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FOREWORD

M. Steven Shackley

I admit I was honored to be the keynote speaker for the 2021 International Obsidian Con-
ference (IOC) from which these proceedings come. [ am personal friends and colleagues
with many of the participants to this day and thus have “skin in the game,” so to speak.
The conference, as the editors outline, was to be held at the University of California,
Berkeley, where I taught geoarchaeology in the departments of Anthropology and Earth
& Planetary Science for 23 years. We all looked forward to being together, as friends and
colleagues. Unfortunately, the COVID-19 pandemic made that impossible. There are,
however, certain advantages to a Zoom conference, and we were able to interface with
people who have an interest in obsidian and provenance studies worldwide—something
that would not have been possible with an in-person meeting in California.

At least 70 people participated in the IOC, with some of the European participants
staying through the night to give their lectures and critique. I believe it was an educational
experience for all; certainly, for me, it was. I wish, as I am sure the editors do, that more
conference participants would have submitted papers, but such is always the case given
time commitments.

Our small sub-discipline has changed substantially in the nearly 40 years I've been
involved, and especially in the last decade or so, and it is thus imperative that we keep
in touch. I notice in many chapters that the authors tend to cite mostly others working
in their region, sometimes only citing the more recent work—I have been guilty of this
as well. Proceedings like this may help mitigate that issue. Another larger volume on a
similar subject, which is about to be submitted to Springer, may aid in this cause too (Le
Bourdonnec, et al. 2024). In fact, many of the conference participants are also authors
in that volume, which could be one reason that the proceedings did not capture as many
papers as might have been possible.

When obsidian provenance studies really began to become a major part of the
archaeological endeavor, there were only a handful of us, particularly in the US, who
handled all the work, which was growing at a rapid pace in a rapidly growing discipline.
A short history here is relevant (see Shackley 2011 for more depth). For good or bad, the
nexus was at, or stemming from, the UC Berkeley campus and the Lawrence Berkeley
National Laboratory up the hill. Most involved and constantly sharing data were the
following: Craig Skinner in Oregon; Richard Hughes in Sacramento (then in the Bay
Area); Tom Jackson in Aptos, California; Kathy Davis, the brightest of us all, in Davis,
California; Paul Bouey at University of California, Davis; Mike Glascock at University of

Foreword: Shackley
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Missouri; Fred Nelson at Brigham Young University; and me. These data were all based
on laboratory X-ray fluorescence (XRF) and Neutron Activation Analysis (NAA) at the
University of Missouri Research Reactor (MURR) center and all calibrated using inter-
national standards. This was crucial for sharing data, something apparently more difficult
in the portable XRF (pXRF) world, which I have lamented perhaps at too much length
in the past. At that time, it was possible to send any of our data (not artifacts), from our
own instruments, to someone else, and since we all calibrated with the same standards,
even though comparing XRF and NAA (see Glascock 2011), we could determine the
source with some degree of confidence. And we could always normalize another lab’s
data through analysis of the same international standards to our own instruments and
determine probable source. It has been said that this is more difficult, or impossible, to
do with pXRF, although that is not my experience, as is obvious in this volume. Some in
that “old group” have become somewhat concerned about the silo science of individual
pXRF laboratories, which cannot share data, since few analyze a known standard that
allows for normalization between instruments. Without that ability, I fail to see the
point in sharing data. Again, however, this has not been my experience with pXRF labs
at Santa Clara University, Far Western Anthropological Research Group in Nevada,
the Gila River Indian Community in Arizona, Southern Methodist University, or the
University of Edinburgh, nor in the chapters in this volume. To be fair, I think this is
improving; hopefully, this is not just because of my complaining but also because of the
realization that if we cannot share data, then it may all fall apart. Having said that, I find
these proceedings very hopeful and somewhat beyond what I could have imagined during
my own work in the 1980s and 1990s (c.f. Shackley 1998).

I believe the reader will find of interest the fact that not all the papers here are focused
on provenance or the XRF method. Many papers find that meshing the technological
analysis of obsidian artifacts—including utilized flakes as well as formal tools (or obsidian
jewelry)—can address issues that provenance alone can never achieve. Obsidian, as we all
know, has a unique character defined by its homogenous (disordered) fabric, or lack of
fabric, which creates very thin edges and a brittle character, frustrating many prehistoric
technical uses. Within regional sources of obsidian, some are less brittle than others,
which is one reason that, as a knapper, I attempt to create a side-notched projectile point
from every source that I sample and report.

There are many examples of obsidian source quality differences worldwide; because
[ know the North American Southwest best, my example is from there. There are five
sources or source groups in the Jemez Mountains volcanic field of northern New Mex-
ico that have been produced from the same evolving magma source over about 8.5 Ma
(Shackley 2005, 2021; Shackley et al. 2016). All are, in general, excellent media for tool
production, and Cerro del Medio (Valles Rhyolite) is volumetrically the largest obsid-
ian source in the region and occurs prehistorically throughout much of western North
America. However, as a media for tool production, it is, in my opinion, slightly inferior
(more brittle and with more spherulites) to El Rechuelos Rhyolite obsidian, which is older
and seems to have been preferred during the Southwest Archaic, when projectile point
production may have been more crucial than during the later agricultural period. So, the
selection of obsidian as a raw material could have been a multi-faceted decision-making

experience in the past; this point is not necessarily evident with provenance studies alone.
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A more detailed example comes from the region of southern Alta California and
northern Baja California. Here, a unique projectile point type called “Dos Cabezas Ser-
rated”, a deeply serrated (barbed), mostly straight to convex-based arrowpoint, is invari-
ably produced from obsidian and most common in the western Colorado Desert in the
Peninsular Range granite boulder mountains (McDonald 1992; Shackley 2019a, 2019b;
Figure 1). Late Prehistoric Kumeyaay territory is very large (200 km east-west and 250+
km north-south), including much of southern California and northern Baja California,
from the desert through the Peninsular Range to the coast, with two major obsidian
sources—Obsidian Butte in far southeastern California near the US/Mexico border and
Tinajas in northeastern Baja California—as well as a smattering of Western Great Basin
sources appearing in all time periods, such as one of the source groups in the Coso Vol-
canic Field (Hughes and True 1985; Panich et al. 2017; Shackley 2019a). When recovered
archaeologically, the obsidian point is often broken through the haft element and only the
base recovered (Figure 1), making the potential use for this point a conundrum. In the
1970s, while working in archaeological sites in the Colorado Desert, I had the opportunity
to speak with a 100+-year-old Kumeyaay male, Romaldo LaChaapa, and he solved the
problem. That boulder-strewn, mountain desert territory is and was inhabited by the
crepuscular Desert Bighorn Sheep. Like many artiodactyls, the Desert Bighorn does not
sweat to cool, and so Kumeyaay hunters would hunt them during the morning (since it
is very difficult terrain to traverse on a hot day), tracking them through blood spatters on
the boulders. Romaldo described the projectile point in question perfectly: “an arrowhead,

always made from obsidian, with large barbs that would create great damage and much

Foreword: Shackley

Figure 1. Obsidian projectile points
from CA-SDI-9441 (Noble Creek Site)

in the eastern Laguna Mountains, San
Diego County, California, on the western
edge of the Colorado Desert. Numbers
10,11, and 12 are typical Dos Cabezas
Serrated points. Note the breakage
pattern, often through the haft element
or the deep serrations. Point number 10
is produced from the Tinajas obsidian
source in northern Baja California,
approximately 150 km south, and
numbers 11 and 12 from Obsidian Butte,
approximately 85 km east.
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blood.” In this case, the technological attributes of the Dos Cabezas Serrated style required
obsidian, which was expected to break in the animal. The haft elements recovered archae-
ologically were a result of planned breakage, and would have still been attached to arrows
and apparently discarded. In this particular case, the melding of Indigenous oral history,
projectile point technology (prehistoric and modern perception thereof), and specific raw
material choice (obsidian) all came together to explain an archaeological conundrum. We
often need to look beyond provenance to understand prehistory: many in this volume
do just that, and some are beyond my early attempts (see Ward 1977; Shackley 1989).

The provenance and experimental papers in this volume were produced by pXRF
data. The “portable XRF revolution” has been a double-edged sword, as has been discussed
in print for a while now. The major difference between lab XRF and pXRF, as I see
it—besides a more limited capture of the periodic table with pXRF—is spot size. I cannot
emphasize enough that to capture variability both within a source and an archaeological
sample, as a reflection of melt composition, with pXRF, it would be useful to measure
multiple spots on a sample even though it may take a bit longer. This is worth an exper-
iment, say, taking 10 or more samples (shots) from an obsidian artifact (both sides), and
looking at the mean and central tendency of the results. (Perhaps someone has done this,
and I hope I have not missed that.) As I have noted, most laboratory energy dispersive
X-ray fluorescence (EDXRF) instruments (i.e., ThermoScientific Quant’X) irradiate a
25-30 mm area with 8 mm collimation, which provides the same information as multiple
shots by a pXRF instrument (c.f. Hughes 2010; and Chapter 8, this volume). [ wonder
at times if some of the differences between pXRF results and those of source standard
data acquired with laboratory XRF are due to single shots of a sample with pXRF (not all
perhaps, but some). This, of course, is assuming that comparable instrumental precision
is improving with pXRF. I have always been open to running any problem samples, as
I have done with some authors in this volume many times—not that it always solves the
issues, but it is usually worth a try.

Finally, I would say that obsidian provenance and technological studies are alive
and well, even though we as a sub-sub-discipline are small in number. Sharing data,
and making it available through open-source instruments, is the way of the future. The

scholars in this volume show us the way.

M. Steven Shackley
Geoarchaeological XRF Laboratory, Albuquerque, New Mexico, USA
Department of Anthropology, University of California, Berkeley, USA
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CHAPTER1

Introduction (Editor's Preface)

LUCAS R. M. JOHNSON, KYLE P. FREUND, AND NICHOLAS TRIPCEVICH

Lucas R. M. Johnson Far Western Anthropological Research Group, Inc., 1180 Center
Point Dr., Suite 100, Henderson, NV 89074, USA

Kyle P.Freund Far Western Anthropological Research Group, Inc., 1180 Center Point
Dr., Suite 100, Henderson, NV 89074, USA; Adjunct Assistant Professor at the University
of Nevada, Las Vegas, USA

Nicholas Tripcevich Archaeological Research Facility (ARF), University of California,
Berkeley, 2251 College Building, Berkeley, CA 94720-1076, USA

Background to this volume

This volume results from the 2021 International Obsidian Conference (I0C), a virtual
symposium held in the spring of 2021. Originally scheduled as an in-person event at the
University of California, Berkeley, the conference transitioned to a virtual venue due to
the ongoing COVID-19 pandemic. We thank all of the more than 70 participants who
stuck with us to make the conference a success. Indeed, a wide range of time zones were
represented, with many dedicated participants staying up into the wee hours of the night
to hear the presentations and engage with others who share a passion for obsidian.
Obsidian studies are a robust facet of archaeology, and this volume highlights a di-
verse range of research themes. There are seven chapters featuring studies from across the
globe (Figure 1), which we have organized broadly by region, including Europe, Africa,
Central America, and South America. A separate section with an additional two chapters

presents methodological developments in the field.

Chapter 1: Johnson et al.
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Figure 1. Map displaying the research locations of chapters in this volume.

Europe

The first three chapters of this volume come from Europe, including two from the Car-
pathian Basin and one from modern-day Poland. In Chapter 2, Furholt provides a broad
review of obsidian use in the Neolithic, discussing its varied roles in settlement contexts,
burials, and ritual hoards in the Carpathian Basin. The author focuses on Neolithic
concepts of value and the economic, social, and ritual functions that obsidian played in
society. Such an approach is underdeveloped in the region, and this study advances new
understandings of how obsidian was integrated into the lives of the people who used it.

In Chapter 3, Bonsall and colleagues use X-ray fluorescence (XRF) spectrometry to
determine the sources of raw materials from the tell site of Hodmez8vasarhely-Gorzsa
in southeastern Hungry. The site is situated on a large floodplain and is devoid of ready
tool stone; thus, they assert that nearly all chipped stone materials come from a minimum



distance of 60 km or more. The authors employ two XRF analyzers on two sets of arti-
facts and explain the difficulties in analyzing artifacts with surface contaminants. Their
analyses detail prior hypotheses concerning obsidian source use in the region and outline
the relative proportions of certain Carpathian sources over others.

In Chapter 4, Werra and colleagues provide insights into obsidian procurement
and technology from a large collection of Neolithic material from the Opatéw site in
Southeast Poland. The authors examine artifacts from excavations conducted over a pe-
riod of 50 years and demonstrate that important contributions can be made by bringing
new methods and current analytical and theoretical perspectives to existing collections.
The technological analysis shows that production was focused on creating blades and
flakes with little evidence of formal tool production, and a laborious effort at refitting
succeeded in reconstructing lithic reduction sequences. Geochemical analysis using XRF
spectrometry concluded that all of the obsidian was from the Carpathian 1 source, located

to the south of the site in Slovakia.

Africa

In Chapter 5, Smith and colleagues chemically characterize a major obsidian source to
contextualize obsidian use from a ca. 50,000-year-old site in southwestern Ethiopia
that corresponds to an era when modern humans were migrating out of Africa. The
rockshelter site, Mochena Borago, is located in the southwestern highlands of Ethiopia,
a likely refugia during periods of increased aridity. The authors compile XRF data from
more than 10 years of research, pointing out the increased precision of modern instru-
mentation when it is compared to early portable XRF (pXRF) and adjusting minor errors
in recording spectra due to different operators. They compare the results with a recent
study by Shackley and Sahle (2017) to discuss obsidian in the southern Rift and its use by
hunter-gatherers practicing various forms of mobility and technological organization

through time.

Central America

In Chapter 6, Melgar Tisoc and colleagues build upon previous neutron activation analysis
(NAA) studies on obsidian from Tenochtitlan, specifically from the ritual offering at the
Templo Mayor. Using pXRF, they focus on obsidian jewelry and other finely made lapi-
dary items. Applying various statistical methods to differentiate obsidian sources, the au-
thors discuss the significance of material from distant sources brought to the ritual center
of Tenochtitlan during the Postclassic period. The authors specifically use new sourcing
data to argue that at least one object associated with the Coyotlatelco occupation (such as

Tula or Azcapotzalco) represents a relic gifted to ritual practitioners at Templo Mayor.

Chapter 1: Johnson et al.
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South America

In Chapter 7, Nash discusses the distribution of a distinctive bifacial artifact known as
the “Classic Wari Laurel Leaf Point” within the Wari Empire of South America. As the
earliest empire in South America, Wari and their initial expansion to cover over 1,000
km along the Andes and the adjacent Pacific coast is a subject of great interest, one that
has largely been documented through the extent of distinctive Wari architectural and
ceramic material culture. Nash presents the view that these large foliate points are similarly
representative of Wari but have additional characteristics that make their circulation of
even greater utility to archaeologists examining the expansion of the original state-level
polity in the region. First, as obsidian is geochemically sourceable, it is known that the
Quispisisa-type material that dominates Wari assemblages was also circulated widely
among Wari non-elite sites far from the geological source. Second, the preforms of
these foliate bifaces served as large cores, and the flakes struck from these cores enter
into the material sphere of the Wari commoner populace to a much greater degree than
decorated pottery.

Nash goes on to present evidence from sites in Moquegua, a far southern outpost
of Wari, where she has worked for many years on two adjacent sites of Cerro Baul and
Cerro Mejia. She finds potential evidence of a patron-client relationship between Wari
elites and subordinates in the form of smaller obsidian points or exhausted cores being

circulated among clients and eventually discarded in non-elite contexts.

Methodological developments in the discipline

Chapters 8 and 9 outline two innovative studies that push the boundaries of how we pro-
cess geochemical data and use them to address questions of archaeological and geological
significance. In Chapter 8, Johnson and colleagues contend with a persistent problem in
XREF analysis: small artifact sourcing. They provide a brief overview of the limitations of
XREF before describing a revised method for confidently sourcing small artifacts that do
not meet conventional assumptions of infinite thickness. More specifically, the authors
demonstrate how 95% confidence regions can be applied within ternary diagrams to en-
capsulate a fuller range of expected variation in a particular geological source regardless
of specimen size, allowing for more confidence in making source assignments on smaller
artifacts from a wider range of archaeological contexts.

In Chapter 9, Foresta Martin and colleagues discuss a novel approach to directly
dating obsidian, highlighting how the ratio of chlorine to sodium decreases with the
age of emplacement of obsidian outcrops. This dating technique is successfully applied
to obsidian from the Sierra de Las Navajas (Mexico) source, showing a close alignment
between the source’s estimated dates and those calculated using the new method. Such
developments are clearly intriguing, and we hope to see it applied to other archaeological
settings around the globe.

In Chapter 10, Tripcevich and colleagues describe an open data hosting platform

for South American obsidian source geochemistry that could serve as a template for other



regions. They share the NAA data for sources on the OpenContext publishing service
but describe an approach for gathering many XRF runs for each chemical group from

similarly calibrated instruments using version control.

Continuing a tradition

The Contributions of the Archaeological Research Facility (ARF) at UC Berkeley con-
tinues to be a repository for global scholarship and a venue for often niche topics, such as
focusing on a single material (see Hughes 1984 and 1989; Gilreath and Hildebrandt 1997).
The Contributions of the ARF volumes and those extending from them include studies
that form the basis for how obsidian is studied geochemically and anthropologically in
the US, extending those prior seminal works from studies abroad (Cann and Renfrew
1964; Hughes 1986; Shackley 2010; Dillian 2014). When the organizers of the 2021 IOC
considered a place to hold and then to publish a portion of the proceedings, the ARF and
its open access option was the first mentioned due to its history of advanced original
scholarship and focus on obsidian from its very first volume (Heizer et al., 1965). Nearly
60 years later, we continue this legacy.

UC Berkeley was part of the first wave applying geochemical techniques to artifacts,
in which ARF-affiliated archaeologists collaborated with nuclear scientists in the use of
NAA at the Lawrence Berkeley National Laboratory (LBNL) and of spectrometers under
development by UC Berkeley’s Department of Earth & Planetary Sciences. As discussed
by Boulanger and colleagues (2021) during the 2021 IOC conference, the geochemical
research initiated by nuclear chemist Isadore Perlman and his collaborators Fred Stross,
Helen Michael, and Frank Asaro at LBNL spanning the 1960s to the early 1990s was part
of the initial efforts in archaeometric geochemistry focused on ceramics (Asaro and Adan-
Bayewitz 2007). An archive of this work was transferred to the Archaeometry program
at the Missouri University Research Reactor (MURR) center and later disseminated by
the Digital Archaeological Record (tDAR) repository (Boulanger 2013, 2014, 2017).

Geochemical research continued at UC Berkeley, notably in the obsidian geochem-
ical work by ARF founder Robert F. Heizer and his students who, collaborating further
with scientists at LBNL and UC Berkeley, initiated some of the earliest XRF analyses
of obsidian from California and Mesoamerica (Heizer et al., 1965). This collaboration
between anthropologists and LBNL scientists continued in the research of Richard L.
Burger, then a graduate student, who coordinated an ambitious obsidian geochemistry
study with Frank Asaro involving over 1,000 samples from the Andes and who succeeded
in outlining the major obsidian types and consumption patterns in prehispanic Peru and
Bolivia (Burger and Asaro 1977, Burger and Asaro 1978).

UC Berkeley and, by extension, the ARF saw a directed effort to advance obsidian
studies in the early 1990s. In 1991, M. Steven Shackley arrived at the Phoebe Hearst
Museum at UC Berkeley where he continued his systematic geochemical XRF program
focused on the US Southwest and grew it into an analytical geochemical service focusing
on obsidian and analyzing thousands of samples. An important contribution of Shackley

and his contemporaries (e.g., Craig Skinner, Richard Hughes, Mike Glascock) was the
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pursuit of empirical calibration between similar XRF instrumentation (primarily, the
Thermo Fisher Quant’X benchtop XRF). Long an advocate of analytical transparency,
most of Shackley’s XRF work is available on the ARF’s eScholarship open access repository
(https://escholarship.org/uc/item/75c¢689n2) hosted by the University of California.
Shackley retired from UC Berkeley in 2012, but his work carries on at the solar-powered
Southwest Geochemistry Laboratory in Albuquerque, New Mexico.

Continuing a tradition of publishing within an institution like the ARF is intentional.
It enables students, young and experienced, to follow the course of technological change,
advancement, and retrospection. New and expanding research on obsidian necessarily
learns from that which came before it, and the editors and contributors of the volume
and the 2021 IOC uphold this educational journey.
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CHAPTER 2

Depositional Patterning of Obsidian
Artifacts: Studying Diverse Value Concepts
in the Neolithic Carpathian Basin
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Abstract

Stone tools, although one of the most abundant facets of the archaeological record,
have in the past almost exclusively been considered with regards to the transmission
of technological traditions or cultural habits, expressed in the presence of “cultures” or
“technocomplexes,” and too infrequently studied for their role within economic systems
and systems of value. In the European Neolithic research tradition, studies of social or-
ganization usually focus on exotic materials such as obsidian, jade, lapis lazuli, spondylus
shells, early copper, or elaborate pottery. “Exotic,” in this context, means materials that
have a recognizable visual appearance or that occur rarely, and with original sources that
are well-known and can be clearly delineated (e.g., one mountain, one mine) or restricted
to a small area. In this sense, obsidian provides an excellent opportunity to look closer
at the provenance approach to identifying the potential value of material in the past. To
systematically examine the quantitative distribution and exchange of obsidian tools and
their integration into community-specific systems of value is an approach that will help
promote a better understanding of obsidian’s social and economic role in prehistory.
For this reason, this chapter focuses on the appearance of obsidian artifacts in a number
of different archaeological contexts, including settlement features, burials, and deposits

(depots or hoards), to study the various forms of value in the Carpathian Basin.
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Introduction

The primary focus of lithic studies lies on provenance, typological and technological
analysis, and their temporal and spatial distribution. During the last few decades, the
quantitative and qualitative lithic data of Europe has significantly increased, enabling
research into lithic materials and the technologies connected to them to lend significance
to wider social questions (Scharl et al. 2021: 115, 120-124). This chapter uses the prove-
nance data of lithics in the Carpathian Basin—especially obsidian—to focus on a number
of specific activities related to the lithic artifacts from a social archaeological perspective.

Activities such as procurement, production, use, exchange, and deposition are related
to the economic, social, and ritual realms of community life. Traditionally, the economic
aspect of lithics has been predominant in research on regional or cross-regional exchange
systems and direct or indirect networks between communities. In contrast, this chapter
pays more attention to the social and ritual activities of early farmers and the largely
egalitarian communities of the Neolithic period in the Carpathian Basin. I compare the
first farmers (Staréevo-Kords-Cris), agrarian Linearbandkeramik/Linear Pottery, i.e.,
LBK (Transdanubian LBK, Alfsld LBK, Biikk, Szakélhit, etc.), post-LBK communities
(Lengyel), and tell-builder societies (Tisza, Vinca). All of these communities had different
raw material strategies correlated with their surrounding landscapes, and I present several
case studies from different archaeological contexts to study the archaeological evidence
of domestic and ritual activities involving lithic materials. For purposes of this chapter,
the Hungarian chronological terminology is used, where the LBK period is dated to the
Middle Neolithic (while it is Early Neolithic in the Slovakian chronology). Regarding the
spatial and temporal scale of the raw material distribution, absolute dates or millennia
BC are adopted.

Short overview of Carpathian obsidians

Obsidian is one of the most prominent lithic raw materials not only in the Carpathian
Basin but also in Neolithic Southeast and Central Europe. Its continuous use can be traced
from the Middle Paleolithic to the Copper Age (Bir6 2014: 54). The importance of this
raw material was already noted in 1876 at the International Congress of Anthropology
and Prehistoric Archaeology held in Budapest and was first studied by Fléris Romer,
J6zsef Szab6, and Gyula Szédeczky-Kardoss in the late nineteenth century (Bir 1981: 194;
2004: 4). However, the systematic study of obsidian only began in the mid-1960s, when
the obsidian varieties of the western Mediterranean and the Aegean were distinguished
and classified, a field of research that has remained continuous since the 1970s (Bir6 1981:
194-195; 1984: 47; 2004: 4; Kasztovszky and Biré 2004: 4). Otto Williams Thorpe first
undertook the identification and localization of the obsidian varieties of the Carpathian
Basin during his fieldwork conducted for archaeometric purposes in 1974-1975. He distin-
guished two main types: Carpathian 1 (Slovakian obsidian) and Carpathian 2 (Hungarian
obsidian) (Williams and Nandris 1977; Williams Thorpe et al. 1984). This research was
continued by Katalin T. Bir6 from the 1980s, as well as by Gyorgy Szakmany and Zsolt
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Kasztovszky who submitted samples for various archaeometric analyses (Kasztovszky and
Prichystal 2018). Bir¢ distinguished two main varieties among the Hungarian obsidians.
She retained Williams Thorpe’s Carpathian 1 and 2 groups (abbreviated as C1 and C2)
but added more details to these two major types.

The most significant quantities of obsidian can be found in the southerly regions of
the Tokaj-Eperjes Mountains (Presovsko-Tokajské Pohoii), which is related to Neogene
(Miocene) volcanism (Szepesi et al. 2018: 167-170). However, the best-quality obsidian
occurs in the Slovakian section of the mountain range. The C2 type geological sources
lie in the Mad-Erdébénye-Olaszliszka area (C2E type) and in the Tolcsva area (C2T type)
(Figure 1), as their potential primary sources are related to the (geological) deposits of
Badenian-Sarmatian-Lower Pannonian volcanism (12.840.5 and 10.6+0.5 Ma) (Szepesi
et al. 2018: 167; Pécskay et al. 1987: 245-251; 2006: 517; Pécskay and Molnar 2002:
310-311; Lexa et al. 2010; Zelenka et al. 2012). Good-quality Slovakian obsidian is repre-
sented by C1 and is found in the Vinicky (Sz8l8ske), Mala Bara (Kisbér), and Streda nad
Bodrogom (Bodrogszerdahely) areas, which is connected with acid rhyolitic volcanism
of Upper Badenian-Lower Sarmatian (15+2 and 12+0.5 Ma) (Kaminska 2018: 101; Baco
etal. 2017: 207-212, 2018: 159-163). Farther to the north, an extraction site exploited
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Figure 1. Map of the geological sources of the Carpathian obsidian types.
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during the Upper Palaeolithic and the Neolithic is assumed in the Kasov (K4s6), Cejkov
(Céke), and Brehov (Imreg) area (Baco et al. 2018; Banesz 1991, 1993; Kaminsk4 2013,
2018; Nandris 1975; Prichystal and Skrdla 2014; Szepesi et al. 2018). Béla Racz has iden-
tified and described a third Carpathian obsidian variety from the Transcarpathian region
(Ukrainian Carpathians and Romania), designated as Carpathian 3 (C3) in the literature.
The primary geological sources of C3 obsidian can be found in the Rokosovo (Rakasz)
and Malij Rakovec (Kisrakéc) areas in Transcarpathian Ukraine (Rdcz 2008: 51-52; 2009:
322-325;2012: 352-353, 360; 2013: 132-133; 2018; Rhyzov 2018).

These sources supplied the Carpathian Basin and its neighboring regions with
obsidian (Bir6 1981: 194, 203). The Hungarian obsidians are much smaller than the
Slovakian ones; they are generally grey or yellowish-grey and covered with a fissured
cortex (Figure 2). The larger Slovakian obsidians are covered with a thin, coarse cortex
whose color matches the dark grey color of the rock. Slovakian obsidians are transparent
or translucent, while Hungarian ones are opaque with a silky luster, a striated patterning,
and greyish or black hues (Bir6 1981: 201, 203; 1998: 33). Transcarpathian obsidians
have a black or greyish, weathered, pitted cortex. The size of the surface obsidian blocks

varies; their diameter can be as much as several decimeters. Black pieces with a pitch-
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Figure 2. Varieties of Carpathian obsidians.
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like luster are particularly frequent, although pieces with greyish hues also occur (Récz
2009: 324; 2012: 359; 2013: 132-133). The major and trace element composition of the
Carpathian obsidians differ: Slovakian obsidian has a higher silicon dioxide and a lower
iron content than the Hungarian varieties (Bird 1981: 201; 1998: 33; 2004: 5; Burgert et
al. 2017; Kasztovszky and Bir6 2004: 5-6; Kohut et al. 2021).

Contextual analysis and research questions

Of all the lithic raw materials, obsidian has the longest and most widely distributed
and disseminated research history in the Carpathian Basin. This fortunate situation is
supported by a clearly delineated geological source, which has led to exceptional atten-
tion by archaeologists who have been able to easily recognize the connection between
communities and regions via this raw material. On the other hand, the glassy appearance
makes obsidian aesthetically appealing, and the glass-like physical character provides
for high-quality knapping. Overall, the well-recognizable visual appearance caught hu-
man attention both in the past and present. For this reason, obsidian was a prominent
material in the Neolithic exchange network system. Today, obsidian is again drawing a
particular research interest, and the vast majority of lithic analyses in the region report
and publish on obsidian.

The diachronic changes of obsidian distribution in the Carpathian Basin are well
published and backed by geochemical analyses. These publications and datasets provide
arich opportunity to carry out: 1) a comparative analysis to study how obsidian is related
to other materials in the exchange networks; and 2) a contextual analysis and close exam-
ination of the archaeological context and depositional patterns of obsidian. Thus, in this

chapter, three main research questions will be explored:

Do depositional patterns of obsidian vary in relation to distance from the source?
Can we see differences between domestic, burial, and ritual use?
‘What do patterns of deposition in burials and depots and discard in settlement

contexts tell us about different forms of the value of a raw material/artifact?

In the following sections, I will discuss the patterns of obsidian procurement, use,

and deposition in the domestic, burial, and ritual context.

Domestic context: obsidian from settlement features

In this section, several case studies are discussed concerning lithic assemblages from LBK
and post-LBK/Lengyel settlements to compare regions that are close and far from obsidian
raw material sources (Tokaj-Eperjes Mountain).

The Karancssdg-Also rétek site is associated with LBK (Notenkopf/Music notes,
Biikk) (Bacsmegi 2003, 2014a, 2014b) and Lengyel communities, while Szécsény-Ultetés
(Sods 1982; Fébian 2005, 2010, 2012; Fébian et al. 2016) and Vréble-Vel'ké Lehemby
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Vrible - LBK (n=359)

(Furholt et al. 2014, 2020; Miiller-Scheefel et al. 2016) are only related to LBK (Zsel-
iz). The raw material distribution in these sites shows that obsidian and the locally
available limnic silicite were the dominant lithic types, and besides them, the Bakony
radiolarite (Transdanubian Mid-Mountain) and erratic flint variations appeared in low
numbers (Figure 3).

The entire knapping process of obsidian is represented at all three sites, from de-
cortication flakes to unretouched flakes and blades with small-size cores. Retouched
tools are more or less missing from the assemblages because the unretouched obsidian
blades were probably perfectly functional with their sharp cutting edges. More than 50%
of the lithic material in Karancssig and Szécsény is obsidian (Bir6 1987: 154-159; 1998:
45; Szildgyi 2009), while in Vréble the obsidian is represented at almost 30% (Cheben et
al. 2020: Table 1). The former two sites are located (130-145 km) closer to the obsidian
sources than Vrable (235 km).

Karancssig - LBK (n=181)
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Figure 3. The raw material spectrum of the compared settlement lithic assemblages (Vrable, Karancssag, Szécsény) in the second half
of the 6th Millennium BC on the north part of the Carpathian Basin; typical decortication flakes, and unretouched blades from the

Karancssag site [bottom left].
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Table 1. Raw material distribution of the compared LBK assemblages (Vrable, Karancssag, Szécsény). Data source: Cheben et al. 2020;

Szildgyi2009; Bir6 1987:154-159; 1998, 45.

Vréable Karancssag Szécsény

Raw material n % n % n %
Obsidian 103 28.69 95 52.49 255 5822
Limnic quartzite 130 36.21 44 2431 133 30.37
Bakony radiolarite 59 16.43 4 2.2 29 6.62
Mecsek radiolarite 0 0.00 0 0.00 0 0.00
Erratic flint 3] 8.64 25 13.81 21 4.79
Southern flint 0 0.00 0 0.00 0 0.00
Other raw material 13 3.62 13 718 0 0.00
Unidentifiable 23 6.4] 0 0.00 0 0.00
Total 359 100.00 181 100.00 438 100.00

In the case of the Karancssdg and Szécsény assemblages, Neolithic knappers followed
LBK knapping traditions and used the blade debitage concept and applied it on obsidian as
they would on flints or other materials. The obsidian had better knapping properties than
other lithics, which provided a perfect opportunity to prepare only unretouched blades
and use them as a tool without further modifications. At the same time, the occurrence
of end and edge retouch was common on the less knappable limnic silicites and flints.
Thus, the raw material quality had an impact on the technological behavior and helped
transform knapping traditions of LBK communities.

The Karancssag lithic assemblage allows for a comparison of LBK and Lengyel raw
material use and technological behavior. In the comparison, I integrated the well-pub-
lished Southeastern-Transdanubian Lengyel lithic assemblages from Alsényék-Bataszék,
Zengévarkony-Igaz-diils, Pécsvarad- Aranyhegy, Villinykévesd, Lengyel-Sanc, and
Moréagy-Tlizk6domb (Bir 1989, 1990, 1998) (Table 2). Figure 4 shows that the obsidian is
represented in a very low number in the Transdanubian assemblages, located further away
from the sources, while it is at almost 60% in Karancsség (Szildgyi 2009), located closer
to the sources. The distance from the original source also affects the size of the cores. In
Transdanubia, the locally available Mecsek radiolarite dominated the lithic assemblages,
and Mecsek radiolarite cores are on average larger than the obsidian, which are mostly

represented by finely prepared blade cores or micro-blade cores.
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Figure 4. The raw material spectrum of some lithic settlement assemblages in the first half of the 5th Millennium BC (Karancssag [top
left], Alsényék [top right], and Zeng&varkony, Pécsvarad, Villdnykévesd, Lengyel, and Mdragy [bottoml); an obsidian microblade core
from Alsényék, and some small-size flakes and blades from Zeng&varkony.

Thus, besides the local limnic quartzite/silicite or radiolarite, obsidian was quantita-
tively important in the Northern Hungarian Mid-Mountains area; yet at a greater distance
across the Danube in the south Transdanubian region, obsidian was only represented by
a few pieces. Even though these communities are likely to have had social connections
with other obsidian-rich communities, the raw material selection strategy was different.
It seems that the obsidian did not have specific value content. If it had, then we would
expect obsidian quantity to have been higher. But it seems it was easily replaceable with
other raw materials. Both LBK and Lengyel communities located close to the sources used
obsidian in significant quantities, but those farther away did not invest much energy to

access obsidian.
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Table 2. Raw material distribution of the compared Lengyel assemblages (Karancssag, Zengévarkony-lgaz-dilé, Pécsvarad-Aranyhegy,
Villdnykovesd, Lengyel-Sanc, Moragy-Tlzkédomb). Data source: Szildgyi 2009, 20193, 2019b; Bird 1989, 1990, 1998.

Zengdbvarkony- Pécsvarad- Lengyel- Méragy-
Karancssag 3 o y Villanykévesd ’gy Y gy
Igaz-diilé Aranyhegy Sanc Tiizk6domb
Raw material n % n % n % n % n % n %
Obsidian 179 59.27 158 556 2 0.41 13 16.67 55 917 13 578
Limnic
) 71 23.51 3 on ] 0.21 1 128 8 133 0 0.00
quartzite
Bakony
) ) 2 0.66 20 0.70 6 1.24 4 513 49 8.17 13 578
radiolarite
Mecsek
) ) 0 0.00 2530 88.99 462 95.65 53 6795 386 6433 191 84.89
radiolarite
Erratic flint 32 10.60 8 0.28 0 0.00 4 513 1 0.17 0 0.00
Southern flint 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Other raw
] 18 596 124 436 12 2.48 3 3.85 101 16.83 8 3.56
material
Unidentifiable 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Total 302 100.00 2843 100.00 483 100.00 78 100.00 600 100.00 225 100.00

Burial context: obsidian from grave deposits

Lithics as regularly deposited grave goods first appeared in the LBK context in the second
half of the 6th millennium BC and became a more or less frequent element of the burial
ritual of Lengyel communities in the first half of the 5th millennium BC. Lithic grave
goods represent varied forms in both raw material and tool type (from flakes made from
local material to Volhynian blades), but flint blades are the most common. The first half
of the 5th millennium BC has been interpreted as the period in which we see the first
appearance of social inequality, and grave goods are seen as markers of prestige based on
their exotic raw material (Sikl6si 2013; Zalai-Gaal 1986; 2004; 2005; 2010).

With this in mind, it is remarkable that the supposedly valuable obsidian did appear
frequently in burials. Known examples include two huge obsidian blade cores of the
second half of the 6th millennium BC, published from Polgar-Ferenci-hat, Grave 867
(Whittle et al. 2013: 75), and one obsidian blade from Vrable, Grave G10/S21 (Miiller-
Scheeflel and Hukelova 2020: 182-183, Figure 3.2.16, 226, P1.3.2.2.) (see Figure 5).

Our knowledge about lithic grave goods and their role in burial rituals in the first half
of the 5th millennium BC has significantly increased in recent years, especially through
the study of the material at Alsényék-Bataszék. Local and regional flint blades or other

blade-based tools (e.g., trapeze, end-scraper on blade) were usually placed close to the
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Figure 5. Obsidian tools as grave goods in the LBK burial context in the second half of the 6th Millennium BC. On the left side: Polgar-
Ferenci-hat, Grave 867 (Whittle et al. 2013: 75). On the right side: Vrable, Grave G10/S21 (Miller-ScheeRel and Hukelova 2020:182-183,
Figure 3.2.16,226, PL.3.2.2)

deceased in Lengyel communities. The Alsényék-Bataszék site displays an outstanding
opportunity for studying the role of lithic grave goods, in a statistically representative
way, with 2,236 burials, where 33% of the graves had lithic items (Sziligyi 2019a: 184-185;
2019b: 88-89). The raw material spectrum shows a solid local and regional orientation,
while the distant raw materials make up a small portion (in the Alsényék-Bétaszék set-
tlement, 22 pcs., 0.44%, and in the burial assemblages, 60 pcs., 4.57%) (Szildgyi 2019a:
109-110, 120, 293; 2019b).

The chipped stone discovered from the burials at Alsényék-Bétaszék differs from
the settlement assemblages in several ways. The dominance of blades in burials is highly
conspicuous, and the tools make up a more sizeable portion of the burial assemblage than
in the settlement assemblages. The other lithic categories are represented in negligible

proportions, indicating that they were not considered among the artifact types selected
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for deposition in burials. Blades and tools were made from various raw materials; it is
also apparent that being import commodities, the chipped stone of supra-regional raw
materials was mainly deposited in burials, not in settlement contexts. All in all, 36 obsidian
artifacts were discovered, including 5 flakes, 25 blades, and 6 cores (Szildgyi 2019a: 293).
All cores are smaller-sized blade cores, with lengths ranging between 15 and 29 mm and
widths between 12 and 23 mm. The obsidian cores were placed on the left side of the
upper body, especially the arm bone, and in one case, right beside the mandible (jaw)
(Figure 6). Not only are the grave positioning and blade core type similar, but every core
is made from the transparent C1 obsidian, which emphasizes the homogeneity of this
particular selection for the burial activity. This definite pattern with the obsidian cores

in the burial context suggests that it could have had a specific meaning or code of action

regarding where and in what form it had to be placed in the grave.

Figure 6. The grave position of
obsidian cores in Lengyel burials
at Alsonyék-Bataszék.

Ritual context: obsidian (and non-obsidian) deposits

Obsidian deposits are known from the Upper Paleolithic (Cejkov/Céke) until the Middle
Neolithic (Banesz 1974). One of the most prominent and emblematic finds of the Neolithic
period in Hungary—if not the entire Carpathian Basin—is the ensemble of 12 pieces of
large-sized conical cores from Nyirlugos. This depot was found by coincidence, which is
unfortunately why the Middle Neolithic dating is insecure. Jen Hillebrand published the
Nyirlugos assemblage in 1928 (Hillebrand 1928: 39-42), and it is now presented in the
permanent archaeological exhibition of the Hungarian National Museum. The Middle
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Neolithic date of the newly published (Bir6 et al. 2021) four conical cores from Besenydd
is also questionable, as these cores were donated—without original data source—by La-
jos Tar (alocal teacher) to the J6sa Andrds Museum in 1947 (Bir6 et al. 2021: 95). Many
special obsidian collections—like other kinds of deposits too—often appeared by chance,
and unfortunately, we will never know the original archaeological context. We can
determine with or without the exact archaeological context that all but three deposits of
obsidian objects date to the Middle Neolithic (second half of the 6th millennium BC), and
two of those three have an insecure date. In addition, their spatial concentration is clearly
restricted to the Upper Tisza Region, which is a relatively small area from the Carpathian

Basin perspective (Figure 7).

A Upper Paleolithic
A Early Neolithic

A Middle Neolithic
4 Middle Neolithic?

Figure 7. Map of the obsidian deposits in the Upper Tisza Region.
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Most of the deposits are located north of the Tisza River, between or near the Hornad
(Hern4d), Latorica (Latorca), and Bodrog Rivers. Topographically, it is the Tokaj-Eperjes
Mountains (also known as Zemplin or Zemplén), located east of the Northern Hungarian
Mid-Mountains and southeast of the Western Carpathians, that is the geological source
of obsidian. An interesting point concerning this spatial pattern is that it is the previously



mentioned, dubiously dated, Middle Neolithic deposits of Besenydd and Nyirlugos that
are situated farther from the original source than most others with a maximum distance
of 113 km. This is relevant information for the Vancsod site, where 13 obsidian nodules
were discovered at a rescue excavation in 2017 (Priskin et al. 2019: 53). The assemblag-
es are associated with the Early Neolithic K6rds population, but at this time, further
information about the original archaeological context and other finds has not yet been
published. Thankfully, prompt gamma-ray activation analysis (PGAA) was done on the
nodules, showing that all of them are made from C1 obsidian, which is approximately
160-170 km away. Véancsod is located in the northern part of the Bihor (Bihar) plain,
which corresponds to the Sebes-Kérés (Crisul Repede River) alluvial cone. The Vénc-
sod, Beseny8d, and Nyirlugos sites are situated in the Hajdusag and Nyirség, which is a
flatland region with sand and meadow soil in the northeast part of the Great Pannonian
Plain (Alf6ld). The rivers have deposited thick sediment in this region along with their
alluvial cones and abandoned beds (Kalicz 2011: 45). Besenydd and Nyirlugos are located
60-70 km away from the Tisza River and running through the area are only a few tiny
streams (Jdnos, Beseny8d, Lugos, Konyéar-Kallé), which may not have existed in this
exact location during the Neolithic. The assemblage from Vancsod is 116 km away from
the Tisza River, but the Sebes-K6r6s (Crisul Repede) and the Beretty6 Rivers (Barcau)
are located just 15 km away.

These three obsidian deposits suggest that the raw material was carried farther from
the mountain region and transferred along the smaller rivers and streams. This spatial
pattern correlates with the fact that the Neolithic communities in this region also preferred
the smaller rivers, which provided an excellent and safe opportunity to live on alluvial
ridges. The Tisza River was the main natural transport route for obsidian, spondylus,
and copper items in the Neolithic period (Bajndczi et al. 2013; Sikl6si 2013; Sikl6si and
Csengeri 2011; Sikl6si et al. 2017; Kovécs 2013). Besides obsidian, objects made from
different materials appeared to be significantly more frequent in the Middle and Late
Neolithic periods. Thus, the Tisza River and the smaller streams acted as communicational
networks between communities.

We now turn to the technological patterns of objects found in obsidian deposits,
focusing on homogeneity. So far, the published obsidian deposits show the preparatory
phase of the entire knapping activity. In lithic technological research, the characteristics
of reduction represent the different production phases, which are shaping, flaking, and
retouching (Inizan et al. 1999: 30; Odell 2006: 1-12). We can recognize the tool-making
steps and reconstruct the knapping activity based on these technologically well-known
traces. The preparatory phase represents core forming for the further removals, which
is one of the first steps in the knapping process. This stage of the chaine opératoireis solely
represented in the obsidian deposits. Nodules with a more or less untouched natural cortex
are considered a selected piece for later knapping activity. Nicely prepared blade cores
can also be seen as a preparatory phase of the chaine opératoire because the blade-debitage
surface is prepared, but the size of the cores suggests that the entire blade removals did
not happen (Allard et al. 2017). In this sense, large blade cores had considerable potential
for producing several blades (Figure 8).

The homogeneity of the obsidian deposits can be understood better when compared

to other non-obsidian lithic deposits. All non-obsidian lithic assemblages were placed in
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Table 3. Overview of the obsidian deposits.

*No distances are given when it is closer than 10 km; the kilometers were counted as approximate straight-line distances as the crow
flies. References for Table 1: Priskin, Szeverényi, and Wieszner 2019; Hillebrand 1928; Bird 2014, 1998; Banesz 1991; Kaczanowska and

Koztowski 1997; Banesz 1993; Korek 1983; Bella 1920; Nandris 1975.

Site/locality Subsite name River* County
Besenyéd Tisza (60 km) Szabolcs-Szatmar-Bereg
Nyirlugos Erzsébet hegy Tisza (70 km) Szabolcs-Szatmar-Bereg
Kisvarsany Hidér Tisza Szabolcs-Szatmar-Bereg
ErdGhorvati Szelek fej Bodrog Borsod-Abauj-Zemplén
; B Bodrog (right beside .. ,
Baské Legeld L Borsod-Abauj-Zemplén
Tolcsva and Erd8bénye)
; o Berettyd, Kéros (16 km), L
Vancsod Szénas dild . Hajdu-Bihar
Tisza (115 km)

Bodroghalom Medve tanya Bodrog Borsod-Abauj-Zemplén

. ; Bodrog (right beside . ..
Cejkov/Céke o ) Trebisov, Kosice

Vini¢ky, Kadov)

. L. v B Bodrog (right beside . .

Kasov/Kasé Cepegov I/Csepegé L , Trebisov, Kodice
Vini¢ky, Cejkov)
; Bodrog, Tisza » i

Bodrogkeresztur Kutyasor Borsod-Abauj-Zemplén

(right beside Toka))

Slavkovce/Szalék

Laborec, Tisza (30 km)

Michalovce, KoSice
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Country Age Culture Items Reference
. ) Bird-Kasztovszky-
Hungary MN Bukk 4 conical cores Mester 2019
ester
B 12 large conical Hillebrand 1928,
Hungary MN? Bukk o
cores Bird 2014, 55, Table 1(a)
LBK
(Szamos-region 9 raw material o
Hungary MN ) Korek 1983, Bird 1998
painted pottery lumps - precores
group)
7 nodules-
Hungary MN LBK (BUkk) Nandris 1975
precores
Hungary MN LBK unknown Nandris 1975
14 raw material
Hungary EN Koros " l Priskin et al. 2019
lumps - precores
- excavatied by
Hungary MN LBK (BUkk) 24 blades M. Hellebrand
.Hellebran
. _ 41 nodules and )
Slovakia upP Gravettian Banesz 1974
precores
13 large
Slovakia MN LBK (Buikk) & Banesz 1991,1993
blade cores
200 flak Bella 1920-1922,
akes
Hungary MN LBK (BUkk) Biro-Kasztovszky-
and blades Mester 2019
ester
Kaczanowska &
i Early LBK 30 large lumps )
Slovakia MN ; Koztowski 1997,
(Ragkovce type) (altogether 13-14 kg)

177-253, Bir6 1998
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Figure 8. Some examples of the
obsidian blade core deposits from
Kaéov—éepegov [top left and right]
(Allard, Klaric, and Hromadova 2017: 22,
Figure 4; 24, Figure 6), Besenydd [bottom
left] (Bird, Kasztovszky, and Mester 2021:
96, Figure 1), and Nyirlugos [bottom
right] (Kasztovszky, Bird, and Kis 2014:
152, Figure 1).

Figure 9. Non-obsidian deposits from
Endréd (blue) (Biagi and Starnini 2013:
53, Figure 5), Boldogk&évaralja (green)
(Mester and Tixier 2013:176, Figure 5;178,
Figure 6), and Szegvar (red) (Biré 2009)
Neolithic sites.
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clay vessels of different styles and forms in the Carpathian Basin. These vessels were for
storage; as mostly functional pots, they were not elaborately decorated or not decorated
at all. For example, the vessel from the Early Neolithic site Endréd 39 is heavily worn in
the middle and contained 101 pieces of Balkan flint (Biagi and Starnini 2013). The Middle
Neolithic site of Boldogk&varalja represents an extreme case with 566 blades fragments
made from the locally available limnic silicite (Mester and Tixier 2013; Farag6 et al. 2019).
In a broken, small-sized jar, 33 pieces of Bakony radiolarite blades were discovered from
the Late Neolithic site of Szegvar-T{zksves (Bir6 2009). All non-obsidian lithic deposits
are each made from the same raw material and tool type, which can be local or distant

knappable raw materials and flakes or blades; thus, the homogeneity of these sets and
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the high number of pieces represent a clear pattern (Figure 9). Such flint blade or mass
chipped stone deposition in vessels is also known from the Copper Age context (e.g.,
Kosd, Pietrele-Magura Gorgana) (Patay and Marton 2018; Gatsov and Nedelcheva 2015).

Regional patterns of distribution

Many authors emphasize the special significance of the obsidian deposits and refer to
the potential explanation of deposits as storage, which more or less relates to the idea of
property (some material value hidden away for the “near or further future”). Besides this
interpretation, hoarding is another term used to describe this depositional pattern (Bird
et al. 2021: 100). The latter bears the additional connotation of a prestigious material,
which had a high economic and social value. Both narratives are based on the economic
value of obsidian and the suggestion that it was highly valuable for Neolithic commu-
nities. We should try to refrain from such ad-hoc interpretations and interrogate the
archaeological evidence more closely to recognize and describe the patterns behind the
obsidian deposition practices. By doing so, we can hopefully proceed toward a study of
the intentions and social contexts behind those acts.

The amount of obsidian found and its spatial distribution show clear patterns in
the Neolithic. For this article, I collected data from 219 sites where obsidian appeared
in a lithic assemblage. Besides the fact that a database is never complete, [ would like to
give anon-representative overall ratio of the obsidian distribution during the Neolithic:
14% of the Early Neolithic sites (n = 30), 40% of the Middle Neolithic sites (n = 86), and
24% of the Late Neolithic sites (n = 52) have obsidian in their lithic assemblages. In the
database, 11 sites are dated to the Neolithic without any precise time period (5% of the
collected sites), 12 sites are not dated (5% of the collected sites), 24 (many of them Middle
Neolithic) sites are multi-period, 1 site is Upper Paleolithic, and 3 sites are related to the
Copper Age (Table 4).

Table 4. Period information about the collected sites where obsidian appeared.

Periods Number of sites  Ratio of sites
Early Neolithic 30 14
Middle Neolithic 86 39

Late Neolithic 52 24
Neolithic Il 5
Undated 12 5
Multiperiodic 24 1
Other periods 4 2

Total 219 100

Chapter 2: Furholt
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Figure 10. Obsidian distribution in the Early Neolithic (6000-5500/5400 BC)/in the first half of the 7th Millennium BC.

(Legend of the marked sites on the map: 6: Vancsod, 12: Alsényék, 29: Calinesti-Oas/Kényahdza, 30: Tasnad/Tasnad, 31: Tasnad/Tasnad,
39:Schela Cladovei, 40: Cuina Turcului, 45: Szarvas, 47: Tiszasz618s, 48: Kételek, 49: Szolnok, 56: Supska, 57: Drenovac, 58: Slatina, 85: Pécel,
88: Nagyut, 90: Mez&berény, 97: Vac, 100: Visonta, 101: Budapest, 104: Deszk, 105: Szeghalom, 115: Gér, 118: [krény, 127: Pécel, 128: Kunpeszér,
167: H6dmez&vasarhely, 168: Dévavanya, 178: lbrany, 180: Méhtelek, 181: Miercurea Sibiului/Szerdhely, 182: Silagiu/Nagyszilas, 183: Seusa,
184: Dudestii Vechi, 185: Let/Lécfalva, 186: Targsoru Vechi, 187: Uliesti, 188: Corbii Mari, 189: Butimanu, 190: Magura, 191: Carcea, 192: Carcea,
193: VIadila, 194: Gradinile, 195: Maroslele, 196: Starcevo, 197: Ecsegfalva, 198: Endréd, 199: Szarvas)

In the first half of the 6th millennium BC, the appearance of Carpathian obsidian
looks entirely like a mosaic. It is found along the main rivers, the Tisza and the Danube,
and their side rivers, thus indicating that it was along these waterways that the material
was transported (Figure 10). The Upper and Middle Tisza Region, with the Kérds river
system, display some minor accumulation, and the assemblages here also have a high-
er percentage of obsidian. Tiszasz818s-Domahdza puszta (62%) (Dombordczki 2010:
157; Kaczanowska and Kozlowski 2012), Ibrdny-Nagyerds (87%) (Kaczanowska and
Kozlowski 2010: 255), and Ecsegfalva (60%) (Kaczanowska and Kozlowski 2012: 163)
have higher amounts of obsidian. We have to take into account that these sites were part
of several research projects; thus, a more precise analysis (soil flotation) was applied, and
this modified the rates of obsidian recognition. Still, obsidian represents less than 10% of
lithic assemblages in Vojvodina and Transylvania.
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Figure 11. Obsidian distribution in the Middle Neolithic (5500/5400-5000 BC) in the second half of the 6th Millennium BC.

(Legend of the marked sites on the map: 1: Besenydd, 2: Nyirlugos, 3: Kisvarsany, 4: Erdéhorvati, 5: Baskd, 7: Bodroghalom, 9: Kasov/Kaso,
10: Bodrogkeresztur, 12: Alsényék, 14: Karancssag, 21: Ocsdd, 26: Polgar, 28: Szécsény, 32: Halmeu/Halmi, 34: Halmeu/Halmi, 35: Piscolt/
Piskolt, 36: Capleni/Kaplony, 37: Urziceni/Csanalos, 41: Moravany, 42: Slavkovce/Szaldk, 43: Zaluzice/Zalacska, 44: Zbudza/lzbugya, 46:
FUzesabony, 48: Kételek, 62: Vinc¢a-Belo Brdo, 63: Vrable/Verebély, 64: Vrable/Verebély, 65: Zitavce/Zsitvagyarmat, 66: Vikas/Valkhaz,
67: UIany/Ul'any nad 2itavou/Zsitvafédémes, 68: Podhajska/Bellegszencse, 69: Mochovce, 70: Encs, 71: Fliizesabony, 72: Mez&kbved,

74: Hidasnémeti, 75: Felsévadasz, 76: Kompolt, 79: Satoraljatjhely, 80: Satoraljaujhely, 83: Tiszaféldvar, 84: Indrcs, 85: Pécel, 88: Nagyut,
90: Mez&berény, 91: Tiszalok, 92: Budapest, 93: Budapest, 94: Szolnok, 95: Balsa, 97: Vac, 100: Visonta, 101: Budapest, 104: Deszk, 105:
Szeghalom, 107: Kompolt, 109: Tiszavasvari, 110: Tiszavalk, 112: Megyaszd, 113: Megyaszd, 115: Gor, 118: Ikrény, 120: Ménfécsanak, 121:
Balatonszemes, 124: Gellénhaza, 127: Pécel, 128: Kunpeszér, 129: Litér, 131: Muraszemenye, 132: Petrivente, 133: Battonya, 135: Dévavanya, 136:
Folyas [Polgarl, 137: Gerla, 138: Jaszberény, 139: Kertészsziget, 140: Kiskore, 141: Kunszentmiklos [Tass], 142: Mez&berény, 143: Mezbberény,
144: Sonkad, 145: Szamossalyi, 146: Tiszadob, 147: Tiszavalk, 148: Hejce, 149: Krasznokvajda, 150: Békdsmegyer, 151: Kup, 152: Parta, 153:
Satchinez, 154: Fratelia, 169: Nagyecsed, 170: Pomaz, 171: Eger, 172: Parasznya, 173: Aggtelek, 174: Miskolc, 175: Parasznya, 176: Miskolc, 177:
Biikkarbany, 179: Polgar, 180: Méhtelek, 200: Sturovo/Parkany, 201: Hurbanovo, 202: Borovce, 203: Velky Grob, 204: Barca, 205: Blazice,
206: Bohdanovce, 207: Cierne Pole, 208: Kop¢any, 209: Michalovce, 210: Nyirpazony, 211: Tiszabercel, 212: Velké Raskovce)

In the second half of the 6th millennium BC, obsidian distribution was entirely dif-
ferent from the previous period; there was a massive accumulation in the Upper Tisza
Region and the Carpathian Foothills (Figure 11). In the southern part of the Slovakian
upland, most of the settlement assemblages contain more than 50% of obsidian, except
Stirovo/Parkany (41%) (Kaczanowska 1985: 26) and Bohovce (15%) (Kaczanowska 1985:
26). With the exception of the Partium, Maramures Region, the same data quality could
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not be collected from this region in Romania, so it is impossible to say if, or to what extent,
the obsidian was transported to the east.

More than half of the entire collected Neolithic sites (n = 97) date to this period and
are associated to the LBK. At this time, not just the number of sites, but also the density of
obsidian in the assemblages reached a peak. Besides the domestic context, all the obsidian
deposits as discussed above—with three exceptions—represent this period. Those deposits
where the original archaeological context is known (e.g., Kisvarsidny and Bodroghalom)
were deposited in mundane rubbish pits in the settlement (Korek 1983). The quantity of
obsidian decreases from the Middle Tisza Region toward the south.

Figure 12. Obsidian distribution in the Late Neolithic (5000-4500/4400 BC) in the first half of the 5th Millennium BC.

(Legend of the marked sites on the map: 11: Szegvar, 12: Alsényék, 13: Aszdd, 14: Karancssag, 15: Lengyel, 16: Méragy, 17: Veszprém, 18:
Villdnykoévesd, 19: Zengévarkony, 20: Pécsvarad, 21: Ocsod, 22: Polgar, 23: Polgar, 24: Tapé, 25: Polgar, 27: Polgar, 50: Opovo, 51: Potporanj,
53: Selevac, 54: Gomolava, 55: Banjica, 56: Supska, 57: Drenovac, 58: Slatina, 59: Coka/Cséka, 60: Borjas, 61: Vrsac, 62: Vinc¢a-Belo Brdo, 68:
Podhdjska/Bellegszencse, 69: Mochovce, 73: Kolary/Koldre, 77: Hodmezévasarhely, 78: Csesztve, 81: Csabdi, 85: Pécel, 86: Berettyoujfalu,
88: Nagyut, 89: Gonc, 90: Mezdberény, 94: Szolnok, 96: Tiszasziget, 97: Vac, 99: Berettydujfalu, 100: Visonta, 101: Budapest, 104: Deszk, 105:
Szeghalom, 111: I1Zkovce, 115: Gor, 116: VAc, 118: [krény, 123: Ver&cemaros, 126: Alattyan, 127: Pécel, 128: Kunpeszér, 130: Zalaszentbalazs, 134:
Battonya, 135: Dévavanya, 140: Kiskore, 151: Kup, 152: Parta, 153: Satchinez, 154: Fratelia, 155: Darvas, 156: Esztar, 157: Szerencs, 158: Veszprém,
159: (Viiéarovce, 160: Hreel, 161: Oborin, 162: Svodin/Sz&gyén, 163: Svodin/Szégyén, 16 4: 2lkovce, 165: Iclod, 166: Tirpesti, 213: Bardoriovo, 214:
Tésetice-Kyjovice, 215: Pecenady, 216: Budmerice, 217: Velké Raskovce/Nagyraska, 218: Brang, 219: Brodzany)
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In the first half of the 5th millennium BC, the spatial and quantitative distribution of
obsidian changed. The Upper Tisza Region concentration disappeared, while the eastern
part of the Slovakian lowlands in the river valleys displays more prominent roles in the ob-
sidian transfer (Té6th et al. 2011) (Figure 12). Kolary/Kolare (80%) (Kaczanowska 1985: 82;
Bir6 2014: 55, Table 1a) and Velké Raskovce/Nagyraska (62%) (Kaczanowska 1985: 126);
otherwise, the ratio is less than 15% in other cases. In the Hungarian territory, only the
sites of Mez8berény-Bodishat (36%) (Bir6 1998, 2014: 55, Table 1a) and Csesztve-Staldk
(31%) (Bir6 2014: 55, Table 1a) had more than 30% obsidian in the lithic assemblages.
Along the Tisza River, the southern part of the Carpathian Basin became more important
concerning obsidian distribution. The Tisza and Danube rivers probably served as natural
corridors in the Late Neolithic communication and exchange system. Besides, the Danube
in the Vr$ac region shows some kind of accumulation in obsidian exchange, based on the
Vrsac-At, Opovo, Perlez, Potporanj-Kremenjak, and Potporanjska granica sites (Mili¢
2016: 320; Mari¢ 2015: 44-45). There is no evidence of obsidian in the territory between
the Mur, Drava, and the Sava; the Late Neolithic grave from Gomolava is one exception
(Bir6 1998; Kaczanowska and Kozlowski 1986). The Adriatic region’s entire Neolithic

does not show any connection with the circulation of Carpathian obsidian.

Discussion

To study the economic value of obsidian and its role in the Neolithic value system, I would
like to highlight the community level, that is, the social context where the concept of
value was formed and linked with social and ritual content (Peterson et al. 1997). Value
is a subjective concept determined by social interaction in real-life contexts and thus
variable and community specific. Nevertheless, it is crucial to have an idea of how, in what
ways, and which values and value systems governed prehistoric societies. There is a large
amount of philosophical, anthropological, and economic literature on value (Sahlins 1972;
Wittgenstein 1980; Kopytoff 1986; Munn 1992; Graeber 2001; Appadurai 2006; Graeber
2014; Gregory 2015). For prehistoric archaeology, however, a practical approach needs
to be built upon archaeological objects and their contexts. Thus, while it is a complex and
overarching research topic, I will focus on the practices involving humans and obsidian
items on a community level.

The different LBK and Lengyel communities did not have the same connections to
obsidian, depending on how far they lived from the source. We have seen examples from
Szécsény, Karancssdg, and other sites also in the Northern Hungarian Mid-Mountains
where the local communities had a high interest in obsidian insofar as it dominated their
lithic raw material use, besides the local (limnic silicite) material. Neolithic communities in
the South-Transdanubian region (e.g., Alsényék, Zengdvarkony, Lengyel, Villinyksvesd)
were located far away from the obsidian source, and people seem to have had less interest.
While they could have obtained obsidian via their connections with other LBK or Lengyel
communities who had direct or indirect access, they did not pursue these possibilities to
any larger extent. The non-obsidian, local lithics clearly dominated, and obsidian was

rare in the domestic and burial context in South-Transdanubian assemblages. All in all,
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southern Hungarian sites show that obsidian did not stand out in all contexts in which it
appeared; when it came to practical use and depositional practices, it was replaceable by
other raw materials—a fact that should lead us to de-emphasize the economic importance
of the obsidian.

The practicalities of different raw materials, which are likely connected to their eco-
nomic value, can be characterized with respect to their scarcity, the investment needed
for procurement, and the technologies required to produce an item. Beyond the economic
value, the recognition of a lithic’s social value is more complex, and almost every region
and community with a diverse landscape could have different ways of treating and valuing
lithics. [ define social value as how things are integrated into social relations and their role
in interactions between and within communities. Social value is determined by the social
context in which it is used, and it can be described along two main axes, the vertical of
differential social power within a community (social inequality) and the horizontal social
differences within and between communities.

This research has focused on the archaeological context of obsidian and compared it
with other lithics. The grave goods give us an extraordinary opportunity to see patterns
of selection strategy, habits of positioning items in a grave, and the selection of tool types
used by different communities to express their social status, or at least their social role
in the burial practice. Obsidian in burials did not differ in their positioning, type, and
quantity from other lithic raw materials (Figure 5). Obsidian was deposited as a blade
and core beside the deceased in the second half of the 6th millennium and the first half of
the 5th millennium BC. There are just a few exceptions, such as the late LBK burial from
Polgér-Ferenci hit (Grave 867/1230, and 486/687; the burial activity is dated between
5300 and 5070 cal BC) with an extra-large blade core (Whittle et al. 2013: 73-75; Lipson
et al. 2017). In the first half of the 5th millennium BC at Alsényék-Bétaszék, 6 obsidian
cores, 5 flakes, and 25 blades were discovered as grave goods in 32 Lengyel burials, which
is an exceptional case (Szildgyi 2019a: 293-294).

In summary, obsidian did not play a significant role in burial ritual, and there is
nothing to indicate a connection with an elevated status of the deceased or the buried
community. Instead, we could focus on the visual qualities of the obsidian and its esthetic
beauty, which may have been important at that time. On the one hand, it was an easily
recognizable material, and its high quality made it crucial for toolmaking, which probably
created more intensive demand for it. On the other hand, the knappability and interest
in obsidian made it an easily exchangeable material, which created connectivity between
communities. This correlates with the archaeological evidence that some regions (e.g.,
the Vriac area), although far from the geologic source, have shown higher interest in

obsidian than others in their surroundings.

Conclusion

The domestic, burial, and ritual contexts of obsidian deposition in the Carpathian Basin
show us that there were probably not any universal set of rules that directly related to this

specific raw material. Indeed, obsidian was widely distributed across space, but more or



less related to the Tisza River and its tributaries. From a temporal perspective, the peak of
obsidian’s circulation is restricted to the second half of the 6th millennium and first half of
the 5th millennium BC. The burial and ritual depositions of obsidian were homogeneous,
expressed in a precise position inside the grave in core or blade form. This suggests the
possibility of a specific intention behind this visual appearance and action during burial.
All three depositional contexts seem to show the varying behavior of different commu-
nities, indicating that the obsidian could have had different values.

The Neolithic value systems (economic, social, and ritual) were diverse and multi-
dimensional: one item or raw material could have simultaneously had different kinds of
value. In identifying what types of value played an essential role in the last usage or the
final phase of the object biography, we have to pay attention to the exact depositional
(archaeological) context. The diversity of spatial, temporal, and social contexts that
influence an object’s value was probably highly localized, as we can see with the current
example. Obsidian was a widely distributed material—with a long research history—but
the peak of its distribution was restricted to some regions (Upper-Middle Tisza Region
and the Slovakian uplands) and some centuries (5500/5400-4500 BC). The specific dep-
ositional pattern (nodules, precores, and blade cores) is located around the Tokaj-Eperjes

Mountain area.
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Abstract

In total, 175 obsidian artifacts from Late Neolithic (Tisza culture) contexts at the tell site
of Gorzsa in southeast Hungary were analyzed using a portable XRF device and the results
were compared with the corresponding measurements made on geological samples from
known European obsidian sources. The data support the conclusion that most of the ob-
sidian used at Gorzsa originated in the Carpathian 1 (C1 - Cejkov-Vini¢ky) source area
in southern Slovakia, with just one piece traceable to the C2E (Mad-Erd8bénye) source
area in northeast Hungary. However, four artifacts from Gorzsa that visually resemble
C2E obsidian could not be matched with any known Carpathian, or indeed European,
obsidian source and may derive from a previously undocumented source of obsidian or

a very fine-grained obsidian-like rock.

Introduction

This chapter presents the results of portable X-ray fluorescence (pXRF) analysis of ob-

sidian artifacts from the Late Neolithic tell settlement of Hodmez8vasarhely-Gorzsa in
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southeast Hungary, which were recovered in excavations directed by Ferenc Horvath. The
work is part of ongoing multidisciplinary research into the provenance of raw materials
represented in the entire lithic assemblage from the tell excavation (Starnini et al. 2007,
2015). Considering the location of Gorzsa on the floodplain of the Tisza River and in the
middle of the Alféld (the Great Hungarian Plain), the assumption is that virtually every
piece of tool stone, including obsidian, was obtained from sources at least 60 km away
and brought to the site either in the form of raw material or as a ready-made artifact. This
presents a rare opportunity to infer the cultural connections, raw material procurement
strategies, and social organization of a Late Neolithic community through geochemical
identification of the sources used for the manufacture of stone tools (Szakmany et al.
2009, 2011). Choices, supply strategies, and changes in the exchange network of raw
materials are the main historical issues of our scientific sourcing approach to the stone

assemblage from Gorzsa.
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Figure 1. Map of the Alféld (Creat Hungarian Plain) with the locations of Corzsa, the Late Neolithic cultural groups (Tisza, Herpaly,
Cs8szhalom), and the Carpathian obsidian sources (C1-C3) (drawn by C. Bonsall; cultural areas based on Raczky et al. 2020: Figure 1).
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The site

The tell site of Hodmez8vdsarhely-Gorzsa, covering ca. five hectares, was explored during
several excavation campaigns between 1978 and 1996, which investigated an area of ca.
1000 m? (Horvath 2005). The settlement was occupied during the greater part of the Late
Neolithic corresponding to Phases II-V of the Tisza culture, dated to 4900-4500 cal BC,
and continued to be occupied during the Bronze, Iron, and Sarmatian ages. The tell set-
tlement is in the southern part of the Alféld (Figure 1), which during the Late Neolithic
supported a dense settlement network (T4las and Raczky 1987). The Alfsld represents the
northernmost frontier of the Neolithic tell settlements phenomenon that characterizes the
southern Balkans. The plain is subdivided into several cultural areas: Tisza, located in the
Tisza, Koros, and Lower Maros Valleys, Herpdly in the Beretty6 Valley, and Csdszhalom
in the Upper Tisza Valley. The Herpély and CsGszhalom culture areas take the names of
two eponymous tell sites, while Gorzsa belongs to the Tisza culture area, which takes the
name of the river along which most of the sites have been found (Raczky 1992; Raczky et
al. 2021). Each of these archaeological culture groups or areas corresponds traditionally
to different ceramic styles, settlement types, and distribution patterns (Parkinson et al.
2018). The Alfold is delimited to the north and east by the Carpathian Mountains. In
the foothills of the northeastern part of the mountain chain are located the Carpathian

obsidian sources, the most important in continental Europe.

The Carpathian obsidian sources

Four chemically distinct types of obsidian are known in the region: Carpathian 1 (C1),
Carpathian 2E, Carpathian 2T, and Carpathian 3. Usually, C1 and C2 can be distinguished
visually: typically, C1 is highly translucent, with a glossy luster and (in some samples)
darker stripes, while C2 obsidian is characteristically black or dark gray, with a duller
luster, and only slightly translucent at the edges except in very thin pieces. Since the
1970s, compositional studies of the Carpathian obsidian sources have made it possible to
differentiate those in northeast Hungary (C2E, C2T), eastern Slovakia (C1), and west-
ernmost Ukraine (C3).

The C1 source area is in the Zemplin Hills of Slovakia, while the C2 source area,
encompassing subgroups C2E and C2T (formerly C2b and C2a), lies in the Tokaj region
of Hungary (Kaminské 2021; Furholt 2024). This division was confirmed by analyses
(Bir6 1984) leading to a subdivision of group C1 into subgroups Cla and C1b. Subgroup
Cla comprises finds from a secondary source between Brehov and Cejkov, as well as
archaeological sites (“quasi-sources”) between Cejkov and Kasov, while subgroup C1b
corresponds to a primary source in the Vinicky-Mal4 Bara area (Biré and Kasztovszky
2013; Kasztovszky et al. 2014; Kaminsk4 2021). However, not all researchers accept the
proposed subdivision of C1 obsidian (see Kohtit et al. 2021). The obsidian from Transcar-
pathia in westernmost Ukraine was shown to be chemically distinct from the Slovakian
and Hungarian sources (Rosania et al. 2008) and was designated as Carpathian 3 (C3)

following the nomenclature of Williams-Thorpe and colleagues (1984). C3 obsidian is
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Figure 2. Hédmez&vasarhely-Gorzsa, Cl
obsidian artifacts: 1) short end scraper,
used for scraping medium material (inv.
MFM n. 9932124 /sample COR#2124);
2) end scraper and truncation, used

for scraping hard material (inv. MFM
n.99.3.2152./sample GOR#2152); 3)
irregular, corticated bladelet, from the
fill of Grave 4 (inv. MFM n.99.3.2086./
sample GOR#2086); 4) end scraper,
used to cut soft material (inv. MFM
n.99.3.2145 /sample COR#2145); 5)
micro-bladelet (inv. MFM 99.3.1720./
sample GOR#1720); 6) microcore and
refitting bladelet, inv. MFM 99.3.959-
99.3.960./CGOR#061);7) core on a small,
corticated volcanic bomb, from the
ruins of House 2 (inv. MFM n. 99.3.1975./
sample GOR#1975); 8) retouched blade,
used for cutting medium material (inv.
MFM n.99.3.1929./sample GOR#1929);
9) corticated flake, from House 3,

room 3 (inv. MFM n.99.3.1976./sample
GOR#1976);10) mesial fragment of an
unretouched blade, possibly obtained
by pressure technique, used for cutting
medium material (inv. MFM n. 99.3.2212./
sample GOR#2122); 11) corticated and
truncated bladelet, from the ruins of
House 2 (inv. MFM n.99.3.1944. /sample
GOR#1944) (photographs by E. Starnini).
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black and glassy, with macroscopic mineral grains, conchoidal to slightly hackly fracture,
and is non-transparent even in thin flakes (Récz 2018).

A general observation that emerges from studies of prehistoric sites in the Carpathian
Basin is that obsidian was a lithic raw material used to produce a wide range of artifacts
(endscrapers, burins, retouched blades, flakes, cores, etc.), and no close association be-
tween obsidian and a particular artifact type has been observed in any Neolithic site or
culture (Kaminska 2021: 244; Starnini 1994: 57).




Materials and methods

A total of 846 artifacts of obsidian were identified in excavations at Gorzsa from strati-
graphic units of the Late Neolithic Tisza culture, representing ca. 20% of the knapped
stone assemblages from those contexts. The obsidian assemblage comprises blanks, re-
touched and used artifacts, cores, and debitage waste (Figures 2 and 3). To investigate the
provenance of the raw material, we carried out multielement X-ray fluorescence (XRF)
analyses of a representative archaeological sample using portable/handheld instrumen-
tation (pXRF), which is a rapid, non-destructive, and relatively inexpensive means of
analyzing the chemical composition of a wide range of archaeological materials. Numerous
provenance studies of obsidian have highlighted the advantages of pXRF—notably its
reliability and the capability to analyze large numbers of specimens in a relatively short
time (e.g., Frahm 2014; Speakman and Shackley 2013; Tykot 2018; Vazquez et al. 2012).
More importantly, handheld instruments allow archaeological objects to be analyzed in
situ, thus avoiding the problems inherent in transporting cultural heritage items from
museums to laboratory facilities sometimes located abroad, as well as bypassing legal
considerations and financial issues.

The XRF analyses reported here were conducted during two visits to the Méra Fer-
enc Muzeum in Szeged, Hungary. The first took place on August 26-28,2019, when the
measurements were taken using a Niton XL3t Ultra Hehandheld analyzer made by Thermo
Fisher Scientific. Because of the COVID-19 pandemic, the second visit to Szeged had to
be delayed until June 6-12,2022. On that occasion, the instrument used was an Olympus
Vanta M handheld XRF analyzer (Figure 4).

Chapter 3: Bonsall et al.

Figure 3. Hédmezdvasarhely-Corzsa,
Cl obsidian artifacts: 1) short end
scraper, used for scraping hard
material (inv. MFM n. 99.3.431 /analysis
GOR#0431); 2) corticated bladelet
with distal truncation, hafted (inv. MFM
n.99.3.404./analysis GOR#0404.); 3)
corticated flake used for scraping soft
material (inv. MFM n.99.3.349./analysis
GOR#349); 4) exhausted bladelet
microcore, unidirectional, on small
nodule (inv. MFM n. 993341 /analysis
GOR#341); 5) small, exhausted bladelet
core (inv. MFM n.99.3.214.); 6) small,
tested obsidian nodule (inv. MFM n.
99.3.243.);7) exhausted bladelet core
on a small, corticated volcanic bomb
(inv.MFM n.99.3.587.); 8) pre-core on
small, corticated nodule (inv. MFM n.
99.3.589.); 9) small, tested obsidian
nodule (inv. MFM n.99.3.242 ) (drawings
by E. Starnini).
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Niton XL3t Ultra He Olympus Vanta-M

Figure 4. The pXRF analyzers used for chemical fingerprinting and source characterization of the Late Neolithic obsidian assemblage
from Hédmez8vasarhely-Corzsa (photographs by C. Bonsall).

The Niton XL3t Ultra is equipped with a 2W Ag anode, 50 kV X-ray tube, and 45
mm? Silicon Drift Detector (SDD), while the Vanta M has a 4W Rh anode, 50 kV X-ray
tube, and a 40 mm? SDD. Both instruments use beam filters to improve the detection of

particular elements (Table 1).

Table 1. Niton XL3t Ultra and Olympus Vanta M: settings, filters, and element ranges.

Mode kv HA Filter Elements (optimized)

Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Rb,

a) Niton XL3t Ultra: )
50 40 Main Sr, Zr,Nb, Mo, Pd, Ag, Cd, Sn, Sb, Hf,

“Mining” )
Ta, W, Re, Au, Pb, Bi
50 40 High Y, Pd, Ag, Cd, Sn, Sb, Ba
20 100 Low Ti, V. Cr
8 200 Light Mg, AL Si, P S, Cl

Ti,V, Cr,Mn, Fe, Co, Ni, Cu, Zn, As,
40 55 Beam 1 Se, Rb, Sr, Y, Zr,Nb, Mo, Ag, Cd,
Sn, Sb, Ba, W, Hg, Pb, Bi, Th, U

b) Olympus Vanta M:
“Ceochem-3-beam”

10 66 Beam 2 Mg, AL Si, P S, K, Ca, Ti, Mn

50 65 Beam 3 Ag, Cd, Sb, Ba, La, Ce, Pr, Nd
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The XL3t was configured for measuring up to 42 elements simultaneously from Mg
to U in the periodic table. The analyzer was controlled from a Windows 10 laptop and
operated using the factory-set Fundamental Parameter (FP) Mining Mode Calibration,
using 3 of the 4 filters available (Table 1a). Each obsidian sample was measured for a
total of 180s (60s per filter). The light range filter was not used, partly because the low Z
elements (Al, P, Si, Cl, S, Mg) usually are not critical for obsidian characterization, and
partly to reduce the overall measurement time per sample. Deploying the light range filter
would have added 120s to the measurement time per sample, and ultra-low light element
detection with the XL3t Ultra requires helium purge.

Measurements with the Vanta M were taken using the GeoChem 3-beam (FP cali-
bration) model (Table 1b). The main practical advantages of the more powerful Vanta M
over the XL3t Ultra are shorter measurement times and lower limits of detection (LOD).
The Vanta M is also equipped with a 0.9um-thick graphene detector window, enabling
better light element detection without helium or vacuum assistance (for an assessment
of the capabilities of the Vanta M, see Frahm 2017).

XRF analysis of the Gorzsa material was preceded by visual sourcing of the obsidian
artifacts by Barbara Voytek and Elisabetta Starnini. The overwhelming majority were
identified provisionally as C1 obsidian, with just 5 pieces attributed to a different obsidian
type, assumed to be C2. Altogether, pXRF measurements were taken on 175 (ca. 21%)
of the obsidian artifacts recovered from Late Neolithic contexts at Gorzsa, including all

5 pieces that had been identified provisionally as “C2 obsidian.”

Results and discussion

Knapped stone artifacts can pose challenges to obtaining reliable results with non-de-
structive XRF analysis. They vary in size, thickness, and surface irregularity, and surfaces
may be contaminated by soil or calcareous residues—all of which can affect the accuracy
of XRF measurements. In addition, museum specimens often have ink or paper labels.
The ideal is to clean artifacts before XRF analysis, but very often this is not possible or
practical, and none of the artifacts from Gorzsa in the Méra Ferenc Muzeum could be
cleaned before XRF measurements were taken. The 130 obsidian artifacts measured in
2019 were relatively large, thick pieces. However, the 45 pieces measured in 2022 included
some small, thin flakes and bladelets that were narrower than the detector window of the
analyzer and/or may have been of less than infinite thickness, which can also affect the
accuracy of the XRF measurements. Another potential source of error was the presence of
museum inventory numbers written (usually) in white ink on the flatter, ventral surfaces
of flakes and blades, such that XRF measurements had to be taken on the more irregular

(sometimes partially corticated) dorsal surface.
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Figure 5. Calibration plots for Zr, Sr, and Rb using the Niton XL3t Ultra (left) and Olympus Vanta M (right) produced with the linear
regression function (LINEST) in Excel. The equation shows the slope and intercept for the trend line. These are the calibration factors
used to adjust for bias in each instrument’s FP calibration model. R? is a measure of the strength of correlation between the measured
and reference values, and ranges between 0 and 1. The closer R?is to 1, the stronger the relationship is (drawings by C. Bonsall).
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The concentration data for Mn, Fe, Zn, Rb, Sr, Y, Zr, and Nb produced by the two
pXRF analyzers were calibrated with measurements taken on the PYRO Calibration Set
(Frahm 2019) using a simple linear regression model (Figure 5). Ternary plots of the Zr,
Sr, and Rb values or ratios are a useful first step in assigning archaeological samples to
obsidian sources. In Figure 6, the data for the Gorzsa samples are plotted against the range
of variation recorded in geological specimens from the three known Carpathian source

areas (C1, C2, and C3), represented by ellipsoid hulls.

Sr Sr

GORZSA
(2019, w=130)

GORZSA
(2022, n=45)

Zr Rb Zr Rb

Figure 6. Ternary plots of the Zr/Sr/Rb composition of obsidian artifacts from Hédmez8véasarhely-Gorzsa (symbols), and geological
obsidian samples from Carpathian sources (shown as ellipsoid hulls). Red dots plot values for Cl obsidian, green triangle—C2E obsidian,
and purple diamonds—unidentified “obsidian” (drawing by C. Bonsall).

Table 2. Element concentrations in parts per million in obsidian artifacts from Gorzsa (Hungary) measured by XRF using an Olympus
Vanta M analyzer
(n.m. = no measurement recorded).

Sample ID Mn Fe Zn Rb Sr Y Zr Nb Source
GOR #059 413 7172 3 195 64 32 70 10 Cl
GOR #1560 404 6789 36 192 64 33 67 9 Cl
GOR #1927 419 7127 31 200 62 32 70 7 Cl
COR #1928 424 7417 34 205 62 32 73 9 Cl
GOR #1929 414 7218 30 189 69 31 72 7 Cl
GOR #1944 401 9247 59 186 72 32 69 9 Cl
GOR #1953 408 7233 43 189 6l 29 6l 10 Cl
GOR #1958 385 7040 236 194 65 33 72 9 @
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Table 2. Continued.

Sample ID Mn Fe Zn Rb Sr Y Zr Nb Source
GOR #1959 428 7570 33 208 67 33 69 9 Cl
GOR #1961 439 8066 64 203 8l 32 72 10 @
GOR #1962 408 7060 30 202 64 32 69 9 Cl
GOR #1963 438 7510 162 209 68 32 67 10 Cl
COR #1964 416 7367 47 199 63 3 77 7 Cl
COR #1965 413 6906 37 199 59 32 68 9 Cl
GOR #1966 465 8735 60 206 68 28 59 n.m. Cl
GOR #1967 416 7328 6l 184 59 26 57 7 Cl
COR #1968 416 7582 81 153 46 19 46 n.m. Cl
GOR #1970 385 7603 38 198 66 34 71 9 cl
GOR #1975 363 6941 43 186 68 30 66 10 Cl
GOR #1976 385 6889 27 184 67 32 69 9 @
GOR #2086 398 8375 36 189 78 32 78 10 cl
COR #2095 417 8135 32 199 71 32 76 9 Cl
GOR #2116 417 7099 3 194 63 32 70 9 Cl
GOR #2124 400 6747 30 196 60 33 74 9 Cl
GOR #2137 401 6630 28 189 60 32 67 9 al
GOR #2145 430 7279 31 200 65 33 70 9 Cl
GOR #2152 393 6839 31 196 62 33 75 10 al
GOR #2162 447 7004 32 211 56 36 71 10 Cl
GOR #2212 410 7007 28 193 62 32 70 10 Cl
COR #2235 401 7264 34 185 69 31 69 7 Cl
COR #993.14 400 6769 28 189 6l 32 67 9 al
COR #993.14 428 7292 32 198 64 32 67 10 al
GOR #x007 384 6716 30 190 6 32 67 9 @
GOR #x0071 388 7186 37 189 71 32 71 9 Cl
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Table 2. Continued.

Sample ID Mn Fe Zn Rb Sr Y Zr Nb Source
GOR #x008 488 7571 35 200 67 34 71 10 @
GOR #x008 488 7571 35 200 67 34 71 10 cl
GOR #x008.1 508 8521 70 199 63 28 59 n.m. @
GOR #x101 396 6653 29 197 57 33 65 9 Cl
COR #x2324 402 6599 26 198 55 32 64 9 Cl
COR #2028 274 1979 41 206 8l 32 175 I C2E
GOR #x069 320 10622 76 130 139 7 66 19 ?
GOR #x001 289 10986 79 131 139 6 64 17 ?
COR #337¢g 302 11209 79 131 143 6 70 17 ?
COR #29%4.g 318 1066 80 132 143 6 69 19 ?

Table 3. Element concentrations in parts per million (expressed as ranges) in geological samples of obsidian from sources in Slovakia,
Hungary, and Ukraine measured by XRF using an Olympus Vanta M analyzer.

Sample locations Mn Fe Zn Rb Sr Y Zr Nb  Source

SK - Brehov-Cejkov-Kasov

(1 = 34) 362-466  6594-9475  27-43 180-203 56-69 31-34  62-75 7-10 Cla
n=

SK = Vini¢ky (n =17) 332-408  7160-9772  27-32  166-188 69-85 29-34 70-78  9-11 Clb

HU - Mad-Erdébénye (n =33)  254-371 1525-17322  36-50 198-217  81-87 32-44 172-185 10-14  C2E

HU - Tolcsva (n =11) 278-356 9712-1M59 43-53 191207  72-79 32-33 125-147 N-l4 c2T

UKR — Rokosovo (n =9) 502-594  18257-20614  55-60 148-157 181-202 23-25 209-218 11-13 C3

The Zr/Sr/Rb data for the overwhelming majority of the obsidian artifacts from
Late Neolithic contexts at Gorzsa were within or close to the range determined for C1
obsidian from eastern Slovakia, confirming Voytek and Starnini’s visual identifications
(Tables 2-3). One piece (GOR #0028) came from the C2E source area in northeast Hun-
gary (Figure 7, no. 5). The other four samples (GOR #x001, GOR #x069, GOR #294g,
and GOR #337g; Figure 7, nos. 1-4) form a cluster that is chemically different from any
known Carpathian obsidians (Figure 6).
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Figure 7. Hodmezd8vasarhely-Corzsa,
artifacts that were visually identified
as non-Cl obsidian: 1) core platform
rejuvenation corniche, from square
XVIII, level 7-8 (analysis GOR#x001);
2) unretouched flake fragment,

from square XVIII, Pit 337 (analysis
GOR#337g); 3) proximal fragment of a
blade, from square Il1/c, level 3-4 (inv.
MFM n.99.3.2118 /analysis GOR#x069);
4) unretouched flake, from square
XVIII Pit 294 (analysis COR#294g); 5)
fragment of a decortication flake, C2
obsidian, from Square XVIII, level 23-24
(analysis GOR#0028) (photographs by
E. Starnini).
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An earlier pXRF-based characterization study by Danielle Riebe presented the
compositional analysis of 203 obsidian artifacts from 7 Late Neolithic sites on the Alfold,
showing that obsidian from 3 geological source areas was utilized, namely C1, C2E, and
C2T (Riebe 2019). Riebe noted that artifacts made of C2E obsidian were recovered only
from Tisza culture sites and that the C2T artifacts were found only at Herpély culture
sites. This led her to suggest that the exploitation of the secondary obsidian sources was
linked to limited access and/or sociocultural preferences.

Therefore, the analysis of obsidian artifacts from Gorzsa, another Late Neolithic site,
serves also to test the hypothesis of the possible sociocultural implications of obsidian
source diversification in the Alféld. Of the 203 artifacts analyzed by Riebe (2019), there
were only 4 pieces of C2 obsidian (<2%). Usually, C2 obsidian is scarce after the initial
stages of the Early Neolithic. Carpathian obsidians (C1, C2T, and C2E) circulated widely
among the earliest farming communities of Southeast Europe, and the archaeological
distribution of Carpathian obsidian coincides more or less with the territorial range of the
First Temperate Neolithic, or FTN (sensu Nandris 1970). Hence, it serves as an important
marker of the FTN interaction sphere. After ca. 5800 cal BC, nearly all obsidian found at
FTN sites originated from the C1 source area (e.g., Biagi et al. 2007a, 2007b; Bonsall et
al. 2017; Boroneant et al. 2018, 2019; Glascock et al. 2015)—a pattern that persisted into
the Late Neolithic, Chalcolithic, and Early Bronze Age.

Our findings from Gorzsa are consistent with those of Riebe (2019) in documenting
the presence of C2E obsidian in a Tisza culture context. However, Riebe did not consider

the internal chronology of the sites she investigated. At Gorzsa, the single piece of C2E



obsidian came from the earliest phase of the tell settlement, and no C2 obsidian was found
in the later horizons.

The number of pieces of C2 obsidian from Late Neolithic sites on the Alfsld (in-
cluding its continuation into western Romania, northern Serbia, and eastern Croatia) is
small, and it should not be excluded that occasional nodules of obsidian were collected
from Pleistocene fluvial gravels on the plain itself. However, no pieces of obsidian in the
Gorzsa collection show pebble cortex consistent with water rolling. Therefore, it is likely
that all the (C1 and C2) obsidian found at Gorzsa originated from the volcanic sources on
the northeastern margin of the plain. Here, it is worth emphasizing that the Late Neolithic
inhabitants of Gorzsa also imported significant quantities of limnic silicite, the primary
source of which occurs in the same Tokaj volcanic region containing the C2E and C2T
obsidian outcrops (cf. Figure 1).

The four “obsidian” artifacts from Gorzsa that are chemically different from those
made of C1 and C2E obsidian did not come from closed contexts, although at least three
of them (GOR#001, GOR#294g, GOR#337g) are thought to be from the earlier (D2)
and later (A-B) phases of the Late Neolithic settlement. Macroscopically, these pieces
resemble obsidian: the material is black, translucent, with a glassy luster, signs of flow
banding, and SiO? within the obsidian range (based on uncalibrated pXRF data). Chem-
ically, this material is distinct from C1, C2E, C2T, and C3 obsidians (and the so-called C4
and C5 varieties of Rosania et al. 2008). A comparison with published compositional data
for Central Mediterranean (Acquafredda et al. 2018), Aegean (Acquafredda et al. 2018;
Carter etal. 2016), Central and Eastern Anatolian (Kobayashi and Mochizuki 2007), and
Transcaucasian (Biagi and Gratuze 2016; Blackman et al. 1998) obsidians has so far failed
to reveal a close match for the Gorzsa samples.

The “unknown” black volcanic rock from Gorzsa may be a previously undocumented
variety of Carpathian obsidian or a very fine-grained volcanic rock with otherwise similar
characteristics. Regardless, a Carpathian origin is supported by the fact that other lithic
raw materials found at Gorzsa point to long-distance connections with the Alps, Bohemia,
southern Poland, northwest Ukraine, and Bulgaria, rather than to regions with known

obsidian occurrences (Starnini et al. 2015: Figure 18; Bend§ et al. 2019: Figure 9).

Conclusions

Results from techno-typological analysis carried out on the obsidian assemblages from
Gorzsa show a variety of products, with high percentages of categories linked to the early
phases of the reduction sequence of the raw material (corticated nodules, decortication
flakes, partially corticated blanks) and core exploitation and maintenance (debitage wastes,
discarded irregular blanks, exhausted microcores), testifying to local reduction of the raw
material and transformation of obsidian blanks.

Blades and bladelets are the most common artifact type produced with obsidian. The
debitage technique employed is indirect percussion with an organic punch. Since the en-
tire reduction sequence for obsidian seems to have occurred locally, Gorzsa most probably

represents a site of reception of rough raw material pieces (i.e., nodules). Obsidian likely
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reached the tell in unprepared form, most probably through exchange/procurement
networks connecting the southern part of the Alf6ld to the northern range of the Eastern
Carpathians, crossing different cultural areas (Raczky et al. 2021: Figure 1).

Our pXREF analyses of the obsidian found at Gorzsa support the findings of previous
researchers in showing that most obsidian consumed by Late Neolithic communities of
the Alfold originated in the C1 source area in eastern Slovakia. Further, our analyses add
weight to Riebe’s (2019) hypothesis that the small amount of C2 obsidian that reached the
Tisza culture settlements came from the C2E source in northeast Hungary.

Whether all the obsidian consumed at Gorzsa originated from Carpathian sources
remains an open question. The next stage of our research will involve a more detailed
study of the samples that cannot be assigned to the C1 or C2 source areas; this will allow
us to determine if they are obsidian or some other black volcanic rock and will involve
petrographic, SEM, and PGAA analyses. Our goal, upon completion of all analyses, will
be the evaluation of patterns of change or continuity in obsidian procurement during the

various phases in the lifespan of the Gorzsa tell.
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Abstract

This chapter discusses the obsidian assemblages from Opatéw, site 2, one of the most
interesting archaeological sites from the Middle Neolithic in Southeast Poland. The
site is the eponymous site of the Samborzec-Opatéw group of the Lengyel culture (c.
4900-4700 cal BC). The results of morphological and technological characterization, as
well as non-destructive energy dispersive X-ray fluorescence (EDXRF), of 264 obsidians
artifacts from this site are presented. EDXRF results show that all artifacts analyzed were
manufactured from volcanic glass of the Carpathian 1 chemical type, the origin of which
is located in Slovakia. The results of morphological and technological analysis show that
the processing of obsidian within the site was most likely concentrated only on obtaining

very fine, even microlithic, blade blanks. All the specimens are physically small, so the
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question remains whether this is due to the natural properties of the raw material or to

the cultural norms that guided the knapping technology.

Introduction

In Poland, especially in the Upland area, good quality raw materials, mainly flint, are
abundant and easily procured. The Vistula and Odra River areas contain deposits of
several kinds of flint, some of very high quality, which were widely used in prehistoric
times. Despite this wealth in local raw materials, archaeological sites also contain so-
called exotic raw materials conveyed from hundreds of kilometers beyond the border of
Poland. One of these “foreign” materials is obsidian, favored for artifact manufacturing
because of its unique properties, such as excellent cleavage and sharp cutting edges. The
most important obsidian outcrops for prehistoric communities in Central Europe are
located in the vicinity of the Zemplén Mountains in southeast Slovakia and northeast
Hungary (Figure 1; Thorpe et al. 1984; Rosania et al. 2008; Prichystal 2013, 161; Récz
2018; Werra et al. 2021).

Figure 1. East-Central Europe ca. 4900-4400 calBC. C1 - Carpathian 1 geological obsidian
outcrops; C2 — Carpathian 2 geological obsidian outcrops; C3 — Carpathian 3 geological
obsidian outcrops. Red lines mark distances from Carpathian 1 source locations. Red
arrows indicate directions of cultural influences. After Kadrow and Zakoscielna 2000 and
Ridky et al. 2015, with changes.



In Poland, the oldest obsidian artifacts are connected with the activity of prehistoric
communities of the Paleolithic and Mesolithic periods (Hughes et al. 2018), but they
are very rare. With the arrival of the first Neolithic societies (Linear Pottery Culture,
¢. 5500-4900 calBC), the increase of obsidian can be observed throughout the Middle
and Late Neolithic (ca. 5000-4300/4200 calBC) but declined most probably in the Early
Eneolithic (at least ca. 4000/3900 calBC; cf. Szeliga 2021). Because no natural outcrops of
obsidian occur in Poland, the material used to make all of the obsidian artifacts present on
Polish archaeological sites must have been conveyed there by some means (Szeliga 2009;
Wilczynski 2016; Szeliga et al. 2021).

One of the most interesting archaeological sites from the Middle Neolithic in Poland,
due to its exceptional artifact assemblages and the presence of large numbers of obsidian
artifacts, is Opatéw, Opatéw district, in Southeast Poland. This site is representative of
the Samborzec-Opatéw group (ca. 4900-4700 calBC), which is known only from a few
scattered sites in the loess uplands of the Upper Vistula basin (Figure 1).

The research presented here describes the obsidian knapping technology, the mor-
phological types recorded at the Opatéw site, the distribution of obsidian artifacts, and
the issues of conveyance and contacts among prehistoric communities. We also touch
on the role (cultural/social/symbolic) of obsidian among Middle Neolithic communities

of the Samborzec-Opatéw group of the Lengyel culture.

Opatodw, site 2: a short history of long research

The site in Opatéw is located on the Sandomierz Upland on the slope of the left bank of
the Opatéwka River, which is the left tributary of the Vistula (Figure 1). The archaeology
of the region of Opatéw was studied in 1913-1915 by Jézef Milicer, an amateur archaeol-
ogist and member of the Polish Sightseeing Society (Polskie Towarzystwo Krajoznawcze).
In the interwar period (in 1922, 1924, and 1929) excavations were carried out by Zofia
Podkowiriska. During the research in the interwar period, 38 features related to the ac-
tivity of Neolithic (post-linear) communities and the Bronze Age Trzciniec culture were
examined. Unfortunately, the report on the work that had been prepared for printing
was completely destroyed in 1939 during World War II (Kulczynski and Pyzik 1959;
Kosterski-Spalski 1963; Podkowinska 1968; Jedrzejczyk 2013).

Podkowiriska continued her research in Opatéw after the war by carrying out ex-
cavations in 1965 with Leokadia Wrotek. The research was undertaken by the Depart-
ment of Neolithic and Early Bronze Age of what was then the Institute of the History of
Material Culture of the Polish Academy of Sciences (IHKM PAN; now the Institute of
Archaeology and Ethnology, Polish Academy of Sciences). Some articles have appeared
based on the results (Podkowiriska 1953, 1968). The only fuller study of the materials
from Opatdw, apart from reporting articles, is the study of lithic inventories compiled by
Hanna Wieckowska (1927-2013), an archaeologist from the IHKM PAN (Wieckowska
1971; Kowalewska-Marszalek 2004, 2007, 2012).

During the investigations of the 1920s, the site attracted the attention of archaeolo-

gists due to its unique character and high proportion of obsidian products. Researchers
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also saw analogies in the ornamentation of ceramic vessels recovered at Opatéw with the
materials from the sites in Lesser Poland and the Czech Republic, and the closest parallels
in the materials from Samborzec, in Sandomierz district (Podkowiriska 1968).

The unevaluated character of the archaeological materials from the sites in Samborzec
and Opatéw prompted Podkowiriska to separate the Samborzec-Opatoéw group of the Lengyel
culture (ca. 4900-4700 calBC; see Figure 1). The group was defined by Podkowiriska (1953:
32-44) and then later redefined many times (Koztowski 1966; Kamieriska 1967; Kamieriska
and Kozlowski 1970; Kozlowski and Kozlowski 1977; Kaczanowska and Koztowski 1994;
Kadrow and Zakoscielna 2000; Kowalewska-Marszalek 2004; Kozlowski 2004; Kulczyc-
ka-Leciejewiczowa 2004; Zapotockd 2004).

This cultural group represents the oldest horizon of the Danubian communities on
the northern side of the Carpathians after the decline and disappearance of the Linear
Pottery culture (abbreviated as LBK, from German; Linearbandkeramik). It appears to
have developed under the strong influences of the Lengyel culture, the Stroked Pottery
culture, and the sociocultural systems from the Upper Tisza River basin (Figure 1). These
multidirectional cultural interactions had a crucial influence on the syncretic character
of the Samborzec-Opatéw group, manifested mainly in its ceramics. In the Sandomierz
Upland, the pottery assemblages are distinguished by the frequent presence of vessels
with bulging necks and thick walls, with horizontal bands dominating the ornamenta-
tion. The lithic industry is prevailed by “chocolate” flint with the frequent presence of
obsidian items (Kaczanowska 1990; Kaczanowska and Kozlowski 1994; Kadrow and
Zakoscielna 2000, 196).

This unique character, in turn, has had a fundamental impact on the classifications of
this cultural group within the framework of the basic cultural taxonomy. The materials
of the Samborzec-Opatéw group from western Lesser Poland (Southern Poland) have
been classified as part of the Lengyel culture, and those from the Sandomierz Upland
(including the site in Opatéw) were defined as an “early Malice-Lengyel mixed group”
(see references in Kadrow and Zakoscielna 2000). Regardless of the recent discussions of
the cultural classification of the Samborzec-Opatéw group and the archaeological site in
Opatéw, this obsidian assemblage has played an important role in the study of obsidian
conveyance to the north of the Carpathians in the Neolithic, including the continuity and
intensity of this phenomenon after the disappearance of the LBK.

During the excavations in the 1920s and the 1960s at the Opatow site, almost 300
obsidian artifacts were recovered (5.04% of the complete lithic assemblage). Hitherto,
this is the largest and most chronologically undisturbed obsidian assemblage related
to the oldest post-linear cultural horizon in the region of the Upper Vistula basin. The
technological, morphological, and chemical characteristics of this material, as well as
refitting analysis, are presented below. All those analyses were undertaken to illustrate
the method of obsidian knapping by Middle Neolithic communities and to thus obtain
a picture of the everyday life of those prehistoric communities, as well as to analyze the

presence of obsidian in the sociocultural context.



Technological characterization of the obsidian
inventory, classification of products, and method-
ological assumptions of the conducted analyses

The obsidian products from Opatéw were processed according to a classification system
referring to the methodological solutions developed and most often used in previous
studies on flint-making of the Danube communities on the northern side of the Car-
pathians (Koztowski and Kulczycka 1961; Dzieduszycka-Machnikowa and Lech 1976;
Lech 1981, 1997, 2008; Kaczanowska 1985; Kaczanowska et al. 1987; Matecka-Kukawka
1992; Zakoscielna 1996). They are based on a division and analysis of finds within four
basic morphological groups: I) cores; IT) blades and fragments; I1I) flakes and chips; and
IV) implements (retouched tools). These groups correspond to the basic sequence of
processing activities related to the preparation and exploitation of cores, and to obtaining
flake and blade blanks, and producing tools.

The analysis of products within the individual morphological groups was carried
out based on research methods that accounted for the sets of both universal and strictly
individual morphological and metric properties of the studied assemblage. The observed
variations were analyzed using basic tools and statistical methods. In the case of the metric
properties, the subject of the research was basic sizes (length, width, and thickness) and
other measurable diagnostic parameters (e.g., platform sizes), as well as the weight of
individual products.

The analytical data gathered allowed for the presentation of the morphological
and typological characteristics of each of the groups of the assemblage, along with the
determination of the degree of formal differentiation of the categories of finds included
in them. The whole dataset thus constitutes a primary point of reference in an attempt to
assess the extent and nature of obsidian processing by Neolithic communities on the site.

In parallel to the morphometric analyses of the finds, intensive refitting exercises
were also carried out. This work was carried out on two levels, taking into account the
different scope and character of the exploitation of the site (Hofman 1992: 10). First, the
refitting procedure was applied to products from the fills of individual negative features,
and second, potential joins between products from various features were sought. Unfor-
tunately, the effects of this work turned out to be far from what was expected. Despite the
presence of objects with very similar macroscopic properties within individual assem-
blages of finds (undoubtedly produced by the same production or rejuvenation activities
carried out in the case of the same cores), in the course of the refitting, it was not possible
to determine any certain joins between individual finds. The only exception is a refitted
tip and butt of a retouched blade from Pit 40 (Figure 11: 7). At the same time, it should be
emphasized that, in this case, there is no certainty that the fracture was intentional and
occurred during the operation of the analyzed settlement.

The main reason for the inability to refit most of the material seems to be the lim-
itations resulting from the specificity and nature of the assemblage from Opatéw. This

is in addition to the undoubtedly reduced size of the collection in relation to the initial
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state (originally, the inventory consisted of 292 items; Wieckowska 1971). The problem
is obviously much wider and concerns not only the analyzed obsidian materials but all
the flint and stone assemblages discovered within Neolithic settlements. Groups of
products lying within the fills of features constitute assemblages selected and modified
already at the stage of creation and use (that is, by an extemporary selection of products
by producers and users). Moreover, they are at least partially redeposited in relation to the
place of their origin (de Grooth 1981, 117; 1990, 198) and depleted as a result of natural
(e.g., intense slope erosion) and anthropogenic and cultural post-deposition processes
(especially settlement activity in later stages of use of the settlement—compare, for ex-
ample, the analyses of Paleolithic and Mesolithic communities in Tomaszewski 1986;
Fiedorczuk 1992, 2006; Was 2005). This problem was raised in the case of the rich lithic
collections originating from the sites of the Rhineland cluster of the LBK. In the case of
the Langweiler 8 site, the total number of flint products related to the settlement of the
LBK culture was about 10,000 items, accounting for only 10-15% of the original content
of the inventories (de Grooth 1990: 203).

A very significant difficulty in the case of the Opatéw inventory was also the very
small size of the group of obsidian products and their specific, highly uniform macro-
scopic properties (high transparency). These circumstances undoubtedly had a decisive
influence on the almost total lack of success of the refitting method used in the case of

this assemblage of material.

The quantity and structure of the inventory

A total of 264 obsidian products were analyzed, constituting approximately 90.4% of the
original inventory (Wieckowska 1971). These artifacts were obtained primarily during

Table 1. Opatow, Site 2. Quantitative and qualitative structure of obsidian artifacts
discovered within the individual features and secondarily deposited (Trench 1924,1929).

Features Cores Blades Flakes an.d Retouched Total
scraps/chips tools

1 - 1 - - 1

2 - - 1 - 1

4 - - 1 - 1

7 1 3 1 1 6

21 - 1 - - ]

35 - 32 36 3 71

36 - - 1 - ]

37 8 109 28 6 151

40 2 8 12 1 23

40A - - 1 - ]

Trench

1924/1929 2 . ] ] /

Total 13 157 82 12 264




the exploration of 10 features, and only in a few cases were they secondarily deposited in
the layers outside these features (Table 1).

The current structure of the inventory is characterized by the considerable domina-
tion of the blades group, with almost two times fewer flakes and a minimum frequency of
cores and prepared tools (Figure 2). These relations, very clearly visible in the case of the
structure of the entirety of obsidian materials, are also clear in the individual distributions
within the larger assemblages from the feature fills—for example, Pits 35 and 37 (Table
1). They correspond to the structures of assemblages that are typical for the so-called
utilitarian residue, where the processing of raw materials was generally carried out to a

small, or even minimal, extent (e.g., Lech 2008).

Morphometric and typological analysis
Cores

A total of 13 specimens were classified within this group (4.92% of the entire collection;
see Figure 2). They represent in all cases partially used or fragmented blade core forms,
abandoned at a more or less advanced stage of exploitation. This is manifested in most
cases by their very small or even microlithic dimensions and weight (Table 2), as well as
by the very small size of the scars of the blade blanks obtained from them. The length of
blade negatives preserved within the flaking surface of individual cores ranges from 14.4
to 27 mm, with a clear predominance of specimens measuring 18-22 mm. The width of

the final blades detached from the core is mostly within the range of 3-10 mm (Figure 3).

Table 2. Opatdw, Site 2. Dimensions (mm) and weight (g) of the analyzed cores.
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12 13
4,55% 4.92% N=264

Figure 2. Opatdw, Site 2. Morphological
structure of the obsidian artifacts: 1 -
cores; 2 - flakes and chips; 3 - blades
and their fragments; 4 — retouched tools.

Features Inventory number Height Width Thickness Weight Figures
7 #002 265 29 25 21.83 Figure 6:7
#086 18.5 15,5 235 5.88 Figure 6:2
#087 29 28 20 1419 Figure 5:5
#088 225 17 22 6.60 Figure5: 6
37 #089 26 28 26 1717 Figure 5: 4
#090 19.5 23 21,5 7.65 Figure 5:7
#091 29 18 23 10.09 Figure 5:3
#092 29 20 26 1.65 Figure 6:1
#093 23 21 19 8.82 Figure 5:8
40 #111 175 14 14 399 Figure 6:3
#121 18.5 275 23 12.41 Figure 6:5

Trench #256 21 22 15 738 Figure 5:1
1924/1929 #257 175 12 205 4.09 Figure 5:2
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Figure 3. Opatdw, Site 2. Dimensions of Figure 4: Opatow, Site 2.
blade scars preserved on the cores: A - Dimensions of complete blades: A
length; B — width. - length; B — width; C - thickness.

Figure 5: Opatow, Site 2. Cores obtained from Trench 1924/1929 Figure 6: Opatow, Site 2. Cores (1-3, 5, 7-8) and rejuvenation
(1-2) and from Feature 37 (3-8). flakes (4, 6) from Features: 37 (1-2), 40 (3-5),35(6) and 7 (7).
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These data correspond closely with the results of measurements of the analogous metric
properties of the whole blades recovered (Figure 4).

All cores recorded were single-platform blade cores: in typological terms, mainly the
sub-conical or conical type (Figures 5: 1-3,7-8; 6: 1-3). Some were of sub-keeled (Figures
5:4-5; 6: 5) or polyhedral form (Figure 6: 7). Their striking platforms were formed with
the detachment of several flakes, usually struck from the flaked surfaces (e.g., Figure 5:
1). Sometimes, however, they were flaked also from one or both sides of the core (e.g.,
Figures 5: 2; 6: 5, 7). In three specimens, the surface of the previous primary flaking surface
was used as the platform. In these cases, it was associated with a perpendicular change of
the core orientation. In two cases, the new flaking surface was located within the existing
platform (Figures 5: 4-5). In a single case, it was in the posterior of the core (Figure 5:
1). In the case of two cores (Figures 5: 2, 6), the new flaking surface was located within
the existing rear, while the striking platforms remained unchanged in the same place.

The treatments related to the preparation of the cores identified in the analyzed ma-
terial are mainly limited to the preparation of the platform. Only sporadically were traces
of removal of cortical flakes found on the back, top, or one of the sides of the core (e.g.,
Figures 5: 3; 6: 1). The cortex was most often left on the sides of the core. In one case, a

fragment of a side-crest has been preserved (Figure 5: 5). The occasional use of rejuvena-
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Figure 7: Opatodw, Site 2. Selection of

blades from Features: 37 (1-8, 10, 13), 1 (9),

7 (1, 14-16) and 21 (12).
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Table 3. Opatow, Site 2. State of
preservation of blades: C - complete
specimens, PP — proximal parts, MP —
median parts, DP — distal parts.

Blades N %
C 49 31.21
PP 54 3439
MP 24 15.29
DP 30 191
Total 157 100.0
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tion treatments on obsidian nodules is also confirmed by the negligible quantity of blades
showing different parts of the preparation of the crests in the assemblage (Figure 7: 5-6).

Various types of rejuvenation procedures were used slightly more often during the
exploitation of the cores. In addition to the aforementioned change of orientation, they
mainly consisted of the correction of the core angle, performed on an ad hoc basis and
immediately before the knapping of subsequent blades. These operations involved, on
the one hand, quite a delicate rejuvenation of the striking platforms of the cores, carried
out mainly from the side of the flaking surface, and to a lesser extent, from the sides of
the core. In addition, regular trimming of the platform edges took place. The traces of
this operation are single or multiple small flake scars irregularly spaced along the edges
of the striking platforms of cores (e.g., Figures 5: 1-8; 6: 1-2), as well as the presence in
the assemblage of small rejuvenation flakes (Figure 5: 2). The striking platforms of the
cores were sometimes completely renewed. This was carried out by removing their entire
surface, or the larger part of them, with single blows from the side of the flaking surfaces
or one of the sides. The remnants of these treatments are a few rejuvenation core tablets
in the assemblage (e.g., Figures 6: 4, 6). The high frequency of trimming of the platform
edges is also shown by the high frequency of the characteristic remains registered in the
dorsal surfaces of the proximal parts of the analyzed blades, and by the prevalence of

faceted butts seen among them.

Blades and their fragments

Blades and their fragments constitute the most numerous category of items in the analyzed
collection, represented by a total of 157 specimens (59.47% of the total; see Figure 2). The
analysis of the state of preservation shows a clear preponderance of fragments over those
preserved in their entirety (the overall percentage of the latter was 31.21%). Among the
incomplete specimens, fragments containing the butt of the blade were clearly dominant,
significantly exceeding the number of fragments of the middle and distal parts (Table
3). The observed proportions show very close analogies to the state of preservation of
blades recorded for many other Neolithic sites (e.g., Lech 1981; Kaczanowska et al. 1987;
Kozlowski 1989; Malecka-Kukawka 1992; Mateiciucova 2008). This suggests at least
partially intentional breaking of the blades in terms of correcting the slenderness and
the degree of curvature of individual specimens (e.g., Kaczanowska 1971; Dzieduszy-
cka-Machnikowa and Lech 1976; Lech 1979, 1983; Szeliga 2007; Szeliga et al. 2021).
This may be evidenced by the occurrence of the refitted fragments of blades from Pit 40
(Figure 11: 7). On the other hand, due to the high fragility of obsidian, it cannot be ruled
out that the high frequency of fragments in the assemblage could (at least in part) reflect
the damage caused during the use of what were originally entire specimens.

The surviving whole specimens tend to be very small (Figure 4). Their length ranges
from 15 to 37 mm, with the vast majority of specimens grouped in the range of 20-30 mm.
This corresponds to the sizes of the cores (Table 2; Figure 3), as well as the blade negatives
preserved within their flaking surfaces. The width of the blades varies between 3.5 and

13 mm, with specimens narrower than 5 mm and wider than 10 mm being extremely



rare. In terms of thickness, the obsidian blades from Opatéw are generally in the range
of 0.5-4 mm (the most numerous are in the range of 1.5-2.5 mm).

The analysis of the nature of the upper face of the whole blades and their fragments
revealed that the most numerous group are specimens with a dorsal surface that is com-
pletely scarred (e.g., Figures 8: 1, 11-14; 9: 1-2, 4, 16, 19-23; 10: 1, 3, 5-7, 10, 16). They
come from the advanced phase of the exploitation of cores and are characterized by the
orientation of the scar following the direction of knapping (Table 4). They are dominated
by specimens with trapezoidal and triangular cross sections. The number of the remain-
ing blades with the dorsal surface completely scarred—that is, specimens with flake scars
perpendicular to the axis, or crested (Figure 7: 5-6)—is incidental (3 items, 1.91% of the
total; see Table 4). The blade assemblage also contains a relatively small quantity of fully
and partially cortical specimens (53 specimens in total; 32.71% of the total). There is only
a slightly higher frequency of blades that are longitudinally cortical, which is the result
of the expansion of the flaking surface onto the cortical sides of the cores. There are 27
examples of this, constituting 17.20% of all blades (e.g., Figures 7: 12, 16; 8: 4,7, 15, 19;
9:6-8,12-13,15,18).
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Figure 8: Opatodw, Site 2. Selection of
artifacts from Feature 35.
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Figure 9: Opatdw, Site 2. Selection of
artifacts from Feature 37.
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Table 4. Opatodw, Site 2. Differentiation of the dorsal surfaces of blades, their fragments
and tools made from blades.

Specimens N %
Cortical blades:

a) completely 2 127
b) longitudinally 27 17.20
c) partially 24 15.29

Completely scar blades:

a) negatives parallel to the axis 101 64.33
b) negatives perpendicular to the axis 3 191
Total 157 100.0




The vast majority of the blades have one-, two-, or multi-negative butts—that is,
butts formed by single or few removals and very often showing signs of faceting. This is
reflected in the morphology of the butts and, more precisely, in their shape and height.
The vast majority of the analyzed specimens have flat or slightly concave butts, with an
outline that is most often broadly triangular or lenticular (e.g., Figures 8: 12, 14; 10: 1-2).
On the other hand, there are very low frequencies of specimens with cortical and linear
butts. These data from blade butts confirm the information provided by an examination of
the cores about the widespread use of treatments aimed at the preparation of the striking

platform and correction of the core angle during the use of the cores.
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Figure 10: Opatdw, site 2. Selection of
artifacts from Feature 37.
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Table 5: Opatdw, Site 2. Structure of

items of the third morphological group.

Specimens N %

Flakes 48 58.56
Chips 34 4] 44
Total 82 100.0

Table 6. Opatow, Site 2. Differentiation

of the dorsal surfaces of flakes.

Specimens N %
C letel

ompretel 6 125
cortical flakes
Partially

) 24 50.0

cortical flakes
C letel

ompietely 18 275
scar flakes
Total 48 100.0

Figure 11: Opatdw, Site 2: Selection of
artifacts from Features: 40 (1-7,14), 35
(12), and 37 (13), as well as from trench

1924/1929 (8-11).
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Flakes and chips

Flakes and chips are the second largest group of obsidian products in the analyzed in-
ventory (82 specimens, 31.06% of the entire collection; Figure 2). More than half of the
finds in this category are flakes (48 items; see Table 5), including mainly whole specimens
(39 items). The remaining finds (34 items) are mostly microlithic chips—usually not
exceeding 7 mm in length.

The analysis of the dorsal surfaces of the flakes shows a very high proportion of fully
and partially cortical specimens (30 items, 62.5% of the total; see Table 6). They are the
remains of both the initial preparation of the cores, as well as core rejuvenation actions
(including mainly the striking platforms) during the exploitation (Figures 6: 4; 11: 12).
The products of the process of the rejuvenation of the striking platforms of blade cores
are also present among the specimens with completely scarred dorsal surfaces (Figure 6:
6; 11: 13). In a single case, there was a partially cortical flake (Figure 11: 14), which was
struck from the striking platform of a blade core, removing part of its flaking surface. This
specimen is most likely a remnant of an unsuccessful attempt to remove a blade following
the orientation of the basic plane of exploitation of the core. However, it is also possible
that it comes from an early stage of the intentional transformation of a blade core into

a flake form.




The analysis of the butts of the flakes indicates that the largest group consisted of
specimens with the butts formed by a single or few strikes (23 items in total, 56.10% of
the collection; see Table 7). This corresponds to the frequent use of core rejuvenation
procedures, including core renewal, platform rejuvenation, as well as core reorientation,
documented in the collection. Flakes with cortical butts (13 items, 31.71% of the total)
constitute a slightly less numerous yet also an important group in the assemblage. These
were recorded mainly in the case of platform rejuvenation flakes struck from the sides
of the core. In turn, the specimens with linear butts constituted the lowest percentage
in the set (Table 7).

Retouched tools (implements)

The last category of obsidian finds in the assemblage are typological tools, represented by
a total of 12 items, constituting 4.55% of the entire inventory (Figure 2). Among them,
the most numerous group is retouched blades (7 items). In most cases, these are blades
with backs that are completely scarred (with the orientation of the scars parallel with the
direction of knapping), with very fine retouching. Retouching is located on the positive or
negative side and includes straight (Figure 11: 7) or concave (Figures 10: 15; 11: 8) edges, a
few or a dozen millimeters long. Only in two cases was retouching found on longitudinally
cortical specimens (Figures 7: 16; 8: 20). The collection of prepared obsidian tools from
Opatéw is supplemented with five retouched flakes, represented by both fully cortical
specimens, as well as platform rejuvenation flakes and ordinary, completely scarred flakes
(Figure 8: 21). They show no regularities neither in terms of technological origins or sizes
of individual specimens nor in terms of the location and method of retouching and the

course of the retouched edge.

EDXRF analysis and results

In our analysis, 264 obsidian artifacts from Opatéw were subjected to energy dispersive
X-ray fluorescence (EDXRF) analysis using a QuanX EDXRF spectrometer, with instru-
mental setting and analysis conditions identical to those reported by Hughes and Werra
(2014), Hughes and colleagues (2018), and Hughes and Ryzhov (2018).

Figure 12 presents Sr vs. Zr composition data for the 69 artifacts that were large
enough to generate quantitative composition estimates, while Figure 13 is a ternary dia-
gram plot of the relative proportions of Rb, Sr, and Zr in the other 195 Opatéw artifacts
that were too small for reliable quantitative analysis (i.e., those < 10 mm in diameter and
< ca. 1.5 mm thick; see analysis protocol in Hughes 2010).

The quantitative composition data for large artifacts appear in Supplement A, and
data for smaller specimens are listed in Supplement B. Figures 12 and 13 present the
results in diagrammatic form, documenting that all artifacts analyzed were made from
obsidian of the Carpathian 1 chemical type, which occurs in the Zemplén Mountains in

southeast Slovakia. These results correspond very well with the results so far obtained
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Table 7. Opatdw, Site 2. Differentiation

of the butts of flakes.

Butts N %
Cortical 13 3171
Plain 20 4878
Facetted 3 732
Linear 12.20
Total 4] 100.0
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Figure 12. Sr vs. Zr composition of 69
large obsidian artifacts from Opatdéw.
Dashed lines represent the range of
variation of composition measured in
archaeologically significant geological
reference samples (adapted from
Hughes and Werra 2014: Figure 5). The
symbols plot the artifacts listed in
Supplement A.

Figure 13. Normalized Rb/Sr/Zr
composition of 195 small obsidian
artifacts from Opatdow. Dashed lines
show the range of composition variation
measured in archaeologically significant
geological reference samples (adapted
from Hughes and Werra 2014: Figure 5).
The symbols plot the artifacts listed in
Supplement B.
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from adjacent areas (see Bir6 2014; 2018; Constantinescu et al. 2014, 148; Kabacinski et
al. 2015; Burgert et al. 2017; Riebe 2019; Szeliga et al. 2021; Werra et al. 2021). Therefore,
no source-specific differences within or among different Opatéw technological, morpho-

logical, or typological groups were identified by EDXRF analysis.

Summary

As stated above, EDXRF analysis did not reveal any source-specific differences within
or among different morphological or typological groups. The morphometric character-
istics of the obsidian products from site 2 in Opatéw indicate that the processing of this
material within the site was most likely concentrated only on the acquisition of very fine,
even microlithic, blades as flake and blade blanks. This is indicated both by the presence
of only blade core forms in the collection, as well as the dominant frequency of blades in
the overall structure of the entire inventory (Figure 2). The flakes, which also constitute
alarge number of the finds, most often represent the residues of various preparatory and
rejuvenation operations undertaken during the exploitation of blade cores (Figures 6: 4,
6; 11: 12-13).

The cores were exploited sparingly, as evidenced by the very rare use of prepara-
tory treatments. This manifests itself both in the cores themselves, as well as in the low
proportion of technical debris, i.e., the crested (Figures 7: 5-6; 11: 2), as well as the fully
cortical blades and flakes (Tables 4 and 6). The core preparation mostly affected the
striking platforms of the cores, and only sporadically their remaining parts. On the other
hand, various types of rejuvenation procedures, undertaken during the exploitation of
the cores, were used slightly more often. Maintaining an appropriate striking angle and
leveling up of the platform edge enabled the effective production of a semi-raw material
of appropriate dimensions and slenderness. The care for the most effective use of the
cores is also confirmed by quite frequent changes in their orientation.

After knapping, blades and flakes were seldom processed into retouched tools, which
allows us to conclude that they were the main product of the knapping process. Their very
sharp edges made them suitable for various types of work—in particular, for cutting soft
and medium-hard raw materials (Hurcombe 1992). The limited scope of use of obsidian
tools may also be indicated by a very small degree of typological diversity of the prepared
tool forms, represented only by retouched blades and flakes. Due to the microlithic size, as
well as the high fragility of obsidian, these blades and flakes were probably used after prior
hafting. An indirect confirmation of such a conclusion may be the clear preponderance
in the assemblage of blade fragments over whole specimens (Table 3). This may indicate
that the blades were deliberately broken before hafting in order to remove their most
curved (top) and thickest (butt) parts. These hypotheses, however, require verification
in the course of further use-wear analyses and experimental work.

The scope of obsidian treatment documented at Opatéw, as well as the morphological
structure of the collection and the frequency of individual product categories, does not
differ to any significant extent from other Neolithic obsidian inventories known from
sites on the northern side of the Carpathians (e.g., Milisauskas 1986; Michalak-Scibor
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1994; Szeliga 2007, 2009; Wilczynski 2010, 2014a, 2014b; Szeliga et al. 2019, 2021).
Some differences are observable only on the metric level, especially noteworthy in the
small dimensions of the cores and the semi-raw blade material obtained from them. The
question of whether they are only a natural and unintended reflection of the small size of
nodules (and cores?) delivered to the settlement, or a conscious and planned production
goal (determined, for example, by practical needs or cultural conditions), unfortunately,

remains without an unequivocal answer.

Conclusions

Nearly 100 years have elapsed since the first excavations at site 2 in Opatéw and half a
century since the publication of the lithic assemblages from this site (Wieckowska 1971).
Despite the passage of time and the layers of dust on the boxes with artifacts, this site still
contains important knowledge about the past. We have tapped some of that information
through instrumental analysis of the obsidian, which shows broad similarities between
and among Middle Neolithic communities.

The EDXRF analysis of the Opatéw artifacts confirmed the previously documented
role of Slovakian obsidian outcrops in the economy of Neolithic communities of Central
and Eastern Europe (Bir6 2014). The technological and morphological analyses presented
here show that the use of this raw material by prehistoric communities at site 2 in Opatéw
does not differ, to any significant extent, from other Neolithic obsidian inventories known
from sites on the northern side of the Carpathians. Nevertheless, it is worth noting that
the obtained flake and blade blanks were the desirable final product, rather than other
tools (e.g., end-scrapers, burins, perforators) that are very typical and common at other
sites of this period. The only recorded treatments are rare retouching and intentional
breaking to obtain the desired straight fragment.

The lithic inventory from Opatdéw contains 5,791 items, including 508 tools. The
assemblage at Opatéw is dominated by “chocolate” flint artifacts (88%); 5% are made from
obsidian, 2% from Jurassic-Cracow flint, and 5% are burned specimens for which the raw
material could not be determined (Wieckowska 1971). This raw material is considered
to be one of the highest-quality siliceous rocks in East-Central Europe, as is evidenced
by its extensive use by prehistoric communities from the Paleolithic to Bronze Age, and
even up to the Early Iron Age (Werra and Kerneder-Gubala 2021). This abundance of
very high-quality raw materials (the deposits of “chocolate” flint are located ca. 55 km
from Opatéw) immediately raises the questions of why, and for what purposes, obsidian
was necessary. One can imagine that all the specimens were brought together with the
first wave of “colonizers” from the south. The technological analysis showed that the
processing of obsidian was very purposeful; the Neolithic communities at Opatow knew
how to handle this raw material, achieve the intended forms, and use them as tools.
Along with the strong influences of the Stroked Pottery Culture, it seems likely that for
the Lengyel culture and the communities from the Upper Tisza river basin, the use of
obsidian was one of the material elements that marked social distinctions within and

among the Samborzec-Opatéw group. These socially driven factors probably influenced



the technology of processing this raw material, as well as the use of the flake and blade
blanks as a finished tool. Such distinctions were not registered in other tools, which were
made predominantly of “chocolate” flint.

Apart from purely technological questions, instrumental analysis of obsidian allows
us to consider whether obsidian was necessary for those communities, if it was required
to complete a tradition or ritual, or if it had a culture-forming value. Was it an element
through which a connection could be made with the ancestors? Was it symbolic of one’s
homeland, carried forward to make the new place like home (Mateiciucové 2010; Burgert
2016)? Perhaps the obsidian tools were used for other purposes than tools made from
the local raw material (see Malecka-Kukawka 2001; Pyzel and Was 2018; Szeliga et al.
2021). These differences could have been conditioned both by practical (functional) and
non-utilitarian (symbolic, ritual) considerations.

We hope that the experimental and use-wear analysis we have conducted on the
obsidian finds from Opatéw will assist in discovering other material cultural linkages
among prehistoric communities in the area. The old, dusty boxes of artifacts from Opatéw
allow us to ask new questions—from new perspectives—about status, social ranking,
and the value of obsidian among the Neolithic communities in the first half of the fifth

millennium BC.
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Abstract

‘We characterized 42 obsidian samples from the Baantu obsidian source in southwestern
Ethiopia, including 25 outcrop samples and 17 surface artifacts, using portable X-ray
fluorescence (pXRF) spectroscopy. We then compared these source data to 116 obsidian
artifacts from Mochena Borago Rockshelter. Results indicate that at least three geo-
chemical source clusters are represented at the Baantu source: one derived from sampled
outcrops and two deriving from as-yet unknown source locations. Comparing these data
to obsidian artifacts at Mochena Borago excavated from levels dated to > 50 ka and ~44 ka
BP, early levels dating to > 50 ka preserve obsidian from as many as six as-yet unidentified
sources, while Baantu obsidians were in the minority. By ~44 ka cal BP, Mochena Borago
occupants procured most, if not all, of their obsidian from the Baantu source. Compar-
ison to regional published obsidian source data suggests little, if any, procurement from
northern sources within the Ethiopian Rift. We need more regional survey and artifact

characterizations to identify the spatial scale and directionality of stone procurement in
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Figure 1. Study area including
Gadamotta-area/Ziway-Shalla obsidian
sources analyzed by Shackley and Sahle
(2017). Inset shows location of Mochena
Borago Rockshelter. Basemap from the
MERIT DEM (Yamazaki et al. 2017).
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this area, but these data provide evidence that the occupants of Mochena Borago Rock-
shelter engaged with a variety of stone raw materials across periods of major ecological

and likely social change in the Late Pleistocene Horn of Africa.

Introduction

The Horn of Africa is one of the posited routes by which Homo sapiens populations dis-
persed across and eventually out of Africa during the Late Pleistocene (128-14 ka BP;
see Beyin 2006; Groucutt et al. 2015; Shanahan et al. 2015; Stewart and Jones 2016). Ob-
sidian sourcing can reveal behavioral patterns, particularly of material procurement and
transport, during important periods of human evolutionary and demographic change.
However, the relationship between lithic procurement at obsidian sources and consump-
tion at archaeological sites remains poorly understood in most time periods due to the
small number of geochemically characterized obsidian sources and artifactual obsidian
assemblages in this part of the world.

The Baantu obsidian source lies ~18 km southeast of the city of Sodo in the Wolaita
Zone (SNNPR) of southern Ethiopia (Figures 1 and 2). It is ~1-2 km? in surface area and
composed of obsidian outcrops, exposed primarily by seasonal erosion, and extensive scat-
ters of surface artifacts. Early and Middle Stone Age artifact types on the Baantu surface
suggest that local lithic production was established by the late Middle Pleistocene (de la
Torre et al. 2007; Schepers 2019). Today, local craft specialists use Baantu obsidian to pro-
duce hide scrapers, and others excavate this obsidian for household construction materials.

% ® Obsidian sources
-~ SMER volcanic centers §




Baantu was also a major source of toolstone for the occupants of Mochena Borago
Rockshelter from > 50 ka to ~1,500 BP (located ~20 km northwest of Baantu; see Lesur et
al. 2007; Brandt et al. 2012, 2017, 2023; Negash 2022), and for those at Sodicho Rockshelter
from ~27 ka BP onward (located ~60 km northwest of Baantu; Hensel et al. 2021). To
understand the context for these kinds of rockshelter occupations in Africa, which may
date to periods of extreme global aridity such as Marine Isotope Stage (MIS) 4 (~73.5-60
ka BP) and MIS 2 (28-14 ka BP; see Hessler et al. 2010; Shenahan et al. 2010 ), Brandt and
colleagues (Fisher 2010; Brandt et al. 2012) have posited that during arid periods of the
Late Pleistocene, hunter-gatherers retreated into the southwestern Ethiopian Highlands,
an area whose stable rainfall would have sustained ecological refugia. Although we do not
aim to test this hypothesis per se, we discuss below the extent to which obsidian source
data can be used to refine such a hypothesis at the local and regional scales.

Archaeologists have used energy dispersive X-ray fluorescence (EDXRF) spectros-
copy to characterize trace elements in Ethiopian obsidians for many years (Kurashina
1978; Negash and Shackley 2006; Negash et al. 2006, 2007, 2010, 2011; Shackley and
Sahle 2017; Zena et al. 2021). However, to our knowledge, only one published study used
a portable X-ray fluorescence (pXRF) instrument (Arthur et al. 2019). Several authors
have discussed issues surrounding the precision, validity, and uses of trace elemental data
generated by pXRF (Frahm 2013a,b; Speakman and Shackley 2013). However, pXRF
analyses have improved dramatically over the past 10 years as knowledge of regional
obsidian geochemistry has grown and analysts have refined the analytical techniques
involved (Frahm et al. 2017; Frahm 2019; Johnson et al. 2021).

In this study, we identify the range of variation in trace elements at the Baantu source
from a variety of samples, including both outcrops and surface materials. We then use
these data to identify variation in obsidian procurement at Mochena Borago Rockshelter.
By analyzing both outcrops and surface materials at Baantu, we identify the geochemical
variability within a major obsidian source. By comparing earlier and latter periods of
obsidian use at Mochena Borago, we identify a shift from diversity to consistency in

obsidian use during the Late Pleistocene.

Regional geology and research background

The Main Ethiopian Rift (MER), subdivided into Northern, Central, and Southern sectors
(NMER, CMER, and SMER), is a symmetrical graben system in which Late Oligocene
to Late Pleistocene (~32-0.13 ma) volcanic eruptions overlay older crystalline basement
rocks. In some areas, lavas from these eruptions have extruded through Pleistocene alluvial
sediments (WoldeGabriel et al. 1990: 442). Negash and colleagues (2020) geochemically
characterized 45 Ethiopian obsidians using electron microprobe analysis (EPMA), as well
as thin-section petrography. They found that most were rhyolitic, while a few were tra-
chyte and dacite. In the SMER, east of Sodo, at least nine separate volcanic centers (Figure
1; see Chernet 2011) range in age from Late Pliocene to Late Pleistocene. Those closest
to Mochena Borago and Baantu include Mt. Damota (where Mochena Borago is located,
~2.9 ma; WoldeGabriel et al. 1990), the Hobicha Caldera (~1.57 ma; Chernet 2011), and
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Mt. Duguna Fango (~460-430 ka; Bigazzi et al. 1993). Hobicha and Duguna Fango are
part of the Wonji Group fault system, which consists of a variety of mostly rhyolitic lava
flows, pyroclastic rocks, and volcanoclastic sediments dating to < 1.6 ma (Kazmin 1979;
WoldeGabriel et al. 1990). Baantu Hill was formed by lava flows and other volcanoclastic
materials protruding from the southern inner rim of the Hobicha Caldera. What we call
the Baantu obsidian source area is centered on a large erosional area on the northern face
of Baantu Hill. It includes both outcrops and obsidian lithic artifacts located on, and in

some cases completely covering, the surface of the hill slope (Figure 2).
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Figure 2. The Baantu source area. The top of Baantu Hill is in the SE and the Bisare River is NE. Black dots are obsidian outcrop samples,
and white circles represent surface collections. Inset represents study area shown in Figure 1. Basemaps from ESRI Satellite (ArcGIS/

World Imagery).
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Seasonal tributaries of the Bisare River, which flow eastward into the Bilate River,
have exposed obsidian outcrops at the Baantu source. The sediment profiles revealed by
this erosion resemble those described elsewhere in the Hobicha Caldera by Benito-Calvo
and colleagues (2007). These include a Lower Unit of yellowish coarse grain sediments, a

Middle Unit of red-brown silts, sands, and clays (these clays are mined today at Baantu for
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pottery production; see Figure 3), and an Upper Unit of white sands and soils. At Baantu,
the Middle Unit also contains erosional contacts, buried soils, pyroclastic sediments, and
rich lenses of obsidian artifacts (mostly the results of primary-stage reduction but also

many cores and some shaped bifaces; see Figure 4). We have not observed lithics in the

Lower Unit at Baantu.

Figure 3. The Baantu source area including A) obsidian outcrops, B) surface lithics, and C) Middle Unit (sensu Benito-Calvo et al. 2007)
red-brown clays mined today for pottery production.

Figure 4. Baantu stratigraphy. White
bars on the right delineate Lower Unit
yellowish coarse sediments, Middle
Unit red-brown silts/clays, and Upper
Unit white sands and plow zone soils
(Benito-Calvo et al. 2007). Arrows point
to obsidian artifacts buried at Lower/
Middle Unit contact and Middle/Upper
Unit contact. Olivia Kracht (163 cm) for
scale, goat's height unknown.
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According to locals, “Baantu” was a previous Oromo owner of Baantu Hill. In the
Oromo language, the long “aah” sound is typically spelled with two As, so here we prefer
this spelling over “Bantu” (Negash et al. 2020; Negash 2022). Baantu contains obsidian in
two contexts: A) outcrops exposed either by erosion or mining and B) surface materials
including naturally eroded obsidians, quarrying debris, and artifacts. All toolstone-quality
outcrops identified for this study have seen intensive quarrying and some removal of sedi-
ments to access toolstone. Some surface materials were also clearly recycled and reused, as
many artifacts preserve evidence of more recent flake removals over neocortex (Figure 8).

De la Torre and colleagues (2007) identified 23 ESA-LSA sites in one of the few
archaeological surveys of the area. They described one “Acheulean” site (A-9) eroding
from the lower Middle Unit. The other sites contained artifacts typical of Middle or Later
Stone Age contexts. Schepers (2019) has also discussed a “twisted” biface manufacturing
strategy appearing throughout the Hobicha area. Large bifaces like these are typically
the most heavily patinated and devitrified obsidian artifacts on the surface at Baantu.
Other surface artifacts include a wide variety of Levallois cores. These include "classic"
preferential types, recurrent Levallois, and "Nubian" Levallois cores, types 1 and 2 (sensu
Van Peer 1992, Rose et al. 2011). East of the Baantu source area on Baantu Hill, there are
also recently abandoned habitation sites, which are likely those of hideworkers who still
visit the area today to collect raw materials.

In 2008, the Southwest Ethiopia Archaeological Project (SWEAP) began collecting
Baantu obsidian samples for pXRF characterization. In 2014 SWEAP excavated a 2 x 2
meter unit immediately west of the northward eroding sediments, described above. This
excavation unit cut through the Upper Unit plow zone and the upper levels of the Middle
Unit. Excavators uncovered dense concentrations of obsidian artifacts, which were mostly
the results of primary stage lithic reduction, as well as a few more intensively reduced
cores and rare shaped tools. Based on nearby erosional profiles, this upper lens appears
to be one of several stratified within the Middle and Upper Units (Figure 4). Deeper
lenses appear several meters into the Middle Unit and likely represent some of the oldest

episodes of Baantu obsidian exploitation in the area.

Obsidian sourcing studies and Late Pleistocene
obsidian procurement in Ethiopia

Many sourcing techniques have been used to characterize major, minor, and trace ele-
ments in obsidian from the Horn of Africa (Cann and Renfrew 1964; Muir and Havernel
1974; Kurishina 1978; Clark et al. 1984; Francaviglia 1990; Bavay 2000; Negash et al. 2006,
2007, 2010, 2011, 2020; Negash and Shackley 2006; Glascock et al. 2008; Ménard et al.
2014, Shackley and Sahle 2017; Arthur et al. 2019; Oppenheimer et al. 2019; Khalidi et al.
2020; Negash 2022). Studies using XRF spectroscopy have clearly identified inter-source
variation between eastern African obsidian sources by quantifying elements in the mid-Z
range—particularly, Y, Nb, and Ba (Brown and Nash 2014; Shackley and Sahle 2017).
However, as Shackley and Sahle (2017) note, there can be a high degree of overlap within

these elements—particularly within areas of geographically overlapping and temporally



confined volcanism, such as the SMER. Source standards employed in XRF calibrations,
many of which are still derived from North American obsidian, need to be carefully eval-
uated or augmented when attempting to quantify obsidian geochemistry in these regions
(see also Frahm 2019). In some cases, sources can be differentiated through methods
combining both geochemical fingerprinting and forensic “’Ar/*Ar dating (Vogel et al.
2006) or magnetic susceptibility (McDougal et al. 1983; Hillis et al. 2010).

Long-distance stone transport and regionalization in manufacturing traditions
are hallmarks of the so-called Middle Stone Age and the emergence of modern human
behavioral complexity and variability in Africa during the Middle and Late Pleistocene
(Clark 1988; McBrearty and Brooks 2000). Obsidian sourcing studies across eastern Af-
rica have shown that Early-Middle Pleistocene obsidian procurement (~1.7-0.3 ma) was
primarily localized and directed at certain preferred sources (Negash et al. 2006; Piperno
2009; Shackley and Sahle 2017). Middle-Late Pleistocene sites, especially those dating to
< 100 ka BP, often preserve higher proportions of obsidian and a mix of localized and
long-distance obsidian transport (Negash and Shackley 2006: Negash et al. 2007, 2010;
Ambrose 2012; Hensel et al. 2021).

McBrearty and Brooks (2000) have suggested that increased transport distances
exceeding 300 km likely indicate exchange rather than direct procurement of materials.
However, a relatively high proportion of more distant materials (that is, relative to locally
available sources) may also indicate prolonged rather than down-the-line exchange (Am-
brose 2001). In Ethiopia at the Late Pleistocene site of Porc Epic, Negash and Shackley
(2006) identified obsidian transport over 250 km, and transport distances exceeding 250
km have also been identified in Kenya (Blegan et al. 2017: Brooks et al. 2018). However,
at many sites dating to the Late Pleistocene and Early Holocene, obsidian procurement
seems to have been highly localized (Brandt 1982, 1986; Negash et al. 2007; Ménard et al.
2014; Ossendorf et al. 2019; Hensel et al. 2021). To understand the circumstances under
which direct procurement or trade might have been preferred, we must identify available

obsidian sources and explore the occupation histories recorded at deeply stratified sites.

Mochena Borago Rockshelter

Mochena Borago is a large rockshelter on the southwestern slopes of Mt. Damota, a
trachytic volcano on the western margin of the SMER dated to ~2.9 ma (Figure 1; Wolde-
Gabriel 1990). In the 1990s, a French team investigating early food production excavated
the Holocene deposits at the site (Gutherz et al. 1998; Gutherz 2000; Lesur et al. 2007).
Since 2006, SWEAP has excavated the Pleistocene deposits; and between 2009 and 2014,
SWEAP was joined by members of the University of Cologne’s Collaborative Research
Center (Brandt et al. 2012, 2017, 2023).

The French team dated the Holocene deposits to between ~6 ka and 1,500 BP (Lesur
etal. 2007). SWEAP later identified and dated several lithostratigraphic units (LSU) be-
low these deposits, naming these “groups.” SWEAP dated the LSU below the Holocene
deposits to at least 36.6 ka BP (Brandt et al. 2017), suggesting a major unconformity in
the depositional sequence. The Late Pleistocene stratigraphic sequence of LSU in this

Chapter 5: Smith et al.

97



Reflections on Volcanic Glass

area of the shelter (called “MB1”) was eventually dated to between > 49 and 39.6-36.6 ka
(Bayesian model BP age ranges) via 56 radiocarbon dates (Figure 5; see Brandt et al. 2017).
The 35 artifacts from MB1 discussed in this study come from an LSU called “S-Group” in
excavation unit H9, which has been dated to between 46,136-44,790 and 45,879-43,885
(Bayesian age range BP; see Brandt et al. 2017: 364; see Table 4; Figure 5).
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Figure 5. Mochena Borago excavation areas (left), and MB1/MBS5 lithostratigraphic units (right) analyzed here (adapted from Brandt et al.
2023). Pleistocene MB5 dates are Bayesian Model BP age ranges (Brandt et al. 2017), while Holocene dates come from Lesur et al. (2007).
Red rectangles indicate the location of analyzed samples.

Since 2012, SWEAP has focused excavations on southern areas of the shelter (Figure
5,“MB5”). These depositional sequences are more complex than those in MB1, with some
variation between excavation units. The 87 MB5 artifacts analyzed in this study come
from a single trench (N42) in the northern sector of MB5. A detailed review of the MB5
depositional sequence is published in Brandt et al. 2023. Radiometric dates for MB5 come
from a dark brown stratum in N42 called ADR. It contained charcoal samples, which
provided two uncalibrated C14 dates—the oldest dates at the shelter (> 55.5 ka BP and >
49 ka BP, Keck Carbon Cycle AMS Facility, University of California, Irvine).

Prior to this study, there was some evidence to suggest that occupants of Mochena
Borago Rockshelter acquired their raw materials from different sources at different times,
but no systematic attempt had yet been made to compare obsidian procurement between
older and younger deposits at the site. Warren (2010) was the first to analyze obsidian ar-
tifacts from Mochena Borago, specifically from R-Group in MB1, using pXRF. Her results
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suggested that most of the MB1 obsidian artifacts were derived from Baantu obsidians.
She also identified two unknown geochemical groups. Negash (2022) also identified two
unknown geochemical groups while analyzing the Holocene materials from the French
excavations using an electron probe micro-analyzer (EPMA). Finally, prior to the analyses
in this study, excavators working in the deepest (and presumably oldest) levels of MB5

had noted relatively less obsidian overall.

Methods: sampling, EDXRF machine
instrumentation, and data comparison

Trace element data collected in this study come from A) geological samples that Smith
struck directly from Baantu obsidian outcrops in 2020, B) artifacts SWEAP collected from
the Baantu surface between 2014 and 2020, and C) artifacts from Mochena Borago. We
compared these data to other XRF data from sources north of the current area, specifically
in and around the Gademotta caldera (Shackley and Sahle 2017).

SWEAP began analyzing Baantu surface samples using the project pXRF machine
in 2008. Most of the Baantu surface samples analyzed here were collected in surveys or-
ganized by loana Dumitru in 2014. In 2020, Smith collected more surface materials along
several transects centered around densely concentrated surface scatters and identified and
sampled 32 obsidian outcrops (Figure 2).

The Baantu specimens we discuss in this chapter thus include 14 surface artifacts
collected in 2014, 6 surface artifacts collected in 2020, and 25 outcrop samples collected
in 2020 (Tables 2 and 4). Various SWEAP project members collected and analyzed the
2014 Baantu surface artifacts, while Smith analyzed 25 of the Baantu outcrop samples
and 6 of the surface artifacts at the Ethiopian Authority for Research and Conservation
of Cultural Heritage (ARCCH) in Addis Ababa in 2020.

All geological source materials and artifacts discussed in this study were analyzed
on a single pXRF machine using an unmodified base-line obsidian calibration over a 12-
year duration (2008-2020; for an overview, see Johnson et al. 2021). The instrument, a
Bruker Tracer III-V +, serial number K0437, was equipped with a rhodium tube. The filter
was composed of 1um Ti, 12um Al, 6pm Cu. It records MnKal, FeKal, ZnKal, GaKal,
ThLal, RbKal, SrKal, Y Kal, ZrKal, and NbKal. The instrument was recalibrated on
November 6, 2017, using the Bruker/MURR 40 standards, a LucasTooth regression
method (Ferguson 2012; Johnson etal. 2021; Glascock 2020). Each geological and artifact
sample was > 3mm thick, with a fresh break where possible, and large enough to cover
the 3 x4 mm X-ray spot size. Spectra were recorded once for each sample using Bruker’s
accompanying software SIPXRF at 40 kV in 180-second intervals. Several operators,
mostly students, used the instrument over those 12 years; thus, some operator error may
have influenced data recording (e.g., uncleaned surfaces, inadequate artifact placement)
and subsequent interpretation of results (see below).

Various SWEAP project members, including Smith, analyzed MB5 artifacts from
the levels 22-24 of units N42E35 and N42E35.0-5 between 2014 and 2018 (n = 87). These
artifacts included both plotted finds and screened materials and consisted of a variety of

debitage and shaped tools. Because various analysts collected the data, random sampling
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could not be guaranteed, but analyzed artifacts generally included a variety of shaped
tools and debitage amenable to XRF characterization (see above). XRF spectra could not
always be taken on a clean break, but all artifacts were washed, > 3mm in thickness, and
large enough to cover the 3 x 4 mm X-ray beam.

Andrea Warren (2010) analyzed 35 artifacts from excavation unit H9 in MB1 (repre-
senting a 10% random sample of H9 artifacts from levels 37, 38, 39, and 45) in 2007-2008.
However, when Warren analyzed these artifacts, the machine was in beta field testing, and
spectra were recorded with different channel-element alignments. We reexamine these
data in this study; and to compare these earlier artifact scans to the more recent assays
of the Baantu source materials, Johnson and Smith extracted raw peak counts using the
S1PXREF software version 3.8.30 after it was determined that raw counts could not be
extracted using area of interest (AOI). This was done by placing a cursor within a given
element peak at the precise keV location (e.g., Zr 15.7keV) and reading the gross peak
photon count per second per each element from Mn to Nb. This count does not delete
background noise (i.e., net count versus gross counts).

In sorting through the pre-2020 XRF data discussed here, Johnson identified a few
errors. During the earliest period of analysis (2008-2010), the pXRF instrument used
was being field tested, and, as a result, at least one source of error was introduced. The
channel to energy alignment in the software was selected incorrectly or the software was
not working correctly, which effects how raw spectral counts are converted to parts per
million (ppm). This was corrected during the time Smith was collecting data and other
studies were using this same instrument (Arthur et al. 2019). In addition to this source of
error, the ppm conversion process was also being refined by Bruker Elemental. Because
this instrument was one of the first to leave the factory, the original ppm calibration equa-
tion worksheet had to be refined slightly by updating the known values for the 40-standard
set. It was corrected in 2017 by Lucas R. M. Johnson and Bruce Kaiser in the XRF lab at
Far Western Anthropological Research Group and then returned to SWEAP for use in
this study from 2018 onward. During the recalibration process, the USGS RGM-2 pressed
pellet standard was analyzed 16 times to show the relative accuracy of the calibration on
an independent international reference standard (Table 1). In addition, all prior spectra

were converted to ppm through the revised calibration worksheet.

Results

Obsidian samples from Baantu, including outcrop samples and surface artifacts, reveal
variability in the overall source signature that we attribute to the Baantu area (Figure 6;
Table 2). Here, we identify at least three distinct geochemical groups at the Baantu source:
the cluster revealed by the Baantu outcrops (38 samples, or 90%), Unknown Group 1
(3 samples, or 7%) and a single artifact representing Unknown Group 2 (2%). Previous
analysists also misidentified a piece of black chert, which we include in Table 2 for com-
parison. The major differences between Baantu outcrop geochemistry and the unknown
groups are in Rb, Y, Zr, and Nb content (Figure 6), reflecting patterns elsewhere in the
rift (Brown and Nash 2014; Shackley and Sahle 2017).
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Table 1. Comparison between USGS RCM-2 Reference Standard and Concentrations (ppm). Measured on Quant'X and Bruker Tracer

[11-SD EDXRF Instruments. Table by Johnson.

OBSIDIAN
SAMPLE Mn Fe Zn Ga Rb Sr Y Zr Nb Ba Ti
' SOURCE

RCM-2 273 13,008 33 16 147 108 24 222 9 842 0.15

Glass Mtn,, CA
(recommended)®  *8 1273 +) ] +5 +5 +) +17 +0 +35  +0.0I
RGM-2 (n=1) 246 12,546 40 15 149 107 28 226 12 884 1,580

Glass Mtn,, CA
(measured)® 16 +56 +3 +] +3 +3 +2 +4 +3 +3] +5]
RGM-2 (n=16) 209 11,750 33 18 139 95 25 200 9

nm nm Glass Mtn,, CA

(measured)e 82 £312 £12 +2 +3 +6 +3 +6 +)

Notes:? USGS RGM-2 (Wilson 2009); ® Measured on an EDXRF Quant’X, care of University California Berkeley Archaeological
Research Facility in 2014; < Measured on Bruker Tracer Ill1-V K-0437, average of 16 runs at 90 seconds each. nm = not measured.
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Figure 6. Element scatterplot matrix of
all materials collected at the Baantu
source. Outcrop samples are black dots
and surface collections are open circles.
95% confidence ellipses were generated
from the Baantu outcrops and surface
materials, the latter of which preserve
two as-yet unknown source groups.
Figure by Smith and Johnson.
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Table 2. Summary of ppm for all specimens collected at the Baantu source, including one piece of black chert.

Geo- Sample
chemical p Specimen Mn Fe Zn Ga Th Rb Sr Y Zr Nb

Location
Group
Baant
M o uterop BA_4 1724 38470 268 29 37 187 4 154 155 29I
Outcrop
Baant
MY Outerop BA_S 1794 38786 273 30 4 185 4 147 1543 286
Outcrop
Baant
MU S terop BA_6 712 36001 252 29 38 179 4 150 1473 274
Outcrop
Baant
2 o uterop BA_7 1696 37832 253 28 41 188 4 152 1541 283
Outcrop
Baant
2 outerop BA_8 724 37310 270 29 34 184 3 153 1507 282
Outcrop
Baant
MY Sterop BA_9 1843 38009 253 31 39 190 3 152 1535 29I
Outcrop
Baantu

Outcrop BA_1O 1680 37036 240 31 4 186 3 153 1577 285
Outcrop
Baant
2N Outerop BA_T 1642 33598 238 30 38 168 O 138 148 262
Outcrop
Baant
2N outerop BA_I2 1643 35679 260 29 38 173 2 138 1459 275
Outcrop
Baant
MY outerop BA_I3 1734 39444 270 30 40 193 3 156 1597 303
Outcrop
Baant
2 oOuterop BA_l4 1828 39475 292 32 40 192 3 159 1560 293
Outcrop
Baant
MY O terop BA_I5 1507 38410 253 31 4 186 2 154 1505 286
Outcrop
Baant
MY oOuterop BA_17 75 36660 249 29 37 1775 5 149 1480 274
OQutcrop
Baant
2 outerop BA_I8 1669 38953 263 30 4 192 3 156 1558 289
Outcrop
Baant
MY Outerop BA_20 1758 36754 255 30 40 176 3 153 1489 280
OQutcrop
Baant
2N S terop BA_2I 1786 39154 262 28 39 196 1 153 1582 294
OQutcrop
Baant
2 outerop BA_22 761 39128 265 32 38 191 4 157 1567 289
Outcrop
Baant
M outerop BA_23 728 39289 274 30 40 192 4 161 1567 295
Outcrop
Baant
MY Oterop BA_24 1641 3619 255 30 37 186 1 151 1531 282
OQutcrop
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Table 2. Continued.

Baant
MY Guterop BA_25 1790 39362 262 28 37 191 5 160 1581 293
Outcrop
Baant
BN Outerop BA_3] 1699 36838 248 29 39 179 7 47 1472 28
Outcrop
Baant
2N o terop BA_32 1853 38770 265 31 4 191 6 156 1561 292
Outcrop
Baant
MY Guterop BA_33 1624 38184 264 33 4 182 6 150 1500 285
Outcrop
Baant
M S terop BA_35 1628 35246 250 28 37 74 1 138 450 274
Outcrop
Baant
M S uterop BA_37 791 39181 291 31 36 194 3 154 1574 285
Outcrop
Baant
et Surface BA_26 1725 40760 273 30 42 188 2 156 1546 291
Outcrop
Baant
aanty Surface BA_27 1765 37554 262 30 43 180 6 148 1502 285
Outcrop
Baant
aanty Surface BA_28 1858 42778 298 30 38 193 4 164 1600 298
Outcrop
Baant
aantd Surface BA_30 2720 36478 226 28 38 177 5 140 1451 269
Outcrop
B : BN43-Area-
aantu
o Surface A-Surface- 1502 34969 267 24 26 188 3 151 150 274
UTCro
P Collection-2
B ; BN43-Area-
aantu
out Surface A-Surface- 1641 36120 261 26 30 184 4 149 1502 282
UtTCro
P Collection-3
B : BN43-Area-
aantu
out Surface A-Surface- 1640 37055 289 24 25 199 6 152 1573 293
UtTCro
P Collection-4
B ; BN-23-Area-
aantu
o Surface A-Surface- 1631 34814 269 24 26 191 4 149 1488 289
utcro
P Collection-3
B : BN-23-Area-
aantu
out Surface A-Surface- 1724 34953 261 20 31 184 3 149 1515 283
utcro
P Collection-4
B : BN-23-Area-
aantu
out Surface A-Surface- 2528 37661 279 23 32 184 5 150 1497 286
utcro
P Collection-5
B ; BN-23-Area-
aantu
Surface A-Surface- 1588 37282 291 26 29 196 3 156 1572 291
Outcrop

Collection-6
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Table 2. Continued.

Baant BN-27-Area-
aantu
Surface A-Surface- 1671 38606 282 26 28 194 4 157 1573 290
Outcrop )
Collection-1
BN-27-Area-
Baantu
Surface A-Surface- 1597 37748 296 28 28 181 3 149 1504 280
Outcrop )
Collection-2
BN-23-Area-
Black
Surface A-Surface- 430 59928 12 15 3 7 4 9 67 Il
Chert ]
Collection-2
Unknown
Surface BA_19 1848 36894 206 3 33 137 5 14 1010 205
Croup |
Unknown
Surface BA_73 2150 39172 228 29 34 143 7 17 1040 210
Group 1
BN-23-Area-
Unknown
Surface A-Surface- 1769 34155 253 25 17 143 4 121 neo 212
Croup )
Collection-1
BN43-Area-
Unknown
Surface A-Surface- 154 28272 99 22 Il 122 16 48 337 88
Croup 2 ;
Collection-1
We compared the Baantu outcrop data to Shackley and Sahle’s (2017) data from the
Gademotta area and used these data together to generate 95% confidence ellipses in JMP
in two bivariate plots of Y/Rb and Y/Nb (Figure 7). We then added the MB5 artifact
data to evaluate the percentage of Baantu vs. non-Baantu artifacts preserved in the levels
sampled from U-Group in MB5.
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Figure 7. Two bivariate plots showing the distribution of MB5 artifacts. Red source ellipses were generated from the Baantu outcrops
and from Alutu, Bora, Ficke, and Worja source data published in Shackley and Sahle (2017: Table 1). MB5 artifacts sourced to Baantu are
open circles; Nonlocal artifacts are black dots; and Unknown Groups 3-7 are open triangles. Figure by Smith and Johnson.

104



In those older MB5 levels dated to beyond radiocarbon limits (> 50 ka), hunter-gath-
erers clearly procured some obsidian (22 artifacts, or 25%) from Baantu outcrops or
surface materials derived therefrom. However, at least 65 artifacts (75%) come from up
to 6 as-yet unidentified sources (see Figure 7; Table 3). These include the Nonlocal Group
and Unknown Groups 3-7. None of these signatures match Unknown Groups 1 and 2

from the Baantu surface.
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Table 3. Summary of ppm for MB5 specimens collected 2014-2018. Note that “Nonlocal” refers to geochemical signatures that likely
correlate to sources north and east of Mochena Borago and Baantu, based on known relationships between Y and Rb and NB in the rift

(Shackley, personal communication; see Figure 7).

Chemical .

Group Specimen ID Mn Fe Zn Ga Th Rb  Sr Y Zr Nb
Baantu 91602-N42E35.0-50-1L23 1494 32566 257 24 27 185 4 136 1418 268
Baantu 91605-N42E35.0-50-1.23 1675 35471 287 24 27 184 3 158 1551 285
Baantu 91615-N42E35.0-50-1.23 1538 32923 259 23 29 186 4 145 1453 275
Baantu 71636-NA42E35.0-50-L23 1574 33652 269 25 25 197 6 148 1500 28

screened bag xrf#2

Baantu 91649-N42E35-L24 1478 33035 264 2l 25 184 5 148 1488 279
Baantu 91651-N42E35-1 24 1579 34833 299 23 28 188 3 145 1521 292
Baantu 92556-N42E35.0 -L22-xrf #9 1356 32702 270 22 28 185 6 141 1457 270
Baantu 92556-N42E35.0 -L22-xrf#10 1445 34112 267 23 26 200 6 142 1467 293
Baantu 92556-N42E35.0 -L22-xrf#13 1881 42528 299 24 24 183 5 174 1442 275
Baantu 92556-N42E35.0 -L22-xrf#17 1435 32491 255 23 22 191 6 150 1483 288
Baantu 92572-N42E35.0-50-123 1687 42599 313 23 24 77 7 171 1395 267
Baantu 92575-N42E35.0-50-1L23 1588  3445] 278 17 23 181 5 147 1485 285
Baantu 92579-N42E35.0-50-1L23 1473 33751 283 24 28 190 4 142 1481 278
Baantu 92580-N42E35.0-50-L23 1519 36250 294 23 27 193 5 148 1528 298
Baantu 92583-N42E35.0-50-123 1641 34582 278 25 28 186 3 152 1497 285
Baantu 92590-N42E35.0-50-123 1284 36370 264 2 27 180 11 148 1489 288
Baantu 92807-N42E35.0-50-1.23 1416 34264 305 23 25 178 13 144 1457 276
Baantu 92810-N42E35.0-50-1.23 1486 36417 314 24 29 201 5 160 1552 292
Baantu 92835-N42E35.0-50-1L23 1519 34356 269 22 22 191 5 143 1518 290
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Table 3. Continued.

Baantu 92850-N42E35.0-50-1.23 1532 34201 255 23 25 190 5 146 1476 277
Baantu 92861-N42E35.0-50-1.23 1310 33948 262 25 28 179 8 142 1487 28]
Baantu 92873-N42E35.0-50-L23 1708 35566 285 24 29 196 4 154 1548 289
Nonlocal 91604-N42E35.0-50-1L23 1300 32857 210 24 14 16 9 97 974 170
Nonlocal 91613-N42E35.0-50-1.23 1444 32368 239 22 17 128 3 105 1032 174
Nonlocal 91618-N42E35.0-50-1.23 1525 32785 269 22 7 126 7 m 1034 176
Nonlocal 91619-N42E35.0-50-L23 N54 45028 274 24 23 109 8 105 166 204
Nonlocal 91620-N42E35.0-50-123 1624 31787 251 22 15 19 4 103 1003 172
Nonlocal 91622-N42E35.0-50-1L23 1067 23032 183 24 19 130 4107 981 165
91636-N42E35.0-50-1L23
Nonlocal 1402 30690 21 24 15 n2 6 101 941 169
screened bag xrf#l
91636-N42E35.0-50-123
Nonlocal 1058 32888 240 26 20 142 5 124 1201 205
screened bag xrf#4
91636-N42E35.0-50-123
Nonlocal 1349 3171 258 25 19 132 8 108 1051 182
screened bag xrf#5
Nonlocal 9N641-NL2E35-1.24 1533 32117 234 25 16 128 3 15 1052 180
Nonlocal 91642-N42E35-L24 1793 35186 264 22 23 145 6 125 1225 215
Nonlocal 92556-N42E35.0 -L22-xrf#1 1566 32002 236 25 14 130 7 109 1068 186
Nonlocal 92556-N42E35.0 -L22-xrf#2 N85 33727 259 22 22 142 8 n2 160 201
Nonlocal 92556-N42E35.0 -L22-xrf#3 1522 31447 217 26 18 124 4 N4 1053 184
Nonlocal 92556-N42E35.0 -L22-xrf#4 1569 34437 258 26 17 155 5 134 1236 219
Nonlocal 92556-N42E35.0 -L22-xrf#5pdz 1252 28147 199 23 16 109 3 92 915 158
Nonlocal 92556-N42E35.0 -L22-xrf#6 1408 3121 240 25 17 131 2 1o 1059 190
Nonlocal 92556-N42E35.0 -L22-xrf#7 M2 34686 24l 23 22 159 4 128  N31 199
Nonlocal 92556-N42E35.0 -L22-xrf#8 1004 31155 212 21 16 132 6 105 1076 184
Nonlocal 92556-N42E35.0 -L22-xrf#1] 905 27946 177 23 14 104 12 100 883 152
Nonlocal 92556-N42E35.0 -L22-xrf#14 1442 29726 227 22 18 124 4 108 996 174
Nonlocal 92556-N42E35.0 -L22-xrf#15 1548 32709 221 20 19 140 6 110 1070 188
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Table 3. Continued.

Nonlocal 92556-N42E35.0 -L22-xrf#16 1583 29244 198 24 16 120 4 108 990 176
Nonlocal 92556-N42E35.0 -L22-xrf#18 1605 34445 245 25 17 135 2 1n9 1089 188
Nonlocal 92556-N42E35.0 -L22-xrf#20 1433 32456 225 23 19 121 4 16 1036 183
Nonlocal 92565-N42E35.0-50-123 1285 31087 253 25 21 140 4 127 191 214
Nonlocal 92568-N42E35-1.23 1667 33082 225 27 20 134 6 ns 1102 18l

Nonlocal 92574-N42E35-123 1377 31410 266 22 22 152 5 128 1244 215
Nonlocal 92585-N42E35.0-50-123 1298 30703 271 22 22 166 4 129 1285 240
Nonlocal 92586-N42E35.0-50-123 1469 31616 213 23 14 15 5 109 998 174
Nonlocal 92592-N42E35.0-50-1L23 1469 31695 224 22 16 131 5 109 1044 183
Nonlocal 92594-N42E35.0-50-123 676 30789 177 22 18 130 10 123 1065 188
Nonlocal 92596N42E35.0-50-123 1551 30282 226 21 14 122 4 104 952 167
Nonlocal 92599-N42E35.0-50-1L23 1426 32328 241 25 20 136 5 108 1024 174
Nonlocal 92809-N42E35.0-50-123 1462 30609 219 23 10 129 5 m 1064 187
Nonlocal 92812-N42E35.0-50-1.23 1461 32440 241 23 16 127 2 107 1032 177
Nonlocal 92815-N42E35.0-50-L23 1290 29055 220 24 14 125 5 108 1011 176
Nonlocal 92817-N42E35.0-50-123 1438 29314 223 25 18 n7 4 105 973 171

Nonlocal 92819-N42E35.0-50-1.23 1554 32214 244 26 20 125 4 n5 1069 18l

Nonlocal 92827-N42E35-123 1655 36184 265 23 19 149 4 131 1241 214
Nonlocal 92828-N42E35-L23 1014 30835 265 27 18 148 Il 124 N47 198
Nonlocal 92830-N42E35.0-50-123 126 29820 261 23 19 133 14 100 999 184
Nonlocal 92831-N42E35.0-50-1L23 1016 24298 229 21 16 19 4 104 988 175
Nonlocal 92832-N42E35.0-50-123 178 31504 191 22 18 127 8 N4 1055 181

Nonlocal 92834-N42E35.0-50-L23 1543 35440 278 26 21 44 7 124 Né68 202
Nonlocal 92847-N42E35.0-50-123 1517 33226 259 25 18 129 4 16 1075 193
Nonlocal 92851-N42E35.0-50-123 1508 34021 270 25 16 127 7 105 1055 180
Nonlocal 92863-N42E35.0-50-123 1494 33068 240 23 20 142 7 ne 144 200
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Table 3. Continued.

Nonlocal 92872-N42E35-123 1209 31678 327 22 22 148 12 123 1224 210
Nonlocal 92876-N42E35-123 1462 30427 244 26 16 145 6 N9 N48 204
Nonlocal 92878-N42E35.0-50-L23 1500 33633 225 26 16 129 2 m 1045 184
Nonlocal 92879-N42E35.0-50-123 1426 30098 240 25 19 145 4 127 N85 206
Nonlocal 92881-N42E35-123 1371 31219 242 26 22 160 4 124 1257 23]
Nonlocal 92883-N42E35.0-50-1L23 1359 34426 248 22 18 137 7 126 18 210
Unknown 91636-N42E35.0-50-L23
1734 41780 356 23 31 206 7 226 1728 338
GCroup 3 screened bag xrf#3

Unknown
92576-N42E35.0-50-L23 1844 41582 358 22 34 225 8 237 1965 386

Croup 3

Unknown
92837-N42E35.0-50-123 1740 43391 393 25 33 230 9 242 1928 365

Croup 3

Unknown
91616-N42E35.0-50-123 2213 45220 535 23 49 292 9 345 2808 542

Group 4

Unknown
92556-N42E35.0 -L22-xrf#12 2012 41145 503 23 39 259 7 316 2517 470

Croup 4

Unknown
92582-N42E35.0-50-L23 2305 45058 563 24 47 292 9 344 2789 5l4

Croup 4

Unknown
92824-N42E35-123 2163 43765 521 24 42 285 8 322 2673 486

Group 4

Unknown
91610-N42E35.0-50-123 757 25985 1 22 14 121 9 66 595 124

Croup 5

Unknown
92556-N42E35.0 -L.22-xrf#19 1043 21470 121 23 15 126 3 66 593 17

Croup 5

Unknown
91603-N42E35.0-50-1.23 662 18681 156 22 8 69 5 92 647 90

Group 6

Unknown
92814-N42E35-123. 1013 24127 232 23 13 95 13 79 731 130

Croup 7
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Here, we use the term “Nonlocal” for one of these geochemical groups, a cluster of
54 artifacts preserving relatively lower Y, Rb, and Nb (see Figure 7). Based on our under-
standing of the relationship between these elements in the MER, it is highly likely that
the geographic source represented by this cluster is closer to the northern sources than
to Baantu. Baantu has the highest Rb and Nb content of the known geographic sources,
with Y on par with Ficke. Ficke is the next closest source that has been geochemically
characterized using XRF (Shackley and Sahle 2017). These known relationships between

trace elements would place the “Nonlocal” source somewhere around Bora, Worja, or



Alutu. The Rb content of the Nonlocal Group does overlap somewhat with the Bora

ellipse, while the Nb content of a few samples overlaps with Alutu. More data is needed

from the local SMER volcanic centers to examine these relationships.

Finally, comparing Baantu geochemical groups to MB1 samples analyzed prior

to 2010 using gross peak counts indicates that the MB1 samples align with spectra

peak counts and spectral patterns from the Baantu outcrop geochemical group (Figure
9; Table 4).
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Figure 9. Peak intensity ratio matrix plot
showing H9 (S-Group) artifacts. Baantu
outcrop samples collected in 2020 form
the red 95% confidence ellipse, and H9
artifacts analyzed by Warren (2010) are
black dots. Figure by Smith and Johnson.

Table 4. Peak intensity and ratios for Baantu quarry outcrop samples reported here, and for the H9 (MBI) archaeological
context reported in Warren (2010).

Specimen Mn Fe Rb Sr Y Zr Nb Fe/Mn  Zr/Y  Y/Nb  Zr/Nb  Y/Rb
BA_10 93 2861 294 45 338 3170 615 3076 938 0.55 515 115
BA_I 78 1991 210 26 234 2207 418 2553 9.43 0.56 528 1
BA_12 88 2470 265 42 282 2715 529 28.07 9.63 0.53 513 1.06
BA_I13 101 2742 263 24 296 2901 550 2715 9.80 0.54 527 113
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Table 4. Continued.

BA_l14 109 3183 303 35 356 3241 508 2920 910 0.70 6.38 117
BA_15 102 315 275 36 382 3253 623 30.54 8.52 0.61 522 1.39
BA_17 81 2508 259 38 292 2598 456 30.96 890 0.64 570 113
BA_I8 106 2935 288 38 339 2971 579 27.69 8.76 0.59 513 118
BA_20 106 2769 263 31 321 2874 538 2612 895 0.60 534 1.22
BA_21 106 2909 278 33 339 3020 563 2744 891 0.60 536 1.22
BA_22 108 3276 316 46 392 3357 654 3033 8.56 0.60 513 1.24
BA_23 m 3097 309 41 391 3257 607 2790 833 0.64 5.37 1.27
BA_24 86 2241 239 36 292 2557 511 26.06 8.76 0.57 5.00 1.22
BA_25 1o 3257 300 44 359 3292 665 29.61 917 0.54 4.95 1.20
BA_31 93 2738 262 40 304 2872 566 29.44 9.45 0.54 5.07 1.16
BA_32 99 2998 258 50 331 3077 586 30.28 9.30 0.56 525 1.28
BA_33 97 2854 280 52 339 2949 576 29.42 8.70 0.59 512 1.21
BA_35 74 2182 230 38 236 2400 413 29.49 10.17 0.57 5.81 1.03
BA_37 n7 2992 302 29 348 3102 594 2557 891 0.59 522 115
BA_4 108 2890 286 L 353 3125 628 26.76 8.85 0.56 498 1.23
BA_5 107 2944 252 30 326 3045 588 2751 9.34 0.55 518 1.29
BA_6 96 2415 242 45 300 2575 515 2516 8.58 0.58 5.00 1.24
BA_7 81 2476 244 32 253 2509 490 30.57 992 0.52 5.12 1.04
BA_8 105 2648 282 40 308 2706 494 2522 8.79 0.62 5.48 1.09
BA_9 123 2901 318 46 325 3010 578 23.59 9.26 0.56 5.2 1.02
BA_19 99 3004 219 37 245 2454 492 30.34 10.02  0.50 499 112
BA_26 m 3334 320 41 369 3173 622 30.04 8.60 0.59 510 115
BA_27 107 2745 254 48 301 2839 555 25.65 9.43 0.54 5.12 119
BA_28 100 3439 313 32 410 3294 600 34.39 8.03 0.68 5.49 1.31
BA_30 173 2785 269 46 303 2762 523 1610 912 0.58 5.28 113

110



Chapter 5: Smith et al.

Table 4. Continued.

BA_73 145 328] 222 42 304 2513 473 22.63 8.27 0.64 531 1.37

HOL37_BN9334 51 1610 198 13 250 2400 479 3157 9.60 0.52 5.01 1.26

HOL37_BN9348 52 1725 149 10 223 2157 382 3317 9.67 0.58 5.65 1.50

HOL37_BN9376 46 1735 141 I 222 2182 392 3772 9.83 0.57 5.57 1.57

HOL37_BN9380 40 1627 196 19 243 253] 486 40.68 10.42 0.50 5.21 1.24

HOL37_BN9391 49 1800 150 10 254 1997 408 36.73 7.86 0.62 4.89 1.69

HOL37_BN9392 46 1289 150 8 205 1822 398 28.02 8.89 0.52 4.58 1.37

HOL37_BN9395 47 1819 163 12 209 2221 375 3870 10.63 0.56 592 1.28
HOL37_BN9605 57 1712 195 14 257 2796 495 30.04 10.88 0.52 5.65 1.32
HOL37_BN9608 40 175 122 1l 186 1493 294 29.38 8.03 0.63 5.08 1.52
HOL37_BN9640 68 1728 181 6 222 2135 374 25.4] 9.62 0.59 571 1.23
H9L38_BNI10022 53 1712 168 9 216 2201 386 32.30 10.19 0.56 570 1.29
HOL38_BNIO0O89 46 1499 172 10 246 2419 423 3259 9.83 0.58 572 1.43

HOL38_BN11302 48 1859 210 12 281 2661 489 3873 9.47 0.57 5.44 1.34

HOL38_BNI11303 4] 1897 219 15 271 2832 552 46.27 10.45 0.49 513 1.24

HOL38_BNII312 40 1379 120 8 147 1516 282 34.48 10.31 0.52 5.38 1.23

HOL38_BNII313 7h 1965 160 12 254 2256 360 26.55 8.88 071 6.27 1.59

HOL38 _BNII315 64 1744 157 12 190 2086 363 27.25 1098 0.52 5.75 1.21
HOL38_BNI1316 48 2048 213 13 278 2917 554 42.67 1049  0.50 5.27 1.31
HOL38_BNII319 32 1397 124 4 177 1632 303 43.66 922 0.58 5.39 1.43
HOL38_BNI12214 51 1500 140 8 212 1985 31 29.41 936 0.68 6.38 1.51
HOL38_BNI13646 48 1599 157 13 203 2070 360 3331 1020 056 5.75 1.29
HOL38_BN9697 42 1774 182 7 209 2097 370 42.24 10.03 0.56 5.67 115
H9L39_BNIOOI3 40 1844 175 10 232 2283 400 4610 9.84 0.58 5.71 1.33
HOL39_BN100O16 39 1768 193 17 242 2134 413 4533 8.82 0.59 5.17 1.25

HOL39_BN10023 77 2522 256 20 538 4462 814 3275 8.29 0.66 5.48 210
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HOL39_BN9650 56 1991 205 12 337 2926 523 3555 8.68 0.64 5.59 1.64
HOL39_BN9652 53 1667 136 7 207 1968 352 3145 9.51 0.59 5.59 1.52
HOL39_BN9655 39 1742 179 10 300 2764 593 44.67 9.21 0.51 4.66 1.68
HOL39_BN9670 47 1602 156 5 214 2076 335 34.09 970 0.64 6.20 1.37
HOL39_BN9699 56 1858 138 1l 223 2114 414 3318 9.48 0.54 50 1.62
HOLA45_168I1 43 1863 206 7 277 2851 556 43.33 1029  0.50 513 1.34
HOL45_BNI5780 49 1694 155 Il 209 2044 355 34.57 978 0.59 576 1.35
HOL45_BNI5786 47 1883 194 8 286 2646 492 40.06 9.25 0.58 538 1.47
HOL45_BNI15792 47 1578 131 4 200 1813 345 3357 9.07 0.58 5.26 1.53
HOL45_BNI5800 46 1476 180 16 236 2318 449 32.09 9.82 0.53 516 1.31
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Discussion and conclusions

Negash and colleagues (2020) recently characterized 45 obsidian samples from sources
across Ethiopia. Here, we demonstrate that studies of large source locations such as
Baantu can benefit from extensive sampling to capture the range of possible geochemical
variation within a source locality.

The large bifaces (Large Cutting Tools or “hand axes”) and Levallois cores at Baantu
give some indication of Baantu’s deep history, but human engagement with this resource
was likely also structured by regional geological history. Chernet, (2011: 134) cites an
unpublished report of a K-Ar age of 1.57 from the inner wall of the "Obicha" caldera, but
we do not know whether all Hobicha obsidian dates to the same period, or how many
lava vents the caldera contains. Some have attempted to establish a tephrochronological
framework for understanding landscape change within the Sodo region (WoldeGabriel
et al. 1990; Bigazzi et al. 1993; Chernet 2011). If the last (and largest) regional volcanic
event was the eruption of Mt. Duguna Fandgo ~450 ka BP (Bigazzi etal. 1993), quarrying
and lithic manufacture at Baantu may have been interrupted by, or only begun after, this
event. The deepest obsidian lenses and buried ashes at Baantu must be dated.

The “Unknown” chemical groups we identify in this study could represent local
sub-sources, that is, as-yet unsampled outcrops within the Baantu area. They may also
represent artifacts brought from other primary obsidian sources. Recycled artifacts
(Figure 8) and grey/grey-green obsidian on the Baantu surface (grey-green obsidians
have not been identified among Baantu outcrops) may be evidence that mobile groups
were transporting, depositing, and reusing obsidian that was circulating within larger

regional networks.
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Future surveys in the Sodo region will identify the range of sources that would have
been available to people living at Mochena Borago and other sites. We do not yet know
where the MB5 Nonlocal Group artifacts came from, but it was the majority obsidian
used prior to 50 ka BP at Mochena Borago. If these came from a more distant source
than Baantu, this inverse distance decay relationship between source and site would
have important implications for identifying direct procurement vs. intensive exchange
(see Gould and Saggers 1985; Merrick and Brown 1984; Gamble 1993; Ambrose 2001;
Ambrose 2012). These relationships can only be explored with more regional source data.

The extent to which the data we present here can be used to test the refugium hy-
potheses depends on the scale at which Late Pleistocene refugia are modeled. Fischer and
colleagues (2021) have reconstructed altitudinal vegetation shifts in southernmost Ethi-
opia during the last glacial maximum (~25 ka BP), noting the expansion and contraction

of moist highland habitats downslope during wet periods, as well as their contraction

during arid periods. The Sodo region of the SMER currently lacks high resolution proxy

Tem

data for vegetation change. However, it is likely that this area also witnessed altitudinal
Figure 8. A recycled biface/core from

shifts in vegetation and food resources. Rivers that are today seasonal or diverted for
the Baantu surface.

agricultural purposes would have connected these biomes, and hunter-gatherers would
have been able to move within and between these areas to exploit a variety of high, mid,
and low-altitude environments (Vogelsang and Wendt 2018).

If during MIS 4 (~73.5-60 ka BP) and early MIS 3 (~60-28 ka BP; Hessler et al.
2010), hunter-gatherers responded to patchy resource distribution by broadening their
foraging ranges, as was likely the case in Southern Africa (Ambrose and Lorenz 1990;
McCall 2007), they would have encountered a variety of raw material sources dotted
across the landscape. If these ranges contracted in response to stable resources in some
areas, foraging procurement ranges might have contracted. The later situation may have
been the context within which hunter-gatherers developed long-term material relations
with the Baantu source. Regardless, we know that by Holocene times, Mochena Borago’s
occupants once again used a variety of obsidian types (see Negash 2022), as mobility and
perhaps exchange once again increased.

This study contributes to a growing body of literature suggesting that Pleistocene
hunter-gatherers in the Horn of Africa developed intensive economic ties to specific
obsidian sources, which endured across major periods of social and ecological change
(Negash et al. 2006, 2007; Ménard et al. 2014; Shackley and Sahle 2017; Hensel et al.
2021). Sites such as Mochena Borago Rockshelter containing well-dated, deep histories
of lithic manufacture are a starting point from which to consider regional human en-
gagements with stone landscapes through time. These engagements can only be explored
through continued studies of hunter-gatherer toolstone procurement at the local and

regional scale.
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Abstract

In the Great Temple of Tenochtitlan, archaeologists have recovered more than 1,000
artifacts of chipped obsidian, but only 210 pieces of jewelry. Surprisingly, during 43 years
of excavations, only one provenance study with Neutron Activation Analysis (NAA) had
been carried out on seven objects (five blades, one flake, and one pendant). In this work,

we will present the results of recent analysis with portable X-ray fluorescence (pXRF)
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applied on 19 obsidian lapidary goods with different morphology, function, temporality,
and color. By analyzing the principal components (PCA) of the obsidian artifacts from
the Great Temple, compared to geological samples, this statistical study allowed us to
identify 5 of the 10 elements (Y, Rb, Sr, Zr, and Nb) that are the most significant to de-
fining provenance. Based on that, we could determine that most of the samples belong
to the main deposits of the Basin of Mexico (Otumba and Pachuca), which is a common
sourcing pattern among the assemblages of central Mexico during the Postclassic period
(AD 1200-1521). However, two distinct deposits could be defined better by Hierarchical
Cluster Analysis. Thus, three objects came from Pico de Orizaba in Veracruz and one
from Ucareo in Michoacan. The interest of the Mexica in the Pico de Orizaba source was
important for the military garrisons located about 20 km from the mines. In contrast,
the Ucareo material was an unexpected result because this source was unusual in the
Basin of Mexico, most likely due to the dominance of the mine by the Tarascan Empire
in West Mexico, one of the principal rivals of Tenochtitlan. This object could be a relic,
obtained by looting ancient sites of the Basin of Mexico with prior occupation or as a gift
or war prize. Finally, it would be the first reported material originating in that region in

the Great Temple assemblage.

Introduction

Since the first study of the recovered objects from the excavations of the Templo Mayor
Project (Great Temple of Tenochtitlan) of 1978, efforts have been made to establish a
chronological comparison between the various offerings, as well as the similarities or dif-
ferences between their contents, since it has been suggested that, with each new ruler that
ascended to the throne, there was the need to surpass the achievements of his predecessor,
consolidate his power by dominating new territories, and make more sumptuous offerings
and ceremonies (Vilanova de Allende 2002: 100). This becomes clear when comparing
the offerings of later stages such as Stage IVb, assigned to Axayécatl (AD 1469-1481),
with previous stages (Matos Moctezuma 1989: 119); indeed, the later stage is found to
demonstrate the most variety and wealth (Olmo Frese 1999: 65). But what about the
periods of expansionist boom, such as the reign of Ahuitzotl that goes from AD 1486 to
1502 of Stage VI, or the periods of military crises, such as those of Axayécatl and Tizoc
(Obregén Rodriguez 1995: 287)? How are they reflected in the content of the offerings?

Despite these limitations and the differences in materials between construction
stages, Matos Moctezuma (1988: 88) suggests that most of the foreign, or non-Aztec,
materials found in the offerings came from distant areas or provinces that were subject
to Mexica rule and that none came from independent areas such as the Tarascan and
Maya. However, recent provenance and manufacturing studies have confirmed that
jadeite objects with Mayan technology are present in the offerings of the Great Temple
(Melgar Tisoc et al. 2018; Monterrosa Desruelles 2018). Therefore, it is necessary to
perform laboratory analyses to identify the raw materials from which the objects were
made, in addition to the techno-stylistic study of the objects. This gives a fuller picture

of the economic matter: further information regarding the provenance of raw materials,



their manufacture, and circulation should indicate their ethnic affiliation (Melgar Tisoc
2014; Melgar Tisoc et al. 2018).

Because most of the obsidian lapidary objects recovered from the offerings of the
Great Temple are finished artifacts—such as earplugs, duck-headed pendants, and lip
plugs—there has been a search for similarities with pieces from other contemporary sites,

such as Tlatelolco, Texcoco, and Xochimilco (Figure 1), to determine their foreign origin.
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Figure 1. Obsidian lapidary objects from (a) Tenochtitlan, (b) Tlatelolco, (c) Texcoco, and (d) Xochimilco. Photos by Emiliano Melgar Tisoc

and Reyna Solis Ciriaco.

However, some similar objects recovered from Tenochtitlan were found in pre-Mexica
settlements, such as the open-work discs from Tula. In contrast, others are unique pieces,
such as the funerary urn decorated with a skull. Based on the above, Matos Moctezuma
(1988: 11) has suggested that these goods belong to an “ancient tradition” of carving and
polishing obsidian from central Mexico. Likewise, there are pieces of standardized forms—
such as scepters, ear flares, and nose plugs of Nahua divinities—that are considered to be
Mexica or Aztec artifacts (Matos Moctezuma 1988: 92; Lépez Lujdn 1993: 138-139). Differ-
ent colors are also present in the obsidian objects, predominantly the green-golden obsidian
from Sierra de Pachuca (Athié Islas 2001: 59), but there are also gray and reddish obsidians
(Athié Islas 2001: 63). For all these reasons, it is important to determine the provenance
and manufacture of the pieces to investigate the different ways of acquisition, circulation,
and transformation of these precious goods. In the case of the manufacturing techniques,
there are several studies on the characterization of the work traces of the pieces (Melgar
Tisoc and Solis Ciriaco 2009; Veldzquez Castro and Melgar Tisoc 2014; Solis Ciriaco 2018).
In contrast, there is only one reported analysis on the provenance of the obsidian objects
found in the offerings of the Great Temple of Tenochtitlan (Athié Islas 2001). Considering
this, the present research has focused on analyzing obsidians of different shades to identify

their deposits of origin through their geochemical characterization using pXRF equipment.
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Previous studies on the provenance of obsidian in
the offerings of the Great Temple

The obsidian artifacts from the Great Temple have practically no studies focused on their
provenance. The only work performed was by NAA, which was applied to six samples
(five blades and one flake) and identified that the green and green-golden obsidian came
from Pachuca (also known as Sierra de las Navajas), one reddish and two grays from
Otumba, and the last grayish one from Zaragoza (Glascock and Neff 1999; Athié Islas
2001: 61-63).

Unfortunately, there were no geochemical characterization analyses performed
on the obsidian lapidary from the Great Temple of Tenochtitlan. Because of this, the
provenance had been determined by its macroscopic characteristics. The most common
attribute is its coloration, and based on it, three colors were identified: Almost all lap-
idary objects that were made of green and green-golden obsidian come from Sierra de
Pachuca (Athié Islas 2001: 114-130, 134-137). Only three types of objects (helical beads,
pumpkin beads, and globular beads) were made on red-orange obsidian with a black
background, as well as on gray obsidian—these are considered to be from Otumba (Athié
Islas 2001: 130-133).

Due to issues of color identification, the possibility that some gray obsidian objects
come from other sourcing areas, and the fact that grayish obsidians share optical properties
among various sites (e.g., Ucareo and Zaragoza), visual identification is not enough to
confirm specific deposits (Braswell 1997). It should be noted that the reddish pieces are
not exclusive to the Otumba site, as they occasionally appear in other sourcing areas from
central Mexico and are common in deposits located in Michoacén and Jalisco (Cobean
2002). Therefore, the need to carry out chemical analysis with the pXRF equipment was

clear to us.

Analyzing the obsidian lapidary from the
Great Temple

We employed pXRF equipment to determine the provenance of the obsidian lapidary
objects from the offerings of the Great Temple of Tenochtitlan. A representative sample
was selected considering the diversity of colors (mainly different gray and reddish pieces),
contexts, and constructive stages.

Based on this, 19 pieces were chosen from 4 offerings (Table 1), comprising 8 types
of objects: urn, urn lid, helical bead, pumpkin bead, globular bead, duck head pendant,
small cylindrical scepter with globular top, and giant cylindrical scepter with globular top.
These artifacts came from 3 offerings inside the Great Temple (known as Huey Teocalli);
and the last offering came from the House of the Eagles (known as Casa de las Aguilas) to

be compared with structures of the Sacred Precinct of Mexico Tenochtitlan (Figures 2-4).



Table 1. Obsidian objects analyzed from the Great Temple of Tenochtitlan.
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Stage Object Quantity Offering Structure Ruler Color
Funerary urn 1
Green
Urn lid 1 34
) ) Reddish
Clobular bead 1 Acamapichtli,
brown
Il Huizilihuitland
2 Great Temple Chimalpopoca Gray
Helical beads
1 39 Green
) Reddish
Pumpkin beads 3
brown
Vb Duck head pendants 5 14 Axayacatl Green
Small cylindrical
scepter with 1 Golden
globular top
House of ,
\ Duck head pendants 3 \ Tizoc Gray
the Eagles
Broken giant
cylindrical scepter 2 Golden
with globular top

Figure 2. Examples of the obsidian pieces analyzed. Photos by Emiliano Melgar Tisoc.
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Figure 3. The offerings with obsidian
pieces analyzed. Drawing by Emiliano
Melgar Tisoc and Victor Solis Ciriaco.
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Most of the gray and reddish obsidian objects are concentrated in two different
offerings (Offerings 34 and 39) of Stage II (AD 1375-1426), corresponding to three
Mexica rulers (Acamapichtli, Huitzilihuitl, and Chimalpopoca) who ruled most of the
pre-imperial period of Tenochtitlan. In the latter stages, practically all the obsidian
lapidary items were crafted on green-golden obsidian from Sierra de Pachuca—the only
exception is the transparent gray duck head pendants from Offering V of constructive
Stage V (AD 1481-1486), corresponding to the government of Tizoc. Interestingly, and
for comparison purposes, these grayish objects break the uniformity of green-golden
pieces made with obsidian from Sierra de Pachuca of the imperial stages (Melgar Tisoc
and Solis Ciriaco 2009).

XRF analysis methodology

X-ray fluorescence (XRF) analysis is particularly useful because it is a reliable, nonde-
structive, and relatively inexpensive elemental analysis that is being used increasingly
in archaeology since the pioneering study of Robert Jack and Robert F. Heizer in 1968.
Unlike other techniques (such as NAA), XRF analysis operates directly on the object and

with minimal preparation of the samples.



This analytical technique is based on the interaction between A) the electrons of the
different atoms that make up the objects to be analyzed and B) primary X-ray photons
coming from the analytical equipment. When the atoms are excited with high short-wave
radiation (X-rays), their inner orbital electrons dislocate, causing their instability until
another electron from an outer orbital replaces the vacant space left by the first electron.
Because of the energy differences between the electrons in the inner (lower binding
energy) and outer (higher binding energy) orbitals, the result of this orbital shift process
is the release of radiation of lower energy than the primary incident rays in the form of
fluorescence (Shackley 2011: 28). Since the energy emitted is unique to each chemical
element, we can quantify its relative abundance using certified standards of known
composition, allowing the chemical element that emitted the radiation to be identified.

Obsidian is an archaeological material that is ideal for analysis using the XRF tech-
nique (Glascock 2011; Bonsall et al., this volume) due to its continuous use by prehispanic
societies, its degree of preservation, and the fact that it is a homogeneous material with
a specific composition of trace elements for each geological event that gave rise to the
different exploited deposits. With our study, only a minimal cleaning of the surface to
be analyzed was done; further, we ensured that the surfaces were flat or slightly convex,
covered the detector area (8§ mm), and complied with the minimum thickness of 0.35 cm,
according to the methodology established by the Laboratory of Prehistory and Evolution
(LAPE) at the National Autonomous University of Mexico (UNAM) (Acosta et al. 2015).

For this study, we evaluated the concentrations, in parts per million (ppm), of 10
of the most representative chemical elements in archaeological and geological samples
(Mn, Fe, Zn, Ga, Th, Rb, Sr, Y, Zr, Nb). The analyses were performed in the LAPE using
a Bruker portable equipment (Tracer I1I-V SD) configured at 40keV, 25 uA, with a 12 mil
Al, 1 mil Ti, and 6 mil Cu filter. Samples were irradiated for 200 seconds, and we quantified
the resulting spectra to convert the results to ppm, employing the empirical calibration
developed by Speakman (2012). This calibration allows us to obtain comparable results
with other methods such as NAA and has been validated by previous archaeological studies
(Nazaroff et al. 2010; Reuther et al. 2011). Finally, to evaluate the precision and accuracy
of the equipment, readings of the SRM278 (Obsidian Rock) standard were taken at the
beginning and end of each three-hour work session.

To determine the provenance of the archaeological obsidians, the results were
compared with the database of geological samples from 15 deposits sampled by the LAPE
(Garcia Gomez 2018). The geological samples were gathered from deposits from the
Trans-Mexican Neovolcanic Belt and the Guatemalan Highlands. However, based on
the results in our study, only samples from the former region were used to illustrate the
comparison among archaeological and geological pieces (Figures 4 and 5).

The values obtained with the compositional analysis (Table 2) were statistically pro-
cessed using the software Past® to determine the provenance, based on the similarity of the

chemical fingerprint of the archaeological specimens compared to the geological samples.
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Figure 4. Obsidian sources analyzed for this research: Tulancingo (1), EL Abra (2), Tepalzingo (3), Otumba-Malpais (4), Otumba-Buenavista
(5), Otumba-Ixtepec (6), Sierra de Pachuca/Sierra de las Navajas (7), Atopixco (8), Pico de Orizaba-Ixtetal (9), Oyameles (10), Zaragoza (11),
Tres Cabezas (12), Ucareo (13), Zinapécuaro (14), Ahuisculco (15). Map by Victor Garcia Gémez.
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Figure 5. Principal Component Analysis (PCA) of the obsidian sources. Graphic by Cuillermo Acosta Ochoa.
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Table 2. XRF results of the 10 elements analyzed (values on ppm).

ID Sample Source Mn Fe Zn Ga Th Rb Sr Y Zr Nb
10_168842_10  Sierra de Pachuca 938 15361 218 26 19 202 3 109 4 9l
10_168842_B  Sierra de Pachuca 1003 15349 216 27 20 206 3 1o 907 89
10_265272 No id. 1008 13264 156 8 3l 99 4 58 353 44
10-168825_1 Sierra de Pachuca 1026 15414 21 23 18 193 3 107 854 87
10-168825_2 Sierra de Pachuca 1079 17268 258 26 18 192 7 107 870 87
10-168842 Sierra de Pachuca 890 14777 204 22 17 187 3 100 840 85
10-168842_3 Sierra de Pachuca 1062 16034 227 27 18 205 2 16 945 94
10-168842_4 Otumba-Buenavista 342 7752 44 18 9 15 113 22 121 13
10-168842_11  Sierra de Pachuca 849 14516 195 23 20 190 2 107 865 83
10-220244_2  Sierra de Pachuca 1040 14914 245 22 15 192 3 106 845 85
10-220245_1  Otumba-Buenavista 344 8126 48 17 I 19 14 20 135 13
10-220245_3  Otumba-Buenavista 427 8051 51 19 10 120 106 22 126 13
10-220245_3B Otumba-Buenavista 363 8130 43 18 9 17 12 22 129 12
10-220344 Sierra de Pachuca 1077 14542 208 24 17 193 4 105 831 84
10-220344_1 Ucareo 174 7039 4] 19 I 135 13 22 107 12
10-265278 _4 Pico de Orizaba 382 5274 40 27 8 135 53 18 83 I
10-265278-1 Pico de Orizaba 327 5389 4] 29 9 153 54 19 75 10
10-265278-6 Pico de Orizaba 263 4841 36 23 8 126 48 17 69 10
2141 Sierra de Pachuca 883 14522 1092 22 18 190 3 107 855 84
3035 Otumba-Buenavista 397 9364 18 20 12 126 125 21 137 13

V567-10783 Sierra de Pachuca 961 14747 199 25 18 177 4 99 796 76

131



Reflections on Volcanic Glass

Results

The Principal Component Analysis (PCA) of the obsidian artifacts from the Great Temple,
compared with the geological samples, allowed us to determine that 5 of the 10 elements
analyzed (Y, Rb, Sr, Zr, and Nb) are the most significant in defining provenance (Figures
6 and 7); while principal components 1 and 2 include 99.5% of the variance (Table 2).
This preliminary analysis allowed us to determine that most of the samples belong
to the main deposits of the Basin of Mexico (Otumba and Sierra de Pachuca). However,
it was also possible to identify two other sourcing areas with more accuracy by another
statistical analysis—Hierarchical Cluster Analysis. This analysis allowed us to appreciate
that the duck head pendants (objects 10-265278-1, 10-265278-4, and 10-265278-6) came
from Pico de Orizaba in Veracruz, while one helical bead (object 10-220344_1) was made

with obsidian from Ucareo in Michoacan. The results are summarized in Table 3.
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Figure 6. Results of the obsidian sources identified on the objects from Tenochtitlan by PCA. Graphic by Guillermo Acosta Ochoa.
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Table 3. XRF results on the identified obsidian sources from the Great Temple of Tenochtitlan.

ID Sample Object Offering  Structure Stage Ruler Color Obsidian source
10-168825-1 Funerary urn Acamapichtli, Sierra de Pachuca
34 Il Huizilihuitl, and Creen
10-168825-2 Urn lid Chimalpopoca Sierra de Pachuca
10-168842 Sierra de Pachuca
10-168842-B Sierra de Pachuca
10-168842-3 Duck head , Sierra de Pachuca
R, 14 Vb Axayacatl Creen
10-168842-4 pendant Sierra de Pachuca
10-168842-10 Great Sierra de Pachuca
T (
10-168842- empre Sierra de Pachuca
10-220244-2 Helical bead Gray Sierra de Pachuca
10-220245-1 Otumba Buenavista
. .| Reddish-
10-220245-3 Pumpkin bead Acamapichtli, eddis Otumba Buenavista
— 39 I | Huizilihuit, and | Prown
10-220245-3B Chimalpopoca Otumba Buenavista
10-220344 Helical bead Sierra de Pachuca
Green
10-220344-1 Helical bead Ucareo
Small cylindrical
10-265272 scepter with Golden | Sierrade Pachuca
globular top
10-265278-1 Pico de Orizaba
Duck head
10-265278-4 v Houseof |, Tizoc Gray Pico de Orizaba
| pendant the Eagles
10-265278-6 Pico de Orizaba
Broken giant
2141 cylindrical scepter Golden | Sierrade Pachuca
with globular top
Acamapichtli, )
GCreat o Reddish- )
3035 Globular bead 34 Il Huizilihuitl, and Otumba Buenavista
Temple ) brown
Chimalpopoca
Broken giant
L House of ) .
V567-10783 cylindrical scepter V V Tizoc Golden | Sierrade Pachuca
the Eagles

with globular top
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Conclusions

Obsidian was a resource of enormous importance to precolumbian societies. The main
political centers in the Basin of Mexico, from Teotihuacan to Tenochtitlan, tried to control
the exploitation of the local deposits, craft specialization, and distribution of this resource
(Carballo 2011; Cobean 2002, Pastrana Cruz 1991, 2007; Kwoka and Shackley 2019). The
obsidian had different purposes and values (Furholt, this volume), from the more general
aspects of craft and food production to its consumption in aesthetic, ritual, and military
realms (Matos Moctezuma 1989; Levine and Carballo 2014). Also, the diversity of goods
crafted with obsidian sometimes marked social distinctions within and among producers
and consumers (Werra et al., this volume), and their circulation was controlled through
state channels such as markets and specialized traders as in other precolumbian groups
(Nash, this volume).

In the case of the Triple Alliance, we have noted that obsidian does not appear as a
tributary good in the Matricula de Tributos, despite the importance of ensuring its access
to a militaristic lordship such as Tenochtitlan (Pastrana Cruz 1991: 86). The likely rea-
son for this is that the Triple Alliance had ensured its access directly by controlling the
extraction directly in the mines, as seems to have happened at Sierra de Pachuca, which
explains the wide dominance of green obsidian in the Late Postclassic sites of the Basin of
Mexico. Although this applies to Stages I[Vb and V of the Great Temple (Offerings V and
14), thus corresponding to the governments of Axayacatl and Tizoc, it is not applicable
for Stage IT (Offerings 34 and 39), since they correspond to the pre-imperial period when
Tenochtitlan was subject to the Tepanec realm of Azcapotzalco.

Some authors consider that green obsidian owes its wide distribution during the Late
Postclassic period throughout the Mesoamerican area to a distribution system resulting
from the Pochteca or long-distance trade (Clark 1988; Pastrana Cruz 1991), which would
explain the presence of green obsidian from Sierra de Pachuca and reddish obsidian from
Otumba in the offerings of Stage Il at the Great Temple, regardless of whether they were
obtained as raw material or finished product, given the high degree of craft specialization
required. In the case of the obsidian from Otumba, this source was dominated by the
ruler of Texcoco since the thirteenth century; thus, its acquisition during the pre-im-
perial period at Tenochtitlan could have been through the market system in the Basin
of Mexico. It is worth noting, however, that the obsidian used for manufacturing the
pumpkin beads (10-220245-1, 10-220245-3, 10-220245-3B) and globular beads (3035) is
the reddish-brown from Otumba, an uncommon obsidian color employed to craft lithic
tools in central Mexico (Glascock et al. 1994; Cobean 2002). On the other hand, we do not
know if these objects were manufactured in Tenochtitlan or gathered as finished artifacts
since Cynthia Otis Charlton (1993) identified specialized obsidian lapidary workshops in
Otumba that include the reddish obsidian color. This could suggest a prior relationship
between Tenochtitlan and Texcoco; perhaps the objects were used as war prizes in the
conquest of Otumba during the reign of Huitzilthuitl or as part of the Tepanec War cam-
paign against Texcoco in AD 1403, a time when the Mexica were vassals of Azcapotzalco.

Among the foreign obsidian materials, we identified two deposits outside the Basin
of Mexico (Figure 8): Pico de Orizaba (Offering V) and Ucareo (Offering 39). The Pico
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de Orizaba obsidian was used to manufacture three duck head pendants in translucent
gray obsidian. The unique color of this obsidian led us to consider Paredon or Pico de
Orizaba as the most probable sources. XRF analysis confirmed the provenance from the
Veracruz deposit. Atypical among the obsidian artifacts from the Basin of Mexico, this
material is unique among the Tenochcan assemblage. Interestingly, the objects crafted
with this obsidian were deposited inside an offering during the five years of the reign
of Tizoc, a very complicated sociopolitical period in Tenochtitlan with scarce military
achievements, which triggered the poisoning and subsequent death of this ruler as part
of a conspiracy made by Techotlala, lord of Iztapalapa, and Maxtlaton, lord of Tlachco
(Torquemada 1969: 184-185). This event must have caused a strong conflict within the
Mexica government, altering the sociopolitical alliances as well as the areas of obtaining
stone materials for the government of his successor Ahuitzotl. We can surmise this since
the chemical compositions and diversity of precious raw materials, such as turquoises
and various green stones, changed drastically in comparison with the objects of previous
stages (Melgar Tisoc 2014: 198-209; Melgar Tisoc and Solis Ciriaco 2010: 120; Ruvalcaba
Sil etal. 2013: 170-172).

98°0°0.0" 0

Figure 8. Sources identified on the objects from Tenochtitlan. Map by Victor Garcia Gémez.
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However, the emergence of obsidian from Pico de Orizaba is not entirely unprec-
edented considering that the Orizaba region was of strategic importance to the Triple
Alliance. Studies of obsidian mines in the Ixtetal valley on the eastern slope of Pico de
Orizaba show intensive exploitation of prismatic and bifacial blade cores (Stocker and
Cobean 1984; Pastrana Cruz 1986, 1991). The interest of the Triple Alliance in this deposit
was most likely not in obtaining obsidian for Tenochtitlan but instead for the military
garrisons located about 20 km from the mines. While Moctezuma I undertook the military
campaigns toward the Gulf Coast, conquering Orizaba (Ahuilizapan) among other towns
in the region (Durdn 2006: 177-181), Tizoc, following the rebellions of towns conquered
by his predecessors, probably sought to maintain the territory more than to expand it—and
Pico de Orizaba mines must have been strategic during his reign.

Finally, and as an atypical element within the identified deposits, there is a dark
obsidian helical bead (10-220344-1) from Offering 39 during Stage II of the Great Temple
(AD 1375-1426).

After the green obsidian from Sierra de Pachuca, the obsidian from Zinapécuaro-
Ucareo is considered to be one of the main deposits that supplied central Mexico (Cobean
2002; Healan 1998), particularly during the Formative period (Boksenbaum et al. 1987).
After losing the hegemony of Teotihuacin, Ucareo obsidian regains importance again as a
pan- regional foreign good, especially during the Late Classic and Epiclassic when Ucareo
obsidian becomes the dominant source for sites associated with Coyotlatelco ceramics such
as Tula, Cerro Portezuelo, Azcapotzalco, and the Toluca Valley (Healan 1998; Parry and
Glascock 2013; Sugiura et al. 2018). For the Postclassic period, obsidians from Sierra de
Pachuca and Otumba are again relevant, while materials from Ucareo are unusual probably
because of the dominance of the mine by the Tarascan Empire of Tzintzuntzan and the
subsequent conflict with the Triple Alliance (Healan 1998; Hernandez 2000). This leads us
to consider that this artifact is a relic, obtained directly or indirectly by the Tenochcan people
either by looting sites in the Basin of Mexico with Coyotlatelco occupation (such as Tula or
Azcapotzalco) or as a gift or war prize. The use of relics from previous cultures and
sites has been widely documented in the Great Temple (Matos Moctezuma 1988; Lopez
Lujan 1993; Melgar Tisoc et al. 2018; Monterrosa Desruelles 2018), but this piece made
with obsidian from Ucareo is the first confirmed material from that region among the
assemblage of the Great Temple of Tenochtitlan.

Finally, this study shows the importance of the multidisciplinary study of the lapidary
objects from the Great Temple and opens new questions for future research for other
materials and lapidary objects from places and/or groups beyond the imperial borders that
supposedly should not be in the offerings of the Great Temple of Tenochtitlan.
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Getting to the Point: Wari Obsidian
Distribution, Reduction, and Use on the
Southern Frontier, Moquegua, Peru
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Abstract

Obsidian was mobilized in a special way by the Wari Empire (ca. 600-1100 CE) during
the Andean Middle Horizon. Previous research has identified the sources of obsidian
that were used and distributed through imperial channels of circulation. Geochemical
techniques can and have tracked the movement of obsidian across the Andes, but they
cannot elucidate how this resource was managed and processed as it moved between
quarries and its eventual users. Materials recovered from Cerro Badl and Cerro Mejia, two
settlements in Moquegua on the southern frontier, provide a perspective from the final
link in this chain and demonstrate that some provinces in the empire received preforms,
which were distributed to all provincial “citizens.” The Moquegua province provides a
unique opportunity to study the imperial distribution system because very little obsidian
entered the region prior to Wari incursion, when the distinctive and diagnostic “Classic
Wari Laurel Leaf Point” appeared in Moquegua and in many regions throughout the
Peruvian Andes. In this chapter, I suggest that this diagnostic form derives its general
shape from the processing of cores into preforms, which were distributed throughout the
empire, whereas smaller triangular points were made from flakes removed from preforms
used as multidirectional cores through efficient bifacial reduction. I use evidence from
two production locales and household assemblages to demonstrate the manner in which
preforms became points, how obsidian was distributed to colonists, and how it was used

by those living on the southern frontier of the Wari Empire.
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Introduction

At the time of European contact, the Andean region of South America, dominated by
the Inka Empire (ca. 1350-1532 CE), was largely a stone age society. People living in
earlier eras likewise relied heavily on chipped stone for agriculture, cutting, chopping,
crafting, and warfare. Since rock and minerals of different sorts were abundant and readily
available, domestic assemblages consist primarily of expedient rather than curated tools.
Assemblages in the earliest empire of the Andes, the Wari (ca. 600-1100 CE), were no
exception. Across the 1100 km breadth of the polity’s domain from Cajamarca in the north
to Moquegua in the south, the massive landscape transformations they directed, which
sculpted thousands of hectares of rugged mountainside into irrigated, terraced fields, were
achieved with stone hoes. The urban, cosmopolitan capital exceeded 15 km.? The ruins
of the vast city are in Ayacucho, Peru, and include magnificent megalithic finished stone
blocks, multi-story masonry walls, and an intricate subterranean system of channels and
drains. Provincial centers in several regions, such as Cusco and Huamachuco, share these
features and were built with stone tools of no distinct forms.

The exception to all this expediency in the vast Wari Empire are a distinctive and
diagnostic type of obsidian point, which was not produced by their contemporaries: the
Moche and Tiwanaku. It was not a resource present in all regions. The special charac-
teristics of obsidian were valued, and people transported it over long distances. Obsidian
was mobilized in a special way by the Wari Empire (Burger et al. 2000). Previous research
has identified the sources of obsidian (Tripcevich and Contreras 2013) that were used and
distributed through imperial channels of circulation and that may have extended beyond
the empire’s boundaries and supplied exchange partners beyond its frontiers, such as
Tiwanaku (Williams et al. 2012).

Geochemical techniques can track the movement of obsidian across the Andes, but
it cannot elucidate how this resource was managed and processed as it traveled between
locales of acquisition and its eventual users. Materials recovered from Cerro Baul and
Cerro Mejia—two settlements in Moquegua on the southern frontier of the empire,
more than 500 km from the capital—form a sizable assemblage to make inference about
the distal links in this chain. Items from households, ritual offerings, and two production
locales demonstrate that the frontier province of Moquegua received preforms, rather
than nodules with cortex, for use by imperial “citizens” (people who owed tribute of some
form directly to the state, and perhaps some of those who did so indirectly through one
ofits clients). Most items that would be considered “Classic Wari Laurel Leaf Points” are
bifaces that derive their general shape from the processing of cores into preforms, whereas
smaller triangular points are typically made from flakes that could have been removed
from preforms through efficient bifacial reduction. This manner of distribution may have
been typical of multiple provinces, especially those without obsidian sources or a history
of obsidian use before Wari incursion.

Obsidian was probably processed in the Wari capital, and perhaps a few other facil-
ities near sources, before it was distributed to provincial elites. At this time, information

about processing near quarries is not available. In any case, it may have been regulated



in some manner because one type of Wari obsidian point has a diagnostic shape found
throughout the empire. I suggest that these Classic Wari Laurel Leaf Points are diagnostic
bifaces because they derive their general form from the processing of cores or large flakes
into preforms for distribution. On the other hand, smaller triangular points, also fashioned
from obsidian, were made from flakes removed from preforms through efficient bifacial
reduction. These are more variable in form and resemble local points made from other
materials. In this chapter, I describe the process of obsidian reduction in Wari’s southern
province. I detail the evidence from the palace on Cerro Batil, as it may be a Wari tech-
nology. Studies of the Wari political economy have focused on decorated pottery and its
use for feasting. Obsidian, acquired and distributed through formal imperial channels,
probably reached a greater proportion of the populace than Wari-decorated pottery, at
least in Moquegua. Thus, the study of obsidian and its reduction, distribution, and use
offers a new dataset for understanding the articulation between communities and Wari

provincial agents throughout the Andes.

Obsidian and the Wari Empire

The Wari polity stretched from Cajamarca in the north to Moquegua in the south, a
distance of some 1100 km. The capital was in the central Andes of Ayacucho, Peru. Wari
political expansion was materialized during the seventh century CE by the construction
of provincial centers, changes in settlements patterns, and the introduction of new
artifact styles. Since the Wari Empire is a prehistoric polity, determining its size and
strength relies on material culture. In broad strokes, the assemblage associated with the
Wari archaeological culture consists of distinctive or canonical architecture, which may
be executed using different materials but is consistent in form and the organization of
space (Isbell 1991; Nash and Williams 2005, 2009). Ceramic styles are also important
but can be equivocal when iconography is the basis for inference and when attributes of
technology, locales of production, and manner of distribution are not considered (Nash
2019). Somewhat unusual and perhaps unique to Wari as an Andean complex society is
the very diagnostic and widely dispersed Classic Wari Laurel Leaf Point.

This unique aspect of the Wari assemblage begs the question, why? Why are the
points diagnostic over such a large area? The relatively similar appearance might be under-
standable if these items were prestige goods, symbols of power with a limited distribution.
Like Badarian maceheads, perhaps they were made as weapons, with fancy versions used
to display wealth and authority (Bard 1994). This possibility, however, is not supported
by the corpus of representational art. Powerful people or supernatural entities are not
depicted holding spears; instead, axes and spear-throwers are common. For example,
one metal figure holds an axe in the right hand and a shield in the left (Bergh 2012: 30,
Figure 19). Decorated pottery from Conchopata depicts a figure holding an atlatl in the
right hand and a diagonally wrapped staff in the left (Bergh 2012: 102, Figure 75¢). An
impressive metal figurine from Pikillacta shows a human figure seemingly launching
an atlatl dart through the air (Bergh 2012: 237, Figure 226A). People are depicted with
smaller dark points at the ends of arrows and atlatl darts both on textiles (Bergh 2012: 178,
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Figure 1. Map of the Wari Empire with
sources of obsidian and the location of
Cerro Baul. Location of obsidian sources
based on Tripcevich and Contreras 2013.
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Figure 168) and pottery (Bergh 2012:130, Figure 103). Smaller triangular points are more
suitable for darts or arrows.

Wari Laurel Leaf Points are typically too large for darts or arrows (Figure 2, top
row). Shott (1997: 94) found that the example of a dart from Nasca (a region within
the Wari domain), included in his comparison of darts and arrows, was a small outlier,
probably due to its use of a reed main shaft and its diminutive overall length of 400 mm,

which exemplifies continuity with the design of arrows. Obsidian points of all forms,



with and without evidence of use, are common inclusions in ritual deposits (Figure 2,
middle row; see Nash and deFrance 2019). Outside these contexts, retouch flakes affiliated
with edge maintenance are found in domestic settings and clustered in hearth ash (e.g.,
Figure 2K), which indicates their roles in quotidian household activities. Many points
exhibit asymmetrical usewear consistent with cutting or shaving (Figure 1.21), although
some examples could have been used for darts (Figure 1.2]). In any case, obsidian was not
reserved for weaponry. If that were the case, then one should conclude that Cerro Mejia
was a community of soldiers, each of whom maintained their own weapons. I prefer a
scenario where women used obsidian to perform domestic tasks and sharpened their
tools as needed.

Despite Burger’s early revelations about the relationship between obsidian and the
Wari polity, most scholars focus their attention on ceramic styles to make interpreta-

tions. Geochemical sourcing has shown that both pottery of high quality—which closely
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Figure 2. Types of obsidian artifacts
found at Wari-affiliated sites in
Moquegua. A-D are examples of Classic
Wari Laurel Leaf Points. The common
forms found in houses of the Baul-Mejia
complex overlap with those found at
Tiwanaku sites. Type 1 (H) is rarely made
from obsidian and is associated with
Tiwanaku (e.g., Klink and Aldenderfer
2005: Figure 3.5). Most examples are
denticulated; the tang is long, wide,
often rounded, and the wings extend
straight to either side (see also Figure
5J). Type 2 (A-D) is the Classic Wari
Laurel Leaf. The base of these can be
straight or slightly concave. Type 3 (G)
has a tang also, butitis short, has a
straight terminus, and the wings angle
downward on either side. The points
themselves are usually shorter and
wider than Type 1, have a different
length-width ratio, and are usually
made using local white chalcedony.
Most examples are not denticulated.
Type 4 (E) is the most common obsidian
form. It is thin with a concave base and
attimesitis a minimally shaped flake.
A few examples can resemble earlier
Archaic-Formative Era Points (e.g, J; see
Klink and Aldenderfer 2005: Figure 3.6),
but most are different in thickness and
cross section. Type 5 (F) is only found on
Cerro Bauland, like Type 1, may actually
be a projectile. Most pieces have visible
indications of hafting. Reworking and
resharpening create a great deal of
variation. Standardization is not evident
among the current sample.
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matches what is found in the imperial core—as well as of more modest quality—which
had previously been considered derived imitations—were produced locally using similar
materials and techniques (Druc et al. 2020; Williams et al. 2019).

The diagnostic form of some Wari obsidian points could be explained in the same
manner; however, sources of obsidian are fewer than sources of clay and provided the
empire the opportunity to channel distribution through nodes in the political hierarchy.
This type of control can never be absolute (Given 2004). Large, complex polities cannot
control the activities of all its citizens; no doubt, some obsidian would have moved out-
side the imperial network, in ancient black markets supplied by outlaws and smugglers.
This caveat as well as the features of Wari Laurel Leaf Points, other obsidian points and
tools, and the size and type of debitage all provide clues to understand how obsidian
moved through the empire and was processed along the way. Since the Wari Empire
could control the movement and processing from the source to its ultimate destination in
households to a great degree, it is a significant line of evidence to chart the polity’s scope
and the strength of the relationship between nodes in the imperial network.

Geochemical analyses have identified the sources of obsidian and variation within
them. Of primary importance were Quispisisa (Burger and Glascock 2000; Tripcevich
2007) and Alca (Rademaker 2006), as well as Chivay (Burger et al. 1998; Tripcevich 2007),
which was also used by Tiwanaku. In their study at Quispisisa, Tripcevich and Contreras
(2013) reported primary and assay flakes on the surface near quarry pits, with little evi-
dence of advanced stages of reduction. Further, Jennings and Glascock (2002) reported
little evidence of reduction at sources of Alca obsidian. This suggests that, in most time
periods, nodules were removed from sources without extensive shaping or processing;
however, it is uncertain how obsidian may have been shaped at nearby settlements in
the region during different periods. Settlements covered with obsidian reduction debris
have been located in the vicinity but have not yet been systematically studied. This leaves
a gap in the circulation process, but inferences can be made based on materials found at
different sites.

Studies of obsidian artifacts and production debris from the Wari heartland show
that some cores were transported there. For example, cortex was present on flakes and
bifaces at Vegachayuq Moqo (Kaplan 2018), a central sector of the capital, and at Con-
chopata (Bencic 2015), a site 12 km away from the city. The majority of pieces analyzed
were more than a quarter inch in length or width, a result of the screen size used during
excavations. At Conchopata, Bencic found that 18% of obsidian flakes and shatter had
some cortex present (n= 178 of 985). At Vegachayuq Moqo, Kaplan found a slightly higher
percentage of flakes with cortex among her sample (22.7%; n = 81 of 358). This pattern
is not replicated in Moquegua, where [ only found 5 examples with cortex in the analysis
of 2,400 pieces (Cerro Baul [n = 333] and Cerro Mejia [n=2,067],0.21%; n = 5 of 2400).
These pieces include preforms, complete points, points in production, reduction waste,
and retouch flakes from maintenance (see Table 1), which permit me to propose models
of reduction that may explain how obsidian was distributed and used by different groups

in the Wari colony of Moquegua.



Table 1. The prevalence of cortex among Wari obsidian assemblages.
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Location Sample size With Cortex Percentage Citation
Vegachayoq Moqo 358 8l 227% Kaplan 2018
Conchopata 985 178 18% Bencic 2015
Cerros Baul & Mejia 2400 5 0.2% Nash (this paper)

Obsidian reduction in Moquegua

Located in the Torata tributary of the Osmore drainage, Cerro Batil and Cerro Mejia are
adjacent hills occupied by Wari-affiliated households that form two sectors of a low-den-
sity urban center designed to represent dual organization (Figure 3; see Nash 2024 for
a more detailed description of this configuration), a trait common to later Andean sites
such as Inka Cusco (Bauer 1998). Cerro Batil is a mesa with monumental architecture on
the summit and clusters of modest terrace dwellings on its flanks. Cerro Mejia is a steep,
dome-shaped hill that follows the same general pattern. The low swale between the two
hills was lush with irrigated agricultural fields. The site was occupied by Wari-sponsored
frontier colonists of diverse origins and local people drawn from the middle and coastal
valley. The cultural diversity is represented by variations in cooking pots, consumption
wares, stone tools, and domestic ritual practices (Nash 2017).

Obsidian has been recovered from every house excavated in the Baul-Mejia settle-
ment cluster, but the types of items recovered differ between the two sites, and there is
some indication that the personnel who reduced obsidian differed. On Cerro Badl, the
sample I discuss comes from the palace, located on the summit’s eastern end. Thus far,
I have only conducted detailed analysis of a fraction of the site’s points. Materials in my
sample were recovered from a monumental compound in Sector A, an elite residence
or palace (Nash 2015, 2018, 2019; Nash and deFrance 2019; Nash and Williams 2021).
The palace had personnel adept at reducing preforms to points, and debitage is present
in several rooms. On Cerro Mejia, | excavated the house of a specialist or specialists, who
shaped points, possibly in service to their neighbors. This house, Unit 19, is on the south-
ern slope of Cerro Mejia, a terrace dwelling where reduction debris was concentrated in a
single small room. Debitage from sharpening or edge maintenance has been found in all
houses. The sample from Cerro Mejia includes all of the Wari-affiliated houses excavated
between 1999 and 2009.

Points and preforms

Some Classic Wari Laurel Leaf Points, which archaeologists recognize and associate with
the Wari polity, are preforms. Preforms can be recognized by irregular profiles along

their length and uneven surfaces (Figure 4A), whereas a point or finished tool should

Figure 4. Preforms, points, and
reduction practices. The schematic
illustrations indicate the features of
preforms (A), points reduced from
preforms (B), and points created from
flakes removed from preforms or large
objective pieces (C). The reduction
sequence of a preform could produce
multiple flakes for use as tools or
shaping into small point forms (D). The
distribution of preforms through state
channels may have involved “skimming”
of small flakes along the way so that
households received nearly exhausted
preforms, small points, or flakes (E).
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Figure 3. Map of the Cerro Baul-Cerro
Mejia settlement cluster. Arrows
indicate the location of the Sector

A Palace on Cerro Baull and Unit 19
on Cerro Mejia, both of which have
evidence for obsidian reduction.
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have a relatively straight profile along its length (Figure 4B). Preforms are transformed
into points through removing flakes of various sizes. Points reduced from preforms are
relatively thin, have straight profiles and maintain the leaf shape (Figure 5C). On the
other hand, smaller triangular points, for the most part, can be made from flakes re-
moved from preforms (Figure 4D). They are biproducts derived from preform reduction.
Hence, they are slightly bent in profile (Figure 4C). The preforms serve as cores for flake
removal and are used as knives when they become too small. This manner of reduction
sequence requires skill and technical knowledge. People who do not know how to reduce
a preform may use it as a tool. Also, personnel with access to an abundance of obsidian
may not choose to reduce it in an efficient manner. Thus, the features of obsidian tools
and debitage at a site may provide clues to infer access and participation in the imperial

network of distribution.



On Cerro Badl, two large preforms were found, one on top of the other, in a con-

struction offering under the floor of a room in the palace (Figure 5A and B). These pieces
are on display at Museo Contisuyo. [ was permitted to briefly examine these specimens in
the dark exhibition hall. They measure approximately 105 x 66 mm and 95x 63 mm. The
smaller example has large, visible flake scars from the removal of pieces large enough to

make small points or other tools. The largest of which measured 30 x 30 mm.

Reduction of preforms to points

The Cerro Bail palace assemblage provides many examples from which to infer the
reduction sequence of preforms, which could be used as multi-directional cores. Flakes
removed from preforms were then shaped into triangular points, most of which could
be fashioned from a flake 30 by 30 mm in size or less (Figure 5F, G, J, and K). Flakes
removed from preforms could also be used for other tasks. I have only observed 5 pieces
with cortex from the Bauil-Mejia sample (n = 2400) and suggest that more preforms came
to Moquegua without it (Figures 5D and E). It is possible that cortex was removed before

preforms entered the Sector A Palace on Cerro Batl or were distributed to householders
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Figure 5. Examples of obsidian objects
found at Cerro Baul and Cerro Mejia.
Two large preforms were found in a
construction offering (A-B). Among
the assemblage very few pieces with
cortex were found (D-E). Laurel Leaf
points were not always expertly
reduced before they were used but
usually retain the general shape of the
preforms (C, H, and I). Other point forms
are usually less than 30 mm long.
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on Cerro Mejia. A cache of 93 points was found in 1993 during mapping of Baul’s summit
and may have been a location of primary reduction; however, a quarter inch screen was
used when this space was excavated in 1997, and these materials have not been analyzed.

Palace artisans used flakes of several shapes to make points. Short, wide flakes were
often selected. The bulb of percussion would be oriented to one lateral side of the base
(Figure 6). The flake was often polished to create a rough surface resembling frosted
glass. Some pieces also exhibit striations. Early in the process, the bulb may have been
removed if it was too thick. This appears to have broken some “points in process,” as one
side is often missing from unfinished points. Detailing of edges was not finished until
the bulb was reduced and the base was shaped. Pressure flaking was used to shape flakes
into triangular points and maintain obsidian tools. Deer antler tines were found in the
palace and were recovered from one household on Cerro Mejia. These items are poorly
preserved with severely eroded surfaces and do not permit any definitive conclusion

regarding their use as tools.

Figure 6. Obsidian points in production.

These pictures were taken with a digital
microscope; all artifacts shown are

less than30 mm in length. A-C are
examples of flakes in early stages of
shaping that have been polished to
prevent slippage. D-F seem to have
been broken while shaping the base,
which took place before the two lateral
edges were completely finished.
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A model of state distribution

The patterns of production and composition of the assemblages in different settings in
the Wari colony of Moquegua supports a model of distribution where obsidian originated
from state channels of circulation (Table 2). Cerro Mejia has a greater number of pieces;
however, the majority are retouch flakes, small thinning or shaping flakes. Points run
small. In contrast, specimens from Cerro Bal include preforms, large and small points,
flakes of sufficient size to make points, as well as thinning and shaping flakes. To date,
no preforms have been found on Cerro Mejia. In general, more modest houses on the
slopes of Cerro Mejia have smaller points—or the only evidence of use in the structure
was the presence of retouch flakes created during maintenance. This pattern supports a
model of distribution where most obsidian originated from state channels of circulation.

I suggest that large preforms with little to no cortex were delivered to elite governors
on Cerro Badl via imperial channels. Flakes may have been removed before they were
transferred to subordinate elites occupying the summit of Cerro Mejia. These subordinate
elites may have also engaged in this type of “skimming” (Figure 4E). Elites charged with the
supervision of commoners, such as those on Cerro Mejia, distributed these items to clients
in small amounts, perhaps at events with feasting to mark occasions of calendrical import.

Distribution of this kind may have fostered a patron-client relationship while avoiding



Table 2. Distribution of obsidian in the excavated houses on Cerro Mejia and Cerro Baul.
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Site/ CM CM CM CM CM CM CM CM CM CM CM CB
Unit Un3 Un4 Un5 Uné Unl7 Unl8 Unl9 Un20 Unll8 Unl36 Unl45 Palace
M2 excavated 34 54 12 13 51 35 51 29 313 82 228 445
Point
6 4 0 8 10 8 4 5 2 7 66
Count
Point
} 2.6 75 0 53 6.5 42 1.82 10.7 13.6 10.1 39.6 169.28
weight (g)
Others 51 10 98 5 170 49 737 m 498 136 131 267
Weight (g) 1.05 5.0 4.25 0.65 20.55 95 17.21 15.58 2979 18.15 90.42 19434
Total
57 14 98 18 180 64 741 116 503 138 138 333
Number
Total
) 3.65 125 425 595 27.05 13.4 19.03 2659 4339 2825 130.02 363.62
Weight (g)
Density
1.68 0.26 8.17 138 3.53 1.83 14.53 40 1.61 1.68 0.61 0.74
by Count
Density
) on 0.23 0.35 0.46 0.53 0.38 0.37 092 014 034 0.57 0.8l
by Weight

the broader distribution of items such as decorated pottery that held a higher symbolic
value (Nash 2019). Clients may have received nearly exhausted preforms, flakes, or small
triangular points. Obsidian is ideal because it is consumed as it is used, although house-
holds could reserve obsidian for exchange or ritual offerings (Nash and deFrance 2019).

If this was the case, obsidian may be a better indicator of community connection with
the Wari Empire than decorated pottery. The appearance or increase of obsidian resources
in an area during the Wari era may stem from a state institution that distributed obsidian
to create relations of reciprocity or indebted clients to state-sponsored patrons. I suspect
there was more to the Wari political economy than feasting alone.

Context is important. Areas with an abundance of obsidian or communities without
the technical skill may have followed different methods of reduction and use. However,
in zones where few pieces of obsidian arrived before Wari incursion, such as Moquegua,
the prevalence of obsidian debitage in households—and particularly the presence of the
diagnostic Wari Laurel Leaf point—probably indicates participation in imperial channels
of exchange or incorporation in the empire’s political economy. Thus far, researchers have
relied heavily on architecture and pottery to discern the presence and type of relationship
between the Wari Empire and people living in different regions. In this chapter, [ have
proposed that obsidian and its sources, shapes, and types of production debris can offer
another important line of evidence. This study demonstrates that lithic artifacts have a
significant story to tell about the scope and strength of the Wari Empire and perhaps

other complex societies as well.
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Abstract

This chapter concerns archaeological obsidian sourcing using X-ray fluorescence (XRF)
spectrometry and describes a revised method for confidently sourcing small artifacts
that do not meet conventional assumptions of infinite thickness. A persistent problem
for obsidian analysts is the distortion of parts per million (ppm) values for small and
thin samples caused by uneven Compton normalization across analyzed elements due
to increasing infinite thickness with atomic number. Despite these complications, XRF
analysts continue to analyze small artifacts and make source assignments by transform-
ing semi-quantitative photon count data or ppm values into element ratios or relative
peak percentages, often expressing caveats with source assignments. While in certain
contexts these transformations provide useful data for sourcing small and thin samples,

we expand on these methods by creating 95% confidence regions that include small
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specimens of geologic source material and applying them to ternary diagrams. This
allows for more confident source assignments of smaller artifacts from a wider range of

archaeological contexts.

Introduction

This chapter adapts a method borrowed from the geological sciences for the sourcing
of small obsidian artifacts that do not meet conventional assumptions of infinite thick-
ness—i.e., that are not sufficiently thick to completely absorb instrumental X-rays and re-
flect them back to the detector (de Vries and Vrebos 2002; Davis 2011). This issue deserves
attention because thin flakes and blades are a common occurrence in lithic assemblages,
and they are often ignored in obsidian sourcing studies because they are assumed to be
too small for analysis. This creates a bias in archaeological sampling strategies toward
larger flakes and finished tools. As has been argued by Freund and colleagues (2022: 109),
more attention to sampling strategies would allow source exploitation to be fully analyzed
within the entire chaine operatoire of regional lithic economies.

Obsidian sourcing studies have a long history in archaeological research and are
employed to address a range of compelling research questions (Carter 2014; Eerkens et al.
2007; Freund 2013; Hughes 1986; Jackson 1989; Kuzmin et al. 2020; Shackley 1998). To
identify the geological source of obsidian artifacts, numerous methods are available; and
factors such as time, cost, size requirements, and destructiveness of the analysis must be
considered. X-ray fluorescence (XRF) spectrometry is among the most common because it
is both comparatively precise and accurate; it is also rapid, non-destructive, and relatively

cheap when compared to other techniques (Tykot 2017).

The problem with small and thin obsidian specimens

Historically, XRF analysis has favored larger artifacts due to the understanding that thicker
objects maximize fluorescence efficiency for mid-Z elements such as Rb through Nb. A
minimum thickness of 4 mm is often cited, as it is the point at which all incoming X-rays
are absorbed by the sample for Zr in an obsidian matrix (Ferguson 2012); however, in
practice, 2.0 mm-thick samples can yield comparable part per million (ppm) values (Davis
etal. 2011). As Davis and colleagues (1998, 2011) have shown, ppm values increase when
objects are at, or thinner than, 1.7 mm in thickness (Figure 1). These skewed ppm mea-
surements are typically caused by normalizing to the Compton scatter peak or by some
other physics-based parameter of the calibration, such as Fundamental Parameters with
standards (see Johnson et al. 2021).

To demonstrate these distortions, Figure 2 shows analyses of geological obsidian
samples of varied thickness from Glass Mountain (California). The thicker sample shows
higher element peaks and Compton scatter as well as a higher count rate per second—or
valid count, as it is known in the Bruker SIPXRF software. Calibrated ppm values for the

three specimens (see Johnson et al. 2021 for analytical conditions) vary widely in at least
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three elements, resulting in either overpredicted or underpredicted values as sample
thickness decreases. Consistent with the findings of Davis and colleagues (2011), described
above, these tend to be systematic, depending on the concentration of a given element.
In other words, ppm values for small and thin artifacts tend to trail away from those of
infinite thickness, showing increasing ppm values with diminishing thickness (Glascock
2020: 42; see Figure 2).

To better understand the relationship between artifact size and counts, a discussion
of raw and valid counts is necessary. Fluorescence efficiency can be understood by de-
termining the count rate, or photons per second, recorded by an instrument’s detector

as X-rays return to the instrument. For Bruker products manufactured prior to about
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Figure 1. Distortion in ppm by sample
thickness using USGS sample RCM-1.
Redrawn from Davis et al. 2011.

Figure 2. Glass Mountain obsidian of
varying thickness showing keV energy
by intensity. Inset shows decreasing
valid count and ppm for the three
samples. Sample A measures 9.7 x 12.4
x 1.4 mm; Sample B measures12.9x 9.2
x2.5mm; Sample C measures 28.0 x
19.6 x16.5mm.
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2018, this is referred to as raw count and is a software-measure of ionized particles from
the analyte and secondary scattering. The “noise” from the instrument is either filtered
out or subtracted via the software, thus producing a valid count. The difference between
the raw count and valid count is typically about 200 photons per second. Valid count is
correlated with sample mass. For example, those samples with thicknesses of 4 mm or
greater typically return valid counts between about 3,000 and 5,100 counts per second,
while those samples between 0.5 and 2 mm typically return valid counts between 540 and
1,500. Thus, valid count can be used as an approximate index for sample size or shape.
An understanding of the correlation between sample size and valid count or count
rate is useful because one must consider the size and shape of the geological samples used to
make source assignments. Indeed, most geological source library samples consist of larger,
thicker samples (see Ferguson 2012; Glascock 1998). This means that those artifacts with
geometry (i.e., size and shape) similar to geologic source materials will yield equivalent
count rates and thus align statistically with calculated ppm values. Ppm values for smaller
and thinner artifacts, by contrast, are typically skewed in the manner described above.
The following example illustrates these issues in further depth. From a recent project
in the Western Great Basin, more than 1,000 artifacts were analyzed. Their valid count
rates per second ranged from 93 to 3,809 (mean = 2,036, Std = 817, CoV = 40%). This
distribution alone suggests that ppm will be highly skewed when compared to a source
library composed of large and thick specimens. The range in valid count was also recorded
for 400 Bodie Hills (California) geologic source specimens, part of a simulated reduction
exercise that produced more than 1,200 flakes of the material, all of which were measured
for length, width, and thickness and analyzed with the same ED-pXRF instrument. This
experimental study reduced cobbles to produce a variety of core reduction and retouch
flakes as well as smaller shatter. Results from the analysis of the 400 Bodie Hills samples
show a noticeable skew in most ppm measurements when compared to results for thicker

samples (Table 1).

Conventional methods used to source small artifacts

There are several ways to assign artifacts to a source (see Shackley 2011 for a review), but
the most common is to compare the elemental signatures of artifacts with that of geolog-
ical source material analyzed with the same instrumentation—in a sense, “fingerprinting”
a sample to known geological outcrops. As discussed above, this is inherently problematic
for small artifacts because ppm values for specimens thinner than approximately 2 mm
may be significantly distorted: but source assignments can still be made.

Since XRF measurement errors on small artifacts are systematic, element ratios can
be used to make source assignments. Displaying elemental peak percentages in ternary
diagrams is one way to avoid direct comparisons of ppm measurements (Hughes 2010;
Panich 2016). While these techniques can be applied to certain archaeological contexts,
depending on the complexity of the regional geochemistry, source assignments cannot
be made with the same level of confidence as larger artifacts due to systematic offset of
small samples and their appearance as outliers relative to 95% confidence ellipses (i.e.,
two standard deviations) (see Glascock 2020: 44, Figure 5).
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Table 1. Ppm statistics by sample thickness dimension for 400 Bodie Hills specimens created through experimental bipolar reduction.

Element (ppm) n=36, < Imm n=142,1-2mm n=161, > 2-4mm  n=61, > tmm n=400
Rb

ppm min-max 151-288 153-268 159-251 144-221 144-288
Mean 213 219 200 178 204
Std 33 21 19 18 25
CoV 15% 9% 9% 10% 12%
Sr

ppm min-max 91-151 84-15] 75-143 75-120 75-151
Mean 15 109 100 94 104
Std 15 14 I 10 14
CoV 13% 13% 1% 10% 13%
Y

ppmM min-max 7-30 7-29 8-29 7-26 7-30
Mean 16 14 14 15 14
Std 6 6 5 5 5
CoV 42% 42% 37% 35% 39%
Zr

ppmM min-max 96-173 88-177 93-167 90-155 88-177
Mean 130 123 17 15 120
Std 20 21 18 18 20
CoV 15% 17% 15% 15% 16%
Nb

ppmM min-max 7-20 12-21 12-20 1n-19 7-21
Mean 14 16 15 14 15
Std 2 2 2 2 2
CoV 18% 1% 10% 12% 13%
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Use of element ratios

The use of element ratios to source artifacts has been applied to a range of archaeologi-
cal contexts, including the western US (Hughes 2007), the central Mediterranean (e.g.,
Freund 2014), the eastern Mediterranean (e.g., Frahm 2016), Mesoamerica (Stroth et al.
2019), and numerous others.

For example, Hughes (2007) describes the use of peak intensity ratios to source small
artifacts. His ratios of Fe/Mn, Rb/Sr, Zr/Y, Y/Nb, Zr/Nb, and Sr/Y are applied to sources
in California, Nevada, Oregon, Utah, Idaho, and Arizona. Similarly, Frahm (2016) outlines
the use of ppm ratios in the eastern Mediterranean that are provided by their predictive
strengths: Fe/Mn, Zr/Nb, Zr/Sr, Sr/Nb, Rb/Nb, Rb/Zr, Rb/Sr. The major difference
between Hughes (2007) and Frahm (2016) is that Hughes assesses bivariate plots and
confidence ellipses whereas Frahm applies a discriminate function analysis (DFA). The
DFA approach assumes distinct separation between sources (see Glascock 1998, 2020)
and requires analysis of all known sources from a given region. The use of ppm ratios is
required in DFA because they are based upon independent variables (e.g., calibrated ppm)

rather than instrument-specific ratios of peak counts.

Element peak percentages in a ternary diagram

A ternary diagram, often referred to as the “simplex” in geological sciences, is a useful
way to visualize the relative contributions of three variables when they are summed to
100%. Jack and Heizer (1968) were the first to display relative peak percentages of obsidian
artifacts using ternary diagrams with rough outlines of various sources in Mesoamerica
(Figure 3). As Hughes (1986: 50; 2010) explains, this method simply adds three elements
and divides by the sum, each having a value between 0 and 100% and plotted on its own
axis. This three-dimensional method plotted on a two-dimensional image displays the
relative contribution of element counts, not ppm. Subsequent iterations of this plot are
published in Hughes (1986), Jackson (1989), and Shackley (1988).

Hughes (2010) offers a more refined use of the ternary diagram, and he again targets
the elements Zr, Sr, and Rb because they are adjacent on the periodic table and respond
similarly to variations in sample thickness. In this much refined image (Hughes 2010:
Figure 3), small artifacts are plotted with dashed ovals representing the range of variation
of a given source. These ovals are inferred from extensive knowledge of how particular
sources vary with thickness and diameter. They are not statistically defined, however,

and thus are difficult to reproduce.
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Figure 3. Various ternary diagrams. A — taken from Jack and Heizer (1968); B — redrawn from Hughes (1986); and C — redrawn from Jackson
(1989); D - taken from Hughes (2010).

Expanding a method for sourcing small
obsidian artifacts

Many statistical programs offer the ability to plot data in ternary diagrams (see Panich
2016), but more robust statistical methods that predict ranges of variation require ad-
ditional steps and expanded inputs. In geology, ternary diagrams are often used to plot
the relative percentage of feldspar with other mineralogical components (Weltje 2002;

Hamilton and Ferry 2018), and confidence regions are often applied to the ternary dia-
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Figure 4. R ggtern script credited to
Hamilton; adapted for L. R. M. Johnson
from Hamilton and Ferry (2018) and R
Core Team (2021).
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grams to aid in classification of rock types. There are several methods for their calculation
(Hamilton and Ferry 2018; Medak and Cressie 1991; Tolosana-Delgado and van den
Boogaart 2011; Watson and Nguyen 1985; Weltje 2002). Most use a modified Mahala-
nobis Distance statistic, or D? and require extensive calculations to compute depending
on how many variables are included.

To calculate confidence regions in ternary diagrams for use in archaeological ob-
sidian sourcing, the R Statistical Program can be used with the ggtern package and other
dependent applications (e.g., ggplot2). The code, written by Hamilton and Ferry (2008),
is straightforward and can be expanded upon for visualization or additional groupings
(Figure 4). While specific applications of the D? statistic have been applied to establish
outliers in obsidian sourcing (see Glascock 1998), here it is modified to calculate a non-Eu-
clidean distance from a central tendency (Hamilton and Ferry 2018). This non-Euclidean
distance is then used to calculate a modified Z-score that establishes how many standard
deviations a sample is from that central point in three dimensions. Non-Euclidean, in this
instance, refers to the fact that the data ranges from 0 to 100% and is thus not continuous
(i.e., 0 — n). Confidence regions, like ellipses, can be estimated at the 50, 90, 95, or 99%
confidence level, where 95% estimations indicate those samples that are no more than

two standard deviations from the mean.

The basic data inputs for confidence region prediction include known source groups
and their relative element percentages (see above). Unlike geological studies of relative
mineral concentration, application of the method to obsidian sourcing requires a thorough
evaluation of geochemical groups (see Glascock 1998). It is important to note that this
method is not intended as a substitute for the use of ratios described earlier (e.g., St/Zr),
but to supplement and expand on the earlier work of Jack and Heizer (1968) and Hughes
(2010), enabling a reproducible procedure for calculating statistical confidence regions

within ternary diagrams. In some instances, dozens of sources can be plotted to reflect
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a geochemical resource map, although sources with similar geochemistry will overlap.
To apply confidence statistics to a ternary diagram that reflects both small and large
artifact sizes, the problem becomes how to replicate this variation in a source library, re-
membering that source libraries are conventionally comprised of infinitely thick samples.
Figure 5 shows 24 obsidian sources from the western US plotted on a ternary diagram
with only infinitely thick source samples. One can see the relatively tight region depicted
for each source. These 95% confidence regions, unlike confidence ellipses derived from
two variables, are based upon relative percentages of three variables (Rb, Sr, and Zr) and

are calculated using a Mahalanobis Distance or D> method in R.

Figure 5. Example of ternary diagram

0 and 95% confidence regions for 24
Sr% 17 obsidian sources where each sample is
0.1 infinitely thick (> 4 mm).
0.9
0.2
0.8
0.3
0.7
04
0.6 -
0.5
05
z 0.6
04
0.7
0.3 -
T § o 08
0.2 ch o
s e 0.9
0.1 i = "
X Q 4

"y

1 09 08 07 06 05 04 03 02 041 0
Zr %

To expand the 95% confidence region so that it encompasses the variability in-
troduced by small artifacts, other sizes of source material are required. To this end, we
expanded the reference material to include small percussion or pressure flakes made from
the same nodules as the large (infinitely thick) flakes. With this addition, the size of the
confidence regions increases significantly (Figure 6), creating a bimodal distribution in
valid count. The number of small/large flake pairs per source ranges from alow of 4 to a
high of 60, with an average of about 17 for both. Some reference samples were unavailable
for small flake production; consequently, there are more large than small flakes in the
reference material for some sources (see Figure 6B). The majority, however, consist of

small/large flake pairs.
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Figure 6. A — ternary diagram with both small/thin and large/infinitely thick source samples represented by 95% confidence regions.
B —distribution of valid count for these sources. Statistics for this source library sample: n = 4,752; valid count range = 453-5,058; mean

=3,192;Std =1,526; CoV = 47%.
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Case studies from California and the Western
Great Basin

To demonstrate the utility of sourcing both large and small obsidian artifacts using ternary

plots with 95% confidence regions, two case studies from the western US are presented.

Case study 1

Approximately 500 artifacts were analyzed in north-central California along the Feather
River as part of a large water management project (Figure 7). The project area is located
at the confluence of multiple Indigenous groups that resided in the Central Valley as well
as in the uplands of northwestern Nevada. Multiple habitation sites were investigated
where tool retouch occurred, thus most samples were small pressure flakes and other
retouch flakes. Figure 8 shows that many of the small specimens were made from Cali-
fornia obsidian sources, as well as those near the modern-day state border (e.g., Buffalo
Hills and Massacre Lake).
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Case study 2

Another substantial sourcing project was conducted in northwestern Nevada during
investigations to restore freshwater springs (Figure 7). Again, multiple obsidian source re-
gionswere identified in the artifact sample (Figure 9). Here, two major clusters of artifacts
are shown. In the center are sources local to the archaeological sites (e.g., Buffalo Hills) as
well as sources imported from northeast California (e.g., South Warners and Buck Moun-
tain). In the lower left of the plot are three major northwestern Nevada sources (e.g., the
Bordwell Group and Massacre Lake). While these sources overlap in the ternary plot and
are plotted as a single Northwest Nevada Group, the addition of bivariate plots shows a
clear separation. In this example, the use of Fe/Mn peak intensity ratio is necessary for the
separation. In these peak intensity ratio bivariate plots, 95% confidence ellipses are shown

for both large and small source samples combined, appearing as a dashed-line ellipse.
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Figure 9. Case study 2 data. Ternary plot of relative peak percentages for elements Rb, Sr, and Zr, showing 95% confidence regions
for sources likely to occur in the study area. Artifacts appear in black. Confidence regions are derived from large and small source
specimens and are calculated and drawn with the ggtern package in R (Hamilton 2018).
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Discussion and conclusions

The sourcing of small artifacts from archaeological assemblages using XRF has always
been problematic because ppm values become skewed when specimens are thinner than
1.7 mm (Davis et al. 1998). This issue can be sidestepped by transforming semi-quanti-
tative photon count data or ppm values into element ratios or relative peak percentages.

Considering these issues, this chapter outlines a refined method for confidently
sourcing both large and small obsidian artifacts by applying 95% confidence regions to
ternary diagrams to encapsulate a wider range of expected variation in geological sources
regardless of specimen size, thus making source assignments easier to determine. Bor-
rowing from methods used in the geological sciences and only recently applied to archae-
ological obsidian sourcing, this chapter specifically discusses how to use the R Statistical
Program to calculate the Mahalanobis Distance statistic and, by extension, confidence
regions in ternary diagrams.

As with any method, some caveats apply. Chief among them is that the comparison
of source confidence regions created with small flakes assumes that the small flakes
chosen from one source are morphologically equivalent to the small flakes from another
source. This is a non-trivial problem for the analyst choosing the flakes and bound to
be an approximation at best. A greater number and more complete range of flake sizes
than we have used in this study (that is, more than just large flakes and small percussion/
pressure flakes) would go some distance toward correcting this source of error. It will
also be obvious that some chemically similar sources will become impossible to distin-
guish when small flake distortions are introduced (for example, the Coso subsources in
southeast California). In these instances, however, a more complete range of flake sizes
in the reference collection could help refine the threshold for discrimination (see Hughes
2010). This issue, along with a more detailed evaluation of the accuracy of relative peak
percentages as they are applied to small artifact analysis, will be considered in a forth-
coming study by the authors.

Determining the origin of obsidian artifacts is a powerful tool that can be used to
address a wide range of relevant archaeological issues. However, due attention must be
paid to sampling strategies. When the entire complement of lithic artifacts found within
archaeological assemblages can be analyzed, it becomes possible to fully reconstruct lithic
reduction sequences and the movement of raw materials across space. Importantly, we
argue that the use of confidence statistics in ternary diagrams is but one tool for obsidian
sourcing and should be used in conjunction with other methods of assignment depending

on regional geochemistry.
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Abstract

This work is an extension of previous research in which we successfully tested the ef-
fectiveness of chlorine (Cl) versus sodium (Na) diagrams to unambiguously identify the
provenance of obsidian artifacts attributable to Italian outcrops widely exploited during
prehistory, i.e., Lipari, Pantelleria, Palmarola, and Monte Arci. In this further work, we
found that the ratio R = Cl/Na decreases with the age of emplacement () of the obsidian
outcrops and can be well described by the inverse law: R(t) = 1/(A+Bt). Obsidian samples
were analyzed both by electron probe micro-analyzer (EPMA) and by Instrumental Neu-
tron Activation Analysis (INAA). Radiometric dates have been obtained both from the
literature and through *Ar/*Ar dating. Data processing confirmed the time evolution of
the Cl/Na ratio through the same equation, indicating that it can be used as an empirical
estimator of the obsidian formation age. A best-fit analysis of the collected data gives
the relation t = 149.3(1/R - 12.68) in units of ka. To verify the validity of this relation for
non-Italian obsidians, we applied it to Sierra de Las Navajas (State of Hidalgo, Mexico)
obsidians, estimating an age of 1.75 Ma, in agreement with the upper limit of 1.8-2 Ma

generally accepted for these rocks. We propose that the Cl/Na ratio changes with time
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Table 1. Mean Cl concentrations in
wt%. In brackets are the number of
analyzed (EPMA) samples. LIP = Lipari
(GAB = Gabellotto; CD = Canneto
Dentro; MGU = Monte Guardia). PANT

= Pantelleria (BDT = Balata dei Turchi).

PALM = Palmarola (subsources Monte
Tramontana and La Radica). MAR =
Monte Arci (subsources: SA, SB1,SB2,
SC). After Foresta Martin et al. (2020).

SAMPLES Clwt(%)
LIP GAB(3) 036
LIPCD (3) 0.34
LIPMGU (3) 03l
PANT BDT (5) 0.50
PALM (6) 0.21
M. ARCI (12) 0.10
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because of the differential loss of chlorine and sodium as a consequence of the micro-frac-
turing of the obsidian glass after the emplacement. If future tests on different obsidians
can confirm the validity of this approach, a rough estimate of the age of emplacement of

the obsidian outcrops could be derived from their geochemical compositions.

Introduction

The background

This chapter represents the further development of a study that aims to verify to what
extent some analytical data relating to the concentration of chlorine (Cl) in obsidian can be
used to obtain information of geologic and archaeometric interest on these volcanic glass-
es. In a previous study, Foresta Martin and colleagues (2020) proposed a new geochemical
method to determine the provenance of the archaeological obsidian artifacts collected in
the area of the Central Mediterranean, and attributable to the four Italian sources exploited
during prehistory: Lipari (Aeolian Islands, Sicily), Pantelleria (Sicily), Palmarola (Pontine
Islands, Latium), and Monte Arci (Sardinia) (Figure 1; see Freund 2018).

The method is based on measurements of the concentration of Cl that, although a
minor element in volcanic glasses, nevertheless exhibit a good quantitative differentiation
between the Italian obsidian sources (Foresta Martin et al. 2020) (Table 1).

The diagnostic relevance of Cl for obsidian studies can be better appreciated if we
consider that in silica-rich magmas it acts as an incompatible element that tends to con-
centrate in melts rather than in the crystal lattices (Bonifacie et al. 2008). Furthermore,
Cl solubility rises with the increasing content of network modifying cations, especially
Na, K, Mg, Ca, and Fe, so that its concentration grows in more evolved magmas, such as
trachytes and rhyolites, from which obsidian is generated, reaching significantly higher
values (up to 0.50 wt%) than the average of igneous melts (0.02 wt%) (Lowenstern 1994;
Carroll and Webster 2018 and references therein). In some peralkaline! obsidian, such
as the pantellerites, Cl can even exceed 1 wt% (Lanzo et al. 2013). Sodium (Na) is another
element that exhibits some quantitative differentiation between the Italian obsidian
sources (Le Bourdonnec et al. 2006, 2010; Tykot 2002), although, taken on its own, it
does not always provide unambiguous diagnoses of provenance.

After verifying that in the Central Mediterranean obsidian Cl and Na are positively
correlated, Foresta Martin and colleagues (2020) tested the effectiveness of a Cl vs. Na,O
scatter plot to unambiguously discriminate the four Italian obsidian sources, carrying
out measurements of the concentration of these two elements both in geological and
archaeological samples, by non-destructive or minimally destructive and commonly used
analytical procedures such as Scanning Electron Microscopy / Energy Dispersive X-ray
Spectroscopy (SEM-EDS) and electron probe micro analysis (EPMA). The results were
conclusive, as shown by the Cl vs. Na,O scatter plot (Figure 2), where both geological and
archaeological obsidian samples from several Italian outcrops are grouped over distinct

areas, without overlapping (Foresta Martin et al. 2020).

1 With an alkali (Na,0+K,0) excess over alumina (Al,O,). A peralkaline rock has by definition the peral-
kaline index PI = [(Na,0 + K,0) / ALO,]> 1.



Chapter 9: Foresta Martin et al.

Ty

A Raly
TR

¢ ,"‘3"""@5:3:&
¥, Pantelle A(:‘ 3

'ﬁrmgeﬁaj::zf : s |7 i ". = s.-
/ a ) Y .. .... z
L e . . .* : L1 ‘ 5 .. :
. . 2 .. '0. pﬁ. ..‘.’.. o.
. ‘e © s ': - * ®o
4 o2 ,}.‘?‘. . .‘ .: . ¢ ‘me
| ST g S
T i ,
O b ¥ e
.2 % s :
. ; ...t. L ] “.h:o A
«*  PALMAROLA%» ;{ . g @%
. N Angl; : ¢, 3
& oLlPﬁBl.o ‘p S A
%.“‘” OJ ‘.
- 2
A Obsidian Sources . : PANTELLERIA
| e Archaeological Sites w 2. IO,
0 125 250 500 £
o Kilometers o

Fhurcex VECS. ES8L TANA AND

Figure 1. The Italian (Central Mediterranean) obsidian sources (red triangles) and the hundreds of prehistoric sites (black dots) where

obsidian has been reported. Modified after Freund (2018).

060 -
050 - BTN
040 LL)
LIP é * PANT
— 030 1
U °
0.20 - ®
o M.ARCIZ. T
0.00 .
0,00 2,00 4,00 5.00 8,00
Na:O

Figure 2. Clusters in the scatter plot of Clvs. Na,O unambiguously
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subsources. In the plot are inserted 31 geological samples (red
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Pantelleria (21) and Palmarola (1). From Foresta Martin et al. (2020).
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Consequential developments

Now, in this consequential work, we have investigated both the geochemical ratios Cl/
Na,O (wt%) and Cl/Na (ppm) and found that they decrease according to the sequence
Lipari, Pantelleria, Palmarola, and Monte Arci, corresponding to the increasing forma-
tion ages of the obsidian outcrops. We have therefore looked for an empirical formula
relating this ratio to the time of obsidian formation, with the purpose to use this geo-
chemical parameter as a simple method to estimate the obsidian formation age. Under
the methodological profile, we put forward the hypothesis, yet to be verified, that the
decrease of the Cl/Na,O or Cl/Na ratios with time depends on weathering and devitri-

fication phenomena.

Materials and methods
Sampling

To investigate the correlation between the chlorine/sodium ratio of the obsidian samples
and the respective formation ages, we have considered two groups of geological samples,
based on the different geochemical techniques applied in their analyses.
The first group (Set I) includes 32 geological obsidian samples collected by F. For-
esta Martin from
« Lipari, 9 samples: 3 from Vallone Gabellotto, 3 from Canneto Dentro, and 3 from
Monte Guardia (there is no evidence of the prehistoric use of the last one, and it
was included for its geochemical significance);
+ Pantelleria, 5 samples from Balata dei Turchi;
+ Palmarola, 6 samples: 3 from Monte Tramontana, and 3 from La Radica;
« Monte Arci, 12 samples: 3 for each of the sub-sources usually indicated in the
literature with the abbreviations SA, SB1, SB2, SC (Tykot 1992, 2002).

The second group (Set IT) includes 61 geological samples collected by R. Tykot from

+ Lipari, 7 samples: 3 from Rocche Rosse and 4 from Forgia Vecchia;

« Pantelleria, 12 samples: 1 from Upper Balata dei Turchi (BdT1), 4 from Low-
er+Upper Balata dei Turchi (BdT2 and BdT3), and 7 from Lago di Venere;

+ Palmarola, 4 samples: 2 from Monte Tramontana and 2 from Punta Vardella;

« Monte Arci, 38 samples, from the subsources SA (12), SB1 (4), SB2 (5), SC (17).

Geochemical analyses

The first group of obsidian samples (Set I) was subjected to microchemical analyses
through an Electron Probe Micro Analysis (EPMA) JEOL-JXA8200, combined with
Energy Dispersive Spectrometer-Wavelength Dispersive Spectrometer (EDS-WDS) and
equipped with five WD spectrometers at the Istituto Nazionale di Geofisica e Vulcano-



logia (INGV) Laboratory in Rome. Data were collected using 15 kV accelerating voltage
and 8 nA beam current.

A fragment of about 5 mm in size was detached from each sample to be analyzed.

Groups of half a dozen fragments were embedded in epoxy resin stubs, abraded, and
polished. The resulting mounts were ultrasonically washed in bi-distilled water and then
carbon-coated before performing the microprobe analyses.
The following major and minor elements were determined: SiO,, TiO,, Al,O,, FeO,,,
MnO, MgO, Ca0O, Na,0, K,0, P,0,, Cl, F. The standards adopted for the various chemical
elements are albite (Si, Al, and Na), forsterite (Mg), augite (Fe), rutile (Ti), orthoclase
(K), apatite (F, P, and Ca), sodalite (Cl), celestine (S), and rhodonite (Mn). Sodium and
potassium were analyzed first to further prevent alkali migration. Analytical uncertain-
ties relative to the reported concentrations indicate that the precision was better than
5% for all cations.

The second group of geological obsidians (Set IT) was subjected to Instrumental Neu-
tron Activation Analysis (INAA). The obsidian samples were crushed, and two subsamples
were prepared for INAA short and long irradiations. The short-lived elements Ba, Cl,
Dy, K, Mn, and Na were measured in most samples. After decaying for ~8 days, the long
irradiation samples were counted for 2,000 seconds each to measure the medium-lived
elements Ba, La, Lu, Nd, Sm, U, and Yb. After three weeks, the long irradiation samples
were counted for 10,000 seconds to measure long-lived elements Ce, Co, Cs, Eu, Fe, Hf,
Rb, Sb, Sc, Sr, Ta, Tb, Th, Zn, and Zr. Standards including SRM-278 Obsidian Rock and
SRM-1633a were similarly prepared and irradiated for calibration and quality control of
the analytical data (Glascock and Ferguson 2012).

Radiometric age of obsidian samples

No radiometric analyses were performed on obsidian samples from Set I as part of this
study. The radiometric dating associated with these samples was taken from the literature,
in particular from the authors reported in Table 2.

On the other hand, direct radiometric analyses were carried out on obsidian sam-
ples of Set II through the *Ar/*Ar technique. Fresh, relatively unbroken crystals were
handpicked, ultrasonically cleaned, packaged in Al foil, and encapsulated in Al disks. The
samples were irradiated at the McMaster University reactor, with the evolved gas purified
and analyzed on the Massachusetts Institute of Technology (MIT) MAP 215-50 mass
spectrometer with an electron multiplier. Measurements of the five isotopes of argon
(““Ar, ¥Ar, **Ar, ¥Ar, and **Ar) were corrected for system blanks, mass fractionation, and

neutron-induced interferences (Flowers et al. 2006; Renne et al. 2009).
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Table 2. Geological characteristics and radiometric ages of the four Central Mediterranean (Italian) obsidian sources exploited during
prehistory.* The age of Canneto Dentro is unknown, but it is younger than Monte Guardia and older than Gabellotto (Lucchi et al. 2013).
In the references column, the authors that have performed radiometric dating are indicated in bold.

SUB GEOL GEOL
LOCALITY REFERENCES*
SOURCES SETTING AGE
SA
<B] Tykot 1992, 2002;
Monte Arci B Within-Plate 3.6-3.2Ma Montanini and Villa 1993;
Bellot-Gurlet et al. 1999
SC
Mont Within-Plate; Barberi et al. 1967:
onte
Palmarola Subduction 1.6-17 Ma Bellot-Gurlet et al. 1999;
Tramontana
Related Cadoux etal. 2005
Bigazzi and Bonadonna 1973;
Gabellotto ] 8.7-8.4 Ka Arias et al. 1980;
S Subduction .
Lipari Canneto Dentro Related * Lucchi et al. 2013;
elate
Monte Guardia 24-27 Ka Zanchetta et al. 2011;
Donato et al. 2018
] ] Bigazzi et al., 1971;
Balata dei Turchi 127-257 Ka
. . e Radi et al. 1972;
Pantelleria Salto La Vecchia Within-Plate ¥
] Jordan et al. 2018;
Fossa Pernice 71-190 Ka

Rotolo et al. 2020

Table 3. Mean Cland Na,O
concentrations in wt%; ratio R = Cl/
Na,O; and radiometric age that was
taken from literature for each obsidian
source. The number of analyzed (EPMA)
samples are in brackets. Abbreviations
asin Tablel.
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Results and discussion

Set I analyses

In a preliminary phase of this study, we focused our attention on the weight percentages

of Cland Na,O, measured in the first obsidian group (Set I), finding that

« in each of the obsidian samples examined, the concentration of Cl is an order of
magnitude lower than that of Na,O (Table 3);

SAMPLES Cl(wt%)  Na,O(wt%) R=Cl/Na,0 T=AGE (ka)
LIP GAB (3) 036 4.04 0.089 8,5
LIPCD (3) 034 408 0.083 (?)

LIP MGU (3) 031 371 0.084 26
PANT BDT (5) 0.50 728 0.069 257
PALM (6) 0.1 477 0.044 1600

M. ARCI (12) 010 3,43 0.029 3400
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« regardless of the different relative proportions of Cl and Na,O measured in the
various samples, the percentage by weight of CI with respect to Na,O tends to

decrease with the increasing age of the relative obsidian outcrop (Figure 3);

Figure 3. Mean relative percentages of
RELAT!VE PERCENTAGES Cland Na,O - relating to the selected
obsidian outcrops of Lipari Pantelleria,
B o Palmarola, and Monte Arci (Table 3).
Cl Na,O The proportion of Cl to Na,O tends to
decrease with the age of the outcrops.

92 92,3 93,5 93,6 94,6 95,8 95,4 96.2 96,6 96,5

LIP PANT PALM M. ARCI

- there is an evident negative correlation between the ratio R = Cl / Na,O and the

time (T) of obsidian outcrop formation (Figure 4).

0.1 1 Figure 4. The mean values of R=

008 s Cl/ Na,O ratio - relating to the

008 = selected obsidian outcrops of Table
o " = PANT - : 3 —appear negatively correlated with
o 006 the radiometric ages. A decreasing
& o trend is evident, indicating a higher
O 6 ® PALM depletion rate of CL.
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We then set out to verify to what extent the ratio R can become an estimator of T.
We associated each geochemical ratio R = Cl / Na,O (wt%) with the formation age of
the respective obsidian deposits. The data relating to the age have been taken from the
abundant literature on the subject, selecting those for which there is a concordance of
values, albeit with some approximation (Table 2).

From a methodological point of view, associating our R values with radiometric
ages T taken from literature could lead to errors in the definition of the best-fit curve

that correlates the two parameters R and T. As a matter of fact, we do not know to which
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part of the obsidian outcrop the radiometric data taken from the literature are related.
Although they belong to a specific source, they could be part of a different deposit and

have different geochemical fingerprints with respect to our samples.

Set Il analyses

Awareness of the aforementioned limits and uncertainties led us to look for another set
of obsidian samples on which both geochemical analyses of Cl and Na concentrations
and radiometric ages were carried out (by the coauthor of this work, R. Tykot). The ClI,
Na, R = Cl/Na as well as T data relating to this second group (Set II) of obsidian samples

are shown in Table 4.

Table 4. Set || obsidian. Mean Cland Na concentrations in ppm (INAA analyses, the number of analyzed samples are in brackets); ratio
R = Cl/Na; and radiometric age (*Ar/*°Ar dating), for each obsidian source. Forgia Vecchia and Rocche Rosse are recent historically
documented eruptions (Pistolesi et al. 2021).

Island&location Sample Clppm Na ppm Cl/Na T = AGE (ka) Error
Lipari, Forgia Vecchia® AVE (4) 2421 29457 0.082 15 -
Lipari, Rocche Rosse* AVE (3) 2189 29717 0.074 1.5 -
Pantelleria,
) AVE (7) 1955 37135 0.053 197 +1.8 (+0.93%)
Lago diVenere
Pantelleria,
) ) AVE (4) 3143 45450 0.069 236 +215(x091)
Balata dei Turchi
Pantelleria,
} ] USF5127 (1) 3131 47678 0.066 157 +16.9 (x10.76)
Balata dei Turchi
Palmarola,
USF4080 (1) 1444 34724 0.042 1550 +94 (£0.60)
Pta Vardella
Palmarola,
USF4235 (1) 1525 35283 0.043 1582 +89 (x0.57%)
M. Tramontana
Palmarola,
USF4092 (1) 1386 34746 0.040 1583 +9.8(£0.62%)
Pta Vardella
Palmarola,
USF4251 (1) 1284 34075 0.038 1585 +91(£0.58%)
M. Tramontana
M Arci, SA AVE (12) 852 24355 0.035 3437 +20.6 (£0.60%)
M Arci, SB1 AVE (13) 735 25021 0.030 3474 +121.5 (£3.39%)
M Arci, SB2 AVE (5) 691 23840 0.029 3332 +18.1 (+0.54%)
M Arci, SCI AVE (9) 546 23646 0.023 3507.0 +21.6 (£ 0.62%)
M Arci, SC2 AVE (9) 533 24878 0.021 3507 +21.6 (x0.62%)
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Although the Cl and Na contents were obtained with different analytical procedures
and expressed in ppm, it is evident that the proportions of Cl to Na decrease passing from
the youngest obsidian deposits to the oldest ones, with some exceptions found in several
sub-sources. Thus, having available two sets of samples analyzed with different methods,
we searched the mathematical law that expresses the correlation between R and T'in the

two cases and compared the two results.

The search for a mathematical law

We then tried to verify if the behavior of the ratio R with the age T can be well represented
by a mathematical law, which can also provide information about physical modeling for
the change of R. Our starting assumption was that the typical time scale of the R evolution
depends upon a power of the ratio itself:

(1/R)(dR/dt)=-BR" (1)
where Bis a positive constant and n is a non-negative number. This equation can be
resolved by means of a simple integration for the separation of variables:

JdR/R™*' = - B dt

that, for n = 0, corresponds to an exponential decay

R(t) = A exp(- Bt) (2)
where the integration constant A is the initial value of ratio R, while for n different from
0, one obtains after a simple algebraic manipulation

R(Y)=1/(A+nBt" (3)
with A = 1/ (R, that in geophysics is known as Omori-Utsu law, a generalization of
the previous Omori law (Omori 1894), which is obtained in the particular case of n= 1,

R()=1/(A+B1) (4)

and A= 1/R,.

We computed several numerical best fitting of these formulae to the data by a least
mean square linear minimization and found that Omori’s law of Eq. (4) is the most suc-
cessful in describing the entire data set. This law was introduced on an empirical basis
for describing the frequency of aftershocks following a strong earthquake (Omori 1894;
Utsu 1961; Utsu and Ogata 1995). Its physical interpretation is still not fully understood,
although it is a general view that it is related to some rupture mechanism in the rocks
of the Earth’s crust. As it will be discussed in Section 3.6, it is possible to devise a likely
physical interpretation for its use in the present context. Eq. (4) can be easily inverted
using R to obtain an estimate of the age of obsidian samples:

t=(1/B)(1/R-A) (5).

It is interesting to note that for high ages of the obsidian—which correspond to low
values of R, such that 1/R is much higher than A—the age estimate tends to be independent
on the parameter A, which is related to the initial value of R. We can define a typical time
scale of R evolution that is:

T=A/B (6)

that is the time necessary to reach a value of R(t) = R//2, the half of the initial one.
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Figure 5. Two best-fit curves to the Set
| data (blue-filled circles): the solid
red line is the Omori law, while the
green dashed line is the exponential
law. Numerical formulae with best-fit
values of the parameters are written
inside the figure.
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The best fit curve

Here, we present the results of the best fitting of Eq. (4) to the two different sets of data.
The first set is the one given in Table 1, indicated as Set I, which is the same already pre-
sented at the 2021 International Obsidian Conference and described in paragraph 3.1.
The best fit curve (in red color) is shown in Figure 5, where the age of samples is reported
in units of 1,000 years. The best-fit values of the parameters are also given in the figure.
In the same figure, we also reported the exponential best curve (dashed green line): it is
clear from the comparison of the two curves that the Omori law is closer to the data than
the exponential law, which has an rms of the residuals that is higher than the other one

by a factor of about two.

0.08 § ST -
007 . 0.0818 exp( -t/ 3158)

§ — 1/(11.77 + 0.006616 t) -

| 1 1 L

3000 4000

0 1 L 1 1 | L 1 1 | | 1
0 1000 2000

Age (ka)

The same law also gives the best fit to the Set II data as shown by the turquoise
curve in the Figure 6 plot. Interestingly, parameter B has nearly equal best fit values for
the two fits, while parameter A is about 13% higher. This implies that for high ages the
corresponding values are not largely different, while for small ages the samples of Set II
have lower values. For comparison, we reported in the same Figure 6 the best fit curve
(dashed red line) of the Set I data that makes evident this difference.

Taking into account that the differences between the two data sets may be affected
by systematic uncertainties likely due to the techniques used, we considered an additional
Set C obtained by joining together the two previous ones. The best fit of the Omori law
applied to this “combined” set is shown in Figure 7: the resulting curve is clearly inter-

mediate between the two other curves and can represent the most acceptable solution
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for the time evolution of the ratio R. Using the parameter values reported in Figure 7,
we can obtain from Eq. (5) the following practical formula for estimating the age of a
sample from its value of R:

t=149.3(1/R - 12.68) 7)
in units of ka. Of course, for R values > 0.0789, this formula cannot be applied because it
would give a negative age. Such a result must be interpreted in terms of high uncertainty
in the initial composition of the samples, and therefore for values higher than 0.078 one

can only establish a higher limit to the age of about 22 ka.
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We also performed the same analysis on a set in which the data with the lowest and
highest values were omitted from the Lipari and Monte Arci samples, and the resulting
parameters were practically unchanged. As a further step, we omitted all the Lipari data,
whose R values might be highly depending on the initial condition because of their young
age; taking into account only the Pantelleria, Palmarola, and Monte Arci samples, we
obtained the best fit curve very close to that of Set II.

In conclusion, Eq. (7) currently appears to be the most reliable relation between the
Cl/Na ratio of the studied obsidians and their ages.

Testing the method on non-Mediterranean obsidian

As shown in the previous sections, the correlation found for Italian obsidians between
their Cl/Na,O ratio and time of formation can allow us to use this parameter to estimate
the age of obsidian sources. However, the observed decrease of Cl/Na,O with time could
also be only apparent, and the different ratios shown by the Italian obsidian sources
could be due to other factors such as different magma sources and/or different evolu-
tionary processes.

Due to the limited number of sources in the Mediterranean area for which both chemical
analyses of Cl and age are available, in order to have a first test of the possible use of R
as an estimate of the obsidian age, we have applied Eq. 7 to the obsidians of Sierra de las
Navajas (State of Hidalgo, Mexico). EPMA analyses of these obsidians are reported in the
recent paper of Donato and colleagues (2022), and their average Cl and Na,O contents

are summarized in Table 5.

Table 5. Average Na,O and Cl concentrations of Sierra de las Navajas obsidians; obtained
from data in Donato et al. (2022).

LOCATION Na,O (wt%)  Cl(wt%) R=Cl/Na,0 T=AGE (ka)

Sierra de
) 49394 0.2023 0.0410 1752.6743
Las Navajas

The average R-value for these obsidians is about 0.041. Applying Eq. 7, it gives an
age of formation of 1.75 Ma. The obsidians of Sierra de las Navajas come from a deposit
formed during the early stages of the volcano building. The volcanic edifice was suc-
cessively involved in a sector collapse, producing a debris-avalanche deposit (Lighthart
Ponomarenko 2004). The age of the Sierra de las Navajas volcano is not known; however,
according to Nelson and Lighthart (1997), the products of the debris avalanche directly
overlie basaltic lavas whose K/Ar age is 1.8 +- 0.4 Ma. An age younger than 2 Ma is
also suggested by Lighthart Ponomarenko (2004) for the Sierra de las Navajas volcanic
edifice. These ages are in agreement with the formation age obtained by applying Eq. 7.
This represents, therefore, a first positive test for the possible use of the Cl/Na,O ratio

to roughly infer obsidian ages.



A possible explanation

In an attempt to give a possible explanation of the physical and geochemical processes
that lead to the decrease of R with the age of obsidian outcrops, we must keep in mind
some degradation processes to which volcanic glasses, in general, are subject. Obsidian is
asilicate (SiO, > 65 wt%) super-cooled liquid characterized by a poorly ordered internal
structure, with roughly linked SiO, tetrahedra that form a polymerized network and
appreciable intermolecular space. On a geological time scale, obsidians are thermodynam-
ically unstable and prone to glass network destruction mainly due to environmental-al-
teration phenomena, i.e. weathering (Fisher and Schmincke 1984 and references therein).
Alteration begins with the rapid absorption of thin H,O layers on the glass surface,
followed by slow diffusion of the water inside the glass, favored by the opening of mini-
cracks and the deconstruction of the polymerized network (Friedman and Long 1976;
Friedman and Trembour 1978; Jezek and Noble 1978). This so-called hydration process,
which is an exponential function of time and temperature, in obsidians goes on up to an
H,O saturation limit of about 3%; and it underlies the dating methods of flaked obsidian
tools where it is possible to identify and measure the hydration layer (Friedman and Smith
1960; Friedman and Long 1976; Friedman and Trembour 1978).

During the water diffusion phase inside the glass, the most relevant chemical changes
consist of an Na decrease and K increase by ion exchange with the groundwater, while
volatile components such as Cl tend to be lost (Jezek and Noble 1978). The study of the
alterations on volcanic ashes has ascertained that the micro fracturing of the glass in the
absence of water is very slow, while the circulation of hot water and high environmental
temperatures accelerate the hydration and the network dissolution processes (Zielinsky
1980). Volcanic glasses with higher concentrations of Si and Al network-forming ele-
ments exhibit greater resistance to these alteration processes, as shown by comparative
experimental studies (Fisher and Schmincke 1984 and references therein).

Devitrification of obsidian glass can also contribute to a further loss of both Cl and Na
in very old obsidian, as that process preferentially reorganizes silica like cristobalite and
potassium as K-feldspar (Bullock et al. 2017) in white spherulites and blade-like crystals
(Gimeno 2003). Devitrification increases interstitial voids in the obsidian, enhancing
water permeation and mobile elements loss, which have not been accommodated in
crystal reticula (Gimeno 2003).

Putting it all together, Cl and Na appear to be linked by a common fate within ob-
sidians. The solubility of CI tends to increase in alkaline and peralkaline melts, where CI
pairs preferentially with Na (Carroll and Webster 2018) and the concentrations of both
elements are positively correlated. But, just as both of these elements enter and pair in
the rhyolitic melts, they both exit due to the hydration/alteration processes to which
volcanic glasses are subject. However, chlorine diffusivity is probably higher than that of
sodium and can occur also in the absence of water. Therefore, also in “fresh,” not hydrated
obsidians not experiencing a significant Na loss, a remarkable chlorine loss can occur with
time. Regardless of the different genesis and the differences in chemical compositions that
characterize the obsidian deposits considered in this study, it seems that the different loss
rates of Cl and Na can be the explanation for the inverse correlation between R and T—

and make it possible to use R as an empirical estimator of the age of an obsidian outcrop.
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It is also a possible explanation for the success of the Omori law in describing the
time evolution of the Cl to Na ratio. To interpret our results, we recall that a simple
phenomenological interpretation of the Omori law was given by Guglielmi (2016)—in
analogy with the recombination process of oppositely charged particles in the ionospheric
gas—who proposed that an earthquake occurs in an “active” fault at which opposite shear
stresses are present. Other researchers, for instance Mallick and colleagues (2009), have
shown that microfractures occurring at a constant deformation in an indention experi-
ment on a glass cylinder are also finely described by an Omori law, which can be related
to a thermally activated rupture process. More recently, Roy and Hatano (2018) studied
the creep-like behavior of fractures in heterogeneous media under a constant load and
demonstrated that they are described by the Omori-Utsu law. In the present context we
can, therefore, assume the simple first-order approximation that the decreasing rate of
the ratio R is proportional to the frequency of the microfractures in the obsidian and that

this frequency is described by the Omori law.

Conclusion

It has been observed that, in the Italian obsidian, values of the ratio R = Cl/Na,O
(wt%), and Cl/Na (ppm) of old obsidian sources (e.g., Monte Arci, 3.4 Ma, R = 0.029)
are much lower than the young ones (e.g., Lipari, 22-10 ka, R = 0.084-0.089). Different
concentrations in the various elements can be related to the different geodynamic settings
(and, consequently, geochemically different magma sources) in which the obsidian has
been emplaced. However, such a systematic decrease of an element ratio with time could
also be due to a preferential loss of the more volatile component (Cl) with respect to the
more stable Na, due to micro fracturing of the obsidian with time. If this is true, the Cl/
Na,O ratio could be used as an empirical age estimator of the obsidian source, capable
of being also a discriminating tool for obsidian, which, although belonging to different
magma sources, nonetheless have similar elemental compositions (Shackley et al. 2017).

For the Italian sources, the decreasing evolution of R is well described by means of
the inverse law in Eq. (4) and a best-fit evaluation of the parameters results in the formula
in Eq. (7). The accuracy of this method depends on the reliability of calibrators—more
precisely on the scatter of R in samples from the same source as in the case of Monte
Arci obsidian.

It is necessary to test the method on a higher number of obsidian sources whose age
and chemical composition are known to understand if its validity is limited to the Italian
obsidian or if it can be used universally. We attempted a first independent verification of
our Eq. (7) to infer the age of different obsidian by applying it to samples from the Sierra
de las Navajas (Mexico) obsidian source, for which an average value of R = 0.041 has
been found. The age of ca. 1.7 Ma is in agreement with an age younger than 1.8-2 Ma,
generally accepted for this source.

In this work, we have not tested the method on archaeological samples. However, our
previous studies demonstrated that Cl and Na contents of archaeological samples are per-

fectly coincident with those of the geological samples and can be therefore used as discrim-



inating elements between Mediterranean sources (Foresta Martin et al. 2020). A possible
limit to the application of this method is the necessity to analyze fresh surfaces, which, in
the case of archaeological samples, means that they cannot be perfectly preserved.

The Cl and Na,O contents of obsidians can be obtained by several analytical methods,
including the quick and poorly destructive or non-destructive Energy Dispersion System
(EDS) or Wavelength Dispersion System (WDS) associated with an electron microscope
or microprobe. If the relationship between age and Cl/Na,O ratio is confirmed, there-
fore, the proposed method can be used to get the first estimate of the age of the obsidians

through the use of a very simple and quick analysis.
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Abstract

This chapter proposes a novel approach to disseminating obsidian geochemistry data. It
is common today to find geochemical results (complete or in summary form) distributed
along with a publication much as was practiced 50 years ago in paper form. Using a web
repository approach and inspired by a geospatial system employed by the US Geological
Survey, among others, we propose that geochemical analyses should be hosted at perma-
nent web locations so that these data can be built into other web-based analysis systems.
Further, we suggest that version control software can be used to update geochemistry

collections online and track analysis sessions.

Introduction

More than 50 years have passed since geochemical sourcing of obsidian began at a few
national laboratories, and much has changed in how analyses are conducted and results

reported. Reflecting these new realities of research, this chapter presents a model where
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analyses make greater use of open access publishing repositories and, in some cases,
version control software.

Until recent years, the dominant method for circulating obsidian geochemistry results
was to publish the results in regional or scientific journals together with a discussion of
the implications for regional archaeology. Furthermore, when printed on paper many
publishers were averse to publishing complete data sets due to space constraints, and
so only summaries (mean and standard deviation) were included in many publications.
While this ensures that the summary results and analysis will circulate and be read, it
stands in contrast to the granular detail and cumulative nature of the data needed for ob-
sidian geochemistry research in a region. That is, if one is expected to contextualize every
dataset with an essay reflecting on the significance in the region and then find a publisher
to circulate it, it limits the sharing of the data that should happen—and it results in analysts
saving up data sets for the eventual “big publication” instead of circulating them digitally
in the tradition of many physical sciences. Obstacles to data dissemination are numer-
ous, including data guarding or lack of funding or available time for rendering datasets
comparable with others, and these interfere with the goals of inter-lab comparisons and
reproducibility in science (Stark 2018). Inspired by the open data and reproducibility
movement in recent years (Kansa and Kansa 2021; Marwick 2017), we describe a reposi-
tory hosting obsidian data and outline a system for incorporating new X-ray fluorescence
(XRF) datasets into a version-controlled repository. The infrastructure for data sharing
on the internet has much to offer geochemistry, and obsidian source datasets are a discrete

group that can be used to explore the immediate benefits of this approach.

Expanding analyses of many collections with
inter-instrumental comparison

With the greater availability of spectrometers and the demand for non-destructive ana-
lytical methods, a wider array of researchers has gained access to portable XRF (pXRF).
While still relatively costly and not always durable, pXRF units have the advantage of
being small enough to be transported on airplanes to the collections found in labs and
museums, and even to field sites running on battery power. This has greatly expanded
the number of analyses occurring annually and allowed for the systematic analysis of
collections worldwide. While use of the reference samples and standards on a single
instrument is preferable, it does not scale. As a result, inter-instrument coordination
and comparability are a necessary step for expanding obsidian research going forward.
Inter-instrumental comparability has been an often-noted challenge in these studies.
Geological standards such as the Obsidian Rock (SRM-278) or Rhyolite Glass Mountain
(RGM) have been used as check standards to evaluate comparability between instruments
and drift or error within a single machine (Glascock et al. 1998; Govindaraju 1994). To
control for high and low values within each element of interest in XRF, in the past decade,
two reference sets have become available for analysts (Frahm 2019; Glascock and Ferguson
2012; Johnson et al. 2021) that represent an important step forward in generating com-
parable inter-instrumental values. These calibration sets have been developed together

with “recommended values” tables for empirical calibration (Glascock and Ferguson 2012)



or using custom factors on Fundamental Parameters-based XRF instruments (Frahm
2019). This allows analysts to target specific concentration values per element for known
standards or sources, and to derive valid numbers for artifacts without necessarily having
the target chemical values for known obsidian sources in a region. This development
highlights the need for coordinated data-sharing in terms of reference datasets and the

chemistry of obsidian sources as measured by these comparable instruments.

Source assignment challenges

A primary question in the analysis of obsidian artifacts is source assignment to a specific
geological obsidian flow. These assignments are typically localized (reflecting mobility
and transport in antiquity in a given region). A common practice in our discipline is
that archaeologists with instrumentation and a specialty in geochemistry will make the
assignments by way of comparison with source samples or by way of trace-element ref-
erence data that was, under ideal circumstances, derived from source samples that they
have run on their instruments.

Databases of source locations and names are available, and datasets could be effective-
ly organized into a web-based Geographical Information System (GIS). These regionally
important sources have quarrying and workshop sites nearby, and therefore are protected
archaeological features by definition. There are methods for obfuscating site locations
that could be employed without substantially diminishing the possibilities for regional
spatial analysis. For example, the OpenContext repository uses the Quadtree Indexing
approach where precision locations are aggregated into cells that are typically rendered
using choropleth shading to indicate density of sites in each cell. These are shared at a pre-
defined spatial resolution for the grid cells. In one example at OpenContext at the Zoom
level 11, the spatial information can be shared at the relatively coarse scale of 17 km cells
using the Mercator projection; but for features deemed less sensitive, location could be
shared on a finer scale, with perhaps 3 km cells. In sum, the regional spatial relationships
are maintained, and viewers of the web maps gain an understanding of the density of
cultural features without revealing precision site locations. Given the expanding number
of instruments and demand for non-destructive analysis, we present here two approaches

for improving access to reference data.

Reference data from Neutron Activation Analysis

The results of Neutron Activation Analysis (NAA) are stable and unlikely to change, so
they are appropriate for sharing in a permanent repository. Data sets have been made
available on laboratory websites such as that of the University of Missouri Research
Reactor (MURR) [https://archaeometry.missouri.edu/murr_database.html], as well as
in permanent online repositories, such as OpenContext and the Digital Archaeological
Record (tDAR). It is worth noting that results of many XRF studies are also available
on repositories, such as the 500+ reports distributed on the University of California eS-

cholarship system by M. Steven Shackley (https://escholarship.org/uc/arf_xrfreports).
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The Andean Obsidian Geochemistry Project (https://doi.org/10.6078/M7VH5MON)
on the OpenContext repository hosts over 1,300 records of NAA, which runs from the
Archaeometry lab at MURR. These are available in user delimited regions as data down-
loads or through the web software without pre-registration. This approach facilitates
integration into web-based visualization software such as SourceXplorer (McMillan 2021)
or other R or Python-based web visualization tools like Jupyter notebooks or built into
a Geographical Information System. A well-developed example of just such a geospatial
system is provided by the US Geological Survey in the National Geochemical Database
(https://mrdata.usgs.gov/ngdb/rock/), in which the geochemistry for over 400,000
igneous rock samples (mostly via emission spectrography) are provided at a stable, web
geospatial archive. This allows researchers to compare their field samples to the existing
geochemistry from samples acquired nearby.

While the use of chemical concentrations derived from NAA in assigning obsidian
artifacts to sources based on XRF data is more complex (Glascock 2011, 2020), a number
of elements are comparable (in particular, Ba, Rb, Zr, and Sr > 10 ppm), and these can serve
as the basis for assigning samples to sources with an XRF instrument, with a calibration

or results adjusted to match concentrations derived from other geochemical methods.

OpenContext interface

OpenContext is an open-data publishing service for archaeology. The OpenContext
API provides access to a variety of structured queries without requiring a sign-in, and
the web interface of OpenContext allows analysts to subset the NAA data spatially using
the map interface (Figure 1) and include source geochemistry within the research area
of interest. In the example shown here, square cells overlain on the national boundaries
(OpenStreetMap) show density of source samples by cell color, and the selection box
bounds a subset of the full collection. A subsequent screen provides the coordinates
of the selection, and, via the Download button, the chemistry of 98 source samples in
this example are provided. These can be acquired either as a CSV (table) or a GeoJSON
(GIS data) for inclusion in geospatial or statistical software and for comparison with the

chemistry of obsidian artifacts from the region.

Open and reproducible science

These approaches contribute to a development in scientific inquiry where data and code
are accessible and made available by developers for researchers and consumers. While
instrumentation and development require significant capital investment, the entire pro-
cess—the instrument construction and collimation, the design and thickness of filters, the
algorithms that interpret the spectra, and the calibrations used to convert the spectra to
ppm concentrations—would be published and accessible to researchers.

Unfortunately, these instruments are designed for a narrow industrial market, so

many of the assumptions built into calibrations and fundamental parameters algorithms
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Figure 1. The project on OpenContext showing the density of source sample data by cell color and an Area-of-Interest
selection box for exporting a subset of the full collection.

are not published and are approached as trade secrets for this market. Despite these gate-
ways in instrumentation, the larger field of obsidian studies can continue to use principals
from reproducible and open science to share data and define the geochemical regions and

the complex areas where overlapping geochemistry requires special attention.
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XRF geochemistry research with a commitment to reproducible science contributes
to current approaches in data science (Brunsdon and Comber 2021) where transparent
methods and results are available for a variety of analytical approaches and unlink the
results of the research from commercial hardware and software constraints imposed by

existing workflows.

Version control for X-ray fluorescence values from
particular obsidian sources

In order to assign artifacts to sources in an unfamiliar region, one must typically reach
out to archaeologists who have published on obsidian in that region, and, with any luck,
one will receive a table of analysis results for sources in the region. While some have been
published or hosted in online repositories such as those by Shackley (https://escholarship.
org/uc/arf_xrfreports) and Glascock (https://archaeometry.missouri.edu/murr_database.
html), many are not systematically available.

It has been suggested that one could compile data for a region into a large spreadsheet
(Lee Drake, personal communication), and the chemistry of source samples will emerge
from many analyses of source samples from a given source on reliable instruments.
While this approach will work within a research team or trusted group, the spreadsheet
approach is cell-focused and lacks metadata, such as lineage tracking for longer term
accumulation of data.

In recent years, a number of data science projects [Data Version Control, Open
knowledge International, AMI at CERN] use version control, such as Git used in soft-
ware engineering, for compiling scientific data itself. The principals of code branches
that can be merged apply here with version control systems such as Git in that they have
the advantage of providing rigorous metadata for tracking edit histories and lineage to a
defined data set or table of concentrations, as well as the associated spectra and calibration
files. If a particular instrument or analysis episode turns out to have been problematic,
the entire branch can be separated and perhaps removed.

An XRF workflow can be partially scripted so that the results of an analysis are
checked against a standard with a defined error range per element, and then version con-
trol (e.g., git commit) updates a repository with spectra and associated calibration files, as
well as parsing the concentration values to tables that provide the elemental concentration

values per obsidian chemical group (source).

Conclusion

We present an approach here where certain obsidian geochemistry data sets, principally
those derived from Neutron Activation Analysis, are shared in an open repository and
available for researchers interested in source geochemistry. This chapter describes a
platform for using the relatively sensitive NAA geochemistry with measurements from

multiple calibrated XRF instruments per source to complement the NAA chemistry.
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GeoJSON, 200
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deposits and, 17-19, 29

goods and, 17-18, 30-31. See also under burial; rituals
Great Hungarian Plain, 10, 21, 44, 54-56. See also Alf5ld
Great Pannonian Plain, 11, 21
Great Temple, 3,123-127, 132, 134-135, 137-138, 208
Grotta dell’Edera, 210
Guatamalan Highlands, 129

Hierarchical Cluster Analysis, 124, 132-133

hoarding, 25. See also depositional patterns

Hobicha Caldera, 93-94, 96, 112
Hédmezdvasarhely-Gorzsa, 2, 26, 28, 43, 45-48, 51, 54
Holocene, 97-98, 113

Horn of Africa, 92,96, 113, 209

Hungary, 19, 23, 43-56

hunter-gatherers, 3,93, 113
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Inka Empire, 146

Institute of Anthropological Research (UNAM), 129, 205-208

Institute of Archaeology and Ethnology, Polish Academy of Sciences, 65,210
Instrumental Neutron Activation Analysis (INAA), 177, 181, 184
inter-source variation, 97

iron, 13

Iron Age, 45, 80

Ixtetal valley, 130, 137

Jemez Mountains volcanic field, xiv
jewelry, obsidian, xiv, 3, 123-125. See also lapidary
JMP, 104



Index

Jésa Andras Museum, 20
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technology of, 42. See also stone artifacts, knapped
Koros, 22-23, 26
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Laboratory of Prehistory and Evolution (LAPE), 129, 206
lapidary, 124-125, 128, 135, 137, 208. See also jewelry, obsidian
lavas, 93-94, 112,188
Lawrence Berkeley National Laboratory (LBNL), 5
LBK. See Linearbandkeramik/Linear Pottery
Lengyel culture, 10, 13-19, 28-30, 55, 63, 66, 80, 207
Linearbandkeramik/Linear Pottery culture, 10, 13-18, 28-30, 65-66, 68
lithics: study of, 10, 21, 155

assemblages and, 13-19, 21, 29, 44, 80, 94, 160

materials and, 24, 30, 46, 113
lithostratigraphic units (LSU), 97-98
Lower Maros Valley, 45
LucasTooth regression method, 99

magmas, xiv, 178, 188, 190

Mahalanobis Distance statistic, 167, 171

Main Ethiopian Rift (MER)

MAP 215-50 mass spectrometer, 181

Marine Isotope Stage (MIS), 93

Massachusetts Institute of Technology (MIT), 181
Maxtlaton, lord of Tlachco, 136

Maya, 125

Mediterranean, 10, 55, 164, 178,182, 188, 191
Mercator projection, 199

Mesoamerica, 5, 135, 164, 208

Mesolithic period, 25, 65, 68

Mexica, 124-125,128,135-136

Mexico, xv, 4, 126, 129, 177, 188, 190, 205-209. See also Basin of Mexico; central Mexico
New Mexico, 6

micro-analyzer, 99, 177-178

microcores, 47, 55

micro fractures, 189-190

microprobes, 93, 181, 191

microscopes, 154, 191

Missouri University Research Reactor (MURR), xiv, 5, 99, 199, 200, 207
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Moche, 146

Mochena Borago Rockshelter, 3,91, 93,97-99, 113, 205. See also rockshelters
Monte Arci (Mt. Arci), 177-190, 206

Moquegua, 4, 145-147, 149-150, 153-155. See also Wari

Moéra Ferenc Museum, 47, 49, 207

Mt. Damota, 93, 97

MURR. See Missouri University Research Reactor

Museo Contisuyo, 153

NAA, xiv, 3,5, 123, 126, 129, 199-200

National Autonomous University of Mexico. See UNAM
National Institute of Anthropology and History (INAH), 138, 206
Neolithic, 10, 19-25, 63-66, 80

Neutron Activation Analysis (NAA), xiv, 3, 5, 123, 126, 129, 199-200
Nevada, 164, 168, 170, 206

Niton XL3t Ultra, 47-50

nodules, 21, 31, 55,72, 80, 146, 151, 167. See also obsidian
non-obsidian, lithic deposits of, 21, 24, 29

North America, 3,97

Northwest Nevada Group, 171

“Nubian” Levallois cores, 97

obsidian
aesthetics of, 13, 135
dating of, 4, 189
economy of, 9, 29-30, 80
glass-like quality, 13, 189
Hungarian versus Slovakian, 12-13
hydration and, 189
microfracturing and, 189-190
processing of, 67, 80-81, 150
reduction of, 21, 55, 96, 150-155, 162
uses of, xiv, 10
weathering and, 180, 189. See also outcrops; nodules; points; preforms; projec-
tiles; sourcing
Obsidian Butte, xv
Obsidian Rock (SRM-278), 129, 181, 198. See also SRM-278
Omori law, 185-187
Omori-Utsu law, 185, 190
Opatéw, 3, 63-81
OpenContext, 5, 199-202, 208
Otumba, 124, 126, 130-135, 137
outcrops, geological, 162
of obsidian, 4, 55, 64-65, 80, 91-105, 109, 112, 177-180, 183-184, 189, 207. See also

obsidian
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Paleolithic, 10, 19, 25, 68, 80, 92, 97
Past®, 129
pendants, duck head, 123-128, 132, 134,136
Peninsular Range, xv
Pico de Orizaba, 124, 130-132, 135-137
Pleistocene, 55, 92-93,96-98, 113, 205, 209
plugs, 125
Poland, 2-3, 55, 63-66
polishing, 125, 154, 181
points, xiv—xv, 4, 146—155. See also obsidian
Porc Epic, 97
portable X-ray fluorescence (pXRF), xiv, xvi, 3, 43, 47-51, 54-56,91, 93, 96-100, 123-126,

162, 198. See also ED-pXRF
Postclassic, 3, 124, 135, 137
potassium, 181, 189
pottery, 9, 23, 66,95, 149, 155

decorated, 4, 147 155. See also ceramics
preforms, 4, 145-147, 153-155. See also obsidian
Principal Component Analysis, 124, 132
projectiles, xiv—xvi, 149. See also obsidian
prompt gamma-ray activation analysis (PGAA), 21, 56
PYRO Calibration Set, 51

Quispisisa, 4, 150

ratios. See element ratios
raw materials, 69
reduction, sequences of, 21, 55, 95-96, 147, 150-155
rejuvenation
flakes and, 70, 72,77
procedures of, 67,72,76-77
residues, 49, 69,79
retouched tools, 14, 46, 67-69,77,79. See also unretouched tools
retouching, 21, 77, 80
Rhyolite Glass Mountain, 198
rhyolite, xiv, 178
rituals
deposits and, 149
offerings and, 155
practices of, 2-3, 10, 17, 29-31, 81, 146, 151
rocks, 43,55, 146,185
classification of, 166
igneous, 200
pyroclastic, 94
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volcanic, 55-56
siliceous, 80, 210
rockshelters, 93. See also Mochena Borago Rockshelter

S1PXREF software, 99-100, 160
Samborzec-Opatéw group, 63, 65-66, 80
Sandomierz Upland, 64-66
Scanning Electron Microscopy Energy Dispersive X-ray spectroscopy (SEM-EDS), 178
Sebes-Koros, 21
Sector A Palace, 151-155. See also Cerro Batil
settlements, features of, 9, 13, 18, 45, 125, 145-147
shaping, 21, 50, 154
Sicily, 178-180, 188
Sierra de Las Navajas, 4, 126, 130, 177, 188, 190
Sierra de Pachuca, 124-126, 128, 130-135, 137
silicon dioxide, 13
Silicon Drift Detector (SDD), 48
simplex, 164
Slovakia, 3, 10-13, 23, 27, 29, 31, 43-45, 52, 56, 63-64, 77, 80
sociocultural values, of obsidian, 29-30. See also obsidian
sodium, 4, 177-191
software, statistical. See JMP
SourceXplorer, 200
sourcing
obsidian and, 92, 96-97, 124, 149-150, 197
small obsidian artifacts and, 4, 92, 159-160, 165-172. See also obsidian
South America, 4, 146
southwestern Ethiopian Highlands, 3, 93
Southwest Ethiopia Archaeological Project (SWEAP), 96-100
SRM-1633a, 181
SRM-278, 129, 181, 198. See also Obsidian Rock
statistical programs, 129, 132, 165-166, 171
Stone Age, 92,97
stone artifacts, knapped: 47, 49. See also knapping
Stroked Pottery culture, 66, 80
Szécsény, 13-15, 27,29

Tarascan Empire, 124, 137

Templo Mayor. See Great Temple

Templo Mayor Project, 124

Tenochtitlan, 3, 123-138. See also Great Temple
Tepanec War, 135

Texcoco, 125,135

the Digital Archaeological Record (tDAR), 5, 199

ThermoScientific Quant’X, xvi
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Tokaj-Eperjes Mountains, 13, 20, 31
Toluca Valley, 137
tools, 19, 150

obsidian and, 9

retouched, 68

stone and, 9, 44, 92, 96, 113, 146, 151, 207
Torata tributary, 151
Transcarpathian region, 12
Transdanubian, 10, 14-16, 29
Trans-Mexican Neovolcanic Belt, 129
Triple Alliance, 135, 137

Ukraine, 12,45, 53, 55
UNAM, 129

University of Cologne’s Collaborative Research Center, 97

unretouched tools, 14-15, 46. See also retouched tools
USGS RGM-2, 100-101

Vanta M, 47-53

version control, 5, 197-197, 202
software and, 197-198, 202

Vistula, 64-66

volcanoes, 55,93-94,97, 188, 206

Vrible, 1315, 17-18, 27

Wari, 4, 145-155, 208. See also Moquegua
Wari Empire, 4, 145-150, 155

Wari Laurel Leaf Points, 4, 145-151
Wavelength Dispersion System, 191
weapons, 147, 149

Western Great Basin, xv, 162, 168, 206
Wonji Group fault system, 94

X-ray fluorescence (XRF)

Zemplin, 20, 45
Z-score, 166
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