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In the previous study an analytical database of geological obsidian samples was
obtained within the method of portable X-ray fluorescence (pXRF). In this paper
292 obsidian samples from three settlements belonging to the Kura-Araxes culture
were studied. Using the pXRF method, the chemical composition of these samples
was compared with the results of geological ones to identify their sources. This will
give a chance to understand the origin of the raw material.
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Introduction. From the second half of the fourth millennium BC, a number
of dramatic changes took place in the Southern Caucasus. These changes are mostly
related with the culture, which in literature is mentioned as Kura-Araxes or Shengavit
Culture [1]. They are mostly noticeable in areas such as agriculture, livestock and
craft. First of all, the sharp increase of population is noticed in the region, which
has resulted in unprecedented progress in almost all other spheres of life. During
this period all the branches of crafts are evolving, and more and more technically
new tools are being developed. According to recent data, nowadays only on the
territory of the RA at least 200 monuments belonging to various chronological
periods of Kura-Araxes culture are represented [2]. In the Early Bronze Age, the
metallurgical industry in the South Caucasus had already reached a relatively high
level, which makes it a unique and separate craft [3]. During this period nearly,
complete transition to metal tools was applied in all spheres of life. The metal was used
not only for making ornaments, but also for tools, especially in the field of weapon
production [4]. This development allowed people to understand the overwhelming
advantages of metal as a natural resource in comparison to such raw materials as
stone, wood and bone.

In spite of these fundamental changes and almost total transition to the metal
tools, the use of stone raw materials in the third millennium BC remained an integral
part of that culture in a number of spheres. As raw material of stone tools, in the
early Bronze Age in the South Caucasus, mostly obsidian and rarely flint, dacite,
and jasper were used. Obsidian was used for preparing sickle inserts, scrapers,
jewelry, weaponry (arrowheads), as well as obsidian-tempered pottery [5].
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Speaking about the stone industry and its replication, the regional geological
settings should be mentioned for a more detailed understanding about sources of
raw materials and particularly the obsidian. During his whole history, a number of
tectonic acts took place in the Armenian Highland, according to which Armenia is
characterized as an active zone of classical young volcanism. Among this number
of tectonic processes, the rhyolithic volcanism has its own place. Obsidian flows
arose, because of the release of acidic lava consistency [6, 7]. As a result of this
type of volcanism only on the territory of Armenia were about 450 volcanic domes
and more than 20 volcanoes were presented with obsidian flows. This is why
Armenia is considered as one of the richest obsidian regions in the world. So, those
local lava flows have served as sources of obsidian for the region and have been
actively used by local population.

So, it is not surprising that obsidian is presented in more than 90% of the
stone industry of studied Kura-Araxes culture settlements in the region. Taking all
this into account, an important issue arises, which is sourcing of stone (obsidian)
industry of Kura-Araxes culture. It will allow find out the genesis of artifacts in
settlements belonging to the Kura-Araxes culture. Once their genealogy is
understood, these will be an opportunity to make judgment about the principles of
the use of sources by the local population.

Methodology and Analytical Results. At present, for the studies of
volcanic glass (obsidian), a number of modern analytical methods are widely being
used, which replaced the previously used optical spectrography [8]. These are
methods of neutron activation (INNA), plasma mass spectrometry (LA-ICP-MS)
and X-ray fluorescence (XRF) and its modern and practical variation called
portable X-ray fluorescence (pXRF) [9, 10].

Within the scope of our previous study with the help of portable Brucker
Tracer III SD spectrometer an analytical database was obtained, which included 60
samples from 20 Armenian and 1 Georgian obsidian sources. In this paper the mentioned
database will be used to compare the data of geological samples with the archaecologi-
cal ones to perform obsidian sourcing and to identify the origin of the artifacts [11].

In the paper as archaeological samples are studied 292 archaeological founds
from 3 settlements attributed to Kura-Araxes culture. The settlements are located in
the different parts of Armenia and belong to various cultural sub-groups and
chronological periods of Kura-Araxes.

Tsaghkasar (NL 40°28’ and EL 43°55) is a one-layered settlement, which
was shortly inhabited during the first stage of the Kura-Araxes culture. It is located
2 km to the North-East of Tsaghkasar village of Aragatsotn district, near Arteni
volcano and occupies territory of about 10 ha. Tsaghkasar was excavated in
2005-2008 under the leadership of P. Avetisyan, but the material has not been
published yet. More detailed description presented in [12].

Totaly 122 obsidian items were selected for analysis. According to the
results samples were mainly divided into two compositional groups, which are
presented in the diagrams Fe/Rb, Zr/Nb.

Observing analytical results, it became clear that the two main groups belong
to the two domes of the Arteni volcano Pokr and Mets Arteni, which is located 15 km
South-West from the settlement. So, it was not surprising that the overwhelming
majority of the specimens are related to material of this volcanic complex. According



22 YVuenwie sanucku ET'Y. Ieonozcust u 2eocpaghus, 2018, 52(1), c¢. 20-26.

to the analytical results, 89% of samples (108 out of 122) were identified as Pokr
Arteni and 9% of samples were attributed to obsidian of Mets Arteni. Due to the
direction of volcanic flows, obsidian from Pokr Arteni is more abundant then from
deposit of Mets Arteni, and it is also higher quality. This is explains why the
deposit from Pokr Arteni received such a preference.

Unfortunately, identifying of 2% of samples was failed (Fig. 1).
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Observing the Tsaghkasar utility model, it is clearly defined its relation only
to a single source. The geographical location of the settlement is the main reason of
this choice (Fig. 1).

Agarak (NL 40°17” and EL 44°16") represents 5600 m’ territory, occupying
multilayered settlement, the earliest finds of which are represented by the cultural layer
of Kura-Araxes [13, 14]. The settlement is located near Agarak village of Aragatsotn
district. The material excavated from the settlement is represented by ceramics,
which belong to Shersh-Mokhrablur and Karnut-Shengavit cultural sub-group [2].

There were 130 obsidian specimens available from Agarak. According to results
at least six different compositional groups were identified, which included materials
from at least 9 different sources. The first two groups belong to two domes of Arteni
in total (about 47%), which, as in Tsagkasar, is the absolute majority. Those are clearly
separated from others by low Fe and Sr concentration, and are different from each
other by Nb and Rb (Fig. 2, a and b). The second group consists of samples of Damlik,
Ttvakar and Kamakar from Tsaghkunyats range, which are clearly distinguished on
Fig. 2, a. The next group includes 6 samples from Hatis, distinguished on their
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similarity of (Ca-Y)/Th coefficient (~6000). The next compostitional group is from
Gutanasar, samples are presented in 21 artifacts (16%) (see Figs. 2,b and c).
Another 4 samples, distinguished by relatively high Rb and Nb and have been
attributed to the Geghasar. Finally, 15 more samples were left unclassified, 7 of
which are identical and form an unidentified, but homogeneous group called “Y”,
which is quite remarkable. The samples included in the group are characterized by
low Sr and high Zr content. The other eight samples could not be neither identified

nor even grouped (Fig. 2).
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So, what can be drawn for obsidian utility model of Agarak. The main
source is Arteni, which is located about 42 km to the North-West (~50%). The next
is Gutanasar, which is located 35 km to the North-West (16%). About 7.5%, 5% and
4% of the samples are attributed to the Tsaghkunyats range sources Damlik, Ttvakar
and Kamakar, located approximately 38 km to the North-East. Located 38 km to
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the East Hatis and more than 65 km to the South-East, are attributed to 5% and 3%
of total samples respectively. More then 5% of obsidian from Agarak remains
unidentified (group named “Y”). The origin of this group may be found in the
eastern Turkey, which is also rich in obsidian. Thus, the picture drawn in Agarak is
totally different. The fact that there are 9 different sources proves multi-source
model. In Agarak, no preference is given to single closest source. Instead, several
others were used quite intensive (Fig. 2, e).

Teghut (NL 41907 and EL 44°50’), there were 20 samples available from two
neighbor settlements Kharatanots (2011-2016) and Dzor Gegh (2010-2015),
located near village Teghut of Lori District, which were found in the result of the
excavations led by S. Obossian.
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The settlements are chronologically synchronized and belong to the second
phase of Kura-Araxes culture. According to preliminary results, most of the items
were almost identical. First two samples were identified as Geghasar material by its
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Nb/Rb ratios. One more sample clearly coincides with the obsidian of Gutanasar,
see Fig. 3, aand b. According to Sr/Zr ratio some samples were attributed to Chikiani.
Afterward (Ca'Y)/Th diagram was studied (Fig. 3, d). Three samples which value
exceeded 6000 point were identified as Hatis, the rest 17 samples were attributed
to Damlik. Four more samples unfortunately have not been identified (Fig. 3).

Thus, based on the results obtained, at least 5 compositional groups were
distinguished for Teghut. Analyses have shown that Chikiani and Damlik are
the primary sources for this settlement. It is remarkable that Chikiani, which is
located about 117 km North-West far away from Teghut (territory of Georgia),
accounts for 42% of the samples. The second source which is rather closer is
Damlik accounts only 32% attribution. The remaining identified samples belong to
the Gutanasar (3%), Geghasar (5%) and Hatis 8%.

The raw materials from 5 sources in Teghut, as well as in Agarak, proved the
existence of a multi-source model. However, unlike Agarak, the main source here
is quite far from the settlement, despite the number of closer sources. There was
found a similar experience in the study performed by Chataigner and Barge, when
quite far located source provided much more material than the closer one [15]. The
distribution of this type can be testimony about some kind of relations with the
population of the northern regions (Fig. 3).

Conclusion. So what can be drawn from all these? The analyses for 292
obsidian specimen samples were obtained using the pXRF. According to our data,
the lithic industry of Tsaghkasar, Agarak and Teghut settlements were examined
and compared with the obtained analytical database. As a result, 94.86% of samples
were grouped, and 92.50% were identified, which is undoubtedly a good result for
this type of study. First of all, these showed the accuracy of the obtained analytical
database of the geological samples and allow to study lithic industry of abovemen-
tioned Early Bronze age settlements. So, their models were studied and presented
in the form of maps. Comparing their results, there are 3 absolutely usage
principles of obsidian appears, each of which has their own local motives.

The author is grateful to P. Avetisyan for providing Tsaghkasar and Agarak
samples and also to R. Badalyan for his long-time crucial support and for providing
material from Teghut.
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U3uUusStuvh OpUNYLULE UARSNMULELR CULSPNME3UL
uuaenruLeLere ALNLAE AULNRUT PXRF JGLLOARONM3UUR

Udthnthnid

‘Lwjunpn hbnmwgnunipjuwl powlwubtpnd ntGwmgbiGuyhG  Hynin-
phugbghwjh tnwlGwyny (pXRF) unwgyt] bt tpypwpwluwlwl opuhnhwjh
(unipGph wlwihmhy pwquw: UnylG hngpwond nmundGuuhpyty G6 Unip-
Upwpujwl dywlynyphl yuwlwlnn tptip hnpwpdwGltphg hwjymGuwptpjuo
nnhwlnp pwGwyny opuhnhwGh 292 GuniGtp: dbpnlpjw) tnuGuwyny wyjwgg
GinGtph phihwywl YJuqip nuniGuwuppybp b hwitdwwmytb) © Gpypupw-
Gwywl GdnGtph wpmbpGiph hbw, hGyp hGwpwynpmpynii  unbndby
hnuiph dwgnmiGwpwlnipjwl dwuhl wwwmtipugnd Juqitjn:

A. K. JUKYT'APAH

[NPUHOUIIBI BBIBOPA NCTOYHUKOB OBCUJINMAHA
HA TEPPUTOPHMN APMEHUU B BPOH30BOM BEKE, ITOJIYYEHHBIE
METOJOM MOBWJIbBHOW PEHTTEHO®JIYOPECLHEHINU

Pe3omMme

B pamkax mnpenpiIymndx HCCIEAOBAaHMH METOJOM MOOWIBHOW pEHTTe-
HoBCcKOU (ayopectiennnu (pXRF) Obuta monydeHa aHanuTUdeckas 0a3a JTaHHBIX
reOJIONMYECKUX 00pa3ilioB obocuauana. B maHHON crathe u3ydeHbl 292 oOpasia o0cH-
JIFiaHa U3 TPeX TOCENeHNH, TpuHapiexkanmx Kk Kypa-Apakcckoit KynbType. Meromom
pXRF xumuyeckuili cocTaB JaHHBIX apTeakToB OBbUT W3y4eH W CpPaBHEH C
pe3yibTaTaMy TeoJOrHYecKUX 00pas3IioB JUIsl ONpe/eNleHIsI HCTOYHUKOB UX CBHIPbSL.



