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Keywords: The monograph L obsidienne au Proche et Moyen Orient: Du volcan a I’outil (Cauvin et al., 1998) was first published
Southwest Asia 25 years ago, and between its covers, Poidevn’s (1998) chapter summarized the geochemical and geochrono-
Greece

logical data for obsidian sources that lie within what is now western, central, and eastern Turkey and the

'(r:zrk?; ocia Caucasus. That chapter was a highly valuable resource at the time. A revision, though, is long overdue, and this is
GallJ:tia the second of two articles (see Frahm, 2023) in which I endeavor to provide an update. Here I focus on the
Anatolia obsidian sources from the Greek islands in the South Aegean Volcanic Arc to the Central Anatolian Volcanic

Obsidian sourcing Province in central Turkey. Many more elemental data are available for these sources today than during the
1990s. For example, Poidevin (1998) listed 17 analyses of Nenezi Dag obsidian from seven different facilities. In
contrast, here I summarize 359 measurements of Nenezi Dag obsidian from 26 different laboratories using a
variety of analytical techniques. Consequently, there is an opportunity to derive robust elemental consensus
values for such well-characterized obsidian sources. Of the 24 obsidian sources that I summarize in this article,
however, not all have been so well studied, and there remains important work to be done, especially in western
Turkey.

Preface

Author’s note: The work I share here is a culmination of research that
I undertook with the support of George R. Rapp, Jr., known to
everyone as “Rip,” who passed away in March 2023 at the age of 92.
His nickname came from his reputation as a hard skater and hockey
player on the ice rinks of Duluth, where he lived most of his life. He
was a geologist by training (B.A. in geology and mineralogy, Uni-
versity of Minnesota, 1952; Ph.D. in geochemistry, Penn State,
1960), yet he is best known for his contributions to archaeological
research. He was a professor at the South Dakota School of Mines &
Technology (1957), University of Minnesota-Twin Cities (UMN,
1965), and University of Minnesota-Duluth (UMD, 1975). From 1975
until he retired in 2003, Rip was the Director of the UMD Archaeo-
metry Laboratory and Professor of Interdisciplinary Archaeological
Studies (IAS) at UMN and UMD. He was an advisor for my Master’s
degree in IAS and set me on the obsidian sourcing path for my
doctoral studies. I am briefly mentioned in his 2011 autobiography
(titled, of course, Rip: An Autobiography) as the graduate student who
had taken up the mantle of his unfinished obsidian sourcing project
in Turkey from 1990 to 1991. When I decided to take on this project
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in 2003, my aim was to complete it to the standards that Rip had
originally envisioned in 1990. When Rip handed the remaining
obsidian specimens and project materials over to me in 2004, he told
me, “Do something great with them.” This article, together with my
previous one (Frahm, 2023), includes all of the data that I was able to
collect from those obsidian specimens so that others may also benefit
from the work that Rip started. Publishing the data took a lot longer
than Rip had hoped (it has been 33 years since 1990), but finally
seeing this project through to its full publication is my way of hon-
oring Rip and recognizing his immeasurable influence on my life.
RIP, Rip.

1. Introduction

This is the second of two papers (see Frahm, 2023) in which I
endeavor to update and augment a chapter from the monograph L’ob-
sidienne au Proche et Moyen Orient: Du volcan a loutil (Obsidian in the Near
and Middle East: From Volcano to Tool; edited by Cauvin et al., 1998) by
Jean-Louis Poidevin, titled “Les gisements d’obsidienne de Turquie et de
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Transcaucasie: géologie, géochimie et chronométrie” (“The obsidian
deposits of Turkey and Transcaucasia: geology, geochemistry, and
chronometry”). At the time, this book collected state-of-the-art infor-
mation involving obsidian across the ancient Near East, from its
geological origin to its cultural significance, and Poidevin’s (1998)
chapter assembled almost all that was known about the obsidian sources
of Southwest Asia. It included published and unpublished elemental
data, including his own, for known sources in a 36-page appendix, which
was an invaluable resource for those of us interested in this topic during
the early 2000s. While most earlier publications presented elemental
values for obsidian sources and/or artifacts from only one analytical
technique (e.g., Cauvin et al., 1986; Gratuze et al., 1993; Pernicka et al.,
1997), Poidevin (1998) listed data from X-ray fluorescence (XRF),
neutron activation analysis (NAA), and inductively coupled plasma
(ICP) spectrometry from various analytical facilities side-by-side. This
approach enabled more inter-laboratory comparisons, an important step
in evaluating measurement accuracy and arriving at consensus values.

Given that 2023 marks the 25th anniversary of Poidevin’'s (1998)
chapter, I have sought to update his database to reflect current knowl-
edge regarding the region’s obsidian sources. The field has grown so
much, though, that two articles are needed to achieve this goal. In the
previous article (Frahm, 2023), I focused on the obsidian sources within
the Caucasian segment of the Alpine-Himalayan collisional belt, which
corresponds to eastern Turkey and southwestern Russia as well as the
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former Soviet republics of Armenia, Azerbaijan, and Georgia. That area,
where the Arabian and Eurasian tectonic plates collide, has been given
various names, including the Armenian Highlands, Southern Caucasus,
and Caucasian-Arabian Syntaxis. In contrast, this paper focuses on
obsidian sources to the west, spanning from the Greek islands in the
South Aegean Volcanic Arc to the Central Anatolian Volcanic Province
in central Turkey (Figs. 1 and 2). Although obsidian from Aegean
obsidian sources has since been identified at archaeological sites in
western Turkey (Perles et al., 2011: Fig. 1, Mili¢, 2014: Fig. 2, Gemici
et al., 2022: Figs. 1-2), Poidevin (1998) did not include those sources in
his chapter. He listed the most data for those sources in central Turkey,
also known as Cappadocia; however, many more data are available
today than in the 1990s. Consider, for example, one of the most prom-
inent obsidian sources within the region: Nenezi Dag (e.g., Gratuze et al.,
1993; Pernicka et al., 1997; Carter and Shackley, 2007; Carter et al.,
2020). Poidevin (1998) listed 17 analyses of Nenezi Dag obsidian from
seven laboratories, whereas here I summarize 359 measurements of
Nenezi Dag obsidian, both published and previously unpublished, from
26 analytical techniques and laboratories. As pointed out by Hancock
and Carter (2010: 245), “although analytical chemistry is not a demo-
cratic process, the agreement of specific elemental concentration data
between (among) independent analytical techniques adds credibility” to
datasets that, in turn, enable us to derive accurate consensus values for
elements at the core of obsidian artifact sourcing.

Fig. 1. Topographic map of the eastern hemisphere, highlighting the Alpine-Himalayan orogenic belt (highlighted in red) and the region of interest in the current
paper (blue box, which corresponds to the area shown in Fig. 2). (For interpretation of the references to color in this figure legend, the reader is referred to the web

version of this article.)
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Fig. 2. Topographic map of the relevant area, highlighting the four major obsidian-producing volcanic regions along this segment of the Alpine-Himalayan belt.
Background map based on the ASTER Global Digital Elevation Map Version 3 (GDEM V3), NASA (USA) and METI (Japan).

Like my previous article, my goal in this endeavor is to be compre-
hensive but not authoritative, to facilitate but not to prescribe. In
creating such a database as this, choices must be made. I expect that
friends and colleagues in this field may disagree with some choices that
are based on my own experience and interpretations. Consequently, I
have documented these choices (Section 2) for transparency, and it
should be stressed that this endeavor is possible only through the
transparency of others. That is, such a project cannot happen without
the researchers who report their elemental data. For example, Orange
et al. (2016), Carter (2016), and Moutsiou (2019) include their mea-
surements using laser-ablation ICP mass spectrometry (LA-ICP-MS),
energy-dispersive XRF (EDXRF), and portable XRF (pXRF), respectively.
Each of these individual datasets is referenced here in the supplementary
tables, much like how Poidevin (1998) reported the available data at
that time in an appendix at the end of his chapter.

Poidevin (1998) emphasized the importance of analytical data
collected from independent labs and techniques; however, he was
frustrated that the few data available confounded efforts to distinguish
real differences in obsidian composition from simple variability among
different laboratories. Today, the amount of data available can advance
this field closer to what Poidevin (1998) envisioned. In his chapter,
Poidevin (1998) compiled 258 analyses for the obsidian sources in
western and central Turkey and none from the Aegean area. Here, 25
years after Poidevin (1998), I have summarized more than 2100
obsidian analyses from the Aegean and more than 2400 from western
and central Turkey. That is, there has been a 1600% increase in the
amount of obsidian elemental data available for this area. At the time of
writing his chapter, Poidevin (1998: 152) bemoaned that, with the
limited data then available, he had to list “the very good alongside the
more mediocre, if not useless” [translated from French]. With larger
datasets, as demonstrated here, it is now possible distinguish those very
good measurements from the useless ones and, as a result, statistically

determine consensus ranges for important elements. Assembling data
from independent techniques and laboratories permits better recogni-
tion of outliers and, in turn, confidence in the accuracy of averaged
elemental concentrations. A lab-by-lab breakdown of the data used here
to calculate consensus ranges and the corresponding references enables
a reader to find additional details, such as calibration methods and ac-
curacy assessments, for each analytical technique and facility. 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 re-
searchers in this field over the last three decades.

2. Methods

My methods for this article are very much the same as those in my
prior one. Hence, while I still summarize them here, more nuanced
discussions can be found in Frahm (2023). In this section, I describe my
organizing principles for gathering more than 4500 published and un-
published obsidian analyses and using them to calculate consensus
concentration ranges for a set of 22 elements. Like others who have
sought to document, describe, and summarize the obsidian sources in
this region (e.g., Blackman, 1984; Keller and Seifried, 1990; Chataigner
et al., 1998; Poidevin, 1998), I have endeavored to capture the state-of-
the-field for the benefit of current researchers as well as future scholars.

One of the few differences from Frahm (2023) is a cut-off date of
1990 for the included element values. Some of the obsidian sources
covered in this paper have been geochemically studied for several de-
cades longer than those sources farther to the east, as far back as the
earliest obsidian sourcing work by Renfrew and colleagues (e.g., Cann
and Renfrew, 1964; Renfrew et al., 1965, 1966). As a result, older
element measurements are available for the region, and I chose 1990 as
a cut-off for including values in a table for each obsidian source. This
protocol was adopted due to frequent accuracy issues noted in data from
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the 1980s and before (e.g., NAA datasets in Blackman, 1984; Bigazzi
et al., 1986; XRF values in Francaviglia, 1984). Such accuracy issues
might have been due to unrecognized spectral interferences at the time.
For example, in NAA, the presence of 2*°U in many geological materials
(and the resulting fission products) necessitates correction factors for
elements of interest in obsidian artifact sourcing, including Ce, Ba, La,
Nd, and Zr (Landsberger, 1986). Today, these data corrections are
considered so routine that they are rarely mentioned in publications;
however, a failure to account for such interferences will lead to errors.
Similarly, the means of measuring XRF spectra and quantifying their
signals has improved since the 1980s, meaning more recent measure-
ments tend to be more accurate.

It is important to clarify the term “source” as it is used here. Two
distinct uses of “source” can be found in the obsidian literature: (1) the
geographic use (i.e., a given location in space where a deposit of
obsidian occurs) and (2) the geochemical use (i.e., a cluster in elemental
data, also known as a “chemical group™). Simply put, the first definition
means that an obsidian source can be placed on a map, whereas the
second one means that a source can be placed on a compositional
scatterplot. While some scholars prefer the former definition (e.g.
Hughes, 1998; Wilson and Pollard, 2001), others prefer the latter (e.g.,
Harbottle, 1982; Neff, 1998). Following Hughes (1998: 104), who
maintained that obsidian “sources are defined, geochemically speaking,
on the basis of chemical composition — not spatial distribution,” here I
use the geochemical definition of a “source,” synonymous with what
some authors (i.e., those who prefer the geographic use) might call an
obsidian “chemical group” or “chemical type.”.

For each obsidian source, the elemental values reflect (1) the data
previously published by other scholars and (2) published and unpub-
lished data for obsidian specimens that I either measured myself or sent
to another lab for measurement. Data for both geological specimens and
artifacts were culled from the archaeological, geological, and analytical
literature. In their publications, some researchers reported summary
statistics (i.e., means and standard deviations) in tables within the
manuscript, whereas other authors listed all of the individual analyses in
the supplementary materials. For each obsidian source, the supple-
mentary tables include citations for all of the contributing publications.

My previously published and unpublished data have been organized
(and, in some instances, re-organized) so that they can be shared in a
coherent fashion. That is, data as I have organized here should be
considered to supersede past work, including my thesis (Frahm, 2010). I
conducted two types of X-ray spectrometry myself: (1) electron micro-
probe analysis (EMPA) with wavelength-dispersive spectrometry (WDS)
in the Department of Earth and Environmental Sciences, University of
Minnesota-Twin Cities (see protocols in Frahm, 2020: 6-8, 2010:
302-364) and (2) portable XRF analysis (pXRF), which is essentially
EDXRF housed with a small form factor. Most of the pXRF data were
collected using an Olympus Vanta VMR instrument in the Yale Univer-
sity Archaeological Laboratories (e.g., Frahm and Brody, 2019; Frahm
and Tryon, 2019) based on the Peabody-Yale Reference Obsidians
(PYRO) calibration (Frahm, 2019a). The Aegean obsidian specimens,
however, were mostly analyzed at the University of Sheffield using
Thermo Niton XL3t instruments (see Frahm et al., 2014a). I sent a
fraction of the geological specimen to be tested in other laboratories
using three different techniques: (1) NAA and (2) EDXRF at the Uni-
versity of Missouri Research Reactor’s (MURR) Archaeometry Labora-
tory and (3) wavelength-dispersive XRF (WDXRF) in the University of
Wisconsin-Eau Claire’s (UWEC) Materials Science Center. These data-
sets are marked in the supplementary files as having been collected
either by myself or at my behest.

The same 22 elements (Na, Mg, Al Si, K, Ca, Ti, Mn, Fe, Zn, Rb, Sr, Y,
Zr, Nb, Ba, La, Ce, Nd, Pb, Th, U) are reported here as in Frahm (2023).
Also, as in that article, values were converted from oxides to elements (e.
g., TiO5 to Ti) and from weight percent to parts per million (ppm) (e.g.,
0.075% to 750 ppm), as needed. The list of elements reflects those most
frequently detected and reported among published and unpublished
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obsidian data for the region, although there is likely a skew towards the
elements best measured in obsidian with various types of X-ray spec-
trometry — EDXRF, WDXRF, pXRF, EMPA-WDS, PIXE, etc. — due to the
prevalence of such techniques relative to NAA or LA-ICP-MS.

During data processing, no analytical technique was favored or given
preference over any other one. That is, NAA data were not assumed to be
more or less accurate than LA-ICP-MS data, EDXRF data were not
assumed to be more or less accurate than EMPA data, etc. Given that
accuracy depends on data correction and calibration, the procedures for
which often differ across analytical laboratories, it is simply not true that
a particular technique (e.g., NAA, ICP-MS) inherently yields better ac-
curacy than any other does (e.g., EDXRF, EMPA). Furthermore, when
deriving consensus values for each obsidian source, I calculated one
table entry per analytical laboratory and technique. For instance, the
323 measurements of Komiircii (East Gollii Dag) obsidian using LA-ICP-
MS at the Université d’Orléans have been combined here in a single table
entry, despite those data originally having been dispersed in five arti-
cles. This way, no one research group or analytical lab can unduly in-
fluence the consensus values simply because they publish more.
Therefore, it does not matter if a particular laboratory published five
analyses in only one article or five hundred analyses in a dozen articles
— the influence is the same. In cases when a research group used two
different analytical techniques (e.g., NAA and EDXRF at MURR), there
are two entries in the resulting table, given that those two sets of mea-
surements are, at least in theory, independent (but see Latour and
Woolgar, 1986). The benefits of this approach, I propose, outweigh
potential weaknesses (e.g., protocols can and, in fact, often do change
through time in laboratories).

Given the different ways in which elemental data are reported for
obsidian, I chose an approach able to accommodate both summary
statistics (i.e., means, standard deviations, number of observations)
alone and long lists of specimen-by-specimen measurements. Following
the procedures in Frahm (2023), the mathematical result approximates
the mean and standard deviation that could be calculated if all of the
individual measurements had been listed by all authors. As an example,
let us imagine that an EDXRF lab has published three different means
and standard deviations for Sr in Nenezi Dag obsidian: (1) 100 + 10
ppm, n =10; (2) 95 £+ 5 ppm, n = 20; and (3) 90 & 15 ppm, n = 5. These
data can be used to calculate a combined mean and standard deviation
for Sr based on all 35 observations: 95.7 + 8.8 ppm, which can be
rounded to 96 + 9 ppm. It should be noted that, in the supplementary
tables, the listed “n” is the number of analytical observations, not
necessarily the number of specimens and/or artifacts. For EDXRF, the
“n” might include replicate measurements after a specimen or artifact
was reoriented, and in EMPA, the “n” might reflect the total measured
spots. For this database, I chose to list the author-reported numbers of
observations without additional scrutiny to determine how they were
counted.

As in Frahm (2023), outlier values were identified and removed.
There are many factors that can yield outliers, from errors (e.g., mistakes
during specimen handling or preparation, incorrect calibration, uncor-
rected interferences, human transcription error) and malfunctions (e.g.,
electronic noise) to actual elemental variation (e.g., heterogeneity due
to differences in mineral inclusions, a zoned obsidian flow) within a
specimen or its source. There can also be technique-specific differences.
EMPA, for example, can be used (as I did) to measure only the glassy
component and avoid microscopic mineral inclusions, such as miniscule
magnetite (Fe3O4) grains. As a result, my EMPA measurements
commonly exhibit lower Fe values than those from bulk analytical
techniques (e.g., EDXRF, NAA) that measure both the glass and the
mineral inclusions together and report average element concentrations.

Outliers were identified using a standard interquartile range method
(for most obsidian sources, there were too few data to apply more so-
phisticated methods for outlier detection; e.g., the two-sided double
Grubbs test, Cochran’s C test). First, the compiled data were used to
calculate the quartiles (Q1 and Q3) and interquartile range (IQR: Q3
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— Q1) for each element of interest. Second, outliers were found accord-
ing to these ranges (i.e., outliers fell below Q1 — 1.5 IQR or above Q3 +
1.5 IQR). Third, any outliers were removed. The three steps repeated
until there were no longer any outliers remaining. Finally, the newly
calculated medians and quartiles, along with the other summary sta-
tistics (i.e., mean and standard deviation), are reported in the supple-
mentary tables as the proposed ranges.

Many analytical techniques treat each element as a measurement
that is (largely) independent of other elements, and the element sum is
not normalized (e.g., EMPA in Frahm, 2012). Nevertheless, one can
envision a critique of eliminating an outlier value for only one element
because compositional data necessitate a sum of 100%, at least in the-
ory. The question might be asked, if a certain Rb measurement is too
high, would not elements like Zr or Sr be lower? Consider a case in which
a Rb measurement is too high by 20% relative, increasing it from, for
example, 100 ppm to 120 ppm. If the data are normalized, the other
elements must all add up to 99.988%, instead of 99.990%, a relative
decrease of only 0.002%. That is the (immeasurably small) magnitude of
error that would be introduced through normalization in such a case.
Consequently, trace elements like Zr or Rb essentially function as in-
dependent variables. It is true that researchers did once use ternary di-
agrams in which three elements summed to a constant (e.g., Sr, Zr, and
Rb and Nb, Zr, and Rb in Shackley, 1988; see also Fornaseri et al., 1975
and Cauvin et al., 1986), whereby a high value for one element would
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yield low values for the other two. Such a protocol, though, fell out of
favor in the 1990s. It is worth acknowledging, however, that I did not
conduct the calculations needed to find out whether any covariance
existed between elements from a given laboratory, although I suspect
that there were insufficient data to do a rigorous statistical assessment.

Variations in the amounts, sizes, or compositions of mineral in-
clusions can also affect the overall elemental measurements of obsidian
specimens. Previously I discussed the influences of magnetite and tita-
nomagnetite (Fe?t(Fe>t,Ti),04), ilmenite (FeTiO3), zircon (ZrSiOy), and
monazite (Ce, La, Nd, and/or Th phosphate) on elements commonly
used in obsidian sourcing (Frahm, 2023). In the case, for example, of Ce-
rich monazite grains, an obsidian specimen containing two such grains
would have a greater amount of Ce than a specimen containing only one,
leading to a perceived difference in otherwise homogeneous obsidian
from the same volcanic source. For the obsidian sources covered in this
paper, the presence of spherulites are repeatedly mentioned, so their
potential effects on composition should be considered as well. Spheru-
lites, like that in Fig. 3, are small, round mineral clusters that grew
around an initial crystal that served as a nucleation point. Many
spherulites have millimeter-scale diameters, although there are occa-
sional instances of spherulites on the scale of centimeters and, especially
rarely, meters. In fact, the largest known spherulites occur in a rhyolitic
vitrophyre layer near Silver Cliff, Colorado (USA) and have diameters as
large as 4.3 m (Fig. 4). The minerals in spherulites have often been

Fig. 3. Backscattered-electron (BSE) image of a spherulite, ca. 2 mm in diameter, within an obsidian specimen from the Sirca Deresi outcrops at the Gollii Dag
complex. BSE images show compositional contrast: brighter areas have a higher mean atomic number, while darker areas have a lower mean atomic number. Image
acquired using a Thermo Scientific Phenom XL G2 Desktop scanning electron microscope (SEM) housed in the Yale University Archaeological Laboratories.
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Fig. 4. Immense spherulites — sometimes called “megaspherulites” (Breitkreuz et al., 2021) — in volcanic glass (pitchstone rather than true obsidian) near Silver Cliff,
Colorado, USA. The author (1.8 m) is shown for scale. Photograph taken in October 2010; these particular spherulites have since been destroyed by renewed activities

at this quarry.

assumed to be a high-temperature silica (SiO2) mineral named cristo-
balite (a polymorph of quartz which forms under volcanic conditions);
however, spherulites in obsidian are often composed of alkali (K-Na)
feldspars (such as the high-temperature mineral sanidine) ingrown with
cristobalite and/or other minerals (Fig. 5) (e.g., Tuffen and Castro, 2009;
Watkins et al., 2009; Gardner et al., 2012; Clay et al., 2013; Arzilli et al.,
2015; Befus et al., 2015; Bustos et al., 2020). Research has established
that, in obsidian, Ba and Sr can be concentrated within alkali feldspars
(Berlin and Henderson, 1969). Specifically, Ba and Sr can be as much as
three and nine times higher, respectively, in alkali feldspars relative to
the glass matrix. Analyzing the glass using a small-spot analytical
technique, such as EMPA or LA-ICP-MS, would consequently yield
measurements that reflect Ba- and Sr-depleted concentrations. The
implication, therefore, is that caution is warranted for certain elements,
measured by spot techniques, for spherulite-rich obsidian.

The potential effects of water on obsidian composition must also be
recognized. Water becomes incorporated into obsidian in two ways: (1)
during its eruption and emplacement as previously dissolved gases,
including water, are released under less intense pressure at/near the
Earth’s surface and (2) after emplacement as water from the environ-
ment slowly infiltrates, hydrates, and alters the glass. In the first sce-
nario, degassing lava is similar to opening a carbonated beer bottle.
Under pressure while inside the bottle, carbon dioxide is dissolved
within the liquid; however, with that pressure is removed, the carbon

dioxide comes out of the liquid and forms bubbles. The same thing
happens with obsidian and water. In this comparison, the beer is anal-
ogous to the smooth obsidian, whereas the foam (or head) on top of the
beer is a frothy pumiceous—perlitic layer atop the glassy obsidian. This is
the reason that pumice—perlite deposits often co-occur with obsidian.
Obsidian that forms near the boundary between these layers can contain
abundant microscopic bubbles, giving the resulting obsidian a grey
appearance and/or a metallic sheen. Such obsidian is generally less
suitable for knapping, as it is no longer isotropic and thus tends to
preferentially fracture along any planes of bubbles. In the second sce-
nario, water from the environment infiltrates and diffuses into the glass,
potentially dissolving and forming new compounds in the resulting
perlite. This is important because Zielinski et al. (1977) found, after
studying perlite and obsidian in the American West, marked elemental
differences between them. Although there was “little mobilization of
most trace elements” (436), a few elements, including Sr and Ba, were
elevated in the perlite relative to the obsidian. Thus, Zielinski et al.
(1977: 426) asserted that “significant errors can be made in estimating
the original composition of rhyolitic obsidian simply by relying on
abundances of elements in associated perlite.” Issues of water content
will occasionally reemerge in the sections below.
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Fig. 5. BSE image and element maps of a spherulite within an obsidian specimen from the Sirca Deresi outcrops at Gollii Dag. These element maps demonstrate that
the spherulite is largely composed of feldspar and silica polymorphs. Image and maps acquired using a Thermo Scientific Phenom XL G2 Desktop scanning electron

microscope (SEM) housed in the Yale University Archaeological Laboratories.
3. Obsidian sources

Poidevin’s (1998) chapter examined obsidian sources in a roughly
west-to-east order, beginning along Turkey’s western coast and ending
in the Caucasus. I follow this practice here, as shown in Table 1 (which
includes alternative source names as well as commonly used outcrop
names). Ideally, each of the sources could be discussed here with the
same level of detail; however, as the reader will notice, not all of these
sources are understood equally well, thereby necessitating additional
work in both the field and the lab. Table 2 lists the available geochro-
nological data for the sources. When relevant, I include scans of the
original field maps used in 1991 by George “Rip” Rapp (one of my
graduate advisors), Tuncay Ercan (Directorate of Mineral Research and
Exploration, Turkey), and their colleagues.

3.1. South Aegean volcanic Arc

The Aegean obsidian sources had a key role in the development of
obsidian sourcing during the 1960s (Cann and Renfrew, 1964; Renfrew
et al.,, 1965). In 1962, Colin Renfrew and Johnson “Joe” Cann

considered the potential to analyze Aegean obsidian artifacts chemically
as a means to determine their geological origins. Prior to their tech-
nique, it was widely thought that Aegean islands were the sources of
obsidian artifacts found throughout the Near East and Mediterranean
due to erroneous identifications based on wet chemical methods (i.e.,
gravimetry, titration) or visual traits (Georgiades, 1956; Cornaggia-
Castiglioni et al., 1962). Renfrew and Cann’s use of optical emission
spectroscopy (OES) established that Aegean obsidian instead largely
remained within that region, whereas obsidian sources in the Near East
and Mediterranean supplied the areas around them. In Aegean obsidian
studies, OES was soon replaced with NAA (Aspinall et al. 1972) and
WDXRF (Shelford et al. 1982). Decades later, non-destructive EDXRF
and pXRF (e.g., Frahm et al., 2014a; Mili¢, 2014) helped to bring about a
resurgence in obsidian sourcing in Aegean archaeology (e.g., Carter,
2016; Carter et al., 2018, 2023).

3.1.1. Melos: Sta Nychia and Dhemenegaki

The island of Melos (Fig. 6) has two well-known obsidian sources: (1)
Sta Nychia (also known as Adhamas; 36.724° N, 24.432° E, sea level to
ca. 100 m asl) and (2) Dhemenegaki (36.706° N, 24.543° E, sea level to
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Table 1

Index of obsidan sources (listed West to East) with their supplementary tables
and manuscript sections. Associated terms (i.e., alternative or earlier names,
common transliterations, named geological outcrops or facies) are listed for the
convenience of readers.

Source name (this
publication)

Table Section Associated terms (e.g., outcrops,

alt spellings)

Southern Aegean Volcanic Arc

S1 3.1.1 Melos — Sta Nychia Adhamas, Adamas, Aghia
Nychia, Nihia, Bombarda
S2 3.1.1 Melos — Dhemenegaki Demenegaki, Dhemenegakion
S3 3.1.2 Antiparos Soros Hill
S4 3.1.3 Giali A Yali, Gyali
S5 3.1.3 Giali B
Western Anatolian Volcanic Province
S6 3.2.1 Foca Izmir
S7, S8, 3.2.2 Kiitahya A, B, C Kalabak Valley, Alayunt
S9
Galatian Volcanic Province
S10 3.3.1 Yaglar Gerede
S11 3.3.2 Sakaeli-Orta Orta-Sakaeli
S12 3.33 Galatia-X Giidiil
Central Anatolian Volcanic Province
S13 3.4.1 Hasan Dag Karakapu, Karakapi, Taspinar,
Helvadere
S14 3.4.2 Nenezi Dag Bekarlar
S15 3.4.3 West Gollii Dag — North Gollii Dag 1 (Binder et al. 2011),
Bozkoy Bozkoy Ibiz/Muneninyeri
si6 3.4.3 West Gollii Dag — Kayirl Gollii Dag 2 (Binder et al. 2011)
Village
S17 3.4.3 East Gollii Dag Gollii Dag East
(nonspecific)
S18 3.4.3 East Gollii Dag - Komiircii ~ Gollii Dag 5 (Binder et al. 2011),
Kaletepe, Korukuyu
S19 3.4.3 East Gollii Dag - East Gollii Dag 4a/b (Binder et al.
Kayirh 2011), Bitlikeler, Ekinlik
S20 3.4.3 East Gollit Dag - Bozkoy- Gollii Dag 3/6/7 (Binder et al.
Boztepe/Sirca Deresi 2011), Bozkoy East, Hamidin
Yeri
S21 3.4.4 West Acigol Giineydag, Korudag, Acigol
Crater, Acigol-maar, Kalecitepe
S22 3.44 East Acigol — White Tuffs ~ East Acigol ante-caldera
Hotamis Dag (WTHD)
S23 3.4.4 East Acigol — Bogazkoy East Acigol ante-caldera, Kartal
Tepe, Tuluce Tepe
S24 3.4.4 East Acigol — Hotamis East Acigol post-caldera, Koca
Dag Dag
S25 3.4.4 East Acigol — East Acigol ante-caldera
Tagkesiktepe
S26 3.45 Erciyes Dag (rhyolitic Kayseri, Dikkartin, Perikartin,
tephras) Karagiillii

ca. 100 m asl). Occasionally other purported obsidian sources or de-
posits have been mentioned in the literature (e.g., the Mandrakia
outcrop in Shelford et al., 1982). Arias et al. (2006) reported a new
obsidian source, which they termed Agios Ioannes, based on two
obsidian specimens recovered near a hydrothermal vent. When Agios
Ioannes was revisited by Sterba et al. (2018), the researchers could not
identify any specific outcrop, and 16 obsidian specimens collected from
the surface chemically matched either Sta Nychia (n = 6) or Dheme-
negaki (n = 10). Thus, Agios loannes is either a secondary deposit or an
archaeological site, and the obsidian specimens measured by Arias et al.
(2006) could have been altered by hydrothermal activity (Section 2) or
perhaps differed for some other reason.

Fytikas et al. (1986) still, after publishing their work four decades
ago, provide the best overview of volcanism on Melos, and the geolog-
ical history of the Sta Nychia obsidian source in particular, created
during an eruption of the Bombarda volcano, is discussed in detail by
Rinaldi and Campos Venuti (2003). Fission-track ages from Arias et al.
(2006) yielded dates of 1.57 + 0.12 Ma for Sta Nychia obsidian and 1.60
+ 0.06 Ma for Dhemenegaki obsidian, suggesting that the two Melos
obsidian sources had closely timed emplacements during the Early
Pleistocene. Similarly, Yegingil et al. (2020) measured fission-track
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Table 2
Summary of the available geochronological data for the obsidian sources of
interest.

Source name Fission K-Ar or Ar- Sr (U-Th)/He
tracks Ar isotopes zicron
Southern Aegean Volcanic Arc
Melos — Sta Nychia 1.57 + 1.47 +
0.12 Ma 0.05 Ma
Melos — Dhemenegaki 1.60 +
0.06 Ma
Antiparos 4.9-5.2 Ma 4.0-5.4 Ma
Giali A 31.4 £ 4.7
ka
Giali B ca. 150 ka
Western Anatolian Volcanic Province
Foca 4-9 Ma
Kiitahya A, B, C
Galatian Volcanic Province
Yaglar 20.7 Ma
Sakaeli-Orta 21.3-23.7
Ma
Galatia-X 21.2-23.8
Ma
Central Anatolian Volcanic Province
Hasan Dag 390 + 50 ka
Nenezi Dag 1.14-1.20 0.91 + 0.98 +
Ma 0.13 Ma 0.6 Ma
West Gollii Dag — 1.15 +
North Bozkoy 0.07 Ma
West Gollii Dag — Kayirh Village
East Gollii Dag - 1.33 +
Komiircii 0.08 Ma
East Gollii Dag - East 1.48 +
Kayirh 0.09 Ma
East Gollii Dag - 0.98 +
Bozkdy-Boztepe/ 0.06 Ma
Sirca Deresi
West Acigol 19-20 ka 23.3-24.9
ka
East Acigol — White > 112 ka
Tuffs Hotamis Dag
East Acigol - Bogazkdy ~ 150-182 ka 190 + 11 ka
East Acigol — Hotamis > 77 ka 190 + 9 ka
Dag
East Acigol — 147 + 8ka
Taskesiktepe
Erciyes Dag (rhyolitic 110-140
tephras) ka

dates between 1.48 and 1.80 Ma and a mean age of 1.65 Ma. K-Ar
dating reported by Fytikas et al. (1976) yielded an age of 1.47 & 0.05 Ma
for Sta Nychia, consistent with the fission-track ages, whereas their K-Ar
date for Dhemenagaki (0.88 + 0.18 Ma) appears to be erroneous for
whatever reason. Bigazzi et al. (1986) also determined fission-track
dates highly consistent with those above: 1.57 + 0.15 Ma for Dheme-
nagaki and 1.54 £+ 0.18 Ma for Sta Nychia, further supporting their
approximate ages.

The supply of Sta Nychia and Dhemenegaki obsidian, just 10 km
apart and similar in workability, throughout the Aegean seems to have
been largely influenced by the collection preferences of different peoples
who landed on the island of Melos. In general, obsidian from Sta Nychia,
which lies on the shore of the island’s natural harbor, can be collected as
large pebbles within volcaniclastic deposits along the coastline, whereas
Dhemenegaki obsidian occurs high atop a cliff and was often accessed
via quarries or small mines (Shelford et al., 1982). Torrence (1986)
argued that, contrary to one widely held notion, neither of the two
obsidian sources were overseen by a centralized commercial industry.
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Fig. 6. The island of Melos with the location of its two obsidian sources — Sta Nychia (red triangle) and Dhemenegaki (blue triangle) — highlighted in this photograph
taken by an astronaut onboard the International Space Station. Credit: Astronaut photograph ISS067-E-153817 acquired on 25 June 2022 and freely provided to the
public by the ISS Crew Earth Observations Facility and the Earth Science and Remote Sensing Unit, Johnson Space Center via the NASA/JSC Gateway to Astronaut
Photography of Earth. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Instead, Melos obsidian had been distributed throughout the Aegean
region by a variety of noncommercial means, from, for example, pro-
curement embedded in mobile forager-fisher subsistence activities
during the Neolithic Period to special-purpose collection expeditions
during the Bronze Age.

Diachronic shifts in the use of Sta Nychia versus Dhemenegaki
obsidian have been recognized in the lithic assemblages of Aegean sites
(e.g., Carter et al., 2023), especially at Neolithic settlements on the is-
land of Crete (e.g., Carter and Kilikoglou, 2007, 2022). These studies
indicate that there were changing social factors tied to the procurement
and/or distribution of obsidian from the two Melian sources. For
example, Pappalardo et al. (2003) report notable changes through time
at the Cretan archaeological sites of Phaistos and Haghia Triada based
on their XRF analyses of a series of 26 obsidian artifacts. All of the Final
Neolithic artifacts originated from the Dhemenegaki source, whereas
most of the Early Minoan I and all of the Early Minoan II artifacts
originated instead from Sta Nychia. During the Middle Minoan I phase,
obsidian artifacts from both Sta Nychia and Dhemenegaki are found at
these sites. At the Cretan site of Malia, for comparison, the Middle
Minoan II assemblage included obsidian from both Melian sources but
strongly skewed toward Sta Nychia (ca. 95-97%; Carter and Kilikoglou,
2007).

Obsidian from Sta Nychia and Dhemenegaki are sufficiently similar
in chemical composition that differentiating them has been used a

benchmark to test the potential effectiveness of various scientific tech-
niques for obsidian sourcing. In general, elemental techniques — for
example, ICP-AES (Kilikoglou et al., 1997), NAA (Aspinall et al. 1972),
and WDXRF (Shelford et al. 1982) — were successful, whereas other
techniques (e.g., fission-track dating, Durrani et al., 1971; Sr isotopes,
Gale, 1981; electrical conductivity, Kotsakis, 1982; mineral inclusions,
Acquafredda and Paglionico, 2004; Raman spectroscopy, Arias et al.
2006; luminescence dating, Polymeris et al., 2010) were not. These
successful techniques (e.g., XRF, NAA, ICP-AES/MS) have been applied
in obsidian sourcing studies worldwide, but the unsuccessful ones have
seen limited, if any, subsequent use. Consequently, Melos has often been
used as a “proving ground” for sourcing techniques, given the compo-
sitional similarity of its obsidian sources.

It should not be surprising, therefore, that Melos obsidian was used
to test the performance of pXRF instruments as the technology has
advanced (Fig. 7). An early “portable” EDXRF system (ca. 1992) - a
multi-component Spectrace 9000 TN instrument — was tested by Liritzis
(2008) for analyzing Aegean obsidian. Its 2-kg handheld probe, which
connected to a 7-kg electronics unit via a long cable, contained a Hgl, X-
ray detector (ca. 260 eV spectral resolution) and three radioactive iso-
topes (55Fe, 1Oc”Cd, 241Am) as X-ray sources (Fig. 7a). Thus it should be
noted that, when Liritzis and Zacharias (2011) discuss “current” work on
obsidian sourcing by pXRF in Shackley (2011), the instrument was
already two decades old and, in turn, reflected outdated technology.
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Fig. 7. Elemental differences (Ti vs. Fe and Sr vs. Rb) in Sta Nychia (red triangles) and Dhemenegaki (blue triangles) obsidian as measured using increasingly
portable and sophisticated EDXRF instruments. These scatterplots show measurements from (a) a Spectrace 9000 TN instrument with a Hgl, detector (ca. 260 eV
resolution), radioactive isotopes as X-ray sources, and a weight of 9 kg (20 1bs) (Liritzis, 2008); (b) an Innov-X Delta instrument with a Si drift detector (SDD), a
miniature Rh-anode X-ray tube, and Compton normalization correction (Mili¢, 2014); and (c) a Thermo Scientific XL3t GOLDD + instrument with a SDD (ca. 155 eV
resolution), an Ag-anode tube, and fundamental parameters (FP) correction with standards (Frahm et al., 2014a). (For interpretation of the references to color in this

figure legend, the reader is referred to the web version of this article.)

Mili¢ (2014) and I (Frahm et al., 2014a) instead used newer and more
sophisticated pXRF instruments in our tests (Fig. 7b and 7c¢), and our
results illustrate increasingly clear distinctions made on the basis of
elemental differences (Ti vs. Fe, Sr vs. Rb) as the hardware (e.g., newer
detectors) and software (e.g., better quantification algorithms) both
improved.

The compiled elemental data and consensus ranges for Sta Nychia
and Dhemenegaki obsidian are available in Supplementary Table S1 and
S2, respectively.

3.1.2. Antiparos

Obsidian on the island of Antiparos occurs in an area known as Soros
Hill (36.967° N, 25.050° E, ca. 0-110 m asl; Carter and Contreras, 2012;
see also Nikolakopoulos et al., 2018: Fig. 12 for an updated geological
map of the island). Fission-track dating of Antiparos obsidian has yiel-
ded ages of 4.9 to 5.2 Ma (Arias et al., 1986), while K-Ar dating of
associated vitrophyre resulted in an age between 4.0 and 5.4 Ma
(Innocenti et al., 1982). Hence, Antiparos obsidian is about three times
older than that from Melos. This obsidian principally occurs as lenses
and nodules within perlitic-tuffaceous deposits surrounding the lava
dome and in secondary colluvial deposits between the dome and the
shore (Carter and Contreras, 2012; Acquafredda et al., 2019). Although
the obsidian can be high-quality (i.e., predictable conchoidal fracture,
translucency indicative of few phenocrysts within the glass), it saw little
use in the past due to its small size. Renfrew et al. (1965: 232) report that
Antiparos obsidian occurs as “small lumps... up to 5 cm” in diameter.
Similarly, during a survey by Carter and Contreras (2012: 590), “rarely
were nodules larger than 4 cm in their long dimension observed.”
Consequently, this issue of size is commonly presumed to be the reason
that so little Antiparos obsidian has been identified archaeologically.

Even on the island of Antiparos, its obsidian has rarely been found.
During their obsidian-focused survey of Soros Hill area, Carter and
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Contreras (2012: 599) “saw precious little evidence for the material
having been knapped at the source, with the exception of one blade-like
piece.” Renfrew et al. (1965: 239) thought there to be “no artifacts of
obsidian from Antiparos.” They knew only of a “pebble” (Bent, 1884: 51)
or “small natural lump of Antiparos obsidian, obviously buried as an
attractive curiosity,” found in an Early Bronze Age cemetery (Apantima/
Agios Sostis) on the island. This attribution, however, is based only on its
visual traits, and the cemetery lies less than 2 km from the source. Other
rare, visually identified obsidian pieces (e.g., a small, unworked nodule
from an Early Bronze Age cemetery on the island of Ano Kouphonisi;
Zapheiropoulou, 2008) have since been determined to be Giali obsidian
(T. Carter, personal communication). There is, to my knowledge, only
one earlier instance of obsidian chemically sourced to Antiparos: just off
the coast of Antiparos, on the tiny island of Saliagos, Antiparos obsidian
nodules and flakes were recovered from a Late Neolithic settlement
(Cann et al., 1968).

Here I can add a previously unpublished instance of chemically
identified Antiparos obsidian. In 2012, I visited the Bronze Age (Early
Helladic I and II, 2650 to 2000 BCE) site of Keryneia Achaea in the
northern Peloponnese of Greece (Fig. 8; 38.212° N, 22.124° E), which
was excavated from 2009 to 2013 ahead of the Olympia Motorway
construction (Kolia, 2012, 2013; Kolia and Spiroulias, 2017). Kolia
(2013) proposed that the site, which spans 5 ha, was an early proto-
urban center that served an administrative function for the surround-
ing area in the third millennium BCE. Using pXRF, I tested 333 obsidian
artifacts that were housed at the 6th Ephoria of Prehistoric and Classical
Antiquities in Patras. The Keryneia-Achaea obsidian assemblage, which
consisted of many hundreds of artifacts, is dominated by prismatic
blades and their associated cores, rejuvenation flakes, and so forth, so
my sampling approach focused on the blades and cores. Of these arti-
facts, 328 originated from the Melos-Sta Nychia source, and three
derived from Melos-Dhemenegaki. The remaining two obsidian pieces
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Fig. 8. (a) The Bronze Age archaeological site of Keryneia Achaea lies in the northern Peloponnese of Greece, ca. 310 km over sea and land, from the island of
Antiparos. (b) The two pieces of Antiparos obsidian (note the presence of light-grey spherulites in both) identified at Keryneia Achaea. (c) Satellite image of the
Keryneia Achaea excavations (dated 24 October 2013) from Google Earth, reproduced here in accordance with Google’s Terms of Service and General Guidelines

regarding fair use in publications.

match Antiparos (Fig. 9), ca. 310 km away over both land and sea, and
they fit the description of Antiparos obsidian found at other sites: largely
unworked nodules with some weathered surfaces, about 4 cm in
maximum dimension. Thus, these two pieces from Keryneia Achaea are
the farthest-travelled instances of Antiparos obsidian currently known,
and it seems that there is more to its distribution and use than is pres-
ently clear to us. Given the size of Keryneia-Achaea’s obsidian assem-
blage, the use of pXRF was crucial in conclusively identifying these two
Antiparos obsidian pieces, which constituted less than 1% of the lithic
artifacts.

The compiled elemental data and their consensus ranges for Anti-
paros obsidian are available in Supplementary Table S3.

3.1.3. Giali A and B

Giali (“glass” in Greek; also transliterated as Gyali or Yali) is one of
the Dodecanese islands in the southeastern Aegean, just off the south-
western coast of Turkey (36.664° N, 27.119°E). As shown in Fig. 10, this
small island (4.6 km?) consists of two volcanic domes — a northeastern
one and a southwestern one — connected via a narrow isthmus of reef
sediments. Indeed, Giali was, until recently (in a geological sense), two
separate islands. Fission-track dating by Bigazzi and Radi (1981)
resulted in an age of ca. 24-30 ka for the northeastern eruptive center
and ca. 150 ka for the southwestern one. Bigazzi et al. (1986) updated
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the former age to 31.4 + 4.7 ka, but these authors entirely ignored the
latter age. The term “Giali obsidian” is almost always used in the liter-
ature in a singular sense, so Bigazzi and colleagues might have felt a
need to report only a single age. Furthermore, Giali obsidian is widely
considered to be unsuitable for knapping due to its large mineral in-
clusions, principally plagioclase feldspars and iron-rich pyroxenes,
leading to unpredictable flaking (Kayani and McDonnell, 1996). Such
inclusions can account for as much as 5% of the obsidian by volume and
be as large as 1-2 mm. Carter et al. (2016), though, explored the use of
Giali obsidian through time, from its earliest use by local Dodecanesian
people to make flaked tools to its later exploitation by lapidarists in
Cretian palaces to create prestige items. As an example of the latter, in
their Scientific American article, Dixon et al. (1968) included a photo-
graph of a sculpted seashell, found in a Minoan context on Crete and
carved from inclusion-rich Giali obsidian.

The possibility of two Giali distinct obsidian sources was suggested
by McDougall et al. (1983) in a pioneering study on obsidian’s magnetic
properties and the potential for sourcing artifacts throughout the Med-
iterranean region. All obsidian, even when it is completely transparent,
contains sub-millimeter minerals, albeit comprising a tiny fraction of the
rock’s volume. Indeed, the black color of most obsidian is a result of
microscopic magnetite (Fe3O4) grains suspended within the glass.
McDougall et al. (1983) hoped that variation in such magnetite grains —
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Fig. 9. Elemental data for 333 obsidian artifacts from the Bronze Age archaeological site of Keryneia Achaea in the northern Peloponnese of Greece. Two obsidian
artifacts match Antiparos, three match Melos-Dhemenegaki, and the remainder match Melos-Sta Nychia. All analyses were conducted by pXRF in December 2012 at

the 6th Ephoria of Prehistoric and Classical Antiquities in Patras, Greece.

modal (i.e., concentration); morphological (e.g., grain sizes, shapes),
and mineralogical (e.g., Ti-free magnetite vs. high-Ti titanomagnetite) —
might prove useful for sourcing obsidian artifacts. Their work resulted in
mixed success. For example, the two Melos obsidian sources — Dheme-
negaki and Sta Nychia — were differentiated magnetically, but Dheme-
negaki obsidian overlapped with that from Giali, as shown in Fig. 11a.
McDougall et al. (1983) concluded that obsidian from a Giali beach,
collected by John Cherry and Robin Torrence in 1976, differed in
magnetic parameters from the specimens collected elsewhere on the
island. They proposed, therefore, that the “Giali Beach” obsidian
differed origin from the rest of the Giali specimens. Additional context,
though, is required to understand why the beach specimens do not
necessarily reflect a distinct source.

McDougall et al. (1983) measured three magnetic parameters: nat-
ural remanent magnetization (NRM), low-field susceptibility (y), and
saturation magnetization (Mg). NRM is the magnetization acquired by a
specimen through natural processes, primarily the magnetization ac-
quired from Earth’s geomagnetic field as the obsidian cooled after its
eruption but potentially altered by other processes (e.g., reheating,
lightning strikes, secondary mineralization). It is a vector sum with both
a direction and a magnitude, but McDougall et al. (1983) apparently
relied only on the NRM magnitude (presumably because Cherry and
Torrence did not collect oriented specimens). While NRM is largely
considered a record of Earth’s field at the time of a specimen’s last
heating, its magnitude also reflects the amount of magnetic material
within that specimen. Low-field y measures the magnetization of a
specimen temporarily induced when a weak magnetic field is applied,
and it primarily serves as a proxy for the amount of magnetic material
within a specimen (although y data are more complicated in the pres-
ence of multiple minerals or widely varying grain sizes). M, in com-
parison, is the maximum possible magnetization of a specimen in the
presence of a strong magnetic field (much stronger than that in y
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measurements and sufficiently powerful to reset a specimen’s NRM),
and it is also principally a measure of the concentration of magnetic
material within a specimen. Therefore, McDougall et al. (1983)
measured three parameters that, in large part, reflect the amounts of
magnetic material, principally magnetite, within Aegean obsidian.

The issue is that, as I have previously shown (e.g., Frahm and Fein-
berg, 2013; Frahm et al., 2014b; Frahm et al., 2016), magnetic proper-
ties can vary throughout an obsidian flow. The magnetic properties of
obsidian are a net product of the concentrations, compositions, mor-
phologies, grain sizes, and spatial arrangements of magnetite grains and
other magnetic minerals. Local conditions within an obsidian flow, such
as the cooling rate, viscosity, oxygen and water availability, and post-
emplacement forces, influence the final magnetic mineral assemblage
and its magnetic recording. Thus, magnetic minerals can be highly
sensitive recorders of conditions that varied within a certain obsidian
flow, meaning that their magnetic properties can also vary within that
flow. This is best demonstrated using an example from my research
involving perhaps the most magnetically studied obsidian source:
Gutansar volcano in Armenia. McDougall et al. (1983) tested 22
obsidian specimens from Giali, whereas I have analyzed more than 600
geo-referenced obsidian specimens from Gutansar and almost 400
Palaeolithic artifacts from this obsidian source. All of these specimens
and artifacts were characterized with magnetic hysteresis loops
(Fig. 11b), which plot a material’s magnetization (M) in response to an
applied magnetic field of varying strength (B). M as well as saturation
remanence (M,), coercivity (B.), and coercivity of remanence (B.;) are
collectively known as hysteresis parameters and have been described in
detail by Harrison and Feinberg (2009), Tauxe (2010), and others. I took
these measurements with a Princeton Measurements vibrating sample
magnetometer (VSM) at the University of Minnesota’s Institute for Rock
Magnetism (IRM).

Note that the My measurements by McDougall et al. (1983) of Giali
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Fig. 10. The island of Giali and the sampling locations of Carter et al. (2016: Fig. 2) for Giali A and B obsidian (marked as such). The vast pumice deposits of these
two rhyolitic domes have been intensively quarried as an economic resource. Background map from Google Earth, reproduced here in accordance with Google’s

Terms of Service and General Guidelines regarding fair use in publications.

and “Giali Beach” specimens vary over three orders of magnitude
(Fig. 11a). Fig. 12a is a scatterplot of M, versus M; for 618 Gutansar
obsidian specimens, and these M; and M; data also vary over three or-
ders of magnitude. M, reflects the maximum permanent magnetization
possible for a specimen, and much like M, it is primarily a proxy for the
magnetic mineral concentration and, to a lesser extent, grain size. Thus,
Fig. 11a and 12a reflect the same degree of magnetic variation and, in
turn, abundance of magnetic material (i.e., concentrations of magnetite
grains). Such multi-order variation, however, is not observed in hys-
teresis parameters that do not principally reflect the amount of magnetic
material. B, (the applied field strength when a specimen’s induced
magnetization reaches zero) is, in general, inversely related to grain size

(until size decreases to a diameter of ca. 50 nm, below which B. values
drop exponentially), and B, (the field strength needed to remagnetize
half of a specimen’s magnetic minerals so that M, equals zero) is inter-
preted with the same conventions as B., whereby values are inversely
related to grain size. Fig. 12b illustrates the much lower variation in the
B, and B, values of Gutansar obsidian, indicating that the magnetic
grain sizes are more consistent than their abundances. Examining fewer
obsidian specimens from two outcrops (n = 52 from one outcrop, 39
from the other), located less than 3 km apart at Gutansar, reveals a
separation in the M; and M; data (Fig. 12¢) but an overlap in the B. and
B, data (Fig. 12d). That is, the two different outcrops of Gutansar
obsidian exhibit a greater difference in M values than Giali and “Giali
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Fig. 11. (a) Magnetic measurements (NRM vs. M) extracted from McDougall et al. (1983: Fig. 3) using WebPlotDigitizer v4.6 for Aegean obsidian sources, showing
the basis for McDougall et al. (1983) to differentiate “Giali” and “Giali Beach” obsidian. (b) An example of a magnetic hysteresis loop for a magnetite-bearing
obsidian specimen illustrates how the saturation remanence (M,), saturation magnetization (M), coercivity (B.), and coercivity of remanence (B,,) are measured.

Beach” obsidian in the measurements of McDougall et al. (1983);
however, B, and B;, if measured instead, might have yielded a different
outcome. McDougall et al. (1983) mention differences in the “visual
characteristics” of Giali and “Giali Beach” obsidian and, ultimately, that
it what their magnetic data reflect: differences in the amount of mag-
netic minerals. Their observed magnetic differences, though, are insuf-
ficient to define a separate obsidian source, given that such variation can
occur within a single source.

Carter et al. (2016) found better evidence for two distinct composi-
tions of Giali obsidian, which they termed Giali A and Giali B. Their
elemental compositions are extremely similar, but Rb is one of the key
trace elements for distinguishing them: 143 + 8 ppm in Giali A and 132
+ 4 ppm in Giali B. The spatial distributions also differ: Giali A corre-
sponds to the 31.4 + 4.7 ka obsidian in the northeastern part of the is-
land, and Giali B corresponds to the obsidian ca. 150 ka in age in the
southwestern part (Fig. 10). Their morphologies and mineralogies also
differ. Based on the surveys of Carter et al. (2016), Giali B obsidian
occurs as small pebbles and appears homogeneous and glassy to the
naked eye, whereas Giali A obsidian exists as boulders and exhibits the
millimeter-scale mineral inclusions discussed above. These differences
explain the distinct magnetic properties measured by McDougall et al.
(1983).

The elemental data and their consensus ranges for Giali A obsidian
can be found in Supplementary Table S4. Supplementary Table S5
compares the elemental measurements for Giali A and Giali B obsidian
from Carter et al. (2016), and it demonstrates that the inter-laboratory
error for Giali A obsidian equals or exceeds the measurement differ-
ence between Giali A and Giali B from Carter et al. (2016) using the same
instrument. Hence, attributing artifacts to either Giali A or Giali B might
involve considerable uncertainty, especially if one is unable to use the
same analytical instrument, protocols, etc. in order to measure both the
geological specimens from Giali and the archaeological artifacts of
interest.

3.2. Western Anatolian volcanic province

Obsidian and associated volcanics (i.e., perlite, vitrophyre) in far
western Turkey occur within an area known as the Western Anatolian
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Volcanic Province (Fig. 2). Chataigner et al. (1998: 523) note that,
within this region, “small deposits... are not well known, and samples
collected today from these deposits appear unsuitable for tool-making,”
making it unlikely that these materials were exploited for knapping tools
in antiquity. Ozdogan (1994: 426) claimed that “it seems highly possible
that there are many more small but significant sources all around
Western Anatolia,” whereas Pernicka et al. (1996) asserted that,
“although claims have occasionally been made that obsidian occurs in
western Anatolia, no sources of workable obsidian have yet been found.”
In the sections below, I include new data about the formation of Foca
perlite, and I provide the first elemental analyses of Kiitahya obsidian.

3.2.1. Foga

Poidevin (1998: Fig. 1) — like Chataigner et al. (1998: Fig. 1), Carter
etal. (2011: Fig. 1), and others — included a source on the Foca Peninsula
near Izmir along Turkey’s Aegean coast (ca. 38.67° N, 26.77° E, 130 m
asl). This peninsula has at least four rhyolitic lava flows and domes
(Akay, 2000; Akay and Erdogan, 2001), suggesting that favorable con-
ditions might have existed for the formation of obsidian. Akay (2000:
24) describes the Foca rhyolites as having porphyritic textures (i.e.,
distinct crystals embedded in either a fine-grained or glassy matrix).
Specifically, the rhyolites contain ca. 20% feldspar and quartz pheno-
crysts, some as large as 2 mm across, within a devitrified glassy
groundmass. Akay (2000: 25) also mentions their concurrence with
perlite. This is consistent with Ercan et al. (1996: 506), who reported the
presence of “thin obsidian beds intercalated with perlites [which] are
not suitable for use... and, therefore, have no archaeological value.” My
own observations of the Foca material agrees with the descriptions from
Akay (2000) and Ercan et al. (1996). Fig. 13 shows a backscattered
electron image and EMPA element maps for a Foca specimen, revealing
porphyritic texture as described by Akay (2000). In addition, my EMPA
data for a set of Foca specimens indicated a high degree of hydration
(5.1-5.6% H,0; Frahm, 2010), compared to < 2% for obsidian speci-
mens from central Turkey. This large amount of water interfered with
efforts to fission-track date of this material. Bigazzi et al. (1997)
measured an apparent fission-track age of 3.94 &+ 0.30 Ma; however, this
is an underestimate compared to what would be the correct plateau age.
Storzer and Wagner (1969) estimated an age of 9 Ma, despite the
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Fig. 12. Magnetic data for, to my knowledge, the most magnetically studied obsidian source in the world: Gutansar in Armenia (Frahm et al., 2014b, 2016). (a) The
scatterplot of M, vs. M shows that these variables, both of which principally reflect the amount of magnetic material within a material, span three orders of
magnitude, like the data of McDougall et al. (1983) do. (b) The scatterplot of B, vs. B, two variables which primarily reflect magnetic grain morphology, shows
greater consistency in the values for Gutansar obsidian. (c) Two specific outcrops of Gutansar obsidian exhibit a clear separation in a M, vs. M; plot, despite being
geochemically indistinguishable. (d) Obsidian from the two outcrops are more consistent in their B, vs. B, values. All measurements taken using a Princeton
Measurements vibrating sample magnetometer (VSM) at the University of Minnesota’s Institute for Rock Magnetism.

challenge posed by hydration. The mechanism behind this degree of
hydration, though, had not been hitherto investigated.

There are two primary mechanisms by which such hydration can
occur: (1) during eruption and emplacement, water dissolved within the
magma, originating from deep underground, can create perlitic and/or
devitrified fabrics while still at high temperatures; and (2) obsidian
gradually converts into perlite via hydration, diffusion, and alteration
over long timespans (i.e., millions of years) at lower temperatures. How
the hydration of the Foca specimens compared to those from central
Turkey was a core question of an undergraduate student research project
at the University of Wisconsin-Eau Claire, co-overseen by me, that has
never been fully published and was only presented at conferences
(Conde et al., 2009a, 2009b, 2010, 2011). Water content was measured
by Fourier-transform infrared spectroscopy (FTIR) microscopy, some-
times called micro-FTIR or pFTIR. Specimens were cut and polished into
small discs with a thickness of ca. 0.5-1.5 mm, and these discs were
measured using a DigiLab Excalibur series FTS 700 bench (liquid N-
cooled MCT detector and tungsten-halogen source) linked to a UMA 600
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microscope. Focusing on the Near IR (NIR) spectra enabled quantitative
peak-fitting of the Si-OH (hydroxyl) and HOH (molecular water)
absorbance bands using the Win-IR software from Bio-Rad Laboratories,
Inc.

Fig. 14 shows the results of our FTIR microscopy measurements for
the hydrous content of two Foca specimens as well as obsidian speci-
mens from Nenezi Dag, Acigol, and Gollii Dag in central Turkey. In
Fig. 14a, two measures of the water content — 7100 cm ' band vs. 5200
and 4500 cm ! bands — reveal that the water content of the Foca spec-
imens is considerably higher (>5% H3O) than it is in the obsidian
specimens from central Turkey (<2% H20). In Fig. 14b, equilibration of
the two water species — hydroxyl (Si-OH) and molecular water (HOH) —
is strongly dependent on temperature, so the proportion between these
water species can serve as an indicator of the temperature at which
hydration occurred. Our data suggest that the Foca specimens were
hydrated at low temperatures (ca. 200° C; i.e., by surface water after
their eruption) while the obsidian from central Turkey experienced
hydration at high temperatures (ca. 400-800° C; i.e., by magmatic water



E. Frahm

Journal of Archaeological Science: Reports 52 (2023) 104224

C

Fig. 13. BSE image and element maps for a Foga specimen show a porphyritic texture consistent with the observations of Akay (2000), who described the presence of
ca. 20% feldspar and quartz phenocrysts in a devitrified glassy groundmass. The brightest minerals in both the Al and Na maps reveal the presence of Na-feldspars,
whereas the brightest minerals in the K map indicate the presence of K-feldspars. The brightest red in the Si map also shows the presence of quartz. Images collected
by the author in the Electron Microprobe Laboratory in the Department of Earth and Environmental Sciences, University of Minnesota-Twin Cities. (For interpretation
of the references to color in this figure legend, the reader is referred to the web version of this article.)

during eruption). Consequently, our data demonstrate that (1) the Foca
specimens contain sufficient water to be classified as perlite and that (2)
the perlite is a product of gradual, post-eruption hydration, not an
initially high water content.

For the sake of completeness here, the compiled elemental data for
Foca perlite are available in Supplementary Table S6. It should be noted,
though, that Ercan et al. (1996: 506) regarded this material as having
“no archaeological value” due to its unsuitability for knapping.

3.2.2. Kiitahya A, B, and C

Kiitahya (or Kalabak Valley) obsidian is rarely mentioned in the
literature and, when it is, there is usually only a passing reference and a
citation to Ercan et al. (1996). Ercan et al. (1996: 506) report little about
Kiitahya obsidian: “In Western Anatolia, 7 km east of Kiitahya, obsidian
beds of 10-15 cm thickness were discovered. These obsidians, which
crop out in close vicinity to Alanyurt [sic] train station, are found
together with Neogene deposits. The obsidians observed in Kiitahya...
are not suitable for use as tools and therefore have no archaeological
value.” This description, though, seems to be based not on their own
observations but on a geological study of the Kiitahya area by Akkus
(1962).

Alkkus (1962) described outcrops about 1-1.5 km to the east and the
north of the Alayunt station (ca. 39.40° N, 30.11° E). In these outcrops,
he reported that obsidian intercalates with Neogene (23-2.58 Ma)
lacustrine deposits of diatomite, and other Neogene deposits in the area
consist of lacustrine, marly, soft limestone and clays, principally mont-
morillonite. Akkus (1962) did not explicitly state whether the obsidian
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occurs in a primary volcanic deposit or a secondary lacustrine deposit,
but the implication is that he favored the former scenario. For example,
Akkus (1962: 27) wrote that intercalation of this obsidian “with
Neogene layers indicates that the volcanism must have occurred during
that time.” For a secondary deposit, eruption and emplacement of the
obsidian would not be contemporaneous to deposition of the diatoma-
ceous sediments, while Akkus (1962) favored a degree of synchronicity.
In a geological map for the region, however, Alan et al. (2018) document
Miocene (23-5.3 Ma) rhyolitic lava flows, which appear to be the
appropriate age and, in turn, the most likely origins of this obsidian.

I was sent a series of small, subangular obsidian nodules, most less
than a centimeter in diameter, from the Porsuk basin near Kiitahya via
an Istanbul-based stone supplier. Alayunt lies upstream from the
collection area ca. 20 km to the north, so any obsidian that erodes out
from between the soft diatomite could easily be transported northward
by the Porsuk River. As shown in Supplementary Tables S7, S8, and S9,
three obsidian compositions were present among these nodules, sug-
gesting that this collection area is an alluvial secondary deposit that
contains obsidian from different sources within the catchment zone of
the Porsuk. It remains possible that (1) the obsidian deposits observed
near Alayunt train station are secondary deposits, perhaps lacustrine in
origin, that contain nodules from various volcanic sources, (2) the
various deposits near Alayunt station (e.g., to the east, to the north)
reflect distinct sources (e.g., different lava domes) and, therefore, have
obsidian with different compositions, or (3) the deposits near Alayunt
station reflect one of the three obsidian compositions while (at least) two
other obsidian sources lie elsewhere within the Porsuk basin and
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Fig. 14. FTIR measurements of the water content in two Foca specimens. (a) Two metrics of the water content — 7100 cm™! band vs. 5200 and 4500 cm™* bands — in
Foca, Nenezi Dag, Acigol, and Gollii Dag specimens, demonstrating that the water content of the Foca specimens is notably higher (>5% H,0) than in the other
specimens (<2% H,0). (b) The proportion between the two water species — hydroxyl (Si-OH) and molecular water (HOH) — can reflect the temperature at which
hydration occurred. This permits us determine that the Foca specimens were hydrated at low temperatures (i.e., after their eruption by surface water) while the
others occurred at high temperatures (i.e., during eruption by magmatic water). The FTIR microscopy was conducted at the University of Wisconsin-Eau Claire.

contributed nodules to the secondary deposit. Testing any of these three
hypotheses will necessitate additional field surveys and sampling.

3.3. Galatian volcanic province

The Galatian Volcanic Province (Fig. 2) and the Western Anatolian
Volcanic Province are typically lumped together within the obsidian
literature (e.g., Chataigner et al., 1998; Varoutsikos and Chataigner,
2012), despite reflecting different regions of Miocene, Pliocene, and
Quaternary (i.e., from 23 Ma to the present) volcanism (Tankut et al.,
1998). In contrast to obsidian sources in the Western Anatolian Volcanic
Province, those in the Galatian Volcanic Province are known to have
been utilized archaeologically, albeit at sites local to the sources (Cha-
taigner et al., 1998: 523). One of the Galatian sources — known as
“Galatia X” — is only known archaeologically, and its location remains a
mystery.

3.3.1. Yaglar

Information about the Yaglar (“oils”) obsidian source (not to be
confused with Yaglica in the Kars province of eastern Turkey; Frahm,
2023) is scant, and nearly all of it derives from research conducted by
Keller and colleagues (Keller and Seifried, 1990; Keller et al., 1992,
1996). The source is described as ca. 20 km northwest of Kizilgahamam
(somewhere around 40.6° N, 32.8° E), and Keller et al. (1992) report a K-
Ar date of 20.7 Ma, making it one of the oldest obsidian sources in
Turkey. Keller and Seifried (1990: 62) mention that “worked obsidian
has been seen” at the source, attesting to its utilization sometime in the
past. The elemental data for Yaglar obsidian from Keller and Seifried
(1990) and Keller et al. (1996) are available in Supplementary
Table S10.
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3.3.2. Sakaeli-Orta

Bigazzi et al. (1993: 590) refers to Sakaeli-Orta as a “hitherto un-
known” obsidian source “recently discovered in an older (Oligoce-
ne-Miocene) volcanic region, located to the north of Ankara,” and their
geological map shows the locations sampled by Ercan et al. (1989) for
this source (ca. 40.63° N, 33.13° E, 1250 m asl). Like Yaglar obsidian,
Sakaeli-Orta obsidian is old. Wagner and Weiner (1987) report fission-
track dates of ca. 24-25 Ma, whereas newer fission-track measure-
ments from Bigazzi et al. (1993) yield a somewhat younger age:
21.3-23.7 Ma. Descriptions of this source vary slightly, from “obsidian
pebbles (diameter up to 10 cm)” in perlite deposits (Bigazzi et al., 1993:
591) to “small lithoclasts in ignimbrites” (Chataigner et al., 1998: 520)
and “nodules in tuffs” (Ercan et al. 1996: 506). Artifacts made from
Sakaeli-Orta obsidian have been found at Neolithic settlements near the
Sea of Marmara (e.g., Fikirtepe, Ilipinar), establishing that the source
was at least locally used (Chataigner et al., 1998). The compiled
elemental data and consensus ranges for Sakaeli-Orta obsidian are
available in Supplementary Table S11, including a direct comparison
between elemental data for the Sakaeli and Orta facies, which demon-
strates that the two named obsidian deposits for this source are chemi-
cally indistinguishable.

3.3.3. Galatia-X

A third obsidian source in the Galatian Volcanic Province is known as
“Galatia-X” since its location remains unclear (Keller et al., 1996). This
obsidian has only been identified in a field near Giidiil (40.21° N, 32.24°
E), ca. 40 km southwest of Kizilcahamam, where a few pieces of obsidian
debitage were found on the surface (during a search for a pleasant site
for a lunch break) along with chert flakes and blades, all less than 1.5 cm
in maximum dimension (Keller et al., 1996). Eight of the obsidian chips
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were analyzed and had a consistent composition, but they could not be
matched to a known volcanic source (Keller and Seifried, 1990; Keller
et al., 1996). Fission-track dating of the artifacts resulted in ages of
21.2-23.8 Ma, nearly identical to the dates for Sakaeli-Orta obsidian
(Keller et al., 1996). Keller et al. (1996) suggest, on the basis of fission-
track parameters, that one artifact from the Neolithic site of Pendik
could also be Galatia-X obsidian, while the other artifacts match Yaglar
and Sakaeli-Orta. Elemental data for Galatia-X obsidian from Keller et al.
(1996) are available in Supplementary Table S12.

3.4. Central Anatolian volcanic province

Obsidian sources in the Central Anatolian Volcanic Province are also
known as the Cappadocian or Central Anatolian sources. This was one of
the two main volcanic areas on which Renfrew and colleagues (Renfrew
et al., 1966, 1968; Dixon et al., 1968; Cann et al., 1969) first focused
their attention — the other was the Lake Van area in eastern Turkey (see
Frahm, 2023). As such, the region has received considerable attention
over the decades from archaeologists and geologists interested in
obsidian sourcing, beginning in the 1960s with source visits by Colin
Renfrew, Herb Wright, Ian Todd, Giorgio Pasquaré, and others. In 1973,
Sebastian Payne and colleagues conducted extensive surveys and sam-
pling, but most of this work went unpublished (Todd, 1980; Yellen,
1995). This region has also received attention from volcanologists and
other geologists focused on earth processes, not archaeology. Perhaps
inevitably, more attention also leads to more opportunities for con-
flicting interpretations. In the following sections, I have attempted to
sort through these conflicts and, when appropriate, offer new
interpretations.

3.4.1. Hasan Dag

Hasan Dag (38.127°N 34.167°E) is a double-peaked stratovolcano
with a shorter eastern summit (ca. 3070 m asl) and a taller western
summit (ca. 3250 m asl) that rise about 2 km above the surrounding
Konya Plain. This volcano is perhaps best known amongst archaeologists
as, contentiously, the purported subject of an ochre mural at the
Neolithic settlement of Catalhoyiik, ca. 180 km to the southeast (Schmitt
et al., 2014). James Mellaart, the controversial archaeologist who first
excavated Catalhoyiik during the 1960s, argued that the famous mural
in Shrine 14 of Level VII was an illustration of the settlement’s structures
and, above that, “the strange object in the back which looks at first sight
like a leopard’s skin becomes... the twin peaks of Hasan Dag” during an
eruption (Mellaart, 1964: 194). Mellaart also linked the mural to the
abundance of obsidian artifacts, which, at that point, had yet to be
elementally analyzed and matched to their volcanic sources. He wrote:
“when we realize that it was from here or nearby that the Neolithic
people obtained their obsidian, a volcanic glass which is the most prized
and earliest commodity of trade, and perhaps the basis of Chatal
Huyuk’s wealth, then it is not such a far cry to suggest that what was
shown here was an eruption of Hasan Dag” (Mellaart, 1964: 194). Given
his belief in the economic importance of obsidian to the residents of
Catalhoyiik, Mellaart thought it only logical that the painting depicted
Hasan Dag whilst erupting. His mural interpretation remains hotly
debated (as do other aspects of his work; e.g., mother goddess worship,
Indo-European migrations, suspected smuggling and forgeries). From
my perspective, Meece (2006) effectively debunked Mellaart’s in-
terpretations of the mural, especially when she showed that this “earliest
map” is similar to other murals with geometric patterns and that spotted
leopards and their skins (not to mention other animals) are common
mural motifs throughout the site. Meece (2006) also noted that no Hasan
Dag obsidian has ever been found at Catalhoyiik (see also a discussion in
Carter, 2011: 4). Indeed, no artifact from any archaeological site, to the
best of my knowledge, has been compositionally matched to Hasan Dag,
almost certainly due to its poor knapping qualities (Arslan et al., 1998;
Cauvin and Balkan-Atli, 1996).

Hasan Dag has been the subject of considerable geological research
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(e.g., Aydar and Gourgaud, 1998; Deniel et al., 1998; Dogan et al., 2008;
Friedrichs et al., 2020; Gall et al., 2022; Kopriibasi et al., 2014; Kuzu-
cuoglu et al., 2020; Tank and Karas, 2020; Toprak and Goncooglu,
1993), much of it focused on the history of its formation from the
Miocene to the Holocene. For most of its history, Hasan Dag’s eruptions
have produced andesitic and dacitic lavas, whereas rhyolitic lavas
mostly erupted during the most recent volcanic phases. Obsidian was
only produced during the later phases as well, and it has been fission-
track dated to ca. 0.39 + 0.5 Ma (Bigazzi et al., 1998). According to
field notes and maps from Rapp and Ercan (Fig. 15), small pieces of
obsidian occur in ignimbrite deposits on the western and southern
flanks. Their presence in this pyroclastic flow appears related to what
Arslan et al. (1998) call the Tahtayayla rhyolite-obsidian flow, ca. 3 km
to the north of the taller summit at an elevation of ca. 1950 m asl. As
described by Arslan et al. (1998), obsidian from these outcrops would be
unsuitable for knapping. They report that the rocks continuously grade
from rhyolite into obsidian with “a wide range of surface structure and
textures that vary in vesicularity, crystallinity, color, and flow layering”
(77). The obsidian, they explain, “is mainly dark greenish black and
reddish brown,” has “horizontal flow layering, and contains lens- and
spherical-shaped rhyolite fragments” (77). Furthermore, the obsidian
contains up to 5% feldspar phenocrysts, and it “characteristically frac-
tured giving a brecciated appearance” (Arslan et al., 1998: 77). Conse-
quently, it would have been a poor choice for knapping material in an
obsidian-rich region.

Despite its low suitability for knapping, the compiled elemental data
and consensus ranges for Hasan Dag obsidian are available in Supple-
mentary Table S13.

3.4.2. Nenezi Dag

Nenezi Dag (38.375° N, 34.459° E, ca. 1600 m asl) is one of the most
archaeologically significant obsidian sources in this article. It is an iso-
lated lava dome that rises about 500 m above the surrounding plains and
lies only a few kilometers northwest of the Gollii Dag complex. Its for-
mation has been dated by various techniques. Fission-track dating has
resulted in ages between 1.14 + 0.07 and 1.20 + 0.06 Ma (Bigazzi et al.,
1998; Bellot-Gurlet et al., 1999). Ar-Ar dating yielded a slightly younger
of age: 0.91 + 0.13 Ma (Chataigner et al., 1998), as did Sr isotopes: 0.98
+ 0.6 Ma (Olanca, 1994). Together the three dating techniques reveal
that the lava dome and its obsidian formed ca. 0.9-1.2 Ma, roughly
contemporaneous with the Gollii Dag complex. Its obsidian occurs on
the western slopes, principally exposed by streams cutting into the
dome, and knapping workspaces, where cores were shaped, are known
on these slopes as well (Cauvin and Balkan-Atli, 1996).

Nenezi Dag obsidian has a long history of use. Carter et al. (2011)
sourced various artifacts from Okiizini Cave near the Mediterranean
coast, including an Early Epi-Palaeolithic core rejuvenation flake in GH
VIII, dated by radiocarbon to 16-18 ka, that originated from Nenezi Dag.
As the crow flies (linearly), this corresponds to a distance of 380 km;
however, on foot, it would be ca. 470 km along the least-cost path
(which, undoubtedly, the flake did not follow). Nenezi Dag obsidian is
found within the assemblage of Asikl1 Hoyiik, a Pre-Pottery Neolithic B
site (Balkan-Atli, 1994), and that of Domuztepe, a Late Neolithic set-
tlement more than 350 km on foot from the source (Healey, 2000).
Carter et al. (2020) also identified Nenezi Dag obsidian at the Early
Chalcolithic site of Ein el-Jarba in the southern Levant, which reflects a
distance of ca. 620 km linearly (over the sea) and more than 800 km on
foot.

Nenezi Dag obsidian is likely best known for its use at Catalhoyiik.
Poupeau et al. (2010) sourced 100 obsidian artifacts from Catalhoyiik,
and almost one third of them (n = 32) originated from Nenezi Dag (and
the rest were East Gollii Dag obsidian). Carter and Mili¢ (2013) further
developed this investigation based on a larger sample size. Importantly,
the proportions of Nenezi Dag and East Gollii Dag obsidian changed
through time. During the Pre-Pottery Neolithic, East Gollii Dag was the
main origin of obsidian used at Catalhoyiik, but midway through the
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Fig. 15. A scan of the 1991 obsidian sampling map for Hasan Dag from Rapp and Ercan (the author’s personal collection). Their annotations in red pen denote their
four sampling loci at the volcano. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Pottery Neolithic, during the seventh millennium BCE, there was a
“radical shift” (Carter et al., 2006: 906) towards the use of Nenezi Dag
obsidian together with a technological change (i.e., the rise of unipolar
pressure-flaked blades). Various authors have commented on this asso-
ciation — perhaps a logical one given the proximity — between the use of
Nenezi Dag and East Gollii Dag obsidian, not only at Catalhoyiik but
throughout the broader region.

The compiled elemental data and their consensus ranges for Nenezi
Dag obsidian are available in Supplementary Table S14.

3.4.3. Gollii Dag complex

The Gollii Dag volcanic complex (38.28° N, 34.57° E, ca. 1500-1800
m asl), also known as Ciftlik in the early literature (e.g., Renfrew et al.,
1966, 1968; Dixon et al., 1968; Wright, 1969), includes multiple
obsidian sources, although the precise number has been a matter of
debate. The entire complex appears to be less than 4 Ma in age, and a
series of obsidian-bearing lava flows erupted 0.9-1.3 Ma, according to
fission-track dates from Bigazzi et al. (1993, 1998). One portion of the
complex, known as East Gollii Dag, has some of the most archaeologi-
cally important obsidian in the ancient Near East, comprising artifacts as
diverse as a far-traveled Upper Paleolithic tool found in what is now
Lebanon (Frahm and Tryon, 2019) to a carved Babylonian amulet
(Frahm et al., 2019). In contrast, as of Chataigner et al. (1998), only one
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artifact (from Asikli HOyiik) had been identified as West Gollii Dag
obsidian.

Early sourcing studies often regarded Gollii Dag as a single obsidian
source (e.g., Renfrew et al., 1966; Wright, 1969; Blackman, 1984). In
1973, Sebastian Payne, then a researcher at the British Institute of
Archaeology at Ankara, conducted an intensive survey and collection of
obsidian from Gollii Dag (and Acigol, as discussed the next section).
Fig. 16 is a topographic map that shows where Payne collected his
obsidian specimens from varied contexts (i.e., on the surface, in
streambeds, from pyroclastic deposits, from outcrops). The obsidian
specimens were sent to Hugh McKerrell at Scotland’s National Museum
of Antiquities for analyses, but McKerrell was fired shortly thereafter.
Hence his specimens sat unanalyzed until Yellen (1995) tested about
half of them with NAA at the Hebrew University of Jerusalem. The tested
specimens included 63 from the Gollii Dag complex (although none from
its westernmost portion), and Yellen (1995) recognized three “sub-
groups” in the resulting chemical data, primarily based on Ba, Eu, and
Cs. One subgroup (Yellin’s GLD-A) was largely confined to the southern
part of the complex, another (his GLD-C) largely was localized to the
northeastern part, and the third (his GLD-B) was more scattered over the
complex. The observed mixing of the subgroups across the landscape is
consistent with, as shown In Fig. 16, Payne’s collection of loose speci-
mens from the surface and streams.
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Rapp and Ercan visited the Gollii Dag complex in 1991 and sampled
obsidian from eleven loci, as illustrated in Fig. 17. Fig. 18 shows the
Gollii Dag interpretation from Poidevin (1998) and, subsequently, Var-
outsikos and Chataigner (2012), in which there are mixed descriptions
of any chemical differentiation beyond the level of western vs. eastern
deposits (e.g., “The three deposits of the Gollii Dag East group cannot be
distinguished geochemically” in Varoutsikos and Chataigner, 2012;
obsidian from Kayirli Village and North Bozkoy “are virtually indistin-
guishable” [translated] and, therefore, grouped together under the label
of West Gollii Dag in Poidevin, 1998: 118). Similarly, Chataigner et al.
(1998) group the eastern obsidian outcrops (i.e., Komiircii, East Kayurls,
Sirca Deresi) together as a single chemical source, and they do the same
for the western occurrences (Kayirl Village, North Bozkoy). After more
and more Gollii Dag obsidian specimens and artifacts had been analyzed
using modern instruments (e.g., Carter et al., 2006; Carter and Shackley,
2007), Hancock and Carter (2010) considered the issue of whether intra-
laboratory repeatability and inter-laboratory reproducibility allowed for
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finer distinctions, such as reliably assigning artifacts to either the
Komiircii obsidian outcrops or the East Kayirli ones.

Binder et al. (2011) published a new interpretation of the Gollii Dag
complex that included seven or eight distinct sources (depending on how
one counted their 4a and 4b chemical groups). A key aspect of their
model, as redrawn in Fig. 19, is the interpretation of the obsidian out-
crops as ring-dike intrusions that surround the lava domes (see Binder
et al., 2011: Fig. 2), following their preferred interpretation for steeply
dipped flow bands within rhyolites (Mouralis et al., 2002; Tiirkecan
etal., 2004). The actual distribution, though, of obsidian outcrops across
the dome surfaces, as illustrated in Fig. 20, instead suggests to me the
more traditional model of rhyolitic lava domes with an inner shell of
glassy obsidian (e.g., Fink, 1987; Fink and Manley, 1987; Hughes and
Smith, 1993). In this model, the places where obsidian outcrops are
exposed largely reflect post-emplacement forces, especially erosion and
slope failure where gullies and streams have cut into the dome and,
consequently, revealed its glassy inner shell.
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0 Kaylzr‘ll Village

North Bozkéy

Fig. 18. Interpretation of the G6llii Dag complex redrawn from Poidevin (1998:
Fig. 9) and Varoutsikos and Chataigner (2012).

Certain aspects of the LA-ICP-MS data analysis in Binder et al. (2011)
also lead to, from my view, more chemical groups than might be war-
ranted. This, however, is difficult to fully assess as their article included
only summary statistics, and individual measurements can only be
extracted through digitizing their scatterplots. Consider, for example,
that their Gollii Dag 4a and 4b chemical groups are based on a small, but
seemingly statistically significant, difference in Ba: 77 + 4 vs. 98 £ 9
ppm, respectively, based on the summary statistics (Binder et al., 2011:
Table 2). Fig. 21 (data digitized from Binder et al. 2011: Fig. 5) shows,
though, the extent to which Gollii Dag 4a and 4b overlap. Consequently,
even Khalidi et al. (2013), whose LA-ICP-MS measurements were con-
ducted in the very same analytical laboratory as Binder et al. (2011),
chose to combine Gollii Dag 4a and 4b in their sourcing analyses. In
addition, Binder et al. (2011) used principal component analysis (PCA)
to separate chemical groups among their geological specimens, but the
resulting PCA functions more strongly weighed volatile, light elements,
specifically Li and B (with weights of 6), than key trace elements such as
Zr and Nb (with weights of 3 or 4). That is, volatile gases dissolved in the
obsidian had outsized influences on defining the groups.

The identification by Binder et al. (2011) of three distinct chemical
groups (Gollii Dag 3, 6, and 7) in the southern portion of the complex is
also somewhat problematic. One issue is that their Gollii Dag 3 is defined
by “a single big block of a light grey and metalescent obsidian,” making
it impossible to assess any elemental variability at this locus and sug-
gesting that the obsidian had a sheen due to the presence of water/gas
bubbles (Binder et al., 2011: 3183). Another issue is that Gollii Dag 3, 6,
and 7 are separated in the PCA plots; however, their PCA analysis un-
fortunately includes more variables (8 elements; Zr, Nb, Y, Ba, Sr, Li, B,
Ti) than observations for Gollii Dag 3 (n = 1), 6 (n = 5) and 7 (n = 5).
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Fig. 19. Binder et al. (2011), following Mouralis et al. (2002), interpreted obsidian outcrops at the Gollii Dag complex as ring-dike intrusions associated with the
formation of specific rhyolitic lava domes in association with an ancient caldera (dashed line with triangles). This interpretation of the Gollii Dag complex has been
redrawn from Binder et al. (2011: Fig. 1) with their proposed associations between obsidian outcrops and lava domes based on their Table 3 and Appendix 1.

Fig. 20. Proposed obsidian sources at the G6llii Dag complex based on my own data and other obsidian compositional datasets. This proposal interprets the Golli
Dag complex as a series of conventional obsidian-bearing rhyolitic lava domes (e.g., Fink and Manley, 1987; Hughes and Smith, 1993) rather than ring-dike in-
trusions (Binder et al., 2011). Background map based on the ASTER Global Digital Elevation Map Version 3 (GDEM V3), NASA (USA) and METI (Japan). The outcrop
locations were identified using high-resolution satellite photography from CNES / Airbus (dated 4 August 2021, 2 September 2019, and 9 September 2013) and
Maxar Technologies (dated 4 November 2016 and 5 September 2011).

The opposite scenario, in which there are more observations than vari- (n=5) and 7 (n = 5) obsidian appears based on a minor Ba disparity (90
ables (even two or three times more), is highly preferred in multivariate + 9 vs. 55 + 6 ppm, respectively). More meaningful from an igneous
statistics. Like Gollii Dag 4a and 4b, the distinction between Go6llii Dag 6 petrology perspective, I would argue, the Total Alkali Silica (TAS)
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Fig. 21. Sr and Ba values extracted from Binder et al. (2011: Fig. 5) using WebPlotDigitizer v4.6 for their Gollii Dag 4a, 4b, and 5 obsidian types, illustrating the
practical overlap between their 4a and 4b types. The summary statistics of Binder et al. (2011) in their Table 2 suggest that the Ba contents of 4a and 4b obsidian are
statistically significant (77 + 4 vs 98 + 9 ppm, respectively; Student’s t test, p < 0.0001), but this plot illustrates that the two types overlap between ca. 85 and 105
ppm of Ba. Note that Khalidi et al. (2013), working in the same analytical laboratory as Binder et al. (2011), combined the Gollii Dag 4a and 4b obsidian types in their

study of obsidian artifacts from a Neolithic archaeological site in Lebanon.

diagram, which is the standard plot utilized by geochemists to classify
volcanic rocks on the basis of silica (SiO2) and combined alkali (Na,O +
K20) contents (Le Maitre, 2002). The TAS diagram in Fig. 22 shows,
using the values from Binder et al. (2011), the strong geochemical af-
finity of Gollii Dag 3, 6, and 7, which indicates that these three chemical
groups are very closely volcanically related to one another. Further-
more, [ observed the presence of spherulites in obsidian from the Sirca
Deresi outcrops (Fig. 3), and Binder et al. (2011) noted spherulites in

their Gollii Dag 6 obsidian, which was “poor quality” as a result (3183).
Consequently, the issues raised in Section 2 about spherulites (i.e., Ba-
and Sr-depleted concentrations in the glassy matrix of obsidian) should
be kept in mind as a potential complicating factor.

Fig. 20 is my reinterpretation of the Gollii Dag complex, including
equivalencies to the chemical groups proposed by Binder et al. (2011).
The two West Gollii Dag obsidian sources are consistent under our
respective schemes: North Bozkoy (Supplementary Table S15) is Gollii

9.5
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Fig. 22. This Total Alkali Silica (TAS) diagram is a standard plot for geochemists to classify volcanic rocks based on their silica (SiO,) and combined alkali (Na;O +
K,0) contents (Le Maitre, 2002). The plot shows the strong geochemical affinity of the Gollii Dag 3, 6, and 7 obsidian types of Binder et al. (2011), which suggests
that these three obsidian types are closely volcanically related to each other (even more so, it appears, than their Gollii Dag 4a and 4b obsidian types).
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Dag 1 of Binder et al. (2011), while Kayirli Village (Supplementary
Table S16) is their Gollii Dag 2. Our interpretations only differ for the
East Gollii Dag sources, among which many authors do not distinguish
due to their chemical similarities (Supplementary Table S17). Notice
that, like Yellen (1995), I define three East Gollii Dag obsidian sources:
one to the north, one to the south, and one in-between. In my inter-
pretation, Komiircii obsidian (Gollii Dag 5 of Binder et al., 2011; Sup-
plementary Table S18) grades into East Kayirli obsidian (Gollii Dag 4a/
4b of Binder et al., 2011; Supplementary Table S19) in the northern part
of the complex. In the south part, I propose, as noted above, that Golli
Dag 3, 6, and 7 of Binder et al. (2011) can be combined into a single
obsidian source, somewhat awkwardly called here “Bozkoy-Boztepe/
Sirca Deresi” (Supplementary Table S20), reflecting the variety of names
that its outcrops have been given.

3.4.4. Acigol complex

The Acigol volcanic complex (38.5° N, 34.6° E, ca. 1300-1400 m asl)
is somewhat paradoxical in the considerable amount of attention that it
has received for its obsidian versus how infrequently it was actually
exploited in antiquity. As noted by Chataigner et al. (1998), only two
obsidian artifacts, up until that point, had been chemically matched to
the Acigol complex (i.e., one from Asikli Hoyiik, one from El Kowm).

® In streambed / loose on surface ~
B From tuff or ignimbrite

Journal of Archaeological Science: Reports 52 (2023) 104224

Early obsidian sourcing studies frequently regarded Acigol as a single
source (e.g., Group le-fin Renfrew et al., 1966). Wright (1969), though,
noted at least five localities for collecting obsidian at this complex of
lava domes and craters, and he matched “Group le-f’ obsidian of Ren-
frew and colleagues to two of those five localities, meaning that the
other localities had chemically different obsidian. In 1973, Payne set out
to conduct a thorough survey and collection of Acigol (and, as noted in
Section 3.4.3, Gollii Dag) obsidian. Fig. 23 is a topographic map that
shows where he had collected obsidian specimens from a range of
contexts (i.e., on the surface, in streambeds, from pyroclastic deposits,
from outcrops). Like the Gollii Dag specimens, these specimens sat un-
analyzed until Yellen (1995) tested about half of them with NAA.
Consequently, when Rapp started his obsidian sourcing research in
Turkey in 1990, he found that “not all potential source deposits have
been sampled, and many deposits were not sampled systematically —
with full knowledge and coverage of the geology of the site” (Rapp and
Hill, 2006: 255). Fig. 24 shows the ten locations at the Acigol volcanic
complex sampled by Rapp and Ercan during their 1991 visit to the area,
specimens from which became part of my reference collection.

Fig. 25 shows one common interpretation of the Acigol complex
found in the obsidian literature (Poidevin, 1998; Varoutsikos and Cha-
taigner, 2012). A “pre-caldera” vs. “post-caldera” framework lies at the
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Fig. 23. Topographic map of the Acigol complex with Payne’s 1973 collection locations, redrawn from Todd (1980: Fig. 7), which was, in turn, modified from
Payne’s original map. The symbols denote if the specimens were collected loose on the surface or in streambeds (blue circles), from pyroclastic deposits (purple
squares), or from the outcrops of an obsidian flow (orange triangles). (For interpretation of the references to color in this figure legend, the reader is referred to the

web version of this article.)
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Fig. 24. A scan of the 1991 obsidian sampling map for the Acigol complex from Rapp and Ercan (author’s personal collection). Their annotations in pencil denote

their ten sampling loci through the complex.

core of this interpretation, largely informed by fission-track dates and
minimum ages from Bigazzi et al. (1993). It is important to recognize the
relevance (or lack thereof) of minimum ages to actual ages. In the United
States and Canada, for example, the minimum driving age is 16 years
old, but one should not assume that, simply because drivers must be at
least 16, any given driver probably is that age. As shown in Figs. 24 and
25, tectonic faults have been interpreted as part of a caldera ring (Druitt
et al., 1995; Mouralis et al., 2002); however, such an interpretation has
been challenged by Schmitt and colleagues (e.g., Schmitt et al., 2011;
Siebel et al., 2011; Atici et al., 2019) on the basis of new geochrono-
logical and stratigraphic evidence. As shown in Fig. 25, the obsidian
outcrops stretching from White Tuffs Hotamis Dag and Bogazkoy to
Kartalkepe and Tulucetepe have commonly been interpreted as pre-
caldera flows exposed during caldera formation, whereas Kocadag
obsidian was argued to have erupted later (on the basis of a minimum
fission-track age). Schmitt et al. (2011), in contrast, interpret the Acigol
complex as a faulted, young rhyolite field without a contemporaneous
caldera. Acigol complex, in their view, consists of two clusters of rhyo-
litic lava domes: “an older, morphologically subdued dome complex in
the east” and an “array of younger domes with well-preserved tuff rings
in the west” (Schmitt et al., 2011: 1218). In their scenario, the Bogazkoy
to Tulucetepe obsidian outcrops are not exposed in a caldera wall but a
north-south-oriented escarpment produced by down-faulting during the
Upper Acigol Tuff eruption. The northern and western portions of the
complex, they contend, exhibit no caldera morphological margins,

whereas a possible caldera margin in the southern portion predates
formation of the Upper Acigol Tuff. Therefore, Schmitt et al. (2011:
1217) argue that outlining a caldera on the Acigol complex is “tenuous”
at best. Furthermore, their more precise (U-Th)/He zircon ages, as
included in Fig. 26, largely upset the common pre-caldera vs. post-
caldera framework, as illustrated in Fig. 25.

Fig. 26 shows my interpretation of the Acigol complex based largely
on (1) the geochronology of Schmitt et al. (2011) and (2) elemental
analyses of the geo-referenced obsidian specimens collected by Rapp
and Ercan as well as other authors over the last three decades (Supple-
mentary Tables S21-25). In this interpretation, the Giineydag and
Korudag outcrops constitute a single West Acigol obsidian source that
dates to ca. 23.3-24.9 ka, and the compiled elemental data and
consensus ranges for West Acigol obsidian are available in Supplemen-
tary Table S21. East Acigol, in contrast, has four elementally distinct
sources: (1) White Tuffs Hotamis Dag (WTHD), without a precise date
but at least 112 ka, to the north (Supplementary Table S22); (2)
Bogazkoy, ca. 190 ka, to the east (Supplementary Table $23); (3)
Hotamig Dag / Kocadag, also ca. 190 ka, to the south (Supplementary
Table S24); and (4) Taskesiktepe, ca. 147 ka, to the west (Supplementary
Table S25). Note that, in this interpretation, there are no “pre-caldera”
and “post-caldera” obsidian sources, given that framework has not held
up well.
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Fig. 25. Interpretation of the Acigol complex redrawn from Poidevin (1998: Fig. 6) and Varoutsikos and Chataigner (2012). This model was largely informed by
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Fig. 26. Proposed obsidian sources at the Acigol complex based on my pXRF
and EMPA data as well as updated geochronological data [i.e., (U-Th)/He
zircon ages] from Schmitt et al. (2011). Background map based on the ASTER
Global Digital Elevation Map Version 3 (GDEM V3), NASA (USA) and
METI (Japan).

3.4.5. Erciyes Dag

Poidevin (1998: Fig. 1) lists Erciyes Dag, near the town of Kayseri, as
an obsidian source, which is included here for the sake of completeness.
The uncertainty around Erciyes Dag as a potential source is evident in
the literature (e.g., Varoutsikos and Chataigner, 2012 report Erciyes Dag
as an obsidian source while Chataigner et al. 1998 do not). Todd and
Pasquare (1965: 97) mention that obsidian can be found on the south
face of Erciyes Dag, without elucidation, but they conclude that their
“preliminary survey of Erciyag Dag seems to indicate that this mountain
cannot be considered as a major source of obsidian” in archaeological
contexts. This Quaternary stratovolcano (38.53°N, 35.45°E) has been
geologically likened to Hasan Dag (Pasquare et al., 1988), and due to
wide geological interest, Erciyes Dag has been discussed and described
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in various papers (e.g., Notsu et al., 1995; Kiirkctioglu et al., 1998;
Toprak, 1998; Sen et al., 2002, 2003; Hamann et al., 2010). Beginning
ca. 900 ka, the volcano formed through subsequent eruptions of
andesitic and dacitic lavas, and rhyodacitic lava domes erupted on the
slopes of the volcano later, ca. 110-140 ka (Sen et al. 2002, 2003). Two
of the rhyodacitic eruptions reportedly created obsidian, at least in the
geological sense of the term: the Perikartin/Karagiillii eruption occurred
on the northern flank of Erciyes Dag, whereas the Dikkartin eruption
occurred on the volcano’s southern flank.

Sen et al. (2003) describes the Dikkartin deposits as a combination of
pumice and block-and-ash flows, including large dome blocks (ca. 1.5-2
m across). The pumiceous units contain obsidian fragments, as much as
25% by volume, and the blocks occasionally exhibit bands of obsidian.
These Dikkartin facies likely corresponded to the obsidian mentioned by
Todd and Pasquare (1965) on the southern face of the volcano. Todd
(1980) later described it, based on field observations by Pasquare, as
“smooth and shiny” only on one face but otherwise “gritty,” not “true
obsidian” of archaeological interest. Sen et al. (2003) implies that these
textures are the result of vesiculation. About the Perikartin/Karagiillii
eruption on the northern flank of Erciyes Dag, Sen et al. (2003) explain
that the pyroclastic flow contains jointed pumice, breadcrust bombs,
and obsidian pieces (of unknown suitability for knapping).

In short, Erciyes Dag has, by all accounts, obsidian in a geological
sense (i.e., glassy rhyolitic lava) on its northern and southern slopes but
not in the archaeological sense (i.e., homogenous glass suitable for
knapping). No obsidian, to my knowledge, has been analyzed from
either of the two flows; however, Supplementary Table S26 provides
data for rhyolitic tephra that have been analyzed from the Dikkartin and
Perikartin/Karagiillii eruptions in hopes that the values would be
similar.

4. Concluding remarks

It seems somewhat odd to focus on bringing greater order to obsidian
compositional data in the region where obsidian artifact sourcing was
first developed and implemented (e.g., Cann and Renfrew, 1964; Ren-
frew et al., 1965, 1966, 1968; Dixon et al., 1968; Cann et al., 1968, 1969;
Wright, 1969; Wright and Gordus, 1969). In fact, it feels downright
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incongruous. The key to this apparent contradiction is that simply
having more data does not yield more clarity. If anything, just having
more data can create greater uncertainty, at least until one takes those
data and works to assemble, reduce, process, summarize, and interpret
them. Furthermore, these steps are best accomplished with insights and
knowledge about the region in question. That is why here (and in my
prior article) I focus on those obsidian sources that I began studying 20
years ago, during my first year as a doctoral student. The application of
obsidian specialists’ knowledge to organize the source data for their
parts of the world is maybe even more important given the inevitable use
of artificial intelligence (AI) tools. For years I have advocated in favor of
automation in our field (e.g., Frahm et al., 2014c; Frahm, 2019b), from
an instrument monitoring and adjusting its own settings to source
identifications made via automated statistical tests and machine
learning. An impetus for a project such as this, therefore, is evident from
the old adage “Garbage in, garbage out.” Indeed this is hardly a new
issue. Consider a relevant quotation from Charles Babbage, who
invented and built the Difference Engine, considered to be the first
mechanical computer, during the 1820s to solve polynomial functions.
Babbage (1864: 67) wrote: “On two occasions I have been asked, ‘Pray,
Mr. Babbage, if you put into the machine wrong figures, will the right
answers come out?’... I am not able rightly to apprehend the kind of
confusion of ideas that could provoke such a question.” Even if re-
searchers have the tools to measure the elemental compositions of
obsidian artifacts with astounding accuracy and reliability, their iden-
tifications could be compromised by flawed elemental data for sources.
While routine data collection and analysis are likely to become more
automated, the application of expert knowledge is still necessary, and
understanding the nature of obsidian sources remains one of those
realms of knowledge. Poidevin (1998) had the foresight to accumulate
obsidian source data for the Near East, and such endeavors have
renewed importance as access sophisticated analytical instruments
continues to expand and as Al tools inevitably become a standard means
for making artifacts’ source identifications.
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