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ABSTRACT

Here we report our recent discovery of a new obsidian source in central Armenia. Using portable XRF, we were
able to chemically identify “Ptghni” obsidian as a previously unrecognized source on the same day that we first
encountered it during our field surveys. Obsidian was found in alluvial-lacustrine sediments exposed within the
Hrazdan Gorge, where it had been deposited after having eroded from an upstream source. These sediments were
covered by mafic lavas and later exposed by downcutting of the Hrazdan River. Based on the stratigraphy of the
gorge, the lava flows — and, therefore, the sediments sandwiched between them - predate 441 ka. The
composition of Ptghni obsidian does not fit into the chemical trends of known sources in the Gegham and
Tsaghkunyats ranges, so its precise volcanic origin remains unknown. Comparisons to unidentified artifacts in
the literature revealed no matches, but obsidian sourcing work in Armenia has largely focused on the Holocene,
when the Ptghni source might no longer have been accessible. The discovery of Ptghni obsidian is crucial for
research into early hominin expansions given that it was an obsidian source available for use as toolstone by
hominins during the Early and/or Middle Pleistocene.

1. Introduction

The Southern Caucasus — what is now Armenia, Georgia, and
Azerbaijan - is a region crucial for understanding hominin expansions
throughout Eurasia. The earliest fossil evidence of hominins outside
Africa occurs at Dmanisi (Georgia), where Homo erectus crania and
skulls have been dated to ~1.8 Ma (Lordkipanadze et al., 2013). Sites
of similar antiquity are anticipated elsewhere in the Southern Caucasus,
including within the contemporary borders of Armenia. During the
Soviet era, archaeologists found Acheulian hand axes and other
Palaeolithic artifacts, including Levallois cores and tools, at surface
sites across the country (Gasparyan et al., 2014a). Such discoveries
inspired a recent series of archaeological surveys focused on identifying
stratified Middle to Late Pleistocene sites (e.g., Gasparyan, 2010; Adler
et al., 2012; Egeland et al., 2014; Gasparyan et al., 2014a, 2014b),
revealing, among them, the earliest evidence of the Lower to Middle
Palaeolithic transition at the site of Nor Geghi 1 at ~ 335-325 ka (Adler
et al., 2014). One complicating factor for such surveys is the consider-
able degree of landscape change that has occurred over the last
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2 million years. The northward push of the Arabian plate into the
Eurasian plate shaped the region's geomorphological features, including
mountain building, tectonic uplift, and Quaternary volcanism. Nor
Geghi 1, for example, was covered by a ~ 200 ka mafic lava flow and
later exposed as the Hrazdan River sliced into volcanic and sedimentary
strata, creating a deeply incised gorge. Therefore, our international
project — Pleistocene Archaeology, Geochronology, and Environment of
the Southern Caucasus (PAGES) — has been mapping the Hrazdan River
basin (Fig. 1A) to improve our reconstructions of the Pleistocene
landscape and, in turn, chances of locating Palaeolithic sites.
Extensive Quaternary volcanism in Armenia also created one of the
world's most obsidian-rich landscapes. At Palaeolithic sites in the
Hrazdan River basin, obsidian comprises the majority, if not the
entirety, of artifact assemblages (e.g., Nor Geghi 1, Adler et al., 2014;
Lusakert Cave 1, Adler et al., 2012; Frahm et al.,, 2016; see also
Gasparyan et al., 2014a, 2014b). Almost exclusive exploitation of
obsidian also occurs at archaeological sites near the Arteni and the
Syunik sources (Fig. 1A; e.g., Barozh 12, Glauberman et al., 2016).
Obsidian sourcing is particularly insightful in such settings. Therefore,
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Fig. 1. (A) Known obsidian sources in Armenia in relation to the main river basins (shaded in different colors). A star denotes the location of Ptghni, and rivers of interest are also labelled.
(B) Geological map of the Ptghni area showing the locations of lava flows (numbered 1 through 5) and sedimentary exposures (labelled A through E). (C) Stratigraphic sections of
exposures labelled in (B). The obsidian-bearing sedimentary deposits are located in Exposure B.

since 2012, we have conducted portable X-ray fluorescence analyses
(pXRF) of obsidian artifacts and geological specimens in our field lab in
Armenia and in the field itself (i.e., at sites and volcanoes, Frahm et al.,
2014a). The use of pXRF has enabled us to generate geochemical
datasets, which include hundreds of geological specimens and thou-
sands of obsidian artifacts, that would not have otherwise been possible
or practical (e.g., Adler et al., 2014).

In 2016, the PAGES team conducted walkover surveys through and
around the Hrazdan Gorge to record volcanic (i.e., mafic and felsic lava
flows, pyroclastic flows) and sedimentary (i.e., alluvial and lacustrine
sediments as well as paleosols developed within them) facies that date
from the Early Pleistocene to the middle Holocene (~2 Ma to 8 ka).
There was a particular focus on the lower stratigraphic layers to search
for sites of similar age to and older than Nor Geghi 1 as well as
sediments that contain palaeoenvironmental proxies. Volcanic and
sedimentary sequences were documented using standard descriptive
and photographic methods and precisely located using a differential
global positioning system (dGPS). Additionally, the mafic lava outcrops
were analyzed using pXRF to reveal their correlations and stratigraphic
relationships.

One of the thickest volcanic-sedimentary complexes encountered
during our 2016 surveys lies ~2km southwest of Ptghni village
(pronounced similar to /p tin né/; 40.25216° N, 44.56364° E) and
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~9 km northeast of Yerevan (Fig. 1A). At this location, at least five
lavas and two sequences of alluvial-lacustrine sediments are exposed in
the eastern wall of the Hrazdan Gorge above Upper Miocene marine
deposits. Obsidian nodules were found as isolates and stringers within
lenticular beds associated with the sediments, having eroded from an
upstream primary source. Based on the basin stratigraphy, the lavas —
and, in turn, the alluvial-lacustrine sediments sandwiched between
them - predate a lava that has been dated to 441 + 6 ka (Adler et al.,
2014). Our pXRF analyses, conducted in our field lab on the same day
that this exposure was encountered during our walkover surveys,
revealed that the obsidian was chemically distinct from known sources
in Armenia. No unidentified obsidian artifacts in the literature match
the Ptghni chemical signature; however, earlier obsidian sourcing work
in Armenia has principally focused on artifacts dated to the Holocene
(e.g., Keller et al., 1996; Blackman et al., 1998; Badalyan et al., 2004;
Cherry et al., 2010; Chataigner and Gratuze, 2014a, 2014b), when the
Ptghni source might no longer have been accessible on the landscape.
The discovery of Ptghni obsidian, however, is crucial for current and
future studies of early hominin occupations and expansions in the
Southern Caucasus, revealing a new obsidian source that could have
been used for toolstone. If indeed Ptghni obsidian has not been
attainable during the Holocene, artifacts possessing its trace-element
“fingerprint,” even if encountered in a surface scatter or museum
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(D)

Fig. 2. Stratigraphy of Exposure B. (A) The composite sedimentological log of the section (the coded facies follow standard terminology; Graham, 1988). (B) Photograph of the logged
sediment face. (C) Photograph of the beds in which obsidian nodules were recovered. (D) Photograph of the wider sequence that shows a mafic lava flow capping the obsidian-bearing

sediments.

collection, might date to the Pleistocene, given our current under-
standing of the basin's geochronology.

2. Volcanism and obsidian in Central Armenia

The Hrazdan River is the sole drainage of Lake Sevan, and it
channels overspill from the lake ~ 80 km northeast to southwest to a
confluence with the Araxes River, ~ 21 km southwest of Yerevan
(Fig. 1A). The river cuts through Pre-Cambrian metamorphic mud-
stones and Mesozoic limestones north of Karashamb village (38 km
from its origin, 17 km north of Ptghni village), but thereafter it runs
through a deep gorge between the Aragats and Gegham volcanic ranges
to the west and east, respectively. The Aragats range is locally
manifested by the Arailer stratovolcano 19 km northwest of Ptghni.
Andesitic and dacitic flows of Arailer have previously been K—Ar dated
to ~1.4-1.2 Ma (Lebedev et al., 2011). The Gegham range has Upper
Miocene origins (Arutyunyan et al., 2007), but presently exposed
deposits principally date to the Middle Pleistocene. From ~ 800 to
~ 200 ka, mafic lavas and felsic pyroclastic deposits were ejected into
the Hrazdan River valley from volcanic vents along the northwestern
margin of the Gegham range. Specifically, Gutansar (17 km northeast)
and Hatis (15 km northeast) are the closest vents to the Ptghni exposure
(Adler et al., 2014). Mapping carried out to date suggests that at least
20 mafic lavas from the Gegham range and six from Arailer have been
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cut by the Hrazdan River. These lavas are locally interbedded with
alluvial and lacustrine deposits, some of which contain archaeological
material. At present, the geochronology of these lavas is poorly
constrained. Lavas from the Gegham range have been dated between
~ 560 and ~ 200 ka (Lebedev et al., 2013; Adler et al., 2014), and a
single date on Aragats-derived mafic lava in north Yerevan yielded an
age of 1.1 + 0.1 Ma (Mitchell and Westaway, 1999). On stratigraphic
grounds, the Ptghni lavas — and, in turn, lacustrine and alluvial deposits
between them — must predate a lava dated to 441 =+ 6 ka at Nor Geghi
1 (Adler et al., 2014).

The Gutansar and Hatis volcanic complexes are also the most
significant obsidian sources in the Hrazdan River basin (Badalyan
et al.,, 2004; Adler et al.,, 2014; Chataigner and Gratuze, 2014b;
Frahm et al., 2014a). The Gutansar complex covers an area ~ 70 km?
and includes the Fontan and Alapars lava domes, which probably lie
along a common fault in line with the main Gutansar vent (Frahm et al.,
2014b). The literature contains numerous named localities where
Gutansar obsidian outcrops (e.g., Avazan, Jraber, Gyumush;
Blackman et al., 1998; Chataigner and Gratuze, 2014a), but the varied
localities are all parts of the same facies and have chemically
indistinguishable obsidian (Keller and Seifried, 1990; Keller et al.,
1996; Blackman et al., 1998; Chataigner and Gratuze, 2014a; Frahm
et al., 2014b). Hatis is the taller volcano of the two, and while its
obsidian outcrops cover a smaller area than Gutansar, the obsidian
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Fig. 3. Examples of Ptghni obsidian nodules and their variable appearances.

exhibits multiple chemical compositions.

The chronology of obsidian formation at both Gutansar and Hatis
remains, unfortunately, ambiguous. Fission-track dates for Gutansar
obsidian cluster around ~ 310 * 30 ka (Wagner et al., 1976; Wagner
and Weiner, 1987; Badalian et al., 2001). Lebedev et al. (2013),
however, report a single K—Ar date of 1.2 + 0.5 Ma (note the large
uncertainty), which they interpret to be part of an eruptive period
~ 700 ka. Such a discrepancy between these two dating techniques also
exists for Hatis obsidian: Komarov et al. (1972) report a fission-track
date of 330ka and a K—Ar date of 650ka. To complicate the
chronology further, Arutyunyan et al. (2007) published K—Ar dates
for Hatis rhyolite and obsidian that vary between ~ 480 and ~ 700 ka.
Consequently, a series of dates point to a time sometime between ~ 300
and ~ 700 ka for Gutansar and Hatis obsidians.

Three obsidian sources in the Tsaghkunyats range (Fig. 1A) —
Damlik, Kamakar, and Ttvakar — are considerably older. Fission-track
dates suggest an age ~ 4.5 Ma (Badalian et al., 2001), making them the
oldest known obsidians within Armenia and meaning they were
available as toolstone to the earliest Pleistocene inhabitants of the
Southern Caucasus. These flows occur at elevations of ~ 2800 m, but
colluvial processes have carried blocks and pebbles downslope to form
secondary deposits at the base of the slopes, a few kilometers from their
origins. The “Hankavan” source, for example, is such a secondary
deposit in the Tsaghkunyats range that lies near the headwaters of the
Marmarik River, a tributary of the Hrazdan River. Therefore, Tsaghku-
nyats obsidian pebbles might have been carried downstream by a
Pleistocene predecessor of the Hrazdan River; however, to date, no such
secondary deposits have been located within the Hrazdan River valley.

3. Ptghni stratigraphy

The sedimentary-volcanic sequence at Ptghni (Figs. 1B-C and 2) is a
series of mafic lava flows (LF PTG 1-5) and predominantly fine-grained
sedimentary facies, both alluvial and lacustrine in origin, situated atop
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Miocene-aged laminated sands and clay to the south. These sedimen-
tary facies are recorded in five exposures along the eastern side of the
Hrazdan valley (Exposures A-E). Exposures A-C relate to the lowest-
elevation facies: a series of fine-grained alluvial sediments ~29 m in
height that are laterally visible for ~200 m along a road cut. These
exposures are interbedded between two lavas (LF PTG 4 and 3) that we
have mapped across the Ptghni area (Fig. 1B), with a further two lavas
(LF PTG 2 and 1) overlying LF PTG 3 in this location. Exposures D and E
relate to higher-elevation facies that underlie LF PTG 1 to the south of
Exposures A-C (Fig. 1C). Obsidian nodules occurred in and were
recovered from the sedimentary facies of Exposures A to C, but none
were observed in Exposures D or E. Geologically speaking, they are
obsidian “clasts” that have been reworked in a sedimentary system,
whereas a “nodule” tends to have been precipitated in situ, such as
chert. Here “nodule” fits its usage in lithic analysis: “a relatively small
rock mass that has been rounded by weathering” (Andrefsky,
2005:258). The analyzed obsidian specimens were sampled from
Exposure B, which, therefore, we describe in detail here.

The sedimentary sequence at Exposure B (Fig. 2A) has five major
lithofacies: LFa-1 to 5. From the base upwards, LFa-1 comprises 1.35 m
of massive, very well sorted, pale brown (Munsell color 10YR/6/3) silt-
fine sand with isolated granules of obsidian, tuff, and basaltic litholo-
gies. Interbedded in these sediments are massive, weakly horizontally
bedded, lenticular beds ~ 2-15 cm thick. The beds are clast-rich with
granule-to-pebble-sized obsidian, tuff, and basalt. LFa-2 starts with a
massive, well sorted, very pale brown (10YR/7/4) fine sand, 18 cm
thick, with very weakly developed granular peds throughout. This, in
turn, is overlain by 40 cm of massive, very well sorted, pale brown
(10YR/6/3) silt-fine sand with isolated obsidian, tuff, and basaltic
granules. These are then capped by a discontinuous lenticular bed of
massive, clast-rich, silt-fine sand with granules/small pebbles. LFa-3 is a
massive, normally graded, light yellowish brown (10YR/6/4) silt with
isolated inclusions of very coarse sand/small granules. Weakly devel-
oped granular to sub-angular blocky peds occur throughout the facies.
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This is overlain by LFa-4: a very well sorted, greyish brown (10YR/5/2)
tephra, which grades into LFa-5, a massive, very well sorted, pale
brown (10YR/6/3) silt-fine sand with isolated obsidian, tuff, and basalt
granules. The sequence is then covered for ~10m and re-exposed
directly underneath LF PTG 3. These sediments comprise ~ 50 cm of
well-sorted, buff-color silt-sand with evidence of burning at the contact
with the overlying lava. Our observations suggest that the sequence is
alluvial in origin, representing either overbank or levee sedimentation
in a low-energy fluvial system. The observed lenticular beds are likely
small, low-energy channel features that have evidence of minor,
incipient pedogenesis (i.e., peds in LFa-2 and LFa-3), potentially
associated with intervals of landscape stability.

The analyzed obsidian nodules were all collected from the clast-rich,
lenticular beds in LFa-1 (Fig. 2A). Fig. 3 shows examples of Ptghni
nodules, which, in this exposure, reach the size of pebbles (32-64 mm)
with scarce cobbles (64-256 mm). These rounded to sub-angular
nodules, often with indented surfaces, are sometimes called “mareka-
nites.” Like other obsidians that occur in the Hrazdan River basin, their
appearance is highly variable, including black, grey, red-brown, and
various combinations of all three. Such variability, which overlaps with
the appearances of Gutansar, Hatis, and Tsaghkunyats obsidians (Frahm
et al., 2014a), makes the visual identification of Ptghni obsidian
impractical, if not impossible. The red-brown colors of some nodules
indicate that the primary context (i.e., the obsidian flow or dome) must
have had at least partial expression at the surface (Hughes and Smith,
1993). Such colors necessitate conversion of microscopic black magne-
tite crystals (Fe304) to red-brown hematite (Fe,03), requiring exposure
to oxygen (in the atmosphere) while hot. Hence, the nodules may have
derived from obsidian that protruded to the surface rather than
obsidian in the deeply buried basal zone (Hughes and Smith, 1993).

4. Analytical procedures and assessment

We used a Thermo Scientific Niton XL3t GOLDD + analyzer, which
creates an incident X-ray beam using a 2-W Ag-anode tube and detects
characteristic X-rays using a 25-mm? Si drift detector (SDD; energy
resolution < 155 eV in practice). In unison with a set of four built-in X-
ray filters, the instrument's analytical settings change to “tune in”
different segments of the periodic table: 40 kV and = 50 pA with the
“main” filter, 50 kV and =40 pA with the “high” filter, 20 kV and
<100 pA with the “low” filter, and 6 kV and < 200 pA with the “light”
filter. Cycling through the four filters, each analysis took 300 s to attain
the lowest reasonable measurement uncertainties (i.e., 60 s for the first
three filters, 120 s for the light one). The incident X-ray beam is 8 mm
in diameter (50 mm?), and an internal camera aided in positioning
specimens over the measurement window.

Spectra measured by XRF techniques must be “corrected” for
various phenomena that occur in a specimen (e.g., absorption, attenua-
tion, secondary and tertiary X-ray fluorescence) to convert raw counts
into quantitative element concentrations. The data reported here were
acquired in the “TestAll Geo” mode, which uses a dual approach to data
correction. For trace elements, this mode utilizes Compton normal-
ization, which normalizes spectra to the intensity of inelastically
scattered X-rays (i.e., the Compton scattering peak) to adjust for
differences in each specimen's morphology, texture, density, and so
on. For elements at high concentrations, it uses a physics-based
correction model known as fundamental parameters (FP). For FP,
equations model the relationships between emitted X-rays and element
concentrations (i.e., parameters such as mass attenuation coefficients,
fluorescent and absorption X-ray edge energies, fluorescent yields, and
Rayleigh and Compton cross sections). An advantage of the TestAll Geo
mode is that it enables the greatest number of elements to be measured:
45 in this case. Only a subset of these elements, however, are reported
here. We exclude elements that occur in volcanic rocks at undetectable
concentrations and/or that could not be reliably calibrated using the
available obsidian reference materials.
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Although this instrument has an initial factory-set calibration, we
applied a supplementary calibration based on linear regression analysis
to “fine tune” the data for obsidian. In the literature, one finds two
approaches to XRF calibration for obsidian. The first is to create a
general silicate calibration based on powdered standard reference
materials (SRMs), often from the United States Geological Survey
(USGS). This approach has been favored at Berkeley's
Geoarchaeological XRF Lab (Shackley, 2011) and McMaster's Archae-
ological XRF Lab (Carter et al., 2013). For example, three of Shackley's
(2011) 16 standards are obsidians (e.g., USGS RGM-1); however, the
others include basalt, andesite, and other volcanics (e.g., USGS AGV-2
and BHVO-2) as well as metamorphic and sedimentary rocks (e.g.,
USGS SDC-1 and SCO-1). The second calibration approach uses a
collection of obsidian specimens that has been analyzed using multiple
techniques. This approach is favored by the Archaeometry Laboratory
at the University of Missouri Research Reactor (MURR; Glascock and
Ferguson, 2012). MURR researchers analyzed a series of 40 obsidian
specimens with neutron activation analysis (NAA) and inductively
coupled plasma mass spectrometry (ICP-MS) and, in turn, used the
datasets to derive energy-dispersive XRF (EDXRF) calibrations.

For the greatest rigor in documenting Ptghni obsidian for the first
time, we integrated these two approaches. First, our calibration
standards included 20 obsidian specimens from Southwest Asia
(Armenia, Georgia, and Turkey), all characterized by (1) NAA and (2)
EDXRF at MURR as well as (3) electron microprobe analysis (EMPA) at
the University of Minnesota (Frahm, 2012). Second, our standards
included ten USGS SRM powders typically used to calibrate EDXRF:
AGV-1 (andesite), BHVO-1 (basalt), BIR-1 (basalt), DTS-1 (dunite), G-2
(granite), GSP-1 (granodiorite), QLO-1 (quartz latite), SCo-1 (shale),
SDC-1 (mica schist), and SBC-1 (shale). Occasionally the SRMs have
element concentrations that far exceed those found in the obsidian
(e.g., 1.62% Ti in BHVO-1 is almost a full magnitude higher). Such
values were excluded from our regression analysis to avoid their
exertion of an undue influence on the calibration. The supplementary
online material includes the resulting equations, best-fit lines, and
determination coefficients for twelve elements.

Much (if not most) of the debate surrounding pXRF in archaeolo-
gical science has focused on the issue of assessing calibrations (e.g.,
Shackley, 2010, 2011, 2012; Speakman and Shackley, 2013; Conrey
et al., 2014). To demonstrate the strength of our calibration, we
analyzed a powdered USGS SRM - RGM-1, rhyolitic obsidian from
Glass Mountain, California — as an unknown specimen (i.e., it was
excluded from the calibration). RGM-1 has long been used for this
purpose (e.g., Hughes, 1988; Hughes and Lees, 1991; Shackley, 1995;
Skinner and Davis, 1996; Skinner et al., 1997; inter alia). Table 1 shows
(1) our RGM-1 data for eight key elements and (2) RGM-1 data from
three obsidian-focused EDXRF labs in North America. Our data have
excellent agreement with respect to the USGS recommended values.
Given that these eight are among the most commonly reported elements
for RGM-1, these are the elements on which we focus because they are
the ones for which we can best demonstrate accuracy. There are other
elements in which we have high confidence, such as Ca, due to high
reproducibility with respect to our obsidian standards; however, their
accuracy cannot be straightforwardly shown relative to RGM-1 and
other analytical laboratories.

5. Results

Fig. 4 shows scatterplots using four key trace elements: Rb, Zr, and
Nb versus Sr. The red circles correspond to 36 Ptghni obsidian speci-
mens, and the grey-and-white circles correspond to other Armenian
obsidians (see key for the entire list), specimens of which were analyzed
under the same measurement conditions using the same instrument and
calibration.

Other secondary deposits that we have identified and tested in the
Hrazdan valley contain only obsidian from Gutansar. It was clear,
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Our pXRF values of USGS SRM RGM-1 (rhyolitic obsidian from Glass Mountain, California) and those from other analytical laboratories establish the accuracy of our measurements.

Laboratory Reference Technique Ti (ppm) Fe (ppm) Zn (ppm) Rb (ppm) Sr (ppm)  Zr (ppm) Nb (ppm) Th (ppm)
Geochemical Research Lab Hughes and Pavesic, 2005 EDXRF 1632 = 36 13,160 + 140 152 + 4 113 3 222 +4 9 += 3
Hughes, 2007 EDXRF 1616 = 15 13,090 = 140 143 + 4 105 = 3 214 £+ 4 8 = 3
Roper and Hughes, 2014  EDXRF 13,160 = 140 153 =+ 4 110 = 3 221 = 4 11 = 3
Mean 1624 13,137 149 109 219 9
NW Research Obsidian Skinner and Davis, 1996 EDXRF 1669 + 97 13,930 = 770 37 = 7 152 £+ 3 107 = 9 217 = 8 11 =1
Studies Skinner et al., 1997 EDXRF 1788 + 97 14,000 = 770 38 = 7 150 £+ 3 104 = 9 224 + 8 14 =1
Skinner and Thatcher, EDXRF 1576 = 101 12,250 + 980 41 + 16 158 = 4 107 +9 221 +7 10 = 2
2009
Mean 1678 13,393 39 153 106 221 12
Geoarchaeological XRF Lab Negash and Shackley, EDXRF 1680 = 120 14,000 = 560 39 + 2 154 =3 113 =2 224 2 8 = 3
2006
Carter and Shackley, 2007 EDXRF 1792 = 10 14,212 = 68 36 =+ 153 + 3 114 £ 3 221 £+3 9 =% 14 = 3
Shackley, 2009 EDXRF 1480 += 20 12,806 = 74 32 £ 11 145 * 2 103 = 2 221 £ 2 7 x1 12 + 4
Mean 1651 13,673 36 151 110 222 8 13
USGS recommended values Smith, 1995 multiple 1620 + 120 13,020 += 210 32 150 + 8 110 = 10 220 = 20 9 *= 1 15 £ 1
This study pXRF 1660 * 40 12,980 = 60 31 = 4 151 = 2 107 = 2 213 = 3 10 £ 1 14 £ 6
Mean values are italicized.
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Fig. 4. Element scatterplots of Ptghni obsidian and other Armenian obsidians.
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Table 2
Elemental data for select Armenian obsidian reference specimens and for Ptghni obsidian specimens. All means and standard deviations reflect three measurements per specimen.

Specimen Ti (ppm) Fe (ppm) Zn (ppm) Rb (ppm) Sr (ppm) Zr (ppm) Nb (ppm) Th (ppm)

Aghvorik obsidian

AR.2009.62 1998 + 13 12,105 = 63 50 = 4 99 = 1 199 = 1 239 =1 17 = 1 17 £ 1
AR.2009.63 2004 *= 12 12,009 = 11 52 + 2 98 = 3 200 + 239 = 3 17 = 1 18 £ 1
Arteni obsidian sources

AR.2009.41 459 + 2 2583 *= 16 40 = 1 134 = 2 19 £ 1 73 =1 28 =1 16 £ 1
AR.2009.42 493 + 12 2668 + 28 41 = 3 128 =1 25 1 77 £ 2 26 =1 15 £ 1
East Gegham obsidian sources

AR.2009.53 744 = 8 3890 + 17 44 = 2 109 =1 52 £ 1 106 = 1 25 £ 1 17 £ 1
AR.2009.54 389 + 11 2405 = 2 34 = 2 201 =1 12 £ 1 64 =1 41 = 1 28 =1
Gutansar volcanic complex

AR.2009.44 1126 = 2 5624 = 12 43 = 1 138 = 1 132 = 1 169 = 1 31 £ 1 18 £1
AR.2009.45 1107 = 2 5633 = 83 45 = 3 139 =1 125 = 1 169 = 3 31 £ 1 18 £ 1
AR.2009.47 1100 = 9 5606 + 46 45 = 2 139 =1 126 = 1 165 + 1 31 = 18 £ 1
Hatis obsidian sources

AR.2009.48 774 = 15 5129 + 29 43 = 3 105 = 2 136 = 1 98 + 1 19 =1 17 £ 1
AR.2009.59 610 = 21 4154 = 44 37 £ 1 109 = 2 111 = 1 87 =1 20 £ 1 18 £ 1
Khorapor obsidian

AR.2009.61 472 = 10 2559 = 21 32 = 2 208 =1 5+1 75 =1 29 =1 33 = 2
Syunik obsidian sources

AR.2009.35 566 = 9 3188 = 20 33 = 4 171 = 1 18 £ 1 95 = 5 28 =1 331
AR.2009.56 505 + 14 2959 = 9 36 = 3 188 = 2 10 £ 1 88 = 5 30 £ 1 351
Tsaghkunyats obsidian sources

AR.2009.43 656 + 1 4216 = 102 33 = 4 205 = 2 182 = 1 102 + 4 20 £ 1 29 =1
AR.2009.60 655 = 12 4252 + 52 33 £3 93 £ 1 183 =1 104 £ 5 20 £ 1 30 £ 1
AR.2009.64 821 + 10 5074 = 25 34 £ 1 197 = 2 242 + 149 + 4 17 = 28 =1
Ptghni obsidian specimens, n = 36

Exposure B unit 2-3 431 = 40 2878 + 82 30 £ 1 113 = 2 40 = 2 72 * 4 23 £ 1 32 £1
Exposure B unit 2-3 542 + 56 3075 = 166 32 1 120 = 5 42 = 2 77 = 4 23 =1 34 £ 3
Exposure B unit 2-3 402 = 40 2783 = 140 28 £ 1 108 = 3 39 £1 70 * 2 22 £ 1 31 £1
Exposure B unit 2-3 513 + 39 2988 = 39 31 = 2 118 = 2 41 = 1 73 = 3 23 =1 33 +£1
Exposure B unit 2-3 492 = 10 2969 + 16 30 £ 1 116 = 2 40 £ 1 71 £ 1 23 £ 1 31 £1
Exposure B unit 2-3 506 = 11 3004 = 102 28 £ 1 118 = 3 41 =1 76 * 4 23 £ 1 32 £1
Exposure B unit 2-3 479 + 4 2788 = 96 29 = 2 110 = 2 39 =1 70 £ 1 22 £ 1 30 £ 2
Exposure B unit 2-3 470 = 22 2902 = 102 28 + 2 112 = 3 40 £ 1 79 £ 2 23 £ 1 331
Exposure B unit 2-3 484 = 19 2875 = 51 30 £ 1 112 £ 1 39 £1 69 * 1 22 £ 1 32 £ 2
Exposure B unit 2-3 450 + 33 2769 = 57 30 = 3 111 = 3 39 £ 1 69 =1 23 =1 30 £ 1
Exposure 1 alluvium 484 + 32 3047 = 136 30 =3 115 = 2 41 =1 71 £ 1 23 £ 1 32 £1
Exposure 1 alluvium 488 + 23 2965 = 104 31 =1 116 = 4 41 = 1 75 = 2 23 1 331
Exposure 1 alluvium 467 + 13 2886 = 30 32 1 115 = 2 40 £ 1 70 £ 1 23 £ 1 32 1
Exposure 1 alluvium 499 + 33 2944 = 93 31 =2 116 = 2 41 =1 76 £ 1 23 £ 1 32 1
Exposure 1 alluvium 459 + 85 2850 = 199 31 = 3 112 = 8 40 = 3 72 = 8 23 1 32 = 2
Exposure 2 alluvium 511 = 10 3043 = 25 32 =1 116 = 1 41 =1 73 £ 1 23 £ 1 32 £ 2
Exposure 2 alluvium 518 =+ 9 3003 = 40 31 =2 114 = 2 42 £ 1 73 £ 3 23 £ 1 32 1
Exposure 2 alluvium 472 * 69 2975 = 152 30 = 3 117 = 4 40 = 1 71 = 5 23 1 32 = 2
Exposure 2 alluvium 454 + 71 2938 + 85 29 = 2 116 = 3 40 £ 1 73 £ 1 23 £ 1 32 1
Exposure 2 alluvium 528 + 87 3093 = 268 31 = 3 114 = 5 40 = 1 72 £ 1 22 =1 32 1
Exposure 2 alluvium 482 + 33 2854 + 53 32 1 113 = 2 39 £1 70 £ 1 23 £ 1 331
Exposure 2 alluvium 477 = 11 2899 = 44 31 =1 116 *= 4 40 £ 1 74 £ 2 23 £ 1 331
Exposure 2 alluvium 499 + 13 2984 = 79 29 = 2 116 = 2 41 = 1 73 £ 1 23 1 32 1
Exposure 2 alluvium 499 + 41 2969 = 83 31 =1 116 = 3 40 £ 1 73 £ 1 23 £ 1 32 1
Exposure 2-log 1 unit 4 496 + 69 2958 = 141 30 =3 116 = 7 41 = 2 72 * 4 23 £ 1 32 £1
Exposure 2-log 1 unit 4 471 + 63 2853 = 200 32 = 4 114 = 7 39 = 3 72 = 2 23 = 2 31 1
Exposure 2-log 1 unit 3 476 = 16 2923 = 70 30 £ 1 115 = 2 41 =1 74 £ 3 24 £ 1 331
Exposure 2-log 1 unit 3 540 * 43 3081 = 132 31 = 2 121 = 3 42 =1 74 = 3 24 £ 1 33 = 2
Exposure 2-log 1 unit 3 512 = 30 2984 + 108 31 =1 116 = 3 42 = 1 76 = 3 23 £ 1 31
Exposure 2-log 1 unit 3 490 + 59 2722 = 50 27 £ 1 111 = 3 40 £ 1 69 * 2 22 £ 1 31 £1
Exposure 2-log 1 unit 3 502 * 45 2936 = 175 30 £ 1 111 = 1 39 =1 69 =1 22 £ 1 31 =1
Section C top alluvium 515 = 50 3023 = 119 31 =1 118 = 3 41 = 1 75 = 2 24 =1 32 1
Section C top alluvium 445 + 17 2755 = 100 20 =1 111 = 3 39 £1 68 + 1 22 £ 1 31 £ 2
Section C top alluvium 610 = 7 3139 = 15 31 =1 117 = 1 41 = 1 74 =1 23 =1 331
Section C top alluvium 596 = 32 3098 + 83 31 =1 121 = 6 39 £ 1 69 *+ 2 22 £ 1 31 £ 3
Section C top alluvium 550 = 3 2984 = 51 32 = 3 120 £ 1 42 = 1 77 = 5 24 =1 34 £ 1
Overall means 495 + 41 2943 + 103 30 =1 115 = 3 40 = 1 73 £ 3 23 =1 32 =+1
%RSD 8% 3% 4% 3% 2% 4% 2% 3%

Means and percent relative standard deviations are italicized.
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during the first pXRF analysis of Ptghni obsidian, that it did not match
Gutansar. As shown in Table 2, Ptghni obsidian has Zr ~60% lower
than Gutansar obsidian, Sr is ~70% lower, Rb is ~20% lower, and so
forth. Nor does it match the Hatis obsidians or known Tsaghkunyats
sources. Furthermore, it does not match the two East Gegham sources,
Geghasar and Spitakasar, which (1) lie in a different river basin, at least
on the modern landscape, and (2) are much too young, having been
fission-track dated to 40-80ka and 120 ka, respectively (Badalian
et al., 2001). Compositionally Ptghni is closest to one of the Arteni
sources — Pokr Arteni — but it is not a match. Compared to Pokr Arteni
obsidian, two elements in Table 2 (Ti and Zr) fall into the same overall
range. Six trace elements, though, differ: Fe (~12% higher in Ptghni
obsidian compared to Pokr Arteni), Zn (~25% lower), Rb (~12%
lower), Sr (~80% higher), Nb (~15% lower), and Th (~100% higher).
Each of these differences exceeds the percent relative standard devia-
tion (%RSD) of the Ptghni obsidian analyses. Beyond those we can
calibrate and assess using RGM-1, other elements exhibit differences:
Ca, Pb, and U are higher in Ptghni obsidian (~12%, 40%, and 50%,
respectively), but Mn is lower (~20%) than it is in Pokr Arteni
obsidian.

The small obsidian nodules that we found at the Ptghni exposure are
not well suited to tool production; however, the primary source (i.e.,
the original flow or dome) — and other secondary deposits — could have
larger blocks and nodules in abundance, much like other voluminous
and high-quality obsidian sources that occur throughout Armenia. To
our knowledge, no previously sourced artifacts match these composi-
tional data for Ptghni obsidian. In many cases, though, the data remain
unpublished for artifacts that cannot be matched to a known obsidian
source (e.g., Badalyan et al., 2010). Blackman et al. (1998) did
document seven obsidian chemical types, identified in various artifact
assemblages, that could not be matched to a source known to them.
None, however, match Ptghni. Until recently, most obsidian sourcing
work in Armenia has largely focused on sites dating to the Holocene
(e.g., Blackman et al., 1998; Badalyan et al., 2004, 2010; Cherry et al.,
2010; Chataigner and Gratuze, 2014b; Palumbi et al, 2014;
Martirosyan-Olshansky, 2015), a time when the primary and secondary
deposits of Ptghni obsidian might no longer have been accessible. It is
possible, therefore, that its absence in the existing literature is a
sampling issue. Prior to our own research (e.g., Adler et al., 2014;
Frahm et al., 2014a, 2014b, 2016), the only Palaeolithic artifacts in
Armenia to be sourced using modern analytical techniques were 18
flakes from the Epipalaeolithic site of Kalavan 1, which dates to
~17-15 ka (Chataigner and Gratuze, 2014b).

6. Discussion

The identification of Ptghni obsidian has both geological and
archaeological importance for our understanding of the Hrazdan
River basin during the Pleistocene, despite its primary volcanic source
remaining, at present, uncertain. Geologically, the composition of
Ptghni obsidian does not fit known chemical trends of either the
Gegham or Tsaghkunyats obsidian sources. If it originated from either
of these two ranges, it must have been produced during a different
phase of volcanism to allow for such a distinct elemental composition.
After Pokr Arteni, the East Gegham sources — Geghasar and Spitakasar —
are chemically the next closest compositions to Ptghni obsidian (Fig. 4),
but as noted above, these sources are younger and, currently, lie in a
different river basin (Fig. 1A). At present, an origin in the Gegham
range cannot be excluded; however, Ptghni obsidian would have to
reflect a different volcanic period than those currently manifested on
the surface.

Nor can we rule out an unknown source associated with Arailer
volcano to the west, and as a result, we can put forward two alternative
hypotheses for such a scenario. First, the sediments (and the Ptghni
obsidian contained within) represent an interval that predates known
volcanism in the Gegham range. The current chronology suggests that
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the onset of extrusive volcanism in the Gegham range occurred
~560ka (Lebedev et al., 2013), while the chronology of Arailer
volcanism, albeit based on a small number of dates, suggests an age
of 1.2 Ma. Therefore, the Ptghni sediments may represent deposition
earlier in the Pleistocene than observed elsewhere in the Hrazdan
Gorge. This hypothesis assumes, of course, that there was not a
significant hiatus between the formation of the obsidian and the onset
of local fluvial activity. Thus, an alternative hypothesis is that there was
indeed a hiatus such that the deposition at Ptghni occurred within the
chronological framework of Gegham volcanism but still before empla-
cement of the Gutansar and Hatis obsidians. In either case, the lack, at
present, of archaeological material in the Ptghni sediments is signifi-
cant.

It is unclear in what form the Ptghni obsidian source might still
exist. The appearance of the obsidian nodules (i.e., variable red-brown
colors) indicates, as noted above, that this material was exposed to the
atmosphere while still hot, meaning that the nodules may have derived
from surface protrusions rather than the basal zone of the flow. Thus,
small nodules could have eroded from the surface outcrops and been
fluvially reworked and transported, whereas other parts of the obsidian
flow could have stayed buried. The degree of landscape change in this
region is exemplified by Nor Geghi 1, which was covered by a lava flow
and later exposed as the Hrazdan River downcut by 80 m (Adler et al.,
2014). Our best hopes of locating the primary source — and other
secondary sources — of Ptghni obsidian involve a combination of (1) an
improved geochronology of the lava flows and sedimentary deposits
and (2) continued surveying, mapping, and pXRF analyses in the field.
Both lines of investigation are currently being undertaken as part of the
PAGES project.

Archaeologically, the discovery of Ptghni obsidian is important for
recognizing Pleistocene hominin occupations as early as those at
Dmanisi (~1.8 Ma). As late as 300 ka and as early as 700 ka (or
perhaps earlier; Lebedev et al., 2013), the two West Gegham obsidian
sources — Gutansar and Hatis — did not yet exist, and the two East
Gegham sources — Geghasar and Spitakasar — did not exist until much
later. Thus, the Tsaghkunyats range has the only obsidian sources
known to have existed in central Armenia earlier in the Pleistocene. The
discovery of Ptghni obsidian, however, means that there was another
source that might have been exploited for toolstone by Pleistocene
hominins. It is worth noting that some (but certainly not all) Lower
Palaeolithic tools found in the Southern Caucasus were also produced
from other fine-grained volcanics, such as dacite and basalt (e.g.,
Gasparyan et al., 2014a), either by design or because obsidian was
not as widely available. The secondary deposit that we found is not
particularly attractive as a source of lithic material. Given the nodules'
occurrence in alluvial-lacustrine sediments, the primary Ptghni obsi-
dian source likely lies somewhere in the Hrazdan River basin to the
north, and it would have been exposed, at least in part, sometime
during the past to allow for the erosion and transport of the nodules.
The sediments exposed at Ptghni appear to represent an interval older
than those at our oldest dated archaeological site, Nor Geghi 1, but so
far, no artifacts have been recovered from the sedimentary deposits at
Ptghni. If, however, artifacts are found in Armenia that match the
chemical signature of Ptghni obsidian and if we are correct that this
source was not accessible during the Holocene, it might attest to the
artifacts' considerable antiquity and, in turn, their relevance to studies
involving early hominin occupations and expansions in the Southern
Caucasus.

7. Conclusions

Our field surveys and pXRF analyses have established that a
previously unknown obsidian source exists in central Armenia, likely
within the Hrazdan River basin. Using pXRF, we were able to
chemically define Ptghni obsidian and to recognize it as new on the
same day that it was first encountered. This meant that we were able to
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not only collect and analyze additional specimens but also begin our
surveys for the volcanic source, all by the end of the week. Furthermore
- and equally important - identifying these obsidian nodules as
corresponding to a new source informed our interpretation of the
volcanic and sedimentary sequence in this portion of the gorge. Without
the routine use of pXRF as an interpretative tool in our field lab, we
would, at least initially, have assumed these nodules reflected yet
another lag deposit of Gutansar obsidian. Thus there is great value in
adding such portable analytical instruments to the fieldwork toolkit.

The composition of Ptghni obsidian does not readily fit into the
geochemical trends of the known Gegham or Tsaghkunyats sources. If it
originated from either range, it must have been produced during a
different phase of volcanism to account for such a distinct composition.
Nor can we rule out a source associated with Arailer volcano, where no
obsidian is currently known to exist. The variable colors and textures of
Ptghni obsidian suggest that these nodules derived from surface
exposures, meaning that the basal zone of the original obsidian flow
could still be preserved to some extent, perhaps quite deeply.
Comparisons to unidentified obsidian artifacts in the literature led to
no matches, but most previous sourcing studies in Armenia have largely
focused on artifacts from the Holocene. Our working hypothesis,
therefore, is that the Ptghni obsidian source might no longer have been
accessible during the Holocene. Nevertheless, the discovery of Ptghni
obsidian is crucial for our research on early hominin occupations,
establishing that there was another obsidian source in the Hrazdan
River basin that might have been used for toolstone during the
Pleistocene. If Ptghni obsidian was indeed unattainable in the
Holocene, artifacts with its elemental signature, even if encountered
in a surface scatter or museum collection, might date to the Pleistocene.
Such a discovery could go a long way toward demonstrating Armenia's
Early Pleistocene occupations and its role as a key expansion—contrac-
tion corridor for early hominin expansions.
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