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Obsidian sourcing studies have a long history in the Near East, but relatively few have focused on obsidian
exchange after the Early Bronze Age. Here, we present a multi-technique analysis of an assemblage of 111
obsidian artifacts from excavated Late Bronze and Early Iron Age (LBA-EIA; c. 15th-6th ¢ BCE) contexts at
Mtsvane Gora, southern Georgia. Because the site is situated in the lowland Kura Valley and the nearest obsidian
sources are in the highlands to the south and west, obsidian provenance can serve as a proxy for mapping
highland-lowland interactions. Chemical compositions analyzed via portable X-ray fluorescence spectrometry
(pXRF), electron microprobe analysis (EMPA), and laser ablation inductively-coupled plasma mass spectrometry
(LA-ICP-MS), were compared with existing geological datasets of chemical analyses to identify the source of all
but one of the artifacts analyzed. The results show that Chikiani, a source in the highlands of southern Georgia,
was the geological origin of >90% of the objects analyzed. While acknowledging that obsidian exchange is just
one aspect of highland-lowland interaction, this finding implies that Mtsvane Gora’s connections with the
adjacent highlands were skewed towards greater engagement with some highland areas relative to others. More
generally, the research suggests that geographic adjacency of highlands and lowlands does not necessarily mean
that they were highly interconnected.

1. Introduction

relationships are an inevitable touchstone in any discussion of interac-
tion over long distances (Anderson et al. 2018). As these issues are

Eastern Anatolia and the South Caucasus contain many obsidian
deposits associated with volcanic lava flows, which have been exploited
by humans from the Paleolithic until at least the Early Iron Age (Fig. 1).
From the perspective of both geological constraints and analytical
chemistry, obsidian is one of the most suitable materials for sourcing. It
has chemically distinct sources in numbers manageable for reasonably
comprehensive sampling over a large area (a situation that is quite
different from clay raw materials in ceramic sourcing), while its glassy,
nearly homogeneous character simplifies chemical analysis. For these
reasons, obsidian sourcing studies are a major area of research in this
region and the surrounding areas of the Near East where South Cauca-
sus/Eastern Anatolian obsidian is found.

In a mountainous, ecologically diverse region, highland-lowland
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prominent in wider study of the ancient Near East (Algaze 2005; Stein
1999) and in mountainous regions worldwide (e.g. Scott 2009; Van
Buren 1996), the Caucasus provides a useful case study, one that until
recently has not been appreciated in the global comparative archaeology
of complex societies. Although the region is generally coded as “high-
lands” in the wider context of Near East Archaeology, it in fact contains a
very wide range of ecological and topographic environments, including
low-lying alluvial plains and coastal environments. Research on
highland-lowland interactions within the South Caucasus allows us to
move from broad generalized characterizations covering entire regions
towards an analysis of specific dynamics of interaction on the human
scale. Ultimately, this approach leads to a more robust, data-driven
understanding of highland-lowland interaction at all spatial scales.
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Obsidian sourcing research in the Caucasus has largely focused on
the Palaeolithic (Doronicheva et al. 2017; Frahm et al. 2014; Le Bour-
donnec et al. 2012), Neolithic (historically the major focus of obsidian
research in the wider Near East) (Badalyan et al. 2010; Keller et al. 1996;
Nishiaki et al. 2019; Olshansky 2018), and Chalcolithic (Palumbi et al.
2018). Obsidian exploitation during Bronze Age—especially periods
after the end of the Early Bronze Age in the mid-late 3rd millennium
BCE—has been relatively understudied (see, e.g. Badalyan 2010; Cha-
taigner and Gratuze 2014b). Yet, obsidian remained an important and
widely distributed resource well beyond the “stone” ages. In the South
Caucasus, obsidian arrowheads, some of them masterworks of pressure
flaking, are found in Middle and Late Bronze Age contexts (Gobejishvili
1981:Pls. V-VI; Narimanishvili 2010:Pls. XVIII-XIX), and it seems that
copper-alloy arrowheads only came into more regular use around the
end of the 2nd and the beginning of the 1st millennium BCE (Erb-Satullo
and Jachvliani 2022:318; Kuftin 1941:75, 309, 311).

The Late Bronze and Early Iron Age (LBA-EIA, c. 1500-800 BCE)
represented a considerable change in settlement and subsistence pat-
terns in relation to the preceding Middle Bronze Age (MBA; c.
2500-1500 BCE). From the mid-2nd millennium BCE, hilltop settle-
ments and fortresses became a staple of the South Caucasus landscape, a
pattern that continues into the early 1st millennium BCE, when the
Kingdom of Urartu, ruled over parts of the South Caucasus (Erb-Satullo
et al. 2019; Hammer 2014; Narimanishvili 2019; Smith 2006). Situated
chronologically between MBA pastoral communities and the emergence
of larger Iron Age states, the LBA/EIA period offers a tantalizing op-
portunity to gain a better understanding of long-term transformations in
the expression of social hierarchy and the consolidation of political
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power. Studies of social dynamics during this period have often focused
on the ways in which economic and religious activities concentrated
power and authority within these communities (Lindsay et al. 2008;
Smith and Leon 2014). Though the degree of centralization remains
unclear, studies of production and exchange provide an opportunity to
explore how these communities were situated within their economic
landscape.

Identifying the origins of obsidian artifacts offers one way of exam-
ining the structure, patterning, and directionality of economic contacts
in the South Caucasus. While the movement of obsidian is but one
element of a varied landscape of contact and exchange, it is one that is
particularly accessible due to the abundance and visibility of obsidian
debitage as well as the favorable geochemical characteristics and ma-
terial properties of obsidian. Furthermore, obsidian exchange networks
do not exist in a vacuum, and it is reasonable to suggest that obsidian
might serve as a useful proxy for other kinds of contact and exchange.
Other materials were probably exchanged for obsidian, and such ex-
changes may have been facilitated by, or benefitted from, the movement
of people across the landscape for other purposes, such as pastoral
transhumance, metallurgical prospection, and even intercommunal
raiding.

Obsidian found at Mtsvane Gora, a well-dated hilltop site in southern
Georgia, presents an opportunity to investigate the connections and
interactions between highland and lowland areas of the South Caucasus
during the LBA-EIA. Its position, at the edge of the lowland Kura
(Mtkvari) basin, with the foothills of the Lesser Caucasus range imme-
diately to the south and west and multiple routes of access to the
highlands, makes it an ideal location to explore these connections.

Caspian
Sea

Fig. 1. Map of the South Caucasus showing Mtsvane Gora (red circle), key Caucasus and East Anatolian obsidian sources (black triangles). Least cost paths (gray
lines) show the path of minimum walking time from Mtsvane Gora to each obsidian source.
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Moreover, many key obsidian sources lie to the south and west of the
site. This geographic disposition permits us to test different models of
obsidian procurement—for instance, those that are highly eclectic,
drawing on numerous sources and implying opportunistic connections,
and those that are directional and selective, implying sustained links
with specific highland zones. Prior research, focusing on earlier periods,
has documented the widespread use of the Chikiani obsidian source,
located in southern Georgia, noting its quantity, quality, and ease of
access (Badalyan et al. 2004). Nevertheless, the numbers of analyzed
LBA-EIA obsidian artifacts from the Kura basin remains low, and Chi-
kiani is only one of several obsidian sources within 100 km of Mtsvane
Gora. Here we present the analyses of 111 excavated LBA/EIA obsidian
artifacts from Mtsvane Gora, providing a substantive picture of obsidian
procurement patterns at the site—patterns which serve as a proxy for
what was likely a wider range of interactions between lowland and
highland zones of the Lesser Caucasus mountains.

2. Background
2.1. Mtsvane Gora

Mtsvane Gora is an LBA-EIA fortified site on the margins of the Kura
River lowlands. It occupies an isolated hilltop along a key route of travel
running along the Debeda River into the Lesser Caucasus highlands
(Fig. 2). The lowlands and foothill zones of Kvemo Kartli (the present-
day administrative region in which the site is located) are well known
for their long history of settlement, with the Neolithic and Early Bronze
periods receiving particular attention (Hamon et al. 2016; Lyonnet et al.
2012; Stollner and Gambashidze 2011). The region is particularly rich in
copper, iron, and gold deposits, located in the Khrami, Mashavera, and
Debeda gorges and extending on both sides of the Georgian-Armenian
border. Mining and metallurgical activities in the region stretch back
to at least 3000 BCE (Stollner and Gambashidze 2011), if not earlier
(Lyonnet et al. 2012:84-85), and continued into the 1st millennium BCE
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and later (Erb-Satullo et al. 2020; Gzelishvili 1964:31-38). The position
of the ore deposits along foothill valleys and gorges leading to highland
pasturelands raises the possibility that seasonal pastoral transhumance,
the procurement of obsidian, and the circulation of metal may have
formed part of an interrelated system of highland-lowland connectivity.
Identifying the geological source(s) of the obsidian artifacts at Mtsvane
Gora, therefore, provides an opportunity to explore one dimension of
this broader system.

Initial surface surveys at Mtsvane Gora identified a fortification wall
encircling the hilltop, along with considerable quantities of LBA/EIA
pottery, obsidian, and traces of metallurgical slag (Erb-Satullo 2018).
Excavations at the site, focusing on the areas just inside the encircling
wall on the southern slope, identified two periods of occupation (Erb-
Satullo and Jachvliani 2022) (Fig. 3). The first phase was represented by
a beaten clay surface with numerous flat-lying pottery sherds, stone
implements, and animal bones, was dated via two radiocarbon dates on
charcoal to the 14th-13th centuries BCE. An additional, slightly charcoal
sample from a partially preserved structure slightly up-slope in trench 4
gave a slightly earlier date in the 15th-14th c. BCE. Charcoal from
sediments overlying the floor surface in trench 1, with occasional
patches of clay and poorly preserved pieces of stone collapse, were
radiocarbon dated to the 8th-6th century BCE (Erb-Satullo and Jachv-
liani 2022: Fig. 4, Table 1). No evidence of substantial occupation in
later periods was identified. The stratigraphic position of the slags
showed that the metallurgical debris belonged to the later phase, with
none identified on the earlier 15th-13th c¢. BCE layers. Both copper-
alloys and iron objects were manufactured at the site, with the evi-
dence showing that these activities took place within the same work-
shops (Erb-Satullo et al. 2020). While evidence suggests that the
metallurgical activities were restricted to forging, alloying and casting
metal smelted elsewhere, the presence of a chunk of mixed jarosite,
pyrite, and elemental sulfur, which most likely derives from nearby
copper deposits, also hints at a variety of material procurement net-
works oriented towards the highlands to the south and west.

Fig. 2. The hilltop site of Mtsvane Gora (black arrow) in the Debeda River Valley, with the foothills of the Lesser Caucasus range rising behind it. This view looks

south up the valley, with the Debeda River in the valley bottom on the left.
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Fig. 3. Map of Mtsvane Gora showing locations on trenches (left) and a final orthophoto (right) of trenches, 1, 4, 5, and 6. Approximate horizontal extent of contexts
from which obsidian analyzed in the present study came are overlaid in blue. See Table 1 for context descriptions.

Fig. 4. Obsidian points from Mtsvane Gora. Arrowheads on left and center are characteristic of the Late Bronze Age.

Obsidian debitage was abundant throughout the excavation, as is
typical of LBA-EIA sites in this area. In the 2017 excavation season, 983
pieces of chipped stone, virtually all of it obsidian, were recorded,
totalling 3.1 kg (average 3.2 g per artifact). Conservative estimates
would put the total quantity of obsidian at the site on the order of
hundreds of kilos. Bronze Age chipped stone assemblages in the South
Caucasus have rarely been the subject of comprehensive lithic analysis
(Purschwitz 2018), so the full range of tools and techniques has yet to be
appreciated. While comprehensive formal lithic analysis was not un-
dertaken, it is clear that obsidian tools and other finished items were
rare. Two obsidian arrowheads were found, one on a 14th-13th c. BCE
floor surface, and one in the gravelly levelling fill below the beaten clay
floor (Fig. 4). A third obsidian point with signs of retouch was found in
the upper fill of Trench 4. Chipped stone sickle blade inserts were found
at the site, but none were made of obsidian. Evidence from other

! This figure excludes a small number chipped stone finds (e.g. obsidian ar-
rowheads, points, and chert sickle inserts) collected as separate small finds at
the point of excavation.

excavations in the region suggests that sometime during the LBA-EIA,
copper-alloy arrowheads begin to appear with more regularity, but the
timing and character of this transition has not been examined in detail
(compare arrowheads of varying materials in Erb-Satullo and Jachvliani
2022:317; Kuftin 1941:303-309; Narimanishvili 2010:Pls. XVIII-XIX). At
Mtsvane Gora, obsidian was found both on the earlier 2nd millennium
BCE floor level and in overlying 1st millennium BCE contexts. It is
probable that some obsidian in these upper layers is detrital, deriving
from erosion and redeposition of older deposits farther up the hill, but
quite unlikely that it is entirely so. A more parsimonious explanation is
that obsidian was knapped throughout the occupation at Mtsvane Gora.

2.2. Obsidian sources

Given its importance at other sites and time periods in southern
Georgia, Chikiani was hypothesized to have been a significant source of
obsidian found at Mtsvane Gora. It lies in southern Georgia at an
elevation of about 2400 m, near Lake Paravani, and formed somewhere
between 2 and 3 million years ago (Le Bourdonnec et al. 2012). Pre-
historic use of Chikiani obsidian is well documented from western
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Georgia (Colchis) to central Azerbaijan, and from the North Caucasus to
Armenia (Badalyan 2010; Badalyan et al. 2004; Malinsky-Buller et al.
2021). At Samshvilde, a multi-period site also located in the foothills of
Kvemo Kartli roughly midway between Mtsvane Gora and the Chikiani
obsidian source, a large proportion of the obsidian assemblage derived
from this source (93%, 28 of 30). However, the dates of the analyzed
artifacts are not specified, and the site spans from the Neolithic to the
Medieval period. The dominance of the Chikiani obsidian at archaeo-
logical sites in Georgia probably derives from its relative isolation as the
northernmost of the South Caucasus obsidian sources. While Chikiani
obsidian has been documented at archaeological sites north of the
Greater Caucasus mountain range in Russia (Badalyan et al. 2004;
Doronicheva and Shackley 2014), obsidian from the single North Cau-
casus source (known as Baksan or Zayukovo; Fig. 1) is not documented
to the south, even in western Georgia, where it is the closest site as the
crow flies (Le Bourdonnec et al. 2012). At 2400 m in elevation, the
Chikiani source is only a modest climb above the surrounding Javakheti
and Trialeti Plateaus (c. 1500-2100 m), which were densely settled with
LBA-EIA fortresses (Narimanishvili 2019).

Nevertheless, Chikiani is not the sole source of obsidian for archae-
ological sites in the Kura Valley. Comprehensive analysis of 901 obsidian
objects—the entire assemblage from one trench—from Neolithic
Goytepe in Azerbaijan, about 85 km southeast of Mtsvane Gora, showed
that only a small minority (6.9%, n = 62) derived from Chikiani, while a
far larger portion (39.8%, n = 359) derive from more distant sources in
northeastern Turkey, (Nishiaki et al. 2019). The results from Goytepe
indicate the value of analyzing large quantities of obsidian debitage
from a single site; they reveal chronological shift between periods, and
illustrate how the most proximate sources are not necessarily favored in
an assemblage. No Late Bronze and Early Iron Age obsidian assemblage
has received a similar treatment involving the analysis of many samples
from well-dated contexts.

Other proximal obsidian sources to those at Mtsvane Gora include
Aghvorik (sometimes called Ashotsk or Eni-El) in Armenia, and several
deposits in the Tsaghkunyats Range (Damlik, Ttvakar, and Kamakar),
which lie in the highlands upriver along the Debed gorge from Mtsvane
Gora. These sources, along with Chikiani, are the closest to Mtsvane
Gora, all between 70 and 90 km on a direct line, or about 90-100 km
when following a least-cost path due to the mountainous terrain (Fig. 1).
In terms of quantity and quality (ideal obsidian for knapping is homo-
geneous with few crystals), both Chikiani and the Tsaghkunyats deposits
are prime sources, while the Aghvorik deposits are smaller and lower in
quality and its obsidian has been identified only at the very nearest of
archaeological sites (Badalyan et al. 2004).

The composition of obsidian sources in the Caucasus differ suffi-
ciently to distinguish between most sources, especially when consid-
ering all major, minor, and trace elements. Nonetheless, there are
complexities that have not always been recognized by researchers or
acknowledged in the literature. For example, there are a series of named
obsidian outcrops (e.g. Djraber, Gyumush, Nurnus) in the Gutansar
volcanic complex (Fig. 1), all of which are exposures of the same
extensive — and thus chemically consistent — obsidian flow (Frahm et al.
2014), whereas Hatis volcano exhibits different obsidian chemistries as
one ascends its slopes (Frahm et al. 2021). Relying on a scatterplot of
just two elements can lead to source overlaps (Chataigner and Gratuze
2014a); however, taking into account the other elements usually re-
solves such concerns. Importantly, this body of prior research has shown
chemical separation among several sources close to Mtsvane Gora (e.g.
Chikiani, Aghvorik, and the Tsaghkunyats sources) in both major,
minor, and trace elements, so it is likely we would be able to distinguish
between obsidian from these sources at Mtsvane Gora.
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3. Materials and methods
3.1. Materials for analysis

A total of 111 obsidian artifacts from Mtsvane Gora were analyzed.
Seven newly collected geological specimens from the Chikiani source
were also analyzed for comparative purposes. Artifacts were selected
from the chronologically-constrained 14th-13th c. floor assemblage (n
= 66), but also a range of mixed upper fills (n = 45), which would likely
include obsidian dating to the full range of LBA-EIA occupation
(Table 1). Within these contexts, lots with larger quantities of obsidian
were selected, and all pieces of obsidian in the selected lots were
analyzed. Macroscopic appearance was therefore not a factor in the
selection of artifacts for analysis. Because even brief episodes of knap-
ping can yield significant quantities of debitage, an exclusive focus only
on sampling the floor surface assemblages might underrepresent the
diversity of obsidian sources used. This sampling strategy therefore
mitigates the risk of overestimating the importance of a single source, in
case all the debitage from the floor level came from a single cobble or
knapping session. Macroscopically, the analyzed assemblage obsidian
debitage was black with minor variations in opacity.

3.2. Portable X-ray fluorescence spectrometry (pXRF)

Calibrated measurements of Sr, Zr, Rb, and Nb concentrations were
determined via an Olympus Vanta VMR portable X-ray fluorescence
(pXRF) spectrometer in the Yale University Archaeological Laboratories,
following standard analytical procedures (e.g. Frahm et al. 2019; Frahm
and Tryon 2018). To ensure accuracy and reproducibility of the in-
strument, previously analyzed geological obsidian specimens were run
alongside the Mtsvane Gora artifacts. Multiple analyses were under-
taken for each artifact. Repeat analyses on artifacts were averaged, but
as differences between measurements were almost always less than 5
ppm absolute and 5% relative, this had hardly any effect on the values
ultimately used for source identification. A large analytical dataset for
geological specimens of known volcanic origin was used to identify
source locations of the Mtsvane Gora artifacts. These geological data
include some replicate measurements for select specimens in order to
establish the potential ranges of measurements for each geological
source.

3.3. Electron microprobe analysis (EMPA)

Small samples were removed from the obsidian objects and mounted
in epoxy resin. Major and minor element volcanic glass chemistry of

Table 1

List of contexts from which the analyzed obsidian objects derive. Field numbers
refer to unique numbers given to finds, both individual (e.g. small finds) and
collective (e.g. pottery sherds, and as in this case, chipped stone). Separate
pieces of obsidian were given sequential numbers (e.g. 1012-1, 1012-2, etc.).
See Erb-Satullo and Jachvliani (2022) for further discussion of site stratigraphy.

Trench  Context  Field # Context Description # of obsidian
pieces analyzed

1 10046 SR568 14th-13th c. BCE floor 19
assemblage

1 10048 SR776 14th-13th c. BCE floor 16
assemblage

1 10053 SR1012  14th-13th c. BCE floor 13
assemblage

4 40035 SR893 14th-13th c. BCE floor 18
assemblage; ashy lenses close
to bedrock

5 50003 SR826 Mixed fill. General LBA-EIA 32
date

6 60001 SR952 Topsoil/collapse. General 13

LBA-EIA date
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individual clasts were determined using a JEOL JXA-8200 Superprobe in
the Research Laboratory for Archaeology and the History of Art
(RLAHA), University of Oxford. The instrument is equipped with five
wavelength-dispersive X-ray spectrometers (WDS). The glasses were
analyzed using a defocused (10 pm), 15 kV and 7 nA electron beam. The
instrument was calibrated using a range of mineral standards, and the
accuracy and precision of the data was assessed using analyses of three
reference glasses (MPI-DING, see Jochum et al. 2006) analyzed along-
side the Mtsvane Gora samples (all data reported in the Supplementary
Material). The following elements were analyzed (with peak count times
in brackets) and the data is presented as weight percent (wt%) oxide: Na
(12s), Mg (505); A1 (30s), Si(30s),P (505), Cl (505),K(30s5), Ca(305),
Ti (30 s), Mn (50 s) and Fe (30 s).

Multiple spots were analyzed on each sample and the backscattered
electron imaging was used to ensure the positions were away from any
small crystals that had formed in the obsidian lava during cooling. These
compositions were averaged to avoid over-interpreting intra-sample
variation, partially mitigate large spot size differences between pXRF
and EMPA, and facilitate clarity in data visualization and discussion.
Nonetheless, all individual spot analyses are provided in Supplementary
File 1, and plots of individual EMPA non-averaged analyses are given in
Supplementary File 4. Specimens with anomalous measurements or high
variation were re-run to identify and remove clear outliers. Outliers
most likely result from the beam sampling microscopic crystalline
phases at depth, as these were sometimes visible at the surface. As these
crystals are compositionally distinct from the matrix glass of the
obsidian, analyses or partial analyses of these were not included in the
averages. A total of 558 spot analyses were made, of which 526 were
used for calculating averages. At least 3 analyses were taken for each
object. In cases where the three analyses differed, further analyses made
it clear which measurements were anomalous and which ones repre-
sented the glassy melt.

EMPA data on a wide range of geological sources in Eastern Anatolia
and the Caucasus region collected by Frahm (2010; 2012), with minor
updates to source names that have emerged in the last decade, were used
to help determine the sources present in the Mtsvane Gora data. Both
datasets were normalized to 100%, but analytical totals (typically
98-101%) are reported in Supplementary File 1.

3.4. Laser ablation inductively coupled plasma mass spectrometry (LA-
ICP-MS)

Trace element data was acquired on three archaeological samples
and two geological samples using an Agilent 8900 triple quadrupole ICP-
MS (ICP184 QQQ) attached to a Resonetics 193 nm ArF excimer laser-
ablation in the Department of Earth Sciences, Royal Holloway Univer-
sity of London. Limitations on instrument access prevented analysis of
the full assemblage via LA-ICP-MS. Furthermore, the other methods
were sufficiently effective that LA-ICP-MS analyses served primarily as a
supplementary validation. The samples chosen for LA-ICP-MS analysis
include known geological samples from Chikiani, a suspected Chikiani-
derived sample from Mtsvane Gora, and two suspected non-Chikiani
samples from Mtsvane Gora.

The analytical procedures followed are the same as those outlined in
Tomlinson et al. (2010). A spot size of 34 um was used with a repetition
rate of 5 Hz for the analyses. The NIST612 glass (GeoREM 11,/2006) was
used to calibrate the instrument and the MPI-DING reference glasses
(Jochum et al. 2006) were used to monitor accuracy of the data. 295i was
used as the internal standard with the Si values derived from EMPA. The
LA-ICP-MS data reduction was performed in Microsoft Excel. Accuracies
of LA-ICP-MS analyses of MPI-DING glass standards ATHO-G and StHs6/
80-G were typically less than 5% most elements analysed. The obsidian
glass data and MPI-DING reference glass analyses are provided in Sup-
plemental File 1.
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4. Results
4.1. Portable X-ray fluorescence spectrometry (pXRF)

The pXRF analysis of Sr, Zr, Rb, and Nb of Mtsvane Gora obsidian
was successful in distinguishing samples of different composition, and in
most cases revealed good agreement with known geological sources
(Figs. 5 and 6). In the Sr-Zr plot, most of the samples plot along a roughly
linear trend line that matches quite well with the Chikiani field. Several
obsidian samples (1012-5, 568-12, 826-9, and 952-6) had higher mea-
surements of Sr and Zr, but plot along the same trend line as the other
Chikiani field and have no other plausible alternative matches. It is
likely that these measurements represent compositional variation within
the Chikiani source which would require further explanation through
geological survey and detailed analysis of source chemistries. Eight
samples have clear dissimilarities in their chemical composition
compared to the main cluster. Seven of these fit well with other known
obsidian sources, including Damlik, Aghvorik, Kars-Arpacay (1 and 2),
and the Arteni sources.

There is less separation between sources in the Rb-Nb plot, but the
pattern is consistent. Nb values for samples clearly matching certain
source fields in the Sr-Zr plot are slightly lower than expected, but these
differences are small in absolute terms—about 3-4 ppm. The low overall
concentrations of Nb, and surface irregularities in the debitage may
explain these slight shifts.

While nearly all the samples were reasonably well-attributed to a
particular source based on the pXRF results, sample 776-14 is an
exception that is difficult to place. It plots somewhat close to the Kars-
Arpacay sources, but its Zr content is low for Kars-Arpacay-2 and its Sr
content is low for Kars-Arpacay 1, and for a South Erzurum source
described by Chataigner et al. (2014). Likewise, its Rb content exceeds
those found in either of the two Kars-Arpagay sources. Other conceivable
sources based on Sr and Zr content of 776-14, such as Mus and Pasinler,
both in eastern Anatolia, are excluded by significant differences in their
Rb and Nb content. Finally, we note that given the overlapping fields,
1012-1, which we assign to Kars-Arpacay 1, also has a composition close
to South Erzurum source. However, given that the only a few geological
samples of the latter have been analysed, while the former is a well-
documented obsidian source for archaeological assemblages, we favor
the Kars-Arpagay 1 designation for 1012-1.

4.2. Electron microprobe analysis (EMPA)

Major and minor elemental compositions determined by EMPA
complemented the results from XRF trace element analysis. While sep-
aration between potential geological sources among major and minor
element chemistry is not as significant as seen in some trace elements,
these analyses offer an independent check using a different method.
Nevertheless, it is important to keep in mind that EMPA spot sizes (10
um) are smaller than some heterogeneities in the melt, so individual spot
measurements typically reveal more intra-object variation than pXRF
measurements, which have spot sizes on the order of several millimeters.
Small crystals were observed in backscatter images of the samples and
these were mostly a few microns to tens of microns in size (microlites)
(Fig. 7). It was sometimes possible to tentatively identify the crystalline
phases from the analysis, even when they were small relative to the
beam’s excitation volume, based on which elements were anomalously
higher or lower than the other analyses of the same sample. In many
cases, they were probably pyroxene or feldspar. The glass of some
samples had considerable variability in potassium and sodium, probably
due to alkali exchange during slow cooling (Scott 1971).

Despite these considerations and caveats, the major and minor
element analyses show the same correlations as those made with the
pXRF-derived trace elements. The majority of samples cluster together
in a more or less constrained field aligning with those of the Chikiani
source, while the minority of samples that plot outside this main cluster
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Fig. 6. Rb-Nb plot for Mtsvane Gora obsidian, plotted against geological data. Geological sources which match obsidian analysed from Mtsvane Gora are shown in
color, geological source data without matches in the Mtsvane Gora assemblage are plotted in gray for reference.

are with the same samples that were identified as non-Chikiani source
based on the pXRF data.

FeO-CaO plots are particularly illuminating in this regard (Fig. 8).
Samples from Kars-Arpacay plot on the low-calcium the spectrum, while
Arteni, Chikiani, and Damlik form clusters of progressively increasing
calcium content. Sample 826-3 has usually high CaO and FeO (>1 wt%
for both), which is consistent with samples from Aghvorik. Interestingly,
the unidentified sample 776-14 plots close to Kars-Arpacay field; as with
the trace elements, this seems the nearest plausible match, despite di-
vergences, particularly in Rb content.

Plots of Nay0, K30, SiO,, and Al;03, while showing more overlap

between sources, likewise confirm these broad patterns (Figs. 9 and 10).
Three exceptions are samples 776-3, 893-3, and 952-2, all samples
which otherwise plot well within the Chikiani field, but which are
marked by anomalously low sodium and high potassium. Such chemis-
tries are likely the result of alkali exchange (Scott 1971), due to slow
cooling, and are not necessarily indicative of a different source.
Encouragingly, however, the two samples which match Kars-Arpacay
sources in the Sr-Zr plot have higher Na values as expected from Kars-
Arpagay, as does unidentified sample 776-14. Likewise, in the Al;O3-
SiOy plot, sample 826-3, which matches Aghvorik trace element
composition, also plots in the low Si, high Al range as expected.
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JEOL COMP 15,

Fig. 7. Backscatter electron image showing example of fine microlite crystals
(lighter flecks), which differ compositionally from the glassy melt. Image is
from sample 1012-6.

4.3. Laser ablation inductively coupled plasma mass spectrometry (LA-
ICP-MS)

As a comparison, three samples of obsidian which diverged from the
core group in EMPA and pXRF analyses, as well as two recently-collected
geological samples from Chikiani were analyzed via LA-ICP-MS
(Table 2). Ch-1 and Ch-2 geological samples have the same chemistry
with similar levels of Nb, Th and La. Archaeological samples 776-14,
826-12 and 826-3 each have distinct chemical compositions that do
not match with the two samples from Chikiani. While the general pat-
terns hold, however, the absolute degree to which the LA-ICP-MS
matched the pXRF and EMPA data varied somewhat between ele-
ments. LA-ICP-MS results tended to exceed EMPA measurements for
both Ca and Ti. LA-ICP-MS measurements for Ca in Sample 776-14
(2867 and 4683 ppm) both diverged from the EMPA measurement of
1001 ppm (equivalent to 0.14 wt% CaO). This is attributed to Ca-rich
microcrystal present in these obsidians, these were avoided during
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EMPA, however during LA-ICP-MS their incorporation into the analysis
was unavoidable. Only the Ca ablation signal appears affected by these
inclusions, with no major signal variability observed during the indi-
vidual measurements of the trace elements presented.

Agreement between the pXRF and LA-ICP-MS data was good for Rb
and Zr, slightly less so for Sr. LA-ICP-MS values for Nb were consistently
higher than pXRF results by 5-9 ppm or 33-43% relative—some of the
difficulties may derive from the fact that overall Nb content is low
compared to the other elements. Usefully, LA-ICP-MS confirmed the
very low Sr content (2-3 ppm) in 776-14, which was observed in the
pXRF data and which separated it from its closest match, Kars-Arpacay
1. These comparisons illustrate some of the challenges in cross-
correlating datasets across instrument types. For these reasons, we
favor source determinations that use data generated using the same
analytical technique. Spot sizes for pXRF instruments are generally or-
ders of magnitude larger than for both the LA-ICP-MS and the EMPA, so
there is potential for the pXRF analysis to also include microlites and so
may not just reflect the melt chemistry alone.

4.4. Source identification

The combination of EMPA, pXRF, and LA-ICP-MS analysis and
comparisons with geological reference datasets provided secure or
probable identifications all but one of the samples analyzed. Of the 111
samples identified, 99 are securely linked with the Chikiani source, with
a further 4 attributed as probable Chikiani. Small quantities of obsidian
from six other sources in modern day Armenia and northeastern Turkey,
including Aghvorik (1), Damlik (one of the Tsaghkunyats sources) (2),
Mets Arteni (1), Pokr Arteni (1), Kars-Arpacay 1 (1), and Kars Arpacay 2
(1) (Table 3, Fig. 11).

5. Discussion

The results of obsidian provenance analysis provide clear evidence
for the importance of the Chikiani source in eastern Georgia through the
Late Bronze Age and into the Iron Age. Prior research had suggested this
was the case for the Chalcolithic and Early Bronze Age, but no prior
work had examined such a large securely-dated obsidian assemblage
from the Late Bronze and Early Iron Age.
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Fig. 8. FeO-CaO plot for Mtsvane Gora obsidian artifacts, plotted against geological data. Geological sources which match obsidian analysed from Mtsvane Gora are
shown in color, geological source data without matches in the Mtsvane Gora assemblage (based on all elements) are plotted in gray for reference.
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shown in color, geological source data without matches in the Mtsvane Gora assemblage are plotted in gray for reference.

Before considering the implications of these results for highland-
lowland interaction, it is worth considering the possibility of second-
ary transport. Some sources in the literature mention that Chikiani
obsidian is carried downstream along the Khrami river, the lower rea-
ches of which pass ~15 km from Mtsvane Gora (Chataigner and Gratuze
2014a:31; La Russa et al. 2019:6735). Details about the possible sec-
ondary deposits—specifically quantity and quality—are lacking, how-
ever, and it appears that most recent references to secondary transport in
the Khrami can be traced to a brief comment in Badalyan et al.
(2004:442). Secondary deposition of obsidian away from the primary
source is certainly a possibility, but there is no data on quantities found

at different points along the Khrami, and how suitable cobbles from the
lower Khrami, carried >70 km, battered by rocks and river currents, and
subject to freeze-thaw fracturing in an aqueous environment, might be
for knapping. The primary Chikiani obsidian source is abundant and
easily accessible; it is located as relatively high elevation, but the
topography is gradual. Rather than scouring lower Khrami riverbanks
for the occasional transported cobble that made it to the lowlands, it
would have been simpler and more reliable to procure material from the
highlands, nearer the primary deposit. Summer pasturelands in the
plateaus, and abundant metal deposits in foothills would have facilitated
the emergence of conduits for the flow of people, materials, and animals
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Fig. 11. Obsidian procurement patterns at Mtsvane Gora in the context of other natural resources (ore deposits and plateau zones suitable for summer pasture) that

may have stimulated highland-lowland contact.

running from the highlands around Chikiani to the vicinity of Mtsvane
Gora, so this is not an unreasonable assumption. While we cannot
categorically rule out the possibility that knappers at Mtsvane Gora used
fluvially transported Chikiani obsidian gathered from the lower Khrami,
we consider it likely that most Chikiani obsidian at the site was gathered
at higher elevations in the Khrami gorge, if not at the source itself. A raw
materials survey of the Khrami river with an eye toward the quantity
and quality of obsidian would help resolve this issue.

As noted above, selection of objects for analysis was guided by a
desire to sample floor surface contexts as well as mixed LBA-EIA deposits
in order to avoid sampling artifacts that might derive from only a single
(and therefore possibly unrepresentative) knapping episode. Interest-
ingly, among the non-Chikiani samples, six of eight came from 14th/
13c. BCE floor level contexts. This is contrary to the possible scenario we
intended to guard against when designing the sampling strategy. Rather,
the rate of non-Chikiani obsidian was actually higher (~9%, from 6 non-
Chikiani sources) in the 14th/13th c. floor assemblages than in the
general LBA-EIA deposits (~4%, from 2 non-Chikiani sources), which
probably includes obsidian dating from later periods of the site. These
patterns are intriguing, but it would be presumptuous to argue for a
chronological change in the diversity of obsidian sources over the LBA-
EIA period. A Chi-squared test showed that chronological designation
(14th/13c. BCE floor level vs general LBA-EIA) was not a significant
predictor of the quantity of non-local obsidian (x> = 0.86, df = 1, p =
0.35), though it is worth noting that this test is not ideal for categorical
data so unequally distributed (due to the low rates of non-Chikiani
obsidian). Nonetheless, on a site with wider variety of securely dated
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floor contexts, it would be interesting to look for shifts in obsidian
procurement patterns within the LBA-EIA. One could certainly conceive
of scenarios in which obsidian exchange networks and technical skills
shifted as metal gradually replaced obsidian as the material for arrow-
heads, a change that probably took place around this time.

Obsidian sourcing patterns at Mtsvane Gora indicate that the resi-
dents at the site were engaged networks of interaction with adjacent
highland regions that were directional and asymmetric. Here we use the
terms “directional” and “asymmetric” not in the sense of a trade
imbalance in the value or quantity of goods moving along a trade route,
but rather to describe Mtsvane Gora’s uneven or skewed engagement
with different highland areas—at least with respect to obsidian supply.
The predominant orientation appears to be toward the highlands to the
west, towards the Tsalka and Javakheti plateaus, where the Chikiani
source is located, rather than the south. (The lack of obsidian in the
Great Caucasus range—except the Baksan source in the North Cauca-
sus—precludes any comment about networks reaching across the Kura
Valley in that direction.) These westerly networks would have followed
either the Khrami or Mashavera rivers, which serve as avenues of access
into the highlands. Not only is Chikiani obsidian dominant in the
assemblage, the other sources present at Mtsvane Gora also suggest a
more west or southwest orientation, rather than a southerly one. With
the exception of two samples from Damlik in the Tsaghkunyats range, no
samples came from the numerous Lesser Caucasus obsidian sources to
closer to Lake Sevan (Fig. 11). Topography and land-use patterns may
have played a role in this, as the lands between the upper reaches of the
Kura and Araxes River, where Chikiani, Aghvorik, the Kars-Arpacay and
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Arteni sources are located, are highland plateau ecozones, which would
have facilitated movement, and may have been important summer
grazing areas. There are highland plateau areas to the south, to be fair,
but those to the west and southwest closer than those of comparable size
more directly to the south. It is certainly plausible that pastoral move-
ments between the Kura lowlands and plateau zones would have
brought animals and materials, through the foothills near Mtsvane Gora.

Given Mtsvane Gora’s position where the Debeda River valley nar-
rows as it enters the Lesser Caucasus foothills (Fig. 2), it is perhaps
surprising that this corridor into the highlands to the south did not
facilitate the transport of obsidian from sources like Gutansar, Hatis,
Spitakasar, or Geghasar. Major copper deposits in Debeda gorge around
Alaverdi (Mederer et al. 2014) would presumably have drawn people
through this area, just as major ore deposits in the foothills between
Chikiani and Mtsvane Gora probably facilitated the networks of ex-
change oriented to the west. Connections between Mtsvane Gora and
these more southerly regions has been suggested by the ritual shrine
assemblages, which are best attested at Gegharot and Metsamor, both of
which lie to the south (Erb-Satullo and Jachvliani 2022). Whatever
contacts or materials exchanges did occur, however, they clearly did not
involve the movement of significant quantities of obsidian.

While we suggest that obsidian exchange networks may have been
linked in some way with the movement of other materials, people, and
animals between the lowlands and highlands, the specific mechanics of
this trade remain somewhat obscure. Possible scenarios include, among
others, direct procurement, in which people living at Mtsvane Gora
travelled into the highlands themselves, or a trade involving in-
termediaries. We also cannot be certain whether obsidian was a sec-
ondary trade engaged in opportunistically on the back of other exchange
networks, or whether it was systematically organized. Certainly, the
quantities involved and the distances in question would not have
required full time specialists to manage logistics, so it seems unlikely
that the trade would have been carried out by merchants dealing
exclusively with obsidian. On the other hand, it was a ubiquitous ma-
terial in lowland Kvemo Kartli, so its movement into these areas was
probably not entirely a matter of happenstance. Research on highland-
lowland interaction in other spheres (e.g. metallurgy, pastoralism)
would help to clarify whether this westerly orientation was a general
phenomenon for the area, or something specific to obsidian. Resolving
this question would also offer indirect insight into possible in-
terdependencies between the obsidian trade and these other economic
spheres.

6. Conclusions

The abundance of obsidian at Mtsvane Gora underlines the
continued importance of the material well after metal became common.
While there are notable exceptions, the bulk of research on obsidian
(and indeed stone tools in general) in the Caucasus and the Near East has
focused on Chalcolithic and earlier periods. In the broadest sense,
research on Bronze and Iron Age chipped stone tools and debitage il-
lustrates how certain technologies persist long after they have suppos-
edly been superseded, in this case by the advent of metallurgical
technologies (Frieman 2021; Rosen 1997).

In the case of the Caucasus, the continued dominance of Chikiani as
the key source of obsidian for the Kura lowlands in Eastern Georgia for
thousands of years suggests that certain complementary relationships
and networks of exchange had remarkable stability. These patterns of
acquisition appear to persist across several major transformations in
lifeways and subsistence practices, including the steep decline in per-
manent settlement at the end of the Kura-Araxes culture (mid-late 3rd
millennium BCE), the rise of kurgan-building elites in the Middle Bronze
Age (mid-3rd to mid-2nd millennium BCE), the re-emergence of more
sedentary settlement and the beginning of fortress-building in the Late
Bronze and Early Iron Age.

The precise provenance determinations afforded by obsidian analysis
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enable us to deconstruct vague generalizations about lowland-highland
relationships in the Caucasus and beyond. The mere fact of geographic
adjacency is not sufficient to show that proximate highland and lowland
zones were interconnected. Highland-lowland relations are rightly an
enduring theme of Near Eastern archaeology, but scholarship must
investigate the structure and character of these relationships empiri-
cally, rather than making assumptions based on ethnographic or recent
historic analogy (for an analogous critique of assumptions in research on
pastoralism, see Hammer and Arbuckle 2017). Obsidian is just one
dimension of networks of highland-lowland exchange within the South
Caucasus, albeit one that is both archaeologically visible and suited to
accurate sourcing studies. Among the wide array of materials, animals,
and people that may have moved through the foothill zones around
Mtsvane Gora, some are less amenable to provenance research, some
have yet to be studied in detail, some can only be investigated indirectly,
and others are nearly invisible to archaeological investigation. Though it
remains only a small part of the broader economic interaction between
lowland and highland areas, the obsidian trade serves as a proxy
(admittedly imperfect) for wider exchange patterns, since other things
were probably traded for and alongside it. The results suggest that
different highland and lowland zones engaged with each other in
different ways, structured by patterning in natural resources, local
ecologies, and cultural practices. Lowland sites like Mtsvane Gora were
not linked to all adjacent highlands areas in the same way, and the
converse is likely true for sites in the highlands vis-a-vis their relation-
ship with lowland zones. It is only by reconstructing the articulations
between these different economic components (see Erb-Satullo 2022),
that we can move beyond enduring, yet homogenizing narratives about
topography and socioeconomic relations in the archaeology of the
greater Near East.
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