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Introduction

Soil is a unique natural substance, which preserves information, concerning
various environmental changes in its physical, chemical and biological properties'.
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“Soil Memory” and “Cultural Memory” of Historical Landscapes of Armenia...

This feature is known as “memory of soil”?. Contrary to archaeological finds,
microbes are an indivisible part of the soil. In a certain sense, the soil of
archaeological cultural sediments can be considered as an ecotope, and the
microbial communities in it — ecofacts, which carry information about past events
like the archaeological artifacts®. Therefore, various archaeological units, such as
settlements, burials, inventory and particular items can be considered as peculiar
ecological niches inhabited by different microbial communities that have their
specific biodiversity and enzymatic activity. The composition of the soil microbial
community is retained for a long time due to the ability of microbes to shift to
resting state and return to the active state in favorable conditions®. Regarding the
enzymes, even in the case of partial death of microbial communities, a certain
amount of produced enzymes attaches to the organic-mineral soil matrix and
remains active in soils for a long time®. Upon the decomposition of different
organic materials in soil, the number of microorganisms involved in their
transformation increases, i.e. the microbes that decompose and use that specific
organic matter grow best and dominate in the microbial community. After the
utilization of these materials, a part of the microbial community dies off, and
another part passes into a resting state. However, the fact of the former input of
organic material, is retained in the residual amount and diversity of soil microbial
communities (“soil microbiological memory”). Alongside with the structure of
microbial communities, the composition of enzymes that microbes use to destroy
organic substrates also changes (these enzymes are involved in the mineralization
process, and this phenomenon is known as “enzymatic memory of soil”)6. The
cultural layers and soils of archaeological monuments are objects, in which the
organic matter received in the past could leave some imprint on the properties of
microbial communities and enzymatic patterns. The phenomenon of “soil memory”
is used in archaeology to study the boundaries of the settlements and their
infrastructures, to determine the places of the livestock grazing and animal pens,

! The present project is realized by financial support of RA Science Committee (grant SC
20RF-141) and Russian Foundation for Basic Research (grant 20-59-05001).

2 TaprynbaH, lopaukun 2008.

3 Margesin et al. 2017.

4 ByxapuH u gp. 2005; Khomutova et al. 2019.

5 Caldwell 2005.

6 Caldwell 2005; Margesin et al. 2017; Khomutova, Borisov 2019.
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and the borders of ancient cultivated fields as well as the fact of fertilization of the
ancient fields’. The effectiveness of the use of the soil “microbiological and
enzymatic memory” for the reconstruction of the funeral rites, as well as the initial
contents of the ritual vessels, has already been confirmed?®. The possibility to detect
the traces of proteins, lipids and carbohydrates in the soil by microbiological
methods was also confirmed through long-term model experiments®.

Archaeological sites from the territory of Armenia have never been tested for
their “soil memory”. Our Armenian-Russian research team plans to carry out
multidisciplinary investigations involving archaeological, pedological,
microbiological and biochemical studies in selected archaeological sites in Armenia.
The specific objectives of the project are to determine the character of economic
activity of various societies of the Bronze and Iron Ages in the region, to study the
infrastructure of the settlements, determine the areas used for animal-breeding
and agriculture, the assemblage of domestic animals and cultivated plants, to find
out the ways of fertilization and irrigation applied for the cultivated lands, as well as
to reconstruct some episodes of the funeral rites, and particularly the composition
of food in vessels, the presence of leather and fur items, etc. Within the framework
of this interdisciplinary project, methods of soil science and soil microbiology at
several Bronze and Iron Age period settlements and tombs in Armenia are tested
for the first time. The territory of Armenia is located in the contact zone of the
ancient civilizations of the Near East and pastoral communities of the southern
steppes of Russia, which is reflected in economic models and funeral rites of the
Bronze and Iron Age societies of the region'©. From this point of view, the aim of
this project is to expand the existing views, regarding the features of historical and
cultural developments of the population of ancient Armenia by discussing the
mechanisms of possible contacts between the civilizations of the Near East and the
steppe cultures of southern Russia'.

The Scope of the Study

Often, due to a variety of cultural and natural factors, organic
(archaeobotanical and archaezoological) materials are poorly preserved or not at

" Peters et al. 2014; Yepubiwesa u gp. 2019.
8 Kawmpckas u ap. 2018; lemuun n ap. 2014,
¢ XomyTtoBa u ap. 2019.

10 Uybwnhujwi 2014.

I Bobokhyan 2008.
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all in archaeological deposits. As a result, there is a lack of materials and findings
that could provide data on the agriculture and animal-breeding of prehistoric
societies, as well as on food preferences. In such cases, archaeologists can only be
satisfied with the assumptions based on indirect data or parallels from other sites.
In this regard, the study of cultural heritage in combination with natural sciences
becomes urgent. The link between all this is the soil, which has a certain
"memory", that is, the ability to change and retain these changes as a result of past
human influences. Within the framework of this project, the information potential
of "land memory" is planned to be used for archaeological purposes. In particular,
it is planned to use for the first time the methods of soil microbiology and
enzymology to detect traces of agricultural and livestock farms, the peculiarities of
the burial rites and other components of the region's historical and cultural
development, which cannot be detected by other methods. The choice of soil
microbiology and enzymology methods used in the project depends on the
specifics of the research objects and problems. This project aims to conduct
research in the following sites, which have been selected based on the
characteristics of different levels of ecosystems (Fig. 1-6): Artanish, Sotk, Metsamor
and Karmir Sar.

The Artanish site-cluster consists of a cemeteries and settlements of the
Bronze and Iron Age periods in the northeastern shore of Lake Sevan, on elevation
about 2000 m above sea level. This micro-district is being studied for archaeology
for the first time. Excavations were carried out in 2019 and 2020; several Iron Age
period burials and a little part of the Early Bronze Age settlement were excavated.
The excavated cultural sediments, including vessel soil contents, were sampled for
archaeobiological investigations. In general, food remains in vessels from burials
may give information about the local diet, burial rituals, agriculture and even
environment, but archaeobotanical studies of the vessels’ soil from the burials of
Armenia often do not reveal any macroscopic (eye-visible) plant remains. Similar
situation was also in the case of Artanish; only few grains were preserved in the
examined vessels. The ritual food buried with the deceased individuals is an
important part of the burial rites. The implementation of the microbiological-
enzymological approach in the study of the soil filling of ceramic vessels from
burials can provide information about their initial contents. The planned
microbiological-enzymological studies are supposed to reveal also the limits of the
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infrastructure of the settlement, the arrangement of the burials and the presence
of wool and leather items.

The Sotk site-cluster includes cemeteries and settlements on the southeastern
shore of Lake Sevan, about 2100 m above sea level'?. Archaeological investigations
conducted here by the Armenian-German expedition since 2011 discovered several
settlements and cemeteries of the Early, Middle and Late Bronze as well as the
Early Iron Ages. Archaeobotanical research has been fulfilled in the Sotk-2
settlement for several years. Hundreds of charred grains of cultivated cereals were
found, while the seeds of pulses (leguminous cultivated plants) are missing in the
archaeobotanical material. It can be assumed that only cereals were cultivated at
this settlement’®. Perhaps the others, for example, pulses’ seeds (rich with
proteins) or the seeds of oil-plants (rich with vegetable fat) were not preserved due
to the specific characteristics of the soil which covered/formed on the cultural
layers of the site. Pulses are endosymbiotic plants and nitrogen-fixing bacteria live
in their roots. The cultivation of pulses in a certain area for a long period of time
leaves its traces in the biochemical characteristics, microflora, and in the
composition of soil enzymes. The continued growth of hydrophile plants, which is
recorded by the presence of a significant amount of the seeds found in the
archaeological layers of the Sotk-2 site (now the area is covered with steppe
vegetation), also possibly left its trace on the aforementioned characteristics of the
soil and hopefully may be fixed by the microbial-enzymatic methodology proposed
in this project. As for the previous case, we plan to study the limits and
infrastructures of the settlement, using the methods of microbiology and
enzymology. We plan to make a series of soil sections at different distances from
the archaeological sites, within the proposed economic zone of the settlement. In
each section, archaeological material, primarily ceramics, will be fixed and soil
samples will be taken for chemical and microbiological studies. Under laboratory
conditions the samples will be determined within the content of organic carbon,
phosphates, composition of soil texture; microbial biomass and the activity of
urease, phosphatase, as well as the number of specific groups of soil
microorganisms will be evaluated. Within the framework of the study of burial
rites, the research of soil in pots will be carried out, using the method developed

2 Kunze et al. 2013; Bobokhyan et al. 2015; Hovsepyan 2017; Ulpwgjwi,
Uhdntjwii 2018; Karapetian et al. 2019; Movsesian et al. 2020.
3 Hovsepyan 2013, 2017b.

133



“Soil Memory” and “Cultural Memory” of Historical Landscapes of Armenia...

el

-
-y
JmuywepdwlySive

T
wary ‘v
35 125 0 bal 50 1
e e el U1
St iver
B hitale

Dbl il Border

Fig. 1. Location of archaeological sites mentioned in the text (Sotk expedition, 2020, H.
Danielyan)
Fig. 2. Artanish
peninsula: view
on Sevan Lake
and the Geghama
Mountains from
the fortress
Artanish-9
(Artanish
expedition, 2019,
L. Mkrtchyan)
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Fig. 3. Village Sotk and the archaeological site Sotk-1 (Sotk expedition, 2021, A.
Mkrtchyan)

Fig. 4. Village Sotk and the archaeological site Sotk-2 (Sotk expedition, 2021, A.
Mkrtchyan)
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Fig. 5. The highland environment of the Karmir Sar sanctuary, Aragats (“Vishap” project,
2015, A. Bobokhyan)

Fig. 6. The 12 canals that feed the lowland zone, which originate from the sources of the
Amberd River, Karmir Sar, Aragats (“Vishap” project, 2017, A. Bobokhyan)
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by the Russian team on multi-substrate testing of the respiratory activity of soil
microorganisms and the activity of specific groups of enzymes (phosphatase,
lipase, amylase, etc.) involved in the decomposition of substrates of a protein,
polysaccharide and lipid nature.

The Metsamor site-cluster consists of a cemetery and settlement of the
Bronze and Iron Age periods in the Ararat Valley, about 1000 m above sea level.
It is one of the famous sites of Armenia, which is being studied since the 1960’s
up to date!*. This ancient settlement is surrounded by modern fields of cultivated
plants and swamps, and there is a need to determine the boundaries of ancient
cultivated fields, as well as to investigate the issue of the ancient irrigation system
of the territory. Here too, we plan to study the limits and infrastructure of the
settlement, the arrangement of the burials, the possible presence of wool and
leather items, and the initial contents of the ritual vessels using the methods of
microbiology and enzymology.

The Karmir Sar site-cluster is a sacred space and ancient pasture of the
Bronze and Iron Age periods situated on the southern slopes of Mount Aragats,
with 12 megalithic stelae locally called “vishaps” (“dragon-stones” in Armenian),
cromlechs and a temporary settlement at an altitude of 2860 m above sea level. It
is a site of worldwide significance, which represents a rich cultural landscape in
such an elevation (the parallels can be traced only in the Andes and the
Himalayas)™. The site was discovered by archaeologists in 2012, excavations and
archaeobotanical studies have been conducted since 2013 to date. Presumably,
this concave area was partially flooded with waters of a small mountain lake, which
run dry from time to time. This assumption is confirmed by geomorphological
studies. The area probably turned into a highland steppe after the process of
lake’s desiccation, where the cattle were supposedly grazed. The usage of this
area in the past as pasture has not yet been proven: animal bones have not been
found here. The situation is more confound by the archaeobotanical data, since
the charred seeds of cultivated cereals as well as some seeds and nut-stones of
other cultivated plants (pea, grape, plum, etc.) were found in different
archaeological layers'. The remains of charred wood of various trees and bushes

“ hwuqunywu b nip. 1973; Khanzadian 1995; Jakubiak et al. 2016; 2019;
Simonyan et al. 2019; MkpTuaHn u ap. 2017; 2019; Simonyan 2017.

5 Gilibert et al. 2012; Bobokhyan 2018; Hovsepyan 2021.

6 Hovsepyan 2021
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are also unexpected, since the upper border of forests in Armenia usually does
not exceed 2400 m above sea level, which is 400 meters below the research area.
The aforementioned height is also the upper limit for farming in the region. It can
be assumed that in the past people brought with them grains and other food, and
also wood. But we cannot reject the fact that the climate was different in the past
and the forests reached this height, and that the cultivation of plants at this level
was possible?’.

It is planned to study the history of soil development in the region, to identify
the presence of the lake using microbiomorphic soil analysis methods (sponge
spicules and phytoliths of aquatic vegetation) to answer the above-mentioned
questions. Traces of possible pasture usage of the territory will be revealed by
analyzing urease activity and traces of the presence of specific helminths in the
soil which are typical of different types of livestock. It is supposed to study the
limits and infrastructure of the pastoral settlement and livestock housing areas
using the methods of soil microbiology and enzymology. A study will be conducted
on the urease activity of soils concerning the number of thermophilic
microorganisms that develop at temperatures above 60° C during composting and
self-heating of manure.

Within the framework of our project, in the context of the study of
archaeological sites in Armenia, for the first time, a wide range of methods of soil
science and soil bacteriology will be applied. Archaeological, archaeobiological,
palaeopedological, microbiological, enzymatic and bio-archaeological studies will
significantly expand our understanding of the features of the region's productive
economy, the organization of settlements, and the burial rites. At the end of the
project, the methodology of soil research, stratigraphic, microbiological and
enzymatic marker system will be improved in order to apply them in the
archaeological investigations of other geographical areas.

Methods of Implementation

During the excavations to be carried out at the first stage of the research, the
appropriate archaeological, anthropological and archaeobotanical as well as
microbiological studies will be conducted.

The archaeobotanical methods are based on the discovery of plant remains,
their study, identification and interpretation of the research data. Macroscopic

7 Hovsepyan et al. in preparation.

138



Bobokhyan A., Khomutova T., Hovsepyan R.

remains of the carpological material (seeds, fruits and other organs related to the
generative reproduction of plants) will be recovered from the soil samples by
flotation and wet-sieving methods and will be studied based on their preserved
morphological and anatomical features. Archaeobotanical materials provide
information on various archaeological contexts, including the original contents of
the vessels, vegetal origin of food and diet in general, cultivated plants and
agriculture, as well as about the flora and vegetation surrounding the site'®.
Palaeozoological and palaeoanthropological methods are based on the study of
bone remains and their morphological-anatomical identification.

The microbiological studies will be aimed at reconstructing the infrastructure
of the settlements, the livestock housing areas and the pastures. In particular,
methods presenting the phosphatase and urease activity of the sampled soil will be
used, and methods determining the number of thermophilic bacteria will be
applied to confirm the fertilization of cultivated lands.

For the reconstruction of the components of the burial rite such as the
garments of the deceased and the funerary litter will be carried out by the
methods of determining the cellulolytic and keratolytic activity of microorganisms.
The high activity of cellulolytic enzymes may indicate the presence of tissues of
plant origin, mainly carpets, and the keratolytic activity of the soil detects the high
content of wool, feathers, horns and other materials. The presence of proteins,
fats and starch in the soil of the vessels will be assessed by the respiration activity
of microorganisms in a response to addition of respective low-molecular
compounds as inducers and used to restore the content of ritual vessels.

The data obtained during the implementation of these methods will be
combined for historical and cultural conclusions.

The use of pedological-archaeological methods in multi-layered ancient sites
of Armenia will significantly expand the existing scientific perceptions and
practical applications in this field. The proposed interdisciplinary approaches will
widely contribute to its realization as our team involves archaeologists,
archaeobotanists, palaeoanthropologists, a specialist of palaeosoil, microbiologists
and biochemists. Our cooperation and the joint research results will increase the
efficiency and respectability of the conducted investigations, which will be a
beneficial achievement for all of the sides of the cooperation.

8 Hovsepyan 2017a.
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The above-mentioned methodology proposed by the Russian side has not
been tested in various landscape ecosystems, while it is possible to do in the
corresponding sites of Armenia proposed for the current study. Research data
will allow us to evaluate the informative potential of these methods, especially from
two perspectives. First of all, they will help to recover the leather or fur made
objects unearthed in the burials, traces of garments, and the contents of the
vessels. Afterward, the above-mentioned pedological-microbiological methods can
demonstrate their effectiveness for the first time in alpine zones. Traces of human
activity are difficult to detect in the highlands due to the preservation state of
organic materials and a number of other problems. From this point of view, the
successful implementation of the project will substantially expand the scientific
tools of archaeological research in mountainous countries.

Expected Results

In the proposed collaborative investigations, the pedological-microbiological
methodology is innovative and will be tested for the first time in Armenia. We
expect that this methodology will be effective when used in future investigation of
other archaeological sites of Armenia, contributing to deciphering situations of the
past related to human household and activity that cannot be documented with the
help of traditional archaeological methods.
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dwupbwpwunypjuu b $bpdEunwghunnyegjuu dbpnnubpp, thnpd | Yuunwpyb-
[Nt ywngb| puwlwwnbnhubph, upwug Gupwlwnnigywdph b dwutwynpwwbu
gjninununbuwlwt tywwnwlyutipny ogunugnpdywd hnnwnwpwdpubph uwh-
dwuubipu ni oguwgnpddwu uwwwnwlubipp, huswbu uwl' Yyepwywqdb) pwn-
dwt dtuh wnwuduwhwwnynieiniuutipp: Unwowpyynn dbpnnupwunteiniup
hhdujwd L hnnp Yeuuwpwuwlwu «hhonnnipjwu» yapdwudwuu ninnywd gnp-
onuubiph Yypw: Wn «<hhonnniyejwu» Ypnnubpu Gu hnnuhtu dwupkbubph hwdwyb-
gnipniuttipp L YEuuwquugywdp, npnug pwqdwquuntginiup b Epdbunwhu
wywhynyeniup  hwunpuwund £ wugjuih ptwlwt dhowdwph W dwpnnt
nunbuwlwu gnpdniubingejwu gnighs: <Gwnwgnunynn huwdwptiph punpne-
jniup Yuwnwpyb £ uywnwy niubuwing ndjwjubp unwuw] {wjwunwuh nw-
pwdph wwpptip EYynfunpotiphg’ gwsdp (Ukdwdnph puwlwydwpu nu nudpwpws-
Uwnwsawnn), bwtuwbnuwjhtu (Unpph nt Upunwuhoh ptwywywpbp ne nwdpw-
pwuwnwunbpp) U pwpdpwiinuwht (Mwpdhp Uwn uppwdwipp) gnnhubphg:

«TAMATb NOYB» U «KYNIbTYPHAA NAMATb»
UCTOPUYECKUX JIAHOLWWADPTOB APMEHUU: HAYAJIO
MYJNIbTUANCUNTNITIMHAPHOTO U3YYEHUA NAMATHUKOB
AMNOXU BPOH3bI U PAHHETO KEJIE3A

BEOBOXAH A.; XOMYTOBA T., OBCEINAH P.

Pesiome

Knrouesble cnosa: apxeonorua, nouBoBefeHue, GPOH30BbLIN BeK, MeNesHblii

BEK, SKOHOMUYeCKNe MOJENN, norpebanbHblii 0bpAg, NouseHHad Mukpochnopa.

Ll,eJ'IbI-O nccnefoBaHnA ABNAETCA BOCMONHEHUE CYLLECTBYHOLLNX 3HaHU 06
9KOHOMUKE U norpe6aan0M o6pﬂp,e O6LLI,eCTB 6pOH3OBOFO N HENE3HOIo BEKa
Ha TepputTopun Apmeval C nomoulbro MEXAUCUUMINHAPHbIX METOLOB MO4BO-

BEOECHUA. Hapﬂp,y C apxeojiorn4eckuMmmn meTogammn, Ha OCHoOoBE NPUMEHEHNA MeE-
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TOLOB MOYBEHHOW MUKPOOBUONOTMM U 3H3UMONOrMU ByAeT npefnpuHATa no-
MbITKa ONPELENEHNA TPaHUL, MOCENEHWNI, NX MHPPACTPYKTYPbI U, B HaCTHOCTH,
NCMONb3YEMbIX B CEIbCKOXO3AWCTBEHHbIX LENAX yroguii. PeKoHcTpyKkumua oco-
6eHHocTel norpebanbHoro obpafa TaKKe ABNAETCA BaXXHbIM BOMPOCOM UCCHe-
noBaHuA. [pefnaraeman meTofonorua ocHoBaHa Ha cpakTopax, HanpaBieHHbIX
Ha paclunppoBKY broNornyeckoi «namaT» nousbl. Hocutenamm atoir «nama-
T» ABNAIOTCA coobLiecTBa NOUBEHHbIX bakTepnil U buomacchl, pasHoobpasue
N hepMEHTATUBHAA AKTUBHOCTb KOTOPbIX ABAAIOTCA MOKasaTenem MpUpPOLHOI
cpelbl NPOLUNOro U XO3ANCTBEHHOW LEATENbHOCTU 4enoBeka. Apxeonoruuec-
KWe MamMATHUKW BbIOpaHbl C LENbIO MOMYYEHUA LaHHbIX W3 PasfinyHbIX 3KO-
cuctem ApMeHUM: HU3MEHHOCTU (MoceneHue U Hekpononb Melamop), npeg-
ropba (noceneHna u Hekpononu CoTka M ApTaHuLLa) U BbICOKOropbA (CBATUNMU-
we Kapmup Cap).
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