Age, while pottery is
more frequently fired in oxidation atmosphere (Sa-
racino 2014.104–122, 131–132; Grahek 2018.311;
cf. Vinazza 2021.433, Fig. 1).

Certain sites in Kras and in the Poso≠je region22 re-
vealed individual examples of the so-called red-black
painted pottery (Este style, Ita. ceramica zonata).
Case analyses from Poso≠je region, from Most na So-
≠i, showed the presence of iron and manganese to
achieve the red and black colour of coating on the
pottery (Grahek 2018.313–314). This final colour
effect is the result of the so-called three-stage fir-
ing (ORO), in which oxidation and reduction firing

Fig. 1. Sites mentioned in the text (© Google Earth Pro).

1 Ponte San Marco (Poggiani Keller 1994.76), Forcello di Bagnolo S. Vito (Rapi et al. 2019.107), Montedoro di Scapezzano, Mate-
lica (Macerata), Marche, Cesena, Foro Annonario (Gasparini, Miari 2017.24), Padova, Ex Brolo (Iaia, Moroni Lanfredini 2009.65,
68, 70).

2 Repentabor (7th and 6th cent. BC) (Maselli Scotti 1978–1981.Fig. 9.1); Repni≠ from the 7th and 6th cent. BC (Maselli Scotti 1983.T.
54, 214), πtanjel (Vinazza 2011.T. 9.103), and Most na So≠i (Grahek, Ko∏ir 2018.315).

391



Manca Vinazza, Matej Dolenec

392

atmospheres exchange (cf. Aloupi-Siotis 2020.3, 5).
This is made possible by the two-chamber kilns with
a separated fireplace and firing parts, which have
been already mentioned several times before. One
of the most important parts of such kilns is the per-
forated floor. When determining this type of kilns
based on the perforated floor, we need to be careful
since such perforated floors were also used in, for
example, salt extraction in the area under study in
this work.33 Such a ceramic situla was also found at
the πtanjel site (Vinazza 2011.T. 9. 103), and is part
of the present study. 

Methods and sampling

For the present study, which is first of this kind in
the studied area, we analysed 18 samples. The ar-
chaeological pottery comes from two hillforts, Tabor
near Vrab≠e and πtanjel (for more details, see Vinaz-
za 2021.422–425). Other samples were produced
during archaeological experiments. Besides experi-
mental archaeology, we also carried out additional
analysis, such as AMS measurements, ceramic petro-
graphy analysis, and X-ray diffraction analysis (see
Tab. 1). 

We conducted experiments on the construction and
use of a single-chamber kiln in order to better un-
derstand why the remains of kilns are so poorly pre-
served in the archaeological record in the studied
area, and to get samples for observing changes in
material under different temperatures. The kiln was
built on the model of a Late Bronze Age kiln from the
Oloris site near Dolnji Lako∏ (Horvat πavel 1988–
1989.130–131). We were thus able to observe its
manufacture, material, construction, and use during
firing, as well as its decay.

Clay,44 straw, and hazel branches were used for the
construction of the kiln (16.6.2020). We prepared
the mixture of clay, water, and straw (40%). The

bottom of the 10cm deep pit was first covered with
a clay mixture. After that, a construction from hazel
branches, which was covered on the outside with
clay strips of 20x15x5cm, was built. Seven people
built the kiln in 5 hours (the preparation of the ma-
terial and the construction). After 4 days, the kiln
was dried by burning spruce chips (we used up
12kg), which took 6 hours and 30 minutes. After
that, the kiln was ready for pottery firing.

The firing of the pottery took place after two months
(28.8.2020). The kiln was loaded with 57 vessels
that we formed from different local clays.55 Two ther-
moelements66 were installed onto the kiln, one along
the kiln wall and the other in the centre, just below
the vessels. We wanted to understand if there was
any change in temperature in the kiln during firing.

To obtain different types of data and their possible
application to the archaeological remains, we mea-
sured the AMS of the kiln.77

The magnetic susceptibility of the ground88 or sed-
iment is determined by the amount of magnetic mi-
nerals present. During burning, the magnetic suscep-
tibility increases because iron minerals are bound. If
the ground or the sediment does not contain iron
minerals, the magnetic susceptibility is not high. The
iron content depends on the geological background
(Goldberg, Macphail 2006.350–351; see also Mu∏i≠
1999.363). If magnetite is present in the clay, mag-
netic susceptibility is naturally high (Macphail, Gold-
berg 2018.236). Measurements were taken in the
laboratory on soaked clay (the Ren≠e clay) (mixed
with water and straw: 0.850) from which the kiln
was built, on samples from the kiln after drying, and
on samples from the kiln after firing (Fig. 3). The va-
lues given are average values.99

Clay from Ren≠e that was used for building the kiln
was also fired in a controlled atmosphere. We have

3 A perforated floor from the Ellerji hillfort has been interpreted several times before as the remains of salt production (Lonza 1981.
T. 44–45; Zendron 2018), while the remains of a perforated floor from the Monkodonja site in Istria were among the earliest in
the wider area (Early and Middle Bronze Age) (Mihovili≤ 2020.36–39, Fig. 31). This means that they appear significantly earlier
than in the entire Italic peninsula, which indicates the supra-regional role of Monkodonja.

4 The Ren≠e deposit: GKY 396454, GKX 83339.
5 Gri∫e: GKY 417619, GKX 69497; Veliki Dul: GKY 411812, GKX 70871; Lukovica: GKY 476504, GKX 112322, and Ren≠e: GKY

396454, GKX 83339.
6 Thermoelement type MTC500 with a Ni-Kr-Ni tip.
7 The Kappameter KT-7 (GF Instruments) instrument was used.
8 Values of AMS were measured on various samples of clays and present the results that do not enable simplified conclusions, since

the values range from 0.1 to 8·10–3SI. Location near Tupel≠e (GKY 407902, GKX 73627): clay to 6–8·10–3SI; Vrab≠e (GKY 409555,
GKX 77491): clay 0.063–0.207·10–3SI; Veliki Dul (GKY 409555, GKX 77491): 0.532–0.666·10–3SI; Ostri vrh (GKY 409555, GKX
77491): 0.766–0.966·10–3SI.

9 Three measurements were taken for every point and the average value was calculated.
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prepared two samples (Tab. 1.6, 7) by adding water
to the clay and firing them at the temperatures of
600 and 800°C in an electrically operated kiln (70kW,
with Shimaden FP93 programme controller).

For ceramic petrography analysis, we chose samples
on the basis on the results from the macroscopic
technology analysis. We chose this method for vari-
ous reasons. We wanted to observe changes in pot-
tery recipes between Late Bronze and Early Iron
Ages at the sites Tabor near Vrab≠e and πtanjel,
changes during different temperature stages com-
paring archaeological material and material from
our archaeological experiments (see Cultrone et al.
2001.629), and compare pottery paste with local
clays (Quinn 2015) in the case of the πtanjel site.
The selected samples (Tab. 1) were prepared as po-
lished thin sections, 30 microns thick, mounted on
glass slides and analysed under the polarizing light
microscope, Zeiss Axiocam 305 colour, using standar-
dized descriptions (Quinn 2015; 2022. 98–124).

X-ray diffraction is used to characterize archaeologi-
cal pottery in terms of the minerals present and
their relative abundance and allows the characteri-
zation of minerals that cannot be recognized in thin-
section petrography, such as clay minerals or new
phases formed during firing. The XRD analysis of mi-
nerals present in pottery can help identify the tem-
perature interval at which pottery was fired, as cer-
tain minerals are indicators of changes that occur
during the firing process – examples include haema-
tite, magnetite, cristobalite, mullite, calcite, montmo-
rillonite, illite, vermiculite, and feldspars (Quinn,
Benzonelli 2018.2; Amicone et al. 2020.526–527).

The mineral composition of the pottery samples
was determined using a Philips PW3710 X-ray dif-
fractometer. It was recorded at a voltage of 40kV
and a current of 30mA in the range from 3° to 70°
2q at a speed of 3°/min. The wavelength of the Cu
Ka X-ray wavelength was 1.5460Å. A secondary gra-
phite monochromator and a proportional counter
were used. The detection limit for minerals was be-
tween 0.5 and 3%. The Rietveld method was used to
quantify the mineral phases. Diffractograms of the
recorded samples were processed using the compu-
ter program X’Pert HighScore Plus 4.8v and the PAN-
ICSD database. 

Results

In carrying out the archaeological experiments, fir-
ing in the kiln took a total of 10 hours. First, we start-

ed heating slowly at the entrance and only began
to increase the temperatures after four hours (Fig.
2). Initially, the temperature along the kiln wall in-
creased more rapidly than in the centre, while from
500°C onward the temperature in the centre started
rising more rapidly than along the wall. We were
burning fuel in the front and to the left and right of
the vessels. The drop in the temperature along the
kiln wall (Fig. 2.15, 35) is the result of clearing the
charcoal from the kiln. During firing up to 0.75m3

of beech wood was burned and a temperature of
670°C was reached. The soaking time at this tempe-
rature lasted 30 minutes. The total time of the firing
process was 10 hours. After this time, we did not
measure the temperature further. On the third day
(31.8.2020), we opened the kiln and took out 56
vessels (98% of them were successfully fired, un-
broken). To date, some of the vessels have been used
for cooking over an open fire seven times and are
still undamaged. 

The AMS measurement results show that tempera-
tures that would affect the increased AMS are not
reached during drying. The change occurs at higher
temperatures, but mainly at the areas where the kiln
surface was in direct contact with the fire. We thus
have the highest values at locations where the fire
was burning (9.524·10–3SI, 12.54·10–3SI, and 17.91·
10–3SI), and on the inside of the chimney (15.21·
10–3SI) where the fire directly touched the kiln. High
values were also recorded on the inner wall of the
kiln (5.852·10–3SI) and on the outer side in the cen-
tre of the kiln (7.316·10–3SI), where the kiln wall
was thin. From this part towards the ground, the va-
lues decrease, while at the same time the kiln walls
were significantly thicker towards the bottom.

The next goal of our study was the observation of
the kiln’s decay. The kiln was covered over a month
after firing and then we left it in the open air, under
the sun, rain, and snow. The dome collapsed half a
year later, on 9.12.2020. The floor of the kiln was
still as hard as when the firing was finished and
covered with the ruins of the dome. Pieces of the
dome and kiln walls were still very compact. The
kiln walls were preserved only at the edge of the
kiln. Over the next six months (Fig. 4.A), the most
compact parts of the kiln softened and gradually
began to merge into the depositional matrix. On
31.1.2022 (Fig. 4.B), parts of the kiln wall were still
standing, but softened, while the kiln floor was still
equally as hard as it had been six months earlier.
Major visible changes occurred over the next five
months (Fig. 4.C). The preserved walls weakened,



Pottery firing in the Early Iron Age in western Slovenia

395

and the outer and inner edges were only sporadi-
cally preserved. Most of the dome turned into the
depositional matrix, while the underlying slab was
also preserved, being protected by the material. To-
day (October 2022) more and the more deposition-
al matrix is forming, and the kiln floor is still hard
as it was before. 

The analysis of pottery thin sections from Tabor
near Vrab≠e shows that at the transition to the Late
Bronze Age grog (20%) predominates as a temper.
We could detect different types of grog in one ves-
sel (20%); there is some organic temper (2%) and
some planar voids. Individual calcite (1%) and
quartz (5%) grains we understand as inclusions (Fig.
6.1; Tab. 1.17). Slightly later, in the 8th and 7th cent.
BC (Phase 2), the pottery paste changes (Fig. 6.2;
Tab. 1.18) and calcite predominates as the only tem-
per (30%). There are a lot of visible voids and some
small parts of organic matter (>1%). Sharp calcite
edges (rhombohedral cleavage) indicate intentional
crushing (Fig. 6.2–3). Calcite also predominates as
a temper in the final stage of the Early Iron Age, in
the 6th and 5th cent. BC (40%), as pottery from πta-
njel shows (Tab. 1.1). The difference is visible in the
size of the calcite temper. The grains are bigger in
pastes from the 8th and 7th cent. BC than in those
from the 6th and 5th cent. BC. In the later period
there is a finer temper of calcite. The temper is still
poorly sorted, but in comparison with older materi-
al there are no voids.

The kiln wall pottery thin section (Fig. 5) corre-
sponds to the basic characteristics of such objects
found at archaeological sites. Here we have in mind

the main micromorphological features of mudbricks,
such as the presence of organic elongated fragments
and randomly oriented channels and voids, reflect-
ing the addition of straw into the otherwise very
compact structure during the preparation (cf. Frie-
sem et al. 2018.99–100). In our case (Sample 4) the
are many planar voids and channels, indicating that
straw is the only temper used for kiln paste. Other
features are inclusions, such as Fe-oxides, clay pel-
lets, quartz grains, and some other opaque minerals.

In order to determine the origin of the classic situ-
la from πtanjel and thus the possibility of the pres-
ence of the two-chamber kilns, we conducted a com-
parative study of the pottery masses using pottery
thin sections. We took samples of local clay (Fig. 7B;
Tab. 1.16), silos1100 (Fig. 7.D; Tab. 1.15), and pottery
from the πtanjel site. One from the local form (Fig.
7.A; Tab. 1.1) and one from a presumably imported
ceramic situla (Fig. 7.C; Tab. 1.14). Silos, such as ce-
ramic rings, loam weights, and house plaster, are ge-
nerally made from the clay closest to the site, mak-
ing them a good comparison for determining local/
imported products. Even a quick look at the pottery
thin section of a silo (Fig. 2.4) and the ceramic sit-
ula (Fig. 7.3) shows that we are dealing with diffe-
rent clays. The silo contains muscovite/illite (up to
20%) and polycrystalline and monocrystalline quartz
(25%), while the muscovite/illite is not present in
the ceramic situla. The latter also did not include
clasts of trachyte, which is typical of such forms from
the Euganean area (see Saracino 2014.120, 144).
The clay matrixes of the local vessels, the silo, and
the local clay, sampled near πtanjel are very close in
composition, while the ceramic situla stands out.

Fig. 2. Measurements of temperature in the kiln during firing. Left: along the wall, right: at the bottom
of the kiln, under the vessels.

10 A silo petrographic thin section (Fig. 2.4) indicates the presence of certain carbonates, which are unchanged, meaning that firing
took place at a temperature from 675 to 870°C. The same is true for the pottery from Ren≠e (Sample 2), fired at 670°C. The silos
as such is also solid (7 according to the Mohs scale), which reflects firing at a high enough temperature and at the same time
changes the idea that such pottery forms were fired at low temperatures (Vinazza 2016.7).
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The XRD analyses were performed on 12 samples
(Tab. 1.1–13). The objective of the analysis was to
determine the comparison of the XRD analysis re-
sults with the firing temperature in the kiln, which
was measured with thermoelements during firing.
We also tried to show that the firing temperatures
of individual kiln parts do not reflect the tempera-
ture of the pottery firing, which consequently cannot
be applied to the archaeological material. Third, fol-
lowing the lead of Thèr (2020), we sought to
determine whether we could detect differences
between the results of XRD analysis at the fracture
and on the outer surface of the pottery, and thus
determine the use of a bonfire and/or kiln at the
site. The analyses were carried out on the samples
of the kiln from the Ren≠e clay, which is of the
illite-chlorite type (Rokavec 2014.35), and on the
pottery from the πtanjel site, which belongs to the
end of the Early Iron Age (Tab. 1; Fig. 8).

Ren≠e clay (Samples 2–8, 12)
Clay from Ren≠e (Sample 8) has a higher amount of
kaolinite (Fig. 8) which is not present in the other
samples (Samples 2–5), meaning that the latter were
fired at over 550°C. Comparing the parts of the kiln
(floor/walls/chimney), most kaolinite is found in the
kiln walls (Sample 4), less in the floor (Sample 3),
while no kaolinite is present in the sample from the
chimney (Sample 5). It is therefore understandable
that most of it is in the wall where the temperature
in the kiln was the lowest. Sample 6 (firing at 600°C)
contains very little kaolinite, while Sample 7 (firing
at 800°C) and Sample 12 (firing at 670°C) contain
no kaolinite. Illite, which begins to decompose at
900°C, is present in all samples, while only Sample 7
contains less because it was fired at 800°C. Quartz is
also present in all samples. Calcite is also present in
Samples 6 and 8, which we attribute to its natural
occurrence in the clay. Sample 12 (Fig. 8) has an ele-

Fig. 3. The AMS measurement points were chosen
on various parts of the kiln (in the centre) and of
the individual parts (kiln wall (A–C), chimney
(D–F), and kiln floor (G–H)).
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vated calcite value, which we attribute to the inten-
tional addition of the temper of calcite to the clay,
which is also confirmed from pottery thin sections.
It is no longer present in Sample 7, as it begins to
decompose above 670°C. Dolomite is found in Sam-
ples 6 and 8, but in small amounts and is no longer
present in Sample 12.

πtanjel pottery (Samples 1, 9–11)
Calcite is present in all samples indicating that the
pottery was fired at temperatures below 870°C, at
which calcite decomposes completely. Sample 1 (Fig.
8) has an increased value of calcite, which we attri-
bute to the intentional admixture of the temper of
the calcite to the clay (Fig. 8), which is also confirm-
ed by pottery thin sections. At the same time, kaoli-
nite is no longer present, indicating that the pottery
was fired at over 550°C. The samples from πtanjel
contain very little illite, which is due to the minera-
logical composition of the clay. A comparison of the
calcite in the vessel’s core (Sample 10) and in the
outer (Sample 9) and inner surfaces (Sample 11)
shows that the vessel’s core contains more calcite.

Discussion

Archaeological finds that would indicate the firing
of the pottery in Kras and the Poso≠je region in the
Bronze and Iron Ages are not known for either a bo-
nfire or a kiln. There are at least two possible rea-
sons for this. First, slow sedimentation at Kras is
very problematic from a stratigraphical point of
view. In most cases, the sites have very thin archa-
eological layers and only rarely do we discover a
longer stratigraphic sequence (cf. Monkodonja in Is-
tria; Hänsel et al. 2015.75). The soil at Kras is char-
acterized by the bedrock, various limestones and do-
lomites, their decomposition and dissolution, and
the leaching of debris into relief depressions. On
karstified hills and in higher areas there is less soil,
while in depressions, e.g., dolinas (Habi≠ 1979.150),
there are uniform and thicker layers. The discussed
pottery originates from the hillfort sites of Tabor
near Vrab≠e and πtanjel (Vinazza 2021), where there
is in both cases less soil.

The second reason is connected with the firing struc-
tures and the question of how to recognize them in
order to understand the firing process. Structures

such as bonfires do not leave any significant traces
behind, and are thus difficult to discern. If we con-
sider a burned layer of soil, a large pile of plant char-
coal, wooden charcoal, burned-through soil, and
burned lumps of soil as the key indicators of the re-
mains of a bonfire for firing pottery (Guo 2017.
184), then some of the structures found at several
sites from Eneolithic to the Early Iron Age in cen-
tral and north-eastern Slovenia could be interpret-
ed as bonfires.1111 We are still missing this kind of
data for the Kras area.

Fig. 4. A year’s decay of the kiln. A 27.07.2021, B
31.01.2022, C 16.06.2022.

11 The Eneolithic: Kalinovjek, SE 171, 174, 176, 178, 257, 259 (Kerman 2013.58, 59, 62); the Early Bronze Age; Nova tabla, PO 29,
PZ 24 (Gu∏tin et al. 2017.112, 115); the Middle and Late Bronze Ages: Nedelica pri Turni∏≠u SU 344/343, 372, 381 (πavel, San-
kovi≠ 2013.78), Svetje, SU 41/42 (Leghissa 2011.86); the Late Bronze Age: Pod Kotom – sever pri Krogu, SU 347 (Kerman 2011.
71); Orehova vas, SU 160M, 191A, 81R (Grahek 2015.53, 59, 88)); the Early Iron Age: Nova tabla, PO 223 (Gu∏tin et al. 2017.
127); Hotinja vas near Maribor, SU 271/272 (Gerbec 2015.43).
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The situation is a different matter with kilns. They
decay in a certain phase, but their remains depend
on different situations. Today’s climate in the dis-
cussed area is too dry, and poorly fired structures
decompose into the matrix of the archaeological de-
posit (Amicone et al. 2020.522), and it is also pos-
sible that the space is reused at a later date. 

We believe one of the reasons why these kilns have
not been preserved is also due to the use of these
structures. Our archaeological experiments have
shown that different parts of kilns are exposed to
different temperatures, which is consistent with the
results of the AMS. The most exposed parts were the
kiln floor and the chimney. Higher values of the
AMS mean that these parts were fired better, which
affects the degree of preservation of these parts of
the kiln. In the exposure to different temperatures,
we see the reason for the poor preservation of the
kilns, which can be applied to the wider area.1122 From
this, we can say that we can mistake the remains of
the kiln floor with, for example, a hearth. Hence we
believe that we should focus our attention on pos-
sible remains of an interlacement that could have
belonged to the former dome,1133 which will signifi-
cantly contribute to the final interpretation of whe-
ther it is a kiln or a hearth.

Consequently, we believe that the firing tempera-
tures of vessels cannot be determined by analysing
the temperature of the parts of kilns. As already
mentioned, different values of AMS indicated diffe-
rent temperatures of the firing of different kiln parts.
Since kiln parts are usually randomly preserved, it
means we do not necessarily obtain the best-fired
part when sampling. Moreover, in the case of kilns
the soaking time plays an important role, since
bricks, for example, are fired for several days be-
fore they are properly fired. When macroscopically
observing the core of cubes made of Ren≠e clay (App.
1: Samples 6 and 7) it can be seen that the core is
still grey at 600°C, while at 800°C the grey part
shrinks.

Evidence of this is the results of the XRD analysis of
vessels and kiln parts from the Kra∏nja site in Slove-
nia, which showed that the vessels were fired at
about 800°C, while samples of the wall and bottom
of the kiln indicate a temperature of no more than
500°C (Ωibrat Ga∏pari≠ et al. 2014.232, 234).

We can also apply these results to pottery firing. As
Thér et al. (2018) have already shown, the soaking
time needs to be considered when comparing firing
in a bonfire with firing in a kiln.

Fig. 5. Panoramic view of a pottery thin section of the kiln wall. The voids are the result of the burned-
out organic material, straw. Photos taken under plain polarized light. 

12 Here we always need to compare AMS measurements of the local clays, since the values may depend on the natural composition
and the presence of, for example, magnetite.

13 We have found five pottery kilns at the roman site Otok pri Metliki in southeastern Slovenia. Above the perforated floor there
was a red layer full of small pieces of burned clay. There were no visible marks of the construction made with branches (see
Udov≠, Vinazza 2018.147–149).
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Fig. 6. Changes in the pottery recipes (petrographic thin sections and site phases (1 Late Bronze Age; 2
Early Iron Age; 3 end of Early Iron Age)) in combination with radiocarbon dates from the sites of Tabor
near Vrab≠e and πtanjel. Photos taken under plain polarized and cross polarized light. 
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There are no differences in the mineralogical com-
position of the πtanjel pottery when comparing the
vessel’s core and inner and outer surfaces (Samples
9–11). We take the lack of variation in these values
as evidence that the pottery was fired in a kiln. The
calcite values have not changed, which means that
the decomposition of the calcite has not started at
a temperature that has not exceeded 850°C.

Here, we would like to point out that the increase of
calcite that was already shown by macroscopic tech-
nological analysis (Vinazza 2021) and confirmed
with pottery thin sections in this study, in pottery
from sites Tabor near Vrab≠e and πtanjel is not
linked to a particular vessel type, but is noted in va-
rious forms, such as pots, dishes, and lids. This
means the reason for the addition of calcite is not
only related to the functional properties, which in-
creases the resistance to thermal shock (Bronitsky,

Hamer 1986.95–99), but also to the firing process,
since calcite acts as a flux that allows carbonate clays
to be fired at lower temperatures (Shoval 2016.12).
Since calcite decomposes at a temperature of up to
870°C and since the XRD results for πtanjel pottery
show that the temperature did not exceed 870°C,
we assume that the use of kilns makes it easier to
control the temperature and thus the use of such an
amount of calcite.1144

Finally, we analysed ceramic situla from πtanjel in
order to find confirmation of ORO firing of this type
of vessel and consequently the potential use of two-
chamber kilns with a perforated floor in the Kras
area. As the ceramic situla from πtanjel was not
made from the same clay, as the other samples show,
we see it as an imported vessel. Samples from Most
na So≠i from Poso≠je (Grahek, Ko∏ir 2018.309–311,
314–315; sample MNS D or Most 4) suggest the pos-

Fig. 7. A comparison of clay-matrix archaeological pottery – vessels (1, 3), with a silo (4) and clay from
the vicinity of πtanjel (2). Photos taken under plain polarized and cross polarized light.

14 This material is ubiquitous in the discussed area (see Jurkov∏ek 2013).
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sibility that some of the pieces were imported from
workshops in the Este area, while others are prob-
ably the product of local workshops. In our case, no
pieces of trachyte were found in the pottery mass,
which is typical for the Euganean area (see Saraci-
no 2014.144). We believe that the area of origin of
the ceramic situla from πtanjel is elsewhere and the
possibility of local workshops is still open to discus-
sion, since the XRD results also show no or a very
small amount of muscovite in pottery from πtanjel
(Fig. 8.samples 9, 10).

Conclusion

With the help of various research methods and sci-
entific analyses, we have tried to determine whether
the use of kilns for pottery firing can be expected in
the Early Iron Age in western Slovenia. The pottery-
manufacture technology of this period suggests this
possibility, and the same is true for the results of
XRD analysis, which do not reveal major tempera-
ture deviations between the outer surface and core

of the vessel, which means that the soaking time
was long enough to allow gradual and uniform fir-
ing of the vessels. The XRD analyses of the pottery
from πtanjel show that the temperature did not ex-
ceed 870°C, while the addition of calcite as a tem-
per, which did not decompose, suggests that the fir-
ing took place under controlled conditions, which
can be better controlled in a kiln (e.g., no sudden
temperature rise due to the wind blowing). The pre-
valence of oxidative firing, which is much more con-
trolled in a kiln, is also supported by the macrosco-
pic analysis of pottery in western Slovenia at the end
of the Early Iron Age. Based on the above, we as-
sume that in western Slovenia at the end of the
Early Iron Age (the 6th and 5th cent. BC) only single-
chamber kilns for the firing of pottery were known,
even though archaeological excavations have not
(yet) brought them to light. We need to point out
that a single-chamber kiln from the Early Iron Age
was found in the Dolenjska region (site Dobrava
near Oto≠ec), as mentioned above, but for the area
of Friuli Plain in Italy we still have no evidence. In

Fig. 8. Mineralogy distribution (XRD results).
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the future, we will have to pay more attention to the
excavations of such structures, and in the Kras area
there is a lack of scientific research. Only with such
an approach will we be able to understand more
about pottery technological practices in the Early
Iron Age.

However, the non-local origin of the ceramic situla
from πtanjel does not suggest the use of two-chamber
kilns with a perforated floor for the firing of the pot-
tery at the end of the Early Iron Age in the Kras area.
Since the clay for ceramic situla does not originate
from the Eugaeum area, we still need to find a closer
production area for this type of vessel. Some addi-
tional local clay sampling in a broader area close to
key Early Iron Age sites (e.g., Tomaj, Most na So≠i,
Gradisca di Spilimbergo in Italy) thus needs to be
done.

Finally, we would like to point out that the level of
technological knowledge was also determined by the
properties of the raw material available in a certain
area. Thus, the final results must also be under-
stood in light of the natural resources (e.g., clay qua-

lity) of the area and not only in terms of the level
of technological development, as is often the case in
archaeological studies.
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3. A thin section of a vessel fired in a kiln at 670°C.
8x magnification Leica Stereomicroscope EZ4.

4. A thin section of Sample 2. XPL with Zeiss Axio-
cam 305 color.

5. Ren≠e clay, fired at 600°C, Sample 6. 8x magni-
fication Leica Stereomicroscope EZ4.

6. Ren≠e clay, fired at 800°C, Sample 7. 8x magni-
fication Leica Stereomicroscope EZ4.

7. πtanjel, Samples 9 (outer surface), 10 (fracture),
11 (inner surface). 8x magnification with Leica
Stereomicroscope EZ4.

8. Ren≠e clay with admixed calcite, Sample 12. 8x
magnification Leica Stereomicroscope EZ4.

1. πtanjel, red slip coating on the situla, outer sur-
face. 8x magnification Leica Stereomicroscope EZ4.

2. πtanjel, coating thin section, a fracture (orange
colour). 40x magnification. PPL with Zeiss Axio-
cam 305 color.
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ABSTRACT – The current paper aims to reveal the potential of combining multiple approaches (tech-
no-functional analysis, experimental archaeology, and X-ray Computed Tomography) when it comes
to studying unique earthenware artefacts, such as the prehistoric human-shaped pot discovered with-
in the tell settlement from Sultana-Malu Rosu (Romania), that belongs to the Kodjadermen-Gumel-
nita-Karanovo VI civilization (KGK VI) which thrived during the 5th millennium BC. This human-
shaped pot, also known as ‘The Goddess of Sultana’, is an emblematic artefact that fascinates with
its shape, gestures, and decoration. It was apparently made from a standard clay paste recipe and
using basic forming techniques, with little care for the internal surface. This vessel also has several
hidden cracks and some manipulation traces on its backside. In order to explore its relevance, our
approach to this particular human-shaped pot included the use of archaeological data in correlation
with other techniques in order to decipher the manufacturing process for such vessels, the possible
way of using them, but also the meanings that they might have had for past human communities.

IZVLE∞EK – V ≠lanku predstavljamo potencial zdru∫evanja razli≠nih pristopov (tehni≠no-funkcional-
na analiza, eksperimentalna arheologija in ra≠unalni∏ka tomografija) pri ∏tudijah unikatnih gline-
nih predmetov, kot so prazgodovinske antropomorfne posode, kakr∏ne so bile odkrite na tell-nasel-
bini Sultana-Malu Rosu (Romunija) iz stopnje Kodjadermen-Gumelnita-Karanovo VI v 5. tiso≠letju
pr. n. ∏t. Antropomorfna posoda, znana tudi kot boginja Sultane, je zna≠ilna najdba, ki izstopa po
obliki, potezah in okrasu. Oblikovana je bila iz obi≠ajne lon≠arske mase z uporabo osnovnih tehnik ob-
likovanja in dodelavo zunanje povr∏ine. Na notranji strani so vidne ∏tevilne razpoke in sledovi iz-
delave. V raziskavo smo vklju≠ili arheolo∏ke podatke in jih povezali s tehni≠no-funkcionalnimi ana-
lizami, eksperimentalno arheologijo in ra≠unalni∏ko tomografijo z namenom prikaza procesa izde-
lave tovrstnih posod, mo∫nega na≠ina uporabe ter njihovega pomena za pretekle skupnosti. 
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The current paper will explore the technological
background of an emblematic human-shaped pot for
the prehistory of the Balkans, known as ‘The God-
dess of Sultana’, in order to trace its meanings and
how it actually was used by people in the past.

Our approach on this particular human-shaped pot
from Sultana-Malu Rosu will include using archae-
ological data in correlation with techno-functional
analysis and use-wear analysis, along with experi-
mental archaeology and X-ray Computed Tomogra-
phy (XCT). The main goal is to decipher the man-
ufacturing process of such vessels, the possible way
of using them, and their implied meanings. The use
of multiple approaches is very effective, as demon-
strated by our previously published studies (Ignat
et al. 2017; 2018; 2019; Manea et al. 2019).

Archaeological background
The tell settlement from Sultana-Malu Rosu is
located in southeastern Romania (N 44°15’41.5853”,
E 26°52’15.3378”), near the Danube River and the
border with Bulgaria (Fig. 1.a). Archaeologists have
known the site since 1923, when the first excava-
tions began. The tell settlement is located on the
high terrace of the Mostistea River, and it was used

Introduction

The emergence of fired clay human-shaped pots is
undoubtedly a technological breakthrough and a
clear evolution of the artistic conception of human
communities and that of the social development of
humankind. This type of object is generally consid-
ered part of the spectrum of figural art in prehisto-
ric communities (Schwarzberg, Becker 2017). It re-
presents a particular category of vessels, undoubt-
edly different from ‘everyday pottery’ (Opris et al.
2017).

Currently, it is evident that the meaning of these
anthropomorphic vessels, alongside all human fig-
urines documented in the Neolithic and Eneolithic
(Chalcolithic or Copper Age) in different parts of the
world is related to corporeal identities, and the way
that people from the past understood existence and
perceived the human body (Bailey 2013; 2015). The
old assumptions regarding their religious or mytho-
logical meanings (e.g., cult items, representations of
divinities, Mother-Goddesses, etc.) are no longer in
use, as proved by critical approaches postulated over
time (e.g., Meskell 1995; Biehl 2006; Bailey 2013;
2015; 2017).

Fig. 1. a location of the tell settlement from Sultana-Malu Rossu in the area of the Kodjadermen-Gumel-
nitta-Karanovo VI civilization; b the research algorithm used in our paper.
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for more than 500 years by the Kodjadermen-Gu-
melnita-Karanovo VI (KGK VI) communities in the
second half of the 5th millennium BC (Lazar et al.
2016).

In 1965 a human-shaped vessel known as ’The God-
dess of Sultana’ (Fig. 2.a) was discovered by chance
in the area of the tell settlement (Marinescu-Bîlcu,
Ionescu 1967). The name given to this artefact re-
flects the Gimbutasian interpretation of the archae-
ologist who discovered this vessel and attributed a
meaning that is currently considered out of date, as
suggested by various criticisms formulated by dif-
ferent scholars (Bailey 2013; 2015; 2017).

Unfortunately, there are not many details about the
archaeological context of this discovery. Most pro-
bably, as we previously noted (Opris et al. 2017),
the secondary burning traces observed on the exte-
rior of this vessel represent strong indicators that it
was found in a burned house. Unfortunately, any
other data regarding the association of this human-
shaped vessel with other features or artefacts are
missing. However, from a typological point of view,
it fits well in the humanized pottery series characte-
ristic of KGK VI communities (Voinea 2005). The
absence of any data regarding the stratigraphic con-
text made impossible its assignment to a specific
phase (e.g., A1, A2, or B1) of that civilization, but
based on available radiocarbon data, we could set
the possible timeframe between 4546–3973 cal BC
(2σ calibrated) (Lazar et al. 2016; 2018).

This particular human-shaped vessel is internation-
ally renowned and has been included in numerous
catalogues of collections and exhibitions (Marines-
cu-Bîlcu, Ionescu 1967; Wielen-van Ommeren et al.
2008; Anthony, Chi 2010; Lazar 2015) but also in
synthetic works dedicated to Neolithic and Chalco-

lithic anthropomorphic representations (Andreescu
2002; Ignat, Opris 2015; Opris et al. 2017).

Currently, the pot is part of the National History Mu-
seum of Romania collection in Bucharest, Romania
(inv. nr. 102236).

Materials and methods
The multiple approaches used on the human-shaped
pot from Sultana-Malu Rosu were based on the re-
search algorithm illustrated in Figure 1.b.

Generally, this kind of interdisciplinary investigation
has the potential to reveal different relevant infor-
mation regarding the technological background of
the artefacts that, in correlation with other data
types (e.g., archaeological context, functional and
use-wear traces, etc.), could offer an integrative in-
terpretation about past human’s material culture
and its multiple meanings.

The archaeological investigation of the anthropomor-
phic pot was made by following the recommenda-
tions regarding ceramic analysis available in various
studies published over time (Rye 1981; Rice 1987;
Skibo et al. 1989; Skibo 2013; Orton, Hughes 2013;
Hunt 2016), and considered a technological-typolo-
gical study, but also the examination of use-wear
traces (Skibo 2013). This approach involved measu-
ring the vessel’s dimensions (length, height, diam-
eter, etc.), weight, and volume (Tab. 1). A binocular
magnifier was used for use-wear investigation, along
with photos taken with a camera and a macro lens.

Prehistoric archaeological discoveries represent a
significant challenge compared to other chronolog-
ical periods (e.g., antiquity, medieval age, etc.) due
to the lack of complementary sources of information
(e.g., written sources, oral information, inscriptions,

Fig 2. The human-shaped vessel known as ‘The Goddess of Sultana’: a the original (left – frontal view;
right – lateral view); b the experimental replica (left – frontal view; right – lateral view).
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etc.). Under these circumstances, the data provided
by archaeological investigations remain the only
ones that can help us understand these prehistoric
communities and their material creations. Unfortu-
nately, these are also limited, far from encompass-
ing all the information needed to fully understand
the behaviour of past individuals and their decision-
making regarding different aspects of daily life (e.g.,
food procurement, production of material goods,
raw material exploitation, basic choices, etc.). Expe-
rimental archaeology aims to verify the techniques,
procedures, and processes involved in obtaining cer-
tain objects or structures and then assess the theo-
ries and hypotheses based on archaeological data,
thus facilitating the possibility of providing new
contributions to knowledge and understanding of
the past (Lazar 2015).

For the experimental replication of the anthropo-
morphic pot from Sultana-Malu Rosu, we applied the
methods and protocols developed by our team and
previously published (Ignat et al. 2017; 2018; 2019).
Generally, this kind of approach could offer us essen-
tial data about the invisible elements of the past, re-
garding the technological process (e.g., chaîne opé-
ratoire employed in making these prehistoric clay
items), which are not identified in the archaeologi-
cal excavation (Lazar 2015). Therefore, the primary
aim was to verify the manufacturing process, with
all technological segments (e.g., gathering raw ma-
terials, paste preparation, the drying and firing me-
thods) involved.

When it comes to XCT investigations, during the last
few decades this kind of imaging method has been
increasingly applied in archaeological research (Kahl,
Ramminger 2012; Thér 2016; Kozatsas et al. 2018;
Ross et al. 2018; Park et al. 2019). This type of ana-
lysis can provide details about the internal structure
of the artefacts that cannot be otherwise disclosed
but through destructive investigations. Naturally, the
more that is known about the inner structure of an
object then the more speculations about the way it
was manufactured or about the roles it might have
played can be made. In particular, the application
of XCT for the study of prehistoric clay artefacts
proved to be an excellent non-invasive approach,
being especially relevant to investigate the internal
structure and/or hidden details of unbroken/intact
archaeological objects.

The XCT scans reported in this paper were per-
formed with a Nikon XT H 225 device that contains
a micro-focus X-ray source (225kV maximum volt-

age, 1mA maximum current, focal spot size: 3μm
below 7W and up to 225μm at 225W) that provides
a conical X-ray beam, a Varian 2520 flat panel de-
tector (127μm pixel size; 1900x1516 active pixels),
and an accurate 5 axes positioning system, that al-
lows the movements of the sample in the X, Y, and
Z direction, as well as its rotation with 360° and tilt-
ing by ±30°. The average voxel size is roughly 1.5x
105μm3. This equipment allows the inspection of re-
latively large volume objects with high image reso-
lution and an ultrafast CT reconstruction. The X-ray
tube working parameters were optimized for the
tomography of clay artefacts, namely a tube voltage
of 100kV and a current intensity of 45μA. The entire
volume of the objects was scanned in 360 steps, re-
presenting the full rotation of the object around its
central axis. The acquisition time for the full tomo-
graphic scan was roughly 6 minutes, while the image
reconstruction performed with VG Studio Max 3.0
software took several hours. The XCT image analy-
sis was carried out to inspect the reconstructed ima-
ges visually. This approach was followed because
VGStudio Max 3.0 software is a general-purpose tool
for 3D reconstruction. The analysed voids result
from a visual inspection of the slices, and therefore
not all the identified voids are perpendicularly ori-
ented concerning the orthoview planes.

The interpretation of the XCT images was made ac-
cording to the methodology developed in the latest
studies that involved the analysis of archaeological
clay artefacts by XCT-images (Kahl, Ramminger
2012; Green et al. 2017; Ignat et al. 2017; 2018; Ko-
zatsas et al. 2018; Manea et al. 2019; Park et al.
2019).

Results

Archaeological data
From the preservation point of view, the human-
shaped vessel from Sultana was discovered in a
complete state, without visible cracks, with only an
ear missing (the right one, now restored with plas-
ter) and some secondary burning traces on the exte-
rior surface (Opris et al. 2017).

This particular human-shaped pot represents a per-
son in a standing position. The bottom is dispropor-
tionate compared to the top. The thighs, buttocks,
pelvis, and hips regions are highlighted, showing
clear elements of steatopygia. The upper limbs are
stylized, placed very high, and stuck to the body.
The elbows are bent, the right arm resting on the
left, which in turn has placed its fingers under the
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chin. The facial area is well represented. An arched
projection renders the eyes. The nose is outlined,
and the mouth is shown by a triangular notch, un-
derlined with holes. Two large ears are added on
the sides, pierced with four holes. On top of the figu-
rine, the round neck of the vessel is attached, with
a threshold for supporting a lid (missing). The ves-
sel was fully painted with white decoration (e.g., spi-
rals, circles, stripes, palmettes, and a triangle for the
genital area). The attitude of this character, repre-
sented as a standing human with one hand brought
to the mouth, seems a meditative one, which re-
minds us of the ’Thinker of Cernavoda’ (Marinescu-
Bîlcu, Ionescu 1967). However, according to a new
interpretation, it can represent a human in a ‘dead
position’ based on gestures and wear-trace analysis
(Opris et al. 2017).

If we consider the anatomical elements presented,
the humanized pot can be considered realistic only
to a small extent because it does not reflect a com-
plete representation of the human body. Certainly,
the general shape of the pot suggests a human in a
standing position with most anatomical features pre-
sented (e.g., head, body, hands, legs). Some of them
are designed very schematically (e.g., hands) to a
scale that does not correspond to a natural body and
is disproportionate to the other anatomical elements.
The other ones (e.g., head, legs) are represented on
a proportional scale and are much more realistic. Re-
garding the facial attributes of the vessel from Sulta-
na-Malu Rosu, it displays sufficient elements, high-

lighting the most relevant facial physiognomy (eyes,
nose, mouth, eyebrows, ears), placed anatomically
correctly. The eyes and mouth are depicted as in-
cised lines, and the hands, nose and ears are em-
bossed. There are four holes in the left ear and ano-
ther ten under the mouth, possibly signs of some
form of body piercing (Opris et al. 2017).

Although it was previously discussed that the repre-
sented person would be a woman (Marinescu-Bîlcu,
Ionescu 1967), we have already shown that the piece
does not present sufficient anatomical elements to
assign it to this gender because some relevant body
parts for this category (e.g., breasts, vulva) are miss-
ing (Opris et al. 2017).

Nevertheless, the analysed vessel presents a series of
features that make it a true masterpiece of prehisto-
ric art.

Techno-typological analysis
Strong evidence about the technique used to make
this vessel is missing since the inner surface was
smoothed and the external surface was polished.
The macroscopic analysis of the surfaces allowed us
to observe that the paste was tempered with grog
and contained natural non-plastics like rare, round-
ed and sub-rounded, calcareous inclusions (up to
5mm) and fine white mica (Opris et al. 2017). This
paste recipe is widespread for the Eneolithic pottery
discovered within the Sultana-Malu Rosu tell settle-
ment (Ignat et al. 2013). Moreover, since the vessel

Fig. 3. The use-wear analysis: the abrasion traces on buttocks (a-b) and heels (c-d) areas of the human-
shaped pot. Without scale (after Opriş et al. 2017).



Between object and subject> multiple approaches to a prehistoric human-shape pot from Romania

411

is intact, unbroken, and represents an artefact cat-
alogued in the collection of national heritage, it is
impossible to take samples for a different kind of
archaeometrical analysis. The non-destructive XCT
scans performed on this item thus offered supple-
mentary data (see the dedicated section below).

All external surfaces were painted with specific mo-
tifs in white dye before the initial firing, but the se-
condary firing partially damaged it. There is a hypo-
thesis that the painted motifs represent some form
of tattoo art (Marinescu-Bîlcu, Ionescu 1967).

From a typological perspective, the investigated pot
falls into human-shaped vessels that represent a
standing person. The item is similar to other huma-
nized pots discovered within the tell settlement from
Sultana-Malu Rosu (Opris et al. 2017) or other con-
temporary sites belonging to KGK VI communities
(Andreescu 2002; Voinea 2005).

Functional and use-wear analysis
One of the main functional features is represented
by the storage capacity of the recipient, in our case
2 litres, an element that places it in the type of me-
dium storage vessel. According to the morphometric
analysis and experimental replication, it can be used
very well as a container, especially for liquids or
’flowing solids’ (like cereal grains) (Opris et al. 2017).

The use-wear analysis (Schiffer, Skibo 1989; Skibo
2013) made on this humanised pot indicates that it
was used repeatedly, this being proved by the pres-
ence of some abrasion traces on different sides of
the pot. Interestingly, even though we are dealing
with a vessel that, according to its shape, should be
used in a vertical position, most abrasion traces are
not on the base (soles) but mainly on the back of the
heels and buttocks (Fig. 3). This fact demonstrates
that this vessel was used most of the time on its back
position. Moreover, the lack of some specific marks
on the soles could be evidence that while complete,
the vessel was not moved (Opris et al. 2017).

The experimental replication
In order to identify the invisible elements of the
past technological process and follow the features
of the humanized vessel from Sultana-Malu Rosu,
we tried to make an experimental replica (Fig. 2.b)
using a local source of clay and prehistoric techno-
logies. The experimental replica was made prior to
the XCT analysis of the original pot, using only
available macroscopic data and the potter’s experi-
ence and intuition.

The previous archaeometrical analyses performed
on both Eneolithic pottery from the tell settlement
and local clay sources around the site (Ignat et al.
2019) indicated a local source for the clay used for
making pottery. The source that had the most com-
mon features with the pottery from the site is locat-
ed on the shore of the Mostistea Lake, about 300
meters north-west of the tell settlement. This source
was denoted as Source nr. 8. From there, we col-
lected two types of clay: one brown with sparse
(<5%) carbonate concretions and one greyish-white
in colour also with sparse (<5%) carbonate concre-
tions in composition (Ignat et al. 2019).

The paste recipe used for modelling the experimen-
tal human-shaped pot was a mix made out of grey-
ish-white clay (75%) and grog (25%, with granules
<5mm).

The vessel’s shape was modelled by hand by an
archaeologist with limited experience in pottery
making. The forming sequence was performed out-
doors, in a shaded place during a day with moder-
ate wind. According to the primary forming typol-
ogy developed by Owen Rye (1981), coiling com-
bined with pinching were the methods used. Thus,
the bases of the feet were the first to be modelled,
the process performed by hand and with the help of
a bone spatula used for scraping. Afterwards, the
whole body was built by using small coils of clay.
After every two or three coils were added, the out-
er part of the vessel in that area was scraped with a
bone spatula and then smoothed with a dried reed
stem and water. The thickness of the walls was main-
tained at about 0.5cm. The anthropomorphic featu-
res such as arms, mouth, nose, eyes, eyebrows and
ears were added and modelled right after the ves-
sel was shaped. The whole vessel was built in a sin-
gle sequence giving that the lower constructed parts
had been gradually drying during the forming pro-
cess that took six hours. The final height of the ves-
sel was 37cm. After one day of drying, a crack ap-
peared in the area where the legs join, visible from
both the outside and inside of the pot.

The finishing method used was polishing the exter-
nal surface with a fine river pebble after the vessel
was dried indoors for two days. This process lasted
one hour and a half (90min).

A wood stick with human hair bound at an end was
used as a brush to decorate the vessel. The paint was
made of crushed carbonate concretions (c. 75%),
collected from the shore of Mostistea Lake, mixed
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with egg white (c. 25%). Paint-
ing the decoration took al-
most three hours (170 minu-
tes). However, the process
was not very complicated, in-
volving only some basic artis-
tic skills and an experimental
brush to replicate the painted
motifs documented on the ori-
ginal item.

After one year, the vessel was
fired in a big kiln with two
chambers that replicated an
Eneolithic pottery kiln disco-
vered in Ukraine (Tencariu
2015). The fire was powered
with 85kg of dry wood, and
the maximum temperature obtained was 786°C in
the centre of the kiln after three hours of the firing.
The maximum temperature measured on the God-
dess replica was 623°C. The firing temperatures re-
corded on the experimental human-shaped vessel
during the combustion process are shown in Figure
4. After three hours of firing, the access door in the
back of the kiln was opened, and no more wood was
added. The grill under the vessel was crushed by the
end of the firing, but the replica of ‘The Goddess of
Sultana’ remained unbroken.

Imaging investigations
The XCT approach involved scanning the original
archaeological object, as well as the experimental
replica. In the latter case, for correct and complete
control of the recorded data, following the objective
to trace the technological elements related to the
production of the humanized vessels, we made sev-
eral XCT-scans both on the object after drying and
also after its firing. In this way, we tried to record
how the object transformed during the two major
processes involved in making prehistoric ceramic
vessels. Moreover, the imaging investigations per-
formed on the experimental replica offer the great
advantage of analysing an object made under con-

trolled conditions, for which all the production se-
quences and quantities of raw materials used have
been recorded, thus allowing a reasonable interpre-
tation of the resulting imaging data and their corre-
lation with the structural and composite data of the
analysed item. Moreover, this type of information
becomes an accurate reference index that can be
used in the case of archaeological artefacts for which
this kind of data is missing.

Due to the large dimensions of both the original pot
and experimental replica compared to the measure-
ment capacity of the X-ray detector, the imaging in-
vestigations were made in three stages for every pot
(lower, middle and upper parts, applied on original
pot, dried replica and fired replica, respectively).

Generally, considering the potential of the imaging
investigations to answer different questions regard-
ing pottery technology (Berg 2008; Kahl, Rammin-
ger 2012; Ignat et al. 2017; 2018; Kozatsas et al.
2018; Manea et al. 2019), our approaches aimed to
identify the following aspects: (i) characteristics of
ceramic paste; (ii) primary forming techniques; (iii)
joins of the anatomical elements on the pot; (iv) sur-
face finishing; (v) cracks or repairs.

Characteristics of the ceramic
paste
The most visible non-plastics in the
clay recipe of the original pot and
experimental replica were the car-
bonate concretions inclusions (Fig.
5). Their density, shape, size and di-
stribution (Tab. 2) indicate their pre-
sence in the clay matrix as natural in-

Goddess of Sultana pot Weight Capacity Max. pot Height
(g) (l) diameter (cm) (cm)

Original 1873 2.0 19.8 32.3
Replica (after modelling) 3335 n\a 23.6 37.0
Replica (after drying) 2790 n\a 22.5 35.2
Replica (after firing) 2540 3.3 22.0 34.5

Tab. 1. The size and weight of the experimental human-shaped ves-
sel at different stages of production compared to the original pot.

Fig. 4. The firing temperatures recorded on the experimental human-
shaped vessel during the combustion process.
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clusions specific for the clay sources. There are slight
differences in density, roundness, and shape be-
tween the original pot and the experimental replica.
The high sphericity and the rounded shapes of the
carbonate concretions show that the clay source
used for the original pot was a redeposited sediment
gradually washed and eroded by the alluvial waters.
The clay used for the experimental replica was col-
lected from the base of the loess deposit near the
site (from a depth of about 4m). The movement of
the carbonate concretions from this layer was slow-
er over time, and thus their roundness and shape
are of both high and low sphericity, and many of
them have sub-angular and angular shapes. Never-
theless, the presence and characteristics of the car-
bonate concretions in the original pot point out to a
local clay source exploited in the vicinity of the Sul-
tana-Malu Rosu tell settlement.

The presence of grog in the original pot was observ-
ed when both surfaces were analysed in detail with
the naked eye and the digital reconstruction of the
scraped interior areas (Fig. 7.A1). As was already stat-
ed, the clay recipe used for the experimental repli-
ca contained 25% grog. Knowing this information,

it was interesting that grog was hardly noticeable as
non-plastic inclusions in all the tangential sections
of the analysed pots (Fig. 5), even though the digi-
tal images were processed in various light intensities
in order to highlight the non-plastics from the clay
matrix. The difficulty of identifying grog inclusions
in pottery through XCT analysis has also been re-
ported by Wolf-Achim Kahl and Britta Ramminger
(2012). According to them, this is a consequence of
the similarity between the attenuation coefficients
of the grog and fired clay matrix. In the case of the
tangential sections of the unfired replica, the obser-
vations were identical (Fig. 5.B1-3) and showed no
noticeable differences when unfired and fired clay
was analysed using XCT images.

The fine clay matrix had no different particularities
in the radiographic images of the analysed vessels.

The voids were observed in radial sections (Fig. 6)
and are marked by black patches inside the vessel’s
walls. Their sources can differ depending on the tech-
nological variation in the production chain (Kahl,
Ramminger 2012). The ones in the original pot have
a sparse density and various sizes and shapes (Tab.

Characteristics of Original human-shaped Experimental replica Experimental replica
ceramic paste vessel (after drying process) (after firing process)
Natural inclusions Carbonate concretions> Carbonate concretions> Carbonate concretions>

● whitish or light grey in colour ● whitish or light grey in colour ● whitish or light grey in colour
● rare density (1–2%) ● sparse density (2–5%) ● sparse density (2–5%)
● size 1–5mm ● size 1–10mm ● size 1–10mm
● high sphericity ● high and low sphericity ● high and low sphericity
● well-rounded, rounded ● sub-rounded, sub- ● sub-rounded, sub- 

or sub-rounded angular or angular angular or angular
Organic matter>
● black in colour (voids)
● rare density (∏1%)
● elongated, ovoid or spherical

Tempers Grog> Grog> Grog>
● hardly noticeable ● hardly noticeable ● hardly noticeable
● light grey or ash grey in colour ● light grey or ash grey in colour ● light grey or ash grey in colour
● undeterminable density ● undeterminable density ● undeterminable density
● dimensions 1–2mm ● dimensions 1–2mm ● dimensions 1–2mm 
● low sphericity ● low sphericity ● low sphericity
● angular ● angular ● angular

Clay matrix ● no particularities could be ● no particularities could be ● no particularities could be
distinguished distinguished distinguished

Voids ● black in colour ● black in colour ● black in colour
● sparse density (3–5%) ● rare density (1–2%) ● rare density (1–2%)
● size 1–15mm ● size 1–15mm ● size 1–15mm
● irregular, elongated, ovoid or ● irregular, elongated or ovoid ● irregular, elongated or

spherical shapes shapes ovoid shapes
● vertical, diagonal or horizontal ● vertical or mostly random ● vertical or mostly random

orientation orientation orientation

Tab. 2. Characteristics of ceramic paste resulted from the X-ray CT performed both on the original hu-
man-shaped vessel and experimental replica (dry and fired).
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2). The ovoid and spherical ones (Fig. 6.A1-2) could
have been organic grains (possible seeds) that van-
ished during the firing process. Some of the elon-
gated voids from the feet walls seem to be formed
due to the disappearance of organic matter during
combustion (Fig. 6.A3). The sparse frequency shows
that the organic inclusions were natural or acciden-
tal in the clay and not intentionally added as temper.
Other elongated and irregular voids were formed
during the modelling of the pot and will be discussed
in the section assigned to primary forming techni-
ques. The void network in the experimental replica
remained virtually the same after the firing process
(Tab. 2; Fig. 6.B1-3,C1-3).

Firstly, this situation is due to the absence of orga-
nic inclusions in the clay used for the experimental
replica. Secondly, this is a solid clue that no signifi-
cant changes in the clay fabrics occurred during the
firing. Consequently, the primary void network in
the experimental replica was formed during the mo-
delling and drying process.

Primary forming techniques (Tab.3)
The identification of primary forming techniques
(Rye 1981; Rice 1987; Thér 2016) has been mainly
based on a visual analysis of the inclusions and void
orientations observed in the radial sections (Koza-
tsas et al. 2018). The tangential and horizontal sec-
tions were also analysed, but their examination
brought a minor contribution to the final interpreta-

tion of the forming techniques. The observations
were made on three different parts of the vessels
(lower, middle and upper) according to the XCT-ima-
ges obtained for each part (Fig. 6).

The elongated and irregular voids in the core walls
of the lower part of the original pot (the feet) predo-
minantly have a vertical orientation or more rarely
a diagonal one (Fig. 6.A3). Their morphology and
orientation can be recognized as traces left by coil-
ing combined with sequential pinching, a technique
that uses coils to build the walls followed by pinch-
ing for modelling the shape and to control the thick-
ness of the walls (Thér 2016). 

Both horizontal and vertical voids are detectable in
the middle part of the original pot (Fig. 6.A2). The
horizontal ones attest to the coiling technique, while
the vertical ones indicate pinching after adding the
coils. A flattened patch was used to reinforce the
back of the vessel (Fig. 6.A2, down left). In the case
of the experimental replica, the coiling technique is
more noticeable in the XCT-images of the middle
part, considering the presence of horizontal cracks
and voids.

The upper part of the original pot has voids that are
relatively vertically oriented (Fig. 6.A3), similar to
those identified in the lower part of the vessel. The
most probable technique used for the primary form-
ing of this part of the vessel was coiling and pinch-

Fig. 5. CT-images of tangential sections of the original pot (A1-3), dried experimental replica (B1-3) and
fired experimental replica (C1-3).
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ing. The coiling used to build the upper part of the
experimental replica was detectable only in specific
areas of the XCT-images. The application of the rim
as a separate coil is the most visible, while the rarely
encountered horizontal voids can be interpreted as
traces left by the use of the coiling technique.

Joins of the anatomical elements on the pot
(Tab. 3)
The embossed anatomical elements on the original
pot (hands, nose, ears) could have been made in
three ways: (a) by dragging clay from the vessel’s
walls, (b) separately modelled and then attached to
the vessel or (c) gradually formed by attaching small
pieces of clay modelled in place. Right after the ves-
sel was built, the anatomical elements of the exper-
imental replica were attached as pieces of clay that
were subsequently modelled into the desired shape.
Prior to joining the anatomical elements, the vessel’s
surface was prepared by scraping and moistening
with water. The radial section of the upper part of
the original pot (Fig. 6.A3) shows elongated voids
in the joining areas of the hands and ears, indica-
tive of a wet join performed while both the vessel’s
walls and anatomical elements were wet and moist
(Kozatsas et al. 2018). In the radial section of the

experimental replica (Fig. 6.B3,C3), the same pat-
tern is visible for the joining of the ears, but there
are no noticeable traces to indicate the joining of
the hands. The joining of the nose was not visible
in the XCT-images, neither for the original pot nor
the experimental replica.

Surface finishing (Tab. 3)
The XCT-images for the internal surface of the origi-
nal pot (Fig. 7.A1-3) showed multiple traces of scrap-
ing and smoothing in vertical and diagonal paral-
leled stripes that can be interpreted as traces left by
the potter’s hand. In contrast, the external surface
was well polished (no tool traces left) and then de-
corated by painting (Fig. 8.A1-3). The interior of
the experimental replica was constantly scraped
with a bone spatula and then smoothed with a reed
stem during the vessel’s building process. Conse-
quently, the traces left and identified on the XCT-
images consist of small lines of horizontal or diag-
onal orientation (Fig. 7.B1-3,C1-3). Inside the pot,
traces of fingers can only be spotted in the middle
area (Fig. 7.B2,C2). The external surface of the rep-
lica vessel was well polished using a river pebble,
and the traces left are not detectable in the XCT-
images (Fig. 8.B1-3).

Fig. 6. CT-images of radial sections of the original pot (A1-3), dried experimental replica (B1-3) and fired
experimental replica (C1-3).
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Repairs or cracks (Tab.3)
The original pot has no visible cracks when exam-
ined by the naked eye. However, the investigation
of the images obtained by XCT revealed several
cracks that appear mainly in the joining area of the
feet but also on the middle part of the pot (Figs. 6.
A2-3; 7.A2). The first ones are related to the pres-
sure exerted on the joining area of the feet while the
upper part was built, and the standing pot was slight-
ly moved during the work. The same cracks appear-
ed on the experimental replica during the building
process (Figs. 6.B2,C2; 7.B2,C2). The horizontal crack
from the middle part (Fig. 7.A2) of the original pot
was most probably formed due to a deficiency in
joining the coils used for the primary forming. Other
diagonal cracks in the same area could result from
the secondary firing of the pot. The horizontal cracks
in the experimental replica also appear in the mid-
dle part (joining of the coils) and at the joining of
the rim with the vessel’s body (Fig. 6.B1,C1).

Discussions

The multiple approaches used to examine the inside
and the outside of a human-shaped pot from Sulta-
na-Malu Rosu allowed us to obtain a specific data set
regarding the characteristics of the humanized pot-
tery produced by these prehistoric communities.

Our goal was to focus on the manufacturing process
that past potters followed to make such humanized
vessels. This approach allows us to record some ex-
citing data and identify the invisible elements about
the chaîne opératoire undocumented in the archa-
eological record. Firstly, it should be noted that de-
spite the complex appearance of the vessels with hu-
man morphological attributes, the manufacturing
process would not be a great challenge for a potter
with regular experience in the field. As we previ-
ously showed, various stages of collection and pre-
paration of raw materials alongside the modelling
process fit well in the pottery production standards
manufactured by hand. Moreover, the anatomical
components are easy to achieve and do not require
special skills. The painting decoration process is also
included in the production standards previously ob-
served (Ignat et al. 2012; 2013; 2017; 2018; Ignat,
Opris 2015; Opris et al. 2017). The time required is
imposed not by the shape of the ceramic vessel but
by the complexity of the painted motifs, for which
some artistic skills are needed.

However, beyond these general observations there
was a series of changes in how the experimental
container behaved in different stages of production.
Thus, according to the data presented in Table 1, we
observe that the object’s size and weight changed in

Tab. 3. Forming features resulted from the X-ray CT performed both on the original human-shaped ves-
sel and experimental replica (dry and fired).

Forming features Original human-shaped vessel Experimental replica Experimental replica
(after drying process) (after firing process)

Primary forming ● coiling + pinching (|), ● no particularities could be ● no particularities could be
techniques flattened patches in the lower distinguished for the lower distinguished for the lower

part of the feet part (feet) part (feet)
● horizontal coiling and ● hardly noticeable horizontal ● hardly noticeable horizontal

flattened patches for the coiling for the middle part coiling for the middle part
middle part of the pot ● horizontal coiling for the rim ● horizontal coiling for the rim

● coiling + pinching (|) for
the upper part

Joins of the anato- ● ears and hands added after ● ears clearly added after the ● ears clearly added after the
mical elements the primary forming of the pot primary forming of the pot primary forming of the pot
on the pot
Surface finishing Internal> Internal> Internal>

● vertical scraping with the ● horizontal and diagonal ● horizontal and diagonal
fingers on the feet scraping and smoothing with scraping and smoothing with

● diagonal and vertical scraping a hard tool a hard tool
and smoothing with the ● fingers prints in the middle ● fingers prints in the middle
fingers in the middle and part part
upper part External> External>

External> ● polished with a hard tool ● polished with a hard tool
● polished with a hard tool 

Cracks or repairs ● crack in the feet joining area ● multiple cracks in the feet ● multiple cracks in the feet
● horizontal crack in the back joining area joining area

of the middle part ● no traces of repairs ● no traces of repairs
● no traces of repairs
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the different stages of the manufacturing process.
All the recorded changes are related to the chemical-
physical characteristics of the paste used for the pot
making process, and its evolution during the drying
and firing stages.

More valuable data regarding the compositional and
structural aspects of the original pot were provided
by the XCT investigation and comparison with the
experimental replica. The XCT-images have allowed
for the first time to view inside the walls of the ori-
ginal pot and consequently helped us characterize
its ceramic paste. The presence of natural non-plas-
tic inclusions such as rare spherical carbonate con-
cretions and sparse organic matter, followed by the
comparison with the inclusions from the experimen-
tal replica that was made with clay collected near
the site, are indicative of a raw clay collected from
a local deposit of alluvial nature. The hypothesis
that the original pot was manufactured locally is
strengthened by the presence of grog used as tem-
per, a long-term tradition in making ceramic paste
recipes observed for most of the Eneolithic pottery
found within the tell settlement from Sultana-Malu
Rosu. The shape, size and orientation of the voids in-
dicate that the original pot was primarily formed by
coiling followed by pinching, and in some cases, the
flattened patches were used to reinforce the walls.
However, some questions on this topic still remain,
mainly because when these primary forming techni-
ques (e.g., coiling and pinching) were applied on the

experimental replica, their specific traces were only
partially revealed by the XCT analysis. More clearly,
results were obtained regarding the joining of the
anatomical elements. The arms and ears of the ori-
ginal pot were attached after the building of the ves-
sel’s walls, while the nose, mouth and eyebrows did
not bear any traces indicative of joining to the pot.
The internal surface of the original pot was only
scraped and smoothed by fingers. This little care for
the internal surface made it unusable for liquid con-
tents, even if its shape recommends it for this kind
of use (Skibo 2013). In contrast, the external surface
was well polished and decorated by painting. The
XCT-images also revealed hidden cracks in the join-
ing area of the feet and the middle part of the origi-
nal pot. The high similarity with the cracks observ-
ed in the experimental replica can be a solid argu-
ment that both vessels were built using comparable
steps and construction techniques.

When it comes to the possible functional attributions
that the analysed human-shaped pot could have ful-
filled, we were able to identify some features that
might suggest certain functions. However, a clear in-
terpretation is difficult to achieve based only on the
structural and typological particularities of the archa-
eological artefact and the experimental replica. As
mentioned earlier, certain elements (such as the vo-
lume or the shape) may suggest a distinct function
for this particular vessel, for example, its use as a re-
cipient for short-term storage of liquids or for

Fig. 7. 3D CT-images of the internal surfaces of the original pot (A1-3), dried experimental replica (B1-3)
and fired experimental replica (C1-3).
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gathering and transferring them to
another container. However, other
characteristics (such as the little care
for the internal surface or the multiple
cracks inside the walls) make it imprac-
tical for liquid-related uses and indicate
other functions. At the same time, its
usage as a storage container for differ-
ent types of ’flowing solids’ (Opris et al.
2017), even if it is a more viable
option, at some point may also become
questionable due to the wear traces
that suggest the use of this vessel for
gathering rather than storage.
Therefore, while several features may
suggest one or more functions, the
presence of other elements may dis-
mantle the previous assumptions, thus
creating a vicious circle in interpreting
the function of such a pot. In this con-
text, for an interpretation as accurate
as possible regarding the function of
this particular human-shaped vessel,
further experiments must be conducted
by using several replicas of it under dif-
ferent conditions (for example, using
them for gathering different types of
goods, transporting the vessels in dif-
ferent ways while empty or/and full, etc.). This
approach, in correlation with the functional and
use-wear information provided by the current
study, may ultimately lead to a better understand-
ing of how this vessel was used in the distant past.

Conclusion

The present study revealed the potential of combin-
ing multiple approaches in investigating a unique
Eneolithic pot discovered at Sultana-Malu Rosu. Thus,
with the help of archaeological data and experimen-
tal archaeology, coupled with X-ray Computed To-
mography, we have been able to identify multiple
invisible aspects regarding the manufacturing pro-
cess of the human-shaped pot known as ‘The God-
dess from Sultana’. By carefully following and ana-
lysing all the operational sequences (harvesting and
preparation of raw materials, modelling and deco-
ration of the pot, the drying and afterwards the fir-
ing process) in terms of the technology, time and
skills required for the different stages of production,
we managed to shed some light upon the methods
used to obtain this final product and on what the
entire process implied for the potter. Furthermore,
the XCT investigation facilitated a detailed exami-

nation of the archaeological pot’s internal structure,
as well as that of the experimental replica, thus of-
fering the possibility of identifying technological ele-
ments (characteristics of ceramic fabric, primary
forming techniques, surface finishing, repairs or
cracks) related to the chain of production. Moreover,
the techno-functional analysis provided a small but
interesting set of data, which allowed us to set up
some new research goals for the near future to in-
vestigate how this human-shaped vessel – or similar
ones – was used in the past.

Unfortunately, the correlation of all typological-sty-
listic, experimental, XCT-scan and techno-functional
data about this unique humanized pot suggests a
controversial function that at the moment can be
framed neither as special nor as ordinary. However,
this particular vessel, ’The Goddess from Sultana’, in-
directly reflects the ideology, beliefs, wishes, desires,
visions about the world, humans, nature, daily life
cycles and differing technological, organizational,
and social approaches of past peoples. The tenden-
cy of human communities to represent the familiar
silhouette of the human body or give objects a hu-
man (or quasi-human) form is a natural process of
expressing the visual identity perceived by these

Fig. 8. 3D CT-images of the external surfaces of original pot (A1-
3) and fired experimental replica (B1-3).



Between object and subject> multiple approaches to a prehistoric human-shape pot from Romania

419

people in the past. The act of adding typically hu-
man anatomical elements (e.g., eyes, ears, hands,
etc.) to inanimate objects is well documented in
KGK VI communities. This seemingly technological
act transforms inanimate objects into living objects,
and thus active tools that are part of, live with and
contribute to the daily setup of these people’s lives.
Some particular elements found in this study (e.g.,
the use of the vessel in a horizontal position, not in
a vertical one (which is the anatomical orientation
of the figure), prove the complexity of the vision
and imagination of prehistoric people, but also the
high amplitude of the abstract dimension of the past
minds that created and enlivened these artefacts. The
way these abstract ideas are manifested through
the material culture that these peoples created led
(indirectly) to drawing inferences about the factors
that governed the daily lives of those communities,
and reflected their collective and individual identi-
ties. Moreover, humans do not behave under the in-
fluence of their senses alone but also through their
individual and collective past experiences such as
their upbringing correlated with the technological
level of expression, beliefs, traditions, ideas, aims,
fears, desires, symbols, and myths. These experien-

ces contribute to each individual’s unique view of
the world, and in this way human groups that live
together tend to develop a shared view of the world,
which in turn influences their group material culture
(Henley et al. 2020).
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Introduction

The systematic study of worked animal bones at Neo-
lithic and Chalcolithic sites in Anatolia has increased
in the last two decades (Russell 2016). No longer a
neglected sub-discipline, studies have shown how
new avenues of scientific testing (Bradfield et al.
2019), use-wear analysis (Campana, Crabtree 2018)

and spatial analysis (Samei, Alizadeh 2020) can add
to our understanding of sedentary communities.
However, some long-standing excavations from Ana-
tolia are yet to undergo the first element of systema-
tic analysis: the establishment of a typology, raw ma-
terial identification, and technological, contextual,
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ABSTRACT – In this investigation we detail the results of a systematic analysis of worked animal
bone from Ulucak, one of the earliest Neolithic sites in western Anatolia. The collection exhibits a
wide range of types, including points, needles, spatulas, bevelled tools, perforated objects, and other
unique objects. A study of the raw material shows a preference for sheep and goat long bones, while
large-sized animal rib bones were also utilized. Manufacturing techniques employed included split-
ting, grooving, and abrasion, while a contextual analysis of the material underscores an intricate
connection with other objects made from stone and clay. Items found in buildings relate to textile,
leather, and ceramic production, while personal ornaments may have played a part in abandonment
rituals. Examination of this assemblage is understood as a common set of regional tool types with
some localized variations.

IZVLE∞EK – V razpravi predstavljamo rezultate sistemati≠ne analize obdelanih ∫ivalskih kosti iz
Ulucaka, enega najzgodnej∏ih neolitskih najdi∏≠ v zahodni Anatoliji. Zbir predstavlja ∏iroko paleto
orodij, konic, igel, lopatic, prirezanih orodij, prebodenih predmetov in drugih unikatnih izdelkov.
Analiza surovin ka∫e, da prevladujejo ov≠je in kozje dolge kosti. Uporabljali so tudi rebra velikih
∫ivali. Tehnike izdelave vklju≠ujejo razcepljanje, ∫lebljenje in bru∏enje. Kontekstualna analiza je po-
kazala na povezave z drugimi predmeti, narejenimi iz kamna in gline. Ko∏≠eni predmeti, ki so bili
najdeni v zgradbah, so povezani s tkanjem, izdelavo usnjenih izdelkov in lon≠enine. Ko∏≠en osebni
nakit je bil morda uporabljen v obredih opu∏≠anja bivali∏≠a. Predmete razumemo kot regionalen
zbir orodij, ki vklju≠ujejo tudi lokalne razli≠ice.
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of the buildings. Of the 10 sub-phases of Level IV,
only IVb has been exposed in a wider area of about
1000m2. In Level IVb one- or two-roomed substan-
tial domestic buildings with sun dried mudbrick
walls on stone foundations were divided by narrow
streets. Level IVc is known from a specialized cera-
mic workshop with six rooms built of post-framed
walls (Çevik 2016). The inventory of the workshop
consists of several clay loaves, hematite lumps, un-
finished vessels, bone tools and grinding stones pos-
sibly used for powdering hematite, which indicates
the whole sequence of pottery manufacturing (Fig. 2).

Pottery has been attested starting from Level V on-
wards, while the earliest occupation at Ulucak is de-
void of pottery and any other clay objects. Ceramics
of the earliest periods include cream, brown and
grey burnished wares, with an increase in red-slip-
ped burnished wares in Level IV (Çilingiroglu 2012;
Çevik, Vuruskan 2020). Other items recovered at
the site include stone tools (with obsidian mostly
originating from Melos), figurines, stamp seals, spin-
dle whorls and loom weights (Sevindik 2018). The
faunal assemblage (Pilaar Birch et al. 2019; Çakır-
lar 2012) consists mainly of domestic sheep and
goat, with cattle and pig frequently recorded. Deer
(most commonly fallow), small mammal (such as
hare, fox, and tortoise), bird and fish remains are
documented in lower numbers.

and comparative investigations of their collections
to establish a foundation for these further studies. 

One of these sites is Ulucak, located 25km east of Iz-
mir. Continuous archaeological excavations since
1995 have uncovered a vast amount of material cul-
ture (Çevik, Erdogu 2020; Çevik 2019; Çilingirog-
lu et al. 2004; 2012). Uninterrupted occupation at
the site occurred between Level VI (6850/6830–
6500 cal BC), Level V (6500–6000 cal BC) and Level
IV (6000–5700 cal BC), with habitation in Level III
(5600–5460 cal BC) occurring after a brief cultural
break. Later levels belong to the Early Bronze Age
(Level II) and Middle Bronze Age (Level I), with evi-
dence of Late Roman/Byzantine remains on the sur-
face. 

The earliest occupation at Ulucak, Level VI, has been
exposed in trenches L13 and partly L12 and K13.
This period is known from two adjacent buildings
(Buildings 42 and 43), which has a possible commu-
nal function, lime plastered and red painted floors
and open spaces with fire installations around the
buildings (Fig. 1). Level V has five sub-phases (Va-e)
and is exposed in trenches L13, L12 and K13. This
level consists of rectangular single-roomed domestic
buildings with either mud-slab or post-framed walls.
After 6000 cal BC, in Level IV, distinctive changes oc-
curred both in the construction technique and size

Fig. 1. Architectural remains Levels VI, V, and IV.
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The worked animal bone collection constitutes a
sizeable part of the small finds at the site. Analysis
of this material has been limited in previously pub-
lished accounts (Çilingiroglu A. et al. 2004.50; Çilin-
giroglu Ç. 2012.21), with reports outlining common
types such as awls, spatulas, and perforated items.
Subsequent systematic analysis of the material has
been conducted in more recent unpublished stud-
ies (Paul 2016; Sivil 2017). 

An initial assessment of the worked animal bone was
made by Jarrad W. Paul during the 2014 and 2015
excavation seasons. The objects analysed were reco-
vered from the 1997–2015 excavation seasons. An
emphasis during the initial assessment was on re-
cording all items stored onsite, establishing a typo-
logy, and identifying raw material. A study based on
this initial recording of items, which number 268
from Levels VI–III, is included in a comparative ana-
lysis of worked animal bone from sites in the north
Aegean (Paul forthcoming). Coskun Sivil has fur-
ther conducted a contextual analysis of the mater-
ial, a vital step in placing the material within its set-
ting. Sivil’s research was based solely on worked
bone items from the Neolithic, Levels VI–IV. In his
assessment 549 items were recorded, including those
stored in the local museum. In this paper, Neolithic
material will again be the focus of investigation from

the uninterrupted Levels VI–IV, uniting the work of
both Paul and Sivil to illustrate a complete picture of
the Neolithic worked bone assemblage from Ulucak.

The typology below is informed by Paul’s initial ana-
lysis combined with Sivil’s typological categoriza-
tion, with a description accompanying each type and
subtype. Identification of manufacturing techniques
was conducted on-site by Paul using both macro
(viewing distinct markers on the object or tool, for
instance colouration and breakage patterns) and
micro (using a x3 magnifying eye-piece to detect
striations left on the object or tool) techniques. The
analysis of raw material was also conducted on-site
by Paul, with the assistance of Evangelia Piskin. The
contextual analysis is based on research conducted
by Sivil. Discussion and interpretation in the present
study is conducted by Paul, Sivil, and Çevik. Items
are inclusive of those uncovered from 1995–2017.

Typology

A total of 554 worked animal bone items have been
placed in Levels VI–IV. The typology created for this
assessment was informed by previous research in the
region, especially the work of Nerissa Russell (2016),
Alexandra Legrand and Isabelle Sidera (2007) and
Marcella Marinelli (1995). Objects have been sepa-

Fig. 2. Level IVc ceramic workshop.



The Neolithic worked bone assemblage from Ulucak Höyük, Western Anatolia

425

rated based on their surmised functional
attributes (for example, tools used for pier-
cing). Raw material was then used to fur-
ther separate objects within types (referred
here as sub-types) when necessary. The
554 items identified within this typology
do not include any preforms, items too
fragmentary to identify, or manufacturing
waste as a by-product of worked animal
bone manufacture found at the site. Al-
though these items are found on site and
mentioned later in this paper (see Con-
text) they are not included in this assess-
ment as the typology only includes items
that have been positively identified. The
typology includes six types and 23 sub-
types (see Tab. 1).

1. Points
The most common type in the assemblage
are points (n=319). Points are character-
ized by their pointed tips (Fig. 3). Their
primary function was as a piercing tool.
They are likely to have been used in textile
manufacture, sewing animal hide, scrap-
ing ceramic surfaces and in basket weaving. They
are separated into seven subtypes.

1A. Metapodial points 
These points are made from metapodial (metacar-
pal and metatarsus) bones and have mostly polished
surfaces. Manufactured by splitting along a whole

bone, the base of these objects is often left intact.
They are the most numerous subtype point (n=115)
in the collection.

1B. Ulna points 
Points made from ulna bones are uncommon, with
only seven examples recorded. Their natural form

lends itself to use as a perforator, with an
area to grip to the tool at its base. They
would have been a suitable tool for pro-
cessing soft material.

1C. Other long bone points
These points are made from undetermin-
ed long bones. The base of these tools is
often rounded and smoothed, making
further identification difficult. They are the
second most frequent subtype (n=62).

1D. Oval-bodied points
Points in this subtype have their base
missing and are defined by the form of
their shaft, in this case oval-shaped (n=
35). They are made of long bone frag-
ments.

1E. Square-bodied points
As with subtype 1D, square-bodied points
have their base missing and are defined

Type Subtype Number
1A. Metapodial points 115
1B. Ulna points 7
1C. Other long bone points 62

1. Point 1D. Oval-bodied points 35
1E. Square-bodied points 54
1F. Fragments 40
1G. Flat bone points 6

2. Needle
2A. Perforated needle 24
2B. Notched needle 2

3. Spatula
3A. Flat spatula 92
3B. Spatula-spoon 15

4. Bevelled tool
4A. Smoother 26
4B. Chisel 39

5. Perforated object
5A. Flat bone perforated objects 2
5B. Long bone perforated objects 6
6A. Comb 6
6B. Bipoint 2
6C. Bone handle 10

6. Other
6D. Antler handle 5
6E. Worked antler 3
6F. Fastener 1
6G. Hook 1
6H. Arrow\spearhead 1

Total 554

Tab. 1. Ulucak Höyük animal worked bone and antler object
typology from Levels VI–IV.

Fig. 3. Type 1. Points.



Jarrad W. Paul, Coşkun Sivil, and Özlem Çevik

426

by the shape of their shaft (n=54). They are also
made of long bone fragments.

1F. Fragments
Points in this subtype were made hastily, most with
asymmetrical shafts, with little polishing on their
surface (n=40). The construction of these points
included minor morphological changes to the nat-
ural structure of the bone fragment. Based on their
manufacturing techniques and less elaborated sha-
pes, they may have met immediate needs. 

1G. Flat bone points
Flat bone points are made from rib bones. They are
the least common subtype, with only six examples,
and were used intensively, as indicated by their bur-
nished surfaces. They may have been better suited
to working on soft materials, such as hide and tex-
tiles, due to their form. They share similar proper-
ties with spatulas and may be in fact more akin to
the pointed spatula type used for ceramic shaping
(Mărgărit 2017).

2. Needles
Needles are made from both long and flat bones and
include two subtypes: those that are perforated (2A)
and those that are notched (2B) (Fig. 4). Perforated
needles were drilled either on one side or both and
are the preferred subtype, with 24 examples re-
corded. They are mostly made from rib bones.
Notched examples are less frequent, with only two
objects noted. The notches for these objects appear
at the base. Needles would have been used to com-
bine materials together, with wider and flatter
examples associated with basket weaving.

3. Spatulas
Spatulas are also separated into two subtypes: those
made from flat bones (3A) and those with a handle
(3B) (Fig. 5). Those made from flat bones, rib bones
in this case, are the second most frequent subtype in
the collection (n=92). They would have been used

for pottery moulding, stripping any excess materi-
al. Less frequent are spatulas with a handle (n=15),
also known as spatula-spoons (Paul, Erdogu 2017).
They are made on long bones. All subtype 3B spat-
ulas at Ulucak were located within domestic struc-
tures and open spaces. Further use-wear and trace
analysis needs to be conducted to determine the
function of these tools.

4. Bevelled tools
Tools in this type are sturdy and recovered mostly
intact. They are grouped together here for their
scraping function and are further separated into two
subtypes. The first (4A) are smoothers made from
tibia bones (n=26). They have a bevelled tip, un-
worked base, and a hollow shaft. They are associat-
ed with leather manufacture; in particular, the pre-
paration of animal hide. The second subtype (4B)
are chisels made from long bones (n=39). They are
strong and robust tools, with a thick cortex and be-
velled tip (Fig. 6). These tools are associated with
wood working activities, ideal for carving and chip-
ping.

5. Perforated bone objects 
This type includes any object of worked bone that
has been perforated and not considered a needle.
They are not common in the collection, with only
eight examples (Fig. 7). They are separated into two
subtypes based on their raw material: those made

Fig. 4. Type 2. Needles. 

Fig. 5. Type 3. Spatulas.
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from flat bones (5A) and those made from long
bones (5B). For those made from flat bones (n=2),
they may be considered a type of pendant, but due
to their fragmented condition it is difficult to assign
function. Perforations are drilled from either side
of the object. For the long bone examples, they may
have been related to weaving activities due to their
size (n=6). Further use-wear analysis is needed to
determine function.

6. Other 
Included in this type are eight subtypes that do not
fit into the categories above. They are often unique
tools or objects for specific purposes. 

6A. Comb
Six objects contain serrated edges, giving the ap-
pearance of a comb (Fig. 8). All are recovered from
open areas in Late V and IV levels. They are made
from long bone fragments and may have been used
in textile manufacture to separate fibres, or possi-
bly in pottery decoration, to incise ceramics. How-
ever, incised ceramics from the site have deeper and
wider lines and dots than bone comb tips. Additio-
nally, the teeth of these combs are often squared
and flattened at their ends. Their use in textile pro-
duction is thus more plausible.

6B. Bipoint
There are two items defined by their flat surface
and double active tips. They are found in levels VI
and V (Fig. 9).

6C. Bone handle
Also known as a shaft/sheath, these items were used
to protect the user’s hand during use. Inside the
handle would fit an additional tool, such as a sharp
stone tool. They are made from long bones (n=10)
(Fig. 9).

6D. Antler handle
Similar to the objects above, antler handles, or shafts/
sheaths, where made from antler and used to hold an
additional tool, most likely a stone tool (n=5) (Fig. 9).

6E. Antler tools
Three additional tools were manufactured from deer
antler. Further use-wear analysis is needed to ascer-
tain the function of these variously shaped tools
(Fig. 9).

6F. Fastener
This object was recovered on the floor of Building
43 in Level VI. This object has been expertly con-
structed, delicate, and is fragmented at one end. Its
suggested use is as a clothes fastener due to its size
and shape. This bone object may have been delib-
erately placed to the building’s floor together with
a scapula as part of closing ritual since the building
appears to have been left clean (Fig. 9).

6G. Hook
This item was uncovered in Level Vc and could
have been used as a hook, owing to its shape and
dimensions. It has a perforated tip which curves
into a wide and flat shank, akin to fishhooks found
in similar Neolithic contexts in the region (Powell
1996). However, its functional status is not entirely
certain, as a similar item found at Çatalhöyük has
been interpreted as a belt hook (Russell, Griffitts

2013) (Fig. 9).

6H. Arrow/spearhead
A single arrow or spearhead be-
longs to Level IVb. It has an oval-
bodied shaft, with a pointed and
flat tip (Fig. 9).

Not included in this assessment
are an additional nine decorated

Fig. 6. Type 4. Scrapers.

Fig. 7. Type 5. Perforated objects.
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worked animal bones, which contain several pat-
terned incisions, including zigzags, dots, and chev-
rons. These items are currently being examined in
detail in a separate study.

Raw material

Analysis of the Ulucak raw material occurred on
site. It is often difficult to identify species of work-
ed bone items, especially if the objects are exten-
sively worked. As a result, the number of positively
identified species is substantially less than the over-
all number of worked bone items. Moreover, the
number of species identified can then be limited
when conducting an initial identification in the field.
In this case, 95 items were positively attributed to a
species from Levels VI–IV (Tab. 2). The results below
are summarised from this sample. 

Results from this sample show that medium-sized
animals (n=61) are favoured for bone tool construc-
tion, with large-sized animals also often utilised (n=
32). Bones from small-sized animals (n=2) are sel-
dom used. Sheep/goat and sheep-sized animals are
most prominent for their use in constructing points,
the most frequent tool type. Bones of cattle were
also used repeatedly (n=32), while pig, hare, bird,
and dog/wolf bones are rare. For the deer (n=14),
roe deer are most common, with possible fallow and
red deer examples in the collection. In terms of ele-
ment selection, from the sample (n=95) of tibia
bones were used most frequently for bone tool and
object creation. Metapodials, including both meta-
tarsal and metacarpal bones, were also used often,
along with antler and rib bones. The use of ribs was
also not constrained to a certain type; used to con-
struct points, spatulas, and perforated objects. Deer

antler was also used in far greater numbers than
deer bones.

Animal species selection for bone tool and object
construction are similar when viewing the zooar-
chaeological record for Levels VI through IV (see
Pilaar Birch et al. 2019). That is, the most common
species in the zooarchaeological record, sheep/goat,
is also favoured for tool manufacture. Cattle is also
frequent, although to a lesser extent, in both the
worked and unworked bone groups. Suzanne E. Pila-
ar Birch and colleagues also note an increase in deer
bone frequency over time at Ulucak, which mirrors
species selected tool manufacture. From the n=14
items made from deer antler and bone investigat-
ed in this sample, n=12 are contextually placed in
Level IV, with one in Level V, and one in Level VI.

Manufacturing techniques

Craftspeople at Ulucak used a
range of manufacturing tech-
niques to construct individual
tool types. The most common
technique for point manufac-
ture was the splitting and gro-
oving of metapodial bones,
before shaping the tip into a
point (subtype 1A). Separa-
tion of the bone was via bi-
partition as a result of percus-
sion followed by grooving.
The creation of ulna points
(subtype 1B) was less labour

Fig. 8. Type 6. Other. Subtype 6A combs.

Fig. 9. Type 6. Other. Subtypes 6B–H, bipoint, bone handle, antler handle,
worked antler, fastener, fish related item, arrow/spearhead.
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intensive with abrasion of the tip to create a point
with the base left unworked. Other bone points in
the assemblage (1C, 1D, 1E) were created by split-
ting a bone into irregular splinters and then through
the process of grooving and abrasion creating a
pointed object. The practice of splitting was also
used to create flat spatulas (3A), where a rib bone
was split in two and the inner spongy bone was
smoothed via abrasion. Tibia bones were used for
smoother (4A) items, with the base and shaft of the
bone left unworked, while the tip was fractured via
percussion then bevelled through abrasion. Objects
that were perforated are also mostly drilled from
both sides of the tool, evident in the slanted areas
around the drill hole, although this may also be an
indicator of extensive use-wear. 

While most tools contain the usual amounts of soil
staining, some show evidence of intense burning,
turning some objects black, grey, white, and blue.
Bone colour can be an indicator of the degree of
burning, with white and blue colouration suggestive
of intense heating (Gilchrist, Mytum 1986.32). Tools
with traces of burning are associated with contex-
tual units that were destroyed by fire, also evident
on damaged clay objects. One example, a pointed
tool, shows evidence of controlled burning at the tip
of the object, a technique used by the Ulucak crafts-
people to strengthen the bone. This procedure re-
quires specialized knowledge, as too much exposure
to heat will result in damage.

For use-wear, due to time constraints liner striations
were only observed under x3 magnification, and

this produced limited results. Due to this, we focus
here on two subtypes: metapodial points (1A) and
smoothers (4A). For metapodial points, the direc-
tion of the striations (when positioning the object
with the base at the bottom) ran transversely across
the body in 21 examples. Nine points showed evi-
dence of longitudinal striations, with less occur-
rences of diagonal striations (n=6) and no discer-
nible direction (n=5). The remaining points con-
tained no evidence of striation pattern or direction
under x3 magnification. For smoothers, most had a
collection of random directional striations (n=10)
with some exhibiting either longitudinal (n=2) or
transverse patterns (n=2). The remaining smoothers
showed no evidence of striation pattern of direction
under x3 magnification. Further microscopic analy-
sis is needed to ascertain whether striations where
the result of use or manufacture wear, and the types
of techniques involved in the process, such as scrap-
ing or abrasion.

Context

Level VI (6850/6830–6500 cal BC)
Worked bone objects from this period are found in
Buildings 42 and 43 and in open areas surrounded
by hearths. Low numbers of worked animal bone
objects are attributed to Buildings 42 and 43, both
of which have red painted lime floors and walls. The
buildings are believed to have been deliberately
emptied during an abandonment ritual (Çevik 2019).
This ritual act is supported through evidence of ob-
ject placement, particularly grinding stones, posi-
tioned directly above the location in the previously

built structure. As a result, any worked
animal bone objects found after clean-
ing may have been associated with this
abandonment ritual. In Building 42
these objects include two points (1A,
1D), and a spatula (3A), while in Buil-
ding 43 a bone fastener (6F) was found
with a scapula. Due to its find context,
the bone fastener may therefore be
considered an important personal or-
nament, and due to its connection with
the burial of the building, possibly a
communal building, may have played
a part in wider burial traditions.

Far more worked animal bones are at-
tributed to open areas in this level,
found in connection with several
hearths and ovens. Points are most fre-
quently found here, with spatulas and

Species
Large-sized Medium-sized Small-sized Total

cattle deer
sheep\ dog\

pig hare birdElements goat wolf
antler 12 12
tooth 1 1 2
rib 15 15
mandible 1 1
scapula 1 1
vertebrae 1 1
long bone 5 1 6
radius 2 2
ulna 1 1
tibia 1 21 22
metapodial 1 6 7
metacarpus 4 4
metatarsus 5 5
undetermined 9 6 1 16
Total 32 14 45 1 1 1 1 95

Tab. 2. Positive species and element identification of worked
animal bone objects from Levels VI–IV at Ulucak.
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bevelled tools also numerous (Fig. 10). The level of
skill used to produce spatulas and bevelled tools is
lower when compared to examples in later levels. Si-
milarly, their used surfaces have less abrasion and
deformation. The types of tools suggest a mixed
production area of leather and textile manufacture.
The presence of a high number of animal bones
around fire installations may suggest the processing
of animals (butchering and hide processing) also
took place in the same area. As such, an immediate
need for an item may have been met with these op-
portunistically made tools.

Level V (6500–6000 cal BC)
Ten buildings from this period (22, 23, 27, 30, 33,
40, 47, 51, 54 and 59) contain evidence of worked
animal bone tools. 

Buildings 40 and 59 represent the earliest buildings
from this period (Level Ve). Both buildings con-
tained a low number of processed bone items, fol-
lowing the trend in Level VI. Three items were re-
covered from Building 40: points of subtypes 1A,
1C and 1E. Associated with Building 59, to its south,
is a shallow lime-covered pit, that is believed to be
another deposit connected to ritual abandonment.
A single bone point (subtype 1G) was found in the
pit alongside chipped stone tools, animal bones, and
a ceramic sherd. Use-wear on the point suggests its
function as a possible scraper involved in ceramic
production. Building 54 (Level Vd) shows an in-
crease in worked bone, and material more general-
ly, with the inclusion of four metapodial points (1A),
one oval-bodied point (1D), one perforated needle
(2A) and one spatula (3A). Among the finds in this
building was a higher than usual collection of spin-
dle whorls (a total of 20). The appearance of the
needle and spindle whorls together suggests textile
production was one important activity carried out
in Building 54.

The frequency of worked bone items
found in buildings increases to-
wards to end of this period. In Le-
vel Vb, Building 30 includes five
worked bone pieces (three subtype
3A spatulas and two subtype 4A be-
velled tools) and may have been
linked to ceramic production given
the types of tools recorded and ab-
sence of other textile-related items
such as bone points and spindle
whorls. Building 33 contains three
worked bone items (subtype 1A

point, subtype 1E point and subtype 3A spatula),
while in Building 47 four points are found: one
made from a metapodial bone and three from other
long bones. Building 51 contained a high density
of bone tools (n=17), a standout for this period due
to its breadth of types: seven subtype 1A points, one
subtype 1E point, a perforated needle (2A), five sub-
type 3A spatulas, two bone handles (6C) and one
antler tool (6E). A stone chisel found in the building
was able to be inserted into one of the bone han-
dles, providing a direct link between the two mate-
rial groups. In addition, an unworked metapodial
bone and unworked rib bone were found at the
south of the building, perhaps stored for future tool
production. The end of Level V (Va) is seen in Buil-
dings 23, 23 and 27. Building 23 contained a single
perforated bone needle among 21 spindle whorls
and 31 stone slingshots, while in Building 22, a me-
tapodial point, two spatula-spoons, and an antler tool
were uncovered. A single bone point was found in
Building 27.

Level IV (6000–5700 cal BC)
Buildings in this period are placed in two categories:
the specialized ceramic production of Level IVc and
residential buildings of Level IVb.

Regarding structures in Level IVc, Building 55 con-
tains the most evidence of worked animal bone.
Eighteen items include: two metapodial points (1A),
a point made from a long bone (1C), four square-bo-
died points (1E), a perforated needle (2B), six spat-
ulas (3A), two chisels (4B), a perforated object (5B),
and an antler tool (6E). Most items were made from
the bones of large-sized animals. One of the points,
made from a deer long bone, contained red pigment
on its tip. This tool was therefore used for a diffe-
rent purpose than the other bone points in the as-
semblage, and suggests that at least some tools may
have been used haphazardly for mixing/diluting

Fig. 10. Point distribution (subtypes 1A–1G) across Levels VI–IV
at Ulucak.
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paint, not necessarily its originally intended pur-
pose. Worked bone preforms and manufacture waste
in relation to wider on-site tool creation are the fo-
cus of an additional ongoing study, but it is worth
mentioning that Building 55 contained a variety of
preformed worked bone tools including a tibia that
had been divided into equal parts by splitting but
was discarded, and a split long bone with its epi-
physis cut. 

Other buildings in this category contain fewer work-
ed bone objects. Building 56 contains a single point
made from a rib bone (1G), while in Building 61 a
metapodial point (1A), an oval-bodied point (1D), a
square-bodied point (1E), and two spatulas (2A) were
recorded. For Building 62 the types of tools are va-
ried: two metapodial points (1A), a long bone point
(1C), a fragmented point (1F), two perforated nee-
dles (2A), a spatula (3A), a chisel (4A), and a perfo-
rated object (5B).

The worked bone objects in the residential buildings
of Level IVb offer an interesting insight into daily
tool types. Building 6, for example, contains four
worked bone tool objects (a metapodial point, two
spatulas, and a perforated needle) among other
small finds, such as figurines, pendants, and spindle
whorls. Building 13 also records figurines and pen-
dants with the inclusion of two metapodial points
and a spatula. Points are the only type found in
Building 12, with four made from long bones (1C)
and two that are square-bodied (1E), with other ob-
jects including a stone tool, a pendant, and 13 beads.
A figurine, stone tools, pestles, a grinding stone, and
a spindle whorl are seen in Building 52, along with
eight worked animal bone items: two metapodial
points (1A), a square-bodied point (1E), a perforat-
ed needle (2A), two spatulas (3A), a chisel (4B), and
a perforated bone object (5A). Four worked bone
items were also found in the street between Building
52 and Building 12, although they are too fragment-
ed to be identified.

Regional parallels

From a typological standpoint, the collection at Ulu-
cak is consistent with other collections found in
western Anatolia from the Neolithic. For instance,
pointed tools are also common at Yesilova, where
deer antler was also used to create tools, including
antler handles (or sheaths) (Derin 2012.180–182).
Points dominate the Ege Gübre collection (Saglam-
timur 2012.200), while similar types of objects are
found at Çukuriçi Höyük, including points, spatu-

las, smoothers, and spoons, common after 6500 cal
BC (Horejs et al. 2015.304). This trend – the domi-
nance of pointed tools, usually made from the long
bones of sheep/goats – is also present in collections
in the northwest, at sites such as Ugurlu, Ilıpınar,
Barcın, and Aktopralık (Paul, Erdogu 2017), and
more broadly throughout Anatolia (Russell 2016). 

However, there are variations in the Ulucak collec-
tion that are unique to the site. For instance, while
medium-sized animals were favoured for making
bone tools, large-sized animals were also utilized in
greater numbers when compared to other sites in
western and northwestern Anatolia (Paul 2016).
Likewise, the under-representation of small-sized
animal bones is regionally uncommon. The presence
of unique items in the collection, such as the arrow-
head/spear, comb, and the intricate fastener, are
also rarely seen in the wider region. The number of
items in the assemblage is also worth noting, as it
is higher than the average for the region (Paul forth-
coming). 

Overall, the Ulucak worked bone assemblage is con-
sistent with other collections in the region. How-
ever, when the typology is examined closely on a
type-by-type basis and compared with other collec-
tions in the region, certain unique trends emerge
that illustrate some localization within a regionally
established toolkit.

Conclusion

Results of this systematic investigation (including a
typology, raw material and contextual analysis) un-
derscore the prevalence and significance of worked
animal bone at Ulucak. In the earliest levels of the
settlement (Level VI) low numbers and a restricted
diversity of types characterize a largely utilitarian
toolkit, with production occurring rapidly for short
periods of use. As the settlement grew, so did the
number and range of tools produced, peaking in Le-
vels V and IV. These tools were also used in conjunc-
tion with an increasing number of items made from
stone and clay. The tools at Ulucak were produced
primarily from the metapodial and tibia bones of me-
dium-sized animals (most commonly sheep/goat),
with the rib bones of large-sized animals (such as cat-
tle) also used. A variety of techniques were employ-
ed, most notably grooving and splitting of long bo-
nes, splitting of rib bones, and shaping via abrasion. 

Contextual analysis also provides clues as to the
function of these items. Textile manufacture is seen
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as the primary role for many of the items in the as-
semblage. Bone points, needles, and combs in par-
ticular formed part of a wider textile toolkit at Ulu-
cak. This is especially clear in Levels V–IV, with evi-
dence of spindle whorls and loom weights (num-
bering more than 300) at the site being one for the
largest collections in western Anatolia for this peri-
od (Sevindik 2018). However, tool types do not al-
ways seem to be restricted to set functions. For in-
stance, the bone point with the painted tip in Level
IVc is indicative of an item with an intended func-
tion (boring or sewing) that may have been hapha-
zardly used for another purpose, in this case mix-
ing/diluting paint. Leather processing is also sug-
gested to have been conducted using scraping tools,
while spatulas could have aided ceramic production.
Evidence of preformed items also suggests on-site
manufacture.

Tools in use during the Neolithic are also seen to be
part of complex abandonment rituals at the site, with
items repeatedly placed deliberately on cleaned flo-

ors. This may help in understanding the status of
worked bone more generally at the site, with scarce
evidence of tools found discarded in the streets be-
tween buildings after Level IV, perhaps indicative
of a possible secondary symbolic importance.

Worked animal bone tools were therefore an impor-
tant aspect of the social and economic life at Ulu-
cak for over 1000 years of initial occupation. This
study has laid the foundation for future worked bone
research at the site, with additional analysis needed,
such as detailed use-wear analysis, to confirm the re-
sults of current interpretations.
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Introduction

Amber has been a major focus of research into the
concluding epoch of the Stone Age at the south-
eastern and eastern shores of the Baltic Sea. Amber
nodules washed up on the beaches were being
widely collected and processed to make jewellery,
and distributed via exchange networks far into the
continental interior as well as northwards on the
eastern side of the Baltic (Vankina 1970.Fig. 145;
Zagorska 2003; Zhulnikov 2008; Núñez, Franzén
2011; Loze 2001; 2003; 2008). While the role of
amber within the social milieu of the time is, as yet,
poorly understood, it is evident that the processing

and exchange of amber was an important factor in
coast-inland contacts and interaction starting from
about 4000 cal BC, when this material makes its
appearance in archaeological collections.

This article considers, from a comparative perspec-
tive, amber assemblages dated to 3600–2900 cal
BC from two sites at the Latvian coast, seeking to
characterize and interpret processing sequences
through the analysis of semi-manufactured orna-
ments. Following the nomenclature widely utilized
in this region of Europe, our sites fall within the
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site. Distinct clusters of artefacts are in most cases
associated with structural remains surrounding a
hearth, and on this basis the collection has been sub-
divided into smaller assemblages relating to indivi-
dual household units or ‘dwellings’. In view of the
range of seasonally exploitable food resources, the
substantial character of the living structures and the
presence of fragile and bulky equipment, Sārnate is
thought to have been occupied year round (Bērziņ∏
2008.381–383).

Sārnate has given a very large collection of amber
finds, which includes 638 semi-manufactured and
finished ornaments along with unworked lumps and
a great quantity of debitage (Vankina 1970.Tab. 6).
Here, however, for the purpose of direct compa-
rison with the Siliņupe assemblage, we shall con-
sider only that part of the Sārnate amber collection
which was recovered from dwellings with pottery
classed as Early Sārnate Ware, representing one of
three phases of occupation on this site.

Importantly, the Early Sārnate Ware phase at Sār-
nate is also taken to include dwelling no. 2. This
particular dwelling is quite exceptional, in that it
produced a vastly greater quantity of amber finds
than all of the rest. The dwelling consisted of an
artefact cluster associated with a spread of sand
measuring 4x8m, which seems to approximately re-
flect the size of the living structure (Bērziņ∏ 2008.
297). The ceramic assemblage from this dwelling was
a very small one. Nevertheless, the distinct preva-
lence of porpoise tooth stamp (Bērziņ∏, Dumpe
2016; ‘tooth stamp’ in Bērziņ∏ 2008.Tab. 10) among
the various kinds of stamped pottery decoration
serves to place it in the Early Sārnate Ware phase,

Neolithic, as defined by the presence of pottery,
even though paleaoeconomic data indicate a pre-
dominant reliance on wild foods, especially fish and
marine mammals in the case of these coastal settle-
ments (Zagorska 2000; Bērziņ∏ 2008.293–330; Bēr-
ziņ∏ et al. submitted).

The sites and amber assemblages

The Sārnate and Siliņupe sites (Fig. 1), providing the
amber assemblages discussed here (both held at the
National History Museum of Latvia), are coastland
habitations yielding abundant evidence for the ex-
ploitation of a range of wild food resources, includ-
ing terrestrial and marine mammals, fish and birds.
Both were situated so as to provide good access to
freshwater as well as marine environments.

Importantly, amber was a locally available raw ma-
terial at both sites, since lumps of amber, transport-
ed by longshore sediment drift from the Sambian
Peninsula, could be gathered on nearby beaches
(Vankina 1970.350; Bērziņ∏ et al. submitted).

This article analyses a subset of the amber assem-
blages from the two sites, namely the semi-manu-
factured and finished pieces belonging to the three
main jewellery classes: button-shaped beads, tubu-
lar beads and pendants (i.e. disregarding compara-
tively rare forms, such as discs, rings and unusual
forms of beads, and a small number of figurines and
other atypical pieces). The quantities of unworked
lumps and flakes are also considered, but without
further analysis.

Sārnate
The amber assemblage from
Sārnate, located near the
north-western coast of the
Kurzeme Peninsula, was reco-
vered in the course of exca-
vations directed by Eduards
πturms in 1938–1940 and Lū-
cija Vankina in 1949 and
1953–1959 (Vankina 1970;
Bērziņ∏ 2008). It may be no-
ted that this is a peat-bog site
with excellent wetland pre-
servation, yielding a diverse
array of organic artefact finds.
More relevant in the context
of amber studies is the clus-
tered pattern of artefact dis-
tribution on this extensive

Fig. 1. Map of present-day western and central Latvia showing the Sārna-
te and Siliņupe sites and the major watercourses.
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so that we may usefully compare its amber assem-
blage with the much smaller assemblages from the
other dwellings of this phase.

Five samples from the Early Sārnate Ware dwellings
at Sārnate have been dated. If we exclude two dates
obtained from residue on pottery (Ua-33828 and Ua-
15984), considered to be subject to the reservoir ef-
fect, we are left with three dates from charcoal that
give an overall date range of 3516–2880 cal BC for
the Early Sārnate Ware phase at Sārnate.

The amber ornaments from Sārnate considered here,
namely the pieces identifiable as semi-manufactured
and finished button-shaped beads, tubular beads
and pendants from dwellings of the Early Sārnate
Ware phase, number 152 in total. Dwelling 2 alone
provides 117 of these, and the remaining 35 come

from several other dwellings and one artefact cluster
of this phase (dwellings D, E, MZA/MZR/MD, Pa, RZ/RD,
IZ/ID, W and the artefact cluster recorded as ‘hearth
16’). In addition, seven unworked amber nodules
and 2071 flakes were recovered from the dwellings
of this phase, as shown in Table 2.

The typology of amber jewellery from Sārnate has
been treated comprehensively by Vankina (1970.
105–114), which also offers a general discussion of
amber processing and exchange. A new analysis was
undertaken by Valdis Bērziņ∏ (2003), focusing spe-
cifically on production stages and intrasite spatial
analysis, and evaluating the evidence for craft spe-
cialization. The current article utilizes part of the
data compiled in Bērziņ∏’s study, reconsidered in
the light of recent experimental work and theoret-
ical developments, and viewed from a comparative

Sample description Lab. no. 14C age BP Calibrated date, Notes
cal BC, 2σσ

Sārnate, Early Sārnate Ware dwellings
Residue on potsherd with porpoise Ua-33828 5480±40 4443–4249 (95.4%) Previously published in
tooth impressions (A 11416>42), Bērzin, [ 2008.Tab. 2.
dwelling ID Subject to freshwater and\or 
Residue on potsherd with porpoise Ua-15984 5065±75 4036–3655 (95.4%) marine reservoir effect from ves-
tooth impressions sel contents| (Not adjusted)
(A 11417>313), dwelling MD

Charcoal, dwelling RZ\RD Tln-2918 4570±65 3516–3036 (95.4%)
Charcoal, dwelling M FTMC- 4484±29 3342–3090 (92.3%)

UM96-5 3054–3034 (3.2%)
Charcoal, dwelling D FTMC- 4300±31 3011–2880 (95.4%)

UM96-4
Silin, upe, Early Sārnate Ware phase
Charcoal (deciduous wood) Poz-133269 5330±50 4326–4287 (8.6%) Subject to freshwater and\or
extracted from pottery sherd no. 84 4266–4043 (85.2%) marine reservoir effect from ves-
(with porpoise tooth decoration), 4012–3998 (1.7%) sel contents| (Not adjusted)
area 7, level 3, 1989
Wood charcoal, area 7, central part, FTMC- 4791±31 3640–3524 (95.4%)
level 4, squares 8–11\f-g-h, 1988 UM96-3
Wood charcoal, area 5, level 3, FTMC- 4743±31 3633–3500 (75.8%)
hearth, 1988 UM96-2 3432–3380 (19.6%)
Bark roll – net float| (Betula sp.), Poz-123665 4690±40 3624–3580 (8.8%)
inv. no. 292\539, area 7, S part, 3532–3368 (86.6%)
level 4, depth 1.1–1.3m, 25.07.1989
Wood charcoal, area 5, level 3, FTMC- 4545±30 3370–3306 (32.1%)
hearth, 1988 UM96-1 3300–3282 (2.5%)

3276–3266 (1.2%)
3243–3102 (59.7%)

Bone (Bos taurus, centrotarsale), Poz-137614 4490±35 3351–3089 (91.8%)
area 10, level 3, ~0.5–0.8m, 1989 3057–3033 (3.6%) 
Bone (Alces Alces, phalanx), area 7 Poz-137613 4450±35 3337–3210 (40.0%)
(S part), level 3, ~0.6–1.0m, 1989 3194–3010 (51.9%)

2981–2961 (2.0%)
2951–2935 (1.6%)

Tab. 1. Radiocarbon datings for the Early Sārnate Ware phase at Siliņupe and Sārnate. Conventional 14C
ages have been calibrated using OxCal v4.4 (Bronk Ramsey 2009) and the IntCal20 atmospheric curve
(Reimer et al. 2020). Tln-2918 is a conventional radiocarbon dating; all the rest are AMS datings.



Pattern and variation in jewellery production sequences> analysis of 4th millennium BC amber assemblages from the Latvian coast

437

perspective, setting it against newly obtained data
for the Siliņupe assemblage.

Siliņupe
The Siliņupe site, at the south-western shore of the
Gulf of Riga in the present-day village of Lapme∫-
ciems, was excavated by Vankina in 1954 and by
Ilga Zagorska in 1988–1989 (Zagorska 2000; 2003;
Bērziņ∏ et al. submitted). The site occupies the slo-
pes of a former beach ridge and a dune ridge run-
ning parallel to it, as well as a wet hollow between
the ridges. Several occupation phases may be distin-
guished on the basis of ceramic wares, but the great
majority of the pottery assemblage may be classed
as Early Sārnate Ware. As with Sārnate, considera-
tion of the seasonality of the food resources used
at the Siliņupe site suggests year-round occupation
(Bērziņ∏ et al. submitted).

Six samples from strata at Siliņupe containing Early
Sārnate Ware have been radiocarbon-dated. If we
exclude sample Poz-133269, thought to be subject
to freshwater and/or marine reservoir effect, then
the remaining five datings give an overall range of
3640–2935 cal BC for the Early Sārnate Ware occu-
pation phase, in good agreement with the date range
for the equivalent phase at the Sārnate site, as given
above.

A total of 316 semi-manufactured and finished orna-
ments have been found at Siliņupe, of which 104
pieces identifiable as button-shaped or tubular beads
or pendants are considered here. In addition, 288
unworked nodules and 229 debitage pieces were
recovered (Tab. 2).

A brief general treatment of the Siliņupe amber
assemblage within the regional context of amber-
working and exchange has previously been given
by Zagorska (2003). In the present study, the mate-
rial has been re-analysed from a technical perspec-
tive, determining the form, dimensions, degree of
surface treatment and state of perforation, in order
to classify the ornaments into specific production
stages (∞akare 2020), following the approach pre-
viously applied to the Sārnate collection.

Jewellery forms

Most frequent in the amber jewellery assemblage
from the dwellings at Sārnate belonging to the Early
Sārnate Ware phase are button-shaped beads, totall-
ing 80 (Fig. 2.1–5). These beads normally have a V-
shaped perforation visible only from the back, al-

though pieces were often repaired by making a sim-
ple front-to-back perforation (Fig. 2.3,5). They are
generally circular in plan, with the occasional rec-
tangular or oval example, and the cross-section is bi-
convex or, less commonly, plano-convex.

The dwellings of this phase have yielded 15 tubular
beads, almost all of them cylindrical (Fig. 2.6–8).
These have a long, straight perforation, which could
be drilled by different methods, from one or both
ends.

There are 57 whole and fragmentary pendants from
the dwellings of this phase (Fig. 2.9–14), the most
common forms being trapezoidal and droplet-shaped.
A variety of idiosyncratic pendant forms are also re-
presented, as well as fragments of indeterminate
form. The pendants have a short, drilled perforation,
usually placed in the thinnest part of the margin. The
perforation could be made from one or from both
faces, thus resulting in a conical or biconical opening.

At Siliņupe, by contrast, amber processing was con-
centrated mainly on the production of pendants (Fig.
3.6–13), which number 71, constituting two-thirds
of the amber jewellery from the site. Most characte-
ristic of this site are trapezoidal and irregular pen-
dants. The high frequency of irregular pendants may
have to do with the straightforward production pro-
cess: they were made from unworked pieces of am-
ber, without any surface processing, simply drilling
a hole where the margin of the piece is thinnest (Fig.
3.9). Pendants made in this way predominate among
the pendants from sites of this period along the
whole of the western shore of the Gulf of Riga (Za-
gorska 2003).

The other amber pendants from Siliņupe were given
a specific form during the initial processing stage.
Trapezoidal pendants (Fig. 3.8,11,12) are common-
est, generally with a straight lower margin, this be-
ing a characteristic form of amber jewellery from gra-
ves in the Eastern European forest zone, in Latvia as
well as further to the east. Trapezoidal pendants with
a concave lower margin also occur. Present in smal-
ler numbers are elongated and triangular pendants,
as well as rarer pieces: rhombic pendants, pendants
with one straight and one convex margin, and idio-
syncratic forms that are not typologically classifi-
able. At Siliņupe, pendants drilled from both faces
predominate among the finished, unbroken items.

Relatively large numbers of button-shaped beads
(Fig. 3.1–3) were also produced, with a total of 26
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finds. Commonest are circular beads with a V-shaped
perforation, although oval beads were also found.
They are most frequently plano-convex in cross sec-
tion, less often biconvex.

The class of tubular beads is represented at Siliņupe
by seven fragmentary cylindrical beads, all of them
in a partially processed state (Fig. 3.4–5).

Production methods and stages

Our understanding of the processes applied in amber
jewellery production and the assignment of the pie-
ces to production stages is based on examination of
the artefacts by naked eye, guided by the findings of
previous analyses of amber-working by Vankina
(1970), Ryszard F. Mazurowski (1984), Annelou van
Gijn (2006; 2014) and Erik van Drenth (2013), and
by the results of experiments performed by Eryk
Popkiewicz (2012).

First, it was important to select the most suitable raw
material for amber ornaments. Only hard and clear
amber would be chosen, as it is less likely to fracture

and spoil the work. If the natural cortex of the am-
ber lump was to be removed, this could be done
using a knife or grinding stone in the form of a sand-
stone or limestone slab, as attested by archaeologi-
cal and ethnographic studies. There is ethnographic
evidence of pre-processing heat treatment to im-
prove the structure of amber (Popkiewicz 2012).

The process of shaping and surface treatment can
be divided into several stages: subdivision of the no-
dule, flaking, grinding, and polishing. In the course
of initial processing, a blank of suitable size would
be obtained. Before further working, larger pieces
of amber would be cut or divided into smaller ones,
utilizing tools of bone, antler, flint or other stone
(Mazurowski 1984). It has been shown experimen-
tally that, when using a miniature axe, by control-
ling the point where the flint blade will strike the
amber, it is possible to determine the size of the
amber fragment that will detach (Popkiewicz 2012).
Amber lumps can also be split by indirect percus-
sion, using an antler punch to apply strong point
pressure, or they can be subdivided by cutting with
a wet thread (van Gijn 2006; Popkiewicz 2012).

Fig. 2. Amber ornaments from
Sārnate discarded in various
stages of production (photos
by V. Bērziņ∏). Button-shaped
beads: 1 unperforated, flaked/
ground (A11415:542); 2 un-
perforated, ground all over
(A11417:100); 3 broken at
completed V-shaped perfora-
tion, with secondary straight
perforation, ground all over
(A11415:515); 4 broken at
complete V-shaped perforation,
polished all over (A11415:
512); 5 broken at completed V-
shaped perforation, polished
all over (A11415:243). Tubu-
lar beads: 6 unperforated,
ground/polished (A11415:
544); 7 broken at incomplete
perforation, flaked/ground
(A11417:55); 8 broken at com-
pleted perforation, flaked
(A11417:20). Pendants: 9 un-
perforated, flaked/ground
(A11421:48); 10 unperforat-
ed, ground all over (A11417:
17); 11 broken at incomplete
perforation, flaked all over
(A11415:218); 12 broken at
completed perforation, front
polished, back ground (A11421:27); 13 broken at completed perforation, polished all over (A11421:26);
14 broken at completed perforation, polished all over (A11415:539).



Fig. 3. Amber ornaments from
Siliņupe discarded in various
stages of production (photos by
M. Kalniņ∏ and V. Bērziņ∏). But-
ton-shaped beads: 1 perforation
complete, front polished, back
ground (VI292); 2 perforation
complete, polished all over
(A11399:1); 3 broken at incom-
plete V-shaped perforation, with
completed secondary straight
perforation, front polished,
back ground/polished (A11399:
52). Tubular beads: 4 broken at
incomplete perforation, flaked/
ground (VI292); 5 broken at in-
complete perforation, flaked
(VI292). Pendants: 6 unperfo-
rated, flaked (A11399:34); 7
broken at complete perforation,
flaked (A11399:27); 8 broken at
complete perforation, ground/
polished (VI292); 9 completed
perforation, natural surface
(A11399:112); 10 completed per-
foration, natural surface, expos-
ed to heat? (A11399:76); 11 bro-
ken at complete perforation,
ground/polished (11399:6); 12
completed perforation, partial-
ly ground/polished (VI292); 13
completed perforation, partial-
ly polished (VI292).
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Once a suitable-sized piece of amber was obtained,
it would be shaped into the desired form. Various
kinds of blanks may be distinguished: nodules,
blocks, and flakes (van Gijn 2014). Unshaped am-
ber lumps could be used for making pendants, but
the blanks for more elaborate pendants and beads
were shaped after splitting. Amber flaking involved
similar techniques and instruments to those used
for flint-knapping, with the difference that amber-
working requires smaller tools that permit greater
precision (Popkiewicz 2012). Flaking could be per-
formed with a flint flake or miniature axe. This
leaves traces of retouch on the amber surface, where
small fragments of amber are detached by the pres-
sure of the tool edge (Figs. 2.1,7,8,11; 3.4–6; Popkie-
wicz 2012). This technique is comparable to re-
touching on flint (Vankina 1970.112–114). The size
of the detached fragments depends on the pressure
exerted on the amber and on the angle of the tool
edge to the surface of the amber (Popkiewicz 2012).

Grinding was employed to smooth the surface and
round the sharp edges. Grinding stones with diffe-
rent grain sizes could be used for this, leaving regu-

lar striations running in various directions (Fig. 2.2,
3,6,10). Subsequently, the surface would be polished
using soft leather or fabric (Popkiewicz 2012).

Drilling was the most difficult operation in amber
processing, and was a frequent cause of breakage.
The piece could be drilled at any stage of process-
ing.

Different kinds of drilled perforations may be dis-
tinguished, relating to the form of the ornament:
pendants most commonly have short perforations;
button-shaped beads have V-shaped perforations;
and tubular beads have long, straight perforations.
A different technique was used for each kind of per-
foration, and they differ in the degree of difficulty.

Pendants were simplest to perforate, as with such a
short perforation, there was less chance of the or-
nament fracturing. A flint drill could be used for this
purpose, drilling from one face or both and obtain-
ing a conical or biconical perforation, respectively
(Popkiewicz 2012). Drilling from both faces was the
most common practice, possibly in order to reduce
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the likelihood of breakage (Drenth 2013; van Gijn
2014). It was also the most common in cases of re-
peated perforation, undertaken in repairing items
at Siliņupe. Often, however, the placement of the
two conical perforations was incorrectly judged, and
so it was necessary to drill obliquely, which could
lead to breakage (Popkiewicz 2012; van Gijn 2014).
It has been confirmed experimentally that drilling
may also be performed with a pointed piece of wood
or antler, using a fine slurry, with this process leav-
ing fine, regular, circular scratches (van Gijn 2014).

V-shaped perforations were provided for the button-
shaped beads, drilling obliquely from two points on
the same side, so that the perforations met to form
the V shape.

The tubular beads required a long, straight perfora-
tion. Moreover, it was important for the perforation
to be symmetrical in relation to the ornament, which
was difficult to achieve. In order to obtain a cor-
rectly aligned perforation, the first step is to mark
the drilling site, so that the drill does not slide
across the surface of the amber, which can be done
using the sharp edge of a flint tool (Popkiewicz
2012). For drilling the perforation itself, a longer
instrument was required. In cases where a straight,
cylindrical perforation is observable, a hollow drill
could have been used, perhaps a bird bone, leaving
a smooth perforation (van Gijn 2006; Drenth 2013).
These perforations were drilled from one or both
ends. A flint drill attached to a wooden shaft could
also have been used for such longer, more difficult
perforations (Popkiewicz 2012). The perforations
of tubular beads broke or failed more commonly
than those of other ornaments (Figs. 2.7; 3.4,5), re-
flecting the higher degree of difficulty.

The amber ornaments were classified into five pro-
duction stages, taking into consideration both the
character of the surface finish and the state of the
perforation (Bērziņ∏ 2003).

The following degrees of surface finish were distin-
guished:
● natural cortex all over;
● partially covered in natural cortex, partially flaked;
● surface entirely flaked;
● partially flaked, partially ground;
● surface entirely ground;
● partially ground, partially polished;
● surface entirely polished;
● front polished, reverse ground (mainly seen on

button-shaped beads);

● partially natural cortex, partially polished (irreg-
ular pieces not shaped by flaking, only polished).

The following perforation states were distinguished:
● unperforated (piece intact);
● partly perforated (piece intact);
● perforation complete (piece intact);
● broken at the perforation, with perforation clearly

incomplete;
● broken at the perforation, with perforation pos-

sibly or definitely complete;
● fragmentary piece not showing a perforation (e.g.,

the lower part of a pendant or the margin of a but-
ton-shaped bead).

The pieces were assigned to one of five production
stages as follows:
1. Unperforated pieces: these are pieces abandoned
either without completing pre-perforation working,
or else leaving the piece ready for perforation with-
out actually starting this operation. Such finds are
taken to indicate shaping/surface treatment before
perforation or the stocking of unperforated blanks.

2. Pieces with an unfinished perforation: either
intact or broken at the perforation. These indicate
failed or interrupted drilling. In the case of some
broken pieces, it is not evident whether the perfora-
tion was complete at the time of breakage. For the
purpose of assigning such pieces to a production
stage, pieces which have a flaked but not ground
surface are included in this stage, taking into ac-
count that flaking most commonly preceded perfo-
ration (as shown in Table 3). On the other hand, if
such a broken piece has a ground surface, the state
of surface treatment does not give any indication
as to whether it broke during perforation or during
subsequent finishing, and such pieces are classed
as “production stage indeterminate”.

3. Pieces with a finished perforation, but unfin-
ished surface treatment: i.e. not all of the surface
(or the front in the case of button-shaped beads)
has been polished. Such pieces indicate that post-
perforation finishing was being conducted, and
that work on this piece was abandoned before this
operation was completed.

4. Finished products: pieces with a finished perfo-
ration, where the whole surface (or the front in the
case of button-shaped beads) has been polished.

5. Pieces with a secondary perforation: these are
cases of repair after breakage at the perforation.
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Sā

rn
at

e,
Si

lin
,u

pe
To

ta
l

dw
el

lin
g 

2
dw

el
lin

g 
2

dw
el

lin
g 

2

1.
 u

np
er

fo
ra

te
d

6 
(1

0
%

)
2 

(1
0

%
)

3 
(1

2%
)

11
 (

10
%

)
–

1 
(1

0
0

%
)

–
1 

(5
%

)
1 

(2
%

)
4 

(2
7%

)
3 

(4
%

)
8 

(6
%

)
2.

 in
co

m
pl

et
e 

pe
rf

or
at

io
n

7 
(1

1%
)

6 
(3

2%
)

17
 (

65
%

)
30

 (
28

%
)

2 
(1

4%
)

–
6 

(8
6%

)
8 

(3
6%

)
4 

(1
0

%
)

1 
(7

%
)

30
 (

42
%

)
35

 (
27

%
)

3.
 c

om
pl

et
ed

 p
er

fo
ra

tio
n,

 u
nf

in
is

he
d 

su
r-

14
 (

23
%

)
2 

(1
0

%
)

–
16

 (
15

%
)

8 
(5

7%
)

–
–

8 
(3

6%
)

9 
(2

1%
)

2 
(1

3%
)

14
 (

20
%

)
25

 (
20

%
)

fa
ce

 t
re

at
m

en
t

To
ta

l s
em

i-m
an

uf
ac

tu
re

d 
pi

ec
es

 (
st

ag
es

 1
–3

)
27

10
20

57
10

1
6

17
14

7
47

68
4.

 fi
ni

sh
ed

 a
rt

ef
ac

t
27

 (
44

%
)

8 
(4

2%
)

5 
(1

9%
)

40
 (

38
%

)
4 

(2
9%

)
–

–
4 

(1
8%

)
6 

(1
4%

)
5 

(3
3%

)
7 

(1
0

%
)

18
 (

14
%

)
5.

 a
rt

ef
ac

t 
re

pa
ir

ed
 b

y 
se

co
nd

ar
y 

pe
rf

or
at

io
n

–
–

–
–

–
–

–
–

–
–

5 
(7

%
)

5 
(4

%
)

Pr
od

uc
tio

n 
st

ag
e 

in
de

te
rm

in
at

e
7 

(1
1%

)
1 

(5
%

)
1 

(4
%

)
9 

(8
%

)
–

–
1 

(1
4%

)
1 

(5
%

)
22

 (
52

%
)

3 
(2

0
%

)
12

 (
17

%
)

37
 (

29
%

)
To

ta
l (

al
l s

ta
ge

s)
61

19
26

10
6

14
1

7
22

42
15

71
12

8

Pr
od

uc
tio

n 
st

ag
e

To
ta

l o
f 3

 o
rn

am
en

t 
cl

as
se

s
To

ta
l f

in
is

he
d\

se
m

i-
U

nw
or

ke
d 

no
du

le
s

D
eb

ita
ge

 p
ie

ce
s

m
an

uf
ac

tu
re

d 
ite

m
s

1.
 u

np
er

fo
ra

te
d

7 
(6

%
)

7 
(2

0
%

)
6 

(6
%

)
20

 (
8%

)
2.

 in
co

m
pl

et
e 

pe
rf

or
at

io
n

13
 (

11
%

)
7 

(2
0

%
)

53
 (

51
%

)
73

 (
28

%
)

3.
 c

om
pl

et
ed

 p
er

fo
ra

tio
n,

 u
nf

in
is

he
d

31
 (

26
%

)
4 

(1
1%

)
14

 (
13

%
)

49
 (

19
%

)
su

rf
ac

e 
tr

ea
tm

en
t

To
ta

l s
em

i-m
an

uf
ac

tu
re

d 
pi

ec
es

 (
st

ag
es

 1
–3

)
51

18
73

14
2

4.
 fi

ni
sh

ed
 a

rt
ef

ac
t

37
 (

32
%

)
13

 (
37

%
)

12
 (

12
%

)
62

 (
24

%
)

5.
 a

rt
ef

ac
t 

re
pa

ir
ed

 b
y 

se
co

nd
ar

y 
pe

rf
or

at
io

n
–

–
5 

(5
%

)
5 

(2
%

)
Pr

od
uc

tio
n 

st
ag

e 
in

de
te

rm
in

at
e

29
 (

25
%

)
4 

(1
1%

)
14

 (
13

%
)

47
 (

18
%

)
To

ta
l (

al
l s

ta
ge

s)
11

7
35

10
4

25
6

12
6

43
31

6
48

5
–

7
28

8
29

5
20

27
44

22
9

23
0

0

Ta
b.

 2
. 

A
m

be
r 

fi
n

ds
 b

el
on

gi
n

g 
to

 t
he

 m
ai

n
 o

rn
am

en
t 

ca
te

go
ri

es
 f

ro
m

 t
he

 E
ar

ly
 S

ā
rn

at
e 

W
ar

e 
ph

as
e 

at
 S

ā
rn

at
e 

an
d 

fr
om

 S
il

iņ
up

e,
 c

la
ss

if
ie

d 
ac

co
rd

in
g 

to
pr

od
uc

ti
on

 s
ta

ge
.
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Table 2 and Figure 4 give the numbers of button-
shaped and tubular beads and pendants assigned
to each of the production stages in the assemblages
from Sārnate dwelling 2, from the other dwellings
belonging to the Early Sārnate Ware phase at Sārna-
te, and from Siliņupe. Out of a total 256 ornaments,
209 (82%) could be assigned to a specific production
stage.

The chaîne opératoire and its variation

The basic classification according to production sta-
ges is a logical starting point for elaborating the
chaîne opératoire. Analysis of the semi-manufac-
tured pieces reveals, however, that the production
steps do not follow a fixed sequence. While shap-
ing/surface treatment proceeds from flaking to grind-
ing to polishing, there is considerable variation in
terms of the point within this sequence at which
the piece was perforated. This is apparent if we con-
sider the state of surface treatment only for those
semi-manufactured ornaments, 41 in total, which
clearly display an incomplete perforation (Tab. 3),
almost all of them fragmentary pieces that evident-
ly broke during perforation.11

Table 3 shows that among the pieces exhibiting a
failed perforation, seven had been flaked all over
the surface (with no grinding traces) before they
were perforated; eight had been flaked and only
partially ground; and the greatest number – 12 – had
already been ground all over. There are also small-
er numbers of incompletely perforated pieces in va-
rious other states of shaping/surface treatment, rang-
ing from completely unshaped (with natural cortex
all over) to completely polished.

All three ornament classes – both kinds of beads as
well as pendants – show considerable variation in
the degree of shaping/surface treatment carried out
in advance of perforation. And such variation occurs
within all three assemblages. Even the assemblage
from Sārnate dwelling 2, which must be regarded
as representing the output of a relatively restricted
human group (a household or small workshop),
shows an element of variation in this respect.

Accordingly, the generalized chaîne opératoire for
amber ornament production on these sites cannot
be viewed as a sequence of steps performed in a set
order, of the kind often visualized in schematic form

in studies on processing sequences for lithic materi-
als (e.g., Inizan 2008.Figs. 8–10), bone (e.g., David
2006.Fig. 2) or ceramics (e.g., Perry 2016.Fig. 11).

The kind of chaîne opératoire indicated by the am-
ber assemblages, where a particular operation may
come at various points in the processing sequence,
is challenging to represent schematically. We have
chosen to view it as consisting of two independent
sub-chaînes: (1) the sequence of shaping/surface
treatments, and (2) perforation (Fig. 4).

The same kind of variation in the position of perfo-
ration within the order of production steps is noted
by van Gijn (2014) in her study of a Neolithic amber
assemblage from Zeewijk in the Netherlands. It is
likewise observed in Stone Age assemblages in Po-
land and in collections from medieval amber work-
shops in the Baltic Sea region (Popkiewicz 2012 and
reference therein to Wojtasik 1990.147–148).

Proceeding from his amber processing experiments,
Popkiewicz (2012) highlights the ergonomic and
labour-saving aspects of this process: (1) a piece still
in the initial stage of processing, and hence larger,
is easier to hold or fix in position for drilling the
perforation; and (2) because drilling is the most dif-
ficult part of the work, presenting the greatest risk
of failure, less time/labour will have been wasted in
the case of breakage while drilling, if this operation
is performed on a little-worked piece than on a piece
already in an advanced stage of completion.

This begs the question: why did amber-workers ne-
vertheless often leave drilling until after grinding,
or even after polishing? There are evidently techni-
cal issues at play here, presumably relating to the
particular drilling technique employed and the
means of fixing or holding the piece for drilling, as
well as the form of the unworked lump, the kind of
ornament it was to become, and the kind of perfora-
tion required for the particular ornament. All of
these aspects deserve attention in future experiment-
al work.

Leaving aside these practicalities, what does the oc-
currence of variation in the sequence of processing
tell us? Following the theoretical approach taken
by Gwendolyn O. Kelly (2016) in her study of stone
bead production in Early Historic South India, we
are witnessing an element of heterodoxy within the

1 Unlike in the assignment of production stages in Table 2, pieces where the perforation is assumed to be incomplete because
the surface is flaked but not ground are excluded from this analysis to avoid any ambiguity.
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communities producing the ornaments. Thus, there
was an acceptance of alternative practices, in this
case with respect to the order in which the opera-
tions of producing an amber ornament were carried
out – in contrast to an orthodox attitude, where only
one set of practices is acceptable.

In her discussion of the Zeewijk assemblage, Van
Gijn (2014) proposes that the variability observed
in the exact production sequence of amber beads
supports the assumed domestic production of the
ornaments, with different people having slightly
different techniques, whereas if the beads had been
produced in workshops a more standardized pro-
duction sequence would be expected.

Such a conclusion may also be valid with respect to
amber processing in the Neolithic of the Eastern Bal-
tic. Thus, in addition to the evidence for intensive
amber-working from Sārnate dwelling 2 (not just
the amber assemblage itself but also grinding stones
and certain lithic tool types that probably constitute
amber-working gear), this dwelling also yielded a
number of flint spear- and arrowheads, two pebble
net sinkers and a significant amount of pottery (Van-

kina 1970.75–76, Tab. 3, Fig.
133; Bērziņ∏ 2008.Tabs. 10,
18), providing evidence of
engagement in subsistence ac-
tivities. In other words, am-
ber processing appears to be
taking place in what may be
described as a domestic con-
text. Lithic debitage was also
abundant, showing that not
just amber but also lithics
were being intensively pro-
cessed.

It appears that the domestic
production of amber orna-
ments provided a context in
which heterodoxy in proces-
sing practices could thrive,
which is an important obser-
vation, if we consider that
the output, in terms of the
dominant classes of amber
ornaments, was actually ra-
ther standardized. Thus, the
makers of amber ornaments,
apparently dispersed across
a great many household pro-
duction settings, were follow-

ing somewhat different methods, even though they
were aiming to produce standard ornament forms
of recognized value for participation in a supra-re-
gional exchange network.

Intensity of amber-working and production of
different jewellery classes

The absolute quantities of amber recovered (Tab.
2, ‘Total finished/semi-manufactured items’, ‘Un-
worked nodules’, ‘Flakes’) and the number of finds
per square metre give at least some indication of the
relative intensity of amber-working. In this respect,
Sārnate dwelling 2, with an excavated area of 86m2,
is in a class of its own, with its 126 (1.47/m2) semi-
manufactured and finished items and 2027
(23.57/m2) pieces of debitage (but no unworked
nodules recorded!). The other Early Sārnate Ware
phase dwellings at Sārnate, with a combined exca-
vation area of 524m2, are relatively very impover-
ished in terms of amber finds, together yielding only
43 (0.08/m2) finished/semi-manufactured items, se-
ven (0.01/m2) unworked nodules and a mere 44
(0.08/m2) debitage pieces. Siliņupe lies in between
these extremes: here, an excavated area of 336m2

Fig. 4. Flowchart representing the generalized chaîne opératoire of am-
ber jewellery production, where shaping/surface treatment and perfo-
ration are viewed as two independent sub-chaînes.
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has given 316 (0.94/m2) finished/semi-manufac-
tured items, 288 (0.86/m2) unworked nodules and
229 (0.68/m2) debitage pieces.

It should be added that in the case of Siliņupe (but
not Sārnate), the natural strata at the base of the
archaeological sequence also contain amber lumps,
transported by longshore drift in the sea and depo-
sited along with other sediment (Bērziņ∏ et al. sub-
mitted), so we cannot be certain that all of the re-
covered unworked amber on this site was actually
collected by the inhabitants.

The general situation is clear enough: dwelling 2 at
Sārnate was a locus of very intensive amber-working
activity, starkly contrasting with a very low level of
amber-working in the other dwellings of this phase,
while Siliņupe falls in between. Because the Sārna-
te collection can be subdivided into separate dwel-
ling assemblages which we can equate with small-
scale social groups, a pattern is revealed where one
such group within a larger community – that asso-
ciated with dwelling 2 – was engaging much more
intensively in amber-working than others. Accor-
dingly, dwelling 2 was previously regarded as an
amber workshop (Vankina 1970.114), and has sub-
sequently been considered through the theoretical
lens of craft specialization (Bērziņ∏ 2003). We can-
not exclude the possibility that there was a similar
concentration of amber-working in the hands of a
subset of the community at Siliņupe, too. However,
on this site the artefactual remains cannot be split
into separate dwelling assemblages, and thus such
patterns are not clearly detectable.

We may next compare our three assemblages in
terms of the proportional representation of the three
classes of ornaments among all the semi-manufac-
tured pieces (Tab. 2, “Total semi-manufactured pie-
ces (stages 1–3)”), which should, at least to some
degree, reflect how much of the amber production
effort was in each case being devoted to the mak-
ing of particular classes of ornaments. There are also
salient differences in this respect. Thus, at Sārnate
dwelling 2, button-shaped beads are the most com-
mon among semi-manufactured pieces, numbering
27, or 53% of the total number of semi-manufactured
pieces in the assemblage belonging to the three or-
nament classes; tubular beads are somewhat less
common, represented by 10 pieces (20%), while
pendants number 14 pieces (27%).

The situation is broadly similar for the other Early
Sārnate Ware dwellings at Sārnate: 10 semi-manu-D
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Sā
rn

at
e,

Si
lin

,u
pe

To
ta

l
Sā
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Sā
rn

at
e,

Si
lin

,u
pe

To
ta

l
dw

el
lin

g 
2

dw
el

lin
g 

2
dw

el
lin

g 
2

na
tu

ra
l c

or
te

x 
al

l o
ve

r
–

–
1

1
–

–
–

–
–

–
–

–
1

pa
rt

ia
lly

 n
at

ur
al

 c
or

te
x,

 p
ar

tia
lly

 fl
ak

ed
–

–
1

1
–

–
2

2
–

–
2

2
5

en
tir

el
y 

fla
ke

d
1

1
1

3
1

–
1

2
–

1
1

2
7

pa
rt

ia
lly

 fl
ak

ed
, p

ar
tia

lly
 g

ro
un

d
–

–
4

4
1

–
1

2
–

–
2

2
8

en
tir

el
y 

gr
ou

nd
5

–
1

6
–

–
–

–
1

5
–

6
12

pa
rt

ia
lly

 g
ro

un
d,

 p
ar

tia
lly

 p
ol

is
he

d
–

–
–

–
–

–
–

–
1

–
2

3
3

en
tir

el
y 

po
lis

he
d

–
–

5
5

–
–

–
–

–
–

–
–

5
To

ta
l

6
1

13
20

2
–

4
6

2
6

7
15

41

Ta
b.

 3
. D

eg
re

e 
of

 s
ur

fa
ce

 t
re

at
m

en
t 

on
 o

rn
am

en
ts

 w
it

h 
an

 u
n

fi
n

is
he

d 
pe

rf
or

at
io

n
. N

ot
e:

 t
he

 p
ie

ce
s 

co
n

si
de

re
d 

he
re

 a
re

 o
n

ly
 t

ho
se

 w
he

re
 t

he
 p

er
fo

ra
ti

on
 i

s
cl

ea
rl

y 
ob

se
rv

ed
 t

o 
be

 i
n

co
m

pl
et

e,
 u

n
li

ke
 i

n
 T

ab
le

 2
, w

he
re

 b
ro

ke
n

 p
ie

ce
s 

w
it

h 
a 

pe
rf

or
at

io
n

 n
ot

 c
le

ar
ly

 i
de

n
ti

fi
ab

le
 a

s 
in

co
m

pl
et

e 
ar

e 
al

so
 c

la
ss

if
ie

d 
in

 p
ro

-
du

ct
io

n
 s

ta
ge

 3
 i

f 
th

ey
 h

av
e 

be
en

 f
la

ke
d 

bu
t 

n
ot

 g
ro

un
d.
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factured button-shaped beads (56%), just one tubu-
lar bead (6%) and seven pendants (39%). The main
difference from dwelling 2 is the virtual absence of
semi-manufactured tubular beads (and no finished
examples of such beads occur, either).

From Siliņupe we have 20 semi-manufactured but-
ton-shaped beads (27%), six tubular beads (8%) and
47 pendants (64%). Thus, in contrast to both of the
Sārnate assemblages, pendant production appears
to have dominated at Siliņupe.

These patterns may be considered in relation to the
level of difficulty involved in the different kinds of
perforation required for the three ornament classes,
as indicated by the experimental work of Popkie-
wicz (2012) and by the occurrence of characteristic
broken pieces. Pendants would have been the sim-
plest items to perforate: only a straight, relatively
short perforation was needed. The V-shaped perfo-
ration of button-shaped beads is harder to achieve,
while most difficult is the drilling of the long per-
foration of the tubular beads.

In all three assemblages, the proportion of semi-
manufactured tubular beads is lowest among the
three ornament classes, and on this basis they may
be considered rather ‘exclusive’, presumably being
made only from very good quality amber nodules
and only by individuals with advanced drilling skills.
The virtual absence of such pieces from the Early
Sārnate Ware dwellings other than dwelling 2 sug-
gests that within this community the skills (and per-
haps also equipment) needed to make these pieces
were only possessed by the people working in this
dwelling.

This difficulty of producing tubular beads also co-
lours our view of the sets of amber ornaments pro-
vided as grave goods in this period. Thus, for exam-
ple, the set of 12 tubular beads provided for child
burial 194 at the Zvejnieki cemetery (Zagorska
2001; Zagorskis 2004.Pl. 17) represents a particu-
larly valuable item of jewellery in terms of the
amount of highly skilled labour invested in it. Like-
wise very valuable from this perspective was a set
of tubular beads found on the Abora site in eastern
Latvia (Loze 1975.Fig. 10; 2008.125).

Representation of different production stages

If we now proceed to examine the production-stage
data for our three main ornament classes (Fig. 5;
Tab. 2, “Total of 3 ornament classes”), then we find

that each assemblage shows a somewhat different
picture in this respect as well. Sārnate dwelling 2 is
distinguished by a large number of pieces with a
completed perforation but unfinished shaping/sur-
face treatment (stage 3). The other Sārnate dwel-
lings have a high proportion of unperforated (stage
1) pieces. Meanwhile, Siliņupe has a very large share
of incompletely perforated pieces (stage 2); pieces
in this stage are also fairly common in the other Sār-
nate dwellings, but comprise only a small percent-
age in dwelling 2. Siliņupe stands out in having a
much lower proportion of finished ornaments (stage
4) than dwelling 2 or the other Sārnate dwellings.

When considering the button-shaped beads specifi-
cally, the pattern is similar but not quite the same:
many perforated but incompletely finished pieces
(stage 3) from Sārnate dwelling 2; a high propor-
tion of finished pieces (stage 4) from dwelling 2 as
well as the other dwellings at Sārnate; and a very
marked predominance of incompletely perforated
beads (stage 2) from Siliņupe. In this particular or-
nament class, the proportion of incompletely per-
forated pieces is also high in the other Sārnate dwel-
lings.

As noted above, tubular beads are much less abun-
dant in general, and are virtually absent from the
other Sārnate dwellings. Although the absolute num-
bers are small, we still see a similar difference be-
tween Sārnate dwelling 2 and Siliņupe to that ob-
served in the case of button-shaped beads: namely,
at Sārnate dwelling 2 completely perforated but in-
completely finished pieces (stage 3) predominate,
while Siliņupe has produced almost exclusively pie-
ces with an incomplete perforation (stage 2), which
seems to reflect the difficulty of perforating tubular
beads – a high proportion were evidently ruined at
this stage.

In the case of pendants, within the relatively small
assemblage from the other Sārnate dwellings there
is a large share of unperforated (stage 1) pieces. Si-
liņupe has many incompletely perforated (stage 2)
pendants. The proportion of pendants with a com-
pleted perforation (stage 3) is higher from Sārnate
dwelling 2 and Siliņupe than in the case of the
other Sārnate dwellings. Finished pendants (stage
4), on the other hand, are commonly represented
from the other Sārnate dwellings, while Siliņupe
stands out as the only assemblage with pendants re-
paired by secondary perforation (stage 5). If we con-
sider the proportions of the different production
stages for the pendants in relation to the propor-
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tions for the other two ornament classes, then the
most salient common characteristic to emerge is that
Siliņupe has a high proportion of incompletely per-
forated (stage 2) pieces.

We are not in a position to attempt a comprehensive
interpretation of all the patterns identifiable in these
statistics. More detailed technical analysis would no
doubt permit a clearer understanding of the factors
behind the representation of the different produc-
tion stages. However, the current understanding of
Neolithic amber-working and our knowledge of the
sites from which the assemblages originate does per-
mit us to try to account for at least some of the va-
riation between them.

The previous treatment of amber-working at Sārna-
te by Bērziņ∏ (2003) noted a degree of complemen-
tarity in the data for dwelling 2 and for the other
Early Sārnate Ware phase dwellings: thus, the rela-
tively high proportion of pieces in the early stages
of processing (stages 1 and 2) in the material from
the latter suggested that perforated and unperfo-
rated blanks may have been supplied from these
dwellings for further processing (by specialists) in
dwelling 2. The absence of unworked nodules in
dwelling 2 also points to such a scenario. This is still
seen as a valid hypothesis – although for a proper
appreciation of such patterns we would really need
to gain a clearer insight into the small-scale social re-
lationships linking household groups within these
communities. It is not, unfortunately, possible to as-
certain whether dwelling 2 was inhabited simulta-
neously with other excavated dwellings of this occu-
pation phase.

The most salient overall difference between the as-
semblages, applying to all three ornament classes,
is that Siliņupe has a much higher proportion of
pieces abandoned during the perforation process
(stage 2), i.e. failed perforations, than either Sārna-
te dwelling 2 or the other Sārnate dwellings, while
both of the Sārnate assemblages are dominated by
finished ornaments (along with perforated but in-
completely finished pieces in the case of dwelling 2).

In the knowledge that amber ornaments were impor-
tant as exchange items, distributed from the coast
along waterways far into the continental interior, we
might indeed expect a high proportion of finished
items to have been removed from our production
sites, leaving mainly pieces that broke during pro-
cessing or were considered in some way defective.
The pattern seen at Siliņupe appears to accord well

with such a scenario: here, it seems that if the perfo-
ration succeeded, then the ornament was almost
always brought to completion and taken away. But
this was apparently not quite so at Sārnate, espe-
cially in the case of the intensive amber-working ac-
tivity in dwelling 2. Here, a high proportion of suc-
cessfully perforated pieces were also being retained.
In many cases post-perforation finishing was left in-
complete, but many finished pieces were also kept.

In seeking to explain this difference, we may consi-
der the geographical positions of the two sites in re-
lation to exchange networks in the region east of
the Baltic Sea. From such a perspective, Siliņupe ap-
pears to be much more centrally located, since it
lies close to the mouths of two major waterways,
the Daugava and the Lielupe. The River Daugava,
in particular, along with its tributaries, has been
viewed as a major route for amber distribution – to
the Lake Lubāns basin in eastern Latvia as well as
much further eastwards into present-day Belarus
and Russia (Loze 2001; 2003; Charniauski 2001).
The Lielupe and its tributaries connect with present-
day northern Lithuania. By comparison, Sārnate can
be seen as occupying a rather peripheral location:
it is fairly close to the River Venta, but this river has
a much smaller drainage basin than the Daugava,
and is, moreover, oriented southwards, connecting
with a region not so distant from the coast of pre-
sent-day Lithuania, where amber was likewise avai-
lable locally.

We would expect, then, that the people at Siliņupe
had much greater opportunities to engage in the
eastwards-oriented exchange networks than the com-
munity at Sārnate. Hence, at Siliņupe there would
have been a stronger stimulus to maximize amber
ornament production and supply the great majori-
ty of the finished pieces (perhaps even those consi-
dered second rate or slightly defective) to the ex-
change network. It might also have been an incen-
tive towards the utilization of less-than-perfect am-
ber nodules and to the involvement of a wider circle
of individuals in the working of amber, even those
with inferior skills – both of which would have in-
creased the frequency of failure during perforation,
as reflected in the assemblage.

The relatively high proportion of semi-manufactured
pendants at Siliņupe (noted in the previous section)
might, once again, be linked to this community’s in-
tensive involvement in exchange, in which context
it was perhaps advantageous to focus on the simpler-
to-make forms.
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Meanwhile at Sārnate, with its disadvantageous lo-
cation for participation in the exchange network,
there could have been a tendency for finished pie-
ces to accumulate on the site, perhaps only those
considered the best being selected for exchange, and
in such a situation we might expect there to have
been less incentive to bring to completion all of the
successfully perforated pieces by undertaking the
laborious process of polishing. This would explain
the high percentages of perforated but incompletely
finished (stage 3) as well as finished (stage 4) pieces
from Sārnate dwelling 2.

There is another important difference between the
sites, which must have affected patterns of amber-
working and may also partially account for the
above-discussed differences be-
tween the assemblages – namely
access to various lithic raw mate-
rials. Thus, recent studies by Mār-
cis Kalniņ∏ reveal that the inhabi-
tants of the Early Sārnate Ware
phase dwellings at Sārnate, includ-
ing dwelling 2, were largely reli-
ant on Silurian flint, which could
be collected from the beaches along
that stretch of the coast; at Siliņu-
pe, by contrast, the dominant lith-
ic raw material is Cretaceous flint,
which came from present-day sout-
hern Lithuania or Belarus, at least
200km away, while the surround-
ing area apparently lacked good lo-
cally available lithic raw materials
(Berg-Hansen et al. 2019; Kalniņ∏,
submitted; Bērziņ∏ et al. submit-
ted).

The pattern of lithic raw material
use thus not only provides additio-
nal evidence that the Siliņupe com-
munity was more intensively par-
ticipating in long-distance exchange
than the community at Sārnate. It
was also much more dependent on
exchange, because the exchange
networks were providing the lith-
ic material used for toolmaking.
And moreover, as described above,
flint tools had an important role in
amber-working itself.

Zagorska (2003), in her initial treat-
ment of the Siliņupe amber assem-

blage, emphasizes the importance of amber ex-
change with respect to this site, noting the preva-
lence of broken semi-manufactured items in the as-
semblage, and our comparison with Sārnate brings
this into sharper relief. One further remark needs
to be made here, namely that considerations of geo-
graphical location and material flows are in them-
selves inadequate for a proper understanding of am-
ber exchange (and long-distance exchange in this re-
gion of Europe in general). We also require a bet-
ter grasp of the social context in which exchange was
embedded, and this is an important task for future
research (see Zhulnikov 2008 for an attempt to
characterize the regional flow of amber ornaments
in terms of prestige item exchange serving to estab-
lish and strengthen social ties).

Fig. 5. The representation of different ornament production stages
in the amber assemblages from Sārnate dwelling 2, the other dwel-
lings at Sārnate with Early Sārnate Ware and the Siliņupe site (data
from Table 2): 1 unperforated; 2 incomplete perforation; 3 complet-
ed perforation, unfinished surface treatment; 4 finished artefact; 5
artefact repaired by secondary perforation; 6 production stage inde-
terminate.
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Conclusions

Our approach to amber assemblages from produc-
tion sites, looking at the relative intensity of pro-
duction of different jewellery forms, the representa-
tion of different production stages among the pieces
remaining on the site and the sequence in which the
processing operations of shaping/surface finishing
and perforation were performed, has revealed major
differences in the overall character of the amber as-
semblages from the two sites as well as intra-site (i.e.
intra-community) variation in working practices.

The differences in representation of the various pro-
duction stages of amber jewellery at Sārnate and Si-
liņupe would appear to be at least partially explica-
ble in terms of the Siliņupe community’s closer inte-
gration into amber exchange networks, owing to the
advantageous geographical location for participation
in long-distance exchange as well as the high depen-
dency upon lithic raw materials obtainable through
the exchange network.

Meanwhile, the variation within the site assemblages
in terms of the point within the processing sequence

when perforation is performed indicates a strong
element of heterodoxy with respect to amber pro-
cessing practices within the communities engaged in
this activity, congruent with a domestic setting of
production – even though the actual output, in terms
of the major jewellery classes, was rather standar-
dized.

These questions deserve further attention in future
research on the technical as well as the social as-
pects of ancient amber-working and exchange.
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Introduction

Northern Greece has been diachronically associated
with the exploitation of its mineral wealth. Greek
Eastern Macedonia in particular, i.e. the area be-
tween the Strymon and Nestos river valleys includ-
ing the nearby Thasos island (Fig. 1), is known for
its numerous polymetallic resources, which have
been intensively exploited from Antiquity until mo-
dern times, with gold, silver, copper, lead and iron
being the main metals extracted. Although we still

lack direct evidence about their exploitation in pre-
historic and protohistoric times (with the remark-
able exception of the Palaeolithic ochre mine at Tzi-
nes, Thasos, around 20 000 years ago; Koukouli-
Chryssanthaki, Weisgerber 1999), we have good
reasons to believe that many of the gold, silver and
copper artefacts retrieved in recent decades from a
number of Neolithic, Chalcolithic and Bronze Age
sites in the area were produced from local resour-
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More than 150 occurrences rich in Fe, Cu, Ag and Au
have been recorded, whereas underground galleries
are widespread in this area and can be dated from
the 6th century BC until the Ottoman period (Vave-
lidis et al. 1996a; 1996b).

Finally, Thasos island, which as previously mentio-
ned offers the earliest evidence for exploitation of
metallic minerals in the Aegean, also has a number
of gold, silver-lead and copper deposits. Gold depo-
sits are located mainly on the eastern coast of the
island where ancient galleries have been studied
(Wagner et al. 1979; 1981; Vavelidis et al. 1988a;
1988b). Ancient exploitation of silver has been stud-
ied in the Marlou-Kourlou, Koumaria and Vouves
mining areas, in the opposite southwestern part of
the island, with numerous underground galleries,
shafts and surface extraction (Hauptmann et al.
1988; Pernicka, Wagner 1988; Pernicka et al. 1992;
Wagner, Weisgerber 1988; Sanidas et al. 2018).

Brief history of archaeological research in the
area
The first Neolithic settlements were established in
the area (Fig. 2) in the second half of the 7th millen-
nium BC (Lespez et al. 2013; Maniatis 2014.207).
The plains of Serres and Drama were ideal for hu-
man occupation as they offered abundant arable
land and extended pastures, with sizable rivers or
perennial sources of water present (Fotiadis 1985;
Andreou et al. 1996). Relative proximity to the wo-
oded slopes of the surrounding metalliferous moun-
tains as well as to the Northern Aegean coastline
must have added considerably to the subsistence/
economic potential of the area.

ces. Moreover, recent analytical studies in artefacts
and metallurgical remains support the use of local
ores on Thasos island (Bassiakos et al. 2019).

The geological setting of the area, its metallic
resources
From a geotectonic point of view, Greek Eastern
Macedonia belongs to the Rhodope Massif, which
possesses several small- to large-scale magmatic-hy-
drothermal ore mineralizations (Melfos et al. 2002;
Melfos, Voudouris 2017). Most of these occurren-
ces present traces of ancient mining (Wagner, Weis-
gerber 1988; Koukouli-Chrysanthaki 1990; Vaveli-
dis et al. 1995; 1996a; 1996b; Chiotis et al. 1996; Va-
xevanopoulos 2017a; Vaxevanopoulos et al. 2022).
Precious metal mineralizations also appear in the
Serbo-Macedonian Massif at its borders with Rho-
dope Massif in the Strymon valley. The Strymon ri-
ver is well known for its placer gold from ancient
writers. Pseudo-Aristotle describes the gold nuggets
found in the riversides after heavy rains in the Paeo-
nian territory (De Mirabilibus Auscultationibus 45).

The Pangaeon mountain is often mentioned by an-
cient writers, and ores rich in gold, silver and cop-
per were extracted in many mining areas during An-
tiquity (Vaxevanopoulos 2017a; 2017b). Copper
rich mineralizations and metallurgical areas with
copper being one of the main extracted metals, es-
pecially in Roman times, have also been recorded
(Vaxevanopoulos et al. 2018). Placer gold has been
identified at several spots in the surroundings of the
mountain. Alluvial gold is further reported in the
streams crossing the region between Pangaeon and
Symvolon (Baker et al. 1992), and limonitic veins
with gold occurrences have
been located in Alistrati, at the
feet of the Menoikion moun-
tain (Vavelidis et al. 1995). Fur-
ther north, on the Angistron
and Orvilos mountains, several
gold and silver deposits have
been recorded and gold-bearing
veins in marble have also been
exploited (Chiotis et al. 1996).

Several mineralizations rich in
gold and silver have also been
identified in the region of Palea
Kavala, on the Lekani Mounta-
ins, which are considered as the
ancient Skapti Yli described by
Thucydides (Photos et al. 1989;
Koukouli-Chrysanthaki 1990).

Fig. 1. Map of Greek Eastern Macedonia showing the main locations of
gold, silver and copper deposits.
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Although both plains comprise many important Neo-
lithic (late 7th–mid 4th millennium BC) sites (Gram-
menos, Fotiadis 1980; Grammenos 1991.120–126;
Koukouli-Chryssanthaki et al. 2008), only a few have
been properly investigated. Promachon-Topolnitsa,
on the west bank of Strymon on the Greek-Bulgarian
border, is the only one excavated systematically to a
large extent in the Serres basin (Koukouli-Chryssan-
thaki et al. 2007). Smaller scale excavations have
been conducted in the cave Orpheas-Alistrati (Kon-
taxi et al. 2004) and the open-air sites at Agio Pnev-
ma (Tolia-Christakou, Siopi 2008), Amphipolis-Hill
133 (Lazaridis 1964; 1965), Dimitra (Grammenos
1991; 1997) and Kryoneri (Malamidou 2007; 2016).
In the plain of Drama, important systematic excava-
tions have been conducted at the tell sites of Sitagroi
(Renfrew et al. 1986; Elster, Renfrew 2003) and Di-
kili Tash (Treuil 1992; Koukouli, Romiopoulou
1992; Darcque et al. 2020 with references; and
www.dikili-tash.fr), whereas smaller investigations

took place at Polystylo (Mylonas, Bakalakis 1938.
109–111), Arkadikos-Drama (Touloumis, Peristeri
1991; Peristeri 2002; 2004) and in the cave of Ma-
aras at the Angitis sources (Trantalidou et al. 2005).
In the small valley of Pieria, between the Pangaeon
and the Symvolon mountains, only the site of Akro-
potamos has undergone some investigation (Mylo-
nas 1941). A small-scale excavation was further con-
ducted at the site of Paradeisos, in the Nestos river
valley (Hellström 1987). The sites of Kastri-Theolo-
gos (Koukouli-Chryssanthaki 1974; Koukouli-Chrys-
santhaki, Papadopoulos 2016.342–349) and Lime-
naria (Papadopoulos, Malamidou 2012) are the
only two Neolithic sites excavated so far on Thasos
island. Limited remains of the final stages of the pe-
riod have also been found in the neighbouring site
of Agios Antonios (Maniatis et al. 2015.810–811).

Most of these sites have provided evidence in con-
nection with metals or metallurgy, in the form of fi-

Fig. 2. Map of the area with the main Neolithic and Copper Age sites: 1 Paradeisos, 2 Kastri, 3 Limenaria,
4 Polystylo, 5 Dikili Tash, 6 Eleftheroupoli, 7 Kalamonas, 8 Kalambaki, 9 Doxato, 10 Kefalari, 11 Adriani,
12 Kallifytos, 13 Arkadikos-Drama, 14 Xeropotamos, 15 Mylopotamos, 16 Petroussa, 17 Maaras-Angitis
Sources, 18 Kali Vrysi, 19 Megalokambos, 20 Sitagroi, 21 Mavrolefki, 22 Symvoli, 23 Orpheas-Alistrati
Cave, 24 Angista R.S.-Paliokostra, 25 Nea Bafra, 26 Aïri Baïri, 27 Dimitra, 28 Fidokoryfi, 29 Mikro Souli,
30 Moustheni, 31 Podochori, 32 Loutra Eleftheron, 33 Akropotamos, 34 Kokkinochori, 35 Galepsos, 36
Ofrynio, 37 Amphipolis-Hill 133, 38 Kryoneri, 39 Kastanochori, 40 Zervochori, 41 Tholos, 42 Toumba, 43
Pentapoli, 44 Agio Pnevma, 45 Fakistra Chryssou, 46 Chrysso R.S., 47 Vergi, 48 Strymoniko, 49 Proma-
chon-Topolnica, 50 Katarraktes-Sidirokastro, 51 Asprovalta-Agia Lydia, 52 Asprovalta-Platoma, 53 Are-
thoussa, 54 Mikri Volvi, 55 Nea Apollonia, 56 Profitis. Sites no. 51 to 56 belong administratively to the
region of central Macedonia. Red dots indicate sites with evidence of metal objects and/or metallurgy.
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nished objects, metal-processing installations, instru-
ments or by-products. Part of the evidence relates
with later occupation layers (Early or Late Bronze
Age), frequently present at the same sites, but much
of it comes from secure stratified Late Neolithic de-
posits and even, exceptionally, from in situ contexts
(Aslanis, Tzahili 1990). Archaeometric examination
of the related finds has produced valuable informa-
tion on the technology of early copper, gold and sil-
ver exploitation in the area (Mirtsou et al. 1997;
Koukouli-Chrysanthaki, Bassiakos 2002; Renfrew,
Slater 2003; Koukouli-Chrysanthaki, Papadopou-
los 2009.2; Papadopoulos 2008.67; Bassiakos 2012;
Nerantzis, Papadopoulos 2013; Bassiakos et al.
2019). 

Aim of the paper
Our aim is to go through this available disparate in-
formation in order to produce a comprehensive syn-
thesis of our present knowledge on metal produc-
tion and use in Greek Eastern Macedonia during the
late 6th and 5th millennia BC, which is an important
formative period not only here but across the entire
Balkan peninsula (Pernicka 1993; Mazanova 2004;
Jovanovi≤ 2009; πljivar 2006; Hansen 2013; Kun-
ze, Pernicka 2020a; Radivojevi≤, Roberts 2021)
and the Aegean (Zachos 1996a; Papadatos et al.
2004; Bassiakos, Catapotis 2006; Kakavogianni et
al. 2008; Zachos 2010), as well as in Anatolia and
the Near East (Efe 2002; Maddin et al. 1999; Özdo-
gan, Parzinger 2000; Rothenberg, Merkel 1998;
Thornton 2001; Yalçın 2000; Yener 2000). More re-
cent and still unpublished data are also included,
mainly from the recent works at the tell settlement
of Dikili Tash. We focus on technological informa-
tion about the chaîne opératoire of the different
metals, from the acquisition of ores and minerals
from local sources and extractive metallurgy through
smelting, to the production of finished objects. We
combine material and earth sciences with well-es-
tablished archaeological facts from individual sites,
thus hoping to identify patterns of human behavi-
our in connection with other activities (e.g., other
chaînes opératoires), in order to better understand
the functioning of Neolithic metallurgy and its so-
cial background (cf. Storberg 2002.469; Ottaway,
Roberts 2008; Bartelheim et al. 2015). By privile-
ging well-dated and secure excavation contexts we
try to gather pertinent evidence about metal re-
source exploitation and consumer choices, taking
into consideration the overall practices of local po-
pulations, as well as possible networks of contacts
and exchange at various geographical scales during
the aforementioned period.

Data presentation

Copper

Promachon-Topolnitsa
Copper artefacts and the remains of copper-proces-
sing were found in levels of phase Promachon III in
the Greek sector, corresponding roughly to the first
half of the 5th millennium BC. Excavations yielded
several malachite beads (Koukouli-Chrysanthaki et
al. 2007.51, Fig. 8), one copper pendant, copper
fragments and slags. One heavily burned clay cru-
cible containing traces of copper smelting was found
at the bottom of a small pit (ibid. 48–51, Fig. 7.1,
2,4). The surrounding area also revealed traces of
copper on the floor. In trench B, a series of hollows
was discovered in the floor with successive layers of
burnt clay in the interior (Fig. 3), which offered clear
evidence for copper extraction. These features re-
semble similar constructions at Dikili Tash (see be-
low). According to preliminary analyses (optical mi-
croscope, XRF and SEM), a special feature of copper
production at Promachon-Topolnica is the use of a
secondary copper ore (carbonate) of high pureness,
consisting solely of malachite with >95% CuO. Such
a pure copper ore, with no alumina-calcium-silica
and iron admixtures, allows the production of cop-
per at temperatures lower than 1000°C without slag
being produced (Koukouli-Chrysanthaki, Bassiakos
2002; Bassiakos et al. 2019). Although relevant ana-
lysis of the aforementioned pure copper ores is still
ongoing, it is clear that the metallurgical activity in
Promachon-Topolnica is closely related to technolo-
gical traditions of copper production in the Balkan
hinterland (Pernicka et al. 1997; Gale et al. 2003;
Bori≤ 2009; Radivojevi≤ et al. 2010; Radivojevi≤,
Rehren 2016; Rehren et al. 2020; Radivojevi≤, Ro-
berts 2021). 

Dimitra
Metal finds from Dimitra are proportionally numer-
ous (Grammenos 1997.Pl. II) as all the soil from the
two trenches investigated was sieved. Neolithic stra-
ta yielded 38 copper objects – 21 beads, one fish-
hook (ibid. 51, Pl. 36.2), five parts of pins or wires,
and 11 undefined fragments. The majority come
from 5th millennium BC layers, but some certainly
date to the second half of the 6th millennium (i.e.
five beads from ‘Middle Neolithic’ layers in trench
II). Fourteen copper artefacts have been analysed
with several methods, including emission spectro-
scopy for the estimation of their qualitative compo-
sition, proton induced x-ray emission (PIXE) to deter-
mine their quantitative elemental composition, and
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x-ray radiography in order to confirm the internal
metallic structure of the objects (Mirtsou et al. 1997).
One copper artefact was sectioned for metallogra-
phic examination to obtain information about the
manufacturing procedure. All samples had different
compositions, with arsenic, zinc and bismuth present
in various proportions. Copper beads were produced
by cold hammering and annealing at about 600°C.

Apart from the metal objects, small amounts of poly-
metallic ore (rich in copper, iron, lead) have been
collected from both trenches, but they are not yet
analysed. No melting or smelting installations have
been identified in the excavated areas. Consequently,
there is still no direct evidence for on-site metallurgi-
cal activity, and we are not aware which metal source
was exploited.

Kryoneri
Three copper pins/awls, two fragments of copper
rings and some ore fragments were found in Late
Neolithic deposits (mid-5th millennium BC), from
both domestic context and waste pits (Malamidou
1997.518, Fig. 11; 2007.302, Fig. 8; 2016.312, Fig.
26). Preliminary examination of two pins under an
electron-scanning microscope (SEM) by Yannis Ma-
niatis at the Laboratory of Archaeometry of the NCSR
Demokritos showed that they are made of pure cop-
per. No further analysis has yet been conducted.

Sitagroi 
The finds of phases Sitagroi II and III (late 6th and
5th millennia BC) include a copper pin, an awl, five
beads and a few copper fragments or lumps (Ren-
frew, Slater 2003.305, 319–320, Fig. 8.1.a-d,f-g). In
addition, a marked concentration of sherds with
copper incrustation was detected in square MM la-
yer 20 and adjacent levels (phase Sitagroi III). Four
sherds with copper remains from square MM, lay-
ers 61 and 60, probably belong to an earlier con-
text. Given the nature of the ceramics (coarse, with
rough surfaces and curved walls) and the distribu-
tion of the remains (mostly inside and on the bro-
ken edges), they are interpreted as parts of crucibles
or as sherds used to remove or to hold back dross
during metal pouring (Fig. 4) (Renfrew, Slater 2003.
303, 312, Fig. 8.4). One of the best-preserved is a
fragment of an oval-shaped crucible (dimensions c.
9x6cm, wall thickness up to 1.7cm) (ibid. 306, Fig.
8.4.I, Pl. 8.10). No moulds were recognized.

Sixty-eight samples from Neolithic phases, either me-
tallic or non-metallic but presumably related to me-
tal technology, were sectioned and analysed on a

Microscan V Microprobe Analyser (ibid. 301–302).
It should be kept in mind that these analyses were
conducted in the late 1960s using a first-generation
microprobe analyser that had limited levels of preci-
sion and sensitivity. The five non-metallic samples
from the Sitagroi I levels provided no evidence of
metalworking. Four out of the 12 analysed samples
from the phase II levels were made of copper with
no intentional alloying, while the other eight were
non-metallic, showing no evidence of on-site smelt-
ing. By contrast, phase III finds (11 copper objects
and 40 sherds with copper deposits) show clear evi-
dence of smelting and casting. The very low concen-
trations of impurities in some samples may indicate
that smaller pieces of native copper were melted to-
gether in order to form an object, whereas objects
with higher impurity levels may well be the product
of smelting from ores. Other specimens show evi-
dence of cold working and annealing. Three objects
contained tin, but not in percentages as high as
those normally associated with deliberate alloying,
and two contained lead in small amounts.

The question arises of where the activities of melt-
ing or smelting, casting, cold working and annealing
took place. Five separate contexts yielded sherds
with adherent copper deposit. The richest one is, as
already mentioned, square MM level 20, which is a
rich fill including pottery, figurine fragments, bone,
clay and stone objects, as well as two finished cop-
per objects (the roll-headed pin and the awl or fish-
hook). All fragments with copper deposit were con-
centrated around an installation, consisting of a ba-

Fig. 3. Promachon-Topolnitsa, series of hollows in
trench B with evidence of use for copper extraction
(© Ephorate of Antiquities of Serres).
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ked clay surface surrounded on three sides by a pac-
ked clay wall and open to the east (Renfrew et al.
1986.212, Fig. 8.19, Pl. XXXVII. 2). This may be in-
terpreted as a pyrotechnological installation. Per-
haps crucible melting was carried out in such places,
although the smelting process was probably under-
taken at or near the mining areas from which the
copper ore was obtained. 

Dikili Tash
A relatively small number of copper artefacts were
found during the first excavation program, conduct-
ed by Jean Deshayes and Dimitrios Theocharis be-
tween 1961 and 1975. A small copper bead (Séféria-
dès 1992.115, Pl. 146.a) was the only artefact re-
trieved from a phase I context (end of 6th millen-
nium BC), roughly contemporary with Sitagroi II.
The levels of Dikili Tash phase II (contemporary
with Sitagroi III) in the sectors excavated by the
French team yielded nine copper awls or pins (ibid.
115–116, Pl. 146.b, 199.e,f), but no ornaments. Two
unstratified copper roll-headed pins from the same
sectors might also come from levels of this period
(ibid. 118–119, Pl. 147.b,c; 200.b).

Five pins from phase II have been analysed by ato-
mic absorption spectroscopy (AAS). They all contain
minor percentages of lead, iron, silver, and nickel,
and in two cases tin (ibid. 114, Tab. 12). All these
elements can be present in small percentages in cop-
per oxides such as malachite.

A few occurrences of copper oxides and copper frag-
ments are reported in the archives of Jean Deshayes
in contexts of both phase I (square X29-niv. 13) and
II (squares W29-niv. 9 and W30-sol 6). Interesting-
ly, the last of these contexts shows heavy traces of
combustion around a clay-plastered pit, which has
been interpreted as a possible hearth (Treuil 1992.
23). A heavily burnt sherd with copper traces is also
recorded in phase II (square X30-niv. 7).

Sectors I and II, excavated by Theocharis in 1961
and 1967, respectively, have yielded some 10 cop-
per artefacts and a sherd with copper incrustation,
most probably a crucible fragment, and these are
all unpublished. At least two of them (one pin and a
flat sheet of copper) found in sector II/1967 could
date from the Late Neolithic.

The second and third excavation programs (1986–
2016) added further copper objects to the site’s in-
ventory. Parts of four pins or awls were retrieved
from late-5th millennium contexts in sector 6 (which

is an extension of Theocharis’ sector II), although
none in an entirely secure position. A fifth one was
stuck on the outer surface of a sherd found in a
slightly earlier level in sector 5 (level V/East/1, c.
4700–4500 BC). A copper bead (Fig. 5) was found
near a hearth or oven in House 2, again in sector 6.

The best-contextualized copper artefacts are however
two other beads and an awl (Fig. 6) found in the
neighbouring House 1, whose destruction has been
dated to the years 4340–4260 cal BC. They come
from two distinct groups of ornaments and raw ma-
terials found on the house floor, less than 2m apart
from each other. The first group, from which the
beads come, contained some 270 items in total,
mainly clay, shell and stone beads and a few pieces
of unworked shell, whereas the second group con-
taining the awl comprised no less than 1000 beads
of stone, a dozen of spondylus bracelets, hundreds
of perforated plaques and pieces of boar tusks, gra-
phite cones, and also a few gold ornaments (Darc-
que et al. 2012–2013.753–758; 2014.605–608; 2015;
2020.256–265, Fig. 6–39 to 6–48, 274–275, Fig. 6–
64). One of the two copper beads (actually a sheet
of copper folded in the shape of a cylinder) was
caught in the hole of a stone bead. Analysis with a
portable XRF conducted in 2013 by Sariel Shalev
(Haifa University) confirmed that both beads were
made from pure copper (the awl was not analysed).

A few more copper artefacts were retrieved from
sector 2 at the southern periphery of the tell, but
their chronology is not safe as they all come from
colluvia with later components (Darcque et al. 2020.
86–87, Fig. 3–52.b-d). The only exception is a small
copper bead, which comes from a colluvium secure-
ly dated to the 5th millennium BC.

Fig. 4. Sitagroi, fragments of crucibles (© Ephora-
te of Antiquities of Drama).
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From the same layer of sector 2 also comes a frag-
mented clay mould (Fig. 7), the first discovered at
Dikili Tash (ibid. 75–76, Fig. 3–39.e). It is made
from well-refined clay and has fine incisions on all
sides. The shape of the cavity on its upper surface
suggests that it was probably used for the casting of
chisels – a type of object common in assemblages of
this period in both the Aegean and Balkans (Cher-
nykh 1978.Pls. 10, 12; Zachos 2010.86, Fig. 6–6).
XRF-analysis detected copper traces in the cavity’s
walls.

No crucible fragments have been found so far. One
vitrified sherd with a copper deposit on its internal
surface was found in the area to the southwest of
House 3 in sector 6, but very near the surface.

The existence of melting or smelting installations in
Dikili Tash is debated. A series of small cavities
whose inner surfaces were covered with successive
layers of burned clay plaster, alternating with ash
layers and bearing traces of intense fire, have been
interpreted as possible metallurgical structures. All
of them were found in layers of phase Dikili Tash I
(three in level XIV of square W30, one in level XIII
of square W30 and two in level 11 of square X30)
(Séfériadès 1983.647; Treuil 1992.21–23, Pls. 13.B,
15, 32.A,B; Séfériadès 1992.115). However, unlike
Promachon-Topolnitsa (see above), no trace of slags
or other elements related to metallurgical activity
have been detected within or nearby these struc-
tures. 

Paradeisos
The Late Neolithic levels at Paradeisos yielded two
copper needles, slightly bent, 7 and 7.2cm in length
respectively (Fig. 8) (Hellström 1987.85, Fig. 48.18,
19). Some other shapeless copper fragments were
collected. No other indications of metallurgical acti-
vity were recorded. 

Kastri Theologos-Thasos
Two copper pins were retrieved from Late Neolithic
levels at Kastri (mid-5th millennium BC). Analysis

has demonstrated the existence of arsenical copper,
probably of Thasian origin, although this could not
be safely attributed to any of the known extraction
sites on the island (Koukouli 1992.677).

Limenaria-Thasos
Excavations of Neolithic strata at Limenaria brought
to light a significant number of finds associated with
copper related metallurgical activities. The recovered
evidence includes copper artefacts, slags, and nume-
rous fragments of hematite/limonite lumps, some
containing secondary cupriferous minerals, mainly
malachite and azurite. A malachite bead was reco-
vered from an upper layer in the Konstantinidis
plot, dating from the end of the 6th or the beginning
of the 5th millennium BC (Fig. 9) (Papadopoulos
2008.64, Fig. 2, p. 67; Papadopoulos, Malamidou
2012.41). It is a pierced piece of malachite, made
simply by percussion and polishing.

Twenty samples from slags and/or ore lumps, com-
ing from various layers of the excavated areas, were
studied with optical microscopy (OM), scanning elec-
tron microscopy (SEM- EDX), x-ray diffraction spec-
troscopy (XRD), and neutron activation analysis
(NAA) (Bassiakos 2012; Bassiakos et al. 2019). Ana-
lyses showed that copper slag samples derive from
reduction smelting to obtain copper. A notable hete-
rogeneity in their texture, either micro-morphologi-
cal or chemical, seems to have resulted from ineffi-
cient reducing conditions, suggesting a certain insuf-

Fig. 5. Dikili Tash, sector 6, copper bead found next
to a hearth or oven in House 2 (© Dikili Tash Pro-
ject-EFA).

Fig. 6. Dikili Tash, sector 6, copper beads (a-b) and copper awl (c) from House 1 (© Dikili Tash Project-EFA).
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although they could also have been
waste products of a different enrich-
ment process for the extraction of a
red or yellow pigment.

Taken altogether, the analytical re-
sults strongly suggest that the metal-
workers exclusively utilized the local
mineral resources for copper produc-
tion. They demonstrated significant
skill and succeeded in extracting me-

tallic copper from the locally available polymetallic
(and poor in cupriferous secondary ores) mineral re-
sources. 

Silver – lead

Limenaria
An unexpectedly early metal find, a small fragment
of a silver pin, was discovered in a late Middle/early
Late Neolithic horizon (second half of the 6th millen-
nium BC) at the Lioudas plot (Fig. 10) (Papadopou-
los, Malamidou 1997.836–837; Papadopoulos 2008.
65, Fig. 3). Compositional data and microstructural
examination have shown that the pin was shaped
by hammering of a lump of silver. Its internal mi-
cromorphology reveals that the silver is heteroge-
neous and consists of pure metal in which semi-
translucent, minute pieces of slag are embedded. It
is therefore presumed that the silver used to make
the pin is not native, but the product of an extrac-
tion from argentiferous lead ore (Bassiakos 2012.
210–211).

No silver finds are recorded from the 5th millenni-
um, which is altogether less well documented on
the site. However, there is firm evidence for silver
extraction practice from a context of the early 4th

millennium BC (‘Final Neolithic’). Three litharge
fragments coming from Markoulis plot belong to a
piece of the ‘shallow bowl’ type, which derives from
lead-silver extraction process (Fig. 11) (Papadopou-
los 2008.66, Fig. 5.a-b, 68–69; Papadopoulos, Mala-
midou 2008.431). Compositional analysis and mi-
crostructural examination of these fragments sug-
gest extraction and treatment of local Pb/Zn/Ag ores
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ficient control of furnace operation with some loss
in the gaining of metallic copper. Despite that, these
slags offer solid proof of a successful metallurgical
process for efficient production of metallic copper.
Until recently a similar heterogeneity in smelting
slags from copper extraction was only noted at
Aegean sites dated to the late 4th and 3rd millennia
BC, such as Kephala-Petras, Crete (Catapotis et al.
2011; Papadatos et al. 2007) and Kythnos, Cyclades
(Bassiakos, Philaniotou 2007), but this is now also
reported from the late 5th millennium BC site of Ak-
ladi Cheiri in South-East Bulgaria (Rehren et al.
2020).

One sample represents a case of slagged lining de-
riving from the furnace’s internal surface. Slag frag-
ments like this are common within or very close to
the smelting furnace from numerous other sites of
early copper pyrometallurgy in the Aegean (Geor-
gakopoulou 2005). Therefore, locating finds of this
kind at Limenaria would suggest that the main smelt-
ing site, from which the slags under study derive,
was not far from the excavated sectors. The numer-
ous slagged ceramic sherds found in a pit at Akladi
Cheiri have also been attributed to the lining of a
nearby smelting hearth (Rehren et al. 2020; Radivo-
jevi≤, Roberts 2021.221).

As for the numerous lumps or fragments of iron ores
from the same excavated layers, they most probably
derive from local sources and could be explained as
waste products of a final enrichment stage of a cu-
priferous iron ore (cf. Bassiakos, Catapotis 2006),

Fig. 7. Dikili Tash, sector 2, fragmented clay mould with incised
decoration on all sides (© Dikili Tash Project-EFA).

Fig. 8. Paradeisos, copper needles (© Ephorate of
Antiquities of Kavala).

Fig. 9. Limenaria, mala-
chite bead (© Ephorate
of Antiquities of Kava-
la).
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for the production of silver artefacts (Bassiakos
2012.208–210; Bassiakos et al. 2019). The circular,
discoid morphology and the chemical composition
of this type of litharge fragments do not relate to the
platy or tubular litharge deriving from the well-
known cupellation process of historic times (Bassia-
kos et al. 2013). The process of early silver produc-
tion that leaves behind as a by-product a shallow
bowl of litharge has not been fully clarified yet, but
similar examples are known from a number of sites
from the end of the Final Neolithic/Early Bronze
Age I (second half of the 4th millennium BC) in Me-
sogeia, Attica (Kakavogianni et al. 2006.79; 2008;
2016.446–447, Fig. 15), or neighbouring Eastern
Mediterranean regions (e.g., East Anatolia – Hess et
al. 1998; Syria – Pernicka et al. 1998). The dating
of the litharge from Limenaria is supported by both
the relative and absolute chronology (calibrated date
between 3977 and 3789 BC), which makes it one of
the earliest, if not the earliest piece, of firm evidence
for the process of silver production in the Aegean.

Gold

Dimitra
Three golden artefacts were collected during the ex-
cavation in Dimitra, all from Late Neolithic contexts,
more or less securely dated to the advanced 5th mil-
lennium BC. Two of them are beads: one collected
from the upper part of the Neolithic deposits in
trench I, disturbed by the LBA wall (Grammenos
1997.49, Pl. 35.8), the other from a lower level in
the same trench (ibid. Pl. II). The third artefact, also
from trench I, is described as a fishhook (Fig. 12)
(ibid. 51, Pl. 36.1). The two beads have been exam-
ined with different methods (Mirtsou et al. 1997;
see above). Analysis showed that they were made
from gold (both contained 10% silver and 0.05%
copper), which was cold hammered and annealed to
produce ring-pearls with a wall thickness of 0.4mm
and an inner diameter of 2 and 5mm (ibid. 93). The
polished but unetched structure of both gold sam-
ples exhibited a number of quartz inclusions, so the
artefacts were most probably made from native gold
without melting. The etching with aqua regia solu-
tion revealed a single-phase structure with few twin-

ned crystals, indicating hammering followed by a
reheating process. 

Sitagroi
One gold bead was retrieved from the sieving of se-
diments in a small sounding (ZB) adjacent to the
main stratigraphic sounding ZA, and it is assigned
to phase III, i.e. the 5th millennium BC (Renfrew,
Slater 2003.319–320, Fig. 8.1.e, Pl. 8.4). It belongs
to the narrow cylindrical type. Examination under
a microscope showed that the bead was made by
beating a flat piece of metal around an inner core
(which was not preserved). The ends were cut dia-
gonally and had tooling marks near their edges, in-
dicating that an attempt was made to weld them to-
gether. No further analysis has been conducted.

Dikili Tash
A small gold bead was found in the sector excavat-
ed by Theocharis in 1961 on the east slope of the
tell (sector I), but was not included in the relevant
preliminary report (Koukouli, Rhomiopoulou
1992). Comparison with artefacts from other sites
and from the more recent excavations at Dikili Tash
itself allows its dating to the late 5th millennium BC
(Tsirtsoni 2018.1276–1279, Fig. 2). The piece of
gold M206 kept at the Philippi Museum is probably
the one mentioned by Michel L. Séfériadès (1992.
113) as coming from a coeval context from the ex-
cavations by Deshayes.

During the 2012–2013 excavations at Dikili Tash,
four new gold objects were recovered, but this time
from a perfectly secure context: a rich group of fin-
ished and half-finished ornaments, tools and raw ma-
terials found in the northern part of House 1, in sec-
tor 6 (see description and chronology above). Two
of the gold ornaments, conventionally described as
cylindrical beads, were flat strips of gold rolled
around smaller beads from stone, while the third,
which was smaller in size, was made with the same
technique but contained no beads from a different
material. The fourth was a twisted band forming a
ring at one end (Fig. 13). The last type had not been
attested yet in Northern Greece, but is known from
a number of sites (mostly cemeteries) in the Balkans
(e.g., at Varna, Le premier or de l’humanité 118–

119 (grave 4), 136–137 (grave
41), 149 (grave 97); see also
Tsirtsoni 2018.1280). An SEM
Examination by Michael Vaveli-
dis (Department of Geology,
Aristotle University of Thessa-
loniki) showed that all four areFig. 10. Limenaria, silver pin (© Ephorate of Antiquities of Kavala).
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made of gold with a low percentage of silver (4–9%).
This points to native gold as a raw material. The sur-
faces show traces of hammering and rubbing (Fig. 14).

Although no direct connection has been made yet
between the traces observed on the gold ornaments,
or the other associated artefacts, and the tools found
near them (one copper and one bone awl, one stone
hammer/polisher, and several chipped-stone tools),
it is clear that we see here an on-going process of
manufacturing of jewels and decorative elements.
Other craft activities were taking place in House 1
(e.g., decorating of pottery) together with more –
and less – ordinary activities, such as storage, cook-
ing and wine-making (Darcque et al. 2012–2013.
752–758; 2014.607–610; 2020.298–303).

The same house yielded another unexpected find
connected with gold: a complete clay vessel, a bowl
decorated with brown-on-cream painted decoration,
which proved to display gold ‘stains’ at several spots
of its exterior surface and in the inner part of the
rim (Tsirtsoni 2018. 1313, Fig. 8; originally illustrat-
ed in Darcque et al. 2015.408, Fig. 7; Tsirtsoni
2016.285, Fig. 14) (Fig. 15). The bowl was standing
on the floor a few meters to the south of the group
of ornaments discussed above, and at short distance
from the other group of ornaments that contained
the copped beads (see above). The gold material
seems to have been added after the original firing of
the vessel, and indeed one wonders if this was done
intentionally, as part of a restoration, or accidental-

ly, when someone working with gold paint
on another object would have touched the
vessel with his/her gold-stained fingers or
tools.

However, intentional gold-painting on pot-
tery is also attested at Dikili Tash. Evidence
comes from a unique sherd found in sector
2, at the southern periphery of the tell: it is
a fragment from the rim and handle of a
small amphora, decorated with parallel ob-
lique lines (Fig. 16). Its stratigraphical posi-

tion is not secure, but according to its typological
characteristics (shape, fabric, firing, surface finish-
ing and decorative motifs) it can be dated with cer-
tainty to the years between 4800–4200 BC, and most
probably after 4500 BC. This vessel type is indeed
very common for this period both at Dikili Tash and
the wider area, with decoration typically executed
with graphite paint. Here, graphite has been replac-
ed by gold, applied before firing (Tsirtsoni 2018.
1285–1288). Examples of such substitution of an or-
dinary colouring material (graphite) for a less ordi-
nary, and presumably precious one (gold) are known
so far with certainty only from the Varna necropolis
(Le premier or de l’humanité 118–125: two vessels
from grave 4). Two sherds from the site of Bubanj
in Serbia (Stoji≤, Joci≤ 2006.154–155, Pl. 41.b; Bu-

latovi≤ et al. 2020.46, 53, Pl. 6/1) and two more
from Krivodol and Chirpan in Bulgaria (personal
communication of our colleagues Nadezhda Todoro-
va and Petur Leshtakov) could be the only other can-
didates, if their dating was confirmed.

Discussion

Metal objects, albeit in small numbers, are attested
in most sites investigated to some extent (Tab. 1).
They are all either small tools (awls, pins, fishhooks,
wires) or ornaments (beads, twisted bands, pen-

Fig. 11. Limenaria, litharge fragments of the ‘shallow bowl’
type (© Ephorate of Antiquities of Kavala).

Fig. 12. Dimitra, gold ‘fish-
hook’ (© Ephorate of Antiqui-
ties of Serres).

Fig. 13. Dikili Tash, gold ornament from House 1
(© Dikili Tash Project-EFA).
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dants), and no objects with any substantial thick-
ness of metal (like flat axes, shaft-hole axes or axe-
adzes) have been found. Few of the metal finds
came from a recognisable in situ context of use, with
the exception of Dikili Tash, where a copper awl was
found in House 1, sector 6, together with golden
beads and a group of other finished and semi-fini-
shed elements of jewellery.

Although a complete metallurgical chain of produc-
tion (chaîne opératoire), beginning with the raw
material and ending with the finished product, was
not successfully proven for any of the excavated sites,
extraction from ores was attested for copper and sil-
ver. Metallurgical installations are not well docu-
mented in general either in the Balkans or Aegean.
The recovery of a significant number of sherds or
crucible fragments and associated copper deposits
from phase III levels at Sitagroi is of considerable in-
terest. They offer evidence of, at the least, copper
melting on the site. Smelting in small shallow pit-
shaped hearths opened in the clay-rich ground is
probably also attested at Dikili Tash.

Copper production at Promachon-Topolnitsa is
among the earliest in the Balkans, dating from the
end of the 6th and the early 5th millennium BC, and
is documented both by stratigraphy and absolute
dating. There, the production is based on simple
smelting of very pure malachite, producing no slag

(Koukouli, Bassiakos 2002), a method consistent
with what we know of the main metal-producing
techniques of the Balkan hinterland, described as
‘slagless’ or ‘nearly slagless’ (Pernicka et al. 1997;
Radivojevi≤, Rehren 2016; Rehren et al. 2020; Ra-
divojevi≤, Roberts 2021).

The finds from Limenaria provide a more diversified
picture. Items like the malachite bead show that
the properties of the ores, which were collected from
sources not far from the settlement, were already
understood with regard to their use as pigments and

Fig. 14. Dikili Tash, SEM microphotograph of a
gold bead from House 1 (© M. Vavelidis-Dikili Tash
Project).

Fig. 15. Dikili Tash, brown-on-cream painted vessel from House 1 with gold ‘stains’ (drawing A. Ilioglou)
(© Dikili Tash Project).
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raw materials for other purposes. Given the long tra-
dition among prehistoric communities on Thasos in
the exploration of local minerals, it is not surprising
that as early as the 5th millennium BC the inhabi-
tants of Limenaria were trying to extract copper from
the Thasian polymetallic ores (Nerantzis, Papado-
poulos 2013; Bassiakos et al. 2019). The gaining of
copper from such polymetallic raw materials re-
quired, apart from enriching the ore with copper
minerals, a considerable level of skills and experi-
ence, which recalls pyro-metallurgical practices that
are also attested later in the Aegean (Bassiakos, Ca-
tapotis 2006). On the basis of this evidence, Thasos
seemed to be part of a technological tradition with
ties to the Aegean and Asia Minor, rather than to the
Balkans (Bassiakos et al. 2019.2754). The recent
discovery of similar remains at the late 5th millen-
nium BC Akladi Cheiri, in South-East Bulgaria (Re-
hren et al. 2020), invites us to reconsider the evolu-
tion patterns of early small-scale metallurgy in the
wider area.

The fact that Limenaria, Thasos, provided firm evi-
dence for extraction of silver in the early 4th mil-
lennium, and possibly earlier, is of great interest.
Silver objects are not known in the Balkans before
the end of 4th millennium (Nikolova 1999.303–308;
Alexandrov 2009; 2018), whereas they appear ear-
lier and are more common in the Aegean and south-
ern Greece (e.g., Cyclades, Attica, Dimakopoulou
1998.64–65; Zachos 2010.89; see also Tsirtsoni
2014.295). Silver is rarely found as a native mineral
element. Unlike gold, it is rarely found in significant
amounts in placer deposits. The principal sources of
silver are the ores of copper, copper-nickel, lead,
and lead-zinc. Lead and silver extraction was attested
through compositional data and microstructural exa-
mination of fragments of litharge and the silver pin
found at Limenaria. The availability of resources lo-
cally was an important factor for the early exploita-
tion of silver ores by Neolithic people. Nevertheless,
given the fact that Thasos is open to southern influ-
ences in many regards, sharing of Aegean technolo-
gical traditions must also have played an important
role.

Gold objects are found in mainland sites of Eastern
Macedonia only as beads in the form of hammered
sheets rolled in a cylindrical shape, while hammered
sheets of other shapes and ring-shaped pendants are
absent, perhaps because objects of this type are more
common in tombs (e.g., Aravissos, central Macedo-
nia, Zachos 2010.89; 1996b.167, 339–340; Thessaly,
ibid. 167, 339). All the above have close typological

similarities with the ones from southeast Europe,
which were found in large quantities in tombs, main-
ly in the extensive cemeteries of Bulgaria.

Gold paints in Dikili Tash show that the Late Neoli-
thic inhabitants of the site were familiar with this
metal. They were using it not only as precious mate-
rial for jewellery making, but also in the chaîne opé-
ratoire of decorating pottery, in the same way as
graphite and other minerals. This fact provides evi-
dence for close relations with the pyrotechnology
traditions of the Balkans.

Evidence for the extraction of metals from mining
sites is lacking at the moment. Placer gold areas and
alluvial gold washeries are difficult to distinguish and
locate after centuries of erosional processes. Never-
theless, bearing in mind the abundance of minerali-
zation in the area, one can assume that some prehi-
storic hard rock mining locations, which survived
later mining activities, must exist. Therefore, and de-
spite difficulties, locating traces of prehistoric min-
ing and identifying the origin of the various raw ma-
terials and their relationship to the finished objects
should be targeted, and ongoing research (Vaxeva-
nopoulos 2017a; Vaxevanopoulos et al. 2021) is
in engaged in this.

Conclusion

Despite the relatively modest nature of the indivi-
dual metal objects retrieved from Eastern Macedo-
nian settlements, their widespread presence and co-
herent picture add significant data about the devel-
opment of metal production in the North Aegean
and more broadly in the Balkans. The fact that they
come from secure stratigraphic contexts allows their
dating to be firmly established, whereas their inte-
gration in considerably long sequences such as those

Fig. 16. Dikili Tash, fragment of a gold-painted ves-
sel from sector 2 (© Dikili Tash Project-EFA).

1cm
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of Sitagroi and Dikili Tash enables us
to follow their evolution.

The identification of smelting activi-
ties in several sites provides docu-
mented proof of pyrometallurgical
copper extraction at the turn of the
6th to 5th millennium BC, while silver
was definitely extracted at Limenaria
since the 4th millennium BC. Attested
are both the main techniques of pro-
duction of metal items: ‘cold’ bead-
making using established Neolithic
technologies, and ‘hot’ copper smelt-
ing using developed metallurgical
skills. Indeed, there is sound evidence
for copper smelting being carried out
using simple holes in the ground, fol-
lowed by melting and casting else-
where in the settlement.

Metal objects have not been found in
significant numbers, and most tools
and ornaments were still made of
stone, bone, shell, or other organic
materials. So, even though they might
have been significant as prestige ob-
jects, metal artefacts do not seem to
have been an essential component of
the local material culture during the
Neolithic. According to the data pre-
sented here, metal-working was only
supplementary to other more impor-
tant economic activities like agricul-
ture and pastoralism, and second to
other crafts, such as pottery or bone-
tool manufacture. Considering the
scale and importance of metallurgy
during the 5th millennium BC, metal-
working should be seen more as part
of a bigger techno-complex and less
as a main incentive for cultural deve-
lopment.

Nevertheless, new research programs
should address the question of the
geological origin of the various mine-
rals in use, by identifying ancient min-
ing relics and locations (cf. Kunze et
al. 2018; Krauss et al. 2020; esp. Kun-
ze, Pernicka 2020b). New analytical
approaches, such as the LA ICP-MS
method performed on metal objects,
should play a more critical role in gai-Se
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ning additional information about the trace elements
included and their relation to ore mineralization.
Moreover, coherent and comparable analytical re-
sults for Late Neolithic finds could further contri-
bute to our interpretations about the technical and
social dynamics of appropriation and early use of
metals in the Balkans.
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The hoard

Dezmir (com. Apahida, jud. Cluj) is situated approx.
2km ESE of Cluj-Napoca at the edge of a valley
formed by the Zăpodie, a small tributary of the So-
mesul Mic. The repertory of archaeological finds
from the district of Cluj lists single finds of stone
axes, an Eneolithic settlement, another one of the
Cotofeni Culture, Scythian and Celtic graves as well
as Roman buildings; for the Bronze Age, a single
find of pottery and a settlement in a plot called ‘Tău-

sor’ are mentioned (Crisan et al. 1992.183–186).
The latter saw some small-scale excavation in the
early 1960s (Popescu 1964.556–557, Nr. 44). What
is entirely missing in this repertory though is infor-
mation on a hoard (Fig. 1) that was discovered at
roughly the same time.

The hoard was first published by Mircea Rusu in
the frame of the ‘Inventaria Archaeologica’ series
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Mic flows to the north of Dezmir. Following Rusus’s
description (“400m to the west of the Somes depres-
sion”), this would mean that the findspot was locat-
ed to the northwest of the village, as the neighbour-
ing village Sânnicoară is located immediately to the
northeast. However, within this area no plot of land
called ‘Bocomaia’ could be identified.

The bronze finds

Thirty-six bronzes and one lead artefact could be do-
cumented at the MNIT Cluj-Napoca (Fig. 1).22 All ob-
jects underwent conservation procedures and the
ones made of bronze now have a brownish to olive-
green surface with patches/remains of light blue pa-
tina.

1. Beaked socketed axe with a nearly symmetrical
mouth and a loop placed slightly below the rim.
Both broadsides are uneven, likely due to gas bub-
bles trapped in the mould during casting; one has
a hole caused by a casting fault. Excess metal was
left in the area of the loop and casting seams are
visible on the lateral sides. Traces of hammering are
visible on the blade; the cutting edge is blunt and
has small notches. Registration number MNIT Cluj-
Napoca P59.547. Length (l.) 12.5cm, depth of socket
(d/s.) 8.7cm, width of blade (w/b.) 5.25cm, weight
(w.) 322g (Fig. 2.1).

2. Beaked socketed axe with a loop. Traces of the
casting jet are visible on the upper part of the loop.

Casting seams are detectable on
the upper part of the lateral sides,
in the blade area they were level-
led through hammering. The cut-
ting edge is blunt and has large
nicks. The surface has adhesions
of earth. Registration number
MNIT Cluj-Napoca P 59.548. L.
11.6cm, d/s. 8.3cm, w/b. 4.6cm,
w. 256g (Fig. 2.2).

3. Socketed axe with a sharp-
edged mouth, loop and curved
body. Below the rim there are
two horizontal parallel ribs; one
broadside has a casting fault (a
large hole), the other one has a
hole below the rim. There is unre-
moved excess metal on the loop,
traces of ground casting seams

(Rusu 1977a). There he mentions that the hoard
was accidentally discovered on 29th August 1964,
while deep ploughing a plot called ‘Bocomaia’ some
400m to the west of the Somes depression. A short
time after the discovery, Rusu and Viorica Pintea
conducted excavations at the findspot, leading to the
discovery of several more bronze artefacts and ‘Hal-
lstatt pottery’.11 About 50m to the west of the hoard,
a pit house dating to the same period was found.
Whether the hoard was originally placed within a
pottery vessel remains unclear, as the publication
does not indicate the exact findspot of the illustrat-
ed pottery fragments. Rusu further mentions that
the hoard was discovered next to the wall of a Ro-
man villa rustica, which could indicate that the ori-
ginal context was disturbed to some degree. The
finds are kept today in the Muzeul National de Isto-
rie a Transilvaniei (MNIT) Cluj-Napoca.

Given the excavations at the findspot, it seems pro-
bable that all preserved items of the find were reco-
vered. The hoard was hidden next to or in a (small?)
lowland settlement, within a settlement cluster that
also included larger sites in dominant positions. Dez-
mir-Tăusor, excavated in 1963, is located on a pro-
montory (Popescu 1964.556–557, Nr. 44). A closer
examination of this Bronze Age microregional sys-
tem of different settlement types and hoards is un-
fortunately not possible at the moment. The finds
from Dezmir-Tăusor have never been published, and
the plot ‘Bocomaia’ cannot be exactly located based
on the information provided by Rusu. The Somesul

Fig. 1. The hoard from Dezmir (photo B. Rezi).

1 In Romanian terminology, meaning Ha A-B.
2 The artefacts were documented by Botond Rezi.
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are detectable on the upper part
of the lateral sides, while below
they have been removed through
hammering and use-wear. The cut-
ting edge has notches and the cor-
ners have broken away. The sur-
face is uneven due to gas bubbles
trapped in the mould during cast-
ing. Registration number MNIT
Cluj-Napoca P 59.549. L. 9.4cm,
d/s. 5.2cm, w/b. 4.4cm, w. 116g
(Fig. 2.3).

4. Beaked socketed axe with a
loop and curved body; the trape-
zoid blade is separated from the
body by a low ridge. The raw cast
has not been overhauled, the two
halves of the moulds have acci-
dentally moved slightly in the ver-
tical direction during casting. One
broadside is uneven due to gas
bubbles trapped in the mould and
has a casting defect (an irregular
hole). The casting jet was remov-
ed, the casting seams are clearly vi-
sible. Registration number MNIT
Cluj-Napoca P 59.550. L. 13.2cm,
d/s. 7.5cm, w/b. 4.8cm, w. 261g
(Fig. 2.4).

5. Beaked socketed axe with a
curved body, the loop mostly bro-
ken off. The broadsides, particu-
larly in the blade area, have nume-
rous casting defects. The casting jet
was carefully removed from the
loop, the blade area was intensive-
ly hammered, leading to the for-
mation of a ridge between blade and body. The cut-
ting edge is sharp and has small notches. Registra-
tion number MNIT Cluj-Napoca P. 59.551. L. 12cm,
d/s. 7.2cm, w/b. 4.5cm, w. 230g (Fig. 3.5).

6. Beaked socketed axe with a loop and curved
body; a large portion of the socket area, including
the beak, has broken off. The casting jet has been
removed from the loop and the contact point ham-
mered. The casting seams are visible on the upper
two-thirds of the narrow sides; one broadside is un-
even due to gas bubbles trapped in the mould. The
cutting edge is uneven, with small notches. Registra-
tion number MNIT Cluj-Napoca P 59.552. L. 12.8cm,
d/s. 8.5cm, w/b. 4.8cm, w. 262g (Fig. 3.6)

7. Beaked socketed axe with a loop and pronoun-
cedly curved body. The contact point of the casting
jet is visible on the top of the loop, the casting
seams are visible on the upper two-thirds of the nar-
row sides; below they have been removed. A large
part of the cutting edge is missing in the centre. Re-
gistration number MNIT Cluj-Napoca P 59.553. L.
13.3cm, d/s. 8.4cm, w/b. 6.1cm, w. 381g (Fig. 3.7)

8. Socketed axe with a thickened rim, without a
loop. The parallel narrow sides broaden only in the
lower quarter of the body into a narrow blade. On
one broadside an ornament composed of four chev-
rons hanging from the rim is preserved, the other
broadside has only faint traces of a similar orna-

Fig. 2. Socketed axes from Dezmir (photo B. Rezi).
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ment. No casting seams are detectable on the nar-
row sides, the cutting edge is rounded and has seve-
ral notches. The surface is rough. Registration num-
ber MNIT Cluj-Napoca P 59.554. L. 12.5cm, d/s.
8.3cm, w/b. 4.6cm, w. 321g (Fig. 3.8)

9. Socketed axe with a thickened facetted rim and
loop, the body is slightly curved. Both broadsides
have three parallel horizontal ribs, one curved rib
and below that a Y-shaped ornament, with a flexed

rib on each side. The two halves
of the moulds accidentally mov-
ed slightly horizontally during
casting; the casting seams are vi-
sible on the upper two-thirds of
the narrow sides; below they
have been removed. A ridge di-
vides the socket and blade, the
cutting edge is jolted and has a
large section with old damage.
Registration number MNIT Cluj-
Napoca P 59.555. L. 14.8cm, d/s.
9cm, w/b. 5.6cm, w. 518g (Fig.
4.9).

10. Socketed axe, due to a cast-
ing defect a part of the socket, in-
cluding the loop, is missing. The
parallel narrow sides evolve in-
to a trapezoid blade. Two hori-
zontal parallel ribs are located
below the mouth of the socket,
followed by pseudo-wings and a
ridge. Traces of the casting seams
are visible on the upper two-
thirds of the narrow sides; below
they have been removed. The
surface is smooth, the cutting
edge is sharp with only small
notches and dents. Registration
number MNIT Cluj-Napoca L.
9.2cm, remaining d/s. 5.1cm,
w/b. 4.5cm, w. 115g (Fig. 4.10).

11. Socketed axe with a thick-
ened rim, the loop broken off,
and the body slightly curved. A
remainder of the casting jet is vi-
sible on the socket mouth above
the remains of the loop. One
broadside has a ridge between
the socket area and blade. The
casting seams are visible on the
narrow sides, the cutting edge is

blunt with notches, and one edge is missing. The
surface is rough; the blade in particular has numer-
ous defects from gas bubbles trapped during casting.
Registration number MNIT Cluj-Napoca P 59.567. L.
9.5cm, d/s. 5.1cm, w./b. 3.7cm, w. 96g (Fig. 4.11).

12. Lower half of a socketed axe. The breaking edges
and the broadsides show traces of hammer blows.
Faint traces of a decoration comprising of a ‘Y’
flanked by two flexed ribs on each side (similar to

Fig. 3. Socketed axes from Dezmir (photo B. Rezi).
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Nr. 9) are visible. Traces of the
casting seams are detectable on
the narrow sides; the cutting
edge is asymmetrical. The sur-
face is very uneven due to gas
bubbles trapped during casting.
Registration number MNIT Cluj-
Napoca P 59.565. L. 7.6cm, d/s.
(preserved) 3.1cm, w/b. 4.95cm,
w. 187g (Fig. 4.12).

13. Blade of a socketed axe, tra-
ces of hammer blows on the
broadside at the break. During
casting, the core was out of cen-
tre and the two halves of the
mould shifted slightly horizon-
tally. The narrow sides preserve
the casting seams, the cutting
edge is uneven. The surface is
slightly uneven due to gas bub-
bles trapped during casting. Re-
gistration number MNIT Cluj-Na-
poca P 59.568. L. 6.4cm, d/s.
(preserved) 2.5cm, w/b. 4.8cm,
w. 148g (Fig. 4.13).

14. Fragment of an axe, lead. The
shape and proportions indicate
a socketed axe. However, as only
the lower two-thirds are preserv-
ed and there is no indication of
a socket, the object likely was
massive. Traces of the casting
seams are detectable on the nar-
row sides; the dark grey surface is uneven and shows
white deposits. Registration number P 59.569. L.
8.4cm, body diameter 4x1.4cm, w/b. 5cm, w. 358g
(Fig. 4.14).

15. Fragment of a knob sickle (“Knopfsichel”). The
hafting area and a large portion of the sharply curv-
ed blade are preserved. The base of the hafting area
is slightly bent inwards and features a conical knob
with a round cross section. Two oblique ribs follow-
ed by an antithetic rib pair are only faintly visible.
The thickened rim of the blade is followed by a rib.
The cutting edge has deep notches and nicks. Regis-
tration number P 59.556. L. 10.9cm, width 2.8cm
(Fig. 5.15).

16. Fragment of a hook sickle (“Hakensichel”) with a
thickened rim. A casting defect (hole) did not pre-
vent use, as the damage on the cutting edge shows.

Registration number P 59.557 (MNIT), 59.558 (Ru-
su). L.7.4cm, width 2.4cm (Fig. 5.16).

17. Knob sickle, the point is missing. The base of the
hafting area is slightly bent inwards and features a
conical knob with a round cross section. The thick-
ened rim of the blade is followed by two ribs. The
cutting edge is heavily notched. Registration number
P 59.560 (MNIT) 59.563 (Rusu). L. 14.1cm, width
2.2cm (Fig. 5.17).

18. Blade of a knob sickle with heavily thickened
rim, which is followed by two ribs. The casting jet is
still preserved, the cutting edge has several large
notches. Registration number P 59.558 (MNIT),
59.557 (Rusu). L.12.6cm, width 2.5cm (Fig. 5.18).

19–20. Two fitting blade fragments of a hook sickle
with a thickened rim. Registration number P 59.559.

Fig. 4. Socketed axes from Dezmir (photo B. Rezi).
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L. 5.5cm, width 3.4cm. Registration number P 59.
562b. L. 3.2cm, width 3.8cm (Fig. 5.19–20).

21–22. Two fitting fragments of a knob sickle. The
base of the hafting area is rounded and features a
conical knob. The rib runs along the edge, followed
by a smaller, parallel one. The preserved part of the
blade is straight, traces of several hammer blows
are visible on the cutting edge. Registration number
P 59.561, P 59.562a. L. 6.2cm, width 2.5cm. L. 3.3cm,
width 2.1cm (Fig. 5.21–22).

23. Fragment of a knob sickle, the curved middle
part is preserved. Registration number P 59.562c.
L. 6.5cm, width 2.4cm (Fig. 5.23).

24. Hafting area of a knob sickle with an inwards
bent base and small knob. Below the thickened rim
runs a small rib; at the base, three parallel inclined

ribs are added. The cutting edge
shows several and quite regular
notches. Registration number P
59.562 (MNIT), P. 59.560 (Rusu).
L. 6.3cm, width 2.2cm (Fig. 5.24).

25. Fragment (approximately
half) of a bracelet with a round
cross section and pointed ends.
Towards the end the surface is
damaged and shows traces of
ornamentation with regularly dis-
posed vertical lines. Registration
number P 59.563. Max. diameter
7cm, w. 29g (Fig. 5.25).

26. Fragment (approximately
half) of a bracelet with rhomboid
cross section and pointed ends.
Towards the end the surface is
damaged. Registration number P
59.564. Max. diameter 9.7cm, w.
58g (Fig. 5.26).

27. Irregular fragment of a plano-
convex ingot (PCI),33 bronze. Re-
gistration number P 59.570. L.
2.7cm, thickness 1.6cm, w. 106g
(Fig. 6.27).

28. Fragment of a flat/flat PCI,
bronze. Registration number P
59.571. L. 4.7cm, width 2.8cm,

w. 447g (Fig. 6.28).

29. Irregular flat/flat PCI. Registration number P
59.573. L. 7.1cm, thickness 0.9cm, w. 130g (Fig.
6.29).

30. Irregular fragment of a flat/flat PCI, bronze. Re-
gistration number P 59.574. L. 5.8cm, thickness
3.3cm, w. 813g (Fig. 7.30).

31. Fragment of a presumably sub-rectangular, flat/
convex PCI with a very large cavity. Registration
number P 59.575. L. 6.4cm, width 2.8cm, w. 348g
(Fig. 7.31).

32. Fragment of a likely drop-shaped convex/con-
vex PCI, bronze. Registration number P 59.576. L.
5.8cm, width 3.9cm, w. 628g (Fig. 7.32).

Fig. 5. Sickle frag-
ments (15–23),
fragments of bra-
celets (25–26)
and a plano-con-
vex ingot (36)
from Dezmir
(photo B. Rezi).

3 The description of the PCIs follows the terminology proposed by Modl (2019.380–381, Figs. 6–7).
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33. Complete round flat/convex
PCI. Determined as copper after
the colour of the metal. Registra-
tion number P. 59.577 (MNIT)
59.580 (Rusu). Diameter 8.9cm,
thickness 2.5cm, w. 3950g (Fig.
6.33).

34. Fragment of a concave/convex
PCI, bronze. Registration num-
ber P 59.578. L. 5.3cm, thickness
5.9cm, w. 866g (Fig. 7.34).

35. Fragment of a presumably ir-
regular convex/convex PCI with
a very large cavity, determined as
copper after the colour of the me-
tal. Rusu published a concave
cross section drawing, the re-do-
cumentation shows clearly that
the object is hollow and roughly
half of it is preserved. Registration
number P 59.579. L. 10.7cm, thick-
ness 5.8cm, w. 1008g (Fig. 7.35).

36. Complete slightly ovoid flat/
convex ingot. Registration number
P 59.580 (MNIT), P 59.577 (Rusu).
Diameter 19.6cm, thickness 3.4cm,
w. 740g (Fig. 5.36).

37. Bronze ingot, bar/rod-shaped
with a triangular cross section.
Excess bronze on both narrow
sides hints at casting in an open
mould. Registration number P
59.572. L. 11.6cm, cross section
2.6x1.5cm, w. 133g (Fig. 6.37).

A total of 14 socketed axes, 10 sickle fragments, two
fragments of bracelets, 10 plano-convex ingots and
one bar-shaped ingot can be recorded for the hoard
from Dezmir. These numbers differ slightly from
earlier publications. Rusu published 14 socketed

axes, nine sickle fragments (seven illustrated), two
bracelets, one bar-shaped and ten plano-convex in-
gots (Rusu 1977a).44 Mircea Petrescu-Dîmbovita
(1977.122–123) lists, without explanation, 14 soc-
keted axes, nine sickle fragments, two bracelets, a
‘casting residue’ (“un rest de turnat/Gussrest”: the

Fig. 6. Plano-convex ingots (27–28, 33), an irregular piece of bronze
(29), and a rod-shaped ingot (37) from Dezmir (photo B. Rezi).

4 The find was first discussed in Rusu’s (1972.553–554, Nr. 84) doctoral thesis, which remained unpublished. The illustrations are
the same while some of the information differs. Rusu states that the findspot was a slight slope and that the plough would have
reached a depth of 70–80cm. The find was discovered in a depth of 60cm and two pit houses were discovered at a distance of
50m from the findspot. The content of the hoard is also listed differently: “6 celturi cu plisc, un celt masiv cu decor, un celt fără
toartă si decor, 2 celturi zvelte, decorate cu cîte două linii paralele reliefate, un celt zvelt cu aripioare false, 2 fragmente de
celturi, dintre care unul cu decor; un fragment de celt din plumb; 10 fragmente de seceri dintre care 4 cu butoni si 6 de ti-
puri neprecizate, 2 fragmente de brătări nedecorate cu sectiunea rotundă sau ovală, o brătară cu sectiunea plan-convexă,
14 turte de bronz si mai multe fragmente de vase de lut hallstattiene.” As the thesis clearly has the character of a manuscript,
it seems likely that Rusu corrected this account for publication. However, some discrepancies remain, and are hard to explain as
the published account states that Rusu personally knew the findspot.
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term is open to interpretation) and 13 ingots.55 He
illustrates five of the sickles already published by
Rusu; the ingots and the ‘casting residue’ are not
illustrated (O.c.122–123, Pl. 288.11–17, 289.1–7).
In the German variant of his monograph, the num-
ber of ingots is corrected to ten, and all nine sick-
le fragments are illustrated (Petrescu-Dîmbovita
1978.137–138, Nr. 198, Pl. 217E, 218; sickles Pl.
218.15–23).

The identification of the bar-shaped object nr. 37
as an ingot or a casting residue is a matter of inter-
pretation, although we share Rusu’s opinion and see

it as a bar-shaped ingot. The dis-
crepancies regarding the number
of sickles are harder to explain.
In Rusu’s first publication of the
hoard, several captions for sick-
les and bracelets on page R65b
got mixed up. Rusu states that
four fragments of one sickle (in-
ventory numbers 59.561–59.562
a,b,c) were part of the hoard, but
only one fragment (P. 59.561) is
illustrated. Research on the orig-
inals showed that only the frag-
ments P 59561 (Nr. 21) and P
59562a (Nr. 22) are from the
same sickle, while P 59562c (Nr.
23) is at least not a directly fit-
ting piece, and P59562b (Nr. 20)
fits with P 59559 (Nr. 19). In his
1978 monograph, Petrescu-Dîm-
bovita illustrated nine sickle
fragments. Research at the MNIT
Cluj-Napoca produced one more
fragment, making a total of 10
fragments from at least seven,
possibly eight sickles (if Nr. 23
is not from the same artefact as
Nr. 21–22).

There is also a contradiction in
the total number of hoarded ob-
jects. In 1977, Rusu mentioned a
total of 43 artefacts with a weight
of 13.114kg and published 34
bronzes with illustrations. A sim-
ple explanation in the sense of
transposed digits is doubtful, as

he further lists the mentioned sickle fragments with-
out illustrations. Additionally, there is an unexplain-
ed gap in the inventory numbers between Nr. 59.564
and 59.571. Of course, this is not proof that there
are missing objects. The 37 objects listed above are
all that are stored at the MNIT. If the sickle frag-
ments are assembled, the total number of artefacts
would be 34. 

On the level of particular objects, the renewed ana-
lyses of the artefacts reveals a few differences com-
pared to the published record. The socketed axe Nr.
8 has to date been described as plain (Rusu 1977a.

Fig. 7. Fragments of plano-convex ingots from Dezmir (photo B. Rezi).

5 Why Petrescu-Dîmbovita mentions 13 ingots remains unclear. However, in his doctoral thesis Rusu mentions 14 ingots, illustrat-
ing 10. If Petrescu-Dîmbovita used that source (which he does not cite) or other information from Rusu, the number could be
explained by subtracting the ‘casting rest’ from the number of ingots.
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Pl. R65a.8; Petrescu-Dîmbovita 1977.Pl. 288/16).
However, it has traces of chevron-shaped ornaments
on one broadside. Socketed axe Nr. 2 has a clear
ridge between the blade and socket area in the pub-
lished drawings (Rusu 1977a.Pl. R 65a.2; Petrescu-
Dîmbovita 1977.Pl. 288.12), which does not exist
on the original object. The bracelet Nr. 25 has been
published as undecorated (Rusu 1977a.R65b.12;
Petrescu-Dîmbovita 1998.62, Nr. 487, Pl. 48.487),
but there are indeed traces of ornaments. The plano-
convex ingot Nr. 35 has been drawn and described
as ‘massive’ (cf. Rusu 1977a.Pl. R65c.34; Petrescu-
Dîmbovita 1978.Pl. 218/36), although it is clearly
hollow.

In summary, most of the artefacts are fragmentary
or damaged. The socketed axes have a striking num-
ber of casting defects. However, as notches, break-
ages and deformations of the cutting edges show, all
of them have been used except for the unfinished
cast Nr. 4. The degree of use (ABN), a measure for
the intensity of the use of socketed axes (Dietrich
2021a.155–156, 162–164, Fig. 7/14), points in the
same direction. Five degrees of use can be deter-
mined using the ratio between blade and socket
length between ABN 0 (raw casts) and ABN 4, mean-
ing an artefact whose cutting edge has been moved
nearly up to the socket by continuous use, render-
ing the axe unusable.66 Applying this scheme to the
axes from Dezmir, it becomes clear that most of
them could still have been used.77 This is different
for the sickles, which are heavily damaged or in
fragments. Several fragments have heavily damaged
cutting edges, and for Nr. 24 in particular the unifor-
mity of the notches could hint at intentional damag-
ing. In addition to two complete ingots, the hoard
contains eight fragments. Using the terminology es-
tablished by Bianka Nessel (2014.404–405) for in-
got segments, they are mostly amorphous, some
nearly square. All can be characterized as small seg-
ments of large plano-convex ingots, none of the frag-
ments fit together. Of particular interest are the two
hollow fragments Nr. 31 and 35. Following Daniel
Modl (2019.381), these cavities are too big to be
caused by gas distention during casting of the in-
gots. One plano-convex ingot from the hoard of Mi-
ljana, op≤. Klanjec, Croatia (Dörfler et al. 1969.69–
72, Pl. I.1-2) has a lead core instead of the cavity.
Modl assumes that this could also have been the

case for the quite rare ‘hollow’ plano-convex ingots
(the same idea already in Hansen 1994.231). The
reason for these poly-metallic ingots remains un-
clear. However, this practice could be interpreted as
an attempted fraud within the trade for raw bronze,
or as a way to manufacture less valuable votive items
(Hansen 1994.230–231). In any case the fraud would
have been easily detectable when the ingots were
partitioned. 

The fragment of a lead axe

The socketed axe made of lead (Nr. 14, Fig. 4.14),
preserved fragmentarily, cannot have been intend-
ed for use, judging from the soft material and the
missing socket. While lead is known from several
finds in the Carpathian Basin (Boroffka et al. 2016),
the lead axe is unique so far. The only distant com-
parison is a socketed axe from the first hoard from
Várvölgy, Zala/Veszprém megye, Hungary, with a
lead content of 60.53% (Müller 2006.15, Fig. 7). The
axe from Dezmir has been described as an axe-
shaped ingot (Boroffka et al. 2016.409). The shapes
of ingots in the Carpathian area are quite standar-
dized, though (Modl 2019; Nessel 2019.185–204),
and axes are not among them.

Lead socketed axes are however known in larger
numbers from Western Europe, and their find con-
texts offer another possible interpretation. A bronze
casting mould from Cambridge-New Street contained
a fragment of a lead socketed axe (Lawson 1979.
178; Needham, Hook 1988.274, App. 2.1); another
find is known from Southall-Brickfield (Gowland
1901.368, Nr. 2; Britton 1960.Pl. GB51.1a-b). A
casting mould from a hoard discovered on the Isle
of Harty, Kent, had lead adhesions (Evans 1881.
441–442), and Needham and Hook have published
a total of seven finds of lead in casting moulds, in-
cluding the above mentioned axes (Needham, Hook
1988.App. 2). There are further instances of lead
axes appearing without associated casting moulds
(see list in Dietrich 2011), but this association was
the basis for their interpretation.

Ronald F. Tylecote (1962.125–128) saw the lead
axes as cores that took the role of wax cores in a
procedure similar to lost wax casting. Ernst Foltz
(1980) has argued against the feasibility of this tech-

6 Degree of use (“Grad der Abnutzung”, ABN). 0-raw cast, unused. 1-light: Blade socket ratio only slightly reduced; blade is more
than 1/3 of the whole axe. 2-medium: the blade is reduced to nearly 1/3 of the whole axe. 3-heavy: the blade is reduced to 1/4
or less of the whole axe. 4-extremely heavy: the blade is reduced up to the socket area. The axe is unusable.

7 As far as determinable: Nr. 1: ABN 3; Nr. 2: ABN 2; Nr. 3: ABN 1; Nr. 4: ABN 0; Nr. 5 ABN 2; Nr. 6: ABN 2–3; Nr. 7: ABN 1; Nr. 8:
ABN 2; Nr. 9: ABN 1; Nr. 10: ABN 1; Nr. 11: ABN 1.
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nological process, pointing out that lead lumps
would remain in the mould when the molten bronze
was poured in. Additionally, socketed axes were not
produced by lost wax casting, as the casting seams
on all axes known from Eastern and Western Europe
demonstrate. Although they accept these arguments,
Needham and Hook still do not completely exclude
the possibility of lead cores (Needham, Hook 1988.
265–268).

An alternative interpretation has been proposed
though, starting from numerous lead artefacts of the
first millennium AD (for a summary see Bergen
2005.26–37): a multiphase technological process to
produce clay or sand casting moulds from lead mo-
dels (Drescher 1978.97–98; Foltz 1980). Klaus Gold-
mann (1981) has argued that casting in sand moulds
may have been the most important technique of
Bronze Age casters, as there are only very few stone
or bronze moulds preserved. Although this seems
debatable, there is good evidence for the use of
bronze models in mould production for southeast-
ern Europe (Dietrich 2011). There-
fore, a similar role seems possible
for the lead axe from Dezmir.

The pottery

As (preserved/recovered) ceramic
vessels associated with hoards are
relatively scarce in the Carpathian
Basin, a closer look at the fragments
published by Rusu88 is of interest
(Rusu 1977a.Pl. R65d, Nr. 35–46).
The following 12 fragments were
published (the numbers correspond
with Fig. 8): 

1. Rim sherd, undiagnostic;
2. Rim sherd of a coarse, bellied ves-

sel with flaring rim, decorated
with a (damaged?) knob;

3. Rim sherd of a fluted shallow
bowl with fluted rim. The sherd
is positioned incorrectly in Rusu’s
drawing, suggesting a large ves-
sel;

4. Body sherd with handle, decorat-
ed with a ridge with finger im-
prints; 

5. Body sherd, undecorated, likely
part of a large vessel with cylin-
drical neck;

6. Undiagnostic bottom sherd;
7. Rim fragment of a globular fluted bowl with slight-

ly incurved rim (“Einzugsschale”: Pankau 2004.
62, Typentafel IV, kalottenförmige Schalen Va-
riante 3);

8. Globular body of a large bowl, the flaring neck is
lost, undecorated;

9. Fragment of a broad handle (“Bandhenkel”);
10. Fragment of a fluted bowl (?);
11. Undiagnostic bottom sherd;
12. Neck and globular body of a vessel with coni-

cal neck (“Kegelhalsgefäß”). The neck has hori-
zontal, parallel fluting, the body arcuate fluting
(“konzentrisch übereinandergelegte Halbkrei-
se, die sich an spitz nach oben gerichteten Um-
bruchstellen zu einer Bogenreihe schließen”:
Pankau 2004.71, Pl. 5.A2a).

Three of the twelve pottery fragments are diagnos-
tic for typo-chronological questions (Nr. 3, 7 and
12). The remaining nine are too heavily fragment-
ed (Nr. 1, 4, 6, 9, 10, 11) or are part of types wide-

Fig. 8. Pottery found with or near the hoard after Rusu (1977a).

8 The pottery was not available for study at the MNIT Cluj-Napoca at the moment the bronzes were documented.
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ly distributed in time and space (Nr. 2, 5, 8). The
vessel with a conical neck Nr. 12 has analogies in
the so-called Medias-Reci Group of the Gáva Culture,
for example in the settlements of Medias-Cetate, jud.
Sibiu (Layers I and II: Zaharia 1965.Fig. 9.2, 6, Fig.
10.1, 6; Pankau 2004.Pls. 2.1, 12.6, 15.2) and Re-
ci, jud. Covasna (Zaharia 1965.Fig. 11.10, 12). There
are further analogies from the so-called Grănicesti
Group of the Gáva Culture, for example from Gră-
nicesti, jud. Suceava (László 1994.Fig. 25. 1–4, Fig.
26, Pl. II.3A and Pl. XII.16, with ‘closed’ bows).
Layer II of the multi-stratified settlement of Teleac,
jud. Alba, has more developed variants of the same
type (Vasiliev et al. 1991.Fig. 32.1, 9, Fig. 41/ 3, 5).
The vessels Nr. 3 and particularly Nr. 7 also have good
comparisons in Teleac (Layers II and III; Vasiliev et
al. 1991.Figs. 31.4, 34.3,6,10,13, 35.6,8,11).

The dates for Layers I and II at Medias and Reci lie
between Ha B1-B3 (Zaharia 1965.102; Vasiliev et
al. 1991.128) A. László has proposed a start date for
Grănicesti already in Ha A (László 1994.93–94); la-
yer II of Teleac was dated to Ha B2-C, layer III to Ha
D by Vasiliev (Vasiliev et al. 1991.118–129; but see
also the modifications by Ciugudean 2012). In short,
the best chronological indicator for the pottery is
provided by vessel Nr. 12, which has good analogies
in Medias and dates broadly to Ha B. The impor-
tance of this chronological hint for the hoard is les-
sened by the fact that Rusu did not clearly state
which fragments were found directly associated with
the hoard, or in the house at a distance of about
50m.

A framework for the spatial-chronological ana-
lysis of the hoard from Dezmir

Rusu placed the hoard of Dezmir at the border of
the hoarding horizons Jupalnic-Turia (Ha A2) and
Moigrad-Tăuteu (Ha B1), while Petrescu-Dîmbovita
dated the find clearly into the Jupalnic-Turia horizon
(Rusu 1977a, Pl. R65d.7; Petrescu-Dîmbovita 1977.
122–123). Meanwhile, doubts have been raised
about the existence of an equivalent of the central
European phase Ha A2 within the Carpathian Basin
(Hansen 1996; Tarbay 2015; Dietrich 2021a). Ad-
ditionally, general methodological issues regarding
the fine dating of hoard finds have been highlighted.
Many hoards represent collections of metalwork ac-
cumulated over a longer period of time (e.g., Vachta

2016; Hansen 2019), and thus the depth of time re-
presented by the artefacts can be extensive. There
are, for instance, Middle Bronze Age shaft hole axes
from hoards like Dipsa (Ciugudean et al. 2006.37.
22, Nr. 185, Pl. XXXVIII.2, XLVII.2), Gusterita II
(Reissenberger 1872.14–15, Pl. II.1199) and Spălna-
ca II (Petrescu-Dîmbovita 1978.Pl. 140B.31100), hoards
that have conventionally been dated to Ha A1 (hoard
horizon Cincu-Suseni). Spălnaca II has additionally
produced Middle Bronze Age flanged axes (Petrescu-
Dîmbovita 1978.Pl. 140B.1–2). Moreover, hoards
like Gusterita II, Spălnaca II, or Uioara de Sus include
artefacts dating to the younger Urnfield Period, i.e.
to a time after their conventional dating (Dietrich
2021b). 

Svend Hansen (2019) has recently argued that these
new insights into the formation processes of hoards
should lead to a rethinking of the ‘closed find’ as a
core concept of archaeology. These long-term col-
lections of metalwork are closed finds, but they are
not useful for the construction of chronologies, as
they may span several hundred years. Hansen used
the hoard from Moosbruckschrofen/Piller as a case
study, whose artefacts were collected over roughly
300 years. For Romania, Soroceanu et al. (2017)
have described this phenomenon for the first time
for the hoard from Band. Whether the long-term ac-
cumulation of hoards reflects holy places continual-
ly used for depositions or sanctuaries where accu-
mulated votive offerings were buried after being on
display for some time, remains open at the moment
and would be a topic for a proper study. With re-
gard to the present paper, the chronological implica-
tions are of importance.

The only chronological system developed for hoard
finds of the Carpathian Basin that takes their chro-
nological fuzziness into account (although not iden-
tifying the formation processes as its reason) was
developed by Wilhelm A. v. Brunn (1968). He diffe-
rentiated four combination groups of bronze arte-
facts, which he equated with the phases defined by
Herman Müller-Karpe (1959; v. Brunn 1968.29) for
central Europe: Phase 1 – Bz D – Uriu-Domănesti;
Phase 2 – Ha A1 – Kisapáti-Lengyeltóti; Phase 3 – Ha
A2 – Jaszkarajenö-Uszavölgy; Phase 4 – Ha B1 – Ro-
hod-Szentes. However, v. Brunn explicitly stressed
the problems of defining clear phases (v. Brunn
1968.29). Combinations of types from different pha-

9   Two axe fragments belong to the hoard, but not the one illustrated by Petrescu-Dîmbovita (1978.Pl. 106/68), which has been
identified as a single find from the same location already by Alexandru Vulpe (1970.45, Nr. 148).

10 Vulpe (1970.65, Nr. 284) interprets the artefact as a fragment of a hammer axe.
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ses were common, and many finds were not clearly
attributable to one phase. Only the contents of the
earliest and latest phases were mutually exclusive,
which led him to his well-known scheme of an older
and younger group of types (“ältere und jüngere
Typengesellschaft”). He particularly pointed out that
the third phase (Jaszkarajenö-Uszavölgy) was detec-
table only by the gradual appearance of new types
and the slow disappearance of older ones, i.e. a mix-
ture of older and younger artefacts in closed finds
(v. Brunn 1968.46). The hoard of Dezmir should
be analysed within this theoretical framework, first
establishing the chronological position of each of its
components. 

Chronological analysis

The fragments Nr. 19–20 and 16 belong to hook sick-
les judging from their strong lateral ribs and plain
blades, but cannot be determined typologically
beyond this point. Hook sickles are characteristic of
the older Urnfield Period/ältere Typengesellschaft,
they are rare in younger hoards (Petrescu-Dîmbovi-
ta 1978.69–70). Most of the sickles from Dezmir
are knob sickles. The well-preserved Nrs. 15 and 17
were classified as belonging to his type Panticeu by
Petrescu-Dîmbovita, which is mostly characteristic of
the same older phase (Petrescu-Dîmbovita 1978.
14, Nr. 59–60, 24). Fragment Nr. 18 was listed un-
der the type Cenadu Mare-Spălnaca I, which is dated
to Jupalnic-Turia und Moigrad-Tăuteu (Petrescu-Dîm-
bovita 1978.24.18, Nr. 169). The remaining frag-
ments are too small for classification. Bracelets with
pointed ends like Nr. 25 appear throughout the later
Bronze Age (Petrescu-Dîmbovita 1998.71). For bra-
celets with pointed ends and a rhomboid section
(Nr. 26), one Bz D grave context from Cruceni, jud.
Timis, Romania, has been published (Petrescu-Dîm-
bovita 1998.124, Nr. 1374). Plano-convex ingots
have been discussed repeatedly in recent decades,
but so far no chronological relevance of certain types
has been detected (Mozsolics 1984; Czajlik 1996;
Nessel 2014; 2019.185–204, 272–274; Modl 2019).
The chronological position of Dezmir is thus large-
ly dependent on the socketed axes.

The Romanian socketed axes have been analysed
and published recently (Dietrich 2021a), and brief
remarks on the types present at Dezmir may suffice
here. Two large groups of socketed axes are present
in the hoard: beaked axes and axes decorated with
ribs. The beaked axe Nr. 1, with a nearly symmetri-
cal mouth and rounded cross section of the body,
represents a type characteristic of Phase 4 in north-

western Romania and eastern Hungary (Dietrich
2021a.290, Nr. 0399, 291–292; type A11). Nr. 2, a
socketed axe with a short, vertical beak and nearly
straight rim belongs to a chronologically indifferent
variant, which is attested in the older and younger
Urnfield period over a large area within the Carpa-
thian Basin (Dietrich 2021a.277, Nr. 0356, 282; va-
riant A8h). The long and slender axe Nr. 4 with a
rounded cross section and a long vertical beak is
one of the most common variants of Phase 4 in Ro-
mania, where 57 finds concentrate along the middle
Mures and the Somes-region; further finds are known
from Slovakia, northeastern Hungary, and from the
Transcarpathian regions of Ukraine (Dietrich 2021a.
264, Nr. 0279, 280, variant A8a). Axe Nr. 5, a ra-
ther squat and massive axe with a short, steep beak
and a rounded cross section, belongs again to a va-
riant mostly characteristic of Phase 4 (Dietrich
2021a.249, Nr. 0211, 254; variant A6e). Socketed
axes like Nr. 7, with curved mouths, short beaks and
rounded cross sections, are mainly known from
Phase 4 contexts but also appear earlier (Dietrich
2021a.233, Nr. 0130, 236, variant A5b). A round
cross section, a feature determined as being in gene-
ral characteristic of beaked socketed axes of the
younger Urnfield period (Petrescu-Dîmbovita 1944–
1948) is the only indication for the age of fragment
Nr. 6 (Dietrich 2021a, 297, Nr. 0453).

The remaining socketed axes belong to variants with
rib decoration. Axe Nr. 3, with a massive, curved
body and broadening blade area has two horizon-
tal ribs running below the mouth area. There are a
few axes of this variant from contexts of the older
Urnfield period, while most finds belong in Phase 4
(Dietrich 2021a.672, Nr. 2731, 682–683; variant
D5w). On the other hand, long and slender axes
without loops decorated with chevrons like Nr. 8
are mostly known from Phase 2 contexts (Dietrich
2021a.542, Nr. 1927, 548–549; variant D1g). The
long and slender trapezoid axe Nr. 9 has a Y-shap-
ed ornament below horizontal ribs; the rounded
upper part of the Y is repeated above it by a bow –
this variant is almost always associated with Phase
4 hoards (Dietrich 2021a.596, Nr. 2264, 614; vari-
ant D3m). The massive, curved axe Nr. 10, which
is further characterized by an abruptly and signifi-
cantly broadening blade and an hourglass-shaped
decoration, belongs to a variant of the so-called Pas-
sau Type (Blajer 2018), dated securely in Phase 4
(Dietrich 2021a.666, Nr. 2688, 681; variant D5m).
The same is true for the undecorated slender and
trapezoidal axe Nr. 11 (Dietrich 2021a.604, Nr.
2323, 618; variant D3y). Fragment Nr. 14 has a Y-
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shaped motif, which substantiates a Phase 4-date
(Dietrich 2021.606, Nr. 2343). Finally, fragments
13–14 cannot be classified (Dietrich 2021a.688, Nr.
2796–2797). 

Summing up the dating of all hoard components
(Fig. 9), the general impression is of a chronologi-
cally diverse assemblage. Some types are clearly or
partly characteristic of the older Urnfield Period,
while others have a tendency towards or a clear
date in the younger Urnfield Period. The youngest
artefacts define the moment the hoard was hidden,
Phase 4. There is no reason to date the hoard of
Dezmir to Phase 3 – Ha A2 – Jupalnic-Turia. 

Spatial analysis

The hoard is not only chronologically, but also geo-
graphically diverse. Knob sickles of the Panticeu type
concentrate between the middle Mures and the So-
mes region, in the upper Tisza area and again in Cen-
tral Germany (Petrescu-Dîmbovita 1978.Pl. 291A).1111

The Cenadu Mare type of knob sickles concentrates
in the Upper Tisza region and the Somes area (Pe-
trescu-Dîmbovita 1978.Pl. 291B). As there still is no
general overview on knob sickles except for central
Germany (Sommerfeld 1994), these observations
are not much more than tendencies though. Again,
the socketed axes can provide a clearer image.

Between the types and variants present in the hoard,
beaked axes of variant A8a (Fig. 10) and the axes

with chevron motifs of variant D1g (Fig. 11) are
the most frequent types in the Carpathian Basin and
adjacent areas. Variant A8a has a very dense distri-
bution in the Upper Tisza region, and a less dense
one to the east of the Apuseni mountains in the So-
mes region. Socketed axes of variant D1g on the
other hand concentrate in Transdanubia and in the
Drava-Sava region; the eastern Carpathian Basin re-
presents the periphery of their distribution, where
larger numbers of these axes appear only in excep-
tionally large hoards like Uioara de Sus or Gusteri-
ta II (Dietrich 2021b). They are, indeed, foreign to
this region. These two geographical areas – the Up-
per Tisza region on one hand and Transdanubia/the
Drava-Sava region on the other – represent the
main geographical components within the hoard of
Dezmir. The remaining types/variants of beaked
axes in the hoard follow the same trend, with the
notable exception of variant A5b, which is clearly
indigenous to the Somes area and the Crisana, with
few finds further to the west (Fig. 12). Between the
axes with plastic ribs, variant D5w is characteristic
of the eastern Carpathian Basin, variant D5m con-
centrates in the Somes region and the Crisana (Fig.
13), while variant D3y is found throughout the Car-
pathian Basin north of the Mures River and variant
D3m again is mostly known from the Drava-Sava re-
gion, with a few finds reaching the Crisana and even
the middle Mures (Fig. 13).

The best approach to better determine the interac-
tion zone the hoard from Dezmir is part of is map-

Fig. 9. Chronological overview of the components of the hoard from Dezmir (white: absent; light grey:
sporadic appearance; dark grey: main time of use).

11 Petrescu-Dîmbovita’s map partly reflects the degree to which the archaeological material in certain regions had been analysed
and published at the time he finished his monograph. The high concentration of Central German finds is partly due to an in-depth
study published on the sickle hoards of this area (v. Brunn 1958).
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ping hoards with a similar combination of socketed
axe types (Fig. 14). It comes as no surprise that
hoards which have three or more types of socketed
axes in common with Dezmir concentrate in the So-
mes region. The closest match is a hoard discovered
at Dârja, a few kilometres to the north of Dezmir
(Rusu 1977b). Another concentration of hoards with
similar assemblages of socketed axes is located in
the Upper Tisza region. In Transdanubia or in the
Drava-Sava area, however, similar combinations are
nearly completely missing. 

Discussion: Dezmir and the ‘scrap hoards’ of the
younger Urnfield Period

Based on the analysis carried
out above, it is possible to de-
termine the characteristics of
the hoard from Dezmir as fol-
lows:

1. A high frequency of dam-
aged artefacts or fragments;

2. Different metals (bronze,
copper, lead);

3. Raw material/ingots;
4. Chronologically diverse ar-

tefacts, the youngest, how-
ever, belong in Phase 4 af-
ter v. Brunn;

5. A relatively large catchment
area from which the arte-
facts derive.

These characteristics are high-
ly reminiscent of the large
‘scrap metal hoards’, which
usually represent long-term
collections but have a major
accumulation phase in the old-
er Urnfield Period (Dietrich
2014; 2021b). For Dezmir, a
date in a horizon Jupalnic-Tu-
ria or Phase 3 after v. Brunn
does not hold, as shown abo-
ve. This raises the question as
to whether the mixture of
older and younger artefacts
is a general characteristic of
the hoards once used to de-
fine this chronological phase.
What was once believed to be
a chronological grouping
could in reality be a certain
hoarding pattern. To test this

hypothesis, all hoards once attributed to the Phases
Jupalnic-Turia/Moigrad-Tăuteu were tested by a cor-
respondence analysis (CA).

Hoards are multivariate datasets, differentiated by
the presence or absence of chronologically relevant
types (“Leittypen”). The appearance, main time of use,
and slow disappearance of these types should fol-
low a unimodal model for hoards dating to a short,
clearly determined period. The CA has been used suc-
cessfully for similarly structured datasets in archaeo-
logy (Müller, Zimmermann 1997; Müller-Scheeßel
2008; Siegmund 2015; Greenacre 2017).

Fig. 10. Distribution of socketed axes of variant A8a by quantity. Map: Na-
tural Earth Data (Public Domain: https://www.naturalearthdata.com/);
QGIS 3.16. Data from Dietrich 2021a.

Fig. 11. Distribution of socketed axes of variant D1g by quantity. Map:
Natural Earth Data (Public Domain: https://www.naturalearthdata.
com/); QGIS 3.16. Data from Dietrich 2021a.

https://www.naturalearthdata.com/
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A CA calculates the similarity
of multivariate datasets ba-
sed on a contingency table
that lists the presence/ab-
sence or abundancy of attrib-
utes (in this case the types of
artefacts in the hoards). First,
scores are calculated for the
columns and rows of the tab-
le, whose similarity is then
checked by chi-squared dis-
tances. Then, the inertia of
the columns and rows is cal-
culated (i.e. their deviation
from the mean values of the
columns/rows). This results
in the overall inertia of the
analysis. If the inertia is very
low, the data are too similar
for a statistically valid result.
The results of a CA are multidimensional. Thus, there
are several solutions for every CA, which in the re-
duced visualization of the results take the form of dif-
ferent axes. The first one (axis 1) is the dominant re-
sult. The other solutions are independent of the first
axis, and all represent a ratio of the inertia. This ra-
tio is expressed through the eigenvalue of each axis
and through its percentage of the total inertia. In ar-
chaeology, the first three solutions are usually check-
ed for statistical meaning. An ideal solution would
have a high eigenvalue and the datapoints would be
distributed in a parabolic or u-shaped plot in the dia-
gram. Deviations from this distribution hint at prob-
lems within the dataset, e.g., types used for a long
time distorting the solution.

All hoards defined by Petrescu-Dîmbovita (1978) as
characteristic of the phases Jupalnic-Turia and Moi-
grad-Tăuteu were used for the CA, with some addi-
tions of more recent finds (Fig. 15). The list was re-
duced to secure find contexts with at least two rel-
evant types (“Leittypen”) that appear in at least two
hoards. The types were chosen based on the list pro-
vided by v. Brunn (1968.Fig. 1–4, Tab. 1), with some
additions regarding the socketed axes based on Diet-
rich (2021a).1122 The software package PAST 5.0

(Hammer et al. 2005) was used for the analyses. If
the resulting axes 1 and 2 are mapped in a coordi-
nate plane, the distribution takes on the form of a
parabola, although the area to the left of the y-axis
has fewer finds and types (Fig. 16). The axes rep-
resent 11.6 and 10.1% of the total inertia, respec-
tively. The hoards to the left of the Y-axis are char-
acterized by types 12 (‘Transylvanian’ socketed
axes), 20 (richly decorated belts), 43 (hook sickles),
and 45 (saw blades). A combination of all these types
causes the single outlier, the hoard of Zimandu Nou.
They are also the key to an explanation of this re-
sult. All are characteristic for the older Urnfield Pe-
riod. The result of the CA therefore reflects chrono-
logy – some of the finds have older artefacts in their
composition, and therefore move away from the
main cluster of finds. Dezmir is within the group of
chronologically diverse finds, as are most of the
hoards proposed earlier as characteristic of Phase
3-Jupalnic-Turia-Ha A2. This becomes clearer if the
finds are arranged in a combinatory table according
to their position in the CA (Fig. 16). The table lists
their main components: tools, weapons, ornaments,
raw material, bronze vessels, wagon parts, and horse
gear. The general tendency is that the chronological-
ly diverse finds are also heterogenous in their com-

12 The following types characteristic to Phases 2–4 are present in the hoards and were chosen for analysis (numbering after v. Brunn
(1968), with additions): 12 socketed axes of the ‘Transylvanian’ type; 16 early winged axes with wings in the upper part of the
axe; 20 richly decorated belts; 30 socketed axes with flexed rib decoration; tongue sickles, variant 2; 32 massive winged axes,
the wings are located in the upper part and there is no ridge between blade and body; 33 socketed axes of the ‘Passau Type’; 34
socketed axes decorated with vertical curved bundles of ribs; 35 socketed axes decorated with chevrons and a pronounced ridge
between blade and body; 36: bracelets/legrings decorated with hatched chevrons; 37 tongue sickles of type 3; passementerie
fibulas with small spirals at the bow and large terminal ones; 43 hook sickles; 44 flange hilted swords of the Reutlingen type; 45
saw blades; 49 beaked socketed axes with round diameter and steep beak; 51 kettles of type B1; 53 cups of the Kirkendrup type.

Fig. 12. Distribution of socketed axes of variants A5b, A6e, A8h and type
A11. Map: Natural Earth Data (Public Domain: https://www.naturaleart
hdata.com/); QGIS 3.16. Data from Dietrich 2021a.

https://www.naturalearthdata.com/
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position, while the finds clear-
ly datable to Phase 4 have
fewer components and are ge-
nerally smaller. 

Result

A close analysis of the hoard
from Dezmir and comparable
finds reveals good evidence
against the formerly propos-
ed chronological hoarding ho-
rizon ‘Phase 3-Jupalnic-Turia-
Ha A2’. In the Eastern Carpa-
thian Basin, this group com-
prises of hoards with chrono-
logically diverse artefacts hid-
den in Phase 4. Their struc-
ture, here described and ana-
lysed using Dezmir as a case
study, is highly reminiscent
of the large so-called scrap
metal hoards like Uioara de
Sus, which were accumulated
mostly during the older Urn-
field Period. These hoards
comprise a large number of
chronologically diverse, often
damaged or fragmented arte-
facts and a high percentage
of raw material, while some
of the objects are foreign to
the region they were deposit-
ed in (Dietrich 2014; 2021b).
Contrary to earlier beliefs,
this hoarding scheme does
not disappear in the younger
Urnfield Period, but survives
in a quantitatively reduced
form. The hoard from Dezmir
is a characteristic example of
this group of hoards.

Fig. 13. Distribution of socketed axes of variants D3m, D3y, D5m, D5w.
Map: Natural Earth Data (Public Domain: https://www.naturalearthdata.
com/); QGIS 3.16. Data from Dietrich 2021a.

Fig. 14. Distribution of hoards with socketed axe combinations similar
to Dezmir. Map: Natural Earth Data (Public Domain: https://www.natur
alearthdata.com/); QGIS 3.16. Data from Dietrich 2021a.
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