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NEOLITHIC CERAMICS OF THE CHOKH SETTLEMENT
IN THE CONTEXT OF CERAMIC TECHNOLOGICAL TRADITIONS
OF THE EASTERN CAUCASUS

Abstract. The purpose of this article is to study the place of Neolithic ceramics of the Chokh settlement
among the cultural and technological traditions of the Neolithic ceramics of the Caucasus, as well as its role in
the formation of ceramic production of Central Dagestan. In this regard, in the course of this work, using tech-
nological, photographic, XRD and spherulite analyzes, a comparative study of Neolithic ceramics from Chokh
settlement was carried out with products from the closest Neolithic settlement of Transcaucasia — Géytepe,
located in the middle reaches of the Kura River, as well as with later ceramic materials from the Chalcolitic and
Bronse Age periods of Central Dagestan. The analysis of Neolithic ceramics from the Chokh settlement, on the
one hand, showed that it is entirely an item of local production, which is determined by the characteristics of
the raw materials, and the admixture of grog in the pottery paste. On the other hand, connections with one of
the types of Transcaucasian ceramics from the settlements of the early 6-th millennium BCE, Haci Elamxanli
Tepe and Gadachrili Gora — products with mineral admixture and, possibly, dung in the pottery paste, fired
mostly in reducing atmosphere with applique buttons on the surface are presumably recorded. This type con-
tinued to exist in later Géytepe materials with some changes. Further, in the pottery production of Central
Dagestan during the Chalcolitic — Bronze Age period, on the one hand, we can talk about the gradual devel-
opment — the replacement of mineral admixtures, the appearance of polishing tradition and improvement of
firing conditions.

Keywords: Chokh; Neolithic of the Caucasus; Central Dagestan; Chalcolithic of Dagestan; Bronze Age of
Dagestan; Transcaucasia; Géytepe; ceramics
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HEO/INTUYECKAA KEPAMMUWKA IIOCEJIEHUA Y0X B KPYI'Y
KEPAMUYECKUX TEXHOJIOTUYECKUX TPA/IUITHIA
BOCTOYHOI'O KABKAS3A

AnHomauus. 1esnbio vccieloBaHus SIBJISETCS OIPE/IeJIEHNEe MeCTa HEOJTUTHYECKON KEPaMUKHU ITocesie-
Hus YoX cpeaiy KyJIbTYPHBIX TEXHOJIOTHYECKUX TPaIUITNI KepaMuKku HeosinTa KaBkasa, a Takke ee poJiu B CTa-
HOBJICHUU KEPaMHUYECKOTO MPOon3Bo;icTBa LleHTpanbHoro Jlarecrana. B ¢Bsi3u ¢ 3TUM B XO7ie JAaHHOH PaboThI C
TIOMOIIIHIO0 TEXHUKO-TEXHOJIOTHYECKOTO0, IeTporpaduueckoro, peHTreHoda3oBoro u chepyTUTHOTO aHATTU30B
OBLIO TPOBEIEHO CPABHUTEIPHOE U3yUEeHNE HEOJTUTUUECKON KEPAMUKH MocesieHusa Yox ¢ u3eTuamMmu Haubo-
Jiee 6JIMBKOTO el TEpPUTOPHATIHFHO HEOJIUTUUECKOTO MTOCeIeHUsT 3aKaBKa3bs — ['eoli-Tele, pacioio;KeHHOTO B
cpenHeM TeueHUU peku Kypbl, a Takke ¢ 60J1ee MO3THUMU KEpaMUYECKUMU MaTepUaIaMHy ITepUO/ia DHEOTHUTA
u 6poH3oBoro Beka lleHTpanbHoro JlarecraHa. AHaJIN3 HEOJTUTHUYECKOH KepaMHUKH ocesieHuss Yox, ¢ oqHOH
CTOPOHBI, TTOKA3aJI, UTO OHA TTOJIHOCTHIO ABJISIETCS MPOAYKTOM MECTHOTO IMPOU3BOCTBA, UTO (PUKCUPYETCS 10
0COOEHHOCTSIM CBIPHS, a TAKKeE 110 IpuMecH 1amMoTa. C Ipyroi CTOPOHBI, IPEINOJI0KUTETHHO OTMEYEHBI CBSI-
37 C OTHUM W3 TUIIOB KEpAMUKH 3aKaBKa3bsl, IPUCYTCTBYIOIIEM Ha IOceIeHUAX Hadasia VI Teic. 710 H.3. Xa/Ku
Anamxanssl Tene u I'ajaupunu 'opa — uszenuii ¢ MUHepaJIbHOU IPUMeCHIO U, BO3MOXKHO, HABO30M B (pOpMO-
BOYHOI Macce, 000KKeHHBIMH ITPENMYIIECTBEHHO B BOCCTAHOBUTEIBHOM aTMocdepe ¢ HajlelmaMu-KHOITKaMHU
Ha TTOBEPXHOCTHU. DTOT THII ITPOIOJIKIII CBOE CYIIIECTBOBaHMeE B 60Jiee TO3IHUX MaTeprasiax ['eoli-Terne ¢ HEKO-
TOPBIMUY U3MeHeHUsAMU. Jlajiee B roHUYapHOM Ipon3BozicTBe ['opHOro /larectaHa B TE4EHUHU TIEPUO/A SHEOJIH-
Ta — BIIOXU OPOH3BI C OAHON CTOPOHBI MBI MOKEM TOBOPUTH O IMTPEEMCTBEHHOCTH TPAAUIU (MCIIOIb30BaHUE
IIaMOTa ¥ HaBO3a B KaUeCTBe NCKYCCTBEHHOHN IIPHUMECH), a C APYTOH — O MOCTENIEHHO PA3BUTUU — 3aMEIeHUH
MUWHEPATHbHON IPUMECH, TTOSBICHUH JIOIIEHUS U YIyUIIeHUH YCIOBUM 00KuUTa.

Knrouesvie caosa: Yox; Heonut KaBkaza; llentpanpHbiii Jlarecrad; sHeosuT Jlarectana; smoxa GpOH3bI
Harecrana; 3akaBkasbe; [ eoli-Tene; KepaMuKa.
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Introduction

The emergence of pottery in the Caucasus dates back to the early 6th millennium BCE.
It spread into the South Caucasus region along with advancements in agriculture and an-
imal husbandry, and is associated with vast territories of the Near East: from the Eastern
Taurus and its foothills, through the eastern part of Upper Mesopotamia, to the adjacent
northern areas of the Zagros Mountains and the Iranian Plateau [1; 2; 3; 4; 5, p. 55—82;
6, p. 15—28]. Ceramics extended throughout the territory of Transcaucasia, but local vari-
ants can be distinguished in the middle reaches of the Kura River valley, including settle-
ments such as Haci Elamxanl Tepe [7], Shomutepe [2], GOytepe [8], Mentesh-tepe [9],
Gadachrili Gora [10], Shulaveris-Gora [11], Imiris Gora [12], Khiramis Didi-Gora [13],
and Arukhlo [14]. Additional pottery settlements have been identified in the Ararat Valley
(Tekhut [15], Aknashen [16; 17], Aratashen [16]), in Nakhichevan (Kultepe [18]), and the
Mil steppe (Kamil-Tepe [19]). Furthermore, pottery has been found beyond the Great Cau-
casian Ridge, with the Chokh settlement [20] in Central Dagestan being the only known
site thus far.

This study aims to determine the place of Neolithic ceramics from the Chokh settlement
within the cultural and technological traditions of Neolithic ceramics in the Caucasus, as well
as its role in the formation of ceramic production in Central Dagestan. In this regard, we con-
duct a comparative analysis with ceramics from the closely related Neolithic settlement in
Transcaucasia — Goytepe, located in the middle course of the Kura River — as well as with later
ceramic materials from the Chalcolithic and Bronze Age periods of Central Dagestan (Fig. 1;

2, 1—4).

Pottery making traditions in Neolithic Transcaucasia
(Based on materials from the middle reaches of the Kura River)

The traditions of pottery making will be considered further using materials from the follow-
ing sites: Hac1 Elamxanh Tepe [21, p. 133—152], Shomu-Tepe [22, p. 53; 2], Goytepe [23, p.
22-31; 24, p. 1-11; 25, p. 166—169; 26, p. 261—286], Aruhlo, Gadachrili Gora [27], Mentesh-
tepe, [27; 9] (fig. 1).

The earliest pottery in the region has been identified at the settlements of Hac1 Elamxanh
Tepe (5950—5800 cal BCE) [28, p. 290] and Gadachrili Gora (5920—5720 cal BCE) [10]. Some
of the ceramics from the Hac1 Elamxanh Tepe settlement is represented by thin-walled ceram-
ic fragments with paintings, indicating connections with Upper Mesopotamia of the Standard
Hassuna period and is characterized by the absence of admixture and coating with a grey-
ish-yellowish slip. There is also ceramics with mineral and organic admixtures with an orange
and grey-yellowish-brown surface. According to the researchers, all the ceramics are made
using coils [21, p. 133—152].

The pottery of the Gadachrili Gora settlement is made of sanded clay. Basalt and rare plant
material were recorded as artificial admixtures. It is also assumed that the most common
method of construction was coiling. The surface treatment was simple smoothing. Appliqués
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are limited to protruding knobs; polishing was rarely used. Both reducing and oxidizing con-
ditions were used for firing [27, p. 8, 12—13, 41. Tabl. 13].

Later, in the settlements of the region under consideration, researchers identified two main
types of pottery’, which could also be mixed. The first is vessels with plant admixture associ-
ated with straw [23, p. 23; 22, p. 53; 2], or sometimes interpreted as a fine organic admixture
[26, p. 262; 27, p. 35—36]. In some cases, imprints of grains can be observed. In the Goytepe
settlement, it is assumed that this type of pottery was made using clay bands, but short coils
and slabs are also mentioned [23, p. 23—25]. The vessels could be painted, including with the
use of bitumen (separate bands), slipped (red or light slip) and were fired in both oxidizing and
reducing conditions.

The second, predominant variety of pottery contained mineral impurities which were most
likely intentionally added. These impurities included crushed basalt, obsidian, sand, and grog.
The use of molds for the lower part of the vessel and the finishing with bands for the upper part
are observed in GoOytepe ceramics [23, p. 23—25]. The vessels were often coated with a thick
layer of clay and could feature appliqué buttons, bitumen stripes, and light and red slip. Firing
occurred in both oxidizing and reducing conditions.

In addition, for both types of pottery of the Arukhlo settlement, it was found that using
coils was the most common method of pottery constructions. One study mentioned mixed
coils and slabs for the ceramics of the Mentesh-tepe settlement [27, p. 12—13], while another
mentioned bands and slabs [9, p. 179]. In any case, this situation indicates the presence of a
variety of construction methods. Weaving imprints are also regularly found on the outside of
the base [22; 2; 27, p. 1—48; 22, p. 22—31 etc.].

The tradition of pottery making in Central Dagestan in the
Neolithic-Bronze Age

In the North Caucasus, Chokh is the only known settlement where pottery has been discov-
ered in Neolithic layers. This settlement is situated in Central Dagestan, near the Great Cauca-
sian Ridge. According to several researchers, the pottery from this settlement is linked to the
traditions of the South Caucasus [29; 30, p. 14; 3, etc.]. The development of pottery making
in the region during the Chalcolithic period remains largely unexplored. However, two key
sites from this period in Central Dagestan have yielded pottery: the Ginchi settlement [31, pp.
28—87] and the Rugudzha sites of Malin-Karat, Muchu-Bahil-Bakli, and Arkhinda [32]. This
is due both to the difficulty of finding sites and settlements of the early period in mountainous
areas, and, probably, to the small number of them in this inaccessible area during the period
in question. The ceramic material from the Rugudzha sites is very insignificant. Two forms
were partially restored, and it was noted that the surface colour was pinkish and brown [31,
p. 75—76]. Little is known about the pottery of the Ginchi settlement, but the existing collec-
tions are quite extensive and should be the subject of a separate study in the future.

The real spread of pottery in the region is associated with the Early Bronze Age and
with the emergence of sites belonging to the North-Eastern Caucasian local version

1. Researchers also offer more detailed descriptions of varieties of pottery

317



Hcropus, apxeosiorus u stHorpagusa Kaskasa T. 20. N2 2, 2024

of the Kura-Araxes cultural and historical community — in the middle of the 4th millennium
BCE. The settlements of Mekegi, Galgalatli I, Andi and the burial grounds of Shchebokha and
Gono are known from this period [31, p. 140—151]. Bronze Age layers have also been recorded
at the Chokh settlement [20]. In addition, the burial ground of the Middle Bronze Age Nok-
hola-ad [33, p. 41—52], belonging to the Ginchinsky-Gatynkalinsky culture, was located near
the settlement (fig. 1). In the Middle Bronze Age, potters used ferruginous clay with low and
medium sand content as the basic raw material for pottery paste. The main recipes for pot-
tery pastes were: clay + grog + organic materials (dung, organic solution). The presence of
shale in the pottery pastes was also recorded, but it is not always clear whether it is of natural
or artificial origin [34, p. 278—293].

Materials and research methods

The main object of study was ceramics from the Neolithic layer of the Chokh settlement, lo-
cated in the Gunib region of the Republic of Dagestan. The settlement was explored three times:
in 1955—-1957 by V.G. Kotovich [32], in 1981-1982 and in 2021—2022 by H.A. Amirkhanov
[20; 35; 36]. According to the definition of H.A. Amirkhanov, the settlement contained layers
dating back to the Mesolithic, Neolithic and Bronze Age. The ceramics contained a Neolithic
layer, dated by the author of the excavations in early 6th millennium BCE, and a Bronze Age
layer [20; 30; 35; 36].

In the excavated area of the Neolithic layer, about 900 mostly very small ceramics frag-
ments were found. The morphology of the vessels was reconstructed by the author of the
excavation on the basis of two items: a bowl (height about — 5 cm, rim diameter — 11.8 cm,
bottom — 8 cm, wall thickness — 6 cm) and a pot-shaped vessels (height approximately —
20 cm, rim diameter — 15. 5 cm, bottom — 12 cm, widest part — 20 cm). The pottery was
made of slightly sandy clay mixed with finely crushed ceramics. One characteristic of the
pottery is the presence of a small protrusion along the rim [20, p. 130]. An important fea-
ture indicating a link with the Neolithic of Transcaucasia is the presence of appliqué on
one fragment (fig. 3. 1, 3), in the form of protruding buttons [20; 30, p. 14, fig. 3]. In our
study, we examined 15 fragments of rims, walls, and bottoms from different vessels, with
a varying thickness of 6—9 cm. (fig. 3. 4—9).2

The Bronze Age layer of the Chokh settlement contained very few small-sized pottery,
and therefore only two fragments of vessel walls about 7—-8 cm thick were studied. In
addition, pottery from the Rauf M. Munchaev’s excavations at the Middle Bronze Age
cemetery of Nokhola-ad, adjacent to the Chokh settlement were studied [33, p. 41—52].
All available material from crypt Ne 1 and N92 was selected for this purpose. 3 A total
of thirteen fragments of the rims, bases and walls of different vessels were used in the
study. Morphologically, these are pot-shaped vessels and bowls with a truncated cone
with a wall thickness of 0.8-1.1 cm, and miniature vessels with a wall thickness of up to

0.5 cm (fig. 4).

2. Storage of the Institute of Archeology Russian Academy of Science, Moscow
3. Storage of the National Museum of the Republic of Dagestan named after A. Takho-Godi, Makhachkala (Scientific and
Auxiliary Fund. #7868).
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For comparison with the above-mentioned materials, individual pottery samples were also
selected from other earliest sites of Mountain Dagestan — Ginchi and the Rugudzha site of
Malinkarat, 2-3 cm in size, dating back to the Chalcolithic period [31, p. 75—76].4

Ceramics from the settlement served as comparative material from the South Caucasus
Goytepe area, located in the middle reaches of the Kura River in Western Azerbaijan, and the
closest of the known Neolithic settlements of the South Caucasus to the Chokh settlement. The
ceramic materials used in this work belong to the upper 2—4 horizons of the site,> dating to the
middle of the 6th millennium BCE [37, p. 3—16; 37]. Materials from horizon 4 have already
been published [23, p. 22—31]. These are fragments of rims, walls and bottoms of vessels of
various morphology.

To achieve the set goals, the authors of this paper carried out technical and technological
(for all materials), petrographic, X-ray structural and spherulite analyses (for selected materi-
als from the Chokh and Goytepe settlements).

Technological analysis

Technological research of ceramics was carried out according to the method of Alexan-
der A. Bobrinsky, which includes traceological and microscopic analysis of cross-sections and
surfaces of the investigated objects, as well as experimental modelling of individual stages of
pottery production and comparison them with archaeological materials [38; 39]. Microscopic
analysis was carried out using a Carl Zeiss Stemi 2000C stereomicroscope.®

Ceramics from the Chokh settlement from the Neolithic layer. The Neolithic ceramics of
the Chokh settlement were made from ferruginous, slightly sandy clay raw materials with an
artificial admixture of grog of different colours (both identical to the main colour of the ceram-
ics — grey, and warmer beige tones) ranging in size from 1 to 7 mm in various concentrations
(from 1:10 to 1: 4) (fig. 4. 1—4). Individual small plant remains were noted in the pottery paste
(fig. 4. 1). On the basis of some samples, it was possible to establish the application of the slabs
construction. This can be seen from the layering of cross-sections, especially the fragments of
the bases (fig. 3. 8—9). The surface treatment was simple smoothing. The pottery were fired
mainly in a reducing atmosphere (without oxygen), but there are fragments that have been
in an oxidizing atmosphere. The latter is probably due to the imperfection of the firing device
(fire pit) and the unintentional access of oxygen.

Ceramics of the Chalcolithic period from Central Dagestan. The very small fragments of
ceramics studied provide limited information. Presumably, the raw material was ferruginous
medium sandy clay. In the ceramics from the Rugudzha site of Malinkarat, grog with a pol-
ished surface was observed (fig. 5, 5). Firing typically occurred in an oxidizing atmosphere (fig.
4, 1—2). The ceramics from the Ginchi settlement contain a significant admixture of what is
presumably clay shale, with a high concentration estimated at a ratio of 1:3 or 1:4 (fig. 5, 6).
Most vessel surfaces were covered with an additional layer of clay (fig. 4, 3—5), as evidenced

4. Storage of the Institute of History, Archeology and Ethnography, Dagestan Federal Research Center RAS

5. Storage of the Institute of Ethnography, Archeology and Anthropology of ANAS, Baku.

6. The samples were studied using the equipment of the Center for Collective Use at the Institute of Archaeology of the
Russian Academy of Sciences (Moscow).
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by cracks and chipping in this layer, as evidenced by the cracks and chipping of this additional
layer (fig. 4, 5). However, there are also fragments without this additional coating, where a
high concentration of crushed stone is visible on the surface (fig. 4, 6).

Bronze Age ceramics from the Middle Bronze Age burial ground Nokhola-ad and Chokh
settlement. Vessels originating from the burial ground were made from ferruginous clays
with medium and high sand content. Organic matter (dung, organic solution) was used as
an admixture in the production of vessels. Artificial mineral impurities included in the pot-
tery paste are grog (fig. 5, 7) and, in one case, quartz grit (fig. 5, 8), which distinguishes this
pottery from other materials of the Middle Bronze Age. The grog is identical to the main
raw material of the vessels. The vessels were constructed using clay slabs. The surfaces of
the vessels were treated only by mechanical means: smoothing and polishing, in most cases,
from the inside. The vessels were fired in an oxidizing atmosphere in primitive devices or
fire pits, as evidenced by the pinkish, light brown and mottled surface (fig. 4, 7-8). However,
there are also instances of firing in a reducing atmosphere, particularly this applies to min-
iature pots with wall thickness of up to 0.5 mm. (fig. 4, 9). In general, as already mentioned,
the pottery-making technology from the Chokh burial ground is characteristic for the ceram-
ics of the Middle Bronze Age in the region and belongs to the Ginchinskaya-Gatynkalinskaya
culture.

Bronze Age ceramics from the Chokh settlement were made from medium-sandy raw ma-
terials (probably with an admixture of clay shale). Grog and an organic solution were used as
an artificial admixture, identified by the characteristic porous voids in the fracture and small
plant residues, presumably associated with dung. The surface of the fragments is either simply
smoothed or polished. The ceramics were fired in an oxidizing atmosphere (fig. 4, 10-11).

Ceramics from the Neolithic settlement of Goytepe.

The raw materials used in the manufacture of pottery were ferruginous, medium and
highly sanded. Following the tradition of dividing ceramics into products with organic and
mineral admixtures [23, p. 23—25; 26, p. 261—286], it can be noted that one part of the
studied GoOytepe pottery is characterized by the presence of livestock dung impurities in
the paste in a concentration of up to 15-30%. The latter is detected by the presence of very
small plant impurities with characteristic endings and the shape of the remains (fig. 6, 1—2)
[39, p. 5—-109; 40, p. 279—307]. Furthermore, as already mentioned, crushed straw was also
present in the pottery paste of the vessels (fig. 6, 3), as well as, the husks of large grains [23,
p. 23—25], on basis of which large plant impurities can be associated with threshing waste
(fig. 6, 4). The vessels were made using both a two-layer slab and a coil construction, which
is especially noticeable when studying the joints between the elements when examining the
cross-section of the vessels bases: horizontal — in the case of a two-layer slab construction
(fig. 6, 8), and vertical — in the case of a coil (fig. 6, 9). Vessels can be covered with either red
slip (fig. 6) or lightly painted with a simple clay coating, which is noticeable by the cracks
appearing through the loose layer of paint, which is the result of uneven drying of the raw
material and the additional layer of clay (fig. 6, 5-6). The bases have imprints of the weaving
surface on which the vessel was formed (fig. 6, 7).

Ceramics with mineral impurities can be divided into two types (fig. 7). The pottery paste
of the first type contains an admixture of basalt (fig. 7, 1—2). The vessels were made using
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the slab construction, which can be seen in the joints in the base cross-section (fig. 7, 2).
On the ceramic surface, along the cracks in the surface layer, an additional clay coating and
colouring with red pigment were observed (fig. 7, 2). The second type of ceramics has an ar-
tificial admixture of obsidian and a grey mineral admixture. The latter had different sources
than the basalt from the first group, judging by the colour (fig. 7, 4—5). This ceramic also
contains grog in a low concentration (no more than 1-10) (fig. 7, 3). The vessels are made
from single-layered elongated slabs and covered with a significant layer of coating (fig. 7, 6).
In addition, this group of ceramics is characterized by reducing firing, which distinguishes
it from other groups.

Judging from the colour of the surface and the change in the colour of the central part of
the fragments, it can be assumed that the firing took quite a long time when the temperature
was reached 750—800°C. According to another study, the firing temperature of ceramics
from the Goytepe settlement was determined to be within 600-750°C [24, p. 1—11]. The pre-
sented data suggest the use of some more advanced closed firing device.

Petrographic and XRD analyzes

Ceramics fragments of from the Chokh settlement (8 samples from the Neolithic period
and 2 samples from the Bronze Age, as well as samples of ceramics from the Goytepe settle-
ment (5 samples)) were studied using mineralogical-petrographic and XRD analyzes (only
1 sample for the Goytepe settlement). Mineralogical and petrographic analysis was carried
out in the sections (thin sections of a ceramic sample 0.03 mm thick) using an Axio Scope
40 Carl Zeiss polarizing microscope. The study of sections of ceramics allows for accurate
determination of the mineral composition and quantitative ratios of raw materials, mineral
and organic artificial impurities, morphology, size and number of voids [41, etc.].

The XRD phase analysis method is based on the phenomenon of X-ray diffraction from
the planes of crystal lattices of minerals. Since the crystal lattice of different minerals is
different, it is possible to determine its structure, and therefore the mineral itself, by the na-
ture of the diffractogram. The method acquires the greatest importance in the diagnosis of
clay minerals in raw materials of ceramic samples. The analysis was carried out in prepared
specimen from ceramic samples on a MiniFlex 600 X-ray diffractometer (bulk analysis) (Ta-
ble 1).

Table 1. Results of XRD analysis (bulk samples).

Sample no. illite | serpentine | quartz | KPSh | plagio-clase | hematite | sum
CHOKH B 1 7 1 52 31 9 0 100
CHOKH B 3 7 o) 48 19 23 3 100
CHOKH N 2 32 0 51 6 11 o) 100
CHOKH N 4 27 1 43 15 14 o 100
CHOKH N 5 22 0 50 11 17 0 100
CHOKH N 6 53 0] 22 18 7 0] 100
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CHOKH N 8 33 0] 47 12 8 0] 100
CHOKH N 9 2 1 52 11 34 o) 100
CHOKH N 10 33 0 39 15 13 0 100
GT-7 0 0 70 0 28 2 100

Ceramics of the Chokh settlement

The studied samples of Neolithic ceramics from the Chokh settlement (Chokh-N-2, 4, 5,
6, 8, 9, 10, 11, 12) have differences both in the composition of raw materials and in the com-
position of artificial admixtures. One of the distinctive features of Neolithic ceramics from
the Chokh settlement is the mass fracturing of the fragments. There are small elongated,
unidirectionally oriented microcracks 0.02-0.4 mm long, 0.005-0.01-0.02 mm wide; as well
as single isometric large voids measuring 0.6mm x 0.3 mm to 0.8 mm X 0.4 mm, individual
ones up to 1-2 mm, often encrusted along the edges with microcrystal calcite.

The first type of structure of Neolithic raw materials is defined as pelitic. This includes
samples Chokh-N-2, 4, 5, 6, 11, 12. It is characterized by a predominance of clay substance
with a dimension of less than 0.005 mm and a small natural admixture of silty and fine sandy
material in an amount of less than 5%. The composition of the clayey part is essentially il-
lite (fig. 8, 1); the composition of the silt-fine sand admixture is predominantly quartz. This
type of raw material is characterized by impurities from a single source, in amounts ranging
from 10% to 25% from sample to sample. These are fragments of quartz crystals, less com-
monly microcline, orthoclase, plagioclase; single fragments of altered acidic effusive rocks,
quartzites, bacterial and algal limestones, sandstones with calcite cement. Single clots rang-
ing in size from 0.15 to 1 mm, round and elongated, opaque, structureless, homogeneous,
presumably of organic matter are being traced. There are two types of grog: 1. intraclastic,
predominant, in the form of fragments up to 0.75 mm, of varying degrees of burntness; and
2. alien, more rarely found, in single quantities. The latter is represented by fragments of
a pelitic structure, homogeneous, clayey, essentially illite fragments of ceramics, without
impurities, and was also found in Bronze Age samples from the Chokh location; as well as
fragments of silty-pelitic structure, slightly transparent due to the saturation with natural
finely dispersed organic substance and iron oxides developing on them (such grog, in turn,
sometimes contains grog) (fig. 9, 1—9, 7).

The second type of raw material structure, characteristic of Neolithic ceramics from the
Chokh settlement, is silty-pelitic, characterized by the fact that the natural silty admixture to
the essentially illite clay mass is at least 15—20% (samples Chokh-N-8,9,10) (fig. 8, 2). At the
same time, the amount of artificial admixture of sand size is relatively small: from 5 to 15%.
The admixture consists of fragments of quartz crystals, feldspar, rarely mica (with a single
completely chloritized biotite) and isolated fragments of altered acid effusives and quartz-
ites. Grog of its own intraclast (prevails) and alien in the form of large (0.75—-1—1.75 mm)
homogeneous, clayey, essentially illite fragments of ceramics, without impurities, identical
to those found in Neolithic samples with the structure of type 1 raw materials, also recorded
in the bronze age samples. There are single clots ranging in size from 0.15 to 0.75 mm, round
and elongated, opaque, structureless, homogeneous, presumably of organic nature (fig. 9,
8-09,12).
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The studied samples of Bronze Age ceramics from the Chokh settlement (Chokh-B-1 and
Chokh-B-2) have differences both in the composition of raw materials and in the quantity
and composition of artificial admixtures. Compared to Neolithic ceramics from the Chokh
settlement, Bronze Age samples use common sources of raw materials and artificial admix-
tures (for example, fragments of bacterial-algal limestone).

The Chokh-B-1 sample is characterized by a silty-pelitic structure of the raw material,
consisting of a main clay mass with a particle size of less than 0.005 mm and silty particles
(0.005—0.05 mm), rarely fine sandy (0.05—0.1 mm) size, in amount up to 10-15%. Accord-
ing to XRD data, the composition of the clay component corresponds to illite (fig. 8, 3). The
natural admixture of silty-fine sandy material in the raw material consists of a predominant
quartz, feldspars are less common — orthoclases, microclines, acid plagioclases, as well as
micas. There is a single calcite shell detritus measuring 0.15-0.2 mm. The artificial additive
consists of single fragments of sedimentary rocks with dimensions from 0.2 mm to 2 mm,
represented by fragments of micritic limestone (with crystal dimensions less than 0.005
mm), as well as fragments of siltstone of quartz composition with film clay cement. One
fragment of metamorphic rock was discovered — shale with characteristic foliation textures.
In single quantities, opaque yellow-brown clots, presumably organic matter, 0.05—0.4 mm
in size, homogeneous, are detected. Grog is distinguished, which has two varieties: 1) corre-
sponding to the composition of the bulk of the ceramics (raw materials) (“local”, intraclast);
2) foreign to the composition of the bulk of the ceramics (alien). Intraclast grog predomi-
nates, has a dimension of 0.4-1.2 mm and is represented by darker (more fired) and lighter
(less fired) varieties. Alien grog is rarely found in the form of fairly homogeneous, clayey
fragments of essentially illite composition. There are no natural crystalloclastic impurities
here (fig. 10, 1 — 10, 3). Such fragments are completely identical to fragments from Neolithic
ceramics from the Chokh location. The ceramic sample Chokh-B-1 has voids of an elongated
and isometric shape, measuring 0.1 mm x 0.3 mm, 0.03mmx0.4mm, 0.3mm X 0.2mm.

For sample Chokh-B-3, the structure of the raw material is colloform-pelite. The pelitic
component is clayey, abundantly impregnated with finely dispersed hematite. According to
XRF data, the composition of the pelitic component is illite (fig. 8, 4). The natural admixture
of silt grains (less than 10—15%) is represented by mica-quartz material and contains frag-
ments of quartz, microcline, orthoclase and plagioclase crystals with a size of 0.15—0.2 mm
in an amount of less than 5%. There are no faunal remains. The added limestone fragments
are generally identical to the fragments in the Chokh-B-1 sample and structurally represent
bacterial-algal varieties. In single quantities, opaque yellow-brown clots, presumably or-
ganic matter, 0.4—0.6 mm in size, homogeneous, are detected. As in the Chokh-B-1 sample,
there are 2 types of grog: the predominant intraclast, of varying degrees of firing, with di-
mensions of 0.25—4.5 mm; and alien, rare, which in composition and structure is completely
identical to alien grog in the Chokh-B-1 sample (clayey, homogeneous, without impurities,
essentially illite composition) (fig. 10, 4—10, 7). There are voids of isometric and elongated
shape with dimensions of 0.2 mm x 0.15 mm, 0.9 mm x 0.3 mm and others.

Ceramics of the Goytepe settlement.

The studied ceramic samples from the Neolithic settlement of Goytepe (GT-7, 13.1, 13.2,
14, 15) are very different from the ceramics of the Chokh settlement. The differences lie in
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the composition and structure of raw materials, the composition of artificial admixtures, as
well as in the morphology and number of void spaces. The voids in all samples are multiple,
presented in two varieties (fig. 11). The first type of voids has an anomalous shape: with pro-
nounced hooks, teardrop-shaped or simple isometric. The dimensions of such voids range
from 0.25 mm x0.1mm to 2.25 mm x 0.3mm. The second type is elongated, flattened, 1-2
mm long, 0.1 mm wide.

The raw materials of ceramics from the Goytepe settlement are of two types. Type 1 raw
materials have a collomorphic-pelite structure, primarily composed of illite, and are actively
impregnated with hematite. The natural admixture of silt-sized particles, amounting to no
more than 10-15%, is predominantly quartz, with feldspars and pyroxenes also present,
and micas appearing rarely. Type 2 raw materials have a silty-pelite structure, essentially of
clayey (illite) composition. The silty natural admixture (20%) is predominantly quartz, with
feldspars and micas present. In sample 14, the silty-clayey raw material is carbonated, with
a thin scattering of calcite microcrystals developing along it.

The sources of artificial admixture for Goytepe ceramics were volcanic rock massifs: basic
composition (basalts) and acidic composition (rhyolites, dacites). Both types of volcanics
can be found in the same sample. In sample 14, along with fragments of volcanic rocks, there
are fragments of acidic volcanic glass—obsidian. The obsidian fragments are notably strong
and difficult to remove from the bedrock and crush, resulting in sharp, cutting edges (fig.
11, 3, 4). The size of the artificial additive ranges from 3 to 4.5 mm. In addition to fragments
of basic and acidic volcanics and obsidian in the artificial additive, there are fragments of
crystals—single grains of pyroxene and feldspar. There are also clots of presumably organ-
ic matter, up to 0.2 mm in size, as well as elongated varieties. Sample GT-7 contained one
fragment of intraclast grog.

Spherulite analysis

Spherulite analysis can be used to determine the presence of dung in ceramics [42, p.
211-225; 43, p. 740—748]. Four samples from the Chokh settlement (Chokh-N-8, 9 and
Chokh-B-1,3) and seven samples from the Goytepe settlement (GT-2, 7, 13, 15, 19, 21 and 25)
were chosen for the study. The analysis focused solely on the presence of dung spherulites,
without quantitative assessment. Eleven fragments of ceramics were crushed into a powder
and investigated under cross-polarized light using the ADF U 300 microscope.

The best preservation of spherulites and the largest number of them (on one slide) were
observed in samples of Neolithic ceramics from the Chokh settlement (fig. 12, 1—3). In other
fragments of ceramics, spherulites are extremely rare, which, on the one hand, may indicate a
small proportion of dung admixture, and on the other, its destruction under the influence of
high temperatures. The experimental data [44, p. 32—45] shows deformation, darkening and
destruction of spherulites under the influence of temperatures above 500 C> Both considered
options are possible, since the studied fragments of ceramics (except for two samples from the
Neolithic layers of the Chokh settlement) contain dung spherulites, indicating high-tempera-
ture firing. (fig. 12, 4).
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Discussion and conclusion

A comprehensive analysis of the Neolithic ceramics from the Chokh settlement revealed,
on the one hand, that the pottery was entirely of local production. Despite the general homo-
geneity of the pottery, three types of raw materials were identified: two types of primary clay
composition from which the vessels were made, and which are also found in “local” grog (in-
dicating continuity at this site), as well as the raw materials of “alien” grog. The latter is also
found in the Bronze Age pottery from the overlying layer of the settlement, suggesting that this
local source of raw materials was utilized by the inhabitants of the settlement for thousands
of years.

On the other hand, there is a connection with one of the types of Transcaucasian ceramics —
vessels fired in a reducing atmosphere, in which grog was found along with other mineral im-
purities in the pottery paste. Moreover, this type of ceramic also contains appliqué knobs, an-
other feature noted by Hizri A. Amirkhanov on the Neolithic ceramics of the Chokh settlement
[30, fig. 3, 2]. It should be noted that the fragments available for comparison from the Goytepe
settlement are younger than those from the Chokh settlement, which explains some of their
differences. However, the existence of such a group of ceramics is very significant and likely
existed in Transcaucasia from the beginning of the 6th millennium BCE. In the settlement of
Hac1 Elamxanh Tepe, a group of ceramics with mineral and organic admixtures and a grey-
yellow-brown surface color is mentioned in the early layers [21]. Additionally, the description
of the ceramics from the early 6th millennium BCE at the Gadachrili Gora settlement, with
the exception of the use of basalt instead of grog, is very similar to the ceramics studied from
the Chokh settlement. These similarities include the presence of rare plant admixtures, rare
appliqué knobs, simple smoothing, and firing in a reducing atmosphere [27; 9, fig. 7].

The presence of dung in the Neolithic ceramics of Chokh, although in very limited quan-
tity, was primarily indicated by the presence of spherulites. Additionally, petrographic thin
sections showed rounded and elongated clots of organic matter (possibly dung in the form
of squeezes or liquid fraction), which aligns with the main traditions of Neolithic ceramics in
Transcaucasia. This is clearly documented in this study based on materials from the Goytepe
settlement, and extends further south to the eastern part of the Fertile Crescent [39; 40].

Analysis of vessel production from the Neolithic and Bronze Age periods at the Chokh set-
tlement revealed differences in both the selection of primary raw materials and the artificially
added impurities. These differences include the admixture of crushed stone (limestone and
possibly other minerals) and variations in grog size, with larger grog observed in Bronze Age
pottery. However, it is crucial to note the persistence of a common concept in the use of arti-
ficial admixtures over millennia: the consistent use of dung and grog. During the Chalcolithic
period, while grog continued to be used as an admixture (as evidenced in pottery from the
Malinkarat settlement), crushed stone also emerged as a new admixture in Central Dagestan
(observed in the Ginchi settlement), a feature not present in Neolithic pottery. Both these im-
purities are subsequently found in Bronze Age pottery throughout the region.

The evolution of construction methods is challenging to assess due to the limited size and
poor preservation of Neolithic pottery fragments. Only a general observation about the use of
clay slabs can be confidently made. However, clear technological advancements are evident in
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surface treatment techniques. While vessel polishing is absent in Neolithic pottery, it emerges
during the Chalcolithic period and becomes a significant technological feature in the Bronze
Age.

Spherulite analysis of dung in pottery from various periods has yielded additional insights
into firing temperatures. Well-preserved spherulites found in Chokh Neolithic pottery suggest
brief exposure to high temperatures. In contrast, the presence of nearly destroyed, darkened
spherulites in Bronze Age pottery and Transcaucasian Neolithic pottery (which shows clear
external evidence of dung inclusion) indicates prolonged exposure to temperatures exceeding
500—700 °C, which is also confirmed by other observations.

In conclusion, this study reveals a dual narrative in the pottery production of this remote
mountainous region. On the one hand, there is clear evidence of continuity in traditions, par-
ticularly in the persistent use of grog and dung as artificial admixtures. On the other hand, we
observe gradual technological development: the evolution in the use of mineral admixtures,
the introduction of polishing techniques, and the refinement of firing conditions.

Acknowledgments

The authors extend their sincere gratitude to Khizri Amirkhanovich Amirkhanov for pro-
viding the research materials and for his unwavering support throughout all stages of this
study. We are also deeply appreciative of Rabadan Gadzhievich Magomedov for his invaluable
assistance in facilitating our fieldwork in Dagestan. Additionally, we would like to express our
thanks to Tufan Isaac Oglu Akhundov and Valekh Aladdin Oglu Alakbarov for their expert
consultations during our analysis of materials from Azerbaijan.

Funding
The work was supported by the Russian Science Foundation Grant No. 24-28-01072.

326



History, Archeology and Ethnography of the Caucasus V. 20.Ne¢ 2, 2024

. ; : : % 'i- y o 2 4, ; i < “, . '
2 S 3 Hh v S il &%& Cad BT e S i
Fig. 1 Map of Neolithic settlements of Transcaucasia, as well as Eneolithic and Bronze Age sites of Central Dagestan, mentioned in the article.

Puc. 1. Kapra naMsITHUKOB HEOJIUTA 3aKaBKa3hs, a TAKKE DHEOJIUTa U GPOH30BOTO Beka lleHTpaipHOTro JlarecTaHa, ylioMsiHyThIE B CTaThe.
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Fig. 2 1-2 — 1-2 — Chokh settlement, Gunibsky district, Central Dagestan; 3-4 — GOytepe settlement, Tavuz region (Azerbaijan) (photo 2019)

Puc. 2. 1-2 — nocenenue Yox, I'ynubckuii paiion, Llentpanbubiii JlarectaH; 3-4 — nocesnenue I'eoti-temne, TaBysckuii pation (Asepbaiimkan) (poro 2019 1.)
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9a 0 2 cm

Fig.3 Ceramics from the Neolithic layer of the Chokh settlement. 1-3 — after Amirkhanov, 2023.

Puc. 3. Kepamuka u3 HeOJIUTUUECKOTO CJI0A TTocesieHns Yox. 1-3 — 1o: AMUPXaHOB, 2023.
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"

Fig. 4 Ceramics of the Chalcolithic and Bronze Age periods of Central Dagestan. 1, 2 — Malinkarat site; 3-6 — Ginchi
settlement; 7-9 — Nokhola-ad burial ground; 10, 11 — Bronze Age layer of the Chokh settlement.

Puc. 4. Kepamuka neprosia sHeouTa 1 6poH30Boro0 Beka LlenTpasnbHoro Jlarectana. 1, 2 — cTosiHKa MaJnHKapar;
3-6 — nocenenune ['vHYM; 7-9 — MOTHIIBHUK Hoxosta-azm; 10, 11 — cj10i GpOH30BOTO BeKa rmocesieHus Yox.
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Fig. 5 Microphotographs of ceramics from Central Dagestan: 1-4 — grog — Neolithic layer of the Chokh settlement (1 — arrow
indicates the presence of organic plant impurities); 5 — grog with polishing — Malinkarat site; 6 — crushed stone - Ginchi
settlement; 7-8 — grog, crushed stone — Nokhola-ad burial ground.

Puc. 5. Mukpodororpacduu kepamuku [{eHTpasipHoro Jlarectana: 1-4 — IIaMOT — HEOJIUTHYECKU CJION noceieHus Yox

(1 — cTpesnKo¥ yKa3aHO MPUCYTCTBHE OPraHUYECKOU PACTUTEIBHOM IPUMECH); 5 — IIAMOT C JIOIIEHHe — CTOSTHKA
Masnunkapar; 6 — apecBa — noceseHue ['unuy; 7-8 — m1amMoT, jpecBa — MOTHJIBHUK Hoxosa-az.
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Fig. 6 Ceramics 1-4 horizons of the Goytepe settlement with organic impurities: 1-2 — microphotos of remains associated
with dung; 3 — microphotos of remains associated with straw; 4 — fragment of the vessel base with imprints of the husk of
large grains and a coating of red slip (publication: Alakbarov, 2018); 5-6 — light coloring of the surface over the coating (6 —
cracks that appeared on the additional layer of clay coating); 7 — imprints of the wicker surface; 8 — slabs in the base cross-
section; 9 — coils in the base cross-section.

Puc. 6. Kepamrka ropu3oHTa 1-4 mocesienus ['eoii-Terne ¢ OpraHMuecKuMy IPUMECIMHU: 1, 2 — MUKPO(DOTO OCTATKOB,
CBSI3aHHBIX C HABO30M; 3 — MUKPOQOTO OCTATKOB, CBI3aHHBIX C COJIOMOM; 4 — (PparMeHT JHUINA COCYAA C OTIIEYaTKAMU
MIEJIyX¥ KPYITHBIX 3€PEeH U MOKPHITHE KpacHbIM aHTo60M (mybukanus: (Aneknepos, 2018. C. 23-25; Alakbarov, 2018).

Puc. 3); 5, 6 — CBETJIOe OKpAIIMBAHKE TIOBEPXHOCTH MOBEPX 00Ma3KH (6 — TPEIIUHBI, BO3HUKIIIVE Ha JIOTIOJTHUTEIFHOM CJIOe
00Ma3KH [JIMHOM); 7 — OTIEYATKH IJIETEHOH IIOBEPXHOCTH; 8 — JIOCKYTHBIN HAJIEI B U3JIOME JHUIIA; Q — JKI'YTOBOM HaJIell
B M3JIOME JHUIIA.
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Fig. 7 Ceramics 1-4 horizons of the Goytepe settlement with mineral admixtures: 1, 4-5 — microphotos of basalt and obsidian
admixtures (5 — marked with an arrow); 6 — outer surface of the elongated slab in the cross-section of the wall; 6-7 — a layer
of additional clay coating on the surface.

Puc. 7. Kepamuka ropusoHTa 1-4 nocesienus ['eoii-Tere ¢ MUHEPaJIbHBIME IPUMECIMHU: 1, 4-5 — MUKPO(DOTO IprMecH

GazaspTa 1 obcuarana (5 — OTMeUeH CTPEIOUKO); 6 — BHEIIHSISA TOBEPXHOCTD BRITSHYTOTO JIOCKYTA B U3JIOME CTEHKH;
6-7 — CJI0U JIOTIOJTHUTEJIPHOU TJIMHSAHONU 0OMa3KHU IIOBEPXHOCTH.
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Fig. 8 Diffraction patterns of samples: Neolithic ceramics Chokh-N-2 (1), Chokh-N-10 (2); Bronze Age ceramics Chokh-B-1(3), Chokh-B-3(4).

Puc. 8. [Tudpakrorpammbl 06pasnoB: HeoTUTHYECKOH KepaMuku Yox-H-2 (1), Yox-H-10 (2); kepamuku 6por3oBoro Beka Yox-b-1(3), Yox-b-3(4).
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Fig. 9 Photographs of thin sections of Neolithic ceramics from the Chokh settlement.
9.1-9.7 — photographs of thin sections of Neolithic ceramics of type 1: 1, 2 — structure of raw material of type 1, artificial
additive (quartz, orthoclase, fragment of acid effusive) thin section Chokh-N-4, magnification 100x, analyzer — (1), +
(2). 3 — fragment of bacterial-algal limestone, thin section Chokh-12, magnification 25x, analyzer —. 4,5 — fragment of
sandstone with calcite cement; 2 types of grog (intraclastic and alien), thin section Chokh-11, magnification 25x, analyzer
—(4), + (5). 6 — 2 types of grog (intraclastic and alien); clot, presumably, OM. Chokh-N-6 thin section, 25x magnification,
analyzer — 77 — 2 types of grog (intraclast and alien); clot, presumably, OV. Chokh-N-2 thin section, 25x magnification,
analyzer —. 9.8-9.12 — photographs of thin sections of Neolithic ceramics of type 2: 8 — alien grog, Chokh-N-10 thin
section, 100x magnification, analyzer +. 9,10 — structure of raw material of type 2, dark and light stripes — different
degrees of firing, Chokh-N-8 thin section, 100x magnification, analyzer — (9), + (10). 11,12 — different types of chamotte,
Chokh-N-8 (11), Chokh-N-g (12) thin sections, 25x magnification, analyzer -.

Puc. 9. ®ortorpadun nindoB HEOTUTUYECKON KEPAMUKH TTocesieHus Yox.
1-7 — dbororpadun nuIdOB HEOJIUTUIECKON KEPAMUKHY 1 THIIA: 1, 2 — CTPYKTYPA ChIPhs 1 TUIA, UCKYCCTBEHHAs 00aBKa
(xBap1, opTokJIa3, 0610MOK Kucsioro a¢ddysusa) nurud Yox-H-4, yBenmdyenue 100%, ananusarop — (1), + (2).

3 — 06;10MOK GaKTepHraTbHO-BOZOPOCIEBOTO U3BECTHAKA, NI} H0X-12, yBeTUUEHHE 25%, aHATIU3aTOP —. 4, 5 — 00JIOMOK
IeCYaHUKa C KAIBIITUTOBBIM LIEMEHTOM; 2 THIIA IIIaMOTa (MHTPAKJIACTOBBIN U Uy>KepOAHBIH), MUt Y0X-11, yBesIUeHHE
25% aHanu3atop — (4), + (5). 6 — 2 Tuna mamota (MHTPAKIACTOBBIM U UyKEPOHBIN); CIYCTOK, MPE/ITOI0KUTETBHO,
OB. lIlmug Yox-H-6, yBenuueHue 255, aHATU3aTOP —. 7 — 2 TUIA IaMOTa (MHTPAKJIACTOBBIN U Uy>KEPO/IHBIN);
CTyCTOK, npeznosoxurenbHo, OB. llliud Yox-H-2, yBenunuenue 25%, ananuzarop —. 8-12 — ¢potorpadun mandos
HEOJIUTUYECKON KEPAMUKH 2 TUMA: 8 — UyKEPOAHBIN mamor, nuiud Yox-H-10, yBenueHne 100X, aHATU3ATOP +.
9,10 — CTPYKTypa ChIPbs 2 THUIIA, TEMHbIE U CBETJIbIE [TOJIOCHI — pa3Hble cTeneHu o0xkura, nutnd Yox-H-8, yBenuuenne
100%, a"HaiusaTtop — (9), + (10). 11,12 — pa3Hble TUIIBI ITaMoTa, NUTHdBI Yox-H-8 (11), Hox-H-9 (12), yBennueHue 25X,
aHaAJIU3aTop —.
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Fig. 10 Photographs of a thin sections of ceramics from the Bronze Age settlement of Chokh.

10.1-10.3: photographs of a thin section of sample Chokh-B-1: 1 - silt-pelitic structure of raw material; artificial additives:

fragment of siltstone, fragment of clay shale, intraclastic grog. Magnification 25x, analyzer -. 2,3 - fragment of shell detritus,
fragment of clay shale. Magnification 100x, analyzer - (2), + (3).
10.4-10.7: photographs of a thin section of sample Chokh-B-3. 4 - colloform-pelitic structure of raw material; artificial

additives: fragment of micritic limestone, fragment of quartz, plagioclase. Magnification 100x, analyzer +. 5 - fragment of

bacterial-algal limestone. Magnification 100x, analyzer -. 6 - component of organic matter, intraclastic grog. Magnification
100X, analyzer -. 7 — intraclast and foreign grog. Magnification 100x, analyzer -.

Puc. 10. ®ororpacduu nutnda kepaMuku 6pOH30BOr0 Beka noceeHus Yox.
1-3: pororpaduu mmuda obpasna Yox-b-1: 1 — ayeBpo-NIeTUTOBASA CTPYKTYPA CHIPHST; UCKYCCTBEHHBIE T00aBKU:
00JI0MOK aJ1eBPOJINTA, 06JIOMOK IJTMHHCTOTO CJIAHIA, MHTPAKJIACTOBBIH IIIAMOT. YBeJIMUEHHE 25%, aHATH3aTOP —.

2, 3 — 00JIOMOK PaKOBHUHHOTO JIETPUTA, 00JI0MOK IJTHHHUCTOTO CJIAHIA. YBeJIMUeHne 100%, aHanu3arop — (2), + (3).
4-7: dororpaduu muda obpasna Yox-b-3. 4 — KOJUIOMOPGHO-TIETUTOBAS CTPYKTYPA ChIPhs; HCKYCCTBEHHBIE I0OABKU:
00JI0MOK MUKPUTOBOT'O U3BECTHKA, 00JIOMOK KBaplia, IVIATHOKJIA3a. YBeJInYeHue 100%, aHATU3aTop +. 5 — 00JI0MOK
6aKTepHaIbHO-BOZIOPOCIIEBOTO U3BECTHAKA. YBEJIMUEHNE 1005, aHATU3ATOP —. 6 — KOMIIOHEHT OPTraHNYECKOT'0 BEIIIECTBA,
WHTPAKJIACTOBBIN IaMOT. YBeJIMYEeHHEe 100%, aHAIN3aTOP —. 7 — UHTPAKJIACTOBBIH U Yy>KEPOHBIH IIIAMOT. YBeJIMUeHNe
100%, aHaJIM3aTop —.
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Fig. 11. Photographs of thin sections of Goytepe ceramics: 1-2 — hooked types of voids; fragment of rhyolite, thin section
13, magnification 25x, analyzer — (1), + (2); 3 — calcitized silty-pelite raw material; basalt fragments; fragments of obsidian
(black), thin section 14, magnification 25x, analyzer +; 4 — basalt fragment, multiple obsidian fragments, thin section 14,
magnification 25x, analyzer —.

Puc. 11. ®oTtorpadun mmudos kepamuru ['eoii-Tere.
1, 2 — KPIOYKOBATHIE TUIIBI IIyCTOT; 00JIOMOK PHOJIUTA, UTUQ 13, YBeJIMUeHHE 25X, aHanmu3atop — (1), + (2).
3 — KaJIBIIUTU3UPOBAHHOE aJIEBPO-TIEJIUTOBOE ChIPhE; 00JI0MKH OazaibTa; 06I0MKH obcuauana (uepHoe), nuud 14,
yBeJIMUEHUE 25X, aHAJTU3ATOP +. 4 — 00JI0MOK 6a3ajibTa, MHOKECTBEHHBIE 00JI0MKHU oOcuinaHa (6esoe), nud 14,
YBeJIMUEHUE 25X, aHATN3aTOp —.
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Fig. 12. Spherulites from Neolithic (1, 2, 3) and Bronze Age (4) ceramics from the Chokh settlement and Neolithic
ceramics from the Goytepe settlement (5, 6); 5 - enlarged due to thermal exposure, 6 - darkened spherulite. 1-5 - view in
cross-polarized light, 6 - view in polarized light. Scale bar 15 pum.

Puc. 12. CepynuThl n3 KEpaAMUKH HEOJIUTHIECKOTO ITepro/ia (1-3) u 6pOH30BOr0 BpeMeHH (4) noceseHus Yox
U HEOJIUTUYECKOH KepaMuku nocesienus I'eoii Tene (5, 6); 5 — YBeIMUEHHBIH B pa3Mepe U3-32 TEPMUYECKOTO BO3EHCTBHS,
6 — IOTeMHeBIIHH chEPYIIUT. 1-5 — BUJ B KPOCC-IIOJIIPU30BAHHOM CBeTe, 6 — BUJ B IOJIIPU30BAaHHOM cBeTe. MacITaGHbIH
OTPE30K 15 MKM.
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