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Modeling the Relational Structure

of Ancient Societies through the Chaine
opératoire: The Late Chalcolithic Societies
of the Southern Levant as a Case Study

Valentine Roux

Introduction

In archeology, modeling evolution processes is a major issue. The goal is to explain
cultural variation over space and time in light of general evolutionary mechanisms —
inheritance, interaction, and local adaptation (Shennan et al. 2015). Modeling these
processes is done using different tools (computational models, simulations; for a
review, see Cegielski and Rogers 2016). General evolutionary models exploring
cultural transmission for explaining changes in material culture through time are
mainly found in evolutionary and network archeology. As a way to introduce the
methodological questions dealt with in this paper, I first briefly recall what these
two modeling approaches aim at.

In evolutionary archeology, models aim at interpreting artifact changes in terms
of mode of transmission (number of people involved, direction in which informa-
tion is passed — phylogenesis versus ethnogenesis — biased forms of transmission,
and how information is packaged; Eerkens and Lipo 2007). Studying modes of
transmission implies to understand how information is acquired and transformed by
individuals through microevolutionary process (selection, mutation, drift). These
models quantify the effects of sociopsychological mechanisms in time (e.g., copy-
ing the most prestigious, conforming to the majority, copying with errors; Mesoudi
2009) and offer reference patterns of variability depending on the modes of trans-
mission (e.g., Bentley and Shennan 2003; Bettinger and Eerkens 1999; Jordan and
Shennan 2003; Shennan and Wilkinson 2001; Tehrani and Collard 2009). They thus
aspire to explain the large-scale patterns observed in the archeological record by
extrapolating microevolutionary processes in time and space (Mesoudi and O’Brien
2009) and investigating the spatial and temporal structure of cultural variation
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(Shennan et al. 2015). Although transmission of information is acknowledged to
occur at the level of the group (Mesoudi and O’Brien 2009), the context into which
information is transmitted is less explored (except for the size of the population;
O’Brien and Bentley 2011; Powell et al. 2010; Shennan 2001).

These evolutionary models raise several questions. One of them is the nature of
the traits used in these models. They are mainly morphocentric (i.e., modeling evo-
lution of morphometrical traits) (Dunnell 1978; Eerkens and Lipo 2005; Gandon
et al. 2014; Hamilton and Buchanan 2009; Neiman 1995; O’Brien et al. 2010;
Shennan and Wilkinson 2001) and ignore technological traditions which can be
defined as inherited ways of doing things and which require to be described with
other traits (Charbonneau 2018). Secondly interpretation of the evolution of traits is
reduced to elementary mechanisms of change (e.g., interpreting evolution in terms
of types of learning — unbiased transmission versus bias transmission), whereas
these elementary mechanisms are not sociological regularities (specifying the social
structure within which these mechanisms operate). As such, they can measure the
change (its direction, tempo, and scale), but cannot be used for explaining why cer-
tain social structures are more favorable than others to evolution processes (e.g.,
why cultural diffusion occurs in some places rather than in others) and therefore for
bringing to light potential evolutionary laws explained by social facts that we could
use to interpret evolutionary processes (Gallay 2011).

In contrast, analytical sociology focuses mainly on the relational structure of
societies, namely, the social network, within which information is transmitted and
diffused (Axelrod 1997; Valente 1999; Valente 1996). Network models are used to
relate individual actions (micro-level), the interdependence structures between
those actions (the interactions between the units, meso-level), and the sociological
regularities emerging from the latter (macro-social generalizations) (Manzo 2007,
2014). These models use simulation methods, including multi-agent system.! The
ambition of this method is to unveil the mechanisms explaining how regularities are
created, knowing that it is not enough to produce a result for claiming that the acti-
vated individual actions are the explanatory factors. For this reason individual
actions are considered in relationship with different types of interactions (the inter-
dependence structures) in order to understand better how some individual actions
can generate macro-social regularities. Thus for the purpose of explaining the social
conditions favorable to innovation or diffusion of cultural traits, individual actions
are simulated within different network structures (i.e., homogeneous versus hetero-
geneous; Flache 2018; Flache and Macy 2011; Granovetter 1983; Rogers 1962). In
these models, the content of the information is also measured (Rogers 1962), the
spread of information considered as depending on both the network structures and
the content of what is being transmitted (Centola 2015; Centola and Macy 2007).

1

a multi-agent system is made up of a set of n elementary units (named ‘automata’ or ‘agents’).
The researcher can program both the behavior of these units, either singly or grouped into subsets,
and the way the units (or group of units) interact in time. The aim of the technique is to observe
how the system of interaction between agents evolve and its final ‘emerging’ configuration”
(Manzo 2007, p. 49).



Like the models used in evolutionary archeology, simulations from analytical
sociology are based on individual actions grounded in sociopsychological rules.
However, because these individual actions are considered in different contexts of
interactions and thus the meso-level modeled for understanding the micro-macro
problem (Manzo 2007: 51), the regularities produced offer hypotheses about the
social structures favorable to changes. These regularities are looked for in archeol-
ogy because they provide explanations to correlates between social structure and
changes, knowing that explanatory mechanisms underlying these correlates cannot
be studied in archeology given the lacunar aspect of the documentation. In other
words, archeological data may allow us to describe processes of change in terms of
mode of transmission (e.g., ethnogenesis versus phylogenesis); however they do not
allow us to test why a specific social structure was favorable to change (e.g., why it
favored or not social influence and led or not to assimilation). Such a test can be
done only based on actualist data, no matter the computational tools used, because
explanatory mechanisms refer to individual actions that cannot be explored in the
past.

In light of this, understanding cultural processes by reference to sociological
regularities raises a major issue: the characterization of ancient network structures.
This characterization is necessary for a comparison with simulated network struc-
tures in order thereafter to benefit, by analogy, of the regularities associating net-
work structure and process of change (e.g., relationship between weak ties? and
diffusion) and the explanations given to the role of social structure in the processes
of change (e.g., why weak ties favor diffusion). In archeology, network analysis has
been applied mainly to reconstruct ancient interregional connection networks
(Brughmans 2010, 2013; Collar et al. 2015; Knappett 2011; Ostborn and Gerding
2014). Local networks and therefore the relational structure of societies are less
studied even though they are acknowledged to be determinant for understanding
evolutionary phenomena (Blake 2014; Knappett 2018). This is partly due to diffi-
culties in finding relevant proxies for inferring social relationships between sites.
The same issue applies when investigating cultural groups or phylogenetic links
(Perles 2013; Shennan et al. 2015).

In this respect, the interpretation of archeological data, whether using computa-
tional or simulation tools, faces two main methodological issues, discussed here: (1)
the variables for expressing the relational structure of a society and (2) the use of
sociological models for explaining evolution process, taking account of the lacunar
and polysemic nature of archeological data.

Both issues are discussed in light of an archeological case study which raises the
question of the social context wherein new ceremonial objects along major techni-
cal innovations were adopted by southern Levant rural communities during the Late
Chalcolithic period (4500-3900 cal. BC), also called the Ghassulian (Gilead 2011).
Two extreme scenarios were elaborated, respectively, by Gilead (1988) and Levy

2Ties can be strong or weak. In analytical sociology, “strong ties describe frequently activated
relationships (such as family/kin ties) whereas weak ties are used to describe infrequently accessed
connections (acquaintances)” (Collar et al. 2015, p. 23).



(1995) for explaining both the presence of prestige objects and the absence of any
influential central site (Rowan and Golden 2009). According to Gilead (1988), the
Ghassulian societies were egalitarian given the absence of monuments or building
indicating chiefs, tombs with rich funerary objects, hierarchy between and within
the villages, and common storage facilities. The new objects in copper, basalt, or
exotic stones may testify to ritual activities without necessary elites responsible for
their production. Against this hypothesis, Levy (Levy and Holl 1988; Levy 1995)
considers that the material culture of the Ghassulian societies points to ranked social
hierarchies with a politico-religious power, controlling the resources of the territo-
ries and redistributing them. Corresponding evidence includes specialized crafts-
manship, burial caves with rich goods, pilgrimage places, hierarchized organization
of settlements, and, finally, the function of metal objects pointing toward elites.
Another hypothesis, based on the ceremonial function of wheel-made bowls, sug-
gests that the invention of the potter’s wheel emerged following the demand of
wheel-shaped bowls by an elite (Roux 2010). In this hypothesis, the term “elite’” has
remained vague and does not imply any specific p olitico-religious s ystem. T he
debate is still vivid as more evidence of so-called prestige objects points toward
complex networks of production and distribution and interconnected ties between
communities sharing similar norms (Rosenberg et al. 2016; Rowan and Golden
2009). More generally, the debate relates to both the connections between the
Ghassulian communities and the historical process which led to major changes in
the material culture.

This paper is organized in three sections. The first one discusses similarity vari-
ables for assessing social relationships between sites. The second section analyzes
archeological data and shows how technological attributes are meaningful qualita-
tive data for establishing social links between sites and revealing social topology,
i.e., the overall arrangement of social ties in which actors are embedded, as well as
population structure, i.e., instances where individual subpopulations/groups exhibit
low within and high between variability (Shennan et al. 2015). The third section
discusses modeling evolution processes on the basis of qualitative variables and
explaining these processes by reference to sociological models.

Technological Traditions: Similarity Attributes and Social
Connections

As noted before, the variables used in archeological models are mainly morphomet-
ric and stylistic variables (i.e., size and shape of objects, decorating elements).
These are used to create links between sites and assess against temporal and spatial
data whether these links indicate either a cultural group or connections at a macro-
regional scale.
In network analysis, social relationships between sites are mostly inferred from
the co-occurrence of artifacts (the more shared artifacts, the stronger the relationships;



Collar et al. 2015). The underlying principle is that shared similar artifacts express
interactions between sites or within sites and, therefore, social relationships (Coward
2013). In other words, similar artifacts are variables to measure social interactions,
while the resultant network expresses a network of exchanges. Indeed, in network
studies interactions are mainly considered as the expression of exchange-based rela-
tionships (Gjesfjeld and Phillips 2013). Now, this link between interactions and
exchange is not straightforward. Indeed, material culture presents different aspects,
and the presence of a same type of object on two sites can be due to numerous rea-
sons: one of the two objects may be imported, copied, and made by migrants, on
brokers’ requests (indirect contacts), by individuals of a social group scattered over
a large region, etc. Depending on the situation, similarity objects express different
types of interactions between groups: exchange-based relationships, market distri-
bution, ethnic affiliation, matrimonial alliances, movements of individuals or popu-
lations, etc. It means that when listing similarity attributes, if they are of one kind
(one type of pots), which is the case most of the time (Ostborn and Gerding 2014,
p. 79; Ostborn and Gerding 2015), the networks obtained express relationships
which can be of different types.

In this sense, the issue relates to both the type of social interactions one wants to
measure and the variables to use depending on the type of social interactions to
highlight. As said before, much of the archeological use of network analysis targets
interregional connections between sites and exchange-based relationships. On the
contrary local networks have been less considered (Knappett 2018). When studied,
these local networks are modeled based on probable interactions among sites shar-
ing consumption of objects, for example, given similarities in proportion to deco-
rated ceramics present at pairs of sites (Borck et al. 2015; Mills et al. 2013).
Interactions are thus measured through the sharing of attributes, but the social con-
tent of these interactions is not measured because similarity objects can be the result
of different types of interactions, making difficult to explore the strength of the links
in between and within the sites as well as network topologies.

Variables to Socially Linked Individuals/Groups

In contrast, we propose to consider the ceramic chaine opératoire as a robust vari-
able for assessing degrees of connections between sites. It is defined as the series of
actions that transform raw material into finished product, either consumption object
or tool (Creswell 1976, p. 13). Its description implies the characterization of objects
in terms of manufacturing methods, techniques, and tools. A method is defined as
an ordered sequence of functional operations carried out by a set of elementary
movements for which different techniques can be used. A technique is defined as the
physical modalities used to transform the raw material into a finished product.
Techniques are in limited number, contrary to methods whose variability is — theo-
retically — infinite. T hus if techniques can be the object of convergence, on the
contrary, methods are more likely to be specific. In other words, this is the unique



combination of sequences, gestures, and techniques that makes technological
traditions highly cultural and unique to social groups, therefore distinguishing
between traditions linked through the transmission of information and convergent
solutions to specific situations (Shennan 2002, p. 73).

The transmission of chaines opératoires involves constraints. Indeed, studies in
the anthropology of techniques and cultural transmission show that transmission of
craft techniques necessarily requires social learning, that is to say, learning from
tutors contrary to individual learning (O’Brien and Bentley 2011, 317). Guided
transmission of skills consists in educating the learner about the information avail-
able in the environment, be it the properties of the material, the tools used, or the
effects of the gestures employed (Bril 2002). This guidance not only facilitates the
learning process but also participates in the reproduction of the task (Tehrani and
Riede 2008). It is the key to the cultural transmission of ways of doing things. The
tutor is usually selected within one’s social group (Gosselain 2000; Shennan 2013;
Shennan and Steele 1999). As a result, technological traditions signal that individu-
als having the same tradition belonged to the same once “community of practice,”
i.e., a community sharing ways of doing (Lave and Wenger 1991). This term might
seem awkward when used for connecting sites since communities of practice are
defined as groups of people who interact regularly (Wenger 2000), whereas in
archeology it is problematic to demonstrate regularity of interactions. “Community
of practice” is to be better understood as a process, a mechanism which explains
how traditions are created (in the course of learning), perpetuated, or modified
(Gosselain 2008). In archeology, similarity between ways of doing can be seen as
the result of this process, however spread out in time and space, and therefore sig-
naling before all communities made up of individuals who learned and taught a
same craft tradition within the framework of historically determined social links.
Spatial patterns of these communities can be the result of both historical and socio-
cultural processes: population expansion and/or sociocultural circulation of indi-
viduals (e.g., through matrimonial alliances). On the contrary, dissimilarity in craft
techniques between sites signals different communities, that is, communities whose
individuals do not share the same practices and therefore are not part of the same
social group. Similarity or dissimilarity in craft techniques can thus link sites and
bring to light social communities and locally driven networks, similarity indicating
strong ties, and dissimilarity, weak ties. The overall spatial arrangement of techno-
logical traditions reflects population structure (Hodder 1985; Roux et al. 2017;
Stark et al. 2008; Stark 1998).

Let us note that in ceramic technological traditions, the longest stage to learn is
the forming stage because of the general difficulty of mastering motor skills (Bril
2002; Ericson and Lehman 1996). Forming techniques are taught with a tutor over
years usually within private spaces, while shapes, decorative features, or even clay
recipes can be learned through individual learning after seeing objects in public
spaces and/or discussing with retailers (e.g., interactions with shopkeepers) (Roux
2015). As a consequence, forming techniques tend to be more resistant to change
than easily transmissible traits such as style (shapes and decor of objects) (Gallay
2007; Gelbert 2003; Gosselain 2000; Hegmon 1998; Mayor 2010; Roux 2015;



Stark et al. 2000). In this respect forming technique is a better variable to connect
over time individuals/communities from the same social group than shapes and
decoration whose evolutionary mechanisms make them more subject to rapid
changes and diversity, even within the same social group. It must therefore be
remembered that, when submitted to evolution (either through phylogenesis or eth-
nogenesis process), the different stages of the chaines opératoires are meant to
change at different rhythms because they are subject to different mechanisms of
change. Each of them should be considered as a distinct variable, signaling different
types of interactions depending on their co-occurrence.

Variables to Measure Network Topology

In social network analysis, assessing connections between groups implies not only
to assess the similarity between groups but also to examine the embeddedness of the
network and therefore the network topology. Embeddedness is “an indicator of how
a particular individual or social group will socially interact by either choosing to
network with many other individuals or only a few” (Borck et al. 2015, p. 37). The
examination of embeddedness quantifies “how a particular group is likely to interact
with its neighbors at a given point in time and how that may affect the network and
actors during later temporal intervals” (Borck et al. 2015, p. 37). Different quantify-
ing methods are used. For example, ceramic types are apportioned into time inter-
vals (Mills et al. 2013). Measures of similarity between sites are based on the
relative percentages of apportioned ceramic types between pairs of sites. In order to
calculate connections inside the regions and outside the regions, and therefore
embeddedness at the population level, groups are made based on independent crite-
ria (archeological and geographical boundaries). These quantified measures require
a high chronological resolution which unfortunately is not often the case.

A qualitative approach to embeddedness is the composition of the ceramic
assemblages at the macro-regional scale (Roux 2016, chap. 4). This composition
may testify to interactions between communities at different scales. In this aim,
ceramic assemblages are analyzed in terms of techno-petrographic homogeneity
versus heterogeneity. Theoretically, we distinguish two categories of ceramic
assemblages — homogeneous and heterogeneous assemblages — on the basis of
techno-petrographic groups (groups including ceramics made the same way with
the same clay material). Simple homogeneous assemblages (made of one techno-
petrographic group) characterize sites whose producers belong to a homogeneous
social group and use clay on site. Complex homogeneous assemblages (n techno-
petrographic groups) characterize sites with distinct groups of producers using dif-
ferent clay sources close from the site. Simple heterogeneous assemblages reveal
diverse techno-petrographic groups. Petrographic heterogeneity indicates ceramic
production on a meso-regional scale, and the low variability of this heterogeneity
allows us to define the region of the clay material sources. Complex heterogeneous
assemblages reveal diverse techno-petrographic groups. Due to petrographic



heterogeneity, and marked variability, it is not possible to define a single region, and
ceramic production sites are dispersed over a macro-regional scale. Simple and
complex heterogeneous assemblages testify at a given point in time to the presence
of consumers originating from the meso- or macro-region of the site. The former
point to embeddedness at the regional level and the latter to embeddedness at the
population level.

In brief, the techno-petrographic analysis of ceramic assemblages at a macro-
regional scale should enable us to highlight whether there are movements of indi-
viduals between sites and whether these movements indicate interactions. In a
macro-region where sites are recognized as epicenters of interactions, these sites
indicate strong network embeddedness.

Connecting Ghassulian Sites with Technological Traditions

In this section, we show how the chaine opératoire approach enables us to link the
Ghassulian sites of the southern Levant. The artifacts characterizing the Ghassulian
culture as a “coherent culture” and connecting the sites are first recalled, followed
by the technological ceramic analysis.

Shared Ceremonial Objects in the Southern Levant During the
Ghassulian Period

The Ghassulian sites of the southern Levant (Fig. 1) were occupied by agropastoral
communities who indisputably shared mundane material culture (repertoire of
ceramic vessels, lithic tools, grinding material), iconographic motifs, mortuary
practices, and ceremonial objects, suggesting a coherent culture (Lovell and Rowan
2011; Rowan and Golden 2009).

The size of the sites and their spatial patterning do not point toward hierarchy or
some sort of centrality. A few sites range up to 10 ha; a few others are large (c.
4-5 ha). However, most of the sites are small (c. <1-2 ha). The relationship between
larger and smaller sites remains unknown (Levy et al. 2006). The village houses are
broadly similar from the Golan to the Negev. Within sites, there is no size differen-
tiation, hierarchy in room sizes, or obvious elite areas.

The social relationships between sites are difficult to assess mostly because of a
lack of chronological control. Indeed, the Ghassulian period of the southern Levant
is probably divided in two phases, as shown by researches in the northern Negev
(Gilead 2011). However, these phases have not been distinguished on most sites
because there is practically no change in stratigraphy and the artifactual assem-
blages (Gilead 1994; Rowan and Golden 2009); at this stage, one can just keep in
mind that variability in some patterns could be chronological.



Fig. 1 Sites and regions of the southern Levant cited in the text

This being said, there are shared objects between sites, providing evidence
for local networks. The most conspicuous are the so-called ceremonial/prestige
objects whose distribution highlights patterns at different regional scales. They are
the ones considered here as they testify to shared symbolic norms among
which some emerged along with major technical innovations, such as wheel-
shaped bowls and the wheel-coiling technique and copper objects and the lost-
wax technique. They include basalt vessels, wheel-shaped bowls, perforated flint
tools, stone violin figu-rines, maceheads, copper objects, and ivory objects. As we
shall see, basalt bowls, wheel-shaped bowls, violin figurines, and maceheads
connect sites from all over the



southern Levant, while perforated flint tools and ivory and copper objects are more
regionally distributed.

Regional Distribution

Perforated flint objects are unique items whose distribution is marked geographi-
cally. They are interpreted as prestige objects because they require high knapping
skills, show surprisingly limited use, and are found in both domestic (settlement)
and ritual contexts (burial caves) (Rosen 1997; Rosenberg and Shimelmitz 2017).
Their distribution reflects a northern network, including sites of the Jordan Valley.

Ivory and copper items are the two other categories of prestige/ceremonial
objects to circulate within a geographically constrained network. They are found
mainly in the southern regions. Copper artifacts, probably produced in ritualized
contexts, were made locally as shown by production artifacts on the Beersheva sites
(Goren 2014; Gilead and Gosi¢ 2015).

Macro-regional Distribution

However, there is a distribution of ivory and copper items at the macro-regional
scale, although it is restricted to three pivotal collective burial caves: Nahal Qanah,
Giv’at Ha-Oranim, and Peqi’in. On the basis of their context of finding, metal cer-
emonial objects have been interpreted as a burial kit of graves (along goods like
ivory, basalt, textiles, and ceremonial ceramics) involving multiple burials and,
oftentimes, secondary burials associated with ossuaries (Golden 2009). In this
respect, they indicate both sharing of mortuary practices and norms over a wide
area, from Negev up to Galilee, even though their fabrication was restricted to the
northern Negev.

Basalt vessels are found in most Ghassulian settlements throughout the southern
Levant, most typically in domestic contexts. They are supposed to be prestige/cer-
emonial objects, given the skills involved in their manufacturing and the long dis-
tance between the basalt sources (east in Jordan or north in the Galilee and Golan)
and many of the sites where they have been found (Chasan and Rosenberg 2018).
Moreover, numerous basalt vessels are reported in eight Ghassulian burial caves
arguing in favor of their interpretation as highly valued objects (Chasan and
Rosenberg 2018). Their wide dispersion throughout the region, in ceremonial or
domestic sites, reflects a far-reaching macro-regional network (Rosenberg et al.
2016).

Wheel-shaped bowls are also found all over the southern Levant in
settlements and funerary contexts. They are supposed to be ceremonial objects
(lamps as shown by soot traces). The main arguments are as follows: (a) the wheel-
coiling technique implies specialized skills that are in play only for this category of
bowls, henceforth making them highly valued objects, and (b) their presence in
funerary contexts is systematic whatever the type of burial and the
geographical zone (Roux 2003).



These bowls were produced on-site. They are supposed to have been made by itinerant
potters (Roux and Courty 2005). In this regard, they testify to movements of indi-
viduals from site to site arguing in favor of strong connections between the sites.

The violin figurines and the stone maceheads, whose raw material is varied and
originates possibly from different geographical zones, have been found in a limited
number of sites but throughout southern Levant, from north to south. Like the basalt
vessels, they testify to shared norms through the consumption of the same category
of objects by geographically dispersed communities.

Distribution of Ceremonial Objects at Different Scales

In summary, specific patterns of distribution of ceremonial objects reflect networks
at different scales, regional versus macro-regional networks, and different time
periods.

Regional networks distinguish roughly between northern/eastern and southern/
western clusters of sites. The northern/eastern cluster gathers sites in northern Israel
(Golan, Hula valley, the Galilee), the Middle Jordan Valley, northern Jordan, and
southern Syria, through the circulation of perforated flint tools. The southern/west-
ern cluster gathers sites mainly from the Shephelah — littoral coast southward —
through the manufacture and use of copper objects and the circulation of ivory
objects. Within each of these regions, smaller-scale geographical zones can be high-
lighted when examining the provenance of the ceramics found on ceremonial or
burial places. Thus petrographic analysis of Gilat, a supposedly ceremonial place in
the northern Negev, highlights that it was a center for the northern Negev and the
Judean mountains (Goren 1995), whereas En Gedi, a shrine above the Dead Sea,
was frequented by individuals from the Judean mountains only (Goren 1995; Roux
and Courty 2007). In this respect, regional ceremonial places could correspond to
local cults coexisting with a macro-regional cult (Gilead 2002). The unique basalt
pillar figurines of Golan, found in household contexts, echo these local cults; simi-
larly, regional burial caves such as in Azor where ceramic bowls have been found to
be produced within a meso-region (30 km around) echo local networks (Roux and
Courty 2007).

The macro-regional network testifies to the sharing of the same ceremonial
norms through the use of basalt bowls, wheel-shaped bowls, violin figurines, and
maceheads. This macro-regional network is apparently active during the whole
Ghassulian period (early and late). It is also visible in the funerary goods found at
three pivotal burial caves: Peqi’in, Nahal Qanah Cave, and Giv’at Ha-Oranim.
These caves (probably late Ghassulian), characterized by multiple burials deposited
over time, are exceptional in the way they gather ceremonial objects that are either
shared at the macro-regional scale (basalt bowls, wheel-shaped bowls) or at the
regional scale only (perforated flint object from the northern network, copper and
ivory items from the southern network) (Rosenberg and Shimelmitz 2017). They
thus indicate shared ceremonial norms between communities integrated also within



distinct regional networks, notwithstanding a variety of burial practices within
southern Levant.

In order to debate whether the sharing of norms as expressed by ceremonial arti-
facts across the southern Levant was encouraged by a hierarchy or by the social
structure itself, local connections between sites remain to be drawn. These connec-
tions will be tentatively highlighted on the basis of the ceramic chaines opératoires
used for making the mundane ceramic vessels.

Ghassulian Local Networks: The Ceramic Chaines Opératoires

For assessing qualitatively the degree of interactions between sites and drawing
hypothesis about social topology, the chaines opératoires carried out for making the
mundane containers constitutive of the ceramic assemblages have been analyzed in
terms of similarity/dissimilarity.

The sites are located in different parts of the southern Levant® (Fig. 1). Ceramic
assemblages belong to well-established Ghassulian horizons even though the chron-
ological span can cover a few hundred years.

The Chaines Opératoires: Connecting Sites

Results highlight that the same chaine opératoire was carried out by all the
Ghassulian communities of the southern Levant (Roux 2019). It entails the follow-
ing operations. Clay material is usually mixed with 20-30% coarse mineral grains
whose size depends on the thickness of the walls. Petrographic studies highlight the
local production at almost all sites studied (Rowan and Golden 2009). The bases are
modeled into a disc shape from a lump of clay, the edges are raised, and an inner
peripheral coil is placed against the edges on the disc. The next successive coils are
fixed by apposition against the inner face. Once the body is shaped, the rim is
thinned and shaped with a wet piece of cloth. After shaping the rim, the inner face
is smoothed with a dry or wet soft tool. The vessel is left dried until leather-hard
consistency. Elements are applied at that point: decorative bands, handles, and, for
all the vessels, an extra peripheral coil around the external base, probably as a rein-
forcement piece. A coating is then applied on the outer face for the closed vessels
and on both sides for the open vessels. The decoration of the bands by finger impres-
sion is made after the coating, as well as the perforation of the handles.

There are regional variants to this chaine opératoire, like, in the north, the appli-
cation of a red slip on the coating. These variants still need to be recorded more

3The studied sites are in the Jordan Valley and the Dead Sea basin (Teleilat Ghassul, Fazael, Abu
Hamid, Pella, Tel el-Far’ah [N., cave U], Neve Ur), in the Negev (Abu Matar, Safadi, Grar), in the
Shephelah (Modi’in), in the coastal plain (Azor), in the Galilee (Kafr Kanna, Levels 112-115;
Megiddo, stratum 5), in the Hula valley (Tel Teo, Turmus), and in the Golan (Rasm Harbush).



systematically and should enable us to cluster groups interacting preferentially with
one another.

The Chaines Opératoires: Population Structure

The Ghassulian chaine opératoire contrasts with the chaines opératoires used dur-
ing the fifth to fourth millennium BC by the neighboring populations. In Egypt, the
clay paste is tempered with animal dung, the bases are made from spiraled coils, the
bodies are made with horizontally superimposed coils, and the external faces are
burnished. To the north of the southern Levant, several traditions are used, including
shaping by modeling or by adding large coils. None of them use clay coating (Baldi
2017).

These different traditions do not stem from temporal and/or spatial factors: there
are no similar technical elements which could signal a common origin. In this
respect, the technological analysis of the ceramics highlights a population structure
distinguishing the southern Levant population from its neighbors who were social
groups within which other ways of doing ceramics were transmitted.

Composition of the Ceramic Assemblages: Social Topology

The issue lies in assessing whether the Ghassulian communities, distributed over a
wide regional area, sharing the same ceramic tradition as well as ceremonial objects,
but made of distinct groups based on the geographical distribution of some techno-
stylistic variants (shapes, slip), were interacting at the population scale within an
embedded social network.

A techno-petrographic study of ceramic assemblages belonging to sites distrib-
uted all over the southern Levant shows that there are three main categories of
assemblages: (a) homogeneous assemblages testifying to interactions at the scale of
the village, (b) simple heterogeneous assemblages testifying to interactions at the
regional scale, and (c) complex heterogeneous assemblages testifying to interac-
tions at the population scale (Roux and Courty 2007).

Simple heterogeneous assemblages indicating interactions at the regional scale
are met in shrines or burial sites (e.g., Gilat, En Gedi, Azor) (Goren 1995). Complex
heterogeneous assemblage is met only at one site, Abu Hamid in the Middle Jordan
Valley. The techno-petrographic analysis of the ceramic assemblage shows that all
the recipients come from all over the southern Levant (Roux and Courty 2007). In
the Late Chalcolithic cultural context, Abu Hamid has been interpreted as a gather-
ing/pilgrimage site, that is to say, a place frequented by people who come from all
over the southern Levant. In this respect, the ceramic assemblage of Abu Hamid
suggests that Ghassulian sites were connected at the population level at a given
point in time and therefore that the Ghassulian population was a homogeneously
mixed population (each individual can interact with one another) within a tight
embedded social network.



Modeling and Explaining Evolution Processes: Phylogenetic
and Sociological Models

In the previous section, we have seen that qualitative variables such as the chaines
opératoires allow to socially connect the Ghassulian sites of the southern Levant
and unveil the social topology as well as the population structure. In a general simi-
larity network analysis, i.e., “a flexible framework in which all kinds of similarity
relations (including well defined differences) can be used as proxies for causal or
social relationships and define links between archaeological contexts” (Ostborn and
Gerding 2014, p. 87, 2014), the Ghassulian chaine opératoire can thus be added as
an attribute whose presence or absence, combined with types of vessels, will be a
major indicator of the relational structure of the society.

Modeling evolution processes is another issue discussed below. We distinguish
between (1) modeling evolution processes through phylogenetic models for testing,
in our case study, how the Ghassulian homogeneous mixing population was created
and (2) explaining historical changes by transferring regularities highlighted by
sociological models on archeological data.

Phylogenetic Models and Technology

Technological traditions can also be considered as relevant variables to establish
cultural lineages, defined as “traditions linked by historical continuity based on the
transmission of information through time” (Shennan 2002, p. 72). Indeed, traits
describing the chaines opératoires are particularly relevant as opposed to shapes
because, as previously said, they are traits transmitted between producers from the
same social group and therefore quite stable, contrary to shapes that are likely to
evolve with the evolution of the demand (needs), to be easily copied (without neces-
sary social learning) and consequently to change rapidly. Identifying cultural lin-
eages implies the study of assemblages of different periods, preferentially from the
same sites, and a detailed analysis of the chaines opératoires in order to trace
socially learned ways of doing vessels handed down over the centuries.

The characterization of cultural lineages is a qualitative approach but can be
coded with computational tools for quantitative output. In this case, cladistics is the
preferred approach, as it allows for the measurement of the phylogenetic signal
linking assemblages (O’Brien et al. 2001, 2003). The construction of a phylogenetic
tree is based on a simple fundamental principle: lineage with modification. T he
application of the phylogenetic tree to techniques allows for the modeling of the
diversity of chaines opératoires, their evolution and their kinship in a cultural group
(phylogenesis), and any possible extra-cultural transfers (ethnogenesis) (Manem
2008).

In the case of the Ghassulian societies of the southern Levant, the recognition of a
large rural social group occupying the whole southern Levant during the Ghassulian



period raises the issue of how a wide social network sharing a same tradition
developed. The hypothesis is that the macro-regional network finds its roots in an
ancestral social network, whereas the regional networks may have emerged over
time through geographical connectivity only.

To work out this hypothesis, ideally, phylogenetic modeling could measure the
evolution of the ceramic traditions over centuries. A preliminary qualitative study of
the ceramic assemblages from a few sites* dated from the end of the seventh to early
fifth millennium BC suggests the existence of phylogenetic links between the
Neolithic and the Chalcolithic assemblages. The main chaine opératoire involved in
the making of the mundane vessels is the same as the one used during the Ghassulian
period: the clay paste is prepared with a high proportion of coarse mineral temper,
the bases are modeled in the form of a disc and edges raised, small coils are laid
inward, reinforcing coils are laid around the outer bases, and, finally, walls are clay
coated. This chaine opératoire is the stable element while other traits evolved over
time (in particular shapes and decor). It represents the ancestral trait linking the
Neolithic and Ghassulian ceramic assemblages testifying to the transmission of a
same way of doing from generation to generation over more than two millennia and
therefore to the relationship by descent between the related communities. This rela-
tionship by descent amounts to saying that the ancestors of the Ghassulian groups
were the Neolithic communities of the southern Levant. If this hypothesis is correct,
ties of kinship, to varying degrees, may have united all the individuals forming the
Ghassulian society of the southern Levant, explaining the Ghassulian embedded
social network.

The evolving traits, creating variants between regions over time, are the derived
traits. They may testify to the spatial spreading and splitting of the social groups
over the two millennia separating the seventh and fifth millennia populations.
Phylogenetic modeling should help to test this hypothesis by highlighting the
derived traits and their possible relationships with the emergence of regionally cen-
tered ceremonial/burial places. Among the derived traits, not only technical variants
but also degrees of similarities and differences in ceramic shapes between sites as a
function of interactions should be taken into account.

Sociological Models for Explaining Evolution Processes

Phylogenetic models describe modification of material culture in terms of transmis-
sion. The question is how to explain these modifications in sociological terms. We
believe that simulations of archeological data are not meant to provide explanations
to correlations between social structure and changes. Rather, explanations have to

*They include sites from the Jordan Valley (Abu Hamid, Tel Tsaf, Beth Shean XVIII, Munhata,
Shaar Hagolan), the Shephelah (Teluliyot Batash), and the Jordanian plateau (Ain Ghazal, Abu
Thawwab).



be looked for in analytical sociology whose models provide explanatory founded
regularities transferable by analogy to archeological data as we shall see below.

Let us return to our case study and summarize the archeological data of the
Ghassulian southern Levant and their sociological interpretation: new ceremonial
norms, visible in the making of new objects with new techniques, appeared and
were shared at the scale of the southern Levant, whereas there is limited evidence
for hierarchical formation and centralized political power (Rowan and Golden
2009). This wide sharing of new norms raises the question of the historical process
by which the Ghassulian population rapidly evolved shared social conventions. The
technological analysis of the Ghassulian ceramic assemblages reveals that a same
chaine opératoire, from the clay preparation to the firing, was shared at the scale of
the southern Levant. In this respect, the widely shared ceramic tradition of the
southern Levant testifies to a same social group wherein it has been transmitted.
Technological boundaries have been maintained over centuries suggesting the
maintenance of social boundaries, possibly through endogamous matrimonial alli-
ances. The site of Abu Hamid where the different communities met at a given point
in time suggests that this broad social group was a homogeneous mixing population
(each individual can interact with one another).

If these hypotheses are correct, we are then in a position to use the results
obtained by sociologists who have recently worked on the social topology required
for populations to share new norms (Centola and Baronchelli 2015). More specifi-
cally, they questioned the social structures favorable to the adoption of new social
conventions at the population level without large-scale coordination. Experiments
were made on the web with players who were presented with a picture of someone
and who had to agree on the name to give. The hypotheses were that repeated inter-
action produces collective agreement among a pair of players and, following a broad
range of formal approaches, that “the connectivity of the actor’s social networks can
influence the collective dynamics of convention formation, ranging from the emer-
gence of competing regional norms that inhibit global coordination to the rapid
growth of universally shared social conventions” (Centola and Baronchelli 2015,
p- 1990). Three types of networks were tested: (1) spatially embedded social topolo-
gies (interactions between actors close spatially), (2) randomly connected topolo-
gies (random interactions), and (3) homogeneously mixing populations (each
individual can interact with one another). The results show that the network struc-
ture that promotes the emergence of shared social norms is the one with the higher
connectivity between individuals, i.e., a homogeneously mixing population made
up of individuals able to interact with all the individuals of the community. In other
words, results show that shared conventions can emerge in complex decentralized
systems, without coordinated leadership, when there is a homogenously mixing
population and therefore multiple interactions within a dense network structure.

By analogy, it is possible to propose that the shared Ghassulian ceremonial
norms emerged as the result of network connectivity, without any large-scale coor-
dination. The rationale is that if archeological data testify to a homogeneous mixing
population, then by analogy with the sociological model, it is possible to interpret



the emergence of common norms as the result of intense interactions, without any
global-political coordination. This hypothesis is not contradicted by the ceremonial
objects themselves: the major technological innovations (the lost-wax technique
and the wheel-coiling technique) were exclusive to ceremonial objects; therefore,
they point to belief depositories (e.g., shamans) as suggested by Gilead (2002), but
not to any specific politico-religious power. T he validation of the archeological
interpretation can be evaluated against the validity of the regularity (the model)
tested by the study of its generating mechanisms. Indeed, archeological interpreta-
tion proceeds by analogy, and in the case of explaining historical processes, the data
are too lacunar to test through simulations all the variables which may have played
arole in the historical process itself. Only in present-day situations, it is possible to
combine empirical studies and simulations for testing the causal role of different
variables and interactions.

Conclusion

In this paper, I have questioned qualitative variables and their use into computa-
tional models for revealing the relational structure of societies, knowing that social
structures represent conditions of actualization of evolutionary phenomena. I argue
that not all the similarity attributes can socially connect sites; among them, techno-
logical traditions are the best candidates. They allow not only to trace social connec-
tions between sites but also to characterize social topology and population structure.
Moreover, they are powerful variables to establish phylogenetic links. They can
easily integrate computational models, knowing that any qualitative data can be
subsequently quantified (even narratives, see Manzo et al. 2018). The validation of
the models obtained lies in the well-founded social significance of the variables and
the qualitative analysis of the archeological material.

Validation of the hypotheses explaining evolution processes depends not only on
the variables taken to model archeological data but also on the founding of the ref-
erential model. Indeed, archeological data are too lacunar and polysemic for obtain-
ing explanations that we could empirically validate. The way out is to interpret them
with the help of reference regularities obtained in the domain of present-day societ-
ies through simulation methods whose results can be validated against empirical
data. The validation of the archeological interpretation lies in both the analogical
operation and the founding of the reference regularity transferred to archeological
data.

To conclude, the power of computational models for interpreting evolution pro-
cesses needs not anymore to be demonstrated. However, these models require
meaningful variables, and, for this purpose, qualitative analyses of archeological
material are more than necessary. Unfortunately, these analyses remain too few, and
proper integration of combined relevant proxies is still pending.
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