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Abstract. The article presents the results of the first joint soil-archaeological investigations on the territory
of the Republic of Armenia. The cultural layers of the Sotk-2 site, located on the southeastern coast of Lake
Sevan, were chosen as the object of study. The Sotk-2 played a special role in the settlement system in the
region, as it is located on the way to the Bronze Age gold mine. A multi-layered settlement has been recorded
here, which settled from the early Bronze Age until the early Iron Age (with certain interruptions). However,
only the Bronze Age layer was characterized by the presence of anthropogenic deposits, while only scattered
artifacts identified other periods of occupation. As part of joint research, samples were taken from the previous
excavated trenches at the archaeological site in August 2021 for laboratory analysis. Analysis of the chemical
and microbiological properties of cultural layers made it possible, for the first time on the archaeological
monuments of this type, to identify periods with the lowest and highest intensity of human activity, as well as to
establish the infrastructural features of the settlement. The strongest anthropogenic impact took place during
the formation of the Middle — Late Bronze Age layer. Places for cooking and household pits were localized,
where an increased concentration of organic phosphorus, copper, manganese, lanthanum was observed, as well
as high microbial biomass and lipase activity. In another site of the settlement in the layer of the Middle — Late
Bronze Age, an increased concentration of calcium, strontium and magnesium was revealed, which indicates
the possibility of butchering fish in this place. The lowest residential load on the Sotk-2 site, according to soil
analysis, took place in the early Bronze Age.

Keywords: soil biological memory; archaeological microbiology; phosphorus; cultural layers.

Annomayus. B cratbe mpesicTaBiIeHBl Pe3YyJIbTATHl IIEPBBIX COBMECTHBIX ITOUBEHHO-aPXE0JIOTHMUECKUX
WCCIIEIOBaHNN Ha Tepputopun Pecry6numku ApmeHus. B kadectBe o0beKTa mccaefoBaHUsA ObLIN BBIOpa-
HbI KyJIBTYpHBIE ciou nocesiennss COTK-2, PaclioIoKEHHOTO Ha I0T0-BOCTOYHOM 1obepeskbe 03. CeBaH. Ilo-
ceJIeHUEe UTPaJIO 0cOOYI0 POJIb B CUCTEME PACCeIEHHUA B PETHOHE, TOCKOJIBKY OHO PACIIOJIOXKEHO Ha IyTH I10
HaIIPaBJIEHUIO K 30JI0THIM IIPUICKaM, KOTOpPble aKTUBHO pa3pabaThIBaiCh B OpoH30BOM Beke. IloceneHue
CoTk-2 mpezcTaBsaeT co60i MHOTOCJIOMHBIN MTAMATHUK, KOTOPBIH (PYHKIIMOHUPOBAJI C paHHET0 GPOH30BOTO
BeKa BIUIOTh /IO PAHHETO JKeJIE3HOTO BeKa (¢ onpeiesIeHHbIMY IepepbiBaMu). OZIHAKO TOJIBKO /111 GPOH30BOTO
BeKa ObLIO XapaKTePHO HAJIMYKE KYJIbTYPHBIX OTJIOKEHUM, TOT/Ia KaK APYTHe IEPUO/IbI 3acesIeHU BbIABJIEHbI
TOJIBKO II0 paccessHHBIM apTedakTaM. B paMKax cOBMECTHBIX HCC/IE/IOBAHUH U3 apXe0JOTHUECKUX PACKOIIOB
Ha IOCeJIEHUH B aBTycTe 2021 I. 6bLIM 0TOOPaHbI 00pa3Ib 1A 1a00PATOPHBIX AHAIM30B. AHAIN3 XUMUIYe-
CKHUX U MUKPOOHOJIOTHYECKUX CBOWCTB KYyJIBTYDHBIX OTJIOKEHHH IIO3BOJIMJI BIIEPBHIE Ha MATHHUKAX TAKOTO
THUIIA BBIABUTH IEPUOABI C HANMEHbIIEH 1 HauOOJIbIlIell HHTEHCUBHOCTBIO XO3AHCTBEHHOH JIEATEIBHOCTH, a
TaK)Ke YCTAaHOBUTH MH(GPACTPYKTYPHBIE 0COOEHHOCTH TocesieHus. Hanbosiee cUIbHOE aHTPOIIOTEHHOE BO3-
JIEHICTBYIE NMEJIO MeCTO IIpU (JOPMUPOBAHIH CJI0S CPETHETO — O3 HET0 OPOH30BOTrO Beka. Bplinu jokanun3o-
BaHbBI MECTa IPUTOTOBJIEHUSA IHINH U XO3AUCTBEHHBIE MBI, I'7le Ha0JII0/]aIach IMOBBIIIIEHHAS KOHIIEHTPAIIHA
opranmndeckoro ¢ocdopa, Meay, Maprasia, JaHTaHa, a TAaKKe BbICOKasA MUKpoOOHad Ouomacca U JinmasHasg
akTUBHOCTh. Ha JIpyrom ydacTke IoceseHHs, B CJI0€ CPEJHETO — IT03/{HETO OPOH30BOrO BeKa, BBIABJIEHA II0-
BBIIIIEHHAs KOHIIEHTPALUA KaJIbI[Us, CTPOHIINA U MarHus, YTO YKa3bIBaeT HA BO3MOXKHOCTD Pa3/ieJIKU PhIObI
B 3TOM Mecre. HanmeHnbias cenuteOHasA Harpy3ka Ha nocesienre COTK-2, 0 JaHHBIM [TIOYBEHHOTO aHAJIN3A,
MMeJla MeCTO B paHHEM OPOH30BOM BEKe.

Katouesvle cnosa: 6buosiornyeckas maMsaTh I0YB; apXeoornyeckas Mukpobuosorus; gocdop; MUKpO-
3JIEMEHTHI; KYJIbTYPHBIE CJIOH.

995



History, Archeology and Ethnography of the Caucasus T. 18. N2 4. 2022

The concept of “soil memory” originated in the 70-80’s of the 20th century, and
represents the futher development of V.V. Dokuchaev’s idea — “soil is a mirror of the
landscape” [1]. Soil memory is considered as the ability of the soil in its physico-chemical
and biological properties to store information about various events that occurred in its
layers or on its surface. At various levels of the genesis of the Earth’s pedosphere, the
carriers of soil memory are very diverse. The hierarchy of soil memory carriers includes
all levels of formation of the solid phase of the soil system, starting with the molecular-
crystalline one, then aggregate and horizontal levels and ending with the level of the soil
body and topsoil. At different levels of the formation of the soil’s solid phase, information
about various events in the past are recorded as different layers of memory, varying in
content and volume, in recording speed and resistance to erasure. Science distinguishes
granulometric, geochemical, mineralogical, humus, pedno-aggregate, cutaneous and
other types of soil memory [1].

One of the aspects of soil memory is its biological component [2]. The concept of
biological memory of soils was originally developed in the works of O.E. Marfenina and
A.E. Ivanova in the study of the community of soil microscopic fungi in the cultural
layers of medieval sites [3]. In some sense, the soil or ground of an archaeological site
can be considered as a specific ecotope, in which microbial communities become so-
called ecofacts [4], which, like archaeological artifacts, carry information about the past.
Therefore, archaeological contexts can be considered as a kind of ecological niches with
specific microbial communities to varying degrees, having their own biodiversity and a
pool of enzymes. Even in the case of the death of microbial communities, traces of their
activity remain in the form of enzymes fixed in the soil, as well as the residual diversity of
microbial communities [5]. The peculiarities of changes in the soil microbial community
persist for a long time due to the ability of microorganisms to transition into dormant
forms and return to the active state when favorable conditions occur [6]. As for enzymes,
they can persist in the soil indefinitely, becoming a part of organomineral complexes
with soil particles and humic substances [7]. Information about the ingress of organic
substrates associated with human activity is stored in biological soil memory in the form
of an increase in the number of microorganisms specializing in the decomposition of
this substrate (microbial memory), as well as in an increase in the activity of enzymes
involved in the mineralization process (enzymatic memory of soils). Soil biological
characteristics are utilized to study the boundaries of sites and their infrastructure, to
determine the places where livestock was kept [8], as well as to identify the introduction
of organic fertilizers into the soils of ancient fields [9]. The possibility of using
microbial and enzymatic memory for the reconstruction of the funeral rite [10] and the
original contents of the ritual vessels [11] is shown. Currently, the use of microbiology
methods in archaeological research is described in detail in the papers «Microbiology
Meets Archaeology» [4] and “Archaeological Microbiology: Theoretical foundations,
methods and results” [12], which show the possibility of preserving information about
anthropogenic impact in antiquity in the soil microbial community.

The chemical component of soil memory is no less significant. Determination of the bulk
content of chemical elements is one of the classical approaches to the study of the cultural
layers of archaeological sites. In the 20s of the last century, O. Arrhenius began studies of
the accumulation of various chemical elements with the determination of the phosphate
content [13]. Phosphorus, entering the soil together with food remains, garbage and ash
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can remain stable for a very long time, which allows to conclude about the nature of the
economic use of a certain territory in ancient times [14]. Later it was shown that in places of
long-term human habitation, in soils and cultural layers, the content of a whole spectrum
of chemical elements can increase [15]. At the same time, the composition and variation
of macro- and microelements in different sections of the site may carry information about
the nature of introduced substrates, the existence of various functional zones within the
archaeological site: production, residential, etc. [16-18].

The present paper provides the results of soil and archaeological investigations of the
archaeological site Sotk-2, located on the outskirts of the village of Sotk, Republic of
Armenia, on the southeastern shore of Lake Sevan. Sotk is a unique microdistrict located
near the largest gold mines in the Near East. The uniqueness of the site is also due to
its central position, connecting the southern and eastern Caucasus. The archaeological
investigations initiated by the Armenian-German expedition in 2011 uncovered several
settlements and burial grounds of the Early, Middle and Late Bronze Age, as well as
the Early Iron Age. A total of 41 sites were explored. Most were classified as fortified
settlements of cyclopean masonry [19].

For the first time, the potential of natural sciences to comprehend cultural, historical
and economic phenomena in the region under study has been applied. Traditional
historical and archaeological methods and a new soil-archaeological microbiological
approach have been coordinated, the essence of which is to jointly use the potential
of biological and geochemical memory of soils to reveal the features of the economic
models of the ancient population of Armenia.

Description of the key section

The Sotk-2 site is located within the Masrik plain, on the southeastern coast of Lake
Sevan. The boundaries of the studied territory include: from the north — Sevan, from
the east — East Sevan, from the south — Vardenis Range, from the west — Lake Sevan.
The average annual temperature in the region is +4 °C, the average annual precipitation
is 430-440 mm [20]. The Sotk-2 site is located at an absolute altitude of 2100 meters,
on the top of an oval hill with an area of 6500 m?, on the northeastern outskirts of the
village of Sotk (Geharkunik region, Republic of Armenia, N 40°20’35”, E 45°88’59”).

The site played a special role in the settlement system in the region, as it is located
on the path towards the gold mines. The excavations have shown that the territory was
inhabited during the Early Bronze Age (Kura-Araxes culture), the Middle Bronze Age
(Sevan-Artsakh culture), the Late Bronze Age and Early Iron Age (Lchashen-Metsamor
culture), as well as the Middle Iron Age and the Middle Ages. However, the presence of
cultural depositsis characteristic only of the Bronze Age, while other periods of settlement
have been identified only by scattered artifacts. In the Middle and Late Bronze Ages, the
settlement occupied a central position inside the fortification walls [19].

The cultural deposits of the investigated section of the Sotk-2 site include layers of
the Early Bronze Age (29-27 centuries BC, Cultural Layer 3), the Middle — Late Bronze
Age (18-16 centuries BC, Cultural Layer 2) and the Early Iron Age (11/10-9 centuries BC,
Cultural Layer 1). The Early Bronze Age is represented by the remains of adobe buildings,
homogeneous typical pottery, typical stone and obsidian tools, arsenical bronze.
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The Middle and Late Bronze Age is characterized by stone buildings with numerous pits
and a very diverse ceramic material. At the middle stage of the Late Bronze Age, the
settlement did not function for some time and was repopulated in the early Iron Age.
Despite certain interruptions, hiatus has not been recorded in the stratigraphic column
of the site. At the Sotk-2 site, the buried (fossil) soil has not been preserved, and the
cultural layers are underlain by bedrock [21].

Samples from several sections of the cultural layers of Trench E (Soil Pits 1, 2) and K
(Soil Pit 3) were selected from archaeological excavations at the Sotk-2 site in August
2021 (Fig. 1, 2).

Trench E is located in the western part of the flat top of the hill. In the trench, two
stratigraphic levels of the cultural layer were revealed.

Layer 1, lying directly under the sod, is represented by clusters of irregularly shaped
stones and diachronic ceramics.

Layer 2, lying below, is more homogeneous, with a smaller proportion of stones.
Ceramics appear to be a transitional period from the Middle to the Late Bronze Age and
are typical of the Sevan-Artsakh culture. Four rock pits and a stone foundation built
on the rock are assosiated with this layer. The bottom and walls of the pits are adobe.
Numerous animal bones and ceramics were found within these objects. One of the pits is
divided into two parts, which differ in shape. The pits likely had an economic function.

Layer 3, corresponding to the early Bronze Age, has not been preserved in this part of
the site and is identified only in Layer 1 by fragments of ceramics.

Two stratigraphic sections were investigated within Trench E.

Soil Pit 1. Sampling was carried out on the northern wall of the trench in layers
every 10 cm. In this section, the profile of cultural deposits has the following structure.
From the surface to a depth of 10 cm, the humus layer is dark-gray in color, lumpy-nutty
structure (Cultural Layer 0). The 10-50 cm layer is less humusized, has a coarse-grained
structure (Cultural Layer 1, Early Iron Age). Below (up to a depth of 110 cm) is Cultural
Layer 2, slightly affected by soil formation (Middle Bronze — Late Bronze Age), ash-
gray in color, powder-like structure), underlain by bedrock. Artifacts (animal bones,
fragments of ceramics, stones) were found in large numbers in all layers. The soil pit
was dug on the edge of the household pit. Cultural Layer 1 is represented by clusters
of irregularly shaped stones. Cultural Layer 2 contains fragments of ceramics, animal
bones and cereal seeds [22].

Soil Pit 2. The pit was dug on the southern wall of the trench, five meters from
Soil Pit 1. It is also located near a large household pit. The soil profile is divided into
the following horizons. Humus layer with a large number of roots, of dark-gray color,
lumpy-nutty structure (0-10 cm, Culture Layer 0). The 10-20 cm layer is a cluster of 1-5
cm stones (Cultural Layer 1, Early Iron Age, presence of diachronic ceramics). Below,
to a depth of 70 cm, lies a slightly transformed by topsoil formation cultural layer of
pale gray, powder-like structure (Cultural Layer 2, Middle Bronze — Late Bronze Age).
The profile’s bottom ends in bedrock. Numerous artifacts are found in all layers of the
profile.

Trench K adjoins the western slope of the hill. In this section, Cultural Layer 2
preserved poorly, has been largely redeposited, and includes later artifacts. Layer 3 is
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relatively undamaged; its better preservation was recorded in the northern part of the
trench. Here, the burial of a child has been recorded.

Soil Pit 3. The soil pit was dug on the northern wall of the trench, 12 m from Soil Pit
1. The profile has the following structure. The upper 10-15 cm are humusized, dark-gray
in color, lumpy-nutty structure, roots of herbaceous vegetation are observed in large
quantities (Cultural Layer 0). Below (up to a depth of 30 cm) lies Cultural Layer 3 of
the Early Bronze Age (whitish-gray, powdery structure). It is underlain by a gray-brown
layer, with a lumpy-powdery structure (adobe floor, Cultural Layer 3a). At a depth of 60
cm lies bedrock. In all layers (except 3a), artifacts (animal bones, fragments of ceramics,
stones) are found in large quantites. The artifacts mostly date back to the Early Bronze
Age. The soil pit was dug near the child’s burial.

Methods

Forthe analysis of soils and cultural layers of archaeological sites in order to reconstruct
changes in the natural environment in the past, the following methods have been applied:
the potentiometric method for determination of the pH of the water extract, the Tyurin
method to assess the content of organic carbon, the acidimetric method to measure
the content of carbonates [23]. The content of bulk, mineral and organic phosphorus
was determined by the Sanders-Williams method [24]; the bulk content of chemical
elements — using the X-ray fluorescence method on the MAX-GV spectrometer (Russia).
The determination of chemical elements was carried out at the Center for Collective
Use of the Institute of Physical, Chemical and Biological Problems of Soil Science, RAS.
Microbial biomass was determined by the content of phospholipids [25], urease activity
by a modified indophenol method [26]. Moreover, the enzymatic activity (acid and
alkaline phosphatase, butyrate esterase and palmitate lipase, leucine aminopeptidase and
glycine aminopeptidase) was determined by a microplate method using chromogenically
labeled substrates based on p-nitrophenol and the heteromolecular exchange procedure
[27-28].

Results and discussion
Chemical properties of the cultural layer

In the cultural layers of the Sotk-2 site, a significant accumulation of some chemical
elements has been observed (Fig. 3): magnesium (Mg), manganese (Mn), potassium
(K), phosphorus (P), barium (Ba), copper (Cu), lanthanum (La), tin (Sn) and zinc (Zn),
elements that are traditionally associated with the anthropogenic activity of ancient
humans[29-31]. In the studied cultural deposits, the maximum concentration of chemical
elements is characteristic of the Middle—Late Bronze layer (Cultural Layer 2), especially
for Soil Pit 1, dug on the northern wall of Trench E. This soil pit was dug on the edge of
the household pit, therefore, a significant increase in lanthanum, manganese, calcium,
phosphorus directly indicates a considerable ingress of food remains into the cultural
layer [30]. Unlike other elements, manganese has several peaks of increase, which may
indicate a different volume of plant materials entering the cultural layer at the time of
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its formation [15-16]. The maximum concentration of manganese was detected in the
layer of the Early Iron Age. We can conclude that the formation of the cultural layer
of the Early Iron Age is associated with the ingress of plant remains and ash, whereas
during the formation of the Middle — Late Bronze layer — the ingress of food waste
of animal origin. The maximum concentration of macro- and microelements has also
been observed in the cultural deposits of Soil Pit 2, in the Middle — Late Bronze layer,
as a whole. However, the content of anthropogenic elements recorded at this section
is lower than in the cultural layers of Soil Pit 1. This section of the trench was likely a
residential area of the settlement or had other economic significance. Soil Pit 3, dug
on the northern wall of Trench K, distinguishes by only the oldest layer belonging to
the period of the Early Bronze Age with the lowest concentration of chemical elements.
Apparently, at this stage of development of the territory, the population was not so high,
and the anthropogenic load did not result in a significant change in the soil. At the initial
stage of the development of the territory of the site, the main human activity might have
been associated with fishing, as indicated by the increased concentration of calcium,
strontium and magnesium [31].

The content of organic carbon in the studied sections of the trench decreased evenly
with depth (Fig. 4). However, in Cultural Layers 1 and 2 of Soil Pit 1, dug on the northern
wall of Trench E, next to the household pit, these values are higher than in similar layers
of Soil Pits 2 and 3. This also indicates that during the formation of cultural deposits at
this section, more organic waste entered the layer, since the ingress of organic materials
usually results in an increase in the content of organic carbon in soils [32].

In order to ascertain the origin of phosphates in the culture layer, a separate
determination of mineral and organic phosphates was carried out, and the proportion
of organic phosphorus from the bulk one was calculated (Fig. 5). In the cultural deposits
of section 1, the maximum proportion of organic phosphates reaches 62% in the Middle
— Late Bronze Age layer. The high proportion of organic phosphates in this layer also
confirms the previously stated assumption that a significant amount of food residues and
other organic waste entered in it at the time of its formation. At the sections of Soil Pits
2 and 3, the proportion of organic phosphorus do not exceed 25%, the only exception is
a layer of topsoil (0-10 ¢cm) of Soil Pit 3, which is due to natural causes.

Biological properties of the cultural layer

The highest biological activity has been observed in the layer of topsoil at all sites of the
trench, which is associated with the natural biogenicity of the soil (Fig. 4, 6). Microbial
biomass, as a rule, decreased evenly with depth. The exception is anthropogenic deposits
in Soil Pit 1, dug on the northern wall of Trench E, on the border of the household pit,
while in the Middle — Late Bronze Age layer, at a depth of 70-80 c¢m and 100-110 cm,
microbial biomass is significantly higher than in the topsoil, due to the significant ingress
of organic materials into the depth of the cultural layer at the time of the functioning of the
site. This site was likely a place for cooking. The ingress of food remains is also indicated
by an increase in the content of organic phosphorus and some chemical elements (La,
Mn, Ca) in the depth of the Middle — Late Bronze Age.
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The most informative enzymes for archaeological reconstructions are enzymes of the
phosphatase, lipase, protease and urease class [11; 33]. Phosphatases are involved in
the decomposition of organophosphorus compounds, and posses no strict specificity.
Depending on the reaction of the soil environment, microorganisms will mainly release
either acidic or alkaline phosphatase. Lipase is involved in the decomposition of fatty
substrates of animal and vegetable origin. Proteases are involved in the decomposition
of protein molecules that enter the soil from all dead organisms, both animals and
plants. Many bacteria and fungi are producers of proteases in the soil. They have no strict
specificity, but can decompose any protein-containing organic components. Urease is
involved in the decomposition of urea, which enters the soil as part of plant remains and
manure [34].

The enzymatic activity (Fig. 6), as a rule, decreased uniformly with depth in all
studied sections, its values were quite close in all examined soils. The even distribution
of enzymatic activity was characteristic of phosphatase and urease. The profile dynamics
of urease activity and the decrease in this indicator with depth does not give grounds to
speak of any livestock living in the settlement at all stages of its existence. For enzymes
involved in the decomposition of fats and proteins (lipases and proteases, respectively),
several peaks of increased activity have been observed. A significant increase in the
activity of lipases and peptidases in the Middle — Late Bronze Age layer in Soil Pit 1,
located on the border of the household pit, has been revealed, which, together with other
soil characteristics, confirms the probabilty of using this site as a place for cooking. A
slight increase in the activity of lipases and proteases has also been observed in the
Middle — Late Bronze Age layer in Soil Pit 2, dug on the southern wall of Trench E. In
the Early Bronze Age layer, in Soil Pit 3, there was only a slight increase in the enzyme
activity of glycine-aminopeptidase. This indicates a minimal anthropogenic load at the
initial stages of the development of the territory of the site.

The determination of phosphatase activity together with the separate determination
of mineral and organic phosphorus can shed light on the nature of the origin of
phosphorus in the culture layer. Phosphatases are direct participants of the phosphorus
cycle in the soil, responsible for the contribution of organic phosphorus to the phosphate
pool of the culture layer. The degree of phosphatase activity reflects the intensity of
phosphorus-containing organic compounds entering the soil [35]. Correlation analysis
has shown that Soil Pits 1 and 2 are characterized by an inverse relationship between
the content of mineral phosphorus and phosphatase activity (correlation coefficient of
-0.71 and -0.79, respectively), whereas Soil Pit 3, on the contrary, has revealed a positive
correlation with both mineral and organic phosphorus (correlation coefficient of 0.83).
Taking into account the low content of both mineral and organic phosphates with high
phosphatase activity, we assume that this site experienced the least anthropogenic load.
On the contrary, at the sites where Soil Pits 1 and 2 were dug, a significant ingress of
anthropogenic materials stimulated microbiological activity, which led to their increased
mineralization and accumulation of the mineral form of phosphorus, and as the substrate
was exhausted, phosphatase activity decreased. On the other hand, a high content of
mineral phosphates with reduced phosphatase activity may indicate the mineral nature
of phosphorus in the culture layer.
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Statistical data processing

The principal component analysis, performed with microbiological and chemical
data, has shown that 70.5% of the total variation is explained by the first two factors,
and the samples of anthropogenic sediments are quite clearly grouped by the periods
of development of the territory of the site (Fig. 7). Axis 1 accounts for 51.1% of the total
variation and the following parameters are associated with it: chemical — organic carbon
(Corg), strontium (Sr), iron (Fe), chromium (Cr), barium (Ba), calcium (Ca), copper (Cu),
magnesium (Mg), gross phosphorus (P, ), manganese (Mn), as well as microbiological —
the activity of phosphatase (PhA), urease (UA), lipase (LA), peptidase (PA) and microbial
biomass (MB). Axis 2 accounts for 19.4% of the total variation, and parameters such as
potassium (K), mineral (P_. ) and organic phosphorus (Porg) are associated with it. The
topsoil layers of the studied soil profiles (TS 1-3) are associated with increased values
of all parameters of biological activity and organic carbon. The Early Iron Age layer
(OL1-1, Soil Pit 1) is distinguished by elevated concentrations of magnesium, barium,
chromium, copper and lanthanum. As mentioned above, the formation of this layer is
associated with the ingress of ash. No accumulation of these elements in the Early Iron
Age layer of section 2 (OL1-2) has been recorded, which indicates a different nature of
the use of the settlement territory during this period, for example, as a residential zone
or a production zone associated with a slight ingress of organic matter. The Middle—Late
Bronze layer on the northern wall of Trench E (OL2-1, section 1) is characterized by a
high concentration of elements such as calcium, phosphorus (all forms) and lanthanum,
which indicates the ingress of organic residues associated with cooking into the cultural
layer [30]. An increase in the concentration of elements such as magnesium, strontium,
calcium and sulfur has been observed on the southern wall of Trench E (OL2-2, section
2). An increased content of calcium and strontium, as well as sulfur, is also characteristic
for the Early Bronze Age layer (OL-3, section 3). An increase in the concentration of
elements such as calcium, magnesium and strontium is associated with the fish butchering
[31]. Therefore, we assume that in the early Bronze Age, the main human activity could
be associated with fishing, and the site on the southern wall of Trench E in the Middle —
Late Bronze Age could be a fish butchering zone.

Conclusion

Morphological, chemical and microbiological features of the cultural layer at various
sections of the Sotk-2 site allow us to identify differences in household and production
activities on the territory of the site in the early Bronze Age and in the transition period
from the Middle — Late Bronze Age to the early Iron Age, as well as reconstruct the
infrastructural features of the site.

Taking into account the obtained results of the soil examination of cultural layers,
we conclude that the formation of the Early Iron Age layer is conditioned by the ingress
of plant residues in the form of ash, whereas the Middle — Late Bronze Age layer on
the northern wall of Trench E was formed with a significant ingress of organic (food)
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waste into the soil, and this area could likely be a cooking zone. This is consistent with
the archaeological data, since the maximum concentration of archaeological material
(bones, ceramics, stones) has been revealed at this section of the trench. The opposite
section of the trench (on its southern wall, 5m away) during this period might have been
a production area, for example, for butchering fish. This type of economic activity is not
associated with significant ingress of organic matter into the soil, therefore, there is no
significant increase in biological activity; but an increase in the concentration of elements
such as calcium, magnesium and strontium, that is, chemical elements, the accumulation
of which is associated with the butchering fish, has been observed. The layer of the Early
Bronze Age, identified only in the investigated site of the Trench K, is associated with the
initial stage of development of the territory and minimal anthropogenic load, which did
not result in a significant change in the soil and its properties.

Thus, the combined application of geochemical analysis and methods of soil
microbiology increases the reliability of archaeological reconstructions of the features
of the economic activity of ancient humans. Traditional geochemical analysis cannot
determine with great accuracy whether organic or inorganic matter entered the cultural
layer at the time of its formation. But whether a significant increase in the concentration of
certain chemical elements (for example, phosphorus, manganese, sulfur, zinc, strontium,
lanthanum), an increase in biological activity is also observed, then we can speak of the
ingress of organic matter into the culture layer. In this regard, in order to increase the
reliability of soil reconstructions, we recommend the joint use of geochemical analysis
and methods of soil microbiology to study anthropogenic deposits of archaeological sites
of different ages.
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Fig. 1. Study area.
A — Location of the Sotk-2 site,
B — location of soil pits (P-1 — soil pit, E — trench)

Puc. 1. Pernon uccyienoBaHus.

A — Pacniosioxenue nmoceneHrue COTk-2,
b — cxeMa pacitosioskeHus MoYBeHHbIX pa3pe3os (P-1 — paspes, E — packorr)
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Trench E

Northern profile
Soil pit 1

M Top soil
B Early Iron Age / Middle - Late Bronze Age
[] Middle - Late Bronze Age

Trench K
Northern profile
Soil pit 3

B Early Iron Age / Middle - Late Bronze Age
Early Bronze Age

Fig. 2. General view on Trench E of the Sotk-2 site (A)
and profile diagram at the locations of Soil Pits 1 and 3 (B)

Puc. 2. O6muit Buz Ha packorn E mocenenus Cotk-2 (A)
U cxema podusis B MecTax 3ayoxkeHus paspesa 1 u 3 (B)
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Fig. 3. The content of some chemical elements (mg g—1 soil) in the occupation layers of the Sotk-2 site

Puc. 3. CozrepxaHrie HEKOTOPBIX XUMHUYECKUX 3JIEMEHTOB B KyJIbTYPHBIX CJI0AX noceseHusa CoTk-2
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Fig. 4. The content of organic carbon (Corg, %) and microbial biomass (MB, ug g—1 soil)
in the cultural layers of the Sotk-2 site

Puc. 4. Conmeprkanue opranuueckoro yriepoza (Copr, %) u mukpobHast 6uomacca (MB, Mxr C/T IOYBBI)
B KYJIBTYPHBIX CJIOsIX rocesteHus: COTK-2

1007



History, Archeology and Ethnography of the Caucasus

T. 18. N2 4. 2022

Solil pit 1 Soil pit 2
cm O 10 20 30 0 10 20 30

0-10 ) T
10-20 [ T

20-30 [T -
30-40 | | I—

40-50 [ ] _
20-60 | .
60-70 [ )
70-80 ]
80-90 ]
90-100 I ]
100-110 | |

Fig. 5 The content of phosphates in cultural layers of the Sotk-2 site.
1 — mineral phosphorus; 2 — organic phosphorus
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Fig. 6. Enzymatic activity in the cultural layers of the Sotk-2 site
(phosphatase, butyrate-esterase, palmitate-lipase; glycine-aminopeptidase,
leucine-aminopeptidase — nmol pNP g—1 soil hour—1, urease — ug NH4+ g—1 soil hour—1)

Puc. 6. q)epMeHTaTI/IBHa.ﬂ AKTUBHOCTD B TOJIIIE KYJIBTYPHBIX oTsi0xkeHu# nocesieHuss CoTk-2

(docdarasa, 6yrupar-screpasa, HaIbMHUTAT-THUIIA3a, [IMIUH-aMIHOIENITHAA3A
¥ JIEWIIMH-aMUHOIIENTH/1a3a — HMOJIb MTH® /T ouBkI B Uac, ypeada — MK NH4+ /T TTOUBBI B Hac)
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Fig. 7. Principal component analysis for chemical and microbiological parameters.
1 — topsoil (TS), 2 — occupation layer of early Iron Age (OL1),
3 — occupation layer of Middle — Late Bronze Age (OL2), 4 — occupation layer of early Bronze Age (OL3).
Corg. — organic carbon; Pbulk — total phosphorus, Pmin. — mineral phosphorus,
Porg. — organic phosphorus, MB — microbial biomass; PhA — phosphatase activity,
UA — urease activity, LA — lipase activity, PA — protease activity

Puc. 7. MeTo/; I71aBHBIX KOMITOHEHT JUJISL XUMHUYECKUX M MUKPOOHOJIOTYECKUX IIapaMeTPOB.
1 — BepxHue ropu3oHTsI (TS), 2 — KyJIbTypHBIH CJI0H paHHETO kejie3Horo Beka (OL1),
3 — KyJIbTYPHBIH CJI0H CpeiHero — mo3aHero 6poH3oBoro Beka (OL2), 4 — KyJIbTypHBIH CJIOH paHHEro 6pOH30BOTO BEKA
(OL3). Corg. — opranuueckuii yriepoz, Pbulk — Banossiit docdop; Pmin. — munepanpHsiit dbocdop,
Popr. — opranunueckuii hochop, MB — mukpobHas 6uomacca, PhA — docdarasnas akTUBHOCTb,
UA - ypea3Has aKkTUBHOCTbB, LA — JINTIa3HasA aKTUBHOCTD, PA — mpoTea3Has akTUBHOCTH
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