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It has been 25 years since the publication of the monograph L’obsidienne au Proche et Moyen Orient: Du volcan à 
l’outil (Cauvin et al., 1998) and, within it, Poidevin’s (1998) chapter that summarized all available geochemical 
and geochronological data for obsidian sources in Turkey and the Caucasus. It was a highly valuable resource to 
those of us working on Near Eastern obsidian sourcing in the early 2000s; however, an update is long overdue. 
Poidevin (1998) compiled 229 analyses for obsidian sources in eastern Turkey and the Caucasus, and while he 
recognized the importance of independent analytical data, he was also frustrated that the few available data 
obscured real differences in obsidian composition versus variation among the different analytical facilities. 
Today we are closer to Poidevin’s (1998) goal. Here I summarize more than 7300 elemental analyses for 58 
geochemically distinct obsidian sources. For example, Poidevin (1998) had just two analyses for Meydan Dağ, a 
highly important obsidian source, whereas here I report consensus values for 22 elements in Meydan Dağ 
obsidian based on 423 analyses from 25 independent techniques and laboratories. Not all 58 of the known 
obsidian sources within this region, however, have been so well characterized, and it is clear that there remains 
work to be done.   

1. Introduction 

In 1998, the monograph L’obsidienne au Proche et Moyen Orient: Du 
volcan ̀a l’outil (Obsidian in the Near and Middle East: From Volcano to Tool; 
edited by Cauvin et al., 1998) was published by British Archaeological 
Reports in their trademark bright red cover. The 388-page volume 
presented the state-of-the-art regarding knowledge of obsidian in 
Southwestern Asia at the time, covering topics ranging from the volcanic 
creation of obsidian to the symbolism of Mesopotamian obsidian arti
facts. Those of us who were working on Near Eastern obsidian sourcing 
in the early 2000s affectionately referred to the book as “The Big Red 
Bible” of our field. As a doctoral student, I could not afford my own copy 
of the book, and I had to photocopy one borrowed via Interlibrary Loan. 
Among the book’s sixteen chapters was a 99-page one, written by Jean- 
Louis Poidevin, titled “Les gisements d’obsidienne de Turquie et de 
Transcaucasie: géologie, géochimie et chronométrie” (i.e., “The obsidian 
deposits of Turkey and Transcaucasia: geology, geochemistry, and 
chronometry”). In his chapter, Poidevin (1998) summarized nearly all 
that was known of Near Eastern obsidian sources as of the 1990s. That 
information included a compilation of previously published and un
published elemental data, including his own measurements, for the 

obsidian sources as they were understood at the time. The appendix of 
elemental values was a full 36 pages in length, and it served as a valuable 
resource for archaeologists, geologists, and analytical chemists inter
ested to match Near Eastern obsidian artifacts to their volcanic origins 
with such data. It was also one of the few papers to list measurements 
from neutron activation analysis (NAA), X-ray fluorescence (XRF), and 
varied forms of inductively coupled plasma (ICP) spectrometry, con
ducted in a range of analytical facilities around the world, side-by-side 
for the very same obsidian sources. This, too, was valuable. As noted 
by Hancock and Carter (2010: 245), “although analytical chemistry is 
not a democratic process, the agreement of specific elemental concen
tration data between (among) independent analytical techniques adds 
credibility” that the datasets are accurate, and ideally, it allows us to 
arrive at consensus values. 

This year marks the 25th anniversary of the monograph and Poide
vin’s database, and there has been much progress toward a better un
derstanding of the region’s obsidian sources. Here I endeavor to provide 
an update to Poidevin’s chapter. Astute readers will realize that this 
article’s title is intended as an homage to that of Poidevin (1998). There 
are, though, a few differences. For instance, “Transcaucasia” and “the 
Transcaucasus” are Russia-centric terms – only from a Russian 
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perspective do the former Soviet republics of Armenia, Azerbaijan, and 
Georgia lie “beyond” the Greater Caucasus mountain peaks. Also I list 
“geochemistry” first in the title because a core focus of this work has 
been endeavoring to calculate consensus values for elemental concen
trations useful for obsidian sourcing. Most notably, eastern Turkey is 
specified in the title. Here I focus on the obsidian-producing volcanism 
associated with the Caucasian segment of the vast Alpine–Himalayan 
collisional belt (Fig. 1). This largely contiguous segment (Fig. 2) and its 
surroundings, where the Arabian tectonic plate collides with the 
Eurasian one, have been described by a wide variety of geographic, 
geological, and topographic names, from the Armenian Highlands and 
the Southern Caucasus to the Caucasian-Arabian Syntaxis (Sharkov 
et al., 2015) or even the “Van-Azerbaijan-Armenian SSR” (abbreviated 
as VAA) by Renfrew and Dixon (1976). This region is distinct from the 
Central Anatolian Volcanic Province (CAVP) in central Turkey, where 
the Cappadocian obsidian sources occur, and it is generally less studied. 
Dixon (1976: 289), one of the original developers of obsidian sourcing, 
observed that the “extent of our basic geological knowledge decreases 
from west to east through the… obsidian source” areas from the Western 
Mediterranean region into the Caucasus, and this held true for Poidevin 
(1998) too: he listed outcrop-by-outcrop analytical data for the Cappa
docian obsidian sources, while he grouped several Caucasus sources 
together under the heading of “Divers Arménie” (Various Armenian). 
Given the decades of prior obsidian research in Cappadocia, from the 
largely unpublished 1970s surveys of Sebastian Payne (see Todd, 1980) 
to more recent work (Binder et al., 2011), there are more data to 
organize, summarize, reduce, reconcile, etc. for the obsidian sources in 
central Turkey. Consequently, the obsidian sources in Cappadocia (and a 
few minor sources farther to the west; e.g., Yağlar, Orta, Sakaeli) war
rant a separate publication, and I focus here only on the sources in 
eastern Turkey and southwestern Russia as well as the former Soviet 
republics of Armenia, Azerbaijan, and Georgia. 

I wish to emphasize that this paper aims to be comprehensive but not 
authoritative. Choices (as documented in Section 2) had to be made in 
creating this database, and I do not necessarily expect that all of my 
friends and colleagues in this field will concur with each and every one 
of my choices here, even though those decisions are based on two de
cades of research. In his chapter, Poidevin (1998) compiled 229 analyses 

for obsidian sources in eastern Turkey and the Caucasus. Poidevin 
(1998) emphasized, on one hand, the importance of analytical data 
collected from independent analytical labs and techniques, but on the 
other hand, he was frustrated that the few data available at that time 
confounded efforts to separate actual differences in obsidian composi
tion from variability among analytical facilities. Here, 25 years after 
Poidevin (1998), I summarize more than 7300 analyses for 58 
geochemically distinct obsidian sources. That is, in this region alone, 
there are more than double the ca. 25 obsidian sources that Keller and 
Seifried (1990) believed there to be in all of Turkey and the Caucasus. 
The amount of data available today moves the field much closer to what 
Poidevin (1998) envisioned. For example, Poidevin (1998) had only two 
elemental analyses (one from Keller and Seifried, 1990; another from 
Matsuda, 1990) for one of the most archaeologically important South
west Asian obsidian sources: Meydan Dağ. In contrast, here I calculate 
consensus values for Meydan Dağ obsidian using 423 measurements 
made by 25 independent analytical techniques and laboratories. While 
Poidevin (1998) included such data as an appendix, here I include them 
as the modern equivalent: tables in the supplementary materials, which 
permits a greater degree of custom formatting. This endeavor has been 
possible by researchers in this field systematically reporting their own 
source data, such as the recent contribution by Orange et al. (2021) of 
laser-ablation ICP mass spectrometry (LA-ICP-MS) and portable XRF 
(pXRF) data from their instruments. As established here, however, some 
obsidian sources have been analyzed in only one or two laboratories, 
while other sources have been “hiding” in decades-old datasets all along. 
Therefore, while I cover the current state-of-the-field, there remains 
work to be done, as is demonstrated here too. 

2. Methods 

In this section, I describe the organizing principles that I employed to 
assemble more than 7300 published and unpublished analyses and to 
use them to determine consensus values for 22 elements in 58 obsidian 
sources. Like other researchers who have endeavored to document, 
describe, and summarize some or all of the obsidian sources in the region 
(e.g., Blackman, 1984; Keller and Seifried, 1990; Keller et al., 1996; 
Blackman et al., 1998; Chataigner et al., 1998; Poidevin, 1998; Badalyan 

Fig. 1. Topographic map of the eastern hemisphere, highlighting the Alpine-Himalayan orogenic belt.  
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et al., 2004; Chataigner and Gratuze, 2014; Orange et al., 2021), I have 
attempted here to capture the current state-of-the-field for the benefit of 
not only current archaeologists but also future ones. 

I must start with the clarification of an important term: source. 
Specifically, in the Introduction, I refer to “58 geochemically distinct 
obsidian sources” in the region of interest. In the obsidian literature, two 
different usages of “source” can be found: first, the geographic use (i.e., 
location in space where the obsidian deposit occurs and where past 
peoples collected the material) and the geochemical use (i.e., a cluster in 
elemental data, sometimes called a “chemical group”). In brief, the first 
one can be placed on a map, while the second one can be placed on a 
compositional scatterplot. Some archaeological scientists prefer the 
former usage (e.g. Hughes, 1998; Wilson and Pollard, 2001), whereas 
others prefer the latter (e.g., Harbottle, 1982; Neff, 1998). For the pur
poses of this article, which principally focuses on deriving consensus 
elemental ranges for obsidian sources, I favor the usage of fellow 
obsidian specialist Richard Hughes (1998: 104), who pointed out that 
“sources are defined, geochemically speaking, on the basis of chemical 
composition – not spatial distribution.” That is, I use the geochemical 
definition of an obsidian “source” here, synonymous with what some 
authors might call a “chemical group” or “chemical type” of obsidian. As 
discussed below in Section 3, not all volcanic origins of obsidian in this 
region are known, so it would be more challenging to use the geographic 
definition of a source. 

The elemental values for each obsidian source came from (1) data 
previously published by other researchers and (2) published and un
published data for obsidian specimens that I either analyzed myself or 
sent to another facility for analysis. The previously published data were 
collected during an extensive search of the archaeological, geological, 
and analytical literature. Data for both geological specimens and 
sourced artifacts were assembled. Some authors listed the individual 
analyses, whereas others provided summary statistics (i.e., means and 
standard deviations). In general, earlier publications include tables in 
the main manuscript, whereas more recent ones often provide individual 
analyses in the supplementary materials. Here the summary table for 
each obsidian source (as listed in Table 1 and discussed in Section 3) 
includes full citations for all of the publications that contributed data. 

Published and unpublished data from my own research are also 
organized (or re-organized) and shared here, and the elemental data 

here should be considered to supersede previous work, especially Frahm 
(2010), in which there were some sampling and/or handling errors that 
led to incorrect specimen labels before receiving them. Elemental 
characterization conducted myself involved electron microprobe anal
ysis (EMPA), which is wavelength-dispersive X-ray spectrometry (WDS) 
conducted inside a scanning electron microscope (SEM), and portable 
XRF (pXRF), which is energy-dispersive XRF (EDXRF) placed in a small 
form factor. EMPA was conducted in the Electron Microprobe Labora
tory, Department of Earth and Environmental Sciences, University of 
Minnesota-Twin Cities, and my procedures, including methods of cali
bration and accuracy assessment, are documented succinctly in Frahm 
(2020: 6–8) and with greater detail in Frahm (2010: 302–364). Nearly 
all of my pXRF data were collected using an Olympus Vanta VMR in
strument in the Yale University Archaeological Laboratories (e.g., Frahm 
and Brody, 2019; Frahm and Tryon, 2019) using the Peabody–Yale 
Reference Obsidians (PYRO) calibration (Frahm, 2019). Some pXRF 
analyses conducted in Armenia, though, used a Thermo Niton 950 XL3t 
GOLDD + instrument (e.g., Frahm et al., 2021) calibrated with an early 
version of the PYRO sets (Frahm, 2019). A portion of my geological 
specimens were also sent for analysis in other laboratories. At the Mis
souri University Research Reactor (MURR) Archaeometry Laboratory, 
specimens were analyzed by NAA using their standard procedures for 
obsidian (Glascock, 2011) and by EDXRF using either an older ElvaX 
instrument (Glascock, 2011) or newer Thermo Scientific ARL Quant’X 
model (Maziar and Glascock, 2017). At the Northwest Research 
Obsidian Studies Laboratory (NWROSL), specimens were analyzed using 
a Thermo QuantX-EC EDXRF instrument, and wavelength-dispersive 
XRF (WDXRF) was conducted using a Bruker/Siemens SRS3000 sys
tem in the University of Wisconsin-Eau Claire’s (UWEC) Materials Sci
ence Center. 

Initially the data for 41 elements (Na, Mg, Al, Si, K, Ca, Sc, Ti, V, Cr, 
Mn, Fe, Ni, Cu, Zn, Ga, Rb, Sr, Y, Zr, Nb, Mo, Sn, Sb, Cs, Ba, La, Ce, Nd, 
Sm, Gd, Dy, Er, Yb, Hf, Ta, Tl, Pb, Bi, Th, U) were assembled. This 
number was reduced to 22 (Na, Mg, Al, Si, K, Ca, Ti, Mn, Fe, Zn, Rb, Sr, 
Y, Zr, Nb, Ba, La, Ce, Nd, Pb, Th, U) based on the most frequently 
measured and reported elements among the published and unpublished 
obsidian data. For example, Cu values were reported for fewer than 7% 
of spreadsheet entries, while Rb measurements were reported 91% of 
the time. This does not necessarily mean that Cu cannot be useful for 

Fig. 2. Topographic map of the study area, highlighting areas of Miocene, Pliocene, and Quaternary (i.e., from 23 Ma to the present) volcanism in the Caucasian 
segment of the Alpine-Himalayan orogenic belt. Based on and redrawn from Fig. 1. of Lebedev et al. (2013). 
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obsidian sourcing under some circumstances. Instead, it simply means 
that Cu concentrations are so infrequently measured that consensus 
values cannot be determined for the obsidian sources of interest here. It 
should be recognized, however, that the final element list is likely 
skewed towards the elements best measured in obsidian using forms of 
X-ray spectrometry – EDXRF, WDXRF, pXRF, EMPA-WDS, etc. – due 
simply to the prevalence of these techniques (i.e., there are more XRF 
datasets than NAA ones). As needed, all measurements were converted 
from oxides to elements (e.g., from MnO to Mn) and/or from weight 
percent to parts per million (ppm) (e.g., from 0.04% to 400 ppm). 

It is worth stressing that, throughout this process, no one analytical 
technique was favored over another or given special treatment during 
the data processing phase. NAA measurements, for instance, were not 
assumed to be more or less accurate than EDXRF measurements, LA-ICP- 
MS measurements were not assumed to be more or less accurate than 
EMPA measurements, and so on. While it is common to encounter 
statements in the literature that a particular analytical technique is more 
sensitive and/or accurate than another one, these claims tend to reflect 
either misunderstandings or oversimplifications about the techniques. 
Sensitivity refers to the minimum detection limits (i.e., how small of an 
element’s concentration can be quantified), but no technique has a 
constant sensitivity across the periodic table of elements. For example, 
some rare earth elements (REEs) can be measured by NAA at concen
trations less than 1 ppm, but Sr falls below the minimum detection limits 
for NAA at about 10 ppm. In contrast, pXRF and EDXRF can usually 
measure Sr at concentrations down to 1–2 ppm, whereas REEs necessi
tate higher concentrations. That is, NAA is more sensitive for certain 
elements, while XRF is more sensitive for other elements. Accuracy 

Table 1 
Index of obsidan sources (listed alphabetially using this manuscript’s preferred 
nomenclature) with their supplementary tables and manuscript sections. Com
mon alternative terms and transliterations are listed as well, as are named 
geological facies most often found in the obsidian literature (both lists are non- 
exhaustive, especially the transliteration permutations).  

Table Section Source name 
(this publication) 

Other names, 
spellings, etc. 

Named facies (e. 
g., deposits) 

Armenia  
S1 3.1.1 Aghvorik Ashotsk, Amasia, 

Eni-Ël, Kechut, 
Sizavet  

S2 3.1.2 Arteni – Mets 
Arteni   

S3 3.1.2 Arteni – Pokr 
Arteni 1   

S4 3.1.2 Arteni – Pokr 
Arteni 2   

S5 3.1.3 Bartsratumb Bartstratumb, 
Bardzratumb  

S6 3.1.4 Gegham – 
Geghasar 1 

Gechasar  

S7 3.1.4 Gegham – 
Spitakasar 1   

S8 3.1.4 Gegham – 
Spitakasar/ 
Geghasar 2   

S9 3.1.5 Gutansar Gutanasar, 
Gutansar volcanic 
complex 

Fontan, Alapars, 
Dzhraber/ 
Djraber 

S10 3.1.6 Hatis Alpha Atis Akunk/Akunq 
S11 3.1.6 Hatis Beta   
S12 3.1.6 Hatis Gamma   
S13 3.1.6 Hatis Delta   
S14 3.1.7 Khorapor Chorapor, 

Choraphor, 
Khoraphor, 
Karnyjarich  

S15 3.1.8 Ptghni   
S16 3.1.9 Syunik – Bazenk Syunik 1, Bazenk-1, 

Vazenk  
S17 3.1.9 Syunik – 

Satanakar 1 
Syunik 2, 
Satanakar-1  

S18 3.1.9 Syunik – 
Satanakar 2 

Satanakar-2  

S19 3.1.9 Syunik – 
Satanakar 3 

Bazenk-2, Bazenk- 
Satanakar outliers  

S20 3.1.9 Syunik – Sevkar Syunik 3, Mets 
Sevkar, Pokr 
Sevkar  

S21 3.1.10 Tsaghkunyats 1 – 
Kamakar  

Arqayasar/ 
Arkajasar, 
Aïkasar 

S22 3.1.10 Tsaghkunyats 2 – 
Ttvakar  

Ttujur 

S23 3.1.10 Tsaghkunyats 3 – 
Damlik   

Azerbaijan    
S24 3.2.1 Kelbadjar / 

Kechal Dağ 
Merkasar, 
Kel’badjar, 
Kel’bedzhar, 
Kelbadzhar  

Georgia     
S25 3.3.1 Chikiani 1 Paravani, Paravani 

Lake, Kojun Dağ  
S26 3.3.1 Chikiani 2   
S27 3.3.1 Chikiani 3   
Russia     
S28 3.4.1 Baksan / 

Zayukovo 
Baksan River, 
Baksan Valley  

Turkey     
S29 3.5.1 Bingöl A 

(Solhan) 
Bingöl peralkaline Orta Düz; 

Çavuşlar 
S30 3.5.2 Bingöl B 

(Alatepe) 
Bingöl calcalkaline Çatak; Alatepe 

S31 3.5.3 Erzincan 1  Agili Tepe 
S32 3.5.3 Erzincan 2  Değirimen Tepe  

Table 1 (continued ) 

Table Section Source name 
(this publication) 

Other names, 
spellings, etc. 

Named facies (e. 
g., deposits) 

S33 3.5.4 Erzurum – 
Tambura  

Güzelyurt 

S34 3.5.4 Erzurum – South 
Erzurum 

Erzurum South Kuşakli Dağ, 
Başköy 

S35 3.5.4 Erzurum – West 
Erzurum 1 

Erzurum West, 
Erzurum-Ömertepe 

Güney Dağ, 
Sögütlü 

S36 3.5.4 Erzurum – West 
Erzurum 2   

S37 3.5.5 Group 3d   
S38 3.5.6 İkizdere  Haros Dağ, Rize, 

Büyüksulata, etc. 
S39 3.5.7 Kars – Akbaba 

Dağ   
S40 3.5.7 Kars – Arpaçay 1 Sarıkamış North Akhurian 1 and 2 
S41 3.5.7 Kars – Arpaçay 2   
S42 3.5.7 Kars – Digor 1  Yağlica Summit 
S43 3.5.7 Kars – Digor 2  Yağlica South 
S44 3.5.8 Meydan Dağ Gügürbaba Tepe  
S45 3.5.9 Muş Mush Mercimekkale 
S46 3.5.10 Nemrut Dağ 1   
S47 3.5.10 Nemrut Dağ 2  Sıcaksu 
S48 3.5.10 Nemrut Dağ 3  Kayacık 
S49 3.5.10 Nemrut Dağ 4   
S50 3.5.10 Nemrut Dağ 5   
S51 3.5.10 Nemrut Dağ 6   
S52 3.5.11 Pasinler 1  Malikom Gorge, 

Hasanbaba Dağ 
S53 3.5.11 Pasinler 2   
S54 3.5.12 Sarıkamış 1 Sarıkamış South 1C Hamamlı, 

Şehitemin 
S55 3.5.12 Sarıkamış 1a Sarıkamış South 1A  
S56 3.5.12 Sarıkamış 2 Sarıkamış South 2A 

and 2B 
Çiplak Dağ, 
Mescitli 

S57 3.5.13 Süphan Dağ 1 Süphan I  
S58 3.5.13 Süphan Dağ 2 Süphan II  
Volcanoes misidentified as obsidian sources   
S59 3.6.1 Mount Ararat   
S60 3.6.2 Tendürek Dağ / 

Bayezid 
Doğubeyazıt   
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refers to the closeness of any given measurement to the true value 
(which is usually unknown – or at least not precisely known – for a 
geological specimen), and it relies on data correction and calibration, 
the protocols for which can vary across facilities. Hence, it is not the case 
that any given analytical technique inherently yields better accuracy 
than any other one. 

An important aspect of deriving consensus values was, for each 
obsidian source, calculating one table entry per combination of analyt
ical technique and laboratory. That means, for example, all of the LA- 
ICP-MS data from the Université d’Orléans for Meydan Dağ obsidian 
have been combined into one set of elemental values, despite having 
been originally spread among eight different publications. This was 
done so that any one laboratory or research group could not skew the 
consensus values simply because they published more articles. Under 
such a scheme, the same weight is given to the measurements from 
laboratories that reported (1) one NAA analysis in a single publication, 
(2) 50 LA-ICP-MS analyses in five publications, and (3) 100 EDXRF 
analyses in two publications. In each instance, one laboratory using one 
technique would correspond to one entry in the table. The use of mul
tiple analytical techniques within a single laboratory, of course, yields 
multiple entries in a table. For example, the NAA, EDXRF, and ICP-MS 
data from MURR were treated separately since the measurements are 
essentially independent, despite all being generated by members of the 
Archaeometry Laboratory. In addition, I kept separate any major 
changes in instruments, such as the replacement of MURR’s ElvaX 
EDXRF instrument with a new Thermo Quant’X model. There are some 
weaknesses to this approach, namely that analytical procedures can and 
do change over time in laboratories, but presumably this occurs for the 
better. Ultimately it was decided that the benefits of this approach 
outweighed any potential drawbacks. 

The data for each laboratory were combined using a mathematical 
approach that could handle both tables of only summary statistics and 
extended tables of individual measurements. The outcome is an 
approximation of the mean and the standard deviation that could be 
calculated if all of the individual measurements were available. First, a 
weighted mean for each element is calculated. That is, the mean for a set 
of ten analyses counts for twice as much as that for a set of five analyses. 
Second, the standard deviation is recalculated using the variances of the 
original standard deviations from the new, weighted mean. Consider, as 
an example, that a certain EDXRF laboratory has reported three means 
and standard deviations for the Rb content of Meydan Dağ obsidian in 
three publications: (1) 200 ± 5 ppm, n = 10; (2) 190 ± 15 ppm, n = 5; 
and (3) 202 ± 2 ppm, n = 20. These values can all be arithmetically 
combined to give the mean and standard deviation for all 35 analyses. In 
this case, the combined result is 199.7 ± 7.2 ppm, which can be rounded 
to 200 ± 7 ppm. Another example can be worked with their theoretical 
Zr values: (1) 280 ± 10 ppm, n = 10; (2) 240 ± 30 ppm, n = 5; and (3) 
270 ± 5 ppm, n = 20. In this case, the combined result for Zr is 268.6 ±
17.4 ppm, which can be rounded to 269 ± 17 ppm. Combining analyses 
this way should, in theory, yield overall better accuracy for a given 
laboratory’s values. 

In the supplementary tables, the reported “n” is the number of 
analytical observations, which is not necessarily the number of indi
vidual specimens and/or artifacts. For example, NAA does not typically 
involve replicate specimens or other reanalyses, so n will tend to simply 
reflect the number of specimens and/or artifacts in such studies. In 
EDXRF, however, it is more common to analyze replicates or reorient 
and reanalyze a specimen or, especially, an artifact. In such cases, the 
number of analytical observations will be higher than (and perhaps a 
multiple of) the number of specimens and/or artifacts. In the case of a 
spot analytical technique such as EMPA or LA-ICP-MS, authors might 
report n as the number of artifacts and/or specimens, as the number of 
total analyzed spots, or as some combination. For the purposes of this 
database, I simply give the author-reported numbers of observations 
without further scrutiny, so it might be that there are differences in how 
observations were counted. 

Outlier values (e.g., anomalies, errors) were identified using a stan
dard interquartile range (IQR) method. In brief, the IQR is the difference 
between the first quartile (Q1; the 25th percentile of the data points) and 
the third quartile (Q3; the 75th percentile). Values less than Q1 – 1.5 ×
IQR and those higher than Q3 + 1.5 × IQR are considered outliers. The 
1.5 × IQR threshold is equivalent to a 2.7σ threshold for a Gaussian 
distribution. More sophisticated methods of outlier detection were 
considered, including the two-sided double Grubbs test (sometimes 
known as a maximum normalized residual test), Cochran’s C test, and 
the Dixon test. Ultimately these tests were not used because the numbers 
of observations (i.e., measurements of element concentrations) remain 
relatively small for most of the obsidian sources, and outliers tend to be 
over-identified by these tests with low numbers of observations. In 
addition, obsidian sources with too few observations did not have any 
outliers determined. 

Any identified outlier values were removed from the table for a given 
obsidian source. I decided against either leaving outliers in the tables 
(but still removing them from the calculations) or marking an expunged 
outlier with a “>” or “<” symbol in its place. There is a multitude of 
reasons that could lead to an outlier value, and the vast majority of these 
analyses were not conducted within the framework of an interlaboratory 
accuracy assessment, meaning that it could be somewhat unfair to 
highlight the outliers from any particular laboratory. For example, 
outliers could be due to: laboratory and specimen handling errors, 
inadequate specimen preparation, irregular specimen/artifact 
morphology (especially in the case of XRF techniques), instrument or 
electronic noise, instrument operating conditions, incorrect calibration 
or quantification model, transcription errors, uncorrected spectral 
interference, actual variation within a specimen or source, etc. Addi
tionally, I have noted (Frahm, 2019: 9) that calibrating an XRF instru
ment using pressed-powder standards (e.g., USGS RGM-1 obsidian) but 
analyzing solid specimens or artifacts can add measurement error, 
especially for lighter elements (i.e., Ti and lighter). Furthermore, there 
can be technique-specific concerns. For instance, EMPA involves 
microscopic spot analyses, and I measured only the glass, not any min
eral inclusions (e.g., microscopic magnetite grains; see the paragraph 
below), of the obsidian specimens. Hence, my EMPA measurements 
often include lower Fe values (i.e. the glass alone) than those for a bulk 
technique such as XRF or NAA (i.e., glass + magnetite). 

Variability in the microscopic mineral inclusions inside obsidian 
may, in turn, increase variability in certain elements’ measurements. 
Magnetic characterization (Fig. 3) illustrates that such inclusions are 
mainly grains of magnetite (Fe2+Fe3+

2 O4) and, to a lesser extent, tita
nomagnetite (Fe2+(Fe3+,Ti)2O4). Other minerals occur less frequently in 
obsidian but can include ilmenite (FeTiO3) (Figs. 4 and 5), zircon 
(ZrSiO4) (Fig. 5), and even monazite (a phosphate rich in Ce, La, Nd, 
and/or Th) (Fig. 6). These particular minerals are of special interest due 
to their abundance of elements commonly used in obsidian sourcing. 
This can not only add variation to measurements but also can lead to 
false groupings in otherwise homogeneous obsidian. Consider, for 
instance, a hypothetical obsidian source that contains infrequent 
monazite grains – for simplicity, Ce- and La-dominant monazite – and 
has been sampled for geochemical analysis. When small pieces are taken 
for analysis, some of them might contain just one monazite grain, 
whereas others contain two grains. The resulting analyses could yield 
two groups – one with higher Ce and La, one with lower Ce and La – that 
reflect difference in monazite abundance, not different volcanic sources. 
Thus, it is worth scrutinizing subtly different chemical groups that are 
based exclusively on elements common to mineral inclusions within 
obsidian, especially Ti and Fe. Furthermore, it need not be a cause for 
concern if these elements exhibit greater intra-source variability than 
others do. 

3. Obsidian sources 

Poidevin (1998) covered obsidian sources in a roughly west-to-east 
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trend from Turkey’s Aegean coast eastward into the Caucasus. Here, 
though, I follow an alphabetical order, starting with the country name 
and then the obsidian source name, as listed in Table 1 (which includes 
alternate source names). Both the sections below and the supplementary 
tables of elemental data follow this order. Ideally, these obsidian sources 
could be presented here with the same degree of detail. Unfortunately, 

not all of these sources are understood equally well, meaning that 
additional work in both the field and laboratory is still required. Table 2 
summarizes the available ages for these obsidian sources, as discussed in 
greater detail below, and it highlights the unequal geochronological 
information in this region. In addition, the available geological maps 
vary highly in their precision and accuracy, often due to their creation 

Fig. 3. Rock magnetic characterization of obsidian specimens demonstrates that their mineral inclusions are principally magnetite (Fe2+Fe3+
2 O4) and, to a lesser 

extent, titanomagnetite (Fe2+(Fe3+,Ti)2O4). (a) The magnetic hysteresis loop for a magnetite-bearing specimen of Gutansar obsidian after processing (i.e., the 
paramagnetic contribution from the glass has been subtracted) illustrates how the saturation remanence (Mr), saturation magnetization (Ms), and coercivity (Bc) are 
measured. (b) Magnetic data (Bc vs. Mr/Ms) for the obsidian sources of eastern Turkey (Section 3.5) show the Ti-poor magnetite is more abundant than Ti-rich 
magnetite (i.e., titanomagnetite). Data collected at the Institute for Rock Magnetism, Department of Earth and Environmental Sciences, University of Minnesota- 
Twin Cities. 

Fig 4. (a) Backscattered electron image of an ilmenite (FeTiO3) inclusion (surrounded by smaller silicate and magnetite grains) in Sarıkamış 1a obsidian. (b) Element 
maps illustrate the distribution of Al, Ca, Fe, Si, and Ti within the same field of view, demonstrating that the mineral inclusion contains Fe and Ti. (c) An energy- 
dispersive X-ray spectrum for a Mn-bearing ilmenite, exhibiting the characteristic X-ray peaks for Ti, Fe, and Mn. Images collected by the author in the Electron 
Microprobe Laboratory, Department of Earth and Environmental Sciences, University of Minnesota-Twin Cities. 
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during the 1970s, 1960s, and earlier and their reproduction in later 
publications (e.g., the Arteni and Syunik complex maps in Karapetian 
et al., 2001 are largely redrawn from Karapetian, 1969). Furthermore, 
some geological maps offer conflicting interpretations (e.g., Aydar et al., 
2003; Çubukçu et al., 2012 map a particular feature inside the Nerumt 
Dağ caldera as a slope deposit from the obsidian outcrops above, 
whereas Karaoğlu et al., 2005 and Özdemir et al., 2006 map it as an 

obsidian flow exposed in the caldera wall). Consequently, rather than 
reproduce maps of varying quality here, Table 3 summarizes where 
readers can find relevant geological maps. In the case of obsidian sources 
in Turkey without available geological maps, I have added scanned 
maps to the supplementary materials. These were the maps used in 1991 
by George “Rip” Rapp (one of my graduate advisors), Tuncay Ercan 
(General Directorate of Mineral Research and Exploration, Turkey), and 

Fig 5. (a) Backscattered electron image of Kars-Arpaçay 2 obsidian with an ilmenite (FeTiO3) and a zircon (ZrSiO4) inclusion (surrounded by smaller silicate and 
magnetite grains). (b) Element maps illustrate the distribution of Al, Ca, Fe, Si, and Ti within the same field of view, demonstrating that the largest mineral inclusion 
contains Fe and Ti. (c) An energy-dispersive X-ray spectrum for zircon, exhibiting the X-ray peaks for Si and Zr. Images collected by the author in the Electron 
Microprobe Laboratory, Department of Earth and Environmental Sciences, University of Minnesota-Twin Cities. 

Fig 6. (a) Backscattered electron image of a feldspar crystal that contains monazite, a phosphate mineral with the formula (Ce,La,Nd,Th)PO4, in Ttvakar obsidian. (b) 
Element maps illustrate the distribution of Al, Ca, Fe, Si, and Ti within the same field of view. (c) An energy-dispersive X-ray spectrum for a monazite, exhibiting X- 
ray peaks for Ce, La, Nd, and Th. Images collected by the author in the Electron Microprobe Laboratory, Department of Earth and Environmental Sciences, University 
of Minnesota-Twin Cities. 
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their colleagues to collect obsidian specimens from those sources. 

3.1. Armenia 

The large number of obsidian sources within the modern borders of 
Armenia is often surprising to those unfamiliar with this highly volcanic 
country. Within the 65-km-long stretch between the capital Yerevan and 
Lake Sevan, known at the Gegham range, there are more than 120 

Quaternary (Pleistocene and Holocene) volcanic centers, pyroclastic 
cones, and lava domes. Across all of Armenia, which is about the size of 
Belgium or South Carolina, that number increases to more than 500. 

3.1.1. Aghvorik 
The Aghvorik obsidian source (41.08◦ N, 43.75◦ E, 1700–1800 m asl) 

is also known by a variety of alternative names: Ashotsk (Ashots), 
Amasia, Eni-Ël (Yeni-Ël), Kechut, and Sizavet (Sizevit). Situated in the 
southern foothills of the Djavakheti (Javakhk) range, the precise erup
tive center of this obsidian remains unclear. All obsidian specimens – 
even those collected from outcrops several kilometers apart – exhibit a 
singular, homogenous composition despite their highly variable 
appearance. Aghvorik obsidian has been K-Ar dated to 2.3 ± 0.2 Ma 
(Karapetian et al., 2001), whereas Oddone et al. (2000) reported 
considerably younger fission-track dates of 1.0–1.1 Ma. Of these two 
techniques, K-Ar dating likely provides the more reliable date for Agh
vorik obsidian. As a result of its age, the obsidian has low visibility due 
to Quaternary sedimentation, vegetation cover, and deep snow for six 
months of the year (Olshansky, 2018). Olshansky (2018) notes that, 
while high-quality obsidian can be found at this location (contrary to 
some accounts), such blocks tend to have relatively small diameters ca. 
10–15 cm, limiting their utility for making certain types of stone tools. 
Table S1 summarizes the elemental data for this source. 

3.1.2. Arteni: Mets Arteni & Pokr Arteni 1 and 2 
The Arteni complex has two main eruptive centers (Fig. 7): Mets 

(“Big”) Arteni (40.38◦ N, 43.30◦ E), which is the taller of the two peaks, 
and Pokr (or Poqr; “Small”) Arteni (40.35◦ N, 43.78◦ E). The Arteni 

Table 2 
Summarized geochrological data for the obsidian sources in Table 1 and Section 
3.  

Source name Fission-track dates K-Ar/Ar-Ar dates 

Armenia   
Aghvorik 1.0–1.1 Ma 2.3 ± 0.2 Ma 
Arteni – Mets Arteni 1.2–1.4 Ma 1.45 ± 0.15 Ma 
Arteni – Pokr Arteni 1 “ “ 
Arteni – Pokr Arteni 2 “ “ 
Bartsratumb – 16.5–17.5 Ma 
Gegham – Geghasar 1 0.05–0.08 Ma 0.08–0.13 Ma 
Gegham – Spitakasar 1 0.12 Ma 0.20 ± 0.02 Ma 
Gegham – Spitakasar/Geghasar 2 0.51 Ma?? – 
Gutansar 280–320 ka 480 ± 50 ka 
Hatis Alpha 330 ka 480 ± 50 ka 
Hatis Beta “ “ 
Hatis Gamma “ “ 
Hatis Delta “ “ 
Khorapor 1.5 Ma 1.75 Ma 
Ptghni – – 
Syunik – Bazenk 0.3–0.6 Ma – 
Syunik – Satanakar 1 0.4–0.6 Ma 670 ka 
Syunik – Satanakar 2 “ “ 
Syunik – Satanakar 3 “ “ 
Syunik – Sevkar 0.53–0.64 Ma 0.9 Ma 
Tsaghkunyats 1 – Kamakar – 11.0 ± 0.5 Ma 
Tsaghkunyats 2 – Ttvakar – – 
Tsaghkunyats 3 – Damlik 4.2–4.6 Ma 5.4 ± 0.4 Ma 
Azerbaijan   
Kelbadjar / Kechal Dağ – 0.7 Ma 
Georgia   
Chikiani 1 2.2–2.6 Ma 2.4–2.8 Ma 
Chikiani 2 “ “ 
Chikiani 3 “ “ 
Russia   
Baksan / Zayukovo 2.2 ± 0.2 Ma – 
Turkey   
Bingöl A (Solhan) 4.6–5.1 Ma 4.2–4.6 Ma 
Bingöl B (Alatepe) 4.3–6.0 Ma 4.4–4.7 Ma 
Erzincan 1 – 0.4–0.5 Ma 
Erzincan 2 – “ 
Erzurum – Tambura 6.9 ± 0.3 Ma – 
Erzurum – South Erzurum – – 
Erzurum – West Erzurum 1 – 8.4 Ma 
Erzurum – West Erzurum 2 – – 
Group 3d – – 
İkizdere 1.7–1.9 Ma 2.10 ± 0.03 Ma 
Kars – Akbaba Dağ – – 
Kars – Arpaçay 1 3.5–3.7 Ma – 
Kars – Arpaçay 2 – – 
Kars – Digor 1 2.4 ± 0.2 Ma 2.7 ± 0.3 Ma 
Kars – Digor 2 “ “ 
Meydan Dağ 0.75–0.60 Ma 1.0–0.9 Ma 
Muş 2.0–2.7 Ma – 
Nemrut Dağ 1 – 310–20 ka 
Nemrut Dağ 2 – “ 
Nemrut Dağ 3 – “ 
Nemrut Dağ 4 – “ 
Nemrut Dağ 5 – “ 
Nemrut Dağ 6 – “ 
Pasinler 1 5.5–6.2 Ma 5.5 ± 0.1 Ma 
Pasinler 2 “ “ 
Sarıkamış 1 3.6–4.8 Ma – 
Sarıkamış 1a “ – 
Sarıkamış 2 “ – 
Süphan Dağ 1 – 680 ± 12 ka 
Süphan Dağ 2 – “  

Table 3 
Obsidian sources and their available geological maps.  

Source names References for available geological maps 

Armenia  
Aghvorik Shalaeva et al., 2019: Fig. 2; (Trifonov et al., 2017): 

Fig. 2 
Arteni – Mets and Pokr 

Arteni 
Frahm, 2014: Fig. 7; Karapetian et al., 2001: Fig. 5 

Bartsratumb This study: Fig. 8; Karapetian et al., 1986: Fig. 1 
Gegham – Geghasar & 

Spitakasar 
Karapetian et al. 2001: Fig. 9 

Gutansar This study: Fig. 10; Sherriff et al., 2019: Fig. 4;  
Karapetian et al., 2001: Fig. 3 

Hatis Alpha–Delta Frahm et al., 2021: Fig. 3; Sherriff et al., 2019: Fig. 4;  
Karapetian et al. 2001: Fig. 3 

Khorapor Karapetian et al. 2001: Fig. 4; Keller et al., 1996: Fig. 5 
Ptghni Sherriff et al., 2019: Fig. 5; Frahm et al., 2017: Fig. 1 
Syunik – Bazenk, 

Satanakar, Sevkar 
Karapetian et al. 2001: Fig. 11 

Tsaghkunyats 1–3 Karapetian et al. 2001: Fig. 2 
Azerbaijan  
Kelbadjar / Kechal Dağ Fataliyev et al., 2022: Fig. 2; Imamverdiyev et al., 

2018: Fig. 1 
Georgia  
Chikiani 1–3 Biagi et al., 2017: Fig. 2; Karapetian et al., 2001: Fig. 6 
Russia  
Baksan / Zayukovo Shackley et al., 2018: Fig. 3 
Turkey  
Bingöl A and B Poidevin, 1998: Fig. 25 
Erzincan 1–2 This study: Supplementary Fig. 1 
Erzurum – various sources Not currently available; see Brennan, 2000: Figs. 2 and 

3 
Group 3d n/a: unknown location 
İkizdere Yeğingil et al., 2002: Fig. 1 
Kars – various sources This study: Supplementary Fig. 2 
Meydan Dağ Akköprü et al., 2019: Fig. 3 
Muş Poidevin, 1998: Fig. 25 
Nemrut Dağ 1–6 Frahm, 2020: Fig. 6; Özdemir et al., 2006: Fig. 2;  

Karaoğlu et al., 2005: Fig. 2; etc. 
Pasinler 1–2 Not currently available; see Brennan, 2000: Fig. 3 
Sarıkamış 1–2 This study: Supplementary Fig. 3 
Süphan Dağ 1–2 This study: Supplementary Fig. 4  
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complex lies at the southeastern base of the Mount Aragats volcanic 
massif, so mentions in the literature of obsidian associated with Mount 
Aragats (or Aragatz) actually refer to Arteni. Satani-dar (or Satani Dar, 
which translates as “Satan’s mountainside”) is not a discrete obsidian 
source, as has been reported, but instead is a Palaeolithic lithic scatter on 
the slopes of Mets Arteni (Gasparyan et al., 2014), meaning that it likely 
consists of obsidian artifacts derived from a variety of sources 
throughout the region. Indeed, the complex is surrounded by open-air 
Palaeolithic sites, including Barozh-12 (Glauberman et al., 2020), and 
surface deflation in this semi-arid setting has created a desert pavement 
of artifacts, a palimpsest that, if sampled, would yield obsidian from 
multiple sources. Indeed, this almost certainly occurred in the “Pokr 
Arteni” sample of Blackman et al. (1998): out of the five tested obsidian 
specimens, three matched Pokr Arteni, one matched Mets Arteni, and 
one originated from a much farther source (Frahm, 2014). Such an 
outcome highlights the importance of sampling directly from geological 
outcrops. 

Obsidian occurs as large blocks and outcrops as well as lenses and 
small nodules in voluminous perlite deposits, including the Aragats flow 
(different than Mount Aragats) that extends to the west and the Brusok 
quarry to the northeast. The obsidian is easily accessed from the sur
rounding plains, and the snow cover tends to be shallow (ca. 25 cm) and 
last only a few months (Badalyan et al., 2004). Fission-track dating of 
Arteni obsidian has yielded dates clustered ca. 1.2–1.4 Ma (Komarov 
et al., 1972; Wagner et al. 1976; Oddone et al., 2000; Badalian et al., 
2001). In addition, a single K-Ar date for Arteni obsidian yielded an age 
of 1.45 ± 0.15 Ma, while a rhyolite specimen was dated to 1.60 ± 0.15 
Ma (Chernyshev et al., 2006). These age ranges may well reflect the 
sequence of two or three obsidian-producing eruptions that led to three 
distinct trace-element compositions of obsidian found at the complex (e. 
g., Keller et al., 1996; Chataigner and Gratuze, 2014; Olshansky, 2018; 
Orange et al., 2021). 

Table S2 summarizes the compositional data for Mets Arteni, while 
Table S3 and S4 list the data for Pokr Arteni 1 and 2, respectively. Thus 
far delineating the spatial distributions of Pokr Arteni 1 and 2 obsidian 
has been challenging (e.g., Chataigner and Gratuze, 2014; Olshansky, 
2018) and oversimplified (e.g., Keller et al., 1996). Some researchers 
have assumed that the westward Aragats flow derived from Mets Arteni; 
however, obsidian specimens collected along the flow’s southern 
perimeter instead exhibit a trace-elemental similarity with outcrops on 
the eastern slopes of Pokr Arteni (Frahm, 2014; Olshansky, 2018). The 
mechanism for the compositional dichotomy of Pokr Arteni 1 and 2 
obsidian remains unclear, leaving two equally likely possibilities at 
present. First, Pokr Arteni 1 and 2 obsidian might have erupted at two 
different times, between which the magma slightly evolved in 

composition. In this scenario, Pokr Arteni 1 could have erupted second, 
largely breaking through and/or covering the Pokr Arteni 2 obsidian 
and, in turn, contributing to difficulties in its circumscription on the 
modern landscape. Second, like the Borax Lake obsidian source in Cal
ifornia (Bowman et al., 1973a, 1973b), Pokr Arteni obsidian might have 
exhibited a continuous elemental variation in composition as it erupted, 
perhaps due to magma mixing, but it only occurs at the surface in two 
apparently discrete compositions. That is, the compositional gap be
tween Pokr Arteni 1 and 2 might have been filled by obsidian of inter
mediate composition that is now buried, altered (e.g., hydrated), 
destroyed (e.g., remelted), or otherwise inaccessible. Further geological 
fieldwork at the Arteni complex would be needed to resolve this open 
question. 

3.1.3. Bartsratumb 
Bartsratumb (or Bartstratumb, Bardzratumb, etc.; Fig. 8) is included 

here although no artifacts, at least to my knowledge, have been matched 
to this little-known source of, by all accounts, poor-quality obsidian 
(Cherry et al., 2010; Orange et al., 2021). Karapetian et al. (1986) 
observe that the Bartsratumb rhyolites are aphanitic (i.e., any mineral 
grains are too small to be seen with the naked eye) and exhibit flow 
bands that range in crystallinity, varying from glassy to spherulitic. 
Outcrops reportedly reveal highly perlitic (i.e., hydrated, having cracks 
and/or spherules) obsidian poorly suited to knapping (Cherry et al., 
2010; Orange et al., 2021). This is due to this obsidian’s considerable 
age (for obsidian, at least). This lava dome has been dated by K-Ar to 
16.5–17.5 Ma (Karapetian et al., 1986, 2001), making it one – even two 
– orders of magnitude older than other obsidian sources in Armenia. 
Usually obsidian does not exist for more than 10 to 20 million years 
before it largely degrades into perlite, and Bartsratumb obsidian falls 
near the upper end of this age range. In fact, Bartsratumb is even 
highlighted by Karapetian et al. (2001) as the oldest lava dome included 
in their study of rhyolitic volcanism in Armenia. 

Situated along the Zangezour ridge, Bartsratumb’s location (39.529◦

N, 45.815◦ E; 2450 m asl) has contributed to its lack of investigation. 
Specifically, it sits directly on the mountainous border between Armenia 
and the Nakhchivan Autonomous Republic, an exclave of Azerbaijan. 
Indeed, the dome lies half inside Armenia and half inside Nakhchivan, 
and a former border crossing, now militarized, lies less than a kilometer 
away. Consequently, Bartsratumb is virtually impossible to reach, sur
vey, and sample. Hence, even those scholars who briefly mention 
Bartsratumb and include it on a map of obsidian sources (e.g., Blackman 
et al., 1998; Cherry et al., 2010) typically have not analyzed any spec
imens. Table S5 includes the rare measurements by Orange et al. (2021) 
as well as a Bartsratumb rhyolite that was measured by Karapetian et al. 

Fig. 7. The two main eruptive centers of the Arteni complex in western Armenia – Mets (“Big”) Arteni on the right side and Pokr (“Small”) Arteni on the left – viewed 
from the Middle Palaeolithic open-air site of Barozh-12. Photograph by the author. 

E. Frahm                                                                                                                                                                                                                                          



Journal of Archaeological Science: Reports 49 (2023) 104011

10

(2001) by WDXRF in Armenia’s Institute of Geological Sciences. 

3.1.4. Gegham: Geghasar 1, Spitakasar 1, and Spitakasar/Geghasar 2 
The Geghasar (“Beautiful Mountain” in Armenian; 40.11◦ N, 44.98◦

E) and Spitakasar (“White Mountain,” 40.17◦ N, 45.01◦ E) eruptive 
centers sit high in the Gegham (or Geghama) mountain range at ca. 3000 
and 3300 m asl, respectively, only 5 km apart. Fig. 9 shows how Spi
takasar stands out from and is readily accessed from the surrounding 
mountain steppe grasslands, which are seasonally inhabited by herders 
during the summer months. Snow cover can last eight months of the year 
and be ca. 2 m deep (Badalyan et al., 2004), and such a remote location 
has complicated study efforts. Blackman et al. (1998), for example, list 
Spitakasar as one of their few uncharacterized obsidian sources. 

Geghasar 1 (Table S6) and Spitakasar 1 (Table S7) obsidian have very 
similar (Olshansky, 2018) but not identical, as is sometimes claimed 
(Keller et al., 1996; Chataigner and Gratuze, 2014), trace-element 
compositions. It seems likely, though, that non-destructively differen
tiating artifacts from these sources will be impractical in many instances 
due increased error associated with irregular surface morphology, 
weathering and hydration, small size, etc. Nevertheless, their composi
tional data are reported separately here. Their elemental affinity of 
Spitakasar 1 and Geghasar 1 obsidian is likely due to their eruption from 
a shared magma chamber, which experienced relatively little 

geochemical evolution between these two volcanic events. Dating has 
established that Spitakasar 1 obsidian is the older of the two. Badalian 
et al. (2001) found a fission-track age of 0.12 Ma for a Spitakasar 
obsidian specimen and ca. 0.05–0.08 Ma for five Geghasar specimens, 
making these two obsidian sources considerably younger than others 
found in Armenia. Lebedev et al. (2013) report slightly older K-Ar ages: 
0.20 ± 0.02 Ma for one Spitakasar obsidian specimen and ca. 0.08–0.13 
Ma for three Geghasar obsidian and rhyolite specimens. As noted for 
other Armenian obsidian sources (see, for example, Gutansar in Section 
3.1.5), the fission-track dates appear to be underestimates but system
atically so. Importantly, as little as 40–50 ka between these two erup
tions is consistent with such small differences in their trace-element 
values. Another difference between the two is appearance. Spitakasar 1 
obsidian specimens typically contain white phenocrysts, most likely 
high-temperature alkali (potassium) feldspars such as sanidine, visible 
to the naked eye (Badalyan et al., 2004; Chataigner and Gratuze, 2014; 
see also photos in Olshansky, 2018: Fig. 5.11). 

The obsidian that, for lack of a better name, I have here termed 
“Spitakasar/Geghasar 2” (Table S8) is enigmatic. It was collected by my 
colleagues, Armenian volcanologists Khachatur Meliksetian and the late 
Sergey Karapetian (both of the Institute of Geological Sciences, National 
Academy of Sciences), near the western base of the Spitakasar lava dome 
as approached from between two nearby pyroclastic cones, Vishapasar 

Fig. 8. Even simple geological maps for most 
obsidian sources in Armenia have been pub
lished in English and/or French over the 
years (e.g., Keller et al., 1996; Blackman 
et al., 1998; Poidevin, 1998; Karapetian 
et al., 2001). A map of Bartsratumb, though, 
has only appeared, to my knowledge, in a 
relatively obscure Russian publication 
almost four decades ago (Karapetian et al., 
1986: Fig. 1). Hence, this figure has been 
redrawn, colorized, translated, relabeled, 
and clarified from that original map. The 
dashed line indicates the border between 
Armenia and the Nakhchivan Autonomous 
Republic.   

Fig. 9. Approaching the Spitakasar obsidian source (left background) from the west on the surrounding mountain steppe in mid-summer, when the Gegham 
mountains are inhabited by small encampments of herders (right foreground). During wintertime, snow can be 2-m deep here. Photograph by the author. 
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and Nazeli. Spitakasar/Geghasar 2 obsidian stands out in composition to 
Spitakasar 1 and Geghasar 1 obsidian, and such a considerable differ
ence raises the possibility of an earlier period of rhyolitic volcanism in 
the vicinity. Indeed, Lebedev et al. (2013) list Spitakasar 1 obsidian as a 
product of Phase III volcanism in the Gegham highlands and Geghasar 1 
obsidian as a product of Phase IV volcanism. In addition, Karapetian 
et al. (2001) propose that there had been at least four or five eruption 
episodes at Spitakasar based on their mapping of the lava flows. Spita
kasar/Geghasar 2 obsidian neither matches any other known volcanic 
source nor any of the “unknown” obsidian artifacts in the literature, so 
we do not believe that it was accidently sampled from an anthropogenic 
context. Interestingly, Karapetian et al. (2001) report a markedly older 
fission-track date for a specimen of Spitakasar obsidian: 0.51 Ma, which 
would make it consistent with Phase II (ca. 0.58–0.47 Ma) volcanism of 
Lebedev et al. (2013). It would be difficult to reconcile such different 
fission-track ages – 0.12 vs. 0.51 Ma – for the same obsidian source, and 
it is tempting to ascribe the 0.51-Ma date to Spitakasar/Geghasar 2 
obsidian, rather than Spitakasar 1 obsidian. Another clue may lie in the 
relatively high Ba concentration of Spitakasar/Geghasar 2 obsidian (a 
mean of 360 ppm) compared to Spitakasar 1 (27 ppm) and Geghasar 1 
(18 ppm) obsidian. Ba tends to be removed from rhyolitic magma during 
the formation of feldspar crystals, which can remain inside the magma 
chamber (e.g., crystal sinking), leaving the resulting obsidian with Ba 
diminished levels. The likely feldspar phenocrysts visible in Spitakasar 1 
obsidian appear consistent with such a mechanism of magma changing 
from high to low Ba levels over the span of hundreds of millennia 
(Anderson et al., 2000). It is also highly important to note that I have 
identified five Spitakasar/Geghasar 2 obsidian artifacts at three Palae
olithic sites in Armenia: two from the Middle Palaeolithic open-air site of 
Barozh-12 (Glauberman et al., 2016, 2020); two from the Middle 
Palaeolithic rockshelter site of Lusakert Cave 1 (Adler et al., 2012; 
Gasparyan et al., 2014; Frahm et al., 2016); and one from the Upper 
Palaeolithic cave site of Aghitu-3 (Kandel et al., 2011, 2017; Frahm 
et al., 2019). Perhaps significantly, Barozh-12 and Aghitu-3 are almost 
equidistant (110–120 km linearly) from Spitakasar but in nearly oppo
site directions. 

It is also worth addressing concerns found in the literature (Badalyan 
et al., 2004; Chataigner and Gratuze, 2014) regarding the potential for a 
tributary of the Azat River, which flows past the base of the Geghasar 
outcrops, to transport obsidian downstream to much lower elevations, 
perhaps even as far as the Ararat Depression. For example, when dis
cussing Geghasar, Badalyan et al. (2004) mention that small obsidian 
clasts occur downstream near the village of Garni. To address this issue, I 
conducted surveys of (1) alluvial terraces along the Azat River between 
the villages of Geghard (ca. 1700 m asl) and Garni (ca. 1200 m asl), a 
drop in 500 m over a linear distance of 9 km, and (2) small streams in the 
highland steppe between the outcrops and Geghard. Indeed, obsidian 
pebbles with maximum dimensions up to 4 cm (or occasionally more) 
were found along the river bed and in the profile of an alluvial terrace. It 
would have been simple to conclude that the pebbles represent sec
ondary deposits of Geghasar obsidian; however, pXRF analyses revealed 
that this would be incorrect: all of the obsidian pebbles were, instead, 
Gutansar obsidian. In fact, obsidian found in and along the river and 
stream beds reflects a modern contamination of the landscape by 
degraded concrete, which, throughout much of Armenia, contains 
Gutansar obsidian pebbles and fragments. Concrete production, still 
today, uses Gutansar pumice/perlite deposits in direct contact with 
obsidian layers and dikes. Similarly, a number of potential “pumice” 
clasts (up to 10 cm in maximum dimension), all containing visible sub- 
centimeter obsidian fragments, instead turned out to be tumbled, 
rounded concrete. Indeed, abundant obsidian-bearing concrete was 
found in various stages of degradation all along the built environment of 
the Azat River. Consequently, descriptions of secondary obsidian de
posits must, in such an environment, take into account this cause of 
modern contamination, and any obsidian pebbles or fragments discov
ered on the surface, in river beds, etc. must be assumed to reflect 

contamination from obsidian-bearing concrete until proven otherwise. 

3.1.5. Gutansar 
The Gutansar (or Gutanasar) volcanic complex (40.37◦ N, 44.68◦ E) 

consists of a pyroclastic cone and eruptive center, two named lava 
domes (Fontan/Fantan and Alapars/Alaphars) to the north, and a vari
ety of named obsidian exposures (e.g., Avazan, Djraber, Gyumush, 
Nurnus) around the complex. It is also sometimes known as the “Hraz
dan structure” due to its location along the river of the same name or the 
“Djraber extrusion” due to a mining-related exposure near a village of 
the same name. Obsidian from all of these locations is geochemically 
indistinguishable and was produced during either a single eruptive 
event or a series of closely timed ones (Frahm et al., 2014). It is too 
simplistic to refer to this immense extrusive body as the Gutansar 
obsidian “flow,” but there is no clear term to describe such a voluminous 
eruptive feature with both extrusive and near-surface debris-flow as
pects. An important aspect of this is a long-standing geographic bias in 
the relevant geological research. Descriptions and models of rhyolitic 
volcanism are principally based on the tectonically simple cases found in 
the Pacific Northwest of North America (e.g., Fink, 1980, 1987; 
Eichelberger et al., 1986; Fink and Manley, 1987). For example, span
ning from California to British Columbia, obsidian sources in the 
Cascade volcanic arc are the products of the oceanic Juan de Fuca plate 
subducting under the continental North American plate. Armenian ge
ologists have long noted, though, that such simple models do not 
accurately describe volcanism in the Caucasus (Shirinian and Kar
apetian, 1964), where the Arabian, Eurasian, Anatolian, and African 
plates interact in complex ways and yield different magmatic conditions. 
Specifically, Shirinian and Karapetian (1964: 26) report that, in com
parison to rhyolitic lava domes that occur elsewhere in the world, such 
“volcanoes of Armenia are represented by fan-like, stratified, and more 
complicated forms.”. 

Recent remapping of the Gutansar complex by the Palaeolithic 
Archaeology, Geochronology, and Environments of the Southern Cau
casus (PAGES) Project (of which I was a team member) expanded and 
refined the spatial distribution of the obsidian-bearing lava (see Sherriff 
et al., 2019). This map (Fig. 10) shows why Gutansar obsidian, even 
when sampled from exposures nearly 13 km apart, is geochemically 
indistinguishable (Frahm et al., 2014): despite the various names, these 
exposures are all aspects of the same volcanic feature. Unlike past in
terpretations, it now appears that Fontan and perhaps also Alapars are 
not separate dome-shaped, obsidian-producing rhyolitic extrusions 
related to, maybe along a shared fault line with, the main Gutansar 
eruptive center and flow. Instead, my colleagues and I have proposed 
that Fontan, at least, is a subsequent crypto-dome that created a “blister” 
beneath the obsidian-bearing flow, giving it the appearance of a typical 
lava dome (Malinsky-Buller et al., 2021). The data in Table S9 combine 
measurements from all of the named facies at the Gutansar complex. 

The exact age of Gutansar obsidian is somewhat unclear. The most 
recent fission-track dates all cluster ca. 310 ± 30 ka: and 310 ± 30 and 
320 ± 30 ka for Gutansar, 280 ± 30 and 310 ± 20 ka for Alapars, and 
300 ± 20 and 320 ± 20 ka for Fontan (Badalian et al., 2001). These 
ranges are consistent with older fission-track dates (Komarov et al., 
1972; Wagner et al., 1976; Wagner and Weiner, 1987) and attest to 
contemporaneous, or nearly so, emplacement across the complex. Un
fortunately, these dates appear to be underestimates for some unknown 
reason. Consider that artifacts made from Gutansar obsidian have been 
identified at the nearby Lower Palaeolithic site of Nor Geghi-1 along the 
Hrazdan River (Adler et al., 2014; Frahm et al., 2020). The upper artifact 
layer at the site has been well-dated to 335–325 ka (Adler et al., 2014), 
and its lower layer has been provisionally dated to ca. 425–375 ka 
(Frahm et al., 2020). It, of course, cannot be that artifacts at Nor Geghi-1 
predate the Gutansar eruption. Lebedev et al. (2013) has, more recently, 
reported K-Ar ages for two obsidian specimens from this complex: 480 
± 50 ka and 1.2 ± 0.5 Ma. Given the uncertainty of the latter date (i.e., 
half a million years), the former – 480 ± 50 ka – is a more reasonable 
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estimate for the true age of Gutansar obsidian, and it is consistent with 
the 1970 s-era K-Ar date of ca. 550 ka for Gutansar obsidian reported by 
Komarov et al. (1972). 

3.1.6. Hatis Alpha, Beta, Gamma, and Delta 
Hatis (or Atis) volcano (40.30◦ N, 44.72◦ E) lies just to the southeast 

of Gutansar. This volcano is, to my knowledge, unique in the world in 
that it exhibits elemental “steps” in obsidian composition with elevation, 
as my colleagues and I have documented in-depth (Frahm et al., 2021). 
Prior studies identified only one or two obsidian compositions at Hatis 
(e.g., Hatis A and B in Keller et al., 1996; one in Blackman et al., 1998; 
Hatis 1 and 2 in Chataigner and Gratuze, 2014). Conducting pXRF an
alyses in the field at 80 loci across the volcano revealed four distinct 
compositions of obsidian (Fig. 11a) with well-defined spatial distribu
tions, corresponding to four sources following the definition in Section 
2. Each chemical type of obsidian occurs over a range of elevations: 
Alpha obsidian is the lowest at ca. 1590–1700 m asl, Beta at ca. 
1560–1830 m asl, Gamma at ca. 1710–1910 m asl, and Delta obsidian is 

the highest at ca. 1960–2100 m asl. Our surveys also recognized dark 
grey, aphanitic, obsidian-like trachytes (such as that reported in Frahm, 
2019 with outcrops near 40.27◦ N, 44.73◦ E), which would be excellent 
lithic material and might receive a field description such as dacite or 
rhyolite. The compositions of Hatis Alpha, Beta, Gamma, and Delta 
obsidian are summarized in Table S10, S11, S12, and S13, respectively. 

The troubled history of the Hatis chronology is also detailed by 
Frahm et al. (2021). Similar to the discrepancies for Gutansar obsidian, 
fission-track dating produced an age of ca. 330 ka while K-Ar dating of 
the same material yielded an age of ca. 650 ka (Komarov et al., 1972). 
Subsequent K-Ar dates had, in some cases, large uncertainties (e.g., 740 
± 250 ka) but generally suggest an age of roughly half a million years 
(480 ± 50 ka) for Hatis obsidian (Lebedev et al., 2013). It seems fair to 
conclude that Gutansar and Hatis obsidian are products of the same 
period of volcanic activity within the region. 

Two possible models to explain the compositional variation of Hatis 
obsidian are also detailed by Frahm et al. (2021), and these models are 
illustrated here in Fig. 11b–c. The first possibility, as shown in Fig. 11b, 

Fig. 10. The updated geological map of the Gutansar complex, remapped by the Palaeolithic Archaeology, Geochronology, and Environments of the Southern 
Caucasus (PAGES) Project, refines the distribution of the obsidian-bearing lava around this volcano (Sherriff et al., 2019). 

Fig. 11. Four distinct compositions of obsidian occur at Hatis volcano. (a) A three-dimensional elemental scatterplot of Rb, Sr, and Zr illustrates the four obsidian 
compositions among geological specimens from Hatis. Frahm et al. (2021) propose two mechanisms for this trend in obsidian composition: (b) the four types reflect a 
series of closely timed eruptions, yielding four similar but still distinct lavas stacked atop one other, or (c) the magma chamber was chemically zoned such that the 
lava changed in composition as it erupted but folded over onto itself, producing four discrete geochemical steps rather than continuous variation at the surface. 
Illustrations from Frahm et al. (2021). 
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is that the four obsidian types reflect a sequence of closely timed erup
tions between which the magma slightly evolved in composition, 
yielding four chemically similar but still somewhat distinct lavas which 
are stacked one on top of the other. The other possibility, as shown in 
Fig. 11b, is that the magma chamber was geochemically zoned such that, 
over the course of a single eruption, the lava continuously changed in 
trace-element composition. In this scenario, the viscous lava folded over 
onto itself, yielding what appears to be four discrete elemental steps, 
rather than continuous chemical variation, exposed at or near the sur
face. It should also be mentioned that all four chemical types of Hatis 
obsidian have been identified at the Lower Palaeolithic open-air site of 
Nor Geghi 1 (Frahm et al., 2021). 

3.1.7. Khorapor 
Khorapor (Chorapor, Choraphor, Khoraphor, etc.; sometimes called 

Karnyjarich or Karnyjarykh in older publications) volcano lies just to the 
south of Lake Sevan in the Vardenis mountain range (40.053◦ N, 45.629◦

E, 2900 m asl). A K-Ar date produced an age of ca. 1.75 Ma (Karapetian 
et al., 2001), whereas fission-track dating resulted in an age of ca. 1.5 Ma 
(Badalian et al., 2001). Keller et al. (1996: 72) describe the obsidian as 
occurring “in the form of individual lenses and brecciated part of the 
major rhyolitic flow” of the volcano, consistent with the low obsidian 
abundance and quality (i.e., small nodules with mineral inclusions 
visible to the naked eye) noted by Badalyan et al. (2004) and, in turn, its 
low desirability as an exploitable obsidian resource. Badalyan et al. 
(2004) also note that the volcano is covered with more than a meter of 
snow for half of the year, making it accessible only during summer, and 
no obsidian quarries, workspaces, or even artifacts have been found on 
its slopes. Indeed, Khorapor obsidian appears to have hardly, if at all, 
been used in the past. To my knowledge, the only Khorapor obsidian 
recovered from any archaeological context is a small, unknapped pebble 
inside a ceramic sherd from the Chalcolithic site of Mentesh Tepe (Pal
umbi et al., 2018). Table S14 summarizes the chemical data for Khor
apor obsidian. A sister volcano of Khorapor, called Sandukhkasar, is 
occasionally mentioned as having obsidian, but Keller et al. (1996: 72) 
report only “dense glass-rich rhyolite, not real obsidian” there. 

3.1.8. Ptghni 
Ptghni obsidian is included here for the sake of completeness, given 

that it is only known from pebble-/cobble-sized clasts in an alluvial- 
lacustrine deposit along the Hrazdan River and that, so far, no arti
facts have been attributed to it. This obsidian was discovered by me and 
my colleagues in 2016 ca. 2 km to the southwest of the village of Ptghni, 
and we have documented its geological context (40.252◦ N, 44.564◦ E) 
in detail elsewhere (Frahm et al., 2017). It was deposited there after 
having eroded out of an upstream origin, and the sediments were later 
covered by mafic lavas and then exposed by downcutting of the Hrazdan 
River due to tectonic uplift of the region. At least five lavas and two 
alluvial-lacustrine sedimentary sequences are exposed above Upper 
Miocene (ca. 12–5 Ma) marine deposits at this location within the 
Hrazdan Gorge. Based on the stratigraphy, these lavas and, in turn, the 
sediments sandwiched between them predate ca. 441 ka (Adler et al., 
2014). The obsidian clasts found at this exposure are too small to be well 
suited for tool production; however, the primary source (i.e., the orig
inal flow or dome) and/or other secondary deposits might have larger 
blocks and clasts. The primary Ptghni obsidian source likely lies some
where within the Hrazdan River basin, and it must have been exposed, at 
least partially, sometime during the past to allow for erosion and 
transport of the clasts. It is unknown in what form the source still exists, 
if at all. The red-brown colors of some clasts necessitate the conversion 
of microscopic black magnetite crystals (Fe3O4) to hematite (Fe2O3) and, 
in turn, exposure to oxygen while still hot. Thus these clasts might have 
derived from surface protrusions of obsidian rather than the deeply 
buried basal zone of the flow (Hughes and Smith, 1993). That is, these 
small obsidian clasts may have eroded from any surface outcrops and 
been fluvially reworked and transported, whereas other parts of the 

obsidian flow could have stayed buried and/or been reburied by sedi
mentation and lava flows. Table S15 summarizes my data for Ptghni 
obsidian, which has yet to be analyzed in other laboratories. 

3.1.9. Syunik: Bazenk, Satanakar 1–3, and Sevkar 
The Syunik (alternatively transliterated as Sjunik) obsidian sources 

(sometimes termed the Sisian or Vorotan Group) lie within the Syunik 
Province of southeastern Armenia and within the Vorotan River basin. 
The Syunik sources have been most intensively surveyed by Cherry et al. 
(2010), who analyzed 68 geological source specimens. Unfortunately, 
these sources, in particular Satanakar, lie along or near the contested 
border between Armenia and Azerbaijan, and since the 2006–2007 
fieldwork of Cherry et al. (2010), follow-up research has become 
increasingly difficult to conduct safely. 

Bazenk (or Vazenk) (39.77◦ N, 45.86◦ E) is the highest (ca. 3200 m 
asl) of the Syunik sources, and as a result, it is snow-covered, with 
depths greater than 1 m, for the longest fraction of the year. Cherry et al. 
(2010) also describe its obsidian as opaque with a grainy texture, which 
makes it less attractive for knapping in comparison to the smoother, 
translucent obsidian from the other Syunik sources. Table S16 summa
rizes the elemental values for Bazenk obsidian. Obsidian specimens from 
Bazenk have only been fission-track dated, yielding ages of 0.3–0.6 Ma 
(Badalian et al., 2001; Karapetian et al., 2001). 

Cherry et al. (2010) also report a “Bazenk-2” obsidian that they 
sometimes instead label “Bazenk-Satanakar outliers.” The volcanic 
origin of “Bazenk-2” obsidian remained unclear to them. Geochemically 
the source specimens appeared to match outliers from Satanakar vol
cano and exhibited a much greater chemical affinity to Satanakar 
obsidian than to their Bazenk-1 obsidian (which is simply Bazenk 
obsidian here). Furthermore, the three “Bazenk-2” specimens did not 
cluster together on the landscape and were scattered amongst the other 
twelve “geological hand-samples” that they collected in the vicinity. 
Cherry et al. (2010:157) ultimately conclude that the “Bazenk-2” source 
is likely unrelated to Bazenk-1, despite the choice of name. It is note
worthy that the “Bazenk-2” specimens exhibit an even lower suitability 
for knapping: “Bazenk-2 samples have abundant white phenocrysts, 
appear more gray in color, and have a coarser texture” (Cherry et al., 
2010: 156). What Cherry et al. (2010) describe, in my view, is consistent 
with the transport of a low-quality lithic raw-material to a better raw- 
material source and, subsequently, the discard of the lesser material in 
favor of collecting better toolstone. As detailed below, the Bazenk-2 
obsidian of Cherry et al. (2010) is, instead, considered here to be Sata
nakar 3. 

Satanakar (39.79◦ N, 45.82◦ E, ca. 2960 m asl) obsidian has been 
fission-track dated, yielding an age range of 0.4–0.6 Ma (Badalian et al., 
2001; Karapetian et al. 2001), and was recently Ar-Ar dated to ca. 670 ka 
(Sugden et al., 2021). Badalyan et al. (2004) refer to three closely spaced 
volcanic peaks and domes as obsidian sources called Mets (“Big”) 
Satanakar, Michnek (“Intermediate”) Satanakar, and Pokr (“Small”) 
Satanakar, despite having no obsidian specimens from the latter two. Of 
the three, only Mets Satanakar appears to have produced obsidian, at 
least of sufficient quality and quantity to be useful as a resource in the 
past. For example, the geological map of Kaparetian et al. (2001) in
dicates only pumice, perlite, and rhyolites at Pokr Satanakar – no 
obsidian deposits were mapped there. Cherry et al. (2010), too, only 
located obsidian at Mets Satanakar, not Michnek or Pokr Satanakar. 

Cherry et al. (2010) identified two similar but still distinct compo
sitions of Satanakar obsidian in addition to, as discussed above, Sata
nakar outliers seemingly the same as their “Bazenk-2” obsidian. The 
groups were best distinguished, according to Cherry et al. (2010), with a 
scatterplot of La vs. Ce (digitized and reproduced here as Fig. 12a). 
Unfortunately, Cherry et al. (2010) published only summary statistics 
for their reported chemical groups, and just two scatterplots (La vs. Ce 
and La vs. Th) contain extractable elemental values for each analyzed 
obsidian specimen. Hence, the ability to make direct comparisons to 
other data sets is limited; however, I maintain that there is sufficient 
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evidence to support not only their Satanakar 1 and 2 as distinct obsidian 
compositions but also the “outliers” as their own elemental cluster that I 
label “Satanakar 3” (in place of their “Bazenk-2”). Fig. 12b shows that a 
Mn vs. Rb scatterplot with both WDXRF data from the University of 
Freiberg (Keller et al., 1996) and NAA data from MURR (Frahm et al., 
2016) exhibits three clusters, not two, of Satanakar obsidian specimens. 
The appearance of these three clusters in data from two independent 
analytical techniques, laboratories, and collections supports their 
interpretation as “real” elemental clusters rather than, say, a reflection 
of interlaboratory variation or some measurement error. Furthermore, 
these three clusters can be – provisionally, at least – placed on the 
landscape (Fig. 12c). Cherry et al. (2010) point out that Satanakar 1 
corresponds to the immense obsidian exposure on the southern face of 
Mets Satanakar, whereas Satanakar 2 seems associated with the south
eastern outcrops. Furthermore, based on the available field notes, 
Satanakar 3 obsidian seems to derive from obsidian outcrops or deposits 
on the western slopes. I considered another nomenclature for Satanakar 
1, 2, and 3 – Satanakar South, East, and West, respectively – but decided 
that such spatial circumscription is still too provisional. It should also be 
emphasized that these are subtle trace-element differences, and Sata
nakar 1–3 may not be readily distinguishable among artifacts, in prac
tice, especially for non-destructive analyses of small, weathered, and/or 
irregularly shaped artifacts (in comparison to specimens that are freshly 
fractured or polished, flat, and smooth). Table S17, S18, and S19 sum
marize, as conceptualized here, the data for Satanakar 1, 2, and 3 
obsidian, respectively. 

Sevkar (39.82◦ N, 45.82◦ E, ca. 2700 m asl) is the lowest of the 

Syunik sources, and its obsidian is spread across the largest surface area. 
Sevkar obsidian has been fission-track dated to ca. 0.53–0.64 Ma and K- 
Ar dated to ca. 0.9 Ma (Komarov et al., 1972; Karapetian et al., 2001; 
Badalian et al., 2001), which is roughly contemporaneous with Bazenk 
and Satanakar obsidian. Varied publications refer to two Sevkar 
obsidian sources: Mets (“Big”) Sevkar and Pokr (“Small”) Sevkar ca. 2 
km to the southwest. Cherry et al. (2010) established that the Sevkar 
obsidian deposits are chemically indistinguishable and, consequently, 
corroborated speculation (Badalyan et al., 2004) and geological maps 
(Karapetian et al., 2001) that Mets and Pokr Sevkar obsidian outcrops 
are both aspects of one large flow that has been partially obscured by 
later basalt flows. Chataigner and Gratuze (2014) also found a single 
composition of Sevkar obsidian and combined the measured Mets and 
Pokr Sevkar specimens into their “Syunik 3” composition. Table S20 
summarizes the interlaboratory data and consensus values for Sevkar 
obsidian. 

It should be kept in mind that Syunik gullies, streams, and rivers have 
alluvially transported (and rounded) obsidian from these sources, 
sometimes mixing them. For example, field surveys between the Vorotan 
River and the Sevkar and Satanakar obsidian sources, conducted in 2013 
by my colleagues in the Tübingen-Armenian Paleolithic Project, iden
tified streams and gullies containing rounded obsidian clasts, which I 
determined to be a mixture of Sevkar and Satanakar obsidian using 
pXRF. 

3.1.10. Tsaghkunyats 1–3: Kamakar, Ttvakar (Ttujur), and Damlik 
The Tsaghkunyats (alternatively transliterated as Tsakhkunjats, 

Fig 12. Proposed three compositions of 
Satanakar obsidian. (a) The scatterplot of La 
vs. Ce from Cherry et al. (2010: Fig. 5) has 
been digitized (using WebPlotDigitizer v 4.6 
to extract the values) and color-coded in 
order to highlight the proposed three com
positions in their NAA data. (b) Independent 
WDXRF (Keller et al., 1996) and NAA (Frahm 
et al., 2016) data also exhibit three clusters 
in a Mn vs. Rb scatterplot for the analyzed 
Satanakar obsidian specimens. (c) Provi
sional placement of the three obsidian com
positions on the Mets Satanakar landscape. 
The Google Earth image is reproduced here 
in accordance with Google’s Terms of Service 
and General Guidelines regarding fair use in 
publications (©2023, Maxar Technologies, 
Landsat / Copernicus Imagery collected on 
11 August 2016).   
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Tsaghkunjats, Tsaghkuniats, etc. or sometimes called the Damlik vol
canic complex) obsidian sources do not appear on the source map of 
Keller et al. (1996) or in the database of Poidevin (1998). The three 
obsidian sources (all ca. 2000–2800 m asl) in the Tsaghkunyats moun
tains, following my nomenclature (e.g., Adler et al., 2014), are: Kamakar 
(Tsaghkunyats 1; ca. 40.62◦ N, 44.42◦ E), Ttvakar (or Ttujur; Tsaghku
nyats 2; ca. 40.59◦ N, 44.47◦ E), and Damlik (Tsaghkunyats 3; ca. 40.65◦

N, 44.38◦ E). Chataigner and Gratuze (2014) and those scholars who cite 
them (e.g., Orange et al., 2021) refer to two, not three, Tsaghkunyats 
obsidian sources. This appears to reflect an overreliance on Ba and Zr to 
define sources, presumably because that is how Renfrew and colleagues 
(e.g., Cann and Renfrew, 1964: Fig. 2; Renfrew et al., 1965: Fig. 4; 
Renfrew et al., 1966: Fig. 2) did so. Specifically, Chataigner and Gratuze 
(2014: 33) state that “Tsaghkunyats obsidian forms two well-identified 
compositional groups” in their Ba vs. Zr plot, which I have digitized from 
their figure (because only summary statistics were published) and 
recreated here as Fig. 13a. Oddly, their own Nb/Zr vs. Y/Zr scatterplot 
(digitized and reproduced as Fig. 13b), clearly exhibits three distinct 
trace-element groups, each corresponding to an individual obsidian 
source: Kamakar, Ttvakar, and Damlik. Yet Chataigner and Gratuze 
(2014: 33) hold that this plot shows “two groups,” and they combine 
Damlik and Ttvakar into a single group. Their reasoning might have 
derived from Badalyan et al. (2004: 449), who wrote that NAA has 
“identified two separate groups, originating respectively from the 
Damlik and Ttvakar volcanoes… on the one hand, and the Kamakar 
source, on the other” and list Blackman et al. (1998) as the citation for 
this statement. Blackman et al. (1998), however, analyzed only two of 
the three Tsaghkunyats sources – Damlik and Kamakar – and noted that 
Ttvakar had not been sampled for the study. Table S21, S22, and S23 
summarize the data for Kamakar, Ttvakar, and Damlik obsidian, 
respectively. 

The Tsaghkunyats sources are among the oldest in Armenia, and the 
available geochronological data suggest that the obsidian formed during 
at least two different volcanic phases. Damlik obsidian has been fission- 
track dated, yielding ages of ca. 4.2–4.6 Ma (Oddone et al., 2000; 
Badalian et al., 2001), and it has a corresponding K-Ar date of 5.4 ± 0.4 
Ma (Karapetian et al., 2001). Consequently, Karapetian et al. (2001) 
assign its eruption to a volcanic phase ca. 4.5–7.5 Ma. In contrast, with 
its K-Ar date of 11.0 ± 0.5 Ma, Karapetian et al. (2001) attribute 

Kamakar obsidian to an even earlier volcanic phase ca. 10–17 Ma. 
Ttvakar obsidian has apparently not been dated thus far, but it would be 
interesting to know if it falls chronologically, not just compositionally, 
between Kamakar and Damlik obsidian. 

It should be kept in mind that, given the age and elevation of the 
Tsaghkunyats sources, alluvial and colluvial secondary deposits are 
found in and around these mountains, some of which contain clasts and 
blocks of obsidian from multiple sources. The named Hankavan deposit, 
near the headwaters of the Marmarik River, is one such example, and it 
seems to draw obsidian primarily from Damlik but also, to a lesser 
extent, Ttvakar. The two principal rivers able to transport small obsidian 
pebbles away from these mountains are the Marmarik, which flows to 
the east toward Lake Sevan, and the Kasakh, which flows to the south 
toward the Ararat Depression. In fact, my colleagues located a fluvial 
channel deposit (40.16◦ N, 44.39◦ E, 900 m asl) in the Ararat Depression 
that contained millimeter-scale obsidian pebbles, ca. 27 km due south of 
the Tsaghkunyats mountain range, and I used pXRF to confirm that these 
pebbles were Tsaghkunyats obsidian. Such tiny pebbles in secondary 
deposits have few implications for knapped lithic artifacts; however, it 
may explain how Tsaghkunyats obsidian fragments occasionally were 
incorporated into pottery as temper at a nearby Late Neolithic settle
ment (Palumbi et al., 2014). 

3.2. Azerbaijan 

Only one obsidian source occurs in the mountainous Nagorno- 
Karabakh region, which is disputed territory. Specifically, according to 
internationally recognized borders, the volcano falls just inside area of 
Azerbaijan; however, this territory is instead recognized by Armenia as 
the Republic of Artsakh. As with other obsidian sources that lie near 
contested national borders, this source has not been particularly well 
sampled or described in the literature due to its location and interna
tional politics. 

3.2.1. Kelbadjar / Kechal Dağ 
This obsidian source is known as Kelbadjar (sometimes transliterated 

as Kel’badjar, Kel’bedzhar, Kelbadzhar, etc.), Kechal Dağ (alternatively 
Kechaldağ, Kecheldağ, Kechel Dağ, etc.), and Merkasar (e.g., Keller 
et al., 1996; Blackman et al., 1998; Karapetian et al., 2001; Badalyan 

Fig. 13. Digitized scatterplots (using WebPlotDigitizer v 4.6) of LA-ICP-MS data for Tsaghkunyats obsidian from Chataigner and Gratuze (2014). (a) Chataigner and 
Gratuze (2014: 33) state “Tsaghkunyats obsidian forms two well-identified compositional groups” in their Ba vs. Zr plot, reproduced here. (b) Their Nb/Zr vs. Y/Zr 
plot, reproduced here, exhibits three distinct compositional groups, each of which corresponds to a known Tsaghkunyats obsidian source: Kamakar (which those 
authors combine with the Aïkasar deposit as their “Tsaghkunyats 2” subgroup), Ttvakar, and Damlik. Accordingly, their measurements support the same three 
obsidian sources that have identified by other researchers. 
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et al., 2004; Orange et al., 2021; Fataliyev et al., 2022). The first two 
terms are widely used in the recent obsidian literature (e.g., Orange 
et al., 2021; Fataliyev et al., 2022), so I simply use both names here. The 
obsidian outcrops (ca. 39.92◦ N, 45.87◦ E) lie at high elevations (ca. 
3000–3200 m asl), which, in turn, leads to deep snow cover for more 
than half of the year (Badalyan et al., 2004). K–Ar dating at the volcano 
yielded an age of ca. 0.7 Ma (Keller et al., 1996). The obsidian occurs in 
association with extensive perlite and pumice deposits (Marakushev and 
Mamedov, 1993; Fataliyev et al., 2022), much like the Gutansar and 
Arteni sources. 

Table S24 reports a single composition for this obsidian source, but it 
should be acknowledged that Blackman et al. (1998) claimed the exis
tence of three source compositions, which they had termed Kecheldağ 
(n = 3 obsidian specimens), Kelbadzhar 1 (n = 4), and Kelbadzhar 2 (n 
= 1). They concluded, however, the Kecheldağ and Kelbadzhar 1 source 
are actually one and the same, and the compositional similarity of their 
one “Kelbadzhar 2” specimen to the nearby Khorapor obsidian source 
should not be ignored as mere chance (Blackman et al. 1998: Fig. 5). 
Instead, it likely was a misidentified specimen of Khorapor obsidian. 
Consequently, I, like my colleagues in this field (e.g., Orange et al., 2021; 
Fataliyev et al., 2022), propose that there is only a single Kelbadjar / 
Kechal Dağ obsidian source. 

3.3. Georgia 

Obsidian can only be collected from one lava dome in Georgia, 
located in the Djavakheti highlands, just 35 km from the northern border 
of Armenia. It should be noted, though, that other dark, aphanitic, likely 
volcanic toolstone materials occur among lithic artifacts excavated in 
Georgia (personal observations of the archaeological collections of the 
Georgian National Museum in Tbilisi). 

3.3.1. Chikiani 1, 2, and 3 
The Chikiani (“the glass that glistens” in Georgian) lava dome 

(41.48◦ N, 43.86◦ E; ca. 2200–2400 m asl) lies on the northeastern shore 
of Paravani Lake, and this source location is also known as Paravani (or 
Paravani Lake, Paravan, Paravana, Taparavani, etc.) and Kojun Dağ. 
Flows of high-quality obsidian (i.e., largely homogeneous and inclusion- 
free) occur across this low lava dome, which rises only 300 m above its 
surroundings, and quarries have been documented across the dome 
(Biagi and Gratuze, 2016; Biagi et al., 2017). Secondary alluvial deposits 
of obsidian clasts and pebbles have been reported along the course of the 
Khrami (Chrami) River to the east (Badalyan et al., 2004); however, 
large obsidian blocks are easily accessed at the dome and would have 
been reliable resources for those in search of excellent toolstone. Fission- 
track dating of Chikiani obsidian yielded ages between ca. 2.2 and 2.6 
Ma (Komarov et al., 1972; Chataigner et al., 2003), whereas K–Ar dating 
yielded slightly older dates of ca. 2.4–2.8 Ma (Karapetian et al., 2001; 
Lebedev et al., 2008; Le Bourdonnec et al., 2012; Nomade et al., 2016). 
These date ranges do not necessarily mean that there was an extended, 
400-ka period of rhyolitic volcanism, although this is a possibility to 
consider. Instead, these ranges might simply reflect reasonable un
certainties in these date determinations, especially in light of subsequent 
heating events (i.e., later eruptions) that, in theory, may have reset 
radiometric clocks and led to younger ages (Lebedev et al., 2008). There 
is chemical evidence of multiple obsidian-producing eruptions, but it is 
unclear how long this process took. 

Some of the earlier studies (e.g., Blackman et al., 1998; Chataigner 
and Gratuze, 2014) reported a homogenous chemical composition 
among their tested Chikiani obsidian specimens. Keller et al. (1996), 
though, realized that a series of four obsidian specimens from Chikiani 
exhibited a linear, compositional trend reflective of magma at different 
stages of its chemical evolution. That is, obsidian erupted multiple 
times, between which the magma underground continued to change in 
composition, and the outcome is obsidian with a series of distinct trace- 
element compositions but that still constitutes a rather coherent 

geochemical group (Keller et al., 1996). Biagi and Gratuze (2016) later 
confirmed the presence of three trace-element compositions of Chikiani 
obsidian, which they numbered 1 through 3. Their precise spatial dis
tributions across the landscape remain somewhat unclear, as most of the 
locations sampled by Biagi and Gratuze (2016) were colluvial deposits 
around the base of the lava dome. Biagi and Gratuze (2016) suggest that 
Chikiani 3 obsidian erupted first, meaning that the flow would be largely 
covered, and that Chikiani 1 obsidian, which occurs across the surface of 
the lava dome, erupted last. 

Table S25, S26, and S27 summarize the compositional data for 
Chikiani 1, 2, and 3, respectively. Such a three-fold distinction is 
consistent with the most recent research from my colleagues in this field 
(e.g., Orange et al., 2021). It is worth noting that Biagi and Gratuze 
(2016) initially reported Chikiani 1a and 1b; however, only a short time 
later, they considered Chikiani 1b to instead be a part of Chikiani 2 
(Biagi et al., 2017). Consequently, this distinction is not made here. In 
addition, Biagi and Gratuze (2016) make a distinction between Chikiani 
3a and 3b. While such a subtle chemical difference might be possible for 
geological specimens with fresh, flat, and clean surfaces, making such a 
distinction non-destructively among artifacts is likely impractical. 
Hence, Chikiani 3a and 3b are combined here. 

3.4. Russia 

Most of the obsidian sources in Russia occur on the volcanic Kam
chatka Peninsula of Siberia (e.g., Grebennikov and Kuzmin, 2017), but a 
single source also lies on the Russian side of the Greater Caucasus range 
in Kabardino-Balkaria, making it the only known source in the North 
Caucasus. 

3.4.1. Baksan / Zayukovo 
This obsidian source tends to be called Baksan (or alternatively 

Baksan River or Baksan Valley) by Western authors (e.g., Keller et al., 
1996; Blackman et al., 1998; Le Bourdonnec et al., 2012) and Zayukovo 
by Russian authors (e.g., Doronicheva and Shackley, 2014; Shackley 
et al., 2018; Doronicheva et al., 2019), so Orange et al. (2021) has 
recommended the use of both terms together. Obsidian clasts are found 
in secondary alluvial, colluvial, and pyroclastic deposits along the 
Baksan River within the valley of the same name. For example, speci
mens analyzed by Shackley et al. (2018) were collected from slope de
posits of undifferentiated Quaternary sediments. Although centered 
around the village of Zayukovo (43.6◦ N, 43.3◦ E), these clasts have been 
reported in relict river terraces and beds as much as 10 km away 
(Shackley et al., 2018). Most of the obsidian clasts are ≤ 10 cm in 
diameter and rarely are larger (Shackley et al., 2018). The river itself 
originates on the steep slopes of Mount Elbrus, a stratovolcano that is the 
highest peak of the North Caucasus (5640 m asl), but it might not be the 
geological source of the obsidian. The primary source remains unclear; 
however, it has been proposed that the eruptive center lies more than 40 
km upstream from Zayukovo near the village of Tyrnyauz (43.4◦ N, 
42.9◦ E) based on volcanism of similar age within the immediate vicinity 
(Le Bourdonnec et al., 2012; Shackley et al., 2018). Specifically, fission- 
track dating of the obsidian yielded an age of 2.2 ± 0.2 Ma (Komarov 
et al., 1972), while nearby granite massifs have similar ages (e.g., 
2.1–2.5 Ma in Hess et al., 1993; 2.0 ± 0.2 Ma in Borsuk, 1979). 
Table S28 shows, in agreement with colleagues in this field (Le Bour
donnec et al., 2012; Shackley et al., 2018), that, despite a variable 
appearance, there is a single composition of Baksan / Zayukovo 
obsidian. 

3.5. Turkey 

As previously noted, the area that is now eastern Turkey constitutes 
the geographic focus of this section. This region is often called Eastern 
Anatolia in the obsidian literature, following the terminology first laid 
out by Renfrew et al. (1969). The obsidian-producing volcanoes in 
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central Turkey are, in contrast, known as the Central Anatolian or 
Cappadocian obsidian sources, and they lie within an area termed the 
Central Anatolian Volcanic Province. Poidevin (1998) covered these 
sources in greater detail, and these sources, especially those of the Göllü 
Dağ complex, have been well described elsewhere in the literature (e.g., 
Hancock and Carter, 2010; Poupeau et al., 2010; Binder et al., 2011). 
This section also ignores the few small, old (20–25 Ma), and only locally 
exploited sources in western Turkey. 

3.5.1. Bingöl a (Solhan) 
Bingöl A is one of only two peralkaline obsidian sources in Southwest 

Asia and, accordingly, was included within the “Group 4c” obsidian of 
Renfrew et al. (1966). Alkaline obsidian is more common, and in com
parison, peralkaline obsidian has lower Al contents as well as higher 
concentrations of Fe and alkali elements such as Na and K. Trace- 
element trends also differ between the two geochemical varieties. Ba 
and Sr are higher in alkaline obsidian, while peralkaline obsidian has 
higher Nb and Zr contents. This is a result of different minerals that form 
in the magma. In alkaline obsidian, the formation of zircon (ZrSiO4) and 
other minerals in the magma leads to low Zr concentrations left behind 
in the glass, whereas these minerals do not form in peralkaline magmas, 
leading to higher Zr levels within the resulting obsidian. In contrast, Ba 
and Sr can be high in alkaline obsidian, but feldspars that form in per
alkaline magmas readily accept Ba and Sr into their crystal structure 
and, in turn, reduce their levels in the resulting obsidian. The different 
trace-element trends for peralkaline obsidian not only obfuscated that 
there is more than one source in Southwest Asia but also complicated 
efforts to differentiate them. 

Cauvin (1991) coined the term Bingöl A to describe the peralkaline 
obsidian found near the city of Bingöl and belonging to the Solhan 
formation (Yilmaz et al., 1987). This obsidian is associated with two 
principal exposures that are known in the literature as Orta Düz (ca. 
38.92◦ N, 40.91◦ E, 1300 m asl) and Çavuşlar (ca. 38.93◦ N, 40.75◦ E, ca. 
1400 m asl). The Orta Düz deposit is an obsidian layer, about 1 m thick, 
that is exposed in a road cut along the main route between the cities of 
Bingöl and Muş. The layer, which appears to be a primary deposit (and is 
the reason why this source is sometimes known instead as Solhan), sits 
atop volcanic tuff, and it is capped by a subsequent basalt flow, which is 
why the location of the Bingöl A primary deposit remained uncertain for 
so long. Çavuşlar, in contrast, is a secondary deposit of rounded, even 
spherical, obsidian clasts (ca. 10–25 cm in diameter) due to reworking 
by water and/or mud, and these clasts occur in various accumulations in 
the area around the town of Çavuşlar, typically where hill slopes have 
concentrated them together. Bingöl A obsidian has been fission-track 
dated to ca. 4.6–5.1 Ma (Bigazzi et al., 1998; Bellot-Gurlet et al., 
1999) and K-Ar dated to ca. 4.2–4.6 Ma (Chataigner et al., 1998). 
Table S29 summarizes the available elemental data for Bingöl A 
obsidian. 

3.5.2. Bingöl B (Alatepe) 
Cauvin (1991) also coined the term Bingöl B in order to describe the 

alkaline obsidian that occurs near the city of Bingöl. It was known as 
“Group 1g” in the work of Renfrew et al. (1966) when its source locale 
was unknown, but its deposits were discovered by surveys that 
archaeologist Marie-Claire Cauvin organized during the 1980s. The 
Alatepe exposure (ca. 39.15◦ N, 40.77◦ E, 1700 m asl) has been 
described as a small obsidian flow, and it appears to be a primary source 
of Bingöl B obsidian. There are two known secondary deposits of 
obsidian clasts that have been reworked by streams and/or mudflows: 
one near the village of Çatak, where rounded clasts as large as 30 cm 
across occur in association with fluvial sediments, and another deposit 
near the village of Arçük. Bingöl B obsidian has been fission-track dated 
to ca. 4.3–6.0 Ma (Bigazzi et al., 1998) and K-Ar dated to ca. 4.4–4.7 Ma 
(Chataigner et al., 1998). Table S30 summarizes elemental data for 
Bingöl B obsidian from the 1980s onward. 

3.5.3. Erzincan 1 and 2 
Two lava domes, about 10 km apart, east of the town of Erzincan 

produced obsidian with similar elemental compositions: Erzincan 1 
obsidian from a lava dome called Agili Tepe (Table S31) and Erzincan 2 
obsidian from a dome called Değirimen Tepe (Table S32). Volcanism 
within the Erzincan basin appears to be directly related to the North 
Anatolian and Northeast Anatolian crustal faults at this location, and 
other domes nearby erupted dacite and rhyodacite lavas. Agili Tepe lies 
near the village of Karakaya (also called Keleriç; ca. 39.68◦ N, 39.75◦ E, 
1400 m asl), and Değirimen Tepe is near the village of Çadırtepe (or 
Kertah; ca. 39.71◦ N, 39.66◦ E, 1200 m asl). Ar-Ar dating of obsidian and 
dacite implies an age between ca. 0.4 ± 0.2 and 0.5 ± 0.2 Ma (Poidevin, 
1998), but additional dating is still needed. 

3.5.4. Erzurum: Tambura, South Erzurum, and West Erzurum 1 and 2 
The Erzurum Province contains, by my count, four distinct obsidian 

compositions, the deposits of which were first documented by Pasquarè 
(1971). Erzurum–Tambura (Table S33) obsidian derives from the py
roclastic deposits of a particular cinder cone within the Kilbe Tepe 
volcanic system, near the village of Güzelyurt (previously called 
Tambura; ca. 39.8◦ N, 41.0◦ E, 1900 m asl). Bigazzi et al. (1998) 
determined a fission-track age of ca. 6.9 ± 0.3 Ma for these pyroclastics, 
but the uncertainties involving this date are unclear. Furthermore, based 
on their own visit, Kobayashi and Sagona (2008) thought that this ma
terial was too granular and low-quality to have been useful for tool
making during the past, and Chataigner et al. (2014) remark that they 
were unable to locate obsidian during their survey. 

South Erzurum obsidian (Table S34) apparently derives from Kuşakli 
Dağ volcano to the west of the town of Başköy (ca. 39.717◦ N, 41.136◦ E, 
2300 m asl). Pasquarè (1971: 905) describes this source as exhibiting a 
sequence of “vitreous laminated tufts, among which, however, some 
layer[s] up to 15–20 cm thick are made up entirely of pure obsidian.” 
Opaque, black obsidian outcrops at multiple places across the volcano 
(Chataigner et al., 2014). So far, a total of only four geological specimens 
of South Erzurum obsidian have been analyzed using LA-ICP-MS in 
Orléans (Chataigner et al., 2014) and using pXRF in the archaeological 
labs of the University of California-Los Angeles (Olshansky, 2018), and a 
matching artifact from İvikler Tepsei was also measured using NAA in 
Australia (Brennan, 2000). 

West Erzurum 1 obsidian (Table S35) derives from Güney Dağ vol
cano (ca. 39.9◦ N, 41.1◦ E, 1900–2000 m asl) immediately to the west of 
the villages of Sögütlü and Ömertepe. Angular blocks of obsidian are 
scattered across the surface but not in situ. Instead, the blocks seem to 
have somewhat moved from their initial emplacement contexts due to 
an explosive eruption (consistent with a circular depression), a pyro
clastic flow (consistent with the associated pumiceous/perlitic deposits), 
and/or freeze–thaw cycles (Poidevin, 1998). Domes of dacitic lava also 
dot the volcano’s surface. One Ar-Ar date yielded an age of 8.4 Ma, 
consistent with Miocene-aged obsidian in this province (Poidevin, 
1998). 

West Erzurum 2 obsidian (Table S36) has a less clear volcanic origin, 
but its specimens appear to have been collected near West Erzurum 1 
specimens. A distinct possibility is that secondary deposits of water- 
rounded obsidian clasts along Adaçay River near Ömertepe village 
were presumed to derive from Güney Dağ volcano but instead originate 
farther upstream, such as the Palandöken Dağları volcanic ridge 
(Brennan, 2000). Other secondary deposits have also been noted farther 
downstream, such as one near the village of Aziziye (previously known 
as Ilıca) (Poidevin, 1998). Clearly, the Erzurum Province is one of the 
regions that requires more work to better circumscribe its obsidian 
sources. 

3.5.5. Group 3d 
The term “Group 3d” comes from Renfrew et al. (1966), who iden

tified artifacts with notably high Rb concentrations (450–500 ppm vs. 
less than 300 ppm for other sources) but did not find a matching 
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geological source. Today the source remains unknown – no one knows 
precisely where past peoples collected this obsidian. For decades, only a 
handful of Group 3d obsidian artifacts had been identified. These sites 
had other artifacts principally from obsidian sources in the vicinity of 
Lake Van (e.g., Bingöl A and B, Nemrut Dağ, Meydan Dağ), providing a 
few clues about its location. For decades, however, this source remained 
something of a boogeyman. Campbell and Healey (2016) revolutionized 
our understanding of this source when, using pXRF, they identified 278 
Group 3d artifacts (31.5% of the tested assemblage) from the site of 
Kenan Tepe (37.831◦ N, 40.813◦ E, 550 m asl), which lies on the Tigris 
River in the Diyarbakır Province of southeastern Turkey. Other obsidian 
artifacts at Kenan Tepe (e.g., 122 from Bingöl A, 122 from Bingöl B, and 
339 from Nemrut Dağ, but many fewer from other sources) implies a 
source located somewhere between those three sources and the site. 
Furthermore, Campbell et al. (2020) summarize the available informa
tion about Group 3d obsidian, and interested readers are encouraged to 
consult that publication and its references. Table S37 lists the elemental 
data for Group 3d obsidian. 

3.5.6. İkizdere 
İkizdere obsidian derives from a large source (6-km long, ca. 40.8◦ N, 

40.7◦ E, 1800–2800 m asl), known as Haros Dağ, near the towns of 
İkizdere, Rize, and Büyük Yayla (Yeğingil et al., 2002). There are several 
named obsidian exposures, including Büyüksulata and Kücüksulata 
(western exposures), Büyük Yayla (central), and Tekem Tepe and Kara 
Tepe (eastern); however, the various exposures exhibit a very consistent 
chemical composition (Yeğingil et al., 2002), as summarized in 
Table S38. Yeğingil et al. (2002) propose that the obsidian had an 
atypical emplacement mechanism, arguing that it filled faults initiated 
by a regional Pliocene neotectonic fracture system. This process, how
ever, led to obsidian with vesicles (bubbles), millimeter-scale inclusions 
of biotite and feldspar, and partially devitrified glass, which limited its 
utility for lithic production in the past. Nishiaki et al. (2019) refer to a 
“Group 1” (n = 2) and “Group 2” (n = 5) of İkizdere obsidian, but this 
distinction is based, in large part, on differences between the Ti (843 ±
48 and 1009 ± 33 ppm, respectively) and Fe (6334 ± 206 and 7474 ±
260 ppm) contents. As discussed in Section 2, variations in the abun
dance of magnetite (Fe2+Fe3+

2 O4), titanomagnetite (Fe2+(Fe3+,Ti)2O4), 
or ilmenite (FeTiO3) can lead to spurious groups in otherwise homoge
neous obsidian. İkizdere obsidian has been fission-track dated to ca. 
1.7–1.9 Ma and K-Ar dated to ca. 2.10 ± 0.03 Ma (Yeğingil et al., 2002). 
It should be mentioned that, in their unpublished study of İkizdere 
obsidian, Weiss et al. (2002) reported a distinct composition for three 
obsidian specimens collected from Sehitlik peak, southeast of the 
İkizdere exposures. Importantly, two subsequent studies, also unpub
lished and lesser known, suggested that the specimens were not actually 
obsidian but instead tektites, which are natural glasses formed from 
molten ejecta during meteorite impacts (Kloess et al., 2003; Ende et al., 
2007). 

3.5.7. Kars: Akbaba Dağ, Arpaçay 1 and 2, and Digor 1 and 2 
The Kars Province of northeast Turkey includes a series of Plio- 

Pleistocene tuffs, ignimbrites, and pyroclastic deposits that contain 
obsidian, which have also been transported by alluvial mechanisms in 
the region. Consequently, secondary deposits of water-transported 
obsidian clasts also occur across this province, and this, in turn, has 
led to different nomenclatures used by various researchers. Here I follow 
the terminology used by volcanologist Tuncay Ercan and colleagues 
with Turkey’s Directorate of Mineral Research and Exploration and later 
employed by Keller et al. (1996). I do, though, report equivalences to 
later authors’ nomenclature (e.g., Chataigner et al., 2014) whenever 
possible. 

About 15 km south of the town of Kars, Kars–Akbaba Dağ (ca. 
40.497◦ N, 43.021◦ E, 2000 m asl) obsidian was sampled in 1991 by 
Ercan and colleagues. No dates are available for this source, but those for 
other Kars obsidian sources (below) suggest that their emplacement 

occurred during a volcanic phase between ca. 2 and 4 Ma. Elemental 
scatterplots in Keller et al. (1996) include NAA measurements of this 
obsidian by Pernicka and Keller; however, these data were not otherwise 
published. My analyses of this particular obsidian source (Table S39) 
appear to be the only published values. 

Kars–Arpaçay 1 (Table S40) and Kars–Arpaçay 2 (Table S41) 
obsidian were sampled by Ercan and colleagues to the northwest and 
southwest, respectively, of the village of Büyük Aküzüm (ca. 40.65◦ N, 
43.66◦ E, 1500 m asl). This village lies near the confluence of the Kars 
and Aparçay (or Akhurian) Rivers, and the specimens were collected 
from secondary alluvial deposits. Specimens of Kars–Arpaçay obsidian 
(unknown if they were Kars–Arpaçay 1 and/or 2) have been fission-track 
dated to ca. 3.5 ± 0.2 and 3.7 ± 0.2 Ma (Bigazzi et al., 1998). 
Kars–Arpaçay 1 is equivalent to both the “Akhurian” and “Sarıkamış 
North” sources of Chataigner and Gratuze (2014). It should be pointed 
out that Chataigner and Gratuze (2014) also subdivide their specimens 
into Akhurian 1 (n = 2) and Akhurian 2 (n = 12) based on a relatively 
minor difference in Ba content (95 ± 14 vs. 29 ± 5 ppm, respectively). I 
do not, however, make such a distinction here. Clearly the volcanic 
origin of Kars–Arpaçay 1 obsidian lies upstream, but exactly where re
mains a matter of debate (Poidevin, 1998: 133; Chataigner and Gratuze, 
2014: 34–35). 

In contrast to Kars–Arpaçay 1 obsidian, Kars–Arpaçay 2 obsidian has 
no equivalent in Chataigner and Gratuze (2014). Like Kars–Akbaba Dağ, 
elemental scatterplots shown in Keller et al. (1996) include NAA mea
surements from Pernicka and Keller of both Kars–Arpaçay 1 and 2 
obsidian (which they instead call Kars–Arpaçay A and B); however, 
these data were not otherwise published. Therefore, also like 
Kars–Akbaba Dağ, my analyses (Table S41) appear to be the only pub
lished values. 

Kars–Digor 1 (Table S42) and Kars–Digor 2 (Table S43) are equiva
lent to the Yağlica Summit (ca. 40.24◦ N, 43.33◦ E, 2100 m asl) and 
Yağlica South (ca. 40.21◦ N, 43.31◦ E, 1800 m asl) obsidian sources, 
respectively, of Chataigner et al. (2014). Specimens of Kars–Digor 
obsidian (unknown if they were Kars–Digor 1 and/or 2) were fission- 
track dated to 2.4 ± 0.2 Ma (Bigazzi et al., 1998) and Ar-Ar dated to 
2.7 ± 0.3 Ma (Innocenti et al., 1982), reflecting the expected Plio- 
Pleistocene age. 

3.5.8. Meydan Dağ 
On the eastern slopes of Meydan Dağ volcano, obsidian outcrops are 

visible on a hillside known locally as Gügürbaba Tepe (39.204◦ N, 
43.269◦ E, 2000 m asl). Older terms found in the literature for this 
source include Ziyaret (e.g., Fornaseri et al., 1975) and Zarnaki (or 
Zernaki) Tepe (e.g., Yellin and Perlman, 1981), the latter of which is the 
name of a nearby archaeological site from which obsidian artifacts were 
collected for chemical analysis. Gügürbaba Tepe appears to be a typical 
rhyolitic lava dome, in which the obsidian is capped by a perlitic/pu
miceous layer, on the lower flanks of a Plio-Pleistocene stratovolcano. It 
does not seem that obsidian is directly associated with the volcanic 
caldera atop Meydan Dağ. Based on K-Ar dating of other lavas, the main 
volcano-building phase occurred between 6.2 and 4.6 Ma (Innocent 
et al., 1976). The obsidian, in contrast, is fission-track dated to ca. 
0.75–0.60 Ma (Bigazzi et al., 1998) and K-Ar dated to ca. 1.0–0.9 Ma 
(Innocenti et al., 1980; Matsuda, 1988). Therefore, obsidian emplace
ment occurred millions of years later than the majority of the volcano. 
Table S44 summarizes the available data for Meydan Dağ obsidian, 
which, as an obsidian standard used for pXRF calibration (see Frahm, 
2019 and references within), has been well characterized in a variety of 
laboratories. 

3.5.9. Muş 
The Muş (or Mush) Depression contains a sequence of sediments and 

volcanics, including a lava dome (38.893◦ N, 41.404◦ E, 1300 m asl) in 
the Zirnak Formation about 9 km southwest of the village of Merci
mekkale (Yilmaz et al., 1987; Pearce et al., 1990; Ercan et al., 1995). A 
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mistake (i.e., field notes that stated “20 km NW of Mush town” instead of 
the correct NE) led some authors (e.g., Bigazzi et al., 1998; Poidevin, 
1998), including myself (Frahm, 2010), to erroneously state that there 
are two sources of Muş obsidian. There is, though, only the one dome 
and its outcrops. Muş obsidian has been fission-track dated to ca. 
2.0–2.7 Ma (Bigazzi et al., 1998), and Table S45 gives its composition. 

3.5.10. Nemrut Dağ 1 through 6 
Nemrut Dağ volcano (38.622◦ N, 42.243◦ E, ca. 2000–2400 m asl) is 

the other volcanic source of peralkaline obsidian in Southwest Asia, and 
its obsidian was also part of the “Group 4c” of Renfrew et al. (1966). 
Entire papers have been written about the geology (e.g., Aydar et al., 
2003; Karaoğlu et al., 2005:; Özdemir et al., 2006; Çubukçu et al., 2012; 
Ulusoy et al., 2019) and obsidian (e.g., Frahm, 2012; Robin et al., 2015, 
2016) of Nemrut Dağ since Poidevin (1998), and interested readers are 
especially encouraged to consult Frahm (2020) and the references 
therein for the most up-to-date information. Nemrut Dağ is an active 
stratovolcano, and it experienced a caldera collapse ca. 270 ka, creating 
a roughly circular, 7 × 8 km crater with a lake in its western half and 
subsequent lava flows and domes in its eastern half. There was obsidian 
produced both before and after the caldera collapse event. The oldest 
obsidian, exposed in the caldera wall, has been K-Ar dated to ca. 310 ka 
(Özdemir et al., 2006), whereas the youngest obsidian on the caldera 
floor has been fission-track dated to ca. 24 ± 14 ka (Bigazzi et al., 1998) 
and K-Ar dated to ca. 20–25 ka (Matsuda, 1988; Notsu et al., 1995). To 
be brief here, early analyses of Nemrut Dağ obsidian involved too few 
specimens and little or no location information for them, and it was 
unclear how many distinct obsidian compositions occurred at the vol
cano. The issue was complicated by real compositional variability 
attributed to analytical uncertainties and inter-laboratory offsets. In 
general, it was held that there were two or perhaps three obsidian 
compositions at Nemrut Dağ when I first identified six distinct compo
sitions (Frahm, 2010, 2012). Others have since been able to replicate my 
results (e.g., Robin et al., 2016). Table S46 to S51 summarize all of the 
available data. Following Robin et al. (2016), who showed that most 
(but not all) Nemrut Dağ obsidian artifacts match the Nemrut Dağ 2 
source, called Cluster 2 in Frahm (2020) and Cluster 2 / Outcrop 5 / 
Sıcaksu in Robin et al. (2016), I chose to include all artifact data in the 
Nemrut Dağ 2 table here because even a few artifacts from other Nemrut 
Dağ sources (see Frahm, 2020) would only have a minor influence on the 
resulting mean values. 

3.5.11. Pasinler 1 and 2 
The name “Pasinler” derives from the initial identification of 

obsidian clasts in river gravels near the town of Pasinler, followed by 

geochemically matching obsidian artifacts from the archaeological site 
of Sos Hüyük ca. 13 km west of Pasinler (Brennan, 2000). The volcanic 
origin of the clasts, however, was unknown as of Poidevin’s (1998) 
chapter. Later obsidian outcrops were found, ca. 14 km to the north, on 
the east bank of the Malikom River (or Büyükdere) Gorge (Fig. 14; 
40.067◦ N, 41.617◦ E, ca. 1800–2000 m asl). It was this river that 
transported the obsidian clasts south to Pasinler. Brennan (2000: 132) 
describes the Malikom Gorge exposure as “at least five discrete flows of 
obsidian, each up to several meters thick” that are “inter-bedded with 
obsidian-rich tuffs.” His description does not necessarily mean that there 
are five or more different compositions of obsidian present there; how
ever, it seems likely that both Pasinler 1 and 2 obsidian originate from 
these outcrops. Pasinler obsidian has been fission-track dated to ca. 
5.5–6.2 Ma (Bigazzi et al., 1998) and Ar-Ar dated to ca. 5.5 ± 0.1 Ma 
(Chataigner et al., 1998). Table S52 and S53 summarize the available 
data for Pasinler 1 and 2 obsidian, respectively. 

3.5.12. Sarıkamış 1, 1a, and 2 
The Sarıkamış district of northeastern Turkey includes several 

obsidian deposits, and it has been debated precisely how many chemi
cally different sources are among them. On the low end of the source 
number, some authors propose that there are two sources (e.g., 
Sarıkamış 1 and 2 in Keller and Seifried, 1990; Sarıkamış South 1 and 2 
in Chataigner and Gratuze, 2014). On the high end, Gratuze et al. (2022) 
hold that there are as many as five chemically distinct obsidian sources 
(i.e., Sarıkamış South 1A, 1B, 1C, 2A, and 2B). I, however, concur with 
my colleagues with the GéObs Project and the Manchester Obsidian Lab 
that Sarıkamış obsidian is best sorted into three sources (e.g., Nishiaki 
et al., 2019). My sources also correlate with those of Gratuze et al. 
(2022): my Sarıkamış 1 obsidian (Table S54) is their Sarıkamış South 1C 
obsidian, my Sarıkamış 1a (Table S55) is their Sarıkamış South 1A, and 
my Sarıkamış 2 (Table S56) is their Sarıkamış South 2A and 2B, whereas 
their Sarıkamış South 1B reflects outliers. Sarıkamış 1 obsidian origi
nates from the slopes of Ala Dağ (40.270◦ N, 42.721◦, ca. 2200–2700 m 
asl), right between Hamamlı village to the north and Şehitemin village 
to the south. It may be that Sarıkamış 1a obsidian also derives from this 
area, but precisely circumscribing it on the landscape remains chal
lenging. Sarıkamış 2 obsidian originates from Çiplak Dağ, and it is 
exposed in various cuts (e.g., 40.214◦ N, 42.651◦ E, 1800 m asl) along 
the Erzurum–Kars road near the village of Mescitli. Six Sarıkamış 
obsidian specimens have been fission-track dated between ca. 3.6 ± 0.2 
and 4.8 ± 0.3 Ma (Bigazzi et al., 1998), and this spread of approximately 
a million years may reflect the ages of these different sources (Poidevin, 
1998). 

Fig. 14. Obsidian outcrops, ca. 14 km north of 
Pasinler village, on the eastern bank of the Malikom 
River Gorge. Brennan (2000: 132) describes this 
exposure as “at least five discrete flows of obsidian, 
each up to several meters thick” that are “inter- 
bedded with obsidian-rich tuffs.” Pasinler 1 and 2 
obsidian may both originate from these outcrops. The 
Google Earth image is reproduced here in accordance 
with Google’s Terms of Service and General Guide
lines regarding fair use in publications (©2023, Maxar 
Technologies, imagery collected on 27 June 2011).   
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3.5.13. Süphan Dağ 1 and 2 
Süphan Dağ (38.93◦ N, 42.81◦ E, summit at ca. 4000 m asl) is a 

polygenetic stratovolcano, located where two major fault lines intersect 
and with a complicated eruptive history. In brief, various dates on lavas 
and obsidian suggest that the major volcano-building phase occurred 
between ca. 0.7 and 0.1 Ma, whereas obsidian formed at or near the end 
of this process ca. 680 ± 12 ka (Innocenti et al., 1976; Pearce et al., 
1990; Notsu et al., 1995; Bigazzi et al., 1998). Its obsidian has very 
rarely, if ever, been identified at archaeological sites, mostly likely due 
to its frequent porphyritic texture (i.e., silicate minerals, primarily 
plagioclase, visible to the unaided eye) and, in turn, lower knapping 
quality (Poidevin, 1998). Blackman (1984) identified two Süphan Dağ 
obsidian compositions, which he termed Süphan I and II, and Oddone 
et al. (1997) corroborated the two distinct compositions, although other 
authors did not. Indeed, others seem only to have analyzed Blackman’s 
“Süphan II” obsidian, which occurs in a different location on the vol
cano. Süphan Dağ 1 obsidian (Table S57; Blackman’s “Süphan I”) 
apparently originates from a flow on the southwestern slope (38.92◦ N, 
42.78◦ E, ca. 3100 m asl), while Süphan Dağ 2 (Table S58; Blackman’s 
“Süphan II”) occurs on the northern slope (38.96◦ N, 42.81◦ E, ca. 2700 
m asl). 

3.6. Volcanoes misidentified as obsidian sources 

Elsewhere I have addressed erroneous obsidian sources reported in 
Armenia (i.e., the purported “Erevan” and “Sevan” sources in the 1990 s 
literature; Frahm et al., 2016: 546–547); however, there are also two 
volcanoes in far eastern Turkey – Mount Ararat and Tendürek Dağ 
– sometimes reported to be obsidian sources but without chemical data 
that support such an interpretation. 

3.6.1. Mount Ararat 
Mount Ararat (also Ağrı Dağ) is a compound, polygenic stratovol

cano that covers ca. 1100 km2 near the borders of Turkey, Armenia, Iran, 
and Nakhchivan. As detailed by Yilmaz et al. (1998), volcanism started 
with a period of Plinian (Vesuvius-like) fissure eruptions that deposited 
ca. 700 m of pyroclastics and basalt flows, followed by a cone-building 
phase of successive andesite, dacite, and basalt lavas and pyroclastic 
flows. The double peaks of Mount Ararat were formed during a period of 
abundant andesite and basalt lava flows. The final phase of volcanism 
involved eruptions from fissures and cracks along the flanks, creating 
parasitic domes and cones, at least one of which erupted extensive 
andesite and basalt lava flows that led to ʻaʻā and pāhoehoe morphol
ogies. Rhyolite lavas are rare, largely restricted to small lava domes and 
flows on the western flank due to this final volcanic phase. Yilmaz et al. 
(1998) mapped no obsidian at this volcano, only two small lava flows of 
aphanitic andesite. 

It was common for 19th-century geologists and explorers, including 
Jean-Jacques de Morgan, to write about fields of obsidian at Mount 
Ararat, which almost certainly were the lithic scatters associated with 
open-air Palaeolithic sites. Such ideas have been written about ever 
since (e.g., “obsidian flows from the twin peaks of Mt. Ararat,” Moorey, 
1999: 66; “obsidian mining on the slopes of Mount Ararat,” Ali, 2009: 
22). About a third of the obsidian source specimens analyzed by Renfrew 
et al. (1966) came from the Natural History Museum in London (here
after NHMUK), which was known as the British Museum of Natural 
History until the 1960s. Their Mineralogy and Planetary Sciences Divi
sion collection includes one specimen of banded obsidian reportedly 
from Mount Ararat: catalog numbers BM.1955,309 and NHMUK 
268656. This number indicates that the specimen was accessioned by 
the museum in 1955, and the web catalog lists “G. Brown” as its donor. 
The NHMUK sent me a subsample of this “Mount Ararat” obsidian for 
nondestructive testing. Table S59 reveals that this specimen is actually 
Gutansar obsidian, indicating that an anthropogenic context, likely an 
archaeological site, was sampled. 

3.6.2. Tendürek Dağ / Bayezid 
Tendürek Dağ is a polygenetic shield volcano southwest of the town 

of Doğubeyazıt (previously known as Bayezid), and its eastern flows 
almost reach the border with Iran, which has long complicated field 
research there. The lavas of Tendürek Dağ are principally basalts and 
trachyandesites (Innocenti et al., 1976; Pearce et al., 1990), but this 
volcano has periodically been mentioned within the literature as a po
tential obsidian source. A geological map reproduced by Yilmaz et al. 
(1998: Fig. 4) likely dates to the 1980s, if not earlier, and it shows an 
obsidian flow immediately east of the village of Esnemez (39.46◦ N, 
43.91◦ E, ca. 2000 m asl). There is clearly a lava flow adjacent to the 
village, but there are no indications of obsidian outcrops in either 
ground or satellite photography. Furthermore, three procurement visits 
by experienced researchers failed to locate any primary source deposits. 
Instead, in each case, an alluvial secondary deposit or archaeological 
lithic scatter were sampled instead. 

Specimens of “Tendürek Dağ” obsidian were collected by Tuncay 
Ercan and/or colleagues in the Directorate of Mineral Research and 
Exploration. Their field notes are consistent with the location of the 
purported obsidian deposit (Yilmaz et al., 1998) and also state that 
obsidian was “rare” there. I analyzed these specimens using EMPA 
(Frahm, 2010), and it was only later that I understood those specimens 
fall in the normal variability of Meydan Dağ obsidian (Table S60). That 
is, this “rare” obsidian appears to have come from a lithic scatter atop 
the lava flow, and the artifacts instead derived from Meydan Dağ, one of 
the most widely and intensively exploited obsidian sources in the region. 

USGS volcanologist Robert L. Smith, who helped to develop obsidian 
hydration dating during the 1950s and 1960s, assembled a large 
obsidian collection, which was either divided or shared between the 
NHMUK and the Smithsonian Institution’s Lithological Reference 
Collection in Washington, D.C. Obsidian specimens in these museums’ 
collections share British Museum (BM), NHMUK, and Smithsonian 
numbers as well as field sample numbers and International Generic 
Sample Numbers (IGSNs), as I have described previously (Frahm et al., 
2016: 547). Tendürek Dağ is often proposed as the likely source for a 
“Bayezid” obsidian specimen analyzed by Renfrew et al. (1966), which 
is listed in the NHMUK catalog as “part of a water-worn stone” from 
“Bayezid.” This specimen has the catalog numbers BM.93035, NHMUK 
248789, and NMNH (Smithsonian) 117451–16 as well as the field 
number EA 3–5-2 and IGSN NHB007464. This is consistent with other 
specimens from Smith’s obsidian collection. The Smithsonian loaned me 
either the same specimen analyzed by Renfrew et al. (1966) or a 
matched sample. Fig. 15 shows that it is a wedge-shaped flake from a 
water-rounded obsidian clast, as described. My new analyses, alongside 
those from Renfrew et al. (1966), reveal its affinity to Pasinler 2 obsidian 
(Table S60). Presumably this specimen was collected from a secondary 
deposit downstream from the Pasinler sources. 

Using LA-ICP-MS in Orléans (France), Chataigner and Gratuze (2014: 
41) analyzed “Tendürek Dağ” obsidian specimens, which were for
warded from M.D. Glascock at MURR and originate from a “flat area on 
the eastern flank” of the volcano, not the lava flow from the geological 
map reproduced by Yilmaz et al. (1998). That is, the specimens derived 
from a secondary deposit, not a primary outcrop. Glascock did not 
collect these specimens. Instead, they were sent to MURR by M. James 
Blackman of the Smithsonian Institution’s Conservation Analytical 
Laboratory. Blackman (1984; Blackman et al., 1998; Blackman and 
Bishop, 2007) is, of course, known for characterizing Near Eastern 
obsidian sources using NAA. Blackman et al. (1998: 213) note that the 
specimens were “collected from [a] stream deposit near the near the city 
of Doğubayazıt,” meaning that the “source samples” came from an al
luvial context. Table S60 shows that (1), taking into account the 
considerable differences between the two analytical techniques, the 
obsidian compositions appear fairly consistent between the labs and (2) 
the “Tendürek Dağ” obsidian specimens exhibit a chemical affinity to 
Sarıkamış 1 and 1a obsidian. Therefore, it seems reasonable to conclude 
that Blackman and colleagues sampled an alluvial deposit of Sarıkamış 
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obsidian. 
In short, Meydan Dağ, Pasinler, and Sarıkamış obsidian were 

collected from locales purported to be near an obsidian flow of Tendürek 
Dağ. That flow, however, is known only from a greater than 40-year-old 
map of the shield volcano, not an obsidian-focused source survey. 
Furthermore, those specimens from Smith and from Blackman came 
from explicitly secondary deposits, not outcrops. Therefore, I would 
argue that, if there is indeed autochthonous obsidian at Tendürek Dağ, it 
has not yet been chemically characterized and published, and until then, 
it should not be listed among known sources. 

4. Concluding remarks 

At the end of his chapter, Poidevin (1998: 152) remarked that his 
database was almost certainly incomplete, especially concerning small, 
inaccessible, or otherwise obscure obsidian sources that might have seen 
only local utilization. He emphasized the importance of systematic 
regional surveys and cited northeastern Turkey as an area that was 
particularly lacking (“In northeastern Turkey, almost everything re
mains to be done,” translated from French). Progress has been made in 
this regard (e.g., Brennan, 2000; Chataigner et al., 2014), but this region 
remains one with a high potential for unknown obsidian sources, which 
might correspond to occasional unidentified artifacts in the literature. 
Geology, he observed, does not follow national borders, so researchers 
would ideally follow geological realities more than arbitrary political 
boundaries. After compiling all of the available data, Poidevin (1998: 
152) commented that, at that time, obsidian source characterization 
reflected “multiple approaches” and, hence, was “extremely messy” 
[translated from French]. In particular, he stated that, with such limited 
data, he had to list “the very good alongside the more mediocre, if not 
useless” [translated from French]. Ultimately his chapter ends with 
Poidevin’s (1998: 153) call for “the acquisition of new data [regarding] 
the characterization of obsidian” [translated from French] to further 
enhance artifact sourcing. 

Here I have endeavored to bring order to the “mess” and remove 
inaccurate measurements, for whatever reason, in order to derive useful 
consensus values – or, more correctly, consensus ranges – for the 
elemental data. The geographic range of this database reflects a specific 
geological context, namely the Caucasian segment of the Alpine- 
Himalayan belt. Assembling these data from multiple independent 
analytical techniques and facilities has allowed for better recognition of 
outliers and greater confidence in accuracy of the averaged values. As 
discussed in the Introduction, my aim is to be comprehensive, not 
authoritative, and it might not be that other experts agree with all of the 
choices that I made during the process of assembling this database. For 
this reason, I provide the lab-by-lab breakdown of the analytical data 
used to determine the consensus values for each obsidian source, and the 
full references enable a reader to find details, including calibration 
protocols and accuracy evaluations, regarding each analytical technique 

and laboratory. It is my sincere hope that this database will be as useful 
to current and future archaeologists as Poidevin’s (1998) chapter was to 
me and other researchers in this field for the last two decades. Addi
tionally, I hope that this article serves as a model for obsidian specialists 
in other regions to assemble, summarize, and share the datasets for their 
parts of the world. 
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Yilmaz, Y., Güner, Y., Şaroğlu, F., 1998. Geology of the quaternary volcanic centres of the 
east Anatolia. J. Volcanol. Geoth. Res. 85, 173–210. https://doi.org/10.1016/ 
S0377-0273(98)00055-9. 

E. Frahm                                                                                                                                                                                                                                          

https://doi.org/10.1016/j.jvolgeores.2021.107192
https://doi.org/10.1016/j.jvolgeores.2021.107192
http://refhub.elsevier.com/S2352-409X(23)00186-4/h0600
http://refhub.elsevier.com/S2352-409X(23)00186-4/h0610
http://refhub.elsevier.com/S2352-409X(23)00186-4/h0610
http://refhub.elsevier.com/S2352-409X(23)00186-4/h0610
http://refhub.elsevier.com/S2352-409X(23)00186-4/h0620
http://refhub.elsevier.com/S2352-409X(23)00186-4/h0620
http://refhub.elsevier.com/S2352-409X(23)00186-4/h0625
http://refhub.elsevier.com/S2352-409X(23)00186-4/h0625
http://refhub.elsevier.com/S2352-409X(23)00186-4/h0625
https://doi.org/10.1046/j.1365-3121.2002.00407.x
https://doi.org/10.1046/j.1365-3121.2002.00407.x
https://doi.org/10.3406/arsci.1981.1163
https://doi.org/10.1016/0040-1951(87)90256-3
https://doi.org/10.1016/S0377-0273(98)00055-9
https://doi.org/10.1016/S0377-0273(98)00055-9

	The obsidian sources of eastern Turkey and the Caucasus: Geochemistry, geology, and geochronology
	1 Introduction
	2 Methods
	3 Obsidian sources
	3.1 Armenia
	3.1.1 Aghvorik
	3.1.2 Arteni: Mets Arteni & Pokr Arteni 1 and 2
	3.1.3 Bartsratumb
	3.1.4 Gegham: Geghasar 1, Spitakasar 1, and Spitakasar/Geghasar 2
	3.1.5 Gutansar
	3.1.6 Hatis Alpha, Beta, Gamma, and Delta
	3.1.7 Khorapor
	3.1.8 Ptghni
	3.1.9 Syunik: Bazenk, Satanakar 1–3, and Sevkar
	3.1.10 Tsaghkunyats 1–3: Kamakar, Ttvakar (Ttujur), and Damlik

	3.2 Azerbaijan
	3.2.1 Kelbadjar / Kechal Dağ

	3.3 Georgia
	3.3.1 Chikiani 1, 2, and 3

	3.4 Russia
	3.4.1 Baksan / Zayukovo

	3.5 Turkey
	3.5.1 Bingöl a (Solhan)
	3.5.2 Bingöl B (Alatepe)
	3.5.3 Erzincan 1 and 2
	3.5.4 Erzurum: Tambura, South Erzurum, and West Erzurum 1 and 2
	3.5.5 Group 3d
	3.5.6 İkizdere
	3.5.7 Kars: Akbaba Dağ, Arpaçay 1 and 2, and Digor 1 and 2
	3.5.8 Meydan Dağ
	3.5.9 Muş
	3.5.10 Nemrut Dağ 1 through 6
	3.5.11 Pasinler 1 and 2
	3.5.12 Sarıkamış 1, 1a, and 2
	3.5.13 Süphan Dağ 1 and 2

	3.6 Volcanoes misidentified as obsidian sources
	3.6.1 Mount Ararat
	3.6.2 Tendürek Dağ / Bayezid


	4 Concluding remarks
	Declaration of Competing Interest
	Data availability
	Acknowledgements
	Appendix A Supplementary data
	References


