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Abstract: Across a fragmented landscape, the Neolithic communities of the Zagros Mountains (in modern Iraq
and Iran) maintained complex networks of material exchange and knowledge transfer. From the early
Holocene, small groups of people explored new ways of doing and being in the world, sharing innovative
ideas with one another through tangible material media. Drawing on research at sites in the Central Zagros,
case studies illustrate differing approaches to the curation of networks amongst the inhabitants of highland
and lowland landscapes from the Epipalaeolithic to the Chalcolithic. Through key material strands and shared
networks of practice, we can identify catalysing factors behind the growth of communication networks in the
Early Neolithic and consider the implications of intensified connections. The research addresses transects
through time and landscapes through inter-disciplinary research at PPNA Sheikh-e Abad and Jani in the high
Zagros of Iran and in the Zagros foothills at Epipalaeolithic Zarzi Cave, a PPNA open-air site Zawi Chemi Rezan,
PPNB Bestansur, and Shimshara in the Kurdish Region of Iraq. This article examines material case studies
from these sites and considers how engagement with networks was selective and contingent for individual
communities.
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1 Networks of Interaction Shaping Neolithic Communities

The people of the Central Zagros Mountains, spanning the border of modern Iraq and Iran, maintained
complex networks of material exchange and knowledge transfer across topographically diverse landscapes
and challenging terrains between 10,000 and 7,000 BC. In the material record, we find traces of the manifesta-
tion of the curation of networks and engagement with communities throughout Southwest Asia. Through key
material strands, it is possible to identify the consolidation of communication networks and knowledge
transfer in the Early Neolithic and shed light on the implications of intensified connections and increased
exchanges between sedentarising communities. The power of networks in prehistoric periods can pose con-
siderable challenges in identifying both the trajectories and significance of the networks that transformed the
way people lived and engaged with the world around them. Without textual evidence, we rely solely on
tangible and material evidence to examine the traces of networks that shaped and were shaped by the first
sedentary communities.

These networks of interaction took place at a range of scales and between a range of actors, whether that
be people and people (Gowlett et al., 2012), between people and things (Knappett, 2011; Mithen et al., 2023),
people and materials (Malafouris, 2013), or people and the environment (Coward & Howard-Jones, 2021). Any
alteration in the balance of interactions between people, things, places, environment, plants, and animals can
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be a driver for change, and as Hodder has highlighted in his studies, some of these may be the unintended
consequences of our own pursuit of stasis (Hodder, 2012). Active resistance to interaction is a form of inter-
action in itself. Communities in the Neolithic Zagros did not uniformly subscribe to networks of interaction;
there are instances of resistance to change and deliberate disengagement from networks. Excavations at the
Neolithic settlement of Tol-e Bashi in Iran revealed an example of resistance to the highly connected commu-
nities across the Zagros through the minimal engagement with repertoires of durable objects (Pollock et al.,
2010), where life was deliberately perishable and untangled.

Networks of interacting communities provide a useful framework through which to examine material and
social connections in the landscape. Watkins has advocated for network approaches in the Fertile Crescent, at
local and intra-regional scales, in conjunction with cognitive-evolutionary understandings of change (Watkins,
2003, 2006, 2008). It was the paradox between increasingly sedentary and increasingly interacting societies
that he suggests forged networks “in the manner of nested peer-polity interaction spheres” (Watkins, 2008,
p. 165). The construction of “socio-material” (as opposed to strictly “social”) networks (Knappett, 2011) has used
material culture “as a proxy for the strength of social relationships” across Epipalaeolithic and Neolithic
Southwest Asia (Coward, 2010, 2013), although this work has highlighted the challenges of timescales in the
prehistoric past and the limitations of the archaeological record in accurately representing complex networks
that may not have been materialised. The issues of scale have been successfully overcome through the
successful application of modelling approaches to intra-site networks between households at the Neolithic
site of Catalhoyiik, which have demonstrated an intensification of networks and increasing interconnectivity
through time (Mazzucato, 2019).

Coward’s (2013) work has highlighted how burgeoning settlement populations do appear to have strained
relationships, to the detriment of intra-site networks. This tension deriving from social interactions draws on
Dunbar’s work on the scale of human social networks (1993, 2008), averaging 150 people. This number recurs
throughout our hierarchical structures, including the average Neolithic village size. As the population
increases, it could lead to a severing of connections or fission of the group. These critical units do, however,
maintain networks with external units, for support, reciprocities, and future securities, which may provide
some insight into the impetus for extensive material networks.

Interactions with external forces have powerful influences that shape the human brain through neural
plasticity. In infancy, interactions with people, material things, sounds, and smells give shape to our under-
standing of the world. They forge the pathways for learning and provide the scaffolding to interpret experiences
(Snell-Rood & Snell-Rood, 2020; Tymofiyeva & Gaschler, 2021). Interactions affect the way people act, think, and
relate to the world around us. Although some of this is defined in early years, cognition, capacity, and creativity
can all be developed and enhanced by our interactions. The cognitive benefits of learning a second language are
well established (Ware et al., 2021) and time spent living abroad, or even making friends from different cultural
backgrounds, enhances our creative capacities in problem-solving (Maddux & Galinsky, 2009).

Interactions change the way we think about, comprehend, and engage with the world around us. This is
fundamental in our understanding of change in the archaeological record. The material changes we observe are
shifts in the cognition of the people we study, not ideas superimposed, or adopted, or assimilated, but creative
expressions of new ways of thinking and being. These interactions are so prominent in the archaeological record
that they appear to be developed beyond necessity, as Karl Knappett observed: “...it is not only that humans have
particular capacities for interconnecting; they seem driven to do so almost regardless of any functional advantage
that may or may not be conferred” (Knappett, 2011, p. 12). In this framework, Neolithic networks of interaction
comprise human engagements that are pursued not simply for material benefit, but as a social tool that is
fundamental to constructing communities with greater capacity for learning and adapting to the world.

Through the development of artificial intelligence, research is revealing the complexity of physical inter-
actions with the material world. Advances in AI are only now developing machines that can simulate human
capabilities to fuse complex strategies with interactive perception. In the field of self-driving cars, Al training
in experience-based decision-making processes utilised exploration games from the 1980s to learn how to cope
with obstacles and hazards (Mnih et al., 2015). Recent developments in robotics have attempted to mimic
human physical learning through tangible experience, rather than through modelling the parameters and
contingencies (Fazeli et al., 2019). Humans learn from these principles of physical, real-world experience in
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infancy, but they are entirely dependent on the experiences to which they have been exposed. In the Neolithic,
the neural networks of individuals developed in response to the changing physical and social worlds they
experienced, developing cognitive capacities for comprehending the affordances and possibilities to creatively
reimagine the material world.

The archaeological traces of networks of knowledge in the Neolithic Zagros represent the exchange of
active, embodied, physical knowledge of making, crafting, and building. The creative capacity endowed by
flexible thinking, by the benefits of interaction and engagement with the world, may have benefitted com-
munities in the past. But the benefits of interactions are not only cognitive — resource security through
diversification is an issue faced by both ancient and modern communities, whether it be through food,
fuel, or even genetic diversification. Collective gathering in Neolithic communal spaces, such as Gobekli
Tepe in Tirkiye and WF16 in Jordan, provided opportunities for interactions between people (Dietrich
et al., 2012; Mithen, 2020; Mithen et al., 2023). Communal spaces may have been integral to the development
of relationships through commensality, generosity, and co-mingling of populations, which would have rein-
forced obligations to provide support in times of challenge. These interactions between Neolithic individuals
and communities may not have been symmetrical, bound as they were with the social complexities of
obligation, dependency, and power (Graeber & Wengrow, 2022), but they appear to have played a vital
catalysing role in a period of extensive change. Through examples from the Central Zagros, we can begin
to trace some of the networks in which people participated at a range of scales and begin to identify the impact
these had on Neolithic lifeways.

2 Investigating Networks in the Neolithic Central Zagros

The Central Zagros is a crucial zone of major passes connecting lowlands and uplands through the Zagros
Mountains, connecting Southwest and Central Asia (Figure 1). Since 2008, the Central Zagros Archaeological
Project (CZAP), led by Roger Matthews and Wendy Matthews (University of Reading) with colleagues in Iraq
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Figure 1: Map of sites excavated by the Central Zagros Archaeological Project.
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and Iran, has been investigating sites that span from 12,000 to 7,000 BC (Figure 2). Each site demonstrates
different approaches to engagement with regional networks at intervals through the Neolithic transition.
Investigations have been conducted at Epipalaeolithic Zarzi Cave and an associated Early Neolithic open-air
site, early settlements at tenth to eighth-millennium Sheikh-e Abad and Jani in Iran, and eighth-millennium
communities at Bestansur and Shimshara (Matthews et al., 2013b, 2020d).

In the Epipalaeolithic to Early Neolithic Transition, mobile communities engaged in “long-distance trans-
port or informal trade” in the form of shell beads and pendants, which were transported hundreds of kilo-
metres to the Zagros, possibly from the Persian Gulf (Olszewski, 2012). With these objects travelled “concepts,
knowledge and ideas” (Richter et al., 2011, p. 108) that extended from the Zagros to the Levant (Hole, 1996). This
was a period of intensifying occupation in which people experimented with new material and technological
repertoires. Early Neolithic communities expanded beyond the scrub-steppe of the mountain slopes, to low
bluffs and rises in the fertile valleys. Increasing commonalities in material culture, plant and animal manage-
ment strategies, and architectural approaches have been conceptualised as the components of a “PPNB inter-
action sphere,” modelled on a core-periphery system of settlements exchanging materials such as obsidian,
shell, and turquoise as a means of negotiating social relationships (Asouti, 2006; Bar-Yosef, 2002; Bar-Yosef &
Belfer-Cohen, 1989).

Raw materials played a vital role in the success of these first settlements. The limestone outcrops of the
Zagros Mountains provided ample stone for grinding and chert sources for making stone tools, with readily
available nodules and cobbles collected from the riverbeds. Stone was also used for making figurines, brace-
lets, and bowls, from alabaster and marble. In locating settlements in the Zagros foothills, inhabitants were
able to experiment with the rich natural resources available. Rich clays were abundantly available for
building and for making objects, figurines, tokens, beads, plastering walls, and lining floors. Depending on
its purpose, it could be cleaned thoroughly to remove impurities, or tempered with chaff or grit, and fixed in its
form with fire and heat. Materials were not simply functional but selected for aesthetic purposes, to decorate
and paint buildings, or make adornments. Occasional fragments of obsidian, similarities in figurine styles, or
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Figure 2: Views of sites excavated by the Central Zagros Archaeological Project.
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the construction of houses hint at the long-distance relationships in operation between these small commu-
nities. Through networks of exchange, people were acquiring new materials, learning their affordant proper-
ties, and co-creating new ideas.

2.1 The Sites

Dorothy Garrod’s excavations in the 1920s established Zarzi Cave as the type-site for the Epipalaeolithic stone
tool industry across the region, consolidated by Wahida’s subsequent excavations in the 1980s (Garrod, 1930;
Wahida, 1981). Situated on the slopes of the Chemi Rezan valley, 750 m asl, the small rockshelter overlooks a
biodiverse river that joins the Lesser Zab (Nature Iraq, 2017). A survey of the Chemi Rezan valley in 2013
identified an open-air site on the slopes facing the cave, based on the presence of ground stone tools and lithics
(site ZS3 in the survey and now named Zawi Chemi Rezan, 670 m asl) (Matthews et al., 2020b). An intensive
survey in 2021 identified a widely spread lithic scatter and large quantities of ground stone tools, concentrated
around an area of approximately 40 m Initial excavations have uncovered semi-subterranean structures and
in-situ boulder mortars. Amongst the chipped stone assemblage, analysis of seven fragments of obsidian tools
from the survey and excavation point to two Anatolian sources (Nemrut and Bingdl A), expanding on the
sparse data for the ninth millennium in this region. Previous investigations at Zarzi Cave have demonstrated
long links to the obsidian source at Nemrut on Lake Van (Frahm & Tryon, 2018). The early results from our new
excavations indicate that wide-reaching networks connected people in this region before sedentism and
agriculture (Matthews et al., forthcoming).

Whereas Zarzi Cave and Zawi Chemi Rezan highlight early degrees of connectedness through lithic
materials in the Zagros foothills, Sheikh-e Abad illustrates a combination of engagement and resistance to
new materials and ideas. Located on a fertile plateau in the high Zagros (1,425 m asl), the inhabitants experi-
mented with the management of plants and animals, constructed mud-brick houses, and shared a common use
of symbolic displays with contemporary settlements in the region (Matthews et al., 2013b). Significantly,
although these ideas and technologies drew on regional traditions, they were all executed using local
resources, in the form of clay, bone, and stone, without substantial evidence for exchanged materials seen
at contemporary lowland sites such as Nemrik 9 and Qermez Dere (Cole et al., 2013; Kozlowski, 1989; Watkins
et al,, 1989). The manner in which the occupants participated in regional networks appears to have been highly
selective, well into the eighth millennium.

This characterisation is in stark contrast to the mid-eighth millennium site of Bestansur. Situated next to a
perennial spring on the fertile Sharizor Plain (550 m asl), the site occupies a natural rise in the landscape, with
evidence for Early Neolithic occupation and activities, spread over an area of four hectares. Excavations of the
Neolithic deposits in and around the mound since 2012 have revealed architecture across all sectors dating to
between 7800 and 7200 BC (Matthews et al., 2019). Recent investigations have focused on Trench 10, in the
eastern flank of the mound, where there are successive layers of occupation at a neighbourhood scale,
including a large building with the remains of dozens of individuals buried beneath the floors of a single
room (Richardson et al., 2020). Burial practices are evident in the surrounding buildings, albeit on a smaller
scale. From Bestansur, there is extensive evidence for engagement with local resources but also traces of wide-
ranging networks. This includes materials such as obsidian, carnelian, and marine shells, as well as technol-
ogies and practices connected to the Fertile Crescent communities (Matthews et al., 2020c; Richardson, 2020).

The late eighth-millennium site of Shimshara was initially identified by Danish and Iraqi excavations in
the 1950s and subsequently submerged by waters from the Dokan Dam (Mortensen, 1970). Located close to a
strategic mountain pass on the Lesser Zab (515 m asl), the earliest settlement on a natural rise above the plain
dates to around 7200 BC. Two rescue interventions including documenting exposed sections, intensive sam-
pling, and excavation have been conducted (Matthews et al., 2020a), revealing evidence of a remarkably
consistent set of materials and practices in operation, with high levels of obsidian brought from Anatolian
sources. Adornments were made exclusively from marble and bone, both of which are locally sourced. The
marble repertoire includes high proportions of finely crafted bracelets and bowls (Richardson, 2020). Although
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the site is clearly connected to obsidian networks and networks of knowledge to the north, there is little
evidence for the more varied materials exchanges we see at other sites, or any significant indications of
connection with sites to the east.

3 Analysing Neolithic Material Networks

The application of materials analysis to clay, stone, and shell objects can reveal resource use in local and
regional landscapes and identify intersections between communities. The well-established practice of geo-
chemical analysis of obsidians sheds light on one particular set of networks in operation, marine shells on
another entirely, but through integrated approaches to the materials, complex relationships between shared
materials, technologies, and ideas can be explored in greater detail. Through these interactions, we can begin
to conceive the breadth and depth of the complex networks that connected Neolithic people across Southwest
Asia. The prism of social network analysis facilitates a vision of communities selectively engaging with multi-
layered and richly textured networks but also demonstrates the challenges of working with limited datasets in
prehistoric communities. Examination of material networks in comparison with emerging evidence for
genetic networks highlights the extent to which not just things but also people were mobile over vast
landscapes.

3.1 Marine Shell Networks

In the Neolithic Zagros, beads were made from a broad range of materials, drawing on resources immediately
available as well as those hundreds of kilometres away. Marine shell beads in this landlocked region were
carried from the Mediterranean, the Red Sea, or the Persian Gulf. Cowries are distributed at sites along the
Zagros flanks from the eighth millennium onwards, at Abdul Hosein, Ali Kosh, Chagha Sefid, and later as both
shell and clay imitations of cowries at Choga Mami (Oates, 1969). Cowry imitation was also observed at

Figure 3: Cowries with perforations and embedded with bitumen from Bestansur.
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Matarrah, where the locally abundant marble was used to imitate this popular form (Braidwood & Howe, 1960,
pp- 36-37). Fossil sources are suggested to have been the source of shells found in deposits at Karim Shahir
(Howe, 1983), although they also occur in conjunction with the marine shell Oliva at Jarmo (Moholy-
Nagy, 1983).

At Bestansur, hundreds of kilometres from the sea and the only one of our sites to include a marine-shell
assemblage, we find cowries likely coming from the Red Sea (Figures 3 and 4). This was also the source for the
majority of the assemblages at sites in Syria at Tell Aswad, Abu Hureyra, and Tell Halula (Alarashi, 2010;
Alarashi et al., 2018), which may provide an indication of the routeways of exchange through which the
cowries at Bestansur may have passed. Many of the cowries from Bestansur are found in association with
burials. Each cowrie at Bestansur has the dorsum removed and is either packed with or bears traces of
bitumen adhesive, which derives from a local source (Richardson, 2020). On the cowries, beneath the bitumen
(and in some cases filled with it) is evidence for a previous use-life in the form of drilled perforations at the
terminals, indicating that they were at one time strung or attached to garments. We know that cowries were
strung as pelvic girdles and diadems at Tell Halula (Alarashi et al., 2018), although at Bestansur, the perfora-
tions were not used in these mortuary contexts. The Bestansur cowries may have been affixed using bitumen
either to the faces of the dead (prior to decomposition of the flesh), or to materials that wrapped the dead. The
cowries from Bestansur demonstrate cultural and material linkages with sites hundreds of kilometres to the
west, linking to established mortuary practices but innovating in their execution and combining them with
locally available materials. Scaphopod shells (also known as tusk shells or “dentalium”) have also been
recovered from the burial contexts at Bestansur. The scaphopods are originally from marine sources, although
the condition of the Bestansur examples suggests that these may have come from fossilised sources inland, as
was observed at Karim Shahir (Howe, 1983, p. 48, 100).

These marine species of shell were used in conjunction with local riverine molluscs at Bestansur, most
prolifically nerites (Theodoxus jordani), which were perforated for stringing or sewing to fabrics. The scapho-
pods were found in similar contexts to local crab claws, which were also used as beads and may have
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Figure 4: Distribution of cowries across Early Neolithic sites.
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deliberately imitated the form. Although shell beads are not an uncommon phenomenon at sites across the
Central Zagros, the quantity of beads from mortuary and domestic contexts at Bestansur is exceptional and
indicates a particularly rich practice in personal adornment that drew on local resources in combination with
those acquired through material networks.

3.2 Clay Networks

From the Early Neolithic, people were employing clay for a wide range of purposes all across the Eastern
Fertile Crescent. People were experimenting widely with shapes and establishing shared repertoires with
neighbouring communities, blurring our conception of the definition between token and figurine. Some
shapes spread far and wide, occurring commonly across the sites of Southwest Asia, forming a shared
language that may have worked its way into counting practices (Schmandt-Besserat, 1979), whilst others
appear intermittently spread between seemingly unrelated communities, possibly engaging in unrelated
practices. Simple shapes were rolled and pinched in the form of clay “tokens”; small geometric shapes whose
function at this stage is unclear (Bennison-Chapman, 2019). Clay shaped into cone, ball, disc, or rod shapes
were identified in the Early Neolithic levels at M’lefaat, Nemrik 9, Karim Shahir, Asiab, and Sheikh-e Abad,
each of which types spanned the breadth of Southwest Asia as far as the southern Levant (Kozlowski &
Aurenche, 2005).

Made at a similar scale, and perhaps even for a similar purpose, small pieces of clay were given legs, or
necks, or other human physical traits. These forms are most frequently distinguished from what would
otherwise be classified as “tokens” by anthropomorphising details (such as bifurcation of the legs and protru-
sion of the breasts or buttocks) or through references to animal traits. Animals were most frequently depicted
as quadrupeds, including at Bestansur, although the repertoire may also include bird-like figurines with
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pointed heads as seen at Karim Shahir (Howe, 1983). People were exchanging ideas and innovations in clay
through common languages of portable objects, whilst developing and retaining localised practices.

In the clay assemblage, there are distinctly different patterns of influence in technology and material
used by the inhabitants of Bestansur, contrary to the westward interactions evident in the shell repertoire
(Figure 5). In the shaping of mudbrick and tokens and simple-seated figurines from lightly baked local clays,
Bestansur has a distinctly Zagros style (Matthews, 2020; Richardson, 2019), indicating knowledge networks that
overlap with those sites in the high Zagros in Iran, such as Ganj Dareh and Sheikh-e Abad (Cole et al., 2013;
Matthews et al., 2013a; Smith, 1990). Two clay objects in particular merit noting here (Figure 3): a gashed clay
cone in a style that is peculiar to Ganj Dareh (Broman Morales & Smith, 1990) and a spool shape more
commonly seen to the north and west prior to the eighth millennium (Kozlowski & Aurenche, 2005). Geo-
chemical analysis confirms that both have been made with clay local to Bestansur (Richardson, 2020). A rare
figurine recovered in 2021 appears to be skirted with possible fabric. Contrary to the Zagrosian style, similar
linear decorations are present on figurines in the Levant, such as the example from Tell Aswad (Ayobi, 2014,
fig. 6.1), but are otherwise unknown in the Eastern Fertile Crescent until some fifteen hundred years later at
Sarab (Broman Morales, 1990, pp. 15g-h). This figurine appears to belong to a small group of conical clay
objects at Bestansur with anthropomorphic traits, which show decorative references to traditions from both
the east and the west.

3.3 Adornment Networks

A range of minerals used for making beads and other adornments occur in the form of rich seams in the
Zagros Mountains, amongst the ophiolite complexes, with serpentinites, quartz, chalcedony, and alabaster. The
high number of broken blanks located at sites demonstrates a willingness to experiment with new materials,
not limited to a proscribed aesthetic or source. Regardless of this abundant source, minerals for personal
adornments were also transported from further afield, in the form of carnelian from the Alborz Mountains,
the Persian Gulf, or Anatolia. Turquoise and variscite may also have come from a source in the Alborz
Mountains to sites in the Central Zagros Mountains, appearing at Ali Kosh and, later, Jarmo (Moorey, 1994).

Half a dozen carnelian beads from Bestansur may come from several different sources (Figures 6 and 7).
Five of these are highly polished in a “flat” or “tabular” shape found at other sites in the region (Kozlowski &

Figure 6: Carnelian beads from Bestansur.
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Aurenche, 2005, fig. 5.1.1). Possible sources have been identified in central Anatolia, the Sinai Peninsula, and
Iran (Alarashi, 2016; Beale, 1973). Analysis of the carnelian using pXRF suggests that these are from several
chemically distinct sources and we see a similar variety of carnelians from Jarmo (Richardson, 2017), in a
pattern of diverse sourcing similar to that identified at Early Neolithic sites in Cyprus (Moutsiou & Kassia-
nidou, 2019). At Bestansur, we have no evidence for the working of carnelian on site and it is in all probability
reaching the site as finished objects. Braidwood noted that casual contacts by nomadism or transhumance may
have incorporated exchanges of materials over great distances (Braidwood et al., 1983, p. 290).

At Bestansur, there is early evidence of body modification in the form of a piercing. A stone labret or spool
was recovered from a burial dating to around 7500 BC. It was found resting on a skull at the top of the jaw,
close to where the flesh of the ear would have been. The Bestansur stone labret appears to be a particularly
early example for the Zagros (Figure 8), although Early Neolithic examples have been identified at Boncuklu
Tarla in southeast Tiirkiye (Kodas et al., 2024). Similar stone spools appear in eighth and seventh-millennium
Fars with dental wear, and later figurines have been taken as evidence that these were worn in the lip
(Alizadeh, 2021; Hole et al., 1969; Khanipour et al., 2021). However, the example from Bestansur was not found
close to the lip, and analysis of the teeth did not find buccal wear that would correspond with labrets worn as
lip piercings (Walsh, 2022).

3.4 Obsidian Networks

Since the first studies of Renfrew et al. (1966, 1969), obsidian across Southwest Asia has been scrutinised for
patterns of long-distance trade and exchange. Geochemical analysis has provided evidence for the use of
obsidian from the varying flows at Nemrut Dag from the Palaeolithic to the Neolithic and beyond in the
Eastern Fertile Crescent. Fragments of obsidian were found in Epipalaeolithic levels at Zarzi, Zawi Chemi
Shanidar, Nemrik 9, and Qermez Dere, as well as occurring in Early Neolithic contexts at M’lefaat, Gird Chai
(Howe, 1983) and at Zawi Chemi Rezan (Matthews et al.,, forthcoming). It becomes apparent that early settle-
ments were, as Watkins et al. (1989) described, paradoxically both sedentarising and maintaining long-distance
networks of interaction with the communities to the north, in modern Tirkiye.

Over the course of the eighth millennium, obsidian reached almost all sites in the region, although in very
small quantities in the high Iranian Zagros. The analysed obsidian at early eighth-millennium Chogha Golan
and at East Chia Sabz in the late eighth millennium was transported exclusively from Nemrut sources (Darabi
& Glascock, 2013; Zeidi & Conard, 2013). Analysis of the obsidians from Ali Kosh, Chagha Sefid, and Tepe Sabz
has highlighted a transition from the exclusive use of Nemrut or Bingél A obsidians in the early eighth
millennium, to the use of obsidians from both Nemrut and Bingdl B by the late eighth millennium (Tonoike,
2012). Both the range of sources and the proportion of obsidian used expanded over time: the inhabitants of
Jarmo increased their use of obsidian tools from a quarter of the chipped stone repertoire to half of all chipped
stone usage (Hole, 1983).

Our Central Zagros sites fit within a framework of depleting obsidian proportions based on distance from
the source along the southeast trajectory of the Zagros (Figure 9). At Bestansur, about 25% of the lithic
assemblage is made from obsidian, the vast majority coming from the Lake Van Nemrut source, with only
three fragments from alternative sources further north (Matthews et al., 2020c). At Shimshara, in contrast, 80%
of tools recovered during our excavations were made from the volcanic material. Recent work on least-cost
pathways has examined key routes that could have been utilised for the transmission of obsidian from sources
and between sites (Barge et al., 2018), although the focus on the obsidian alone greatly underestimates the
connectedness of the inhabitants of Bestansur.

Geochemical analysis using portable X-ray fluorescence applied to sites in the Kurdish regions of Iraq and
Iran from the Epipaleolithic to the Chalcolithic has demonstrated chronological shifts in the acquisition and
transmission of obsidians from a number of sources (Catanzariti et al., 2023). There is a strong emphasis on
Nemrut obsidian used for tools at Central Zagros sites that lasts from the Epipalaeolithic to the Late
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Figure 9: Proportions of obsidian (black) versus chert (orange).

Chalcolithic, with half a dozen sources episodically contributing to the obsidian in circulation. This includes
material from as far north as Armenia reaching Bestansur and as far west as Bing6l B in use at Shimshara.

Analysis of the chipped stone tools from both the sites of Bestansur and Shimshara has highlighted a
transitional difference in the use of obsidian along this network (Matthews et al., 2020c). From both sites,
residues are present on the working edges of so-called “Cayonii” tools, including the presence of sulphur and
calcite, indicating they may have been used for working alabaster and marble bowls and bracelets (Matthews
et al., 2020c). However, there is a pivotal difference in the working of the tools indicating that Bestansur and
Shimshara, although only 100 km apart, sit on either side of two observed working traditions (Fujii, 1988). At
Shimshara, in keeping with Anatolian tools of this type, the steep retouch is focused on the dorsal face, with
grinding striations on the ventral, whilst the opposite is true of the Cayonii tools at Bestansur in keeping with
Zagros practices. Consequently, we can identify multi-layered and innovative practices within the obsidian
assemblage.

4 Multi-Layered Networks in the Neolithic Central Zagros

These examples demonstrate varied and extensive networks that span long periods and hundreds of kilo-
metres. By bringing together multiple material strands, it is possible to begin to construct a nuanced under-
standing of the complex and multi-layered networks with which the Neolithic communities of the Central
Zagros engaged. From only these few examples, it is possible to demonstrate that obsidian, although the most
numerously exchanged material, only accounts for one portion of the networks in which the communities of
the Central Zagros were involved. Through integrating data across materials that might otherwise be divided
between disciplinary silos, it is possible to shed light on the multi-directional networks, composed of agents
who participated in a variety of ways. If we bring together the data for some of the most commonly occurring
materials such as clay, stone tools, marine shells, and adornments, it is possible to explore the role of
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Figure 10: Intersecting networks of clay, cowries, and carnelian.

individual sites in the sharing of material and technological knowledge (Figure 10). Further integration of
other key materials, such as bone tools, adhesives, and plasters, will only increase the resolution of integrated
analyses (Matthews et al., forthcoming).

Bestansur sits nestled between the highland sites to the south and lowland sites to the north, with material
evidence to demonstrate a connection to the networks of both. In applying a socio-material network approach
to the adornments constructed from all materials at Bestansur, we can begin to consider the possibility that
Bestansur played a pivotal role in regional networks of exchange. Through constructing a weighted one-mode
regional network of shared material culture characteristics, based on the presence/absence of shared raw
material types and object characteristics, including published assemblages from Early Neolithic sites in the
region, we can visualise central nodes within the network (Figure 11). Few Early Neolithic sites have been
extensively excavated in the region, particularly in the Central Zagros, and the network represented here must

°
Qermez Dere

East Chia Sabz

Shanida? Cave

o
Ganj Dareh

Sheikh-e Abad Chogﬂa Golan

Figure 11: Social networks analysis of material culture bonds between key sites in the Central Zagros (Gephi).
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have included many intermediaries. Further, the sites do not all fit the same chronological scope and the broad
temporal scale spanning at least two millennia should be considered here. However, based on this approach, it
remains clear that Bestansur was an intensely connected site, engaging with wide networks and perhaps even
acting as a conduit between sites, in particular at the intersection between the sites on the plains to the
northwest and the plateaus of the Zagros Mountains to the southeast.

Furthermore, it illustrates the isolation of sites such as Shimshara, which appears to have participated in a
limited and selective way with regional networks, in spite of the high proportions of obsidian present in the
assemblage.

The initial results from the DNA analysis of four individuals buried at Bestansur have indicated that the
diversity identified in material and knowledge exchange may also be represented in the genetic makeup of the
population (Lazaridis et al., 2022). These individuals represent a small sample from an extensive mortuary
assemblage at Bestansur providing new insights into a network of pan-regional contacts between early
farming communities that corresponds with the material evidence for interactions between the inhabitants
of Bestansur and networks that extended along a trajectory to the southeast and northwest.

The connections and rich material culture at Bestansur, in particular, provided a fertile ground for
innovation and creativity. Exposure to and engagement with a wide range of materials, concepts, and tech-
nologies laid the groundwork for new cognitive scaffolding that formed the basis for the development of
complex societies. This blending of brain, body, and world has been explored in relation to prehistoric sites
such as the Neolithic community at WF16 (Mithen, 2010) and in Iron Age Britain (Gosden, 2008). Three key
strands should be considered here: material culture as a scaffold for distributed cognition (Dunbar et al., 2010;
Gamble et al., 2014), the evolution of social and material networks (Coward & Gamble, 2010; Coward, 2013;
Knappett, 2011, 2013), and how material engagements have shaped the mind (Malafouris, 2013; Malafouris
et al., 2014; Renfrew, 2004, 2007). Material Engagement Theory (Malafouris, 2013; Renfrew, 2004) has made the
argument that the capacity for understanding comes as a product of interactions between people and things,
situated in space and time. These approaches have highlighted the key role that interactions with material
worlds have played in our cognition, drawing together the biological, social, and material spheres of analysis.
In early sedentarising communities, in a rootedness in one place — such as at Bestansur — people found new
properties, materials, and ways of engaging with the physical world, and so-doing fettered themselves to its
materiality, to its rhythms, forging entangled, inextricable, enabling, ever-changing webs of things and people.

By engaging with new materials and concepts through communication with other communities, the
people of Neolithic Bestansur developed their own capacities for creating new ways of living, communicating,
and interpreting the world around them. Through interaction with multiple networks that spanned Southwest
Asia, this small community drew from elements of each, creatively employing and reinterpreting material
resources and technologies. Bestansur is just one example of the many Early Neolithic communities collec-
tively engaging with material networks, but it provides insight into interactions at an axial point in the
landscape where the Northern Fertile Crescent meets the Central Zagros and a community that chose to bridge
between the two.
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