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Abstract

Contact across long distances is evident in the Neolithic of the Near East, whether driven by social
networks, exchange links, or movement of individuals or populations. Movement of material, such
as obsidian, can elucidate these processes but is often studied within a bounded world that places
Mesopotamia at the center. This paper focuses on links that cut across the traditionally imposed
boundaries between Northern Mesopotamia and the Caucasus. While Armenia is one of the world’s
most obsidian-rich landscapes, reports of Armenian obsidians in Northern Mesopotamia are scarce.
The confirmation (or lack thereof) of these rare reports has important consequences regarding the
movement of people, material, and information out of the Caucasus. As discussed here, all but one
report either cannot be corroborated or are demonstrably erroneous. For one archaeological site,
data processing methods led to overlaps in the signals for different obsidian sources. For another
site, one element used in source identification suffered from unsystematic error. For other sites,
data and key details went unpublished at the time. To corroborate past work that had identified
Armenian obsidian at Domuztepe, 66 artifacts were newly sourced by electron microprobe analysis
and confirmed by portable X-ray fluorescence. This sample was biased toward artifacts potentially
from Armenia. Our analyses revealed that 15 artifacts match Pokr Arteni, one of the most used
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obsidian sources in Armenia. For reasons not yet clear, obsidian was brought to this Late Neolithic
settlement over a distance of 670 km linearly and more than 800 km on foot. Additionally, there
are artifacts from four other sources in the Kura-Araxes basin, lending extra support to movement
of materials, if not people, between the Caucasus and Domuztepe. Furthermore, there are similar
patterns in the two chemical varieties of Pokr Arteni obsidian at Domuztepe and at a Late Neolithic

site in Armenia, Aratashen, potentially reflecting similar processes or behaviors at this source.

1. Introduction

It has been argued that identifying materials, resources, or goods moved “between different
areas and different societies are the most tangible evidence that an archaeologist can hope for when
looking to establish contact between prehistoric peoples” (Glascock, 2002:1). In this regard, the use
of chemical analyses to match obsidian artifacts to their volcanic origins is cited as one of the great
success stories in archaeological science (e.g., Williams-Thorpe, 1995; Henderson, 2001; see also a
recent discussion by Freund, 2013). Over the past five decades, obsidian artifact sourcing has
provided rich evidence to better understand intra- and inter-regional mobility, exchange, and social
interactions (e.g., Earle and Ericson, 1977; Ericson and Earle, 1982; Shackley, 1998, 2005; Glascock,
2002; Dillian and White, 2009; and the chapters within). However, the scale of long-distance
interaction has a distinct character, connecting non-contiguous regions and groups situated within
different natural and cultural contexts. Such interactions would not necessarily occur through
routine encounters within day-to-day patterns of mobility or social networks, yet they are
observable via the medium of material transport. With a resource such as obsidian, especially
where there are multiple potential sources, it is particularly striking if utilized sources lie far more
geographically distant than closer -- and apparently functionally equivalent -- geological deposits.
While it is well established that cultural factors can be as significant as functional and economic
ones in resource selection, the occurrence of materials, including obsidian, at great distances from
their sources can sometimes lead to dramatic interpretations, including proposed intercontinental
economic networks and foraging areas far larger than ethnographically attested.

In the Near East, the interaction and movement of people between regions, especially those
on the Mesopotamian periphery (e.g., the Caucasus, the Balkans, the Iranian Plateau), has long been
a favored explanatory device for changes in the archaeological record. As observed by Hackenbeck
(2008), mobility, including migration en masse, has often lain at the core of narratives involving the
spread of agriculture, metallurgy, and other innovations out of the Near East. That is, the Near East

has long been conceptualized as a center from which cultural and technological changes radiated.



Contemporary perspectives tend to be more nuanced, focusing on a wider range of social contacts
and networks (e.g.,, Mesopotamia as a nexus of an exchange network; Butzer, 1997). Nevertheless,
Mesopotamia typically retains a centrifugal role (cf. Kohl, 2007). For example, Pitskhelauri (2012)
proposes that a massive influx of Mesopotamians during the fifth and fourth millennia BCE were
responsible for “explosive” changes in the material culture of the Caucasus.

There are, though, a number of hypothesized influences on Northern Mesopotamia from the
Caucasus based on changes in technology, material culture, and language, for which we can give one
example of each. First, obsidian blades at Late Neolithic and Early Chalcolithic Armenian sites were
made using the same technique (pressure flaking with a lever) as chert blades at Early and Middle
Bronze Age sites in Northern Mesopotamia (Chabot and Pelegrin, 2006, 2012; Chabot et al., 2009),
and it has been proposed that this technique developed in an obsidian-rich landscape like Armenia
before it was spread to a chert-rich landscape like Mesopotamia (Cauvin, 1996; Thomalsky, 2013).
This, of course, is not the sole possibility. An alternative is that the technique independently arose
in different regions based on a shared technological “know-how” (Frahm, 2014a). Second, the Early
Trancaucasian complex (or the Kura-Araxes culture), largely defined by its red and black burnished
vessels with incised decorations, first appears in the Caucasus during the middle fourth millennium
BCE, spreads into Eastern Anatolia and Northern Mesopotamia, and eventually reaches as far as the
Levant. Kohl (2007) suggests “these materials constitute one of the best examples of prehistoric
movements of peoples available for the Early Bronze Age” (97), but others have stressed the roles
of exchange, emulation, and nomadism rather than the long-distance movement of people or pots
(Rothman, 2003; Abay, 2005; Batiuk and Rothman, 2007; Schwartz et al., 2009; Ur, 2010; Batiuk,
2013). Third, based on linguistic arguments, it has been argued that Hurrian-speaking people, who
lived in Northern Mesopotamia during the Bronze Age, originated in the Caucasus (e.g., Stein, 1997;
Steinkeller, 1998) and were either immigrants or invaders (e.g., Wilhelm, 1989; Steinkeller, 1998).
Others refute such proposals (e.g., Benedict, 1960; von Dassow, 2008). Kuhrt (1995) claims that it
is most likely “the Hurrians were a cultural-linguistic group always located among the foothills and
mountains fringing the northern Mesopotamian and Syrian plains” (288).

In addition, there is long-standing -- but little studied -- evidence of links between Northern
Mesopotamia and the Caucasus based on material culture rather than linguistic inferences. This is
perhaps most apparent in the geographic distribution of painted ceramics of the “Halaf” tradition.
Although conventionally -- and almost unquestioningly -- defined as Northern Mesopotamian, there
is repeated evidence for connections reaching far to the north and northwest. Tilki Tepe, located on

the eastern shore of Lake Van, is usually identified as a Halaf site based on the ceramics (Korfmann,



1982). Links much further afield include an apparent Halaf pot at Kiiltepe in Azerbaijan (Merpert
and Munchaev, 1993). A small number of Halaf ceramics are reported from Late Neolithic strata at
Aratashen in Armenia (Palumbi et al,, 2014). Additional connections during the Late Neolithic are
implied by broader parallels in the ceramics and architecture at Armenian sites such as Aknashen-
Khatunarkh (Badalyan et al., 2010) and Masis Blur (Martirosyan-Olshansky, 2015). Munchaev and
Amirov (2009) even argue the Halaf tradition in Northern Mesopotamia was shaped by influences
from the Caucasus, echoing older arguments that Halaf material culture was culturally intrusive and
brought by immigrants from the Anatolian highlands (e.g., Bogoslavskaja, 1972).

While Armenia is one of the world’s most obsidian-rich landscapes, reports of Armenian
obsidians in Northern Mesopotamia are scarce. Large-scale patterns of obsidian distribution noted
by Renfrew and colleagues (Dixon et al., 1968; Renfrew and Dixon, 1976) have been bolstered by
subsequent regional syntheses (Fig. 1), whereby obsidian found at Mesopotamian sites principally
originated from a few major sources in Central and Eastern Anatolia. Similar work in the Caucasus
(Figure 2) implies that obsidians in this region remained local with very few exceptions. Here we
consider rare reports of Armenian obsidians identified at Northern Mesopotamian archaeological
sites. There are, to our knowledge, four such published reports, each of which reflects chemical
analyses conducted during the 1970s to 1990s (Figure 3a):

1. From the Late Chalcolithic strata of Arslantepe, Fornaseri et al. (1975) potentially identified
artifacts that match Gutansar, an obsidian source in central Armenia (Figure 3b).

2. Francaviglia and Palmieri (1998) reported Gutansar obsidian among the surface finds from
three sites in northeastern Syria: Tell Barri, Tell Halaf, and Tell Brak.

3. Edens (1999) briefly mentions that “a few” Gutansar obsidian artifacts were identified by a

Smithsonian researcher in the Late Chalcolithic Hacinebi assemblage.

4. As reported in Healey (2000, 2007), obsidian from Arteni, a volcanic complex in western

Armenia, was identified among artifacts from Late Neolithic Domuztepe.

These reports date from the Late Neolithic to Late Chalcolithic, perhaps reflecting a wider bias in
Mesopotamian obsidian sourcing toward earlier periods. There are also scarce reports of Armenian
obsidians in distant locations beyond Northern Mesopotamia. Blackman et al. (1998) note that
seven obsidian artifacts from Tal-i Malyan in southern Iran match Gutansar and the Syunik (Fig. 3b)
sources in Armenia, and a single piece of obsidian at the Pottery Neolithic site of Horvat Usa in the
southern Levant was attributed to the Arteni complex (Delerue, 2007). It has been hypothesized
(Badalyan et al., 2004) that three artifacts from Tell el-‘Oueili in southern Iraq, analyzed by Gratuze

et al. (1993), and assigned to their “Group 6,” were Syunik obsidian, but this attribution is far from
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clear (Frahm, 2014b). Biagi et al. (2014) maintain that four bladelets from Neolithic Lysa Gora in
Ukraine match the Syunik obsidian sources, more than 1100 km away, based on published values
(Keller et al.,, 1996). All other Armenian obsidian identifications appear limited to far northeastern
Turkey or northwestern Iran (Fig. 2; e.g., Ghorabi et al.,, 2010; Nadooshan et al,, 2013).
Corroboration of Armenian obsidian identifications in Northern Mesopotamia has notable
consequences for the movement of materials, information, and even people out of the Caucasus. As
discussed here, the attribution of the first three reports above, however, either cannot be confirmed
or are erroneous. Full data and details for the Domuztepe artifacts were not entirely published at
the time of analysis, although data for one round of analyses are available in a doctoral dissertation
(Healey, 2000) and summarized in articles (Healey, 2007; Healey and Campbell, 2009). The paper
at hand provides an opportunity to address the identification of Armenian obsidian at Domuztepe
in greater detail. First, we present the data for the original set of analyses, and second, we report
our results for an additional 66 artifacts using two independent analytical techniques. Thus, our
focus here is showing that “the most tangible evidence that an archaeologist can hope for” (sensu
Glascock, 2002) regarding Caucasus-Northern Mesopotamian contact is scarce but exists - perhaps
in abundance - at Domuztepe. Obsidian was carried to this Late Neolithic settlement from Pokr
Arteni, a distance of 670 km linearly, more than 800 km on foot, and more than 1000 km through
the Euphrates river valley. These results highlight that the Caucasus did not simply receive people,
materials, and innovations radiating from Mesopotamia during the Neolithic. Instead of a simple
core-periphery system, Northern Mesopotamia and the Caucasus had social contacts that involved

the movement of material, if not people, in the opposite direction.

2 - Terminology notes
Before we proceed, the past and present definitions of “Armenian” and “Caucasus” obsidians

must be considered, as must older terms for the Gutansar obsidian source.

2.1 - “Armenian” obsidians

In the earliest work of Renfrew and colleagues (e.g., Cann and Renfrew, 1964; Renfrew et al.,
1966), “Armenian” obsidians included sources in eastern Turkey. Renfrew et al. (1966) separated
the Near East into Cappadocian (e.g., Acigol, Gollii Dag) and Armenian (e.g., Nemrut Dag, Lake Van
area, Kars province) obsidian sources. They used this term “with the medieval state of that name in
mind” (Renfrew and Dixon, 1976:139). This usage, though, did not last. Later, they referred to the

same region as “Eastern Anatolia” (Renfrew et al., 1968), and Renfrew and Dixon (1976) refer to it



with the lengthy appellation “Van-Azerbaijan-Armenian Soviet Socialist Republic” region (or VAA).
Blackman (1984) used a similarly protracted term: the “Eastern Turkish-Armenian Soviet Socialist
Republic” region (or ET-ASSR). Here we follow a simpler approach: Armenian obsidian originates
from sources within the contemporary borders of the Republic of Armenia.

Researchers who cite the early work from Renfrew and colleagues sometimes reiterate the
“Armenian” label despite its anachronistic meaning. When Cessford and Carter (2005:306) discuss
the “identification of Armenian obsidian at” Catalhdylik by Renfrew et al. (1966), that refers to their
“Group 1g” obsidian, which was thought to originate near Lake Van and is now known to be Bingdl
B obsidian. Similarly, when Smith (2008:20) mentions that “Armenian obsidian reached as far as
Bahrain in the Persian Gulf,” he, in fact, refers to an artifact of “Group le-f” obsidian (Renfrew et al,,
1966), which includes the Acigdl and Kars sources in Turkey. One even encounters rare statements,
especially in the secondary literature, that Armenian obsidians reached Egypt (Aston, 1994),
Eastern Europe (Elekes, 2001), and other far-flung locations. Except for those sites discussed in the
Introduction, such claims refer to either “Armenian” obsidian sensu Renfrew et al. (1966) or early
identifications not based on chemical sourcing methods.

It could be argued that “Armenian” vs. “Eastern Anatolian” obsidian is an arbitrary distinction
based principally on a modern political boundary. To an extent, this is true, but such distinctions,
including this one, are prevalent in the literature. Obsidian sources in eastern Turkey are usually
labeled the “Eastern Anatolian” sources (Coskunsu, 2007; Carter et al., 2008, 2013; Le Bourdonnec,
2008; Poupeau et al., 2010; Astruc et al,, 2011; Carter, 2011; Forster and Grave, 2012). Across the
border, obsidian sources are commonly called “Armenian” (e.g., Williams-Thorpe, 1995; Keller et al.,
1996; Barge and Chataigner, 2003; Oddone et al., 2000; Cherry et al., 2010). Therefore, such a
distinction is already routine in the literature, and in this case, the use of a contemporary political
border alleviates the need for convoluted nomenclature. Additionally, this political border strongly
affected obsidian studies -- and archaeology in general -- in the Near East until the 1990s (after the
end of the Cold War), as discussed by various authors (e.g., Dixon, 1976; Blackman, 1984; Keller et
al, 1996). That legacy continues to shape how obsidian distribution is conceptualized in the Near
East. Lastly, the distinction reflects reconstructions of obsidian distribution (Figures 1-2), in which
these regions seem to exhibit well defined “supply” (Dixon et al., 1968), “interaction” (Renfrew and

Dixon, 1976), or “diffusion” zones (Chataigner et al.,, 1998).

2.2 - “Caucasus” obsidians

It is also worthwhile to propose and utilize a term that reflects the regional geography and



ecology. One possibility, suitable for our purposes here, is the use of “Caucasus” to denote obsidian
sources that occur within both the Kura-Araxes basin and the Caucasus ecoregion, as defined by the
World Wildlife Fund-Caucasus (Fig. 3a). Thus, Armenian obsidian sources are a subset of Caucasus
sources, and here we discuss sources with the greatest specificity possible (i.e., “Armenian” is more
specific than “Caucasus” if the source lies within the Republic of Armenia).

Using this definition, obsidian sources that others have occasionally termed “Northeastern
Anatolian” (Chataigner et al., 1998; Poidevin, 1998; Bressy et al., 2005), including the Kars and the
Sarikamis sources, would instead be classified as Caucasus sources here. There are scattered (but
increasing) reports of Caucasus obsidians -- but not Armenian ones -- across the Near East: Pasinler
obsidian at Tell Kurdu in the Levant (Bressy et al., 2005), at Tell ‘Atij in the Khabur Basin (Frahm,
2014a), and at Kenan Tepe in the Tigris Valley (Frahm, forthcoming); Sarikamis obsidian at Tell
Kurdu (Bressy et al,, 2005), at Tell Hamoukar in the Khabur Basin (Khalid and Gratuze, 2010-2011),
and at Hagoshrim in the southern Levant (Schechter et al,, 2013); and other forthcoming reports.
Obsidians from these sources are not our principal focus here; however, they have direct relevance

as supporting evidence in the identification of Armenian obsidians.

2.3 - “Erevan” and “Sevan” obsidians

Even in the 1990s, most studies included only secondhand Armenian obsidians specimens
with vague origins, if any at all. Two of the most common Armenian obsidian attributions found in
the literature are “Erevan” (e.g., Gratuze et al.,, 1993; Bader et al., 1994; Francaviglia and Palmieri,
1998) and “Sevan” (e.g., Hall and Shackley, 1994; Gratuze et al.,, 1993). A map included in Williams-
Thorpe (1995) illustrates the state of (Western) knowledge at the time. She placed one star near
the capital city, Yerevan, for the “Erevan” obsidian source and a second star near the northwestern
tip of Lake Sevan for the “Sevan” source (Fig. 3b). These locations are based on descriptions in the
literature (e.g., “a source between the city of [H]razdan and the northwestern tip of Lake Sevan” in
Blackman, 1984). In reality, both “Erevan” and “Sevan” obsidian originated from Gutansar, which
lies roughly halfway between Yerevan and Lake Sevan (Figure 3b). It was eventually realized that
the Lake Sevan source reported by Blackman (1984) was an anthropogenic, not geological, context
(i.e., an archaeological site) with artifacts from Gutansar (Blackman et al., 1998).

Renfrew and colleagues acquired their Erevan obsidian specimen from the British Museum
(Natural History), now the Natural History Museum in London. Its collector was unknown, but the
accession number indicates acquisition in 1942 (Renfrew et al., 1966). We sourced a subsample of

“Erevan” obsidian from the Smithsonian Lithological Reference Collection (NMNH #52092, field



#EA 3-5-1). This specimen was part of the obsidian collection of Robert L. Smith, who helped to
develop obsidian hydration dating during the 1960s (Friedman and Smith, 1960). The specimen’s
label reads “USSR, Russian Armenia, Erivan and Deligane (between).” Figure 3b illustrates that
Gutansar lies between Yerevan and Dilijan. The Smithsonian’s records for NMNH #117451 (with a
different field number: #EA 3-5-3) include the note: “See Table 1, no. 81 in Renfrew et al. (1966).”
That entry is Nemrut Dag obsidian from the British Museum (Natural History). If a Nemrut Dag
obsidian specimen in Smith’s collection originated from the British Museum (Natural History), it is
likely that the Erevan specimen did too. Our analyses, as described in Section 8.2, establish that the

Smithsonian’s “Erevan” obsidian specimen chemically matches Gutansar (Figure 4).

3 - Gutansar obsidian at Arslantepe?

Fornaseri et al. (1975) report that 17 of 38 sourced artifacts from Arslantepe (Figure 3a)
originated from either “Ziyaret” (an earlier term for Meydan Dag, which some researchers now call
the Glirglirbaba Tepe source; Freund et al., 2012) or “Erevan” (Gutansar) based on X-ray intensity
ratios, and they proposed that refractive index might resolve this ambiguity. Today, both methods
are known to be problematic and prone to source overlaps.

Refractive index was investigated as a technique for sourcing obsidian artifacts long before
Renfrew and colleagues showed success using elemental composition (Lucas, 1942, 1947 in Egypt;
Boyer and Robinson, 1956 in the American Southwest). Before their use of optical spectrometry for
obsidian sourcing, Renfrew and Cann explored the index of refraction, “which turned out to be no
use at all” (Renfrew in Bradley, 1993:74). Others have noted similar issues. For example, Cherry
(1968) reports that obsidians from Glass Buttes in Oregon had indistinguishable refractive indices,
but many different obsidian compositions exist there (Frahm and Feinberg, 2015). Studies in the
Caucasus (Nasedkin and Formozov, 1965; Arazova and Mamedov, 1979) established that refractive
indices for an obsidian source can vary significantly and that different obsidian sources can have
nearly identical indices. One recent effort (Fernandez and Leal, 2014) even resulted in overlapping
ranges for the six Patagonian obsidian sources involved. Therefore, the refractive investigations of
Fornaseri et al. (1975) should be regarded with skepticism, particularly because they characterized
sources’ refractive indices with so few specimens.

Fornaseri et al. (1975) also utilized wavelength-dispersive X-ray fluorescence (WDXRF) to
analyze obsidian specimens and Arslantepe artifacts. With the exception of an unstratified surface
find, the obsidian artifacts in question, all flakes, were excavated in the 1960s by the University of

Rome. All but one of the sixteen stratified artifacts date to the Late Chalcolithic (4000-3300 BCE).
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The other artifact came from a Late Bronze Age I level (1550-1400 BCE), but it was found in a wall
made of Late Chalcolithic and Early Bronze Age materials, meaning that artifacts contained within
date to those periods. Seventeen artifacts matched either “Ziyaret” (i.e., Meydan Dag) or “Erevan”
obsidian. The Erevan specimens were collected along the road between Yerevan and Tsakhkadzor
(Fig, 3b), ~40 km south of the latter. That places their collection at Gutansar outcrops.

The approach of Fornaseri et al. (1975) yielded the Gutansar-Meydan Dag overlap (Fig. 5a)
despite the fact that quantitative elemental data clearly discern these sources (Fig. 5b). Specifically,
Fornaseri and colleagues did not convert the measured X-ray intensities for Zr, Y, and Rb into fully
quantitative element concentrations. Converting raw intensities into elemental concentrations was
a significant undertaking at the time, involving recording a spectrum onto punch cards and using
mainframe time to process the data, taking half an hour (or more) per measurement (Nelson et al,,
1975). Measuring intensities was faster and less expensive than quantification, and this approach
was once common for sourcing (e.g., Brown, 1983; Shackley, 1988). Many of the foundational XRF-
based sourcing studies were based on intensity ratios (Jack and Heizer, 1968; Jack and Carmichael,
1969). Using X-ray intensity ratios, though, sources occasionally suffer from overlapping data, such
as this Gutansar-Meydan Dag ambiguity.

To plot measurements on a ternary diagram (Figure 5a), three variables must add up to a
constant value (e.g., 100%). Consequently, Fornaseri et al. (1975) describe their data processing
procedures to convert X-ray intensities into ratios:

For each element, five counts are made each lasting 10 seconds, measuring the number of

pulses relative to Ka [X-rays] and to the background. The values so obtained for each

element, averaged and corrected for the background, are summed, and the sum is
normalized to 100. The percent contribution made by each element is finally calculated...

Each point is identified on the basis of the percent contribution of the counts made for

zirconium, rubidium, and yttrium. (236, 237)

They report such an approach is better for non-destructive analysis, and their argument has merit
(Hughes, 2010). However, it has been asserted that, by introducing an artificial dependence among
elements, X-ray intensity ratios are more prone to ambiguous outcomes due to overlaps between
chemically different sources. Shackley (2005:92) explains:

In this method, net intensity counts for three (usually silicic incompatible) elements are

selected through XRF, and the intensity data are computed into intrinsic proportions of the

three elements through simple data reduction. The resultant data form a ternary system

that can be plotted on triangular coordinate graphs... There are two potential problems with



this method (see Hughes 1984:1-3). First, using only three elements in a ternary system, it

is possible that more than one source ‘envelope’ (the plotted proportional variability of

source material) will plot at the same position. The second problem arises when two
researchers use differently selected measurements to plot the ternary positions...

[Quantitative (ppm) data frequently plot quite differently than net intensity data.

The first problem here is what occurred with the Gutansar-Meydan Dag overlap encountered by
Fornaseri et al. (1975). The second issue is demonstrated by Figure 3b, and it is why this overlap
does not occur for quantitative elemental concentrations.

Fornaseri et al. (1975) noted that a small difference between the Gutansar and Meydan Dag
specimens was statistically significant. On a practical level, however, they concluded that it was not
possible to assign the artifacts to one source or the other: “it seems impossible to establish whether
their source area is the Erevan area (Armenia) or is instead Ziyaret” (237). Today there is no way
to convert the intensity ratios into element concentrations.

Meydan Dag in Turkey is the most likely origin of the 17 artifacts in question. Its obsidian
has been identified at numerous archaeological sites in Mesopotamia and beyond, including Tell
Arpachiyah (Forster and Grave, 2012), Tell Aswad (Orange et al., 2013), Tell Brak (Khalidi et al,,
2009), Tell Hamoukar (Khalidi et al., 2009), Tell Kurdu (Bressy et al., 2005), and Tell Mozan (Frahm
and Feinberg, 2013b). Additionally, Meydan Dag is thought to be the source of Renfrew’s “Group
3a” obsidian (Keller and Seifried, 1990; Chataigner et al., 1998; Bressy et al., 2005). Forster and
Grave (2012) also identified Meydan Dag obsidian at Tell Arpachiyah, where Renfrew et al. (1966)
reported Group 3a obsidian, lending additional support to their equivalence. If true, Meydan Dag
obsidian would be known to occur at many other sites throughout the Near East, including Chagar

Bazar, Tell Halaf, and Tilki Tepe (Renfrew et al.,, 1966; Wright, 1969).

4 - Gutansar obsidian at Tell Barri, Tell Brak, and Tell Halaf?

Francaviglia and Palmieri (1998) analyzed 50 artifacts from four sites in the Khabur Basin:
Tell Hamoukar, Tell Barri, Tell Halaf, and Tell Brak (Fig. 3a). Based on XRF analyses in Rome, they
reported that one artifact (of seven) from Tell Halaf, one (of five) from Tell Brak, and two (of 22)
from Tell Barri were made of “Armenian” or “Erevan” obsidian. The artifacts were all surface finds
from stratified tells. They initially describe the origin of the matching specimens as “the district of
Erevan, particularly around Lake Sevan” (337), but an addendum to the paper shows the “Armenia”
obsidian specimens match those from “Geraber,” an alternative transliteration of Jraber, a village

near Gutansar (Frahm et al., 2014b). Thus, four artifacts from the three sites are ostensibly made of
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Gutansar obsidian, but two issues indicate this is almost certainly a misattribution.

First, Bing6l B obsidian, one of the most prevalent obsidians at Mesopotamian sites, is not
included in their set of geological specimens. Francaviglia and Palmieri (1998) do include another
geochemical variety (i.e., peralkaline) obsidian from the Bingdl region (known as Bingdl A), but the
calcalkaline Bingol B obsidian is absent. It is important that their analyses were conducted during
the 1980s. The bimodal compositions (peralkaline vs. calcalkaline) of obsidian in the Bing6l region
were initially documented by Cauvin et al. (1986), so the existence of Bing6l B obsidian was not
widely known at the time. Earlier studies had recognized an unknown calcalkaline obsidian among
the artifacts at many sites (e.g., “Group 1g” in Renfrew et al., 1966, 1968), but its origin remained
unknown until Cauvin et al. (1986).

Since then, Bingol B obsidian has been identified at dozens of sites throughout the region:
Cafer Hoytiik (Cauvin et al., 1991), Hassek Hoyiik (Cauvin et al., 1991; Pernicka, 1992), and Gobekli
Tepe (Le Bourdonnec, 2008) within the Upper Euphrates Basin; Dja’de (Pernicka et al., 1997), Tell
Halula (Pernicka et al., 1997), Jerf el Ahmar (Abbes et al., 2001, 2003; Bellot-Gurlet and Poupeau,
2006), Cheikh Hassan (Pernicka et al., 1997; Abbes et al., 2001, 2003), Mureybet (Pernicka et al,,
1997; Abbes et al,, 2001, 2003), and Abu Hureyra (Brown and Carter, 2011) within the Middle
Euphrates Basin; Tell Kashkashok (Gratuze et al., 1993), Tell Hamoukar (Khalidi et al., 2009), and
Tell Mozan (Frahm and Feinberg, 2013b) in the Khabur Basin; Tell Assouad (Gratuze et al., 1993) in
the Balikh Basin; Kenan Tepe (Frahm, forthcoming) and Kortik Tepe (Carter et al., 2013) in the
Upper Tigris Basin; Tell Kurdu (Bressy et al., 2005) and Tell Atchana (Frahm, forthcoming) in the
Amugq Basin; Tell Abd el-Aziz, Tell Aray, and Tell el-Kerkh (Maeda, 2003) in the El-Rouj Basin; El
Kowm, Qdeir, and Umm el Tlel (Gratuze et al., 1993; Orange et al., 2013) in the El Kowm oasis; and
Tell Arpachiyah (Forster and Grave, 2012) in Iraq, amongst others. Thus, it is difficult to overstate
the importance of Bingdl B obsidian throughout Northern Mesopotamia.

Second, the values for one of the two elements used in their source attributions, Ba, appear
erroneous. In calcalkaline obsidians, Ba is often high because it is not accepted into minerals that
form in such magma, which, in turn, increases its concentration in the glassy obsidian. In contrast,
peralkaline obsidians, like those from Nemrut Dag and the Bing6l A sources, have low Ba contents,
often less than 50 ppm. This is due to feldspars within peralkaline magma, which readily accept Ba
and, in turn, greatly reduce its concentration within the obsidian. Francaviglia and Palmieri (1998),
however, report Ba contents of about 400 ppm for Nemrut Dag and Bingol A obsidians, far too high
for peralkaline obsidians. They also list 280 ppm of Ba for East Gollii Dag obsidian, but published

Ba concentrations for this source are ~100-150 ppm (Hancock and Carter, 2010).
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Furthermore, the four artifacts in question are offset from the “Armenia” specimens in their
Ba versus Zr scatterplot (Figure 6a). That is, these artifacts fall outside the “envelope” defined by
the source specimens. Due to this mismatch, chemically “neighboring” obsidians, including Bingol B
obsidian, must be considered. This should not be interpreted as a statement that, with calibrated
analyses, these two obsidian sources could be easily mistaken for the other. Instead, Bingol B and
Gutansar are neighboring sources in “compositional space” for some elements. For example, based
on Euclidean distance matrices calculated with Ba, Fe, Ti, Zn, and Zr data, the second-best match for
an artifact of Bing6l B obsidian is usually Gutansar (Frahm, 2012: Table 7). Thus, without Bingol B
in a reference database, Gutansar can sometimes be the next closest match.

A hypothesis that Francaviglia and Palmieri (1998) misattributed Bingol B obsidian artifacts
to Gutansar is bolstered by later sourcing research at Tell Brak. Khalidi et al. (2009) sourced eight
Late Chalcolithic obsidian artifacts from Tell Brak: four attributed to either Bingdl A or Nemrut Dag,
three to Bingdl B, and one to Meydan Dag, and there were no unidentified artifacts. Other recent
studies of Tell Brak obsidian artifacts (i.e., Forster and Grave, 2012; Khalidi, 2014) yielded no data
that contradict this hypothesis: Bingol B obsidian, not Gutansar, is present.

Testing this hypothesis used an approach detailed by Frahm (2014a): comparing published
artifact data to a richer geological reference database based on elements highly correlated between
the two datasets. In this case, we used an EMPA-based database that includes 965 Southwest Asian
obsidian specimens, as discussed in Section 8 here and elsewhere (Frahm, 2010). The source data
published by Francaviglia and Palmieri (1998) allow regression analysis using this EMPA database,
revealing which elements are best correlated and, thus, most comparable between the two datasets.
Specifically, their data for the Acigél and Golli Dag source complexes as well as Gutansar obsidian
were plotted against EMPA values for the same sources (Fig. 7a). Only obsidians of the calcalkaline
variety were included in this comparison because peralkaline obsidians, which have very different
compositions, could skew the regression analyses. Five elements -- Al, Ti, Fe, Ca, and Si -- have high
correlations between the two datasets (Pearson’s r 2 0.93; Fig. 7a). This means that these datasets,
after they are intercalibrated, can be highly compatible for these five elements.

As expected, correlation between the datasets is poor for Ba. A poor correlation, however,
does not indicate which dataset is spurious, so further comparisons are necessary. Specimens from
the reference collection were also analyzed by neutron activation analysis (NAA) at the University
of Missouri’'s Research Reactor (MURR) and at the Institute for Nuclear Chemistry in Mainz and by
WDXREF at the University of Wisconsin-Eau Claire’s (UWEC) Materials Science Center. As shown in

Figure 7b, these independent datasets exhibit extremely high correlations with the EMPA data for
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Ba (r = 0.99), and the slopes of their best-fit lines nearly equal the ideal value of 1. The implication
is that the Ba values in Francaviglia and Palmieri (1998) are faulty, suffering from an unsystematic
error. Unfortunately, Ba was a key element in their attribution of artifacts to Gutansar.
Intercalibration between datasets is achieved by means of linear regression analysis for the
highly correlated elements. The equations for the best-fit lines between two datasets (Fig. 7a) can,
element by element, make the values for one dataset compatible with the other (Frahm, 2014a). If
the first dataset, for example, is consistently higher than the second dataset by 20%, then increasing
the values of the second dataset by 20% will make them directly compatible. In this case, the linear
regression equations were applied to the four artifacts’ Al, Fe, and Ti measurements as a means to
calculate values compatible with the EMPA database. Figure 6b shows the recalibrated artifact data
plotted with Bingol B as well as several Armenian obsidian sources. As hypothesized, the artifacts
in question match Bingol B, not Gutansar or any other source in Armenia. Supplementary Table A
lists (1) the published and recalibrated data for the four artifacts and “Erevan” obsidian specimens
from Francaviglia and Palmieri (1998) and (2) the EMPA data for Bing6l B and Gutansar obsidians,

further establishing that the artifacts in question instead match the former source.

5 - Gutansar obsidian at Hacinebi?

The only mention of Gutansar obsidian artifacts at Late Chalcolithic Hacinebi consists of a
sentence in Edens’ (1999) article regarding the organization of chert prismatic blade production at
the site. Obsidian artifacts composed less than 1% of the assemblage at Hacinebi (roughly 24,000
lithic artifacts). An unspecified number of obsidian artifacts was sent to the Smithsonian Center for
Materials Research and Education (now called the Museum Conservation Institute) for NAA at the
National Institute of Standards and Technology (NIST). Edens (1999:25) writes:

Almost all the obsidian is an opaque black or translucent black or greenish black; INAA

analysis by M.]. Blackman of a small sample indicates that most pieces derive from Bingol

and Van sources, but that a few pieces come from the Golliidag source in central Anatolia
and the Gutansar source in Armenia.
No further information is available. Inquiries have confirmed that no written report was provided
to the excavators and that Edens’ (1999) note was second-hand information. There appears to be a
reason that the Hacinebi results were not published: at the time, a Smithsonian database was seen
as a long-term resource that assuaged the need for traditional publication.
With the proliferation of internet access in the 1990s, there was a push toward centralized

databases for obsidian sourcing (e.g., Skinner, 1995; Shackley, 1998; Glascock et al., 1998), and the
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Smithsonian’s database gained the most momentum. During this period, analytical data and their
associated information were deposited in the Smithsonian’s Archaeometric Research Collections
and Records (SARCAR) database, which was intended to curate data and make them freely available
to researchers online (Beck, 1984; Shackley, 1995). Envisioned as a long-term database, SARCAR
encountered various challenges, both administrative and scientific, and it ultimately lost support, as
discussed by Blackman and Bishop (2007:333):
SARCAR was to provide a central facility with continuing institutional support for analytical
data and accompanying descriptive information to accommodate current and future
research utilization of archaeometric data... Not long after SARCAR was established, several
administrative changes occurred in [the Smithsonian], with resulting emphasis being given
to research activities. Resources were removed from SARCAR in order to develop and carry
out new programs of archaeometric research.
It has not been possible to establish the disposition of these data. Given the rate of hardware and
software obsolescence over the ensuing decades, hopefully one of the current archaeological data

repositories will be able to acquire and curate these and other SARCAR data.

6 - Arteni obsidian at Domuztepe?

Domuztepe is one of the largest known Late Neolithic settlements in the Near East, covering
20 ha (Fig. 3a; Campbell et al., 1999; Carter et al.,, 2003). It is not only the largest Halaf site in the
Kahramanmaras Valley but also the largest Halaf site to be excavated. At a time when many sites
were small (2-3 ha) and their residents were mobile (Bernbeck, 2008), Domuztepe is a long-lasting
settlement with apparently continuous occupation until the middle sixth millennium BCE. A long-
term research focus at Domuztepe has been understanding the establishment and maintenance of a
large settlement and its social cohesion. The site is best conceptualized as a segmented community
rather than an integrated settlement or proto-town (Campbell, 2008). Its diverse material culture
attests to utilization of local and regional resources to meet most of its residents’ daily needs. More
exotic materials are also present, and some, like obsidians, were at least partially worked on-site.
Their presence can be used to investigate connections with distant peoples and places. Obsidian is
particularly useful in this respect because it can be studied from the point of view of its geological
origins and techno-typological traits. Craft production and long-distance exchange are considered
important markers of social complexity at Domuztepe that can be otherwise difficult to recognize.
Consequently, obsidian sourcing can elucidate these phenomena at this settlement. Given abundant

chert resources throughout the region, obsidian is hardly crucial as a material for stone tools, yet
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more than 12,000 obsidian artifacts constitute ~18-20% of the lithic assemblage in most contexts
(occasionally, however, as little as 7%). All phases of lithic production are present for flaked- and
ground-stone obsidian artifacts. Finely polished, thin-walled obsidian vessel fragments have been
found, as have thicker, less-finished pieces that may indicate local manufacture, which could have
been a way to increase the status of obsidian (Campbell et al., 1999).

Two batches of Domuztepe obsidian artifacts were analyzed by Poidevin at the Laboratoire
Magmas et Volcans at Université Blaise Pascal: 35 artifacts in 1999 and 19 in 2002. The data were
not published at the time, but his results were summarized by Healey (2000, 2007). Both samples
were nonrandom and intended to address specific questions. The first set, in particular, was biased
toward visually distinctive obsidian to assess their macroscopic classification. Poidevin’s analyses
followed the same methods found in similar work by the same team (e.g., Poidevin, 1998; Chabot et
al,, 2001). For the first sample, major elements were determined by ICP-AES, while trace elements
were measured by ICP-MS for both samples (Supplementary Table B). Seven of these artifacts, all
in the first sample, were attributed by Poidevin to the Arteni volcanic complex in western Armenia
(Fig. 8; Section 7). Specifically, the artifacts were identified somewhat ambiguously as originating
from “Pokr Arteni or the Aragatz flow” (personal communication). Other artifacts were attributed
to seven other obsidian sources: seven artifacts to Pasinler (within the Kura-Araxes basin and the
Caucasus ecoregion; Fig. 3a), one to Meydan Dag, one to Nemrut Dag, four to Bingol A, seventeen to
Bingol B, fifteen to East Golli Dag, and one to Nenezi Dag (plus two unidentified sources), indicating

that Domuztepe residents obtained obsidian from a wide range of sources.

7 - The Arteni complex and its obsidian sources

The Arteni volcanic complex consists of two eruptive centers: Mets (“Big”) Arteni and Pokr
(“Little”) Arteni (Figure 8a). Both centers generated high-quality obsidian and extensive perlitic
deposits during a series of rhyolitic eruptions between 1.2 + 0.1 and 1.4 + 0.2 Ma (e.g., Karapetian,
1966; Komarov et al., 1972; Wagner and Weiner, 1987; Oddone et al., 2000; Karapetian et al., 2001;
Chernyshev et al.,, 2006). A tally of sourcing work (e.g., Badalyan et al., 2004, 2007, 2010; Cherry et
al, 2010; Glauberman et al,, 2013; Kandel et al., 2013; Adler et al., 2014; Chataigner and Gratuze,
2014b; Frahm et al,, 2014b) suggests Pokr Arteni was one of the most used obsidian sources in
Armenia (and, as the source of obsidian used today to manufacture tourist trinkets and objets d’art,
it remains so). Badalyan et al. (2004) report, based on a summary of largely unpublished studies,
Arteni obsidian constitutes at least half of assemblages at sites up to 60 km away. Due to its high

quality and accessibility, Pokr Arteni obsidian was preferred over Mets Arteni obsidian (a ratio of
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30:1 based on Badalyan et al., 2004; Chataigner and Gratuze, 2014b). Given its abundance at local
sites, it is unsurprising that Armenian obsidian in Northern Mesopotamia came from Pokr Arteni.
Its appearance can be black, grey, red-brown, nearly transparent, and every combination thereof,
and its morphology when extracted is similarly variable (Figures 8b-d).

Two chemically similar but distinct obsidian types occur at Pokr Arteni (Pokr Arteni 1 and 2
in Frahm, 2014b; Arteni 2 and 3 in Chataigner and Gratuze, 2014b). It has been proposed that these
similar obsidian compositions exist on one continuum, likely due to chemical evolution of the
magma over time (Frahm, 2014b), and that obsidian corresponding to the discontinuity between
them could be deeply buried, altered (hydrated), or otherwise inaccessible.

Poidevin’s (1998) database of Anatolian and Caucasus obsidians included only analyses by
Keller and colleagues (Keller and Seifried, 1990; Keller et al., 1996) using WDXRF at the Universitit
Freiburg. Keller and colleagues recognized three chemical types of obsidian from Arteni (Table 1):
Arteni A (reportedly “from flows on the eastern flank of Pokr Arteni,” Keller et al., 1996: 78), Arteni
B (reportedly from “pyroclastics at Brusok” to the northeast, Fig. 8a), and Arteni C (reportedly from
“the voluminous Aragats flow that extends 8 km to the west of Mets Arteni”). While Poidevin may
have expanded his dataset by 2000 (personal communication), the identification of “Pokr Arteni or
the Aragatz flow” implies uncertainty regarding the precise locations of the different compositions.
Comparing Poidevin's measurements to the Arteni dataset from Keller and colleagues reveals why
the Aragats flow was a possible attribution. Figure 9 plots the obsidian sources that they have in
common (i.e., the Arteni sources, East G6llii Dag, Nenezi Dag, and Meydan Dag). Arteni A and B fall
together, while the Domuztepe artifacts fall with Arteni C, which, according to Keller et al. (1996),
reflects the Aragats flow. Our fieldwork and analyses (Table 1) indicate that the attributions listed
by Keller and colleagues are incorrect. Instead, Arteni A and B match Mets Arteni, whereas Arteni C
matches Pokr Arteni. Similarly, Badalyan et al. (2004) noted that artifacts which the Freiburg lab
assigned to the Aragats flow were attributed to Pokr Arteni by others, and the Arteni complex has,

over the years, been plagued by characterization issues (Frahm, 2014b).

8 - Methods and materials

Sixty-six artifacts, selected from 319 exported obsidian artifacts, were newly sourced using
two independent analytical techniques and a reference collection of 965 Southwest Asian obsidian
specimens. Most of these Domuztepe obsidian artifacts were excavated between 2005 and 2009
and exported for study shortly thereafter. Artifacts with a “red-brown-black” appearance were

prioritized in the exported and analyzed samples because this visual type correlated significantly
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with artifacts that Poidevin attributed to Arteni and Pasinler (Healey, 2007; Healey and Campbell,
2009), although the artifacts’ visual classification is not a direct focus here. It should be noted that a
larger sample is currently being sourced at the University of Manchester.

The 66 artifacts were chemically compared to 965 obsidian specimens from more than 200
sampling loci in Southwest Asia, including more than 450 specimens from Eastern Anatolia, 280
from Central Anatolia, and 170 from Armenia, Georgia, and Azerbaijan (see Frahm, 2010:257-269).
Their nomenclature here reflects the original collectors’ notes, field descriptions, and labels rather
than others’ names (e.g., Chataigner and Gratuze, 2014a,b). At present, this reference collection is
one of the largest for Near Eastern obsidian sourcing, but this will eventually change as researchers
continue to conduct new fieldwork and assemble new obsidian collections.

These artifacts and geological obsidian specimens were analyzed using electron microprobe
analysis (EMPA) at the University of Minnesota. EMPA has been used in obsidian sourcing for more
than 30 years (e.g., Merrick and Brown, 1984; Merrick et al., 1994; Weisler and Clague, 1998; Tykot,
1995, 1997; Tykot and Chia, 1997; Rosen et al., 2005; Le Bourdonnec et al., 2005, 2010; Wada,
2009; Sanna et al,, 2010; Nash et al,, 2011; Brown et al., 2013; Frahm and Feinberg, 20133, 2013b),
and it is the technique of choice for tephrochronologists to characterize volcanic glass shards. The
methods and conditions followed those in Frahm (2012). A collection of certified standards (e.g.,
Smithsonian microbeam standards) were used for calibration. Accuracy and reproducibility were
evaluated using reference standards (e.g.,, Smithsonian VG-568 obsidian), inter-laboratory “round-
robin” specimens, and NAA and EDXRF analyses from MURR for more than one hundred matched
specimens (Frahm, 2010, 2012). Small, thin slices (2-5 mm) were taken from artifacts to maximize
accuracy. The slices were mounted in epoxy discs, ground, and polished to mirror-like finishes in
order to minimize error due to surface irregularities or alteration (e.g., hydration).

The artifacts’ sources were identified using three approaches: (1) calculation of Euclidean
distances between each artifact and geological specimen followed by nearest-neighbor searches of
the matrices (Frahm, 2012), (2) two- and three-element scatterplots, and (3) discriminant function
analysis (DFA) with well-measured elements that effectively differentiate sources.

A subset of the artifacts (43 of 66; i.e., those still available for analysis) were subsequently
analyzed by portable X-ray fluorescence (pXRF), specifically a Thermo Scientific Niton XL3t GOLDD
instrument at the University of Minnesota, as an independent means to corroborate our obsidian
source identifications. The use of pXRF in obsidian artifact sourcing is now well attested worldwide
(see Frahm, 2014b; Frahm and Feinberg, 2015; and the references within). The instrument that we

used has a miniaturized 50-kV, Ag-anode X-ray tube. For the measurement of small specimens and
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artifact subsamples, the operating conditions were 40 kV and <50 pA using the “main” X-ray filter
and the small spot (~3-mm, ~7 mm?2) collimator. To measure the X-rays emitted from a specimen,
the instrument has a 25-mm?2 silicon drift detector (SDD) with an energy resolution better than 155
eV in practice. Each measurement took 60 seconds. The correction scheme to account for various
physical phenomena within the specimen (e.g., X-ray absorption and attenuation, secondary X-ray
fluorescence, photoelectric emission) followed the fundamental parameters (FP) approach, which,
in combination with standards, yields excellent accuracy (Heginbotham et al,, 2010). The standards
were a series of 24 obsidian specimens from Southwest Asia (i.e., Armenia, Georgia, and Turkey), all
analyzed by NAA and XRF at MURR and EMPA at the University of Minnesota. Based on the success
of pXRF-based sourcing of the Domuztepe artifacts in question, a similar instrument is now used in

the new program of obsidian artifact sourcing at the University of Manchester.

9 - New Domuztepe sourcing results

The newly sourced Domuztepe artifacts can be attributed to ten sources. Fifteen of the 66
artifacts match Pokr Arteni in Armenia. Figure 10a uses a scatterplot of Ti, Ba, and Zr to show that
one of the artifacts matches the “Pokr Arteni 1” cluster while fourteen match the “Pokr Arteni 2”
cluster. Figure 10b shows the same outcome with DFA based on six elements: Ti, Ba, and Zr plus Al,
Fe, and Mn (these elements were chosen because, as variables, they yielded the best discriminating
power; see Fig. 10b caption). The Euclidean distance calculations based on seven elements: Ti, Al,
Fe, Mn, Ca, Zr, and Ba (the selection process for these elements is detailed in Frahm, 2010:366-372,
450-479). The subsequent nearest neighbor searches of the reference collection corroborate the
attributions of these artifacts to Pokr Arteni (Supplementary Table C). Our pXRF data also confirm
these obsidian source identifications (Figure 11). These four trace elements -- Nb, Sr, Rb, and Zr --
are very well measured using pXRF, exhibiting the greatest repeatability and reproducibility (e.g.,
Grave et al.,, 2011; Frahm and Feinberg, 2015). The EMPA and pXRF values used to produce these
scatterplots are available in Table 2 and Supplementary Table D, respectively.

Figure 12 shows that, as defined in Section 2.2, there are five artifacts from other Caucasus
sources. Two artifacts match Sarikamis, two match two Kars-Arpacay sources (perhaps equivalent
to the “Akhurian River 1 and 2” secondary obsidian deposits in Chataigner and Gratuze, 2014a), and
one matches Pasinler (Figure 3a). Their occurrence at Domuztepe lends support to the movement
of materials and, perhaps, people between Armenia and this Late Neolithic settlement. It is worth
stressing that none of these obsidians were identified at sites previously reported to have Gutansar

obsidian. Other sources identified among the Domuztepe artifacts include G6llii Dag, Bing6l A and
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B, Meydan Dag, two Nemrut Dag flows, and, tentatively at least, Mus (38.93° N, 41.25° E; Figure 3a).
The ongoing program of pXRF-based obsidian sourcing at the University of Manchester identified
not only additional artifacts from Pokr Arteni but also, very recently, provisionally two artifacts of
Gutansar obsidian, further strengthening this tangible connection to Armenia.

Figure 13 shows the artifacts assigned to (a) Pokr Arteni 2, (b) Pokr Arteni 1, (c) Sarikamuis,
(d) Kars-Arpacay 1, (e) Kars-Arpacay 2, and (f) Pasinler. Based on this set of 66 sourced artifacts, it
is not yet possible to answer whether the types of tools and objects made from Pokr Arteni obsidian
are significantly different than the items produced from other obsidians. Both blades and flakes are
present, some of which have been retouched and/or used. Some of the blades are quite large, and
their small platforms and high bulbs suggest they might have been detached using pressure flaking
techniques. One sizable flake (Fig. 13a) is from a ground and polished object, and it is attributed to
Pokr Arteni 2. Other artifacts of interest include a fragment of a mirror attributed to Kars-Arpagay
1 (Fig. 13d), and a bead blank and a vessel fragment (Fig. 13c) to Sarikamis. Supplementary Table E
lists the techno-typological, spatiotemporal, and source details for all Domuztepe obsidian artifacts

analyzed by Poidevin using LA-ICP-MS and our team by EMPA and pXRF.

10 - Discussion

Confirmation of Armenian obsidian at Domuztepe is of great interest. For three of the five
Northern Mesopotamian sites previously reported to have Gutansar obsidian, the identifications
were erroneous, while the other two reports cannot be confirmed, at least at present. Pokr Arenti
obsidian, however, has now been corroborated at Domuztepe using two independent techniques,
and forthcoming data from ongoing work indicates the presence of more Pokr Arteni obsidian and
at least two artifacts made of Gutansar obsidian. What are the implications? Can the abundance of
Pokr Arteni obsidian artifacts at Domuztepe be estimated at present? How does the occurrence of

Pokr Arteni obsidian at Domuztepe compare to contemporaneous sites in Armenia?

10.1 - Interpretation and implications

Maps like those in Figure 1 have long left the impression, as expressed by Williams-Thorpe
(1995), that, for the ancient Near East, obsidian “distributions are now established, and it becomes
rather less exciting to simply ‘fill in the gaps™ (235; see also Frahm, 2014¢:180-183). Regarding the
dearth of Armenian obsidians in Mesopotamia and other regions, Blackman et al. (1998) proposed
that their eventual identification was an inevitability. Specifically, they argued:

The only report positively linking Caucasian sources with obsidian artifacts recovered well
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beyond the Caucasus is from Tal-i Malyan in the highlands of southwestern Iran (Blackman,
1984)... It is likely that comprehensive programs of obsidian analysis from other sites in
Mesopotamia and the surrounding highlands to the east will also show an exchange in
Caucasian obsidian unknown at this point in time. (222)
As discussed here, though, this largely has not happened. Have Armenian obsidians been hiding in
the “gaps” all these decades? According to one recent tally (Frahm, 2010), there are ~1600 sourced
obsidian artifacts from Mesopotamia and the Levant between the Pre-Pottery Neolithic and the Late
Bronze Age, but only ~26 of them have been attributed to Armenian sources. Four artifacts from
Tell Halaf, Tell Brak, and Tell Barri had erroneous identifications of Armenian (Gutansar) obsidian,
seven from Domuztepe and an unknown number from Hacinebi had unpublished data and details,
and seventeen from Arslantepe suffered from an overlap with an intensively used obsidian source
(Meydan Dag). It seems then that Armenian obsidians may truly be scarce at sites within Northern
Mesopotamia, contrary to the prediction of Blackman et al. (1998). It is also worth noting that, if a
truly random sample of Domuztepe obsidian artifacts had been sourced (rather than one that was
intentionally biased toward visual diversity of obsidian at the site), Pokr Arteni obsidian might not
have been recognized (see Section 10.2). The greater sample sizes enabled by pXRF, together with
targeted sampling, might ultimately substantiate Blackman et al. (1998)’s prediction.

10.2 - Estimating obsidian amounts at Domuztepe

Research on the Domuztepe obsidian (and chert) assemblage has been a continuing process
since excavations started in 1995 (e.g., Healey, 1997, 2000, 2001, 2007, 2011; Campbell et al., 1999;
Healey and Campbell, 2009; Campbell and Healey, 2011, 2013). The obsidian assemblage is large
(~12,000 artifacts), although it only represents a small proportion of the lithic materials used for
flaked and ground stone artifacts. Due to the large quantity of obsidian, lab-based chemical analysis
was not viable, particularly at the outset of this work in the 1990s. Thus, visual classification was
investigated as a means of recognizing and understanding spatiotemporal trends at the site, while
acknowledging that visual classes do not perfectly correlate to geological sources. We concur with
Carter and Kilikoglou (2007), who cautioned that “visually discriminated source assignations [can]
be deeply flawed, albeit with some productive implications” (122). It is perhaps most useful when
the profile of the obsidian sources reflected at a given site has been established by chemical means
(e.g., Healey, 2007; Healey and Campbell, 2009; Mili¢ et al.,, 2014). We also emphasize that visual
classification has value beyond sourcing endeavors, given that appearance of obsidian was readily

perceived by the people who made and used these artifacts on a daily basis (Heyden, 1988; Cauvin,
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1998; Coqueugniot, 1998; Saunders, 2001; Dillian, 2007; Hodgson, 2007).

Based on the results from Poidevin’s analyses to test the visual classes (recorded blind) of
Domuztepe obsidians, ~75% of the artifacts were visually attributed to their chemically identified
sources with an accuracy ~85% (Healey and Campbell, 2009). Clearly this approach is much less
successful than chemical sourcing, but it does offer a link between the deliberately biased sample
that has been chemically analyzed and the whole obsidian assemblage. With each artifact observed
in transmitted light using a daylight quality bulb for consistency (Healey and Campbell, 2009), five
main visual classes were identified - opaque black, grey, green, brown, and red-brown-mahogany --
as well as a few artifacts that are completely colorless. Within each visual class, there is variation in
translucency (e.g., semi-translucent, cloudy) and inclusions (e.g., stripes, speckles). Proportions of
each of the major visual classes are summarized in Table 3, together with the obsidian sources for
the artifacts originally analyzed by Poidevin and newly reported here.

Among this sample of artifacts, we note that chemical analyses suggest a strong association
between the red-brown-mahogany obsidians (which themselves show several different variations)
and Arteni and the Caucasus sources (25 of 27 in Table 3). Of the two exceptions, one is Meydan
Dag obsidian, and the other is Bing6l B. Red-brown-mahogany obsidians can occur at other sources
as well, but they have not yet been identified at Domuztepe. If this relationship remains the same
throughout the assemblage (and there is no reason to suggest it does not), this might indicate that
~1.5% of the obsidian assemblage originated from Pokr Arteni and the Caucasian sources (~130
artifacts). Within this, we might expect the majority to have come from Pokr Arteni.

We should also note, however, that a significant quantity (11 out of 36) of obsidian artifacts
from Pokr Arteni and the Caucasus are not visually distinctive. Pokr Arteni obsidian also occurs at
Domuztepe as grey, brown, and colorless artifacts, reflecting the variety of colors observed at the
source (Section 7). Calculated at face value, we might expect that more than 600 obsidian artifacts
from Pokr Arteni and the Caucasus sources may be present in the Domuztepe assemblage and have
colors other than red-brown-mahogany. That, in turn, would suggest that $8% of the full obsidian
assemblage could have originated from sources within the Caucasus. About 2% of the assemblage
may have originated at Pokr Arteni, with nearly half being visually distinctive.

These figures are obviously subject to very large margins of error. However, based on our
knowledge of the assemblage at Domuztepe, they do give an indication that Caucasus sources were
a small but significant contributor to obsidian at the site, and that Armenia might have contributed
more than a token element. Pokr Arteni obsidian is not an isolated occurrence at Domuztepe, and

our ongoing program of obsidian sourcing will further refine these numbers.
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10.3 - Comparison to Late Neolithic Armenian sites

It is worth considering what is known of obsidian acquisition at Late Neolithic sites closer to
the Arteni complex. Significant numbers of artifacts have been sourced from two sites just south of
Yerevan (Figure 3b): Aknashen-Khatunarkh (Badalyan et al., 2010) and Aratashen (Badalyan et al,,
2004, 2007). Aratashen was the sole Neolithic site studied by Chataigner and Gratuze (2014b), who
sourced 30 obsidian artifacts: 15 from Pokr Arteni (50%), eight from Sarikamis sources (27%), five
from Gutansar (17%), and two (6%) from other sources (i.e., Hatis and Geghasar).

The sample sizes are small, but Domuztepe and Aratashen exhibit similar patterns in use of
Pokr Arteni obsidians. The “Arteni 2” and “Arteni 3” clusters in Chataigner and Gratuze (2014b) are
equivalent to our “Pokr Arteni 1” and “Pokr Arteni 2” obsidians, respectively (Frahm, 2014b). From
Aratashen, Chataigner and Gratuze (2014b) analyzed two artifacts that matched “Arteni 2” obsidian
and thirteen that matched “Arteni 3.” At Domuztepe, we identified one “Pokr Arteni 1” artifact and
fourteen “Pokr Arteni 2” artifacts. This skew toward “Pokr Arteni 2” obsidian does not appear to
exist earlier or later, although those sites have even smaller sample sizes (Chataigner and Gratuze,
2014b). However, preliminary findings from the site of Masis Blur, near Aknashen-Khatunarkh and
Aratashen, hint that this trend might have a deeper history (Martirosyan-Olshansky, 2015).

At present, the manifestation of these chemical types on the landscape remains unclear, so
elucidating the distributions of these obsidians is a priority for future fieldwork. For the moment,
this affinity implies that similar processes, either natural (e.g., accessibility at the surface) or social
(e.g., exploitation or social control of certain locations), at the Arteni volcanic complex yielded the

obsidian at these Late Neolithic settlements.

11 - Concluding remarks

We report here our attribution of 15 (out of 66) Domuztepe obsidian artifacts to the Pokr
Arteni source in Armenia using EMPA and pXRF. Our result corroborates the past identification of
Arteni obsidian by Poidevin, the data and details for which were only partially published (Healy,
2000, 2007). In addition, five artifacts match four other sources in the Caucasus ecoregion and the
Kura-Araxes basin: Pasinler (n=1), Sarikamis (2), Kars-Arpacay 1 (1), and Kars-Arpacgay 2 (1). This
sample was nonrandom, so these proportions cannot be simply extrapolated to the full assemblage,
but based on imperfect but significant correlations between visual classes to chemically identified
sources, we are able to initially suggest that 8% of the obsidian assemblage might have originated

from these sources. Such diversity implies that the inhabitants of Domuztepe had access to a broad
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network of obsidian distribution during the Halaf period. It is striking that five obsidian sources in
the Caucasus ecoregion are reflected among the sourced artifacts (with a sixth recently identified).
There is, at present, no other Northern Mesopotamian site with reports of such diverse obsidians
from the Caucasus. This includes two sites (Hacinebi and Arslantepe) at which Gutansar obsidian is
reported -- but uncorroborated -- as well as three sites where Gutansar obsidian was misidentified.
For each of these sites, Gutansar was the only purported Caucasus obsidian source.

At present, Domuztepe is the only known Northern Mesopotamian site with (1) Pokr Arteni
obsidian, (2) Armenian obsidian that has been independently confirmed with published data, and
(3) obsidian from more than one source within the Caucasus ecoregion and the Kura-Araxes basin
(plus obsidians from at least six other sources). Contrary to predictions (Blackman et al., 1998),
significant quantities of Armenian obsidians have yet to be identified in Northern Mesopotamia.
When exceptions such as Domuztepe are identified, seeking to understand the mechanisms
becomes more compelling. It is certain that materials were moved from Armenia and the Caucasus
ecoregion to Domuztepe. Is this evidence for some form of mobility, or did the site’s inhabitants tap
into a network that circulated diverse obsidians? Does the Pokr Arteni obsidian reflect a particular
population at this segmented community, or does it reflect long-distance exchange connected to
craft production and/or social differentiation? It will require considerably more work in the future
to answer such questions with certainty. For now, these results highlight that we cannot merely
conceptualize the Caucasus as a periphery that simply received people, materials, and innovations
radiating from a Mesopotamian core. Instead, we have tangible evidence of material from Armenia
arriving at Domuztepe during the Late Neolithic. Although several previously reported occurrences
of Armenian obsidian in Mesopotamia are now less certain, newer - but still rare - studies hint that
Domuztepe is not alone as a site with Armenian (e.g., Horvat Usa in the Levant; Delerue, 2007) and
Caucasus (e.g., Hagoshrim in the Levant; Schechter et al,, 2013) obsidians.

Regarding the connections mentioned in the Introduction, the mechanisms involved likely
lie somewhere on a continuum among purely information (i.e., technology, style, language) moving,
migrating people retaining information within their population, and autochthonous or evolutionary
change without transmission or migration. Identifying the movements of material (or lack thereof)
allows us to concentrate on certain portions of that continuum, while acknowledging that exchange
of commodities can occur without cultural intermingling and social change. Nevertheless, “obsidian
didn’t fly” (Binder, 2002:85). Rather than simply “filling in the gaps” (sensu Williams-Torpe, 1995)
of earlier studies (Fig. 1-2), insights have been hiding in such gaps for decades, and it is worthwhile

identifying and peering directly into them. It is significant if Pokr Arteni obsidian was transported
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to Late Neolithic Domuztepe but, as far as anyone knows, nowhere else in Northern Mesopotamia.
If Gutansar obsidian can be confirmed at Arslantepe and/or Hacinebi, it would only be known in the
Upper Euphrates basin during the Late Chalcolithic. The roles of long-distance contact and mobility
in shaping the ancient Near East have been debated since the nineteenth century and continue to be
the focus of intense scholarship (Stein 2001; Marro, 2004, 2012; Abay, 2005; Anthony, 2007; Batiuk
and Rothman, 2007; Kohl, 2007, 2009; Ozdogan, 2007; Palumbi, 2008; Paz, 2009; Kozyreva, 2011;
Pitskhelauri, 2012; Wilkinson et al., 2012; Pollock, 2013; Potts, 2013; Rothman, 2015; inter alia).
The presence or lack of Armenian obsidian at Northern Mesopotamia is one more piece of evidence

to elucidate the phenomena that shaped cultural transmission and social change.
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Table caption

Table 1. Data for seven Arteni artifacts identified by Poidevin, Arteni geological obsidian specimens
from Keller and colleagues (Keller and Seifried, 1990; Keller et al., 1996) in Poidevin (1998), four
sets of recent analyses of Mets and Pokr Arteni obsidian specimens in Frahm’s collection, and seven

specimens analyzed by Chataigner and Gratuze (2014a).

Table 2. EMPA measurements of the Domuztepe artifacts (italicized) and their matching geological

specimens. All values are reported in weight percent.

Table 3. Summary of obsidian visual class versus geochemically identified source. Note that 9,357

out of 12,051 obsidian artifacts were examined for appearance.

Supplementary table captions
Table A. Published and recalibrated WDXRF data for the Tell Barri, Tell Halaf, and Tell Brak artifacts
and the “Erevan” obsidian specimens from Francaviglia and Palmieri (1998) as well as EMPA data

for Bing6l B and Gutansar obsidians, showing that the artifacts match the former, not the latter.

Table B. Poidevin’s 1999 and 2002 data and source identifications for 56 Domuztepe artifacts.

Table C. Results of the Euclidean distance calculations based on seven elements (Ti, Al, Fe, Mn, Ca,
Zr, and Ba) and subsequent nearest neighbor searches of the geological reference collection confirm

that fifteen Domuztepe artifacts match the Pokr Arteni obsidian source.

Table D. Our pXRF data that corroborate the identifications of Pokr Arteni obsidian in Figure 11.

Table E. Techno-typological, spatiotemporal, and source details for all Domuztepe obsidian artifacts

analyzed by Poidevin using LA-ICP-MS and our team by EMPA and pXRF.

Figure captions
Figure 1. Four regional models of Near East obsidian distribution from sources (triangles) in what

is now Turkey. Large-scale patterns first observed by Renfrew and colleagues have been reinforced
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by later regional syntheses, including the conceptualization of Anatolian and Levantine distribution
zones supplied by the Central Anatolian obsidian sources (red) and Mesopotamian zones supplied

by select Eastern Anatolian obsidian sources (blue).

Figure 2. Zones similar to those in Figure 1 have been proposed for obsidian sources (triangles) in
the Caucasus. The focus here is how researchers have conceptualized and defined the distribution
of obsidian from Arteni (green) and other sources (blue, yellow, orange, and brown). The result is a

map that suggests highly localized distribution of obsidian from the Arteni sources.

Figure 3. (a) Southwest Asian obsidian sources (triangles) and archaeological sites with reported
Armenian obsidian (squares), color coded by the ability to confirm or debunk these reports. In this
study, “Armenian” obsidian sources are defined by the modern borders of the Republic of Armenia
(green), whereas “Caucasus” obsidian sources are defined by the Kura-Araxes basin (cyan) and the
Caucasus ecoregion (magenta) as delineated by the World Wildlife Fund. The background map uses
National Geophysical Data Center data. (b) Obsidian sources in Armenia (triangles), modern cities
mentioned in the text (dots), and the Kura, Araxes, and Hrazdan rivers. The red squares denote the
supposed locations of (1) “Erevan” and (2) “Sevan” obsidians as described in the 1990s literature,

but those locations do not correspond to actual sources.

Figure 4. EMPA analyses of “Erevan” obsidian from the Smithsonian collections demonstrate that it

is Gutansar obsidian rather than some other Armenian obsidian.

Figure 5. (a) Redrawn ternary plot from Fornaseri et al. (1975), showing that the normalized X-ray
intensity ratios for “Ziyaret” (Meydan Dag) and “Erevan” (Gutansar) obsidians overlap using such a
data handling approach. Identification of the Hotamis Dag source in the Acigol volcanic complex is
based on their text description. (b) EMPA data for the same obsidian sources demonstrate that,

with quantitative measurements, Meydan Dag and Gutansar obsidians are readily distinguished.

Figure 6. (a) Redrawn Zr vs. Ba plot from Francaviglia and Palmieri (1998), demonstrating that the
Tell Barri, Tell Halaf, and Tell Brak artifacts are not a perfect match to the “Armenian” obsidian and
that Bingdél B obsidian (one of the most prevalent obsidians at Mesopotamian sites) is not included

among the comparative specimens. (b) When their WDXRF data are recalibrated for compatibility
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with the EMPA data (Fig. 7 and Supplementary Table A), the artifacts in question match Bingol B

obsidian, not Gutansar or any other Armenian obsidian source, based on their Fe, Ti, and Al values.

Figure 7. (a) Several elements have high correlations (Pearson’s r = 0.93-0.97) between the WDXRF
data of Francaviglia and Palmieri (1998) and the EMPA data for the same obsidians. These best-fit
equations can be used to recalibrate their WDXRF data for direct compatibility with the EMPA data.
Ba, however, is poorly correlated (r = 0.35), suggesting one dataset suffers from unsystematic error.
(b) The EMPA values for Ba exhibit very high correlations (r = 0.99-1.00) to obsidian measurements
from three other analytical laboratories, suggesting that the Ba values of Francaviglia and Palmieri
(1998) are erroneous. Unfortunately, Francaviglia and Palmieri (1998) used their Ba data to match

artifacts to obsidian sources, including “Armenia” (Figure 6a).

Figure 8. (a) Simplified geological map of the Arteni volcanic complex and (b-d) obsidian deposits
associated with Pokr Arteni. It is not clear yet how the different chemical varieties of Pokr Arteni
obsidian map onto this landscape. Background images from Google Earth in accordance with their
terms of use; geological map based on Karapetian et al. (2001: Fig. 5) as well as field observations;

and field photographs by Frahm.

Figure 9. Three-dimensional scatterplot for the obsidian sources in common between Poidevin’s
artifact measurements and the geological data of Keller and colleagues (i.e., the Arteni sources, East
Golli Dag, Nenezi Dag, and Meydan Dag). Arteni A and B fall together, and the Domuztepe artifacts

fall with Arteni C of Keller and colleagues. These data are summarized in Table 1.

Figure 10. EMPA measurements show that fifteen Domuztepe artifacts match Pokr Arteni. These
plots also establish that nine artifacts match East Gollii Dag, two artifacts match Sarikamis, and one
artifact matches the Kars-Arpacay 2 obsidian source. These obsidian sources are among those most
compositionally similar to Pokr Arteni 1 and 2. (1) A plot of Ti, Ba, and Zr demonstrates that one
artifact matches the “Pokr Arteni 1” cluster and fourteen match the “Pokr Arteni 2” cluster. (b) The
same outcome occurs with DFA based on six elements: Ti, Ba, and Zr plus Al, Fe, and Mn. The first
function (F1) accounts for 55.7% of the between-group variance, and the second one (F1) accounts
for 32.1%, totaling 87.8% and attesting to high discriminating power of this model. The prior and
posterior classifications were identical, exhibiting no erroneous classifications. These functions

discriminate the sources very well, as attested by a Wilks’ lambda test. The nearer Wilks’ lambda is

27



to zero, the more the included variables contribute to discrimination, and a chi-square statistic tests
its significance. In this case, Wilks’ lambda is 0.000, and the p-value is < 0.0001, attesting that these

functions well explain group membership.

Figure 11. pXRF measurements confirm that Domuztepe artifacts match Pokr Arteni. The Rb/Nb

vs. Sr/Zr plot also illustrates that artifacts also match East G6lli Dag and Bingdl B obsidian.

Figure 12. EMPA measurements reveal that there are five artifacts from other “Caucasus” obsidian
sources (as defined in this paper as occurring within the Caucasus ecoregion and the Kura-Araxes
basin; Section 2.2 and Fig. 3a). Their occurrence at Domuztepe lends support to the movement of
materials and, perhaps, people between Armenia and this Late Neolithic settlement. (a) A
scatterplot of Ti, Ba, and Zr establishes that two artifacts match Sarikamis, two artifacts match two
Kars-Arpacgay sources, and one matches Pasinler. (b) The same outcome occurs with DFA based on
eight elements: Ti, Ba, and Zr as well as Al, Ca, Fe, K, and Mn. The first discriminant function (F1)
accounts for 59.8% of the between-group variance, and the second function (F1) accounts for
27.3%, totaling 87.2% and attesting to discriminating power of this model. The prior and posterior
classifications were identical, exhibiting no erroneous classifications. These functions discriminate
the sources very well, as attested by a Wilks’ lambda test. The nearer Wilks’ lambda is to zero, the
more the included variables contribute to discrimination, and a chi-square statistic tests its
significance. In this case, Wilks’ lambda is 0.000, and the p-value is < 0.0001, attesting that these

functions well explain group membership.

Figure 13. Domuztepe artifacts from Pokr Arteni and other “Caucasus” sources (as defined in this
paper as occurring within the Caucasus ecoregion and the Kura-Araxes basin; Section 2.2 and Fig.
3a). (a) Pokr Arteni 2 artifacts. Top row: DT 04 1.3649/50, DT 05 1.4025/1, DT 05 1.3976/1, DT 05
1.3976/2, DT 99 1.2664/1, DT 99 1.2495/10, DT 05 1.4047/1, and DT 05 1.3920/4. Lower row: DT
99 1.2463/2, DT 05 1.3919/2, DT 05 1.4052/1, DT 99 1.2675/2, DT 05 1.3919/1, and DT 05
1.3891/32. (b) Pokr Arteni 1 artifact: DT 09 1.4869/1. (c) Sarikamis artifacts: DT 08 1X.4292/1 and
DT 05 1.4051/1. (d) Kars-Arpacay 1 artifact: DT 99 1.2512/20. (e) Kars-Arpagay 2 artifact: DT 05
1.4051/2. (f) Pasinler artifact: DT 05 1.3992/1.
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Table 1

Si02 AI203 Fe203 MgOo Ca0 Na20 K20 MnO Ti Rb Sr Y Zr Nb Ba

mean * o mean * o mean * o mean * o mean * o mean * o mean # o mean * o mean * o mean * o mean * o mean # 6 mean t o mean + 6 _mean % o
Poidevin data in Healey 2000 (select elements):
DT 499/1 75.30 12.90 0.83 0.15 0.62 3.92 4.29 0.08 489 110 30 19 70 26 341
DT 1774/77 75.80 13.20 0.79 0.13 0.63 4.00 4.32 0.08 494 110 31 19 71 27 344
DT 633/1 75.50 13.20 0.83 0.18 0.73 4.11 4.37 0.08 528 111 36 19 75 25 397
DT 683/3 75.60 13.20 0.88 0.17 0.67 4.11 4.41 0.08 578 106 44 17 80 23 512
DT 2414/4  75.70 13.30 0.79 0.17 0.70 3.77 4.07 0.09 472 107 29 18 67 25 317
DT 1237/7  73.20 12.80 1.12 0.19 0.73 3.85 3.89 0.09 465 116 22 20 65 27 216
DT 1244/21 75.90 13.30 0.73 0.14 0.78 4.19 4.44 0.07
Mean HitHH + HiH HitHH + HiH 0.85 + ### 0.16 *+ ### 0.69 + 0.06 399 + 0.15 4.26 + 0.20 0.08 + ### 504 + 42 110 + 4 32 + 7 19 +1 71 + 5 26 +2 354 + 97
Arteni data in Poidevin 1998:
Keller and Seifried 1990
Arteni A 76.27 13.44 0.55 0.07 0.54 4.56 4.39 0.11 400 140 12 33 62 38 51
Arteni B 76.05 13.41 0.55 0.06 0.80 4.55 4.36 0.14 400 140 33 37 60 41 133
Arteni C 76.34 13.42 0.62 0.15 0.52 4.21 4.55 0.07 600 116 35 25 59 28 338
Keller et al. 1996
Arteni A 76.34 + 0.10 13.45 * 0.05 0.54 + 0.01 0.07 + 0.01 0.52 + 0.02 4.47 + 0.08 4.43 + 0.04 0.10 + 0.01 400 144 + 4 17 + 4 33 £1 57 £+ 5 37 £ 1 49 + 3
Arteni B 76.44 + 0.08 13.43 + 0.04 0.53 + 0.01 0.06 + 0.01 0.52 + 0.01 4.46 + 0.05 4.41 + 0.01 0.10 + 0.00 360 146 + 2 19 + 3 34 + 4 53 + 1 39 £ 2 33+ 6
Arteni C 76.52 + 0.25 13.26 *+ 0.23 0.64 + 0.03 0.13 + 0.03 0.53 + 0.01 4.14 + 0.10 4.14 + 0.10 0.07 + 0.00 600 117 £+ 1 43 + 11 5 67 £ 11 28 342 + 5
Arteni data for Frahm collection:
EMPA - Minnesota
Mets Arteni  76.35 + 0.30 13.25 * 0.12 0.45 + 0.05 0.04 + 0.00 0.49 + 0.01 4.26 + 0.16 458 + 0.25 0.09 + 0.00 350 + 20 27 £ 1 72 £ 13
Pokr Artenil 76.62 + 0.20 13.05 #* 0.10 0.51 + 0.05 0.05 + 0.00 0.50 + 0.03 4.17 + 0.07 466 + 0.12 0.07 + 0.00 471 + 20 48 + 11 204 + 57
Pokr Arteni2 76.74 + 0.18 12.99 + 0.06 0.51 + 0.10 0.06 + 0.00 0.53 + 0.01 4.06 + 0.03 4.68 + 0.06 0.07 + 0.00 548 + 9 58 + 12 412 + 7
pXRF - Minnesota
Mets Arteni 0.54 + 0.03 0.53 + 0.04 420 + 0.26 0.08 + 0.00 445 + 46 142 £+ 5 9+ 3 50 £+ 3 34 £ 2 46 + 31
Pokr Arteni 1 0.59 + 0.02 0.53 + 0.03 435 + 0.14 0.06 + 0.00 595 + 43 126 + 4 22 + 4 64 £+ 3 26 £ 1 204 + 50
Pokr Arteni 2 0.63 + 0.01 0.52 + 0.02 4.49 = 0.03 0.06 + 0.00 703 + 9 119 £+ 2 36 = 1 70 £ 2 24 =1 398 + 16
EDXRF - MURR
Mets Arteni 0.49 + 0.01 4.49 + 0.02 0.07 + 0.00 408 + 13 142 £+ 5 8+ 1 24 + 4 8 + 8 38 =2
Pokr Arteni 1 0.69 + 0.02 4.48 + 0.10 0.05 + 0.00 621 + 115 125 + 4 21 + 4 15 + 3 88 + 3 29 £ 2
Pokr Arteni 2 0.74 + 0.02 454 + 0.18 0.05 + 0.00 713 + 110 120 £ 1 36 = 2 15 + 3 95 + 6 27 = 3
NAA - MURR
Mets Arteni 13.70 + 0.41 0.48 + 0.01 4.17 + 0.10 442 + 021 0.10 + 0.00 147 £+ 4 4 = 7 38 + 13 31+ 8
Pokr Arteni 1 13.77 + 0.25 0.56 + 0.01 4.11 + 0.02 4.45 + 0.15 0.08 + 0.00 132 + 4 17 + 2 56 + 8 151 + 48
Pokr Arteni 2 12.17 + 0.15 0.60 + 0.00 4.07 = 0.03 4.75 + 0.04 0.07 + 0.00 120 £ 1 36 = 4 64 + 9 350 = 17
Mean values
Mets Arteni  #### HiHE = HitH 0.49 *+ ### 0.04 0.51 + 0.03 4.22 + 013 4.42 + 0.19 0.08 *+ ### 401 + 26 144 + 5 7+ 4 24 5 *+ 6 36 + 2 50 + 17
Pokr Arteni 1 #### HitHH + A 0.59 *+ ### 0.05 0.52 + 0.02 4.14 £+ 0.04 4.48 + 0.13 0.07 *+ ### 562 + 80 128 + 4 20 + 3 15 64 + 17 28 + 2 186 + 31
Pokr Arteni 2 ###t# HiHE = HitH 0.62 + ### 0.06 0.53 + 0.00 4.07 + 0.01 4.61 + 0.12 0.06 *+ ### 655 + 93 120 + 1 36 + 0 15 72 + 17 26 + 2 387 + 32
Other Arteni data:
Chataigner and Gratuze 2014a
Arteni 1 754 + 08 136 £ 1.2 0.47 % 0.06 0.05 % 0.00 0.54 + 0.06 429 + 024 4.09 + 017 0.09 * 0.01 331 £ 15 143 + 7 8+ 1 22 £ 2 36 £ 3 36 + 3 30 4
Arteni 2 76.2 + 1.2 131 + 03 0.55 + 0.03 0.06 + 0.00 0.59 + 0.07 3.98 + 0.21 4.23 + 0.19 0.07 + 0.01 440 + 33 122 + 10 14 + 1 16 £ 1 48 + 3 28 + 2 142 + 10
Arteni 3 760 =+ 1.1 131 £ 0.1 0.60 * 0.06 0.08 * 0.03 0.63 + 0.08 4.03 + 0.01 439 + 011 0.07 * 0.00 526 £ 29 122 + 3 23 £ 3 15 + 2 52 + 8 26 £ 1 274 + 31



Table 2

Domuztepe artifact:
Geological specimens:

Domuztepe artifacts:

PoKkr Arteni 1
DT 09 1.4869/1
AR.2009.3.1
AR.2009.4.1
AR.2009.4.2
AR.2009.5.1A
AR.2009.5.1B
AR.2009.5.1C
AR.2009.32.1
AR.2009.32.2
AR.2009.41.1
AR.2009.41.2
AR.2009.42.1
AR.2009.42.2
AR.2009.68.1
AR.2009.68.2
AR.2009.68.4
AR.2009.68.6

Pokr Arteni 2
DT 04 1.3649/50
DT 051.3891/32
DT 0513919/1
DT 0513919/2
DT 051.3920/4
DT 051.3976/1
DT 0513976/2
DT 0514025/1
DT 051.4047/1
DT 051.4052/1
DT 99 1.2463/2
DT 99 1.2495/10

Sio,
76.66
76.71
76.62
76.89
76.81
76.61
76.39
76.73
76.73
76.44
76.47
76.37
76.27
76.73
77.02
76.58
76.48

Sio,
76.68
76.41
76.54
76.70
76.63
76.72
76.46
76.18
76.48
76.69
76.65
76.65

TiO,
0.0720
0.0783
0.0820
0.0742
0.0765
0.0795
0.0792
0.0718
0.0757
0.0767
0.0754
0.0797
0.0851
0.0829
0.0778
0.0805
0.0803

TiO,
0.0922
0.0901
0.0849
0.0922
0.0988
0.0918
0.0943
0.0868
0.0888
0.0831
0.0902
0.0876

AlL,0,
13.26
13.15
13.02
13.18
13.03
13.09
13.12
13.10
13.13
13.16
13.09
12.86
12.88
12.98
13.06
13.05
12.91

AL0,
12.98
12.96
13.00
13.07
13.00
12.97
12.95
12.88
12.88
13.09
13.03
13.07

FeO()
0.473
0.478
0.438
0.490
0.433
0.447
0.451
0.376
0.426
0.471
0.471
0.458
0.476
0.540
0.525
0.369
0.481

FeO(r,
0.539
0.564
0.493
0.367
0.413
0.461
0.459
0478
0.529
0.426
0322
0.398

MnO
0.0703
0.0767
0.0733
0.0761
0.0799
0.0689
0.0733
0.0776
0.0786
0.0773
0.0743
0.0721
0.0699
0.0702
0.0732
0.0684
0.0738

MnO
0.0646
0.0638
0.0690
0.0628
0.0602
0.0609
0.0659
0.0642
0.0665
0.0652
0.0601
0.0653

MgO
0.0500
0.0482
0.0553
0.0478
0.0495
0.0533
0.0491
0.0468
0.0458
0.0491
0.0490
0.0549
0.0532
0.0507
0.0511
0.0418
0.0507

MgO
0.0501
0.0624
0.0616
0.0590
0.0667
0.0642
0.0650
0.0624
0.0628
0.0627
0.0579
0.0591

Ca0
0.5167
0.5093
0.5277
0.5238
0.5345
0.5266
0.5109
0.4682
0.4571
0.5120
0.5151
0.5219
0.5086
0.5218
0.5159
0.4665
0.4550

CaO
0.5148
0.5236
05117
0.5203
0.5379
0.5329
0.5465
0.5351
0.5413
0.5397
0.5143
0.5448

Na,O
4216
4.150
4.186
4.248
4.198
4.097
4.190
4.205
4.259
4.257
4.181
4203
4.156
4122
4.153
4.090
3.961

Na,O
4.148
4.064
4.043
4.015
4.090
3.867
4.061
4.048
4.040
4.061
4.044
4.095

K,0
4613
4584
4.757
4533
4.767
4.759
4677
4.381
4,644
4.631
4594
4.651
4671
4.652
4578
4.740
4.888

K,0
4.742
4.726
4.478
4.723
4.704
4.642
4.703
4.723
4.713
4.709
4.722
4.659

Zr
0.0059
0.0041
0.0034
0.0045
0.0051
0.0042
0.0040
0.0045
0.0028
0.0044
0.0056
0.0066
0.0063
0.0044
0.0065
0.0058
0.0042

Zr
0.0070
0.0078
0.0075
0.0071
0.0073
0.0076
0.0078
0.0074
0.0085
0.0075
0.0079
0.0075

Zn
0.0064
0.0087
0.0087
0.0102
0.0116
0.0106
0.0100
0.0075
0.0064
0.0099
0.0098
0.0093
0.0083
0.0073
0.0051
0.0064
0.0056

Zn
0.0065
0.0004
0.0025
0.0011
0.0018
0.0031
0.0023
0.0011
0.0034

0.0030
0.0029

Ba
0.0123
0.0163
0.0220
0.0157
0.0163
0.0205
0.0194
0.0120
0.0132
0.0171
0.0155
0.0285
0.0281
0.0244
0.0225
0.0256
0.0301

Ba
0.0391
0.0362
0.0358
0.0391
0.0413
0.0364
0.0396
0.0359
0.0387
0.0382
0.0324
0.0355



Table 3

Total Other source Pasinler Sarikamis Kars Arpacay Pokr Arteni| Total Analyzed Total Caucasus % Caucasus

Green 3084 28 0 28 0 0.0%

Brown 1266 14 0 14 0 0.0%

Brown tinge 119 2 2 1 5 3 60.0%

Grey 2895 34 3 1 1 39 5 12.8%

Black 1618 14 2 0 16 2 12.5%

Red/Mahogany 140 2 5 1 19 27 25 92.6%

Colorless 200 0 1 1 1 100.0%
Other 35 0 0 0 0

Total 9357 95 8 3 3 22 131 36 27.5%
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Supplementary Table A

Click here to download Supplementary Online Information: Supp Table A - Francaviglia EMPA data.xlIsx

F&P 1998 Original data

Recalibrated

This study Bingdl B

F&P 1998 Original data

Recalibrated

#9 Tell Barri
#35 Tell Barri
#65 Tell Brak
#66 Tell Halaf
Mean
St Dev
#9 Tell Barri
#35 Tell Barri
#65 Tell Brak
#66 Tell Halaf
Mean
St Dev
EA52
EAS3
EA54
EASS
EA56
Mean
St Dev

erevan 5
arm 86a
arm 876b
erevan p
erevan r
erevan 3
Mean
St Dev
erevan 5
arm 86a

Sio,
70.92
71.28
71.53
71.70
7136

0.34
73.01
73.29
73.48
73.61
73.35

0.26
72.47
72.59
73.43
73.48
72.63
72.92

049

Si0,
74.03
74.04
73.92
75.84
73.84
74.15
74.30

0.76
75.40
75.41

TiO,
0.27
0.23
0.24
0.23
0.24
0.02
0.23
0.20
0.21
0.20
0.21
0.02
0.19
0.21
0.20
0.21
0.21
0.20
0.01

TiO,
0.20
0.20
0.20
0.08
0.21
0.21
0.18
0.05
0.17
0.17

ALO,
14.43
14.33
14.41
14.53
1443
0.08
14.46
14.34
14.43
14.57
1445
0.10
14.65
14.34
14.55
14.60
14.55
14.54
0.12

ALO,
14.10
14.02
14.00
12.78
13.89
13.94
13.79

0.50
14.07
13.97

FeOr,
2.33
2.10
2.07
2.12
2.16
0.12
1.68
1.52
1.50
1.54
1.56
0.08
1.61
1.53
1.24
0.53
1.74
1.33
048

FeOr,
1.42
1.45
1.45
1.15
1.55
1.57
143
0.15
1.05
1.07

MnO
0.15
0.05
0.05
0.05
0.08
0.05
0.12
0.05
0.05
0.05
0.07
0.04
0.04
0.04
0.03
0.02
0.03
0.03
0.01

MnO
0.08
0.08
0.08
0.06
0.08
0.08

0.08
0.01
0.07
0.07

MgO
0.24
0.23
0.23
0.21
0.23
0.01
0.18
0.17
0.17
0.15
0.17
0.01
0.15
0.10
0.05
0.09
0.18
0.11
0.05

MgO
0.25
0.27
0.27
0.11
0.26
0.25
0.24
0.06
0.19
0.21

K,O
4.76
4.85
4.86
4.60
477
0.12
5.36
5.45
5.46
5.20
537
0.12
5.30
5.37
5.47
5.34
5.14
5.33
0.12

K,0
3.91
3.91
3.90
427
4.01
4.02
4.00
0.14
4.53
4.53



Supplementary Table B
Click here to download Supplementary Online Information: Supp Table B - Poidevin determinations.xlsx

Sample  Operation ID Phase Colour Note
dt-01 | 1931/26 D-8 Black

dt-02 | 1784/5 D-10 Black

dt-03 | 1867/15 D-10 Black

dt-04 \Y 2225/2 Uncertain Black

dt-05 | 1232/4 D-10 Black

dt-06 | 1269 D-10 Grey 1269/1?
dt-07 | 2327/7 D-10 Grey

dt-08 | 1774/123 D-10 Grey

dt-09 | 1879/3 D-10 Grey

dt-10 | 1827/1 D-10 Grey

dt-11 | 1794/4 D-10 Grey

dt-12 Surface 499/1 Mahogany

dt-13 | 1774/77 D-10 Mahogany

dt-14 I 1893/7 D-10 Mahogany

dt-15 | 526 D-10 Mahogany 526/1?
dt-16 | 1249/3 D-10 Translucent grey

dt-17 | 633/1 D-10 Mahogany

dt-18 I 1774/67 D-10 Mahogany

dt-19 | 1823/70 D-10 Black with red inclusions

dt-20 | 1805/1 D-10 Brown

dt-21 | 683/3 D-10 Clear with stripe

dt-22 Surface 499/3 Grey

dt-23 | 2414/4 D-9 Clear with grey stripe

dt-24 | 1237/7 D-10 Clear with black/brown stripe

dt-25 | 1894/6  D-10 Grey wispy

dt-26 I 1867/16 D-10 Grey striped

dt-27 | 1823/3 D-10 Grey brown striped

dt-28 I 1244/21 D-10 Clear grey wispy

dt-29 I 1264/3 D-6 Grey striped

dt-30 I 1823/47 D-10 Grey striped

dt-31 | 1811/47 D-10 Green

dt-32 | 1919/1 D-10 Grey

dt-33 | 2315 D-10 Green 2315/1?
dt-34 | 1919/1 D-10 Brown

dt-35 | 1805/8 D-10 Green

dt-36 I 704/23  D-6 Black - grey edge

dt-37 | 2309/1 D-10 Black - grey edge

dt-38 | 2576/5 D-10 Black - grey edge Not photographed
dt-39 | 2547/4  D-6 Black - red edge

dt-40 | 2518/2 D-9 Black - red edge

dt-41 | 2488/1 D-6 Black - red edge

dt-42 I 2415/1  D-9 Grey with brown tinge

dt-43 | 2453/3 D-10 Grey with brown tinge

dt-44 I 2464/32 D-9 Grey with brown tinge

dt-45 | 2523/1 D-6 Grey with brown tinge

dt-46 I 2465/18 D-8 Grey grey

dt-47 | 704/1 D-6 Grey grey

dt-48 I 2719/1 D-6 Grey grey

dt-49 | 2523/1 D-6 Grey grey



Supplementary Table C
Click here to download Supplementary Online Information: Supp Table C - Domuztepe ED summary.xIsx

Elements: Ti, Fe, Zr, Ba, Al, Mn, and Ca

Artifact: Artifact: Artifact: Artifact:

DT 04 1.3649/50 DT 09 1.4869/1 DT 05 1.4025/1 DT 05 1.3976/1 DT 05 1.3976/2

Specimen Source Distance Specimen Source Distance Specimen Source Distance Specimen Source Distance Specimen Source Distance
AR.2009.18.1 Pokr Arteni 2 0.0251 AR.2009.41.2 Pokr Arteni 1 0.0386 AR.2009.20.1 Pokr Arteni 2 0.0455 AR.2009.20.1 Pokr Arteni 2 0.0365 AR.2009.18.1 Pokr Arteni 2 0.0269
AR.2009.20.1 Pokr Arteni 2 0.0338 AR.2009.2.1  Pokr Arteni 1 0.0444 AR.2009.18.1 Pokr Arteni 2 0.0483 AR.2009.18.1 Pokr Arteni 2 0.0531 AR.2009.1.1  Pokr Arteni 2 0.0291
AR.2009.1.1  Pokr Arteni 2 0.0347 AR.2009.4.2  Pokr Arteni 1 0.0455 AR.2009.1.1  Pokr Arteni 2 0.0571 AR.2009.19.1 Pokr Arteni 2 0.0552 AR.2009.20.1 Pokr Arteni 2 0.0347
AR.2009.68.5 Pokr Arteni 2 0.0408 AR.2009.3.1  Pokr Arteni 1 0.0544 AR.2009.19.1 Pokr Arteni 2 0.0594 AR.2009.1.1  Pokr Arteni 2 0.0617 AR.2009.19.1 Pokr Arteni 2 0.0411
AR.2009.19.1 Pokr Arteni 2 0.0457 AR.2009.32.1 Pokr Arteni 1 0.0571 AR.2009.68.5 Pokr Arteni 2 0.0681 AR.2009.68.5 Pokr Arteni 2 0.0734 AR.2009.68.5 Pokr Arteni 2 0.0426
AR.2009.68.7 Pokr Arteni 1 0.0873 AR.2009.41.1 Pokr Arteni 1 0.0594 AR.2009.42.2 Pokr Arteni 1 0.0775 AR.2009.42.2 Pokr Arteni 1 0.0915 CA14-R1-B Bozkdy 0.0896
CA14-R1-B Bozkdy 0.0887 AR.2009.32.1 Pokr Arteni 1 0.0683 AR.2009.68.7 Pokr Arteni 1 0.0783 CA14-R1-B Bozkdy 0.0924 CA14-R1-A Bozkdy 0.0982
CA14-R1-A Bozkdy 0.0981 AR.2009.5.1A Pokr Arteni 1 0.0685 AR.2009.42.1 Pokr Arteni 1 0.0809 AR.2009.68.7 Pokr Arteni 1 0.0937 CA14-P1 Bozkdy 0.0997
AR.2009.42.2 Pokr Arteni 1 0.1024 AR.2009.5.1C Pokr Arteni 1 0.0685 CA14-R1-B Bozkdy 0.0941 AR.2009.42.1 Pokr Arteni 1 0.0985 AR.2009.68.7 Pokr Arteni 1 0.1022
CA14-P1 Bozkdy 0.1054 AR.2009.68.3 Pokr Arteni 1 0.0691 AR.2009.68.6 Pokr Arteni 1 0.0973 CA14-R1-A Bozkdy 0.1075 AR.2009.42.2 Pokr Arteni 1 0.1089
Artifact: Artifact: Artifact: Artifact:

DT 99 1.2664/1 DT 99 1.2495/10 DT 05 1.4047/1 DT 05 1.3920/4 DT 99 1.2463/2

Specimen Source Distance Specimen Source Distance Specimen Source Distance Specimen Source Distance Specimen Source Distance
AR.2009.20.1 Pokr Arteni 2 0.0548 AR.2009.20.1 Pokr Arteni 2 0.0503 AR.2009.18.1 Pokr Arteni 2 0.0259 AR.2009.20.1 Pokr Arteni 2 0.0260 AR.2009.20.1 Pokr Arteni 2 0.0720
AR.2009.19.1 Pokr Arteni 2 0.0705 AR.2009.18.1 Pokr Arteni 2 0.0565 AR.2009.1.1  Pokr Arteni 2 0.0366 AR.2009.19.1 Pokr Arteni 2 0.0359 AR.2009.42.2 Pokr Arteni 1 0.0726
AR.2009.18.1 Pokr Arteni 2 0.0713 AR.2009.1.1  Pokr Arteni 2 0.0586 AR.2009.20.1 Pokr Arteni 2 0.0436 AR.2009.18.1 Pokr Arteni 2 0.0483 AR.2009.42.1 Pokr Arteni 1 0.0834
AR.2009.1.1  Pokr Arteni 2 0.0771 AR.2009.19.1 Pokr Arteni 2 0.0601 AR.2009.68.5 Pokr Arteni 2 0.0456 AR.2009.1.1  Pokr Arteni 2 0.0513 AR.2009.19.1 Pokr Arteni 2 0.0861
AR.2009.42.2 Pokr Arteni 1 0.0792 AR.2009.68.5 Pokr Arteni 2 0.0715 AR.2009.19.1 Pokr Arteni 2 0.0529 AR.2009.68.5 Pokr Arteni 2 0.0622 AR.2009.68.4 Pokr Arteni 1 0.0872
AR.2009.68.5 Pokr Arteni 2 0.0854 AR.2009.42.2 Pokr Arteni 1 0.0764 CA14-R1-B Bozkdy 0.0843 CA14-R1-B Bozkdy 0.0862 AR.2009.68.7 Pokr Arteni 1 0.0885
AR.2009.42.1 Pokr Arteni 1 0.0870 AR.2009.42.1 Pokr Arteni 1 0.0783 AR.2009.68.7 Pokr Arteni 1 0.0902 CA14-P1 Bozkdy 0.0960 AR.2009.18.1 Pokr Arteni 2 0.0919
AR.2009.68.7 Pokr Arteni 1 0.0878 AR.2009.68.7 Pokr Arteni 1 0.0815 CA14-R1-A Bozkdy 0.0920 CA14-R1-A Bozkdy 0.0979 AR.2009.1.1  Pokr Arteni 2 0.0964
AR.2009.68.4 Pokr Arteni 1 0.1018 AR.2009.68.6 Pokr Arteni 1 0.0985 CA14-P1 Bozkdy 0.0984 CA14-P2 Bozkdy 0.1223 AR.2009.68.6 Pokr Arteni 1 0.0994
AR.2009.68.6 Pokr Arteni 1 0.1039 CA14-R1-B Bozkdy 0.1047 AR.2009.42.2 Pokr Arteni 1 0.0987 CA23-P3-B Kayirl 0.1242 AR.2009.68.1 Pokr Arteni 1 0.1001
Artifact: Artifact: Artifact: Artifact:

DT 05 1.3919/2 DT 05 1.4052/1 DT 99 1.2675.2 DT 05 1.3919/1 DT 05 1.3891/32

Specimen Source Distance Specimen Source Distance Specimen Source Distance Specimen Source Distance Specimen Source Distance
AR.2009.20.1 Pokr Arteni 2 0.0212 AR.2009.20.1 Pokr Arteni 2 0.0379 AR.2009.20.1 Pokr Arteni 2 0.0299 AR.2009.68.7 Pokr Arteni 1 0.0534 AR.2009.18.1 Pokr Arteni 2 0.0449
AR.2009.19.1 Pokr Arteni 2 0.0314 AR.2009.18.1 Pokr Arteni 2 0.0407 AR.2009.19.1 Pokr Arteni 2 0.0452 AR.2009.18.1 Pokr Arteni 2 0.0534 AR.2009.20.1 Pokr Arteni 2 0.0475
AR.2009.18.1 Pokr Arteni 2 0.0437 AR.2009.1.1  Pokr Arteni 2 0.0433 AR.2009.18.1 Pokr Arteni 2 0.0503 AR.2009.1.1  Pokr Arteni 2 0.0562 AR.2009.1.1  Pokr Arteni 2 0.0560
AR.2009.1.1  Pokr Arteni 2 0.0437 AR.2009.19.1 Pokr Arteni 2 0.0446 AR.2009.1.1  Pokr Arteni 2 0.0559 AR.2009.68.5 Pokr Arteni 2 0.0587 AR.2009.19.1 Pokr Arteni 2 0.0637
AR.2009.68.5 Pokr Arteni 2 0.0532 AR.2009.68.5 Pokr Arteni 2 0.0567 AR.2009.68.5 Pokr Arteni 2 0.0655 AR.2009.20.1 Pokr Arteni 2 0.0644 AR.2009.68.5 Pokr Arteni 2 0.0640
CA14-R1-B Bozkdy 0.0953 CA14-R1-B Bozkdy 0.0865 CA14-R1-B Bozkdy 0.0893 AR.2009.42.2 Pokr Arteni 1 0.0680 AR.2009.68.7 Pokr Arteni 1 0.0766
AR.2009.68.7 Pokr Arteni 1 0.0991 AR.2009.68.7 Pokr Arteni 1 0.0887 AR.2009.68.7 Pokr Arteni 1 0.0998 AR.2009.42.1 Pokr Arteni 1 0.0688 AR.2009.42.2 Pokr Arteni 1 0.0816
CA14-R1-A Bozkoy 0.1064 AR.2009.42.1 Pokr Arteni 1 0.0957 AR.2009.42.2 Pokr Arteni 1 0.1014 AR.2009.19.1 Pokr Arteni 2 0.0715 AR.2009.42.1 Pokr Arteni 1 0.0877
AR.2009.42.2 Pokr Arteni 1 0.1074 AR.2009.42.2 Pokr Arteni 1 0.0959 CA14-R1-A Bozkdy 0.1022 AR.2009.68.6 Pokr Arteni 1 0.0743 CA14-R1-B Bozkdy 0.0937
CA14-P1 Bozkoy 0.1104 CA14-R1-A Bozkoy 0.0963 AR.2009.42.1 Pokr Arteni 1 0.1059 AR.2009.68.4 Pokr Arteni 1 0.0977 AR.2009.68.6 Pokr Arteni 1 0.0986



Supplementary Table D

Click here to download Supplementary Online Information: Supp Table D - pXRF data.xlIsx

Specimen/Artifact Source

BTUO08
BTUO08
BTUO08
BTUO09
BTUO09
BTUO09
DT 05 1.3975/27
ea52b2
ea52b3
ea53bl
ea53b2
ea54bl
ea55bl
ea55b2
ea56bl
bv0017a
bv0017a
bv0017a
bv0017b
bv0017b
bv0017b
bv0017b
bv0017b
bv0017c
bv0017c
bv0017c
bv0018a
bv0018a
bv0018a
bv0018a
bv0018b
bv0018b
bv0018b
bv0018c
bv0018c
bv0018d
bv0018d
bv0018d
bv0018d
bv0019a

Bingol B
Bingol B
Bingol B
Bingol B
Bingol B
Bingol B
Bingol B
Bingol B
Bingol B
Bingol B
Bingol B
Bingol B
Bingol B
Bingol B
Bingol B
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani
Chikiani

Nb (ppm)

15
16
14
16
15
17

18
18
17
17
14
17
18
15
17
16
16
19
14
16
16
16
16
17
19
16
19
19
19
20
24
24
24
23
22
22
24
24
23
17

Zr (ppm)
322
311
306
318
316
310
340
325
322
318
323
321
326
318
318

68
69
74
69
71
69
73
73
74
76
76
77
72
76
72
82
87
86
85
81
86
86
80
84
69

Sr (ppm)
51
50
48
54
52
49
54
53
52
54
51
48
57
54
57
85
93
97
81
87
89
92
88
9
93
90
95
94
91
93
108
105
111
101
103
105
106

98
102

80

Rb (ppm)
220
218
216
220
227
220
238
226
222
223
217
231
230
214
223
123
127
147
115
130
126
132
126
131
133
134
141
138
137
133
160
163
162
147
151
154
166
149
155
129



Supplementary Table E
Click here to download Supplementary Online Information: Supp Table E.xlIsx

Number Operation Lot Sub-number SF number Site phase
dt-001 | 1931 26 Phase D-8
dt-002 | 1784 5 Phase D-10
dt-003 | 1867 15 Phase D-10
dt-004 V 2225 2 Uncertain
dt-005 | 1232 4 Phase D-10
dt-006 | 1269 1 Phase D-10
dt-007 | 2327 7 Phase D-10
dt-008 | 1774 12 Phase D-10
dt-009 | 1879 3 Phase D-10
dt-010 | 1827 1 Phase D-10
dt-011 | 1794 4 Phase D-10
dt-012 Surface 499 1 unstratified
dt-013 | 1774 77 Phase D-10
dt-014 | 1893 7 Phase D-10
dt-015 | 526 1 Phase D-10
dt-016 | 1249 3 Phase D-10
dt-017 | 633 1 Phase D-10
dt-018 | 1774 67 Phase D-10
dt-019 | 1823 70 Phase D-10
dt-020 | 1805 1 Phase D-10
dt-021 | 683 3 Phase D-10
dt-022 Surface 499 3 unstratified
dt-023 | 2414 4 Phase D-9
dt-024 | 1237 7 Phase D-10
dt-025 | 1894 6 Phase D-10
dt-026 | 1867 16 Phase D-10
dt-027 | 1823 3 Phase D-10
dt-028 | 1244 21 Phase D-10
dt-029 | 1264 3 Phase D-6
dt-030 | 1823 47 Phase D-10
dt-031 | 1811 47 Phase D-10
dt-032 IV 1502 1 Late occupation
dt-033 | 2315 1 Phase D-10
dt-034 | 1919 1 Phase D-10
dt-035 | 1805 8 Phase D-10
dt-036 |l 704 23 Phase D-6
dt-037 | 2309 1 Phase D-10
dt-038 | 2576 5 Phase D-10
dt-039 | 2547 4 Phase D-6
dt-040 | 2518 2 Phase D-9
dt-041 | 2488 1 Phase D-6
dt-042 | 2415 1 Phase D-9
dt-043 | 2453 3 Phase D-10
I

dt-044 2464 32 Phase D-9



