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Abstract

The study presents a detailed geomorphological characterization
of the volcanic mountains of Transcarpathia. Materials of previous
geological researches, including the Transcarpathian geological
exploration expedition, supplemented by the results of our own
field researches, are systematized. Based on the analysis of relief
forms and taking into account geomorphological and tectonic
factors, Vyhorlat-Gutyn morphostructure of the second order is
divided into morphostructures of the third order: Poprychny,
Antaliv-Synyatska, Velykyi Dil, Tupy and Oash, which in turn are
divided into morphostructures of lower orders. The Mukachevo
morphostructure of the second order is composed of the following
morphostructures of the third order: Beregovo hills, Kosino-
Biganski hills, volcanic remains (Shalanka, Chorna Gora). Based
on a detailed analysis of the collected materials, it was determined
that the main role in shaping the modern relief of volcanic
mountains belongs to channel and temporary water flows and
weathering processe; consequently, river valleys and weathering
surfaces were formed, which are the most important
morphosculptures. On the basis of morphological and structural-
lithological approach, as well as own field research, a
geomorphological map of the volcanic mountains mountains of
Transcarpathia on a scale of 1: 100,000 was compiled.

Keywords: geological structure, morphology,
morphostructures, andesites, basalts, liparites, Vygoriat-Gutyn
ridge

Introduction

Volcanic mountains of Transcarpathia are the
youngest orographic formation in the system of the
Ukrainian Carpathians and at the same time, in
comparison with the neighboring territories, are
insufficiently studied. During the 19%-20" centuries,
researches of the geological structure of the territory
were carried out, along with thematic works, such as
geophysical  research, developed stratigraphic
schemes. This contributed to a detailed study of the
mineralogical and petrographic composition of rocks.
Subsequently small-scale and large-scale studies
supplemented the materials on geological study,
neotectonics and paleogeographic analysis of the
territory. These materials have almost no information
about geomorphological features and processes,
landforms of volcanic mountains. Some information

© 2022 The Author(s). Published by Forum geografic.
Open Access article.

Rezumat. Caracteristicile morfostructurilor
muntilor vulcanici din Transcarpatia, Ucraina

Studiul prezinta o caracterizare geomorfologica detaliatd a
muntilor vulcanici din Transcarpatia. Sunt sistematizate materiale
ale cercetdrilor geologice anterioare, inclusiv expeditia de
explorare geologicd transcarpatica, care sunt completate cu
rezultatele cercetdrilor proprii de teren. Pe baza analizei formelor
de relief si luand in considerare factorii geomorfologici si tectonici,
morfostructura Vyhorlat-Gutyn de ordinul doi este impartita in
morfostructuri de ordinul al treilea: Poprychny, Antaliv-Synyatska,
Velykyi Dil, Tupy si Oash, care la randul lor sunt impartite in
morfostructuri de ordin inferior. Morfostructura Mukachevo de
ordinul doi este compusa din urmdtoarele morfostructuri de
ordinul al treilea: dealurile Beregovo, dealurile Kosino-Biganski,
vestigii vulcanice (Shalanka, Chorna Gora). Pe baza unei analize
amanuntite a materialelor colectate, s-a stabilit ca rolul principal
n modelarea reliefului actual al muntilor vulcanici revine vailor si
cursurilor temporare de apd, precum si intemperiior, care au
format vaile raurilor si suprafetele de modelare, care sunt cele mai
importante morfosculpturi. Pe baza abordarii morfologice si
structural-litologice, precum si a cercetarilor de teren proprii, a
fost intocmitd o hartd geomorfologica a muntilor vulcanici din
Transcarpatia la scara 1: 100.000.

Cuvinte-cheie: structura geologics, morfologie,
morfostructuri, andezite, bazalte, liparite, creasta Vygoriat-Gutyn

about the geomorphological structure of individual
territories or districts is partially reflected in scientific
publications. The most important contribution to the
study of Transcarpathian volcanism was made by
Maleev (1964), Merlich and Spitkovskaya (1974).
Geological and tectonic processes were studied by
Hofstein (1995), Alfer'ev (1968), Merlich and
Spitkovskaya (1974), Kostyuk (1961), Soboley,
Vartanova, Gorbachevskaya (1947), Yermakov (1948).

The practical significance of the results. The
relevance of this work is due to insufficient
development of the topic, the lack of a
comprehensive geomorphological study of the
volcanic mountains of Transcarpathia. Therefore,
there is a need to systematize and supplement
existing materials and knowledge. This study is also
relevant because the geomorphological study of the
territory today is mostly descriptive, moreover
morphological characteristics and its connection with

Creative Commons Attribution-NonCommercial-NoDerivatives License (https:/creativecommons.org/licenses/by-nc-nd/4.0/).
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the main factors of relief formation remain practically
absent. A complex combination of volcanic structures
and tectonic elements has determined the modern
geomorphological structure of the territory, which by
the specific nature of volcanic activity, structural and
morphological features require a separate study.

The collected factual material on the research
issues can be used in further geomorphological and
paleogeographic studies in the region, the
characteristics of relief assessment for engineering,
environmental and recreational purposes, the
development of anti-erosion measures and more.

Study area. The southernmost volcano of the
Carpathian ridges is the powerful Vygorlat-Gutyn
volcanic ridge, one of the links of the Neogene
volcanic formations of the Carpathian Arc. Within
Transcarpathia, the ridge stretches in a narrow strip
from northwest to southeast, from Uzhgorod to
Khust. The length of the strip is about 120 km, the
width - from 8 to 25 km. Along the southern slopes
of the Vyhorlat-Hutyn ridge, there is the Chop-
Mukachevo alluvial plain, against which rises the
Beregovo hills and island volcanic mountains. They
are located west of Berehove, between the villages of
Velyka Bigan and Zapson and near Vynohradiv (Fig. 1).

The structural-volcanic relief of the volcanic
mountains of Transcarpathia was formed as a result
of the interaction of oppositely directed endogenous
and exogenous forces. The former significantly
prevailed, forming the main geological structures.
Morphostructure is understood as a complex of relief
forms and geological structure, historically connected
into a single unit by common conditions of
development. According to Kruglov, Smirnoy,
Khyzhnyakov (1985), Palienko (1992), the East
Carpathian morphostructure of the first order is
divided into seven morphostructures of the second
order, among which the Vygorlat-Gutyn and

Transcarpathian morphostructures are distinguished
(Palienko, Sokolovsky 1979), as well as Mukachevo
and Solotvyno (Gerenchuk 1981).

Conditional

Fig. 1. Map of study area

Materials and Methods

During the study of the geomorphological structure
of the volcanic mountains of Transcarpathia, a number
of methods of both general and specific scientific
knowledge were used. In close contact with the basic
natural sciences, geomorphology makes extensive use
of the methods of various natural sciences. However,
more important in geomorphological research are
certain methods that underline the sciences of the
geological complex, and sciences that study the
spheres of the Earth's outer shell.

In geomorphological science, depending on the
organization of work, there are methods of field
geomorphological research (expeditionary), which are
based on route surveys of the territory and combined
with geomorphological mapping and in-house methods
aimed at processing field materials, their generalization
and terrain modeling (Karpenko 2009).

The morphological method used in the current
research was to determine the external features of
the forms and types of the volcanic mountains relief
of Transcarpathia. It was used to establish and
describe narrow ridges, cone-shaped and domed
peaks, hills, V-shaped river valleys, and so on. There
is no doubt that this method of research was
necessary to combine the analysis of morphology of
ancient and modern relief creation processes in the
study area, which allows to objectively assess the
stability of relief elements.

The morphometric method of research, which is a
variant of the morphological method, is based on
quantitative information about geomorphological
objects to identify and describe them. Based on this,
specific morphometric descriptions are made, which
are necessary for understanding the basic laws of
formation and development of the relief of the earth's
surface. For this purpose, morphometry uses any
quantitative information about the relief of the study
area. Morphometric indicators are needed primarily
for the development of measures in areas with
dangerous relief-forming processes.

For this research quantitative indicators of the
relief were analyzed using GIS packages - ArcGIS and
graphics editors CorelDraw and Adobe Photoshop. It
was important to correctly build the technological
process of vectorization of cartographic data.
Preparation of raster cartographic materials was
carried out according to the technological scheme
proposed by Dziuba (2000).

Since the geomorphological structure of the
volcanic mountains of Transcarpathia is inextricably
linked with the geological features of the territory and
tectonic structures, an important approach in the
study of these relationships is the morphostructural
method. The method is used to study the relationship
between the irregularities of the earth's surface and
the geological structure of the study area. The
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morphoneotectonic research method was used to
identify the links between landforms and geological
deposits and to study the direction of tectonic
movements and their reflection in geomorphological
processes (erosion, accumulation, etc.). The
morphodynamic method of cognition was used for the
analysis of exogenous processes of the territory and
their influence on the geomorphological structure.

On the territory of Transcarpathian volcanic
mountains, reconnaissance routes were selected on
the basis of topographic (scale 1:25,000, 1:50,000)
and geological maps (1: 200,000), maps of
quaternary deposits (1: 100,000) and stock materials
of the Transcarpathian Geological Exploration
Expedition. Due to the large size of the study area,
key areas were selected for such routes, which
represent the main elements and forms of relief of the
volcanic mountains of Transcarpathia. Field
geomorphological studies have been conducted for
several years within the following areas:

1. route through the territory of the Poprychny
massif;

2. study of the Antaliv-Synyatsky massif;

3. route through the Velykyi Dil massif;

4. field research of the Tupy ridge territory;

5. route through the territory of the Oash massif;

6. study of volcanic remains of the Chop-
Mukachevo lowland (Fig. 2).

The purpose of the field research was to identify
morphostructures, basic forms and types of relief,
survey of natural outcrops, study river valleys and

_, Svalyava

Reduced from a scale of 1 : 100 000

— Rivers
= Routes

their deposits as well as other elements. At the same
time, attention was paid to the peculiarities of the
expression of morphostructures in the relief and their
comparative analysis was performed. The influence of
hydrographic objects of the territory, soil and
vegetation cover and economic development on the
intensity and dynamics of modern geomorphological
processes was also observed.

During the desk stage, a detailed analysis of the
available materials was carried out, a geomorphological
map of the volcanic mountains of Transcarpathia at a
scale of 1: 100,000 was compiled (Fig. 3).

Results and Discussion

The study area is located within the Vyhorlat-
Gutyn and Mukachevo morphostructures of the
second order. The Vyhorlat-Gutyn morphostructure
was formed as a result of powerful volcanic eruptions
in the Upper Miocene and Pliocene. It is formed by
Kuchavsky, Antalivsky, Makovytsky, Matekivsky,
Sinyatsky, Obavsky, Martynsky and Buzhorsky
volcanic complexes. They are composed mainly of
andesites, andesite-basalts, andesite-dacites, basalts,
and their tuffs.

Transverse terraced valleys of the Uzh, Latorytsia,
Borzhava and Tisza rivers divide the volcanic ridge
into separate massifs. West of the river Uzh there is
the Vygorlat ridge, the main part of which is located
within Slovakia.

Conditional signs:
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Fig. 2: Map of the morphostructures of the Volcanic mountains and survey routes
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Fig. 3: Geomorphological map of Volcanic mountains of Transcarpathia, Ukraine

The group of mountains between the valleys of the
Uzh and Latorytsia rivers is the Antalivska Polyana
massif, or Makovytsia, with individual peaks close to
1,000 m (Makovytsia - 978 m, Pleska - 993, Serednya
- 981 m). Between the Latorytsia and Borzhava rivers
there is a massif Velykyi Dil with Mount Buzhora
(1,086 m), which is the highest peak of the volcanic
mountains within Transcarpathia. The Tupy massif,
acquiring a meridional direction relative to the main
ridge, is located between the valleys of the Borzhava
and Tisza rivers. Dome-shaped peaks Klobuk (856 m)
and Tupy (878 m) rise along the ridge. South of the
city of Khust, behind the Tisza River there is the Oash
massif, which stretches into Romania.

The morphology of the Vygorlat-Hutyn ridge is due
to the multiphase of accumulative volcanic activity
and long periods of erosion and denudation of the
original forms of volcanic structures. As already
noted, the most characteristic features of the ridge
are its asymmetric structure: with short and steep
northern, northeastern and eastern slopes and
elongated and gentle opposites, which are oriented
towards the plain. The highest peaks are located
closer to the northern, northeastern and eastern
edges of the Vyhorlat-Hutyn ridge, in particular,
Poprychny (995 m), Antalivska Polyana (988 m),
Makovytsia (976 m), Dunavka (1018 m), Dakhmaniv

(1016 m), Martynsky Kamin (970 m), Buzhora (1083
m), Bystra (1038 m), Tupy (778 m), Tovsty (819 m),
Frasin (826 m), etc. These are volcanoes of the
central type, which have preserved their characteristic
conical shape and significant relative elevations (400-
500 m) over the surrounding area with a classically
pronounced radial hydro network. The tops and upper
parts of the slopes of central volcanoes are
sediments, smoothed, and flat watersheds are
structural denudation surfaces of lava flows, which
are prepared by denudation and somewhat eroded
(Kamanin L, Ivanova 1954; Matskiv et.al. 2001).

Areas of tuff accumulation form wide watershed
surfaces with absolute heights of 350-650 m and
values of relative elevations up to 200-400 m. The
slopes are generally smoothed, but dissected by a
small bright system. Extruded tents, slag cones,
subvolcanic and subintrusive rods, hypobisal bodies
are well expressed in relief. They form conical
vertices, the shapes of which are close to isometric,
elliptical with sizes from 0.3-0.5 to 1.0-2.0 km.

The morphology of the river valleys that divide the
Vygorlat-Gutyn ridge is determined by the lithology of
blurred rocks. The valleys laid in massive lavas are
deep, steep slopes with a V-shaped profile, while
those in the tuffs are wide, trough-shaped.
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The Mukachevo morphostructure is composed of
Neogene molasses and Sarmatian volcanics, which
are almost everywhere covered by quaternary
sediments. The surface of the morphostructure is
mainly a flat lowland alluvial plain, the absolute
heights of which increase in the area near the
Vygorlat-Gutyn ridge. In general, this area is a low
terrace of the Tisza River and its tributaries, which
rises above the current water level in rivers by an
average of 5-6 m. The absolute heights of the plain
are 115-120 m in the area adjacent to the Vygorlat-
Gutyn ridge, descending to 105 m on the banks of the
Tisza near the town of Chop.

The Mukachevo morphostructure is separated
from the Vygorlat-Hutyn ridge by a strip of foothills,
which in the Mukachevo-Irshava section form two flat
spurs towards the lowlands. There are several ledges,
which are inclined to the lowlands and divided by
small tributaries of the rivers Latorytsia, Borzhava, as
well as a number of shafts with wide, flat or domed
peaks (Gerenchuk 1981). The relief of the
morphostructure includes some dome-shaped
volcanic mountains and remnants - Beregovo hills,
Kosino-Biganski hills, Palanka, Drysinskaya, Chorna
Gora (568 m), Shalanka (372 m) and others.

We propose to divide the Vygorlat-Gutyn
morphostructure of the second order into
morphostructures of the third order. From the north-
west to the south-east, we distinguish the following
morphostructures:  Poprychny, Antaliv-Synyatska,
Velykyi Dil, Tupy and Oash, which, in turn, are divided
into morphostructures of lower orders.

The Mukachevo morphostructure of the second
order includes the Beregovo mountain range, the
Kosino-Bigansky hills, volcanic remains (Shalanka,
Chorna Gora), which respectively are lower order
morphostructures.

The Poprichny morphostructure occupies the area
between the state border with Slovakia and the valley
of the Uzh river. It was formed on the homonym
volcano, which is composed of andesites, andesite-
dacites, rhyolites and their tuffs of the Antalivsky
volcanic  complex. The territory of the
morphostructure is  characterized by low-
mountainous volcanic-denudation relief. From the
west, along the state border, the watershed ridge
Poprychny Verkh with domed, sometimes elongated
peaks can be clearly seen (mountains Golytsia - 983.1
m, Vitrova Skala - 1024.9 m, Poprychny Verkh - 995.2
m, Chertezh - 903.8 m). The slopes of the ridge are
mostly convex. The exception is the northeastern
slope, which has a complex convex-concave
transverse profile. The steepness of the slopes’
averages 9-20° and more. The ridge is composed of
fine-porphyry andesites and their tuffs with a
thickness of 260 m, which are overlapped by periclinal
lava flows (up to 200 m) of various porphyry
andesites. It is divided by the upper reaches of the

rivers Syrova, Benyatinska Voda, Kamenichka, Syry
Potok, where deep erosion predominates. River
valleys are characterized by steep slopes, V-shaped
transverse profile, there are no floodplains. In the
southern part of the Poprychny morphostructure,
from the Poprychny Verkh ridge to the Uzh river
valley, two low-mountain ridges with Plyshka (693.4
m) and Yavorova (701.1 m) peaks stand out, forming
the fourth-order Plysh-Chontosh morphostructure.
The maximum absolute heights of the
morphostructure range from 440-700 m. The main
characteristic of the lithological features of this
morphostructure, as well as that of Poprichny, is the
dominance of sediments of the Antalivsky volcanic
complex, represented by andesites, andesitic basalts,
andesitic dacites and their tuffs. The south-eastern
part of the morphostructure differs, where eruptive
bodies of fine-porphyry andesites stand out on the
left bank of the Syry Potok. The Chontosh and Plyshka
ridges are separated by the Syry Potok river, which
flows in a south-easterly direction and flows into the
Uzh river near the village of Kamenitsa. The river
valley is narrow, with steep (more than 200°) slopes.
The ridges are strongly dissected by tributaries of the
Syry Potok river. Their slopes are mostly convex,
sometimes concave, with a steepness of 8-200.

The interfluve of the Domarach and Dvernytsky
rivers is occupied by the Vyshno-Oblaz
morphostructure of the fourth order, which is
represented in the relief by a highly dissected ridge
with steep northern slopes (maximum absolute
heights 358.8 m, 331.6 m) and a domed mountain
Vyshny Oblaz (357.2 m).

The Antaliv-Synyatska morphostructure occupies
the interfluve of the Uzh and Latorytsia rivers. Its
length is up to 43 km, width 25-27 km.
Orographically, it is characterized by short and steep
northern, northeastern slopes in the direction of the
Turya River valley and gentle and elongated southern,
southwestern slopes in the direction of the Chop-
Mukachevo lowlands. The highest absolute heights
are in the northern and north-eastern part of the
morphostructure, the growth of which can be traced
from the north-west (from the Uzh river valley) to the
south-east (to the Latorytsia river valley).

From the valley of the Uzh river to the Koblyky
tract, we find the ridge Sinatoriya (691.9 m;
mountains Rozhok - 546.4 m; Sokolych - 812.0 m),
the Lypova Skelya ridge (896.0 m), mountain
Makovytsia (976.0 m). The southern part of this ridge
is characterized by conical peaks (Antalivska Polyana
- 968.3 m, Dil - 793.5 m). The ridges are strongly
dissected, massive and mostly sub-latitudinal. The
surfaces of the peaks are rounded, wide, flat and are
structural denudation surfaces of lava covers and
streams, modelled mainly by deep erosion. Slopes are
usually convex, concave, convex-concave with
steepness from 3-5° (top surfaces) to 35° (near the
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tops of the Klokotyva stream). The north-eastern
slopes of the ridges are divided by numerous streams
of the Verkhniy, Velyka Ruzha, Kostyliv, Bystryk,
south-eastern slopes - the valleys of the streams
Tsygany, Solotvinsky, Stara and their numerous
tributaries.

In the upper reaches of the Vyznytsia (tributary of
Latorytsia) and Poluy rivers (tributary of Mala
Latorytsia) the absolute heights decrease to 570-700
m (tracts Koblyky, Podklykuchky, —Omelyany,
Yavornyk). The area is dominated by medium-divided
massive ridges with narrow elongated peaks
(Podklikuchka tract, the interfluve of the Polyuy and
Vyznytsia rivers). Convex, convex-concave slopes
with a steepness of 3-7° on flat top surfaces up to
300 in the valley of the Vyznytsia river predominate.

The highest part of the Antaliv-Synyatska
morphostructure is located between the valleys of the
Vyznytsia river with the tributary Lamovani and the
valley of the Latorytsia river. It is represented by the
Tovsty, Shiyka, Plyshka and Sinyak ridges, which
extend almost meridionally. The Tovsty, Shyika and
Plyshka ridges include the following peaks:
Chalovisty, 860.0 m; Neck, 702.9 m; Plishka 992.0 m;
Obavsky Kamin, 979.2 m. The Sinyak ridge includes
the Biliy Kamin, 961.0 m; Dunauka, 1018.8 m;
Solochynskyi Dil, 980.7 m; Serednyi Verkh, 980.7 m.
These ridges are divided by deeply incised valleys of
the rivers Vyznytsia, Obava, Matekova, Tysanyk,
Oblazny, Luh, Bystra, which in very large areas have
very steep and steep slopes. Apical surfaces are
rounded, wide and wavy.

The southern and southwestern part of the
Antaliv-Sinyatskaya morphostructure is divided by
numerous tributaries of the Latorytsia river into
elongated ridges from north to south, where absolute
heights of 300-500 m predominate. Absolute and
relative heights, as well as the steepness of the slopes
gradually decrease with the approach to the Chop-
Mukachevo plain. Against the background of these
ridges, dome-shaped peaks rise, the structure of
which involves powerful strata of andesites and
andesito-dacites (Kravchuk, 2008).

Sediments of the Kuchavsky (southeastern part),
Antalivsky, Makovytsky, Matekivsky, Synyatsky, and
Obavsky volcanic complexes take part in the
construction of the Antaliv-Sinyatska
morphostructure. These are andesites, andesite-
basalts, rhyodacites, dacites, andesite-dacites and
their tuffs. The total thickness of the deposits of each
complex is from 400 to 700 m.

Within the Antaliv-Synyatska morphostructure of
the third order, the following morphostructures of the
lower order can be distinguished: Antaliv-
Makovytska, Dudlibo-Omelyanska, Tovsty-Sinyak,
Rozputy-Chinadiyevska.

The Antaliv-Makovytsia morphostructure of the
fourth order in the west and northwest is limited by

the valley of the Uzh river, in the north and northeast
- by the valley of the river Turya, on the east — by the
upper reaches of the rivers Bystryk (tributary Turya)
and Stara (tributary Latorytsia), and in the south-west
and south - by the line of villages Orikhovytsia — Yarok
— Verkhne Solotvino — Antalovtsi. In its western part
there is the Sinatoria ridge with the peaks of Rozhok
(546.4 m), Sokolych (812 m), Antalovetska Polyana
(968.3 m), Dil (793.5 m). To the east stretches the
ridge Lypova Skala with the peaks of Makovytsia
(976.0 m) and Zakruzhy (687.0 m). The northern and
north-eastern slopes of the ridges are strongly
dissected by the tops of numerous tributaries of the
Uzh and Turia rivers (Vorocheva, Verkhniy, Klokotyva,
Velyka Ruzha). Convex and convex-concave slopes
with a steepness of up to 35° predominate. The
southern and southwestern slopes are less dissected
than the northeastern ones. Their steepness does not
exceed 15-20°. The slopes are mostly convex,
although straight. The apical surfaces of the ridges
are rounded, often wide and bumpy. River valleys that
divide ridges are narrow, sloping, symmetrical, often
V-shaped. The Antaliv-Makovytsia morphostructure is
composed of deposits of the Antalivsky and
Makovytsky volcanic complexes. The Antalivsky
complex, represented by andesites and their tuffs,
andesite-dacites, rhyolites and their tuffs, forms the
Sinatoria ridge and the lower part of the Lypova Skala
ridge. The Makovytsky complex forms the upper part
of the Lypova Skala ridge. It is composed mainly of
medium porphyry dipyroxene andesites, less of
andesite-basalts, tuffs of andesites, which with
angular mismatch lie on the Paleogene rocks of the
Magura flysch, and with a stratigraphic break - on the
rocks of the Antalivsky complex.

The Dudlibo-Omelyan morphostructure. The
western and northwestern borders of this
morphostructure are the interfluve of the Stara and
Bystryk rivers, the northern border runs along the
valley of the Turia river, the northeastern border runs
along the valley of the Mlynska river and the valley of
the Lamovani river (a tributary of the Vyznytsia).
Vyznytsia, and south-west - along the villages of
Goydosh-Lintsi-Patskanyovo-Rostovyatytsia-
Bobovyshche-Ilkovytsia-Lesarnia. Maximum absolute
heights range from 600 to 780 m, relative heights
from 150 to 180 m. In the relief there are low
mountain ranges and ridges with elongated and
domed peaks, extending in accordance with the
general direction of the study area, ie from northwest
to southeast. They are divided by numerous valleys
of streams. The steepness of the slopes is mostly 2-
79, sometimes increasing to 15°. The flow valleys
embedded in the andesites are characterized by a V-
shaped structure and in tuffs by a U-shaped structure.
The western and central parts of the Dudlibo-
Omelyan  morphostructure include  andesites,
andesite-dacites, andesite-basalts and their tuffs of
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Antalivsky, = Makovytsky, = Matekivsky  volcanic
complexes superimposed on each other. The north-
eastern part of the morphostructure is formed by
dacites, rhyodacites, andesite-dacites, andesites and
their tuffs of the bruise complex. The thickness of the
complexes does not exceed 700 m. In the southern
part of the morphostructure volcanic rocks are
covered with deluvial and deluvial-proluvial deposits
up to 10 m thick.

The morphostructure of Sinyak occupies the
interfluve of Vyznytsia and Velyka Pina. In the
northwest, its border runs along the watershed
between the Lamovani Valley (left tributary of the
Vyznytsia) and the Mlynsky Valley (left tributary of the
Turia). In the south and south-east, the boundary of
this fourth-order morphostructure runs along the line
of the villages of Klenovets-Obava-Chinadiyevo and
the valley of the Latorytsia river. Its length from north
to south is about 24 km, from west to east - 17 km.
In the western part of the morphostructure in the
relief there are ridges of almost meridional extension:
Tovsty, Shiyka and Plyshka (mountains Chalovisty,
860.0 m; Shyka, 702.9 m; Plyshka, 992.0 m; Obavsky
Kamin, 979.2 m). The eastern part of the
morphostructure is the Sinyak ridge with the Krugla
(744.2 m), Dunauka (1018.8 m), Solochynsky Dil
(943.0 m), Serednyi Verkh (980.7 m) and Zvesna
(722.3 m) peaks. The central part of the
morphostructure Sinyak is divided by the valley of the
river Matekova and its numerous tributaries. The
valley is well defined, narrow at the top with a V-
shaped profile, and below the Fokova tract in the
relief there is a floodplain. The slopes of the valley are
convex, often straight, with a steepness of more than
2509, In the western part of the morphostructure, the
absolute heights decrease to 500-680 m, and
elongated and conical peaks stand out in the relief
(mountains of Berdo, 678.4 m; and Shkitena, 530.3
m). The steepness of the slopes compared to the
eastern part is also reduced and is 4-99, and in the
tract Yavornik does not exceed 3°. The shape of the
slopes is mostly convex, convex-concave. In general,
the morphostructure has the form of a stratovolcano,
prepared by the erosion of watercourses. The
morphostructure of Sinyak is formed by andesites and
their tuffs of Antalivsky, Makovytsky, Matekivsky,
Sinyatsky and Obavsky volcanic complexes, which
were formed as a result of several eruptions that
occurred at more or less equal intervals.

The Rozputy-Chinadiyev morphostructure of the
fourth order is distinguished in the south-western part
of the Antaliv-Synyatsky morphostructure of the third
order. It occupies the interfluve of the Uzh and
Latorica rivers. Its northern and north-eastern border
runs along the line of the villages of Orikhovytsia —
Yarok — Verkhne Solotvyno — Antalivtsi — Kiblyary —
Lintsi — Patskanyovo — Rostovyatytsia — Mykulyntsi —
Shchaslyve — Lesarnia — Klenovets — Obava -

Chinadiyevo. The south-western border coincides
with the border of the Chop-Mukachevo lowland. It is
characterized by high-altitude  accumulative-
denudation relief. The maximum absolute heights of
the morphostructure range from 400-560 m. The
highest peaks are located in the central and eastern
parts of the morphostructure: Zhornyna (543.4 m),
Khudlivska (551.7 m). The structure of the
morphostructure involves volcanic rocks of various
volcanic complexes, which are sometimes covered
with a thick crust of weathering of andesites and
deluvial-proluvial deposits. The Rozputy-Chinadiyev
morphostructure is characterized by smoothed
outlines of ridge surfaces with a predominance of
dome-shaped peaks and rather wide valleys of the
main rivers with declining slopes. In fact, these
valleys divide the Rozputy-Chinadiyev
morphostructure into Rozputsky (Uzh and Tsygany
interfluve), Strypo-Kholmetsky (Tsygany and Stara
interfluve), Khudlyovo-Linska (interfluve of the Stara
and its tributaries), Kuzmynska (Stara and Polyuy
interfluve) and Zhornynska (the interfluve of the
Polyuy and Vyznytsia rivers) and the Klynovets-
Chinadiyev (interfluve of the Vyznytsia and Matekova
rivers) morphostructures of the fifth order.

The Rozputy morphostructure is represented by a
wide ridge with dome-shaped elongated peaks (m.
Rozputy, 291.0 m). Its north-eastern border runs
along the line of the villages of Orikhovytsia-Yarok.
The south-western part of the morphostructure is
strongly dissected by streams flowing into the Uzh
river and the reclamation canals of the Chop-
Mukachevo plain. Absolute heights up to 140 m
decrease in the same direction. Convex and straight
slopes with a steepness of 1-7° predominate.

The Strypa-Kholmetska morphostructure on the
interfluve of the Tsygany and Stara rivers is
distinguished by four ridges and a dome-shaped
massif, which are strongly dissected by tributaries of
the Tsygany and Stara rivers. The north-eastern
border runs along the Strypa-Khudlyovo line. The
maximum absolute heights are 330 m and gradually
decrease to 195 m in the direction of the Chop-
Mukachevo lowlands. An exception is the massif with
dome-shaped peaks (301.0 m; 302.5 m) south of the
village Hlyboke, which is composed of sub-intrusive
bodies of acidic composition. For strands that stretch
from north to south, elongated narrow surfaces,
convex slopes with a steepness of 3-70 are
characteristic. The domed massif is characterized by
convex, convex-concave slopes with a steepness of 7-
180.

The  Khudlovo-Linska  morphostructure s
represented by a ridge with a conical peak (551.7 m),
stretching from northeast to southwest and a wide
massif with elongated and domed peaks, which
gradually decreases in the southern direction to the
Chop-Mukachevo lowlands. A strand of the array
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separates the Lyn stream. The apical surfaces of the
ridge are mostly elongated and wavy. North-western,
southern and south-eastern slopes of the ridge are
straight, steeply 5-18°. The slopes are dissected by a
large number of ravines formed on yellow-gray loams.

For a wide massif located in the southern part of
the morphostructure, lower absolute heights and
steeper slopes are characteristic compared to the
ridge. Absolute heights decrease from north to south
from 270 m to 189 m, respectively. Apical surfaces
are wide, bumpy. Convex slopes with a steepness of
2-79 predominate. The array is strongly divided by
ravines, which are concentrated in the southern part.
The morphostructure consists of andesites of the
Antalivsky and Makovytsky complexes and sub-
intrusive bodies of acidic composition (dacites), which
form the apical surfaces. In the southern part of the
morphostructure, the thickness of volcanic rocks
decreases towards the Chop-Mukachevo lowland,
while the thickness of quaternary sediments,
represented by pebbles of ancient terraces, which are
covered with clays and yellow-brown loams with a
thickness of 2 to 20 m.

The fifth-order Kuzminska morphostructure
occupies the interfluve of the Stara and Polyuy rivers.
Its northern and northeastern border runs along the
line of the \villages of Lintsi-Patskanyovo-
Rostovyatytsia-Mykulyntsi-Bobovyshche, and its
southern line runs along the Polyuy valley. In relief it
is expressed by low ridges elongated from north to
south with wide, elongated and rounded peaks, which
are strongly dissected by tributaries of the Stara and
Polyuy. In the same direction, the absolute heights
decrease from 340.4 m to 161.3 m. The relative
heights are 120-180 m. The slopes of the strands are
mostly convex, with a steepness of 2-59, sometimes
exceeding 7°. In the southern part of the
morphostructure, below the villages of Kuzmino and
Kopynovtsi, ravines up to 10 m wide and 2-3 m deep
stand out well in the relief. The morphostructure is
partially formed by andesites, andesite-basalts of
Kuchavsky, Antalivsky and andesite-dacites of
Synyatsky volcanic complexes, which are covered
with pebbles of ancient terraces and a thick layer of
deluvial and deluvial-proluvial deposits.

The Zhornynska morphostructure on the interfluve
of the Polyuy and Vyznytsia rivers has the form of an
elongated ridge from north to south with narrow,
conical peaks (453.8 m; 567.0 m; m. Zhornyna, 543.4
m). Its northern border runs along the line of the
villages of Bobovyshche — Ilkovytsia — Lesarnia,
south-western and southern - along the line Ruske —
Ivanivtsi — Klyachanovo and the valley of Latorytsia.
The slopes of the ridge are strongly dissected by
tributaries of Polyuy and Vyznytsia, as well as ravines
formed in yellow-gray loams. Straight and concave
slopes with a steepness of 5-15° prevail. The
morphostructure consists of andesites, andesite-

basalts, andesite-dacites of the Kuchavsky and
Matekivsky complexes, which in the south-western
part are covered with terrigenous deposits, pebbles
of ancient terraces and deluvial-proluvial deposits.

The fifth-order Klenovets-Chinadiyevska
morphostructure occupies the interfluve of the
Vyznytsia and Matekova rivers. The northern border
runs through the villages of Klenovets and Obava, and
the southern border runs through the valleys of the
Obava and Latorytsia rivers. The morphostructure has
the form of a small massif, in places with dome-
shaped peaks, strongly dissected by tributaries
Vyznitsa, Obava and Matekova. The maximum
absolute heights are characteristic of the north-
eastern part and are 291.8 m. The slopes of the
massif are mostly convex, with a steepness of 1-79,
although in the southern part of the morphostructure
the steepness of the slopes reaches 17°. In the area
of the villages of Obava and Klenovets, the relief
features a large number of negative forms,
represented by beams and ravines. The ravines are
15 m wide and 5 m deep. The morphostructure is
formed by andesites, andesite-basalts, andesite-
dacites of the Matekivsky and Sinyatsky volcanic
complexes, in the southern part covered by alluvial
deposits of the second terrace of Latorytsia and
deluvial loams.

The morphostructure of Velykyi Dil, which is
dominated by low-mountainous volcanic-denudation
relief, occupies the interfluve of the Latoritsa and
Borzhava rivers. Its geomorphological structure is
similar to the structure of the Antaliv-Synyatskaya
morphostructure. In the northwestern part there is
the Borliovy Dil massif with the Dehmaniv peak
(1017.6 m). Numerous branches diverge radially from
it, separated from each other by deeply incised
valleys of many streams. The largest massif in the
northern and north-western directions is fixed by the
peak of Kichera (737.2 m), the other is located
between the two sources of Bystryy (over 600 m). In
the southern direction it is a branch of the Kryvulya
tract (822.7 m). The massif has the appearance of a
well-preserved  stratovolcano (Kravchuk 2008).
Dominated by straight slopes, which in the lower part
become concave. The steepness of the slopes
average between 15 and 20°. To the south-east the
Velykyi Dil ridge stretches, which is separated from
the Borliov Dil massif by the valley of the Irshava river
and the upper reaches of the Kvasny Stream (left
tributary of the Dusynka river). The highest peaks are
Shelelovsky Verkh (729.1 m), Zlobsky (832.1 m),
Buzhora (1085.5 m, the highest peak of the Volcanic
range), Kamin (957.2 m), Sinyak (1035.2 m), Bystra
(1002.5 m). The north-western part of the ridge is
divided by the Irshava river. On its left bank there is
an arched ridge with the top of Kryvulya (591.3 m),
which from the east, southeast is surrounded by
domed massifs with the peaks of Smologovytsky Dil
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(807.1 m), Martynsky Kamin (989.0 m), Berehovy Dil
(926.3 m) and Yavir (717.0 m). The morphostructure
of Velykyi Dil is formed by the superimposed deposits
of the Kuchavsky (southwestern part), Matekivsky,
Synyatsky, Obavsky, Martinsky, and Muzhorsky
volcanic complexes. They are represented by
andesites, andesite-basalts, their tuffs, lava breccias,
tuffites and basalts. Within the morphostructure of
the Velykyi Dil, which belongs to the third order, we
distinguish three morphostructures of the fourth
order: Borliovo, Buzhorsk and Khat.

The fourth-order Borliovo morphostructure is
bounded on the northwest by the valley of the
Latorica River, on the north and northeast by the
valley of the Dusynka river, on the east by the upper
Kvasny stream (a tributary of the Dusynka river) and
the Irshava river valley, and on the southwest by a
line of villages Olkhovytsia — Letsovytsia — Babichi —
Klenovytsia — Zagattya. In the relief the
morphostructure is expressed by the cone-shaped
mountain massif Borliov Dil with the Dehmaniv peak
(1017.6 m). The massif has a round shape with a
diameter of about 10 km, which divides a large
number of streams flowing into the rivers Latorytsia,
Dusynka, Irshava. The streams are characterized by
deeply incised valleys, in most of the slopes with a V-
shaped structure. The upper and middle parts of the
slopes are mostly straight, with a steepness of 15-
300°. The lower part of the slopes is characterized by
a concave profile, with a slope steepness of up to 8°.
The southern slopes of the massif are elongated in
the direction of the Kryvulya river valley, their
steepness does not exceed 5°. The Borliovo
morphostructure is composed of deposits of the
Kuchavsky, Matekivsky, Synyatsiky, and Obavsky
volcanic complexes. The Kuchavsky complex is
formed by andesites, andesite-basalts, their tuffs,
which occur in the basin of the Irshava river and in
the south of the morphostructure. It is overlain by
andesites, tuffites and lava breccias of the Matekivsky
complex. Above the sediments of the Matekivsky
complex in the central and eastern part of the
morphostructure lie dacites, andesite-dacites, and
their tuffs of the bruise complex. The Obavsky
complex is represented by large porphyry andesites
and andesite basalts, which form the apical part and
the southern slopes of Dehmaniv.

The morphostructure Buzhora in the northwest is
bounded by the upper reaches of the Kvasny stream
(a tributary of the Dusynka river) and the Irshava
river valley, in the north by the Dusynka river valley,
in the northeast and southeast by the Borzhava river
valley, and in the southwest by the Irshava river and
Irshava basin. In its north-western part there is an
arched ridge with the top of Kryvulya (591.3 m). It is
characterized by elongated and rounded peaks,
straight and convex slopes, which are strongly divided
by the valleys of the rivers Irshava and Abranka. The

steepness of the north-western slopes is over 259°. To
the east and south-east of this ridge there is a domed
massif with peaks Smologovytsky Dil (807.1 m),
Martynsky Kamin (989.0 m), Berehovy Dil (926.3 m)
and Yavir (717.0 m). The massif is strongly divided by
the rivers Abranka, Chorna Irshava and their
numerous tributaries. The apical surfaces of the
massif are wide, domed. The south-western slopes of
the massif are mostly concave, with a steepness of 7-
18°. The northern slopes are characterized by a
convex profile, steepness from 39 in the apical parts
to 300 in the valley of the Irshava river.

The largest ridge of the morphostructure, Velykyi
Dil, stretches from the Kvasny stream to the Borzhava
river valley. In the north-west it is separated from the
dome-shaped massif described above by the valley of
the Irshava River, and in the west by the valley of the
Iinychka river. The ridge is fixed by the peaks
Shelelovsky Verkh (729.1 m), Zlobsky (832.1 m),
Buzhora (1085.5 m, the highest peak of the Volcanic
ridge), Kamin (957.2 m), Sinyak (1035.2 m), Bystra
(1002.5 m). The apical surfaces of the ridge are
mostly narrow, elongated, conical. The northern and
northeastern part of the ridge is divided by numerous
left tributaries of the Dusynka river and the right
tributaries of the Bystry and Borzhava rivers. In this
area, the slopes are characterized by a complex
structure: the upper parts of the slopes are straight,
steepness over 259, the middle and lower part is
mostly concave-convex, steepness 7-15°. In the
southern part of the morphostructure is the Irshava
basin, which is dominated by hilly-plain dissected
relief. It is composed of layers of clay with layers of
sandstones, siltstones and lignites of the Ilnytsya
world (Panon). In its south-western part there are
clay deposits with layers of tuffs and tuffites of the
Almashi and Lukiv Sarmatians. Floodplains and low
floodplain terraces within the basin occupy large
areas, and the basin can be considered as a separate
morphostructure of lower order. The andesite basalts
of the Kuchavsky, Matekivsky, Synyatsky, Martinsky
and Buzhorsky volcanic complexes take part in the
construction of the Buzhora morphostructure.

The south-western part of the interfluve of the
Latorytsia and Borzhava rivers is occupied by the Khat
morphostructure. From the northeast it is limited by
the villages of Olkhovytsia-Babichi-Zagattya and the
valley of the Irshava river, and from the south-west
by the villages of Kuchava, Stanovo, Zavydovo,
Negrovo, Ardanovo, and Siltse. The relief is
represented by a ridge stretching from northwest to
southeast. In this direction, the absolute heights
recorded by the peaks of Velykyi Kamin (434.5 m),
Velykyi Gorotan (407.6 m), and 260.5 m (near the
village of Siltse) also decrease. The structure of the
morphostructure is dominated by tuffs. Therefore, the
tributaries of the Irshava, Borzhava and Latoritsa
rivers divide the ridge into separate spurs of different
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directions, ending mainly in small domed massifs
(242.6 m, near the village of Bystritsa). The north-
eastern slopes of the ridge are gentle, steeply 3-7°
and more dissected. South-western slopes are
convex-concave, steepness in the apical part up to
159, and in the middle and lower - 3-5°,

The morphostructure Khat consists the deposits of
Kuchavsky, Matekivsky and Obavsky volcanic
complexes. In the north-western part of the
morphostructure from the village Kuchava to the
village of Negrovo there is a layer of andesite tuffs
with a thickness of about 56 m from the Kuchavsky
complex. The complex is covered with tuffs of
andesite, andesite-basalt of the Matekivsky complex,
which are common between the villages of Dilok and
Silce. Sediments of the Obavsky complex are
distributed on the south-western slope of the ridge,
represented by erosive remnants of andesite-basalt
up to 10-25 m thick.

The Morphostructure Tupy occupies the interfluve
of the Borzhava and Tisza rivers, its length is 16-18
km. The morphostructure is characterized by low-
mountainous volcanic-denudation relief, which is
represented by a meridional ridge with well-fixed
peaks Maly Klobuk (568.2 m), Grabova (782.5 m),
Tupy (878.5 m), Doschata (761.3 m), Tovsta (819.2
m), Irosla (598.6 m). Its north-eastern border runs
along the valleys of the Dovhy and Lipche rivers, and
its western border runs along the lines of the villages
of Velykyi Rakovets-Vertep-Rokosovo. The ridge
divides a large number of tributaries of the Borzhava
and Tisza rivers, forming elongated massifs with
cone-shaped and domed tops. The largest of them in
the eastern, western and north-western directions are
recorded by the peaks of Ilyka (758.2 m), Rorond-
Tete (554.0 m), Kititsa (841.0 m), Yuritsa (630.2 m).
The average absolute heights of the Tupy ridge are
100-150 m lower than those of the Velykyi Dil ridge.
Apical surfaces are mostly narrow, wavy and rounded.
The south-eastern slopes of the ridge, which are
divided by tributaries of the Tisza River, are mostly
straight with a steepness of more than 20°. The
western slopes are characterized mostly by a convex
profile, steepness of 15-20° at the top and 2-6° at
the foot. In the interfluve of Lipovets and Lipcha there
is a decrease in absolute heights from 463.2 m to
294.4 m, and the steepness of the slopes does not
exceed 110°,

Sediments of Kuchavsky, Matekivsky, Synyatsky
and Obavsky volcanic complexes take part in the
construction of the morphostructure. Andesites,
andesite-basalts and their tuffs of the Kuchavsky
complex lie in the southern part of the
morphostructure near the “Khust Gate”. They are
covered with andesites, lava breccias, tuffs and
tuffites of the Matekivsky complex, which are
distributed throughout the morphostructure Tupiy.
The rocks of the Synyatsky complex form two layers

of sediments. The lower stratum, which is composed
of tuffs of rhyolites, rhyodacites, andesito-dacites up
to 240 m thick, lies directly on the sediments of the
Matekivsky complex. The upper stratum s
represented by andesite-dacites with low-thickness
strata (up to 2-3 m) of psephytic tuffs, common in the
southwestern part of the morphostructure. Andesite-
basalts and basalts of the Obavsky complex are
formed on the rocks of the Matekivsky and Synyatsky
complexes, which form the top parts of the Tovsty,
Kytytsia and Tupy mountains (Matskiv et al. 1996).

The morphostructure Oash stretches from the
valley of the Tisza River to the border with Romania.
The relief is represented by the northern part of the
Gutyn ridge and its north-eastern slopes, which are
divided by the left tributaries of the Tisza River into
separate spurs with cone-shaped and dome-shaped
peaks. The northern part of the ridge is fixed by
dome-shaped peaks of Sarget (394.7 m), Kamin
(347.1 m), Krzhivsky Verkh (390.8 m), Pinteva
Studnya (467.7 m), Bagno (602.3 m) and Frasin 826.4
m). The northern and north-eastern slopes to the
Tisza River valley are short, mostly straight and
convex, with a steepness of 15-25°. The southern
and southwestern slopes are concave and longer, with
a steepness of up to 11°. The central part of the ridge
is formed by andesite-basalts, and on the periphery -
volcanic-conglomerates and tuff gravelites of the
Matekivsky volcanic complex, which are covered with
dacites, andesitic-dacites of the Synyatsky complex.
The apical part of the ridge is formed by andesite-
basalts, basalts and their tuffs of the Buzhorsky
complex (Matskiv et al. 1984, Matskiv et al. 1996;
Matskiv et al. 2001; Prikhodko M., Titov E. et al.
1980). Intrusive peaks Kruglyak (520.1 m), Maly
Cherepovets (456.3 m), Shayan (440.0 m), Gostra
(577.3 m), Fekete-Khed (769.4 m), Chorny Bor (699.3
m), Var-Khed (589.6 m) and Lysiy Kholm (665.3 m)
can be traced between the villages of Velyatino and
Yablunivka on the spurs of the Hutyn ridge. The
slopes of the spurs are mostly concave, with a
steepness of up to 15 °, approaching the floodplain
of the Tisza River. The structure of the peaks mainly
involves panno-pont deposits, which are represented
by andesitic porphyrites, diorites and diorite-
porphyrites (Matskiv et al. 2001).

The Beregovo morphostructure of the third order
with hilly volcanic-denudation relief is bounded on the
west and south by the Verke Canal, on the southeast
by the Borzhava river, and on the north and east by
the Zatyshne-Kidosh-Velyki Berehy-Kvaso villages. In
relief it is expressed by hills with maximum absolute
heights of 298.5 m and 365.7 m. The length of the
mountain range from northwest to southeast is about
13 km. The apical surfaces are domed, wide and
wavy. The top parts of the slopes are mostly straight,
steeply 7-13°. For the middle and lower parts of the
slopes is characterized mainly by a concave profile,
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steepness 2-7°. The slopes are divided by numerous
ravines and beams, which end in powerful cones of
removal of proluvial material. The Beregovo hills are
the volcanic remnants of Sarmatian volcanoes, which
are covered by thick sedimentary strata of Neogene
and Quaternary sediments. They are composed of
deposits of the Velykodobronsky and Barkasivsky
volcanic complexes. The Velykodobronsky complex is
located in the eastern part of the Berehovo hills. It is
formed by andesites and their tuffs up to 400 m thick,
which lie in the lower part of the mountain range
(Matskiv et al. 1996).

Barkasivsky complex is the most common. With a
stratigraphic break, it is deposited on the deposits of
the Velykobronsky complex and sedimentary deposits
of badenium. The lower and middle part of the
complex is formed by rhyolite tuffs with layers of
terrigenous rocks up to 950 m thick. In the upper part
there are domes and streams of rhyolites, perlite,
their lava breccias, tuffs and tuffs up to 350 m thick
(Fishkin 1954; Matskiv et al. 2001).

The Kosino-Bigan morphostructure of the third
order is located between the villages of Kosino and
Velyka Bigan. The relief is represented by dome-
shaped volcanic remains with relative heights of 100-
120 m. In its northern part near the village Zapson is
a volcanic remnant measuring 1.6 x 1.2 km with a
maximum absolute height of 207 m. The slopes of the
hill are convex, weakly dissected, with a steepness of
up to 100.

To the south of the village Zapson is a volcanic
massif measuring 2 x 3 km, which is represented by
domed, wide peaks with absolute heights of 223.0
and 200.0 m (m. Tipet). The eastern and southern
slopes of the massif are straight, steeper than 159.
Western slopes are concave, moderately dissected,
steeply 3-10°. To the east of this massif (near the
village of Velyka Bigan) there are two volcanic
remains, elongated in the south-eastern direction,
which are fixed by the peak of Biganska (192.0 m)
and the absolute mark of 171.6 m. The andesites of
the Velykodobronsky complex, which are covered by
thick strata of rhyolite tuffs of the Barkasivsky
complex, take part in the construction of the
morphostructure.

The Shalanky morphostructure of the third order
is located between the villages of Shalanky and Velyki
Komyaty. The relief is represented by a small (2.5 x
3.5 km) volcanic massif with the highest conical peak
Shalansky-Helmets (368.6 m). The massif is
characterized by short, straight and convex northern
slopes up to 209, which approach the channel of the
Borzhava river. The western, southern and eastern
slopes are concave, steep up to 129, strongly
dissected by ravines, the depth of which reaches 5 m.
The morphostructure is composed mainly of layers of
bipyroxene andesites and their tuffs with a thickness

of 580 m of the Chicoshsky volcanic complex (Matskiv
1996).

The morphostructure Chorna Hora is located to
the east of Vynohradiv. Its northern and northeastern
border runs along the valley of the Salva stream and
the line of the willage Mala Komyata, and the eastern
one - along the Tisza riverbed. The relief is expressed
by an elliptical mountain, elongated in the meridional
direction, 4.5 km long and 3-3.5 km wide. It is fixed
by a conical narrow peak of Chorna Hora (565.0 m).
The slopes of the mountain are mostly straight,
steeply 13-180. The exception is the eastern part of
the mountain, which is washed away by the Tisza
River, the steepness of the slopes here is more than
250, This morphostructure is formed by andesites,
andesite-basalts, dacites, rhyolites and their tuffs of
the Matekivsky and Sinyatsky volcanic complexes
(Matskiv 1984).

Conclusions

Taking into account the differences in the spatial
arrangement of tectonic elements and volcanic
structures as well as their emergnece in the relief,
Vygorlat-Gutyn and Mukachevo morphostructures of
the second order are divided into morphostructures
of the third order. Structural and lithological features
have determined the specific features of their relief,
which are expressed by narrow ridges with dome and
conical tops.

The highest absolute altitudes within the study
area are characteristic of the Antaliv-Synyatsky and
Velykodilsky massifs (900-1,085 m). Differences in
the relief of the north-western and south-eastern
parts of the Vygorlat-Hutyn ridge are well traced,
which is due to the lithological composition of the
rocks. The ridges, which are dominated by andesites,
are characterized by narrow conical apical surfaces,
in contrast to the dome-shaped ridges and massifs
composed of dacite intrusions. In the south-eastern
part of the volcanic ridge and its spurs are less
massive, their absolute heights decrease, there is a
symmetry of the slopes.

It was found that the most important
morphosculptures that form the relief of the study
area are river valleys and leveling surfaces. The river
valleys, which cut deep into the andesites, are
characterized by a V-shaped cross-section profile,
which causes a significant steepness of their slopes.
At the exit of river valleys to areas that are composed
mostly of tuffs, the valleys become wider and trough-
like, with a general decrease in the steepness of the
slopes.

The results of the study can be used in assessing
the terrain for engineering, environmental and
recreational purposes. Theoretical and practical
developments can be used in complex geographical
research and compiling a general geomorphological
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map of Ukraine. The obtained quantitative indicators
of the state of division of the territory can serve as an
information base during the planning and design of
anti-erosion and anti-flood measures within the
Transcarpathian region.
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Abstract

The relief of large coastal accumulative bodies, including cuspate
spits, is an important subject in scientific and applied research. A
characteristic feature of similar accumulative bodies is a shallow
underwater part. The aim of this work is to study the shallow-
island part structure of the Dolgaya Spit (the Sea of Azov) and to
identify the natural mechanism that determines both the
variability of accumulative body over short time intervals and the
high stability of the geosystem as a whole. Digital elevation
models (DEM) for the studied area were built on the basis of
remote sensing data (Sentinel-2). It is established that the length
of the shallow-island part is about 20 km. There are shelly shoals
and islands with a complex configuration and relief. Sea level, the
wind-wave regimes and the sediment load are the main factors
that determine the dynamic equilibrium of the shallow-island part
of the Dolgaya Spit and its relief. The Dolgaya Spit has distinctive
features of a free accumulative body influenced by longshore
sediment flow. The configuration of its surface part is
characteristic of many cuspate spits formed by two sediment
streams. But the shallow-island part develops under the influence
of alternating transverse movements of water masses and waves
from opposite sectors. The coexistence of signs of the near-shore
bar and cuspate spit provides grounds for classifying the Dolgaya
Spit not as a cuspate accumulative body (in particular as Azov-
type spit) but as a separate type developing under joint action of
transverse and longshore sediment flows.

Keywords: submarine relief, spit, coastal dynamics, remote
sensing, Sea of Azov

Introduction

The relief of large marine accumulative bodies is
an important subject of study in scientific and applied
research. High variability is common to most natural
geosystems, in particular to coastal accumulative
ones. Alteration of one or more components of
geosystems usually results in a transformation of the
accumulative body, but not in the degradation of the
whole geosystem. However, if natural changes in
external conditions exceed a certain limit, or are
enhanced by anthropogenic influences, irreversible

© 2022 The Author(s). Published by Forum geografic.
Open Access article.

Rezumat. Caracteristici ale morfologiei si
dinamicii insulei superficiale a Spitului Dolgaya
(Marea Azov)

Relieful depunerilor sedimentare marine, ca de exemplu bancurile
de nisip submerse, este un subiect important pentru cercetarea
stiintifica si cu caracter aplicativ. O trasatura de baza a acestor
depunri sedimentare este datd de existenta unor adancimi mai
mici. Lucrarea de fatd isi propune sa analizeze structura de mica
adancime generata de spitul Dolgaya (Marea Azov) si sa identifice
mecanismele naturale care determind atat variabilitatea
acumularilor pe o perioada scurta de timp si stabilitatea mare a
gesosistemului ca intreg. Modelele digitale de elevatie pentru zona
de studiu au fost realizate cu ajutorul teledetectiei (Sentinel-2). S-
a stabilit ca lungimea banculuisubmers este de aproape 20 km.
Exista si bancuri de cochilii si insule cu o configuratie si relief
complex. Nivelul marii, regimul vanturilor si al valurilor, precum si
incdrcatura de sedimente sunt principalii factori care determina
atat echilibrul dinamic al insulei superficiale a Spitului Dolgaya si
al reliefului acesteia. Spitul Dolgaya are caracteristicile distinctive
ale unui corp e acumulare influentat de transportul sedimentor in
lungul tdrmului. Configuratia partii exondate este marcatd de
prezenta bancurilor de nisip formate de doi curenti de nisip. Totusi,
partea mai putin adanca se dezvolta sub influenta miscarilor
transversale alternante ale maselor de apa si valurlor din sectoare
diferite. Datorita prezentei aluviunilor in apropierea tdarmurilor,
precum si a bancului submers, putem considera ca Spitul Dolgya
nu este o corp de acumulare (de tipul spiturilor Azov), ci mai
degraba este un tip separat, care se dezvolta sub actiunea
conjugata a depunerilor de sedimente atat transversal, cat si in
lungul tarmului.

Cuvinte-cheie: refief submers, spit, dinamica tdrmului, tele-
detectie, Marea Azov

destruction of the geosystem can occur. The study of
the landform morphology and dynamics of marine
coastal accumulative bodies makes it possible to
identify the mechanisms of their formation and
evolution and to assess composition and significance
of acting factors.

Geosystems of accumulative bodies, known as
cuspate spits, are peculiar and complex (Rosen, 1975,
Zenkovich, 1959). Cuspate spits are one of a family
of shoreline reorientation features that includes
cusplike structures, giant cusps, looped spits, and
cuspate forelands (Rosen, 1982). These accumulative

Creative Commons Attribution-NonCommercial-NoDerivatives License (https://creativecommons.org/licenses/by-nc-nd/4.0/).
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bodies are formed in stretches of coastline where two
sediment streams meet. Examples include: Point
Pelee peninsula (Lake Erie); cuspate foreland at
northeast end of Graham Island (Pacific coast of
Canada); cuspate spits of St. Lawrence Island (USA);
Cape Dungeness (southern coast of Britain); Cape
Kolka (the Baltic Sea); Cape Henlopen (Atlantic coast
of the USA); the Bakalskaya Spit (the Black Sea).
Some of these accumulative bodies were
distinguished into a special type and received the
name of Azov-type spits. These include the
Belosarayskaya Spit and the Obitochnaya Spit (the
Sea of Azov) (Zenkovich, 1967, Fisher, 1955, Kosyan,
Krylenko, 2019, Price, Wilson, 1956). Many active
hydrological and other factors determine the complex
lithodynamic regime of cuspate spits, and, as a result,
high variability in time and space. At the same time,
cuspate spit geosystems often show high stability,

Kamyshevatskaya ™.,
spit 4 Galf

Fig. 1: Geographical location of the Dolgaya Spit

Characteristics of the development of the
accumulative geosystem of the Dolgaya Spit

The Sea of Azov is one of the smallest on the
planet and is situated in Western part of Europe. The
length of the shores of the Azov Sea in 2018
amounted to 3430 km, its area — to 40 570 km?
(Krylenko, Krylenko, Aleynikov, 2019). A feature of
the modern dynamics of the shores of the Sea of Azov
is predominance of erosion processes. Not only
indigenous shores are subject to erosion, but also
accumulative bodies such as spits, sandbars of
lagoons and estuaries (Kosyan, Krylenko, 2019). The
Yeysk Peninsula is washed by the waters of the Sea
of Azov and the Taganrog Bay. Sand-shell
accumulative bodies such as the Yeysk spit, the

persisting over long periods of time. Most of these
accumulative bodies are specially protected areas.
This once again points to the complexity and
uniqueness of these natural sites.

The object of the present study is the geosystem
of an accumulative body of the Sea of Azov — the
Dolgaya Spit (Fig. 1). The aim of our research is to
discover features of the structure of the shallow-
island part of the Dolgaya Spit and to identify the
natural mechanism that determines both the
variability of the accumulative body over short time
intervals and the high stability of the geosystem as a
whole. Based on the obtained up-to-date information
on the structure and dynamics of the shallow-island
part of the Dolgaya Spit, supplemented by historical
and literary data, analysis of the regularities of the
structure and evolution of this natural site has been
carried out.

Eyskaya spit

0%

SEAOF AZO)

BLACK

Dolgaya Spit and the Kamyshevatsk Spit adjoin the
peninsula (Zenkovich, 1958) (Fig. 1).

Fluctuations in the level of the Sea of Azov during
the Holocene repeatedly led to transformation of the
accumulative bodies at the NW end of the Yeysk
Peninsula. Before the Phanagoria regression (= 3,000
years ago), the sea level was close to that of present
days. During that period, there was probably an
accumulative body, close in lithodynamic regime and
structure to the present-day Dolgaya Spit (Artyukhin,
1987). During the Phanagorian regression, the sea
level lowered, on average, by 5 m in comparison with
that of the present day (Matishov and Polshin, 2019).
Due to the decrease in the sea level the influence of
runoff currents in the Taganrog Bay increased. The
accumulative body of the Paleo-Dolgaya Spit was
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almost completely eroded (except for the
accumulative terrace along the original coast). The
washed out material was redeposited in the direction
of the resulting direction of the sediment flow (to the
SW), determined by prevailing SW waves and runoff
currents of the Don at that time. During subsequent
transgression, the influence of W and SW
disturbances increased. From this point on, the
resulting direction of the sediment flow was directed
to NW. Approximately 2,500 years ago, two small
curved spits arose at the projections of the original
shore, growing towards each other. About 1-1,200
years ago, these spits joined each other and later
developed together, forming the accumulative body
of the Dolgaya Spit as a cuspate spit.

The image of the present position of the Dolgaya
Spit appeared on maps of the Sea of Azov in the 14th
century (Fig. 2). Characteristically, all maps, even the
oldest ones, show the Dolgaya Spit as a chain of
islands. A detailed map of the Taganrog Bay by Peter
Bergman (1702) shows the contours of underwater
and above-water accumulative bodies of the Dolgaya
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Spit (Fig. 3) with measured depths. In (Budischey,
1808) there is information about the Dolgaya Spit and
its submarine shoal: “The spit extends from the Obryv
Cape to the NW — at first as an external sandy spit
11.64 km long, then it is continued for 8.45 km by a
chain of small islands. The spit and the islands are
surrounded by a narrow shoal, no more than 2.4 km
wide and 26.4 km long, with a tongue bent to the
north. Elevations and depressions are marked along
the longitudinal axis of the shoal. The Sailing
Directions of the Sea of Azov (Sukhomlin, 1854)
contains the following information about the Dolgaya
Spit: “The Doldaya Spit is 0.5 m wide and stretches
from the Obryv Cape to the NW for 15.74 km.
Together with occasionally formed islands the
underwater extension of the Dolgaya Spit, stretching
9.3 km to the NW of the surface part, forms a long
shoal 2.8 km wide”. The sailing directions are
supplemented by a map of the Sea of Azov by E.P.
Manganari (Papacoma, 2020), a remarkably accurate
representation of the coastal configuration and the
submarine relief (Fig. 4).
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Fig. 2: The Dolgaya Spit on ancient maps: the portolan by Petro Vesconte (1318) on the left; a
map in the atlas by Piri Reis (1525) in the centre, and the portolan by Battista Agnese
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Fig. 3: Map of the Taganrog Bay by Peter Bergman 1702 (south on top). On the right: fragment
with an image of the Dolgaya Spit (north on top) (Papacoma, 2020)

(1833) — on the left (Papacoma, 2020). Modern bathymetric map — on the right (Matishov et

al., 2006)

Analysis of historical maps shows that the Dolgaya
Spit's geosystem has been highly stable over the
centuries. This accumulative body retains its
structure: it consists of an above-water part (in a form
of a cuspate spit), islands and shoals. During the
development of the accumulative body of the Dolgaya
Spit, the length of the above-water part of the spit
periodically increased along the axis of the
underwater shoal. At other times, on the contrary, the
above-water part eroded or fragmented into a chain
of more or less extended islands. As far as available
maps show, the chain of the islands has never been
connected into a single accumulative body. Over the
last 150 years, the maximum length of the surface

part (14 km) was observed in the 1940s and 1950s
(Mamykina, and Khrustalev, 1980; Khrustaley,
Scherbakov, 1974, Matishov, 2020). The comparison
of maps from 1702 and 1833 with modern maps
shows that the longitudinal axis of the underwater
part and islands of the Dolgaya Spit geosystem is
gradually shifting to the SW.

From the side of the Taganrog Bay and the open
Sea of Azov, the Dolgaya Spit adjoins a abrasion shore
composed of loess-like loams. The cliffs are 5-10 m
high (Fig. 5) and the shore is eroding and receding at
an average rate of 1-1.5 m per year (Kosyan and
Krylenko. 2019).

% B s

Fig. 5: Abrasive shores at the root of the Dolgaya Spit: on the left — the Taganrog Bay (NE); on

the right — the open Sea of Azov (SW)

The modern accumulative body of the Dolgaya
Spit was formed mainly due to material of biogenic

origin (shell) coming from the seabed. Abrasion
products played some role in the initial stage of spit
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formation, but now the role of the biogenic source is
much greater. The sediment of the Dolgaya Spit is
dominated by shells: the sediment of the distal part
and the shoal contain over 80% of the Cerastoderma
glaucum clam shells, while that of the islands contains
90-95%. (Bespalova, 2007; Matishov, 2020).

Until the middle of the 20th century, the Dolgaya
Spit was unaffected by human activity and developed
exclusively under the influence of natural factors,
after which the spit and underwater shoal were
subjected to intensive shell mining. Y.V. Artyukhin
estimates that a total of up to 4 million m3 of material
was extracted from the accumulative body of the
Dolgaya Spit (Artyukhin et al., 2015). From this point
on, erosion processes at the tip of the Dolgaya Spit
started to occur (Artyukhin, 1987), while the near-
root part of the spit was generally stable (Fig. 6). In

01.07.1975

the 1990s, gullies formed in the spit (Bespalova,
2007) and it divided into a main part adjacent to the
original shore and a shallow island part (Fig. 6). In
subsequent years, the shallow island part of the
Dolgaya Spit was mostly a chain of long (2 km or
more) narrow islands extending along the axis of the
bank. The overall length and relative position of the
islands were constantly changing.

On 24 September 2014, a SW storm lasting more
than a day, accompanied by a surge, destroyed the
distal of the main part of the spit and all the islands.
Since then, the Dolgaya Spit geosystem has been
represented by a relatively stable near-shore part and
an extremely dynamic submarine shoal, along the
axis of which islands have started to form again since
2016 (Krylenko, Krylenko, 2017).

Fig. 6: Variability of the Dolgaya Spit: on the left — 1975, on the right — 2013. The red line
marks the shoreline contour in 2015, following the erosion of the distal part and islands by

the storm on 24.09.2014

Methodology

A characteristic feature of the Dolgaya Spit
geosystem, like that of many other accumulative
coastal bodies, is an extensive shallow underwater
part. It is usually the most dynamic and variable part
of the accumulative body, and the most difficult to
study, as there are many methods for studying the
surface relief, while the set of methods for studying
the underwater relief is much smaller.

For a long time, underwater survey methods
involved only direct measurements. Traditional
bathymetric survey of water areas requires large
material and time costs. In shallow areas, where both
high detail of the terrain and its greatest variability
are observed, bathymetric survey from the shipboard

is often difficult or impossible. When studying
underwater relief in the coastal zone, field
measurements are usually conducted only along a
small number of transverse and longitudal profiles.
This is usually insufficient for identifying microforms
of relief and studying its dynamics (Krylenko and
Krylenko, 2018).

With the development of aviation and space
industry, remote sensing methods dominated the
study of underwater relief. The appearance of remote
sensing satellites equipped with high-and medium-
resolution spectrometers to detect radiation in a large
number of spectral channels opened up new
opportunities for the study of underwater relief in the
depth range of 0-25 m. To date, a number of scientific
studies and developed algorithms for calculating
water depths using remotely sensed data are
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available (Chybicki, 2017, Hedley et al, 2005, Krylenko
et al,, 2019, Lyzenga, Malinas, Tanis, 2006). In this
work, two algorithms were used to generate depth
maps: Stumpf (2003) and Lyzenga (2006).

The waters of the Sea of Azov are characterized
by increased turbidity associated with storms,
biological processes, river runoff. According to the
classification provided by the EOMAP Satellite Derived
Bathymetry web service, the Sea of Azov belongs to
turbid waters, with potentially possible depth for
calculations of 5-10 m. There is no up-to-date
information on the parameters of the water masses
and bottom sediment for the entire study area.
According to comparative testing (Zimin et al., 2018),
both methods gave satisfactory results when
generating depth maps from remotely sensed data for
the Baltic, White and Black Seas with similar
conditions (Chybicki, 2017, Traganos et al., 2018).

Sentinel-2, processing level 2A (Sentinel Online,
2020) images were used as input data. At the first
stage, visual analysis of the available images was
made. The criteria for selection were that the
following conditions were met: no clouds over the
study area, no strong waves, no surface film, minimal
area of high turbidity zones. Unfortunately, there are
extremely few images suitable for processing. The
following images were used to map the underwater
terrain: S2B_20180921_082959_109_37TCM;
S2B_20180921_082959_117_37TDM; S2B_2019-10-
16_121728_37TCM and S2B_2019-10-
16_121728_37TDM

Pre-processing of images included correction of
sun glare and creation of a mask of the water surface.

Hedley (2005) algorithm was used for the
correction of sun glare. To eliminate sun glare, the
algorithm uses the correlation between the visible
(RED) and near infrared channel NIR.

The water surface mask was calculated using the
formula of normalized difference water index: NDWI
= (GREEN - NIR)/(GREEN + NIR). The resulting raster
values are divided into two classes: water and land.
The processed smoothed raster was converted into a
polygonal vector object class.

Digital elevation models (DEM) were constructed
for the study area with water depths up to 7 m (Fig.
7). Software implementation of depth mapping was
performed using certified software ScanEx Image
Processor. We used Blue (b02) and Green (b03)
channels to obtain bathymetric information using the
Stumpf (2003) method and Blue (b02), Green (b03)
and Red (b04) channels when using the Lyzenga
(2006) method. Calculation of natural logarithms
(Stumpf, Lyzenga), coefficients of multiple regression
(Lyzenga) and linear regression coefficients relative to
the reference depth maps was conducted in the
Scanex Image Processor. Nautical charts and data
from direct acoustic bathymetric measurements were
used as a reference map. The resulting accuracy in

determining relative elevations and planned positions
of individual underwater landforms is sufficient to
make qualitative and quantitative assessments of
transformation and planned displacement of
hydrogenous forms.
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Fig. 7: 3D elevation model of the Dolgaya Spit
geosystem (created from Sentinel-2 image,
16.10.2019)

Results and discussion

Structure of the shallow-island part of the
Dolgaya Spit geosystem

The length of the shallow-island part is about 20
km. To describe the relief of the shallow-island part
of the Dolgaya Spit geosystem, it is reasonable to
distinguish between ‘islands’ — positive submarine or
sometimes projecting over the water landforms
outlined by a 1 m isobath and sometimes projecting
above the water surface (Fig. 8, 9), ‘shoals’ — outlined
by a 3 m isobath, and ‘base’ — outlined by a 5 m
isobath.

The minimum width of the base (1.5 km) is found
along the NE coast of the Dolgaya Spit, where it
passes into the submarine flat-bottom land of the
Taganrog Bay without pronounced boundaries. This
indicates the longshore character of sediment
migration in this area and the absence of transverse
flow of sediment from the shore. D1 profile has a total
base width of about 10 km (Fig. 8, 9). The total base
width of the D4 profile is 8 km and that of D6 profile
— 6 km. Near D7 profile, the base width decreases
sharply to 3 km and its orientation and cross-section
also change sharply (by 30-40°).
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In general, the relief of the base is even but has a
few distinctive elements. In sections D1-D7 extensive
plumes of sediment directed into the Taganrog Bay
can be traced 2-2.5 km NE of the axis of the shallow-
island area. The orientation of the plumes indicates
that the material is carried into the Taganrog Bay
during the most severe storms. There is no evidence
of a similarly large-scale migration of material in the
opposite direction. The plumes are separated by
narrows adjacent to the straits between the islands.

The width of the shoal zone is 250-500 m (Fig. 8).
The greatest variety of landforms and their dynamics
are to be found here. Four longitudinal sections can be
distinguished according to a number of features (Fig. 8).

Taganrog

Gulf

L1

elevation, m

Fig. 8: Digital elevation model of the
underwater part of the Dolgaya Spit (based
on Sentinel-2 image of 16.10.2019)

The first section (profiles D1-D2) comprises the
variable over-water distal of the main part of the
Dolgaya Spit and a stable shoal (Fig. 8), which are
adjacent to the root part of the Dolgaya Spit. This
section is under a constant influence of longshore flow
of sediment from the adjacent shore. The direction and
extent of the distal part is determined by the volume
of sediment discharged along the eroding NE shore
and varies with hydrological conditions (Fig. 10). The
distal has been eroding in recent decades. At present,
the SW side of the distal is reinforced by a drop-fill rock
(Fig. 11) and its variability has decreased. At the time
of the survey —on 16.10.2019, the length of the distal
and adjoining part of the shoal (up to profile D1) was
about 650 m. The width of the uppermost part of the
shoal was 300-350 m (2 m isobath), and 600 m (3 m
isobath). The maximum elevation of the site (including
the surface part) above the adjacent seabed was 4 m

(Fig. 9).
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Fig. 9: Examples of transverse profiles of the
shallow-island part of the Dolgaya Spit on
16.10.2019 (position of the profiles is
shown in Fig. 8)
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Fig. 10: Transformation of the distal part of
the Dolgaya Spit

Fig. 11: Tip of the Dolgaya Spit on 22.08.2018
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The next section between profiles D2-D3 (Fig. 8)
on the accumulative body axis is 1700 m long and it
is a zone of active water exchange occurring between
the open Sea of Azov and the Taganrog Bay. In this
area, the crest of the shallow-island part drops deeper
than 3 m and is hardly expressed in the relief (Fig. 9).
No islands have been formed here since 2014; in the
preceding period, gullies in the accumulative body
most often occurred here. The formation of gullies in
this part probably prevents the rest of the Dolgaya
Spit from destruction. The site formed crescentic
positive landforms (Fig. 12) located at a 45° angle to
the longitudinal axis of the accumulative body. They
have an asymmetric cross-section profile (profile D2)
reflecting predominance of sediment movement
towards the bay. The elevation of these forms above
the surrounding seabed is 2-2.5 m and they are
separated by flat sections of the seabed (profile D3).
The structure of this seabed relief in this area casts
doubt on current existence of longshore flow of
sediment from the tip of the main part of the Dolgaya
Spit towards the shallow islands. Such flow may form
when there is an excess of sediment. At this time
there will be direct migration of sediment along the
growing distal part of the spit all the way to the tip of
the submarine shoal. However, when there is a
shortage of sediment (as at present) the longshore
inflow of material is insufficient to close gaps (gullies)
and the dynamics of the site bottom relief is
predominantly determined by lateral movements of
the material.

The third (central) section is the longest at 13.75
km (Fig. 8). It is characterised by a chain of islands
and well-defined submarine elevations, with
periodically formed above-water parts, arranged
clearly along the longitudinal axis. The elevation of
the islands (including the above-water part) is 4-6 m
above the surrounding seabed. The cross profile of
the shoals is symmetrical and their width along the 3
m isobath is within 300-400 m (Fig. 9). The shoals are
separated by more or less pronounced straits 100 to
500 m wide that cross or angle the axis of the
shallow-island part. The bottom relief of most straits
reflects the influence of powerful reverse flows of
water masses. A narrow can be seen in the central
part of the straits. At the exit from the straits, arc-
shaped hills that mark areas of unloading of material
discharged by the flow from the accumulative body
can be clearly seen. These shapes are similar to bars
situated near the mouth of a river. Characteristically,
these bars are located on opposite sides of the straits,
confirming the bimodal nature of the currents in
them.

During periods of low hydrodynamic activity, when
sediment is consolidated along the axis of the

shallow-island area, the length of the island chain can
vary from a few hundred metres to 2-3 km. The width
of the emerging islands does not exceed 100 m, the
height is up to 2 m at sea level. At the tip of the
islands small hooks (locally called ‘dzendziki’) are
formed, oriented in the direction of the prevailing
current. The islands are the most ‘ephemeral’ element
of the relief of the shallow-island part of the Dolgaya
Spit. They can be formed and destroyed during a
single storm, their configuration changes as currents
change in the straits. Nevertheless, there is no doubt
that even after complete destruction and under
conditions of deficient longshore flow of sediment,
islands re-form within a few years (Fig. 12). It is
conceivable that the primary mechanism for
consolidation of material within this section of the
submarine-island part of the Dolgaya Spit is
transverse movement of sediment close to the line
separating the Taganrog Bay from the open Sea of
Azov. This is indicated by the presence of pronounced
straits between the islands at the time of their
formation. It is only when sufficiently long islands
have formed that local longshore flow of sediment is
formed along them, lengthening the islands and
gradually closing off parts of the straits.
Characteristically, each of the islands lengthens
simultaneously in both directions, bridging the straits.
This contradicts the existence of a single longitudinal
flow from the tip of the Dolgaya Spit to the NW. As
the edges of the islands bend in the direction of the
prevailing wave or current at a particular period, the
junction point of the countercurrent flows is diverted
from the axis along which the primary islands
originated, and the entire island chain takes on a
sinuous appearance (Fig. 12). In some cases, the
development of surface accumulative bodies is
observed, straightening the previously formed bend.
As the islands lengthen, longshore currents intensify
and they may also change the configuration of the
shoals that serve as the islands™ foundation. During
storm surges there are breaks in the above-water part
of the islands. Reconstruction of the junctions takes
place under different hydrological conditions and the
attachment of neighbouring islands may take place
elsewhere.

To the south of profile D7 there are transversal
ledges on both sides of the shoal, 150-200 m apart,
with an average elevation of 0.5-1.0 m above the
seabed. The ledges were presumably formed by the
interaction of transverse (surge and seiche) and
longitudinal currents that form along its sides. The
presence of similar water motions caused by
turbulence as large masses of water pass through can
be seen in the structure of turbidity patches on
satellite images (Fig. 13).
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Fig. 13: (Sentinel-2 image fragment, 21.09.2017)

Near the northern tip of the shallow-island part of
the Dolgaya Spit (Section 4) (Fig. 8, 14) there are
underwater landforms indicating the presence of
oscillatory movements of large water masses. These
forms have been traced on satellite images since at
least 2015. Over 6 km long and up to 3 km wide, there
is a system of ridges perpendicular to the currents in
the strait. There are up to 10 sub-parallel ridges traced
(Fig. 9, 14), with a crest elevation of 1-1.5 m above
the narrows separating them, the distance between
adjacent ridges is 100-150 m (profiles D9-D10). The
transverse profile of the ridges is close to symmetrical.
To the east, smaller ridges or plumes are formed on
top of these ridges and perpendicular to them. The

;16‘10.2019
. .

Taganrog
Gulf

distance between these ridges is about 50-60 m and
the elevation above the bottom is about 0.3 m.

Relief formation mechanisms in the shallow-
island part of the Dolgaya Spit

Analysis of the structure of the shallow-island part
of the Dolgaya Spit, based on the digital elevation
models obtained, revealed a number of characteristic
features. Along the axis of the accumulative body
there are shoals with a complex configuration and an
abundance of drop-shaped or arc-shaped elements.
Such hydrogenous bodies are formed by a
combination of differently directed sea currents. The
presence of depressions crossing or angling the
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longitudinal axis of the underwater-island part of the
Dolgaya Spit indicates a much lesser influence of
alongshore sediment transport from the main part, as
compared to the transverse one.

elevation, m

N
w e?’v gt

Taganrog

Gulf

of
AZOV

meters
e — —
0 500 1000 1500 2000 2500

Fig. 14: Hydrogenous underwater landforms
at the northern end of the shallow-island
area (DEM based on Sentinel-2 image of
16.10.2019)

Along the adjacent shores, the alongshore currents
can reach values of 0.4-0.6 m/s with the direction
usually towards the tip of the spit. There are no beach-
forming fractions in the original rock of adjacent shores
(Kosyan, Krylenko, 2019). At the same time, potential
capacity of sediment flow is very high. Accordingly, the
role of longshore currents along the Dolgaya Spit is
limited to the erosion of the root part and transport of
sediment to the tip of the distal part of the spit. In
addition, these currents, while continuing to move along
the shallow islands of the Dolgaya Spit, consolidate the
sediment previously carried onto the adjacent
underwater slope by cross currents and storms.

The shoals and islands are formed mainly by shells,
which has considerably greater mobility than mineral
sands. The arrival of shell material from the underwater
slope and its consolidation near the axis of the shallow-
island part is determined solely by the nature of the
waves. In addition, it is the waves that form the islands
on the axis of the underwater-island area. Over the area

of the Sea of Azov, the NE winds prevail in winter and
SW —in summer. The shallow-island part of the Dolgaya
Spit is exposed to waves from opposite directions — SW
and NE. The strength of SW disturbances exceeds that
of the NE swell, but the frequency of the latter, especially
in winter, is higher. On the basis of available wave data
(Shlyamin, 1977), at the entrance to the Taganrog Bay
during the strongest SW storms shells mobilisation may
occur from the entire area of the seabed adjacent to the
shoal (depth - 6-11 m). On the side of the Taganrog Bay
the supply of the shell material from the seabed is
weakened: short waves cannot lift the shells from
depths of 5-6 m. Thus, wave disturbance contributes to
the flow of the shells from the open Sea of Azov to the
Dolgaya Spit and its underwater shoal and its
consolidation near the axis of the accumulative body.

The complex combination of factors at work
determines the particular configuration and transverse
structure of the islands that form along the axis of the
accumulative body. The surface relief of the islands is
represented by a series of shell beach bars extending
along both shores (Fig. 15). The size (height and width)
of the beach bars corresponds to the intensity of the
wave from a given direction. There are often lagoons
forming between the beach bars. As a rule, islands are
formed independently of the state of the main part of
the spit and are connected to it only in the presence of
a significant excess of sediment brought in by longshore
flow. Restoration of the lithodynamic connection alters
somewhat the overall development of the area — the role
of the longshore flow increases. At such times, the
length of the main (shore-connected) part of the
accumulative body increases due to its extension to the
NW. Nevertheless, the influence of transverse sediment
movement persists and the height and width of the
beach bars on either side of the Dolgaya Spit continue
to increase. In phases of sediment deficit the
accumulative body divides into two almost independent
parts once again — the main, predominantly over-water
part and the shallow-island part, predominantly
underwater. The observed disintegration of the single
accumulative body is often perceived as its degradation,
but this is only a phase of its development.

As the shallow-island part of the Dolgaya Spit acts as
a barrier at the entrance to the Taganrog Bay, high sea
level gradients occur over it as a result of up and down
surges. Strong W-SW winds in Taganrog Bay produce a
surge of up to 2-3 m. In contrast, during sustained NE
wind there is a downsurge of up to 1-1.5 m. During the
initial and final stages of the up and down surge cycle,
currents of up to 1-1.5 m/s form in the straits. As a rule,
these currents cover the entire water column, from the
surface to the bottom. In general, such transverse water
movement contributes to the formation of gullies in the
shallow-island area and sediment transport to the
adjacent underwater slope (Fig. 16).
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Fig. 15: Island relief (photo surf-shelter.ru)

Fig. 16: Movement of water masses at the Dolgaya Spit. On the left — SW storm, eroding the SW
coast of the Yeysk Peninsula and carrying sediment from the open Sea of Azov into the Ta-

ganrog Bay; on the right — NE storm, eroding the NE coast and carrying sediment into the
open Sea of Azov

During the maximum development phase of the
surge in the mouth of the Taganrog Bay, there are
strong compensatory currents in the near-bottom
layer directed from the Taganrog Bay to the open sea.
During a field experiment in August 2000 at the exit
of the Taganrog Bay at the end of the Dolgaya Spit
there were intense near-surface and near-bottom
currents with speeds of 60-90 cm/s and 40-60 cm/s
respectively, directed in the opposite direction
(Luk'yanov et al., 2001, Zakharevich, Sukhinoy,
2001). A compensatory current originating in the
near-bottom layer and covering a large area of the
bottom of the Taganrog Bay contributes to the
movement of the shells towards the underwater shoal
of the Dolgaya Spit. After passing over the
underwater shoal in the open sea, the near-bottom
compensatory current quickly fades and sediment
accumulates close to the shoal, in the zone of
lithodynamic influence of waves of SW direction.
Thus, the compensatory current is the driving force

behind the process of shell transport from the bottom
of the Taganrog Bay into the lithodynamic system of
the Dolgaya Spit.

In addition to the processes listed above, the
presence of a discharge current from the mouth of
the Don towards the open Sea of Azov and alternating
currents initiated by seiche should be considered. The
process of island reshaping is also influenced by
drifting ice.

Thus, the combined effect of wave action
contributes to the influx of sediment into the
lithodynamic system of the Dolgaya Spit from the
open Sea of Azov. In addition, wave action promotes
consolidation of sediment along the axis of the
shallow-island area and formation of islands. The
compensatory current, reinforced by the discharge
current, contributes to the influx of sediment from the
NE, from the side of the Taganrog Bay. The longshore
currents, directed from the adjacent shores of the
Yeysk Peninsula to NW, towards the tip of the Dolgaya
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Spit and its underwater shoal, contribute to a gradual
spread of sediment along the axis of the accumulative
body and increase its length. The logical lithodynamic
result of the combined action of the above
phenomena was the quasi-stationary spatial position
of the axis of the shallow-island part of the Dolgaya
Spit. At the same time, the variety of acting factors
contributes to a high variability and diversity of the
hydrogenous forms that form along the axis of the
accumulative body.

Sea level, the hydrological and wind-wave regimes
and the sediment load are the main factors that
determine the dynamic equilibrium of the shallow-
island part of the Dolgaya Spit and its relief. The
position of the accumulative body at the entrance to
the Taganrog Bay is determined by the combined
action of waves and currents of different genesis.
Accordingly, a short-term change in any of these
factors leads to a rapid transformation of the
underwater relief. Variable water movements caused
by surge and seiche phenomena contribute to the
consolidation of sediment near the axis of the
accumulative body, but at the same time can cause
erosion in some areas. Waves contribute to the
formation of islands and initiate longitudinal
movement of sediment. If the current wind-wave
climate and hydrological structure of the sea are
preserved, the position of the underwater-island part
will not change.

When sea level is relatively stable (£1 m), the
position of the accumulative body also remains
unchanged. However, in the case of a short-term
strong sea level rise (of more than 2 m, as during the
surge in September 2014), the islands are destroyed.
It is likely that if sea level rises significantly, possibly
as a result of global climate change, the above-water
part of the shallow-island part of the Dolgaya Spit will
be completely destroyed, although the underwater
part will retain its position in space. A drop in sea level
can also have a significant effect, but only at values
that cause a change in the configuration of the sea
and its current regime. In this case, the change will
manifest itself in a change in the orientation of the
entire accumulative body, including the above-water
and underwater parts.

Fluctuations in the total volume of sediment in the
lithodynamic system of the Dolgaya Spit can cause
changes in its relief. An increase in the amount of
sediment will contribute to the growth of the surface
parts and increase in the total length of the shallow-
island part. Reduction in the amount of sediment will
consequently cause the opposite process. At the
same time, fluctuations in sediment volume have no
effect on the position of the axis of the accumulative
body in space.

Conclusion

The research carried out confirmed the
assumption that there is a natural mechanism that
determines both an extreme dynamism of the relief
of the accumulative body in short periods of time and
a high stability of the geosystem as a whole. A striking
example of an accumulative body that exists due to
such a mechanism is the Dolgaya Spit geosystem. On
the one hand, it has the distinctive features of a free
accumulative body influenced by longshore sediment
flow. The configuration of its upper part is
characteristic of many cuspate spits formed by two
sediment streams converging at an acute angle. On
the other hand, the shallow-island part develops
under the influence of alternating transverse
movements of water masses and waves from
opposite sectors of the horizon. This influence favours
the formation of a bar-like accumulative body,
consisting of shoals and islands, located at the
junction of two large water areas. The coexistence of
signs of the bar and cuspate spit provides grounds for
classifying the Dolgaya Spit not as a cuspate
accumulative body (in particular as an Azov-type spit)
but as a separate type of major accumulative
geosystems, developing under the active joint action
of transverse and longshore sediment flows.

In general, several features can be singled out for
such accumulative geosystems:

1. They are located at the junction of two large
water areas with opposing forces determining
direction of sediment movement — waves, currents
(drift, tidal, runoff, compensatory ones). The total
power of all forces acting from each direction must be
equal.

2. The initial (main) accumulation of sediment in
the system is due to longshore sediment flow from
the land side (sometimes there are two sediment
flows).

3. During periods of sediment surplus, a single spit
with an extensive above-water part is formed along
the axis of the accumulative body. At this juncture the
longshore sediment flow dominates along its coasts.

4. During periods of sediment deficit, the
accumulative body is divided into a coastal body, with
an above-water spit and longshore sediment flow,
and a shallow-island body where transverse sediment
flow predominates. During such periods, the
lithodynamic connection between the above parts
may weaken or even cease.

5. Within the shallow-island part in the zone of
equilibrium of the forces acting on both sides, islands
may form, representing two bars with lagoons
enclosed between them.

6. The entire accumulative body system may
gradually shift as the overall configuration of the
adjacent shore changes or the balance of acting
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forces changes, but the overall lithodynamic pattern
of geosystem development remains unchanged.

Funding

Research (part of relief analysis) was funded by
Russian Science Foundation grant number 20-17-
00060. Research on the dynamics of individual coastal
sections was funded by State program N2 FMWE-
2021-0013.

Acknowledgements

Information on the dynamics of individual coastal
sections was obtained within the framework of the
State program N2 0128-2021-0013.

Author contribution

Conceptualization, Viacheslav Krylenko and
Marina Krylenko; methodology, Viacheslav Krylenko;
formal analysis, Viacheslav Krylenko; investigation,
Viacheslav Krylenko and Marina Krylenko; writing—
original draft preparation, Viacheslav Krylenko and
Marina Krylenko; writing—review and editing, Marina
Krylenko. All authors have read and agreed to the
published version of the manuscript.

Conflicts of Interest
The authors declare no conflict of interest.

References

Artyukhin, Yu.V.,, Artyukhina, O.I., & Rodionova, N.B.
(2015). Yeisk coast: history and problems of
development, natural foundations of
reconstruction. Yeisk, 205 p.

Artyukhin, Yu.V. (1987). Genesis and dynamics of
the "Azov type’ spits. Geormorphology, 3, 27-30.

Bespalova, L.A. (2007). Ecological diagnostics and
assessment of the stability of the landscape
structure of the Sea of Azov. Saint Petersburg
State University, 32 p.

Budischey, 1.M. (1808). Sailing Directions and the
sea guide to the Sea of Azov. Saint Petersburg,
79 p. www.bookvoed.ru/files/3515/18/73/47.pdf

Chybicki, J. (2017). Mapping south Baltic near-shore
bathymetry using Sentinel-2 observations. Polish
Maritime Research, 24, 15-25.
https://doi.org/10.1515/pomr-2017-0086

Fisher, R.F. (1955). Cuspate spits of St. Lawrence
Island, Alaska. Jour. Gool., 63(2), 133-142.

Hedley, 1.D., Harborne, A.R., & Mumby, P.J. (2005).
Simple and robust removal of sun glint for
mapping shallow-water benthos. Intern. J.
Remote Sensing, 26(10), 2107-2112.
https://doi.org/10.1080/01431160500034086

Khrustalev, Yu.P., & Scherbakov, FA. (1974). Late
Quaternary deposits of the Sea of Azov and the

conditions of their accumulation. Rostov-on-Don:
Publishing House Rostov University, 154 p.

Kosyan, R.D., & Krylenko, M.V. (2019). Modern state
and dynamics of the Sea of Azov coasts.
Estuarine, Coastal and Shelf Science, 224, 314-
323. https://doi.org/10.1016/j.ecss.2019.05.008

Krylenko, V., Aleinikov, A., Krylenko, M., Beliaeva, N.,
& Moiseeva, N. (2019). Possibility of the
underwater topography studying of large
accumulative forms according to Sentinel-2 data.
Proc. of SPIE, 11174, 111741P.
https://doi.org/10.1117/12.2532292

Krylenko, V., & Krylenko, M. (2017). Long-term
Dynamics of the Dolgaya Spit Coast. Proc of the
XIII International MEDCOAST Congress on
Coastal and Marine Sciences, Engineering,
Management and Conservation. Mugla:
MEDCOAST Foundation, 2, 839-848.

Krylenko, V., Krylenko, M., & Aleynikov, A. (2019).
Revision of the coastline length of the Azov Sea
according to remote sensing data. Proc. of SPIE,
11174, 111741B.
https://doi.org/10.1117/12.2532690

Krylenko, V., & Krylenko, M. (2018). High-precision
relief survey of the Bakal spit. Environmental
safety of the coastal and offshore zones of the
sea, 4, 65-72. https://doi.org/10.22449/2413-
5577-2018-4-65-72

Luk'yanov, Yu.S., Tsytsarin, A.G., Sukhinov, A.G.
(2001). Investigation of hydrophysical and
hydrochemical fields for the purpose of
monitoring marine water bodies. Physical
problems of ecology, 8, 15-22.

Lyzenga, D.R., Malinas, N.P., & Tanis, F.J. (2006).
Multispectral bathymetry using a simple
physically based algorithm. IEEE Transactions on
Geoscience and Remote Sensing, 44(8), .2251-
2259.
https://doi.org/10.1109/TGRS.2006.872909

Mamykina, V.A., & Khrustalev, Yu.P. (1980). The Sea
of Azov Coastal zone. Rostov-on-Don: RSU
Publishing House, 176 p.

Matishov, G., Polshin, V., Kulygin, V., Titov, V.,
Kovalenko, E., & Sushko, K. (2020). New data on
the structure of the Dolgaya spit of the Sea of
Azov (drilling, study of outcrops, malacofauna).
Science in the South of Russia, 16, 3, 26-39.
https://doi.org/10.7868/S25000640200304

Matishov, G., & Polshin, V. (2019). New result on the
history of the Azov Sea in the Holocene. Reports
of the Academy of Sciences. 15, 1, 42-53.
https://doi.org/10.7868/525000640190105

Matishov, G.G., Gargopa, Yu.M., Berdnikov, S.V., &
Dzhenyuk, S.L. (2006). Patterns of ecosystem
processes in the Sea of Azov, M.: Nauka, 304 p.

Papacoma http://papacoma.narod.ru/maps-
index.htm [Accessed: 15.11.2020]

121



Features of the morphology and dynamics of the shallow-island part of the Dolgaya Spit (the Sea of Azov)

Price, A.W., & Wilson, B.W. (1956). Cuspate Spits of
St. Lawrence Island, Alaska: A Discussion. 7The
Journal of Geology, 64, 1, 94-98.
https://doi.org/10.1086/626321

Rosen, P.S. (1982). Cuspate spits. In: Beaches and
Coastal Geology. Encyclopedia of Earth Sciences
Series. Springer, New York.
https://doi.org/10.1007/0-387-30843-1_143

Rosen, P.S. (1975). Origin and processes of cuspate
spit shorelines, in L. E. Cronin, ed., Estuarine
Research. New York: Academic Press, 2, 77-92.
https://doi.org/10.1016/B978-0-12-197502-
9.50010-1

Sentinel Online technical website. Available at:
https://sentinel.esa.int/web/sentinel/technical-
guides/sentinel-2-msi/level-1c/product-formatting
[Accessed: 10.01.2020]

Shlyamin, B.A. (1977). Waves on the Sea of Azov.
Trudy GOIN, 16, 45-47

Stumpf, R., Holderied, K., & Sinclair, M. (2003).
Determination of water depth with high-
resolution satellite imagery over variable bottom
types. Limnol. Oceanogr., 48(1), 547-556.
https://doi.org/10.4319/10.2003.48.1_part_2.054
7

Sukhomlin, A.M., 1854 (2017). Sailing directions of
the Sea of Azov and the Kerch-Yenikalsky Strait.
Nikolaev, 4, 96 p.

Traganos, D., Poursanidis, D., Aggarwal, B.,
Chrysoulakis, N., & Reinartz, P. (2018).
Estimating satellite-derived bathymetry (SDB)
with the Google Earth Engine and Sentinel-2.
Remote Sens., 10(6), 859-877.
https://doi.org/10.3390/rs10060859

Zakharevich, V.G., & Sukhinov, A.I. (2001).
Mathematical modeling is a universal
methodology for analyzing and forecasting the
ecosystem of the Sea of Azov. Proceedings of the
Southern Federal University, 20 (2), 3-13

Zenkovich, V.P. (1967). Processes of Coastal
Development. Oliver and Boyd, Edinburgh, 738 p.

Zenkovich, V. P. (1959). On the genesis of cuspate
spits along lagoon shores. Jour. Geology 67, 269—
277

Zenkovich, V.P. (1958). Shores of the Black and Azov
Seas. M.: Geografizdat, 359 p.

Zimin, M., Moiseeva, N., Belyaeva, N., Aleynikov, A.,
Savostin, A., & Perminova E. (2018). Bathymetric
mapping in the coastal zone based on Earth
remote sensing materials. RRW by SCANEX R&D
Centre, 91 p.

122



FERUM

GEOGRAFIC

Forum geografic. Studii si cercetari de geografie si protectia mediului
Volume XXI, Issue 2 (December 2022), pp. 123-132
http://dx.doi.org/10.5775/fg.2022.213.d

Estimating organic carbon in soils modified by
technical processes in Kula Municipality (Bulgaria)

Alexander SARAFFOV"’, Petko BOZHKOV', Borislav GRIGOROV"
1 Faculty of Geology and Geography, Sofia University “St. Kliment Ohridski”, Tsar Osvoboditel Blvd., 15, Sofia 1504,

Bulgaria
* Corresponding author: saraffov@gea.uni-sofia.bg

Received on 26-04-2022, reviewed on 06-07-2022, accepted on 09-10-2022

Abstract

The current study focuses on the investigation of soil organic
carbon in Technosols in Kula Municipality. It has several aims.
There is a need of a provision of more data, regarding carbon
sequestration rates in topsoils in plains that are formed in
subhumid climatic conditions. Another aim is to check the
comparability of the in-profile cultural layer with other ones that
are built in different climatic conditions. Objects of the research
are contemporary since buried soil horizons play a major part on
the provision of essential ecosystem services. The characteristics
of soil organic matter are determined by a chemical analysis of six
soil samples in the laboratories of the Institute of Soil Science,
Agrotechnologies and Plant Protection (ISSAPP) “N. Pushkarov”.
The total carbon content is determined by the test of Turin and
soil color is determined by Munsell Soil Color Charts (1975). Soil
organic carbon values in topsoil vary from 670,000 tons/ha to
1,240,000 tons/ha. Organic carbon in the studied sites represents
less than 1% of the soil sample. The study may be regarded as
the first step in the assessment of Bulgarian Technosols and their
role in the global carbon cycle.

Keywords: technosols, horizons, artifacts, carbon pool,
vertisolage process

Introduction

The International Union for Soil Sciences (IUSS)
included a new category in the World Reference Base
for Soil Resources (WRB) in 2015, which represents
one the most discussed subjects in present day
science - soil organic carbon. It was distinguished
from anthropogenic organic carbon, which is a
product of artifacts, included in the soil profile. Soil
organic carbon or humus composition in a soil horizon
is among the diagnostic criteria in the World
Reference Base for Soil Resources (WRB). It plays a
major part in the carbon planetary carbon cycle. As a
matter of fact, soils are regarded as the largest
reservoir for carbon in the world. Soil organic carbon
levels are constantly influenced by a variety of
naturally occurring processes. At the same time the

© 2022 The Author(s). Published by Forum geografic.
Open Access article.

Rezumat. Estimarea continutului de carbon
organic din solurile modificate prin procese
tehnologice in cadrul municipalitatii Kula
(Bulgaria)

Studiul de fatd analizeaza continutul de carbon organic din cadrul
tehnosolurilor din municipalitatea Kula, avand mai multe scopuri.
Este nevoie de furnizarea mai multor date cu privirea la ratele de
izolare a carbonului in straturile superioare de sol din zonele de
campie care s-au format in conditii climatice subumede. Un alt
scop il reprezintd verificarea comparabilitatii stratului cultural in
profil cu altele care s-au constituit in conditii climatice diferite.
Obiectivele lucrarii sunt de actualitate intrucat orizonturile
ingropate de sol au un rol major pentru asigurarea serviciilor
esentiale ecosistemelor. Caracteristicile materiei organice din sol
au fost determinate cu ajutorul analizei chimice a sase mostre de
sol in laboratoarele Institutului de Stiinte ale Solului,
Agrotehnologii si Protectia Plantelor V. Pushkarov. Continutul total
de carbon este determinat cu ajutorul testului Turin, iar culoarea
solului cu ajutorul diagramelor Munsell (1975). Valorile pentru
continutul de carbon organic din stratele superioare ale solului
variaza de la 670 000 t/ha la 1 240 000 t/ha. In cazul siturilor
studiate, carbonul organic reprezinta mai putin de 1% din mostre.
Studiul poate fi considerat ca un prim pas in evaluarea
tehnosolurilor din Bulgaria si a rolului acestora in ciclul global al
carbonului.

Cuvinte-cheie: tehnosoluri, orizonturi, artifacte, acumulare
de carbon, proces de vertisolaj

anthropogenic pressure also takes its toll and leads to
changes that have never been seen before.

Technogenic activities (coming from the Greek
word of “technikos”) lead to the creation of art,
craftsmanship and artifacts that are characterized by
well-preserved  or changed chemical and
mineralogical  properties. According to the
International Union for Soil Sciences (IUSS) artifacts
are created, modified or extracted by man, but with
a preserved substance composition in general from
the moment of their making. Archaeological soils
contain more than 20% artifacts in their horizons.
They belong to the group of the Technosols (TC),
along with the second group of Anthrosols (AT) that
is actually representing intensively managed soils.

In general, carbon sequestration in soils is
occurring with a constant speed. The access of
oxygen into soil is facilitated by different agricultural

Creative Commons Attribution-NonCommercial-NoDerivatives License (https://creativecommons.org/licenses/by-nc-nd/4.0/).
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activities. This involves movement into the upper
horizons of organic and mineral substances, resulting
in oxidation and transfer of carbon dioxide to the
atmosphere. At the same time soil organic carbon
contents decrease. Sowing leads to a balance of
carbon storages. According to the diagnostic
instructions of the World Reference Base for Soil
Resources (WRB), continuous agricultural activities
and the presence of artifacts are diagnostic criteria
that are recreating the chronology of human presence
in certain territories. The differences in the fractions
of soil organic substance are a proof for technogenic
transformation of the soil and are an indicator for the
presence of ancient and contemporary landscapes
and villages in Bulgaria.

The present investigation has several aims. The
authors focus on the provision of an insight for carbon
sequestration rates in topsoils in plains that are
formed in subhumid climatic conditions. Another aim
is to check the comparability of the in-profile cultural
layer with those that are formed in other climatic
conditions. Objects of the study are contemporary
and buried soil horizons that are providing a series of
ecosystem services. The link between the
geographical and the cultural and historical
landscapes is essential. This intersection has led to a
sedentary lifestyle, ritual activities and extraction of
materials. We intend to investigate the function “e”
of the Soil Functions of the Bulgarian Soil Legislation
(2018), namely the preservation of biodiversity,
carbon contents and genealogical and archaeological
heritage.

There are several studies that should be focused
on when it comes to soil research and the
investigations of Ghimire et al. (2009), Perez and
Garcia (2017), Tcherkezova et al. (2019) and Antonov
et al. (2019) are among them. They may act as
stepping stones, serving for further investigation.
Tipping et al. (2017) focused their research on how
atmospheric nitrogen deposition affects soil carbon.
The authors of the investigation provided a series of
examinations in specially chosen semi-natural
landscapes in Britain, focusing on the study of
anthropogenic change. They conducted mathematical
calculations for the epoch of the Holocene with a
focus on British semi-natural soils. Wu et al. (2018)
participated in another interesting soil study. The
authors worked on different management strategies
on Chinese territory, aiming at the reduction of
greenhouse gases in the battle against global
warming. Their investigation is based on Anthrosols
and they were researched for a prolonged period of
time. Regardless of the fact that these soils are a part
of paddy fields in Southern China they are providing
sufficient data from a similar research, as the current
one. Another study, aiming at unveiling
anthropogenic use levels is conducted by Bhardwaj et
al. (2019). Their investigation focuses on alluvial soils

in the soil research institute in Karnal, India (the Indo-
Gangetic Plain). Their results point out that human
interference changes the carbon pool of the soil.

Material and Methods

The sampled areas in the investigated territory
represent two archeological sites with mean
coordinates 43°52'15.53” N, 22°29'43.29” E and
43°50'45.8” N, 22°33’49.8” W respectively (Fig. 1).
Both areas are completely within the extent of the
West part of the Danubian Plain, distanced from each
other at about 6.5 km. The mound necropolis near
the municipal center (Kula town) is elevated at 218 m
above sea level. It is discovered and studied by the
team of assistant professor Tanya Hristova (2020),
which dates the artifacts from the end of the Late
Bronze Age and the transition to the Early Iron Age.
The early medieval settlement from the VII-IX
century AD, discovered by the team of assistant
professor Galina Grozdanova (2020) is located West -
Southwest of the village of Kosta Perchevo at 219 m.

The area of Kula Municipality includes three
adjacent river basins, which determine the general
configuration of its boundaries. The shape of the
municipal area is closer to an ideal geometric figure
(a rectangle), tilted to the Northeast towards the
Danube river. The highest point within the area of
interest, with an elevation of 490 m, is part of Vrashka
Chuka Ridge. Two distinctive levels can be defined
based on elevation values - lowland or floodplain
(with elevation up to 200 m) and hilly areas (with
elevation exceeding 200 m). The West part of the
study area includes hills and ridges (such as Bachia
Ridge) which are peripheral units of Fore-Balkan’s
vicinity. River terraces and the floodplain cover the
majority of the Northeast and central parts of the
study area. The drainage network is represented by
streams with variable discharge, characterized by low
flow in spring and autumn, pluvio-nival and karst
regimes. Watersheds between Kosta Perchevo village
and the town of Kula are overlaid with Pleistocene
aeolian, alluvial and deluvial deposits (loess clays).
River incisions reveal outcrops of Neogene sands,
sandstones, and detrital limestone of the Dimovo
Formation (Filipov et al., 1992).

The high amount of clay fraction and the
slickensides (vertisolage process) are typical features
of soils, covering the lowlands and floodplains in Kula
Municipality. The genesis of clays is a result of
contemporary and/or previous
hydromorphism/hydromorphic stages. The soils in the
area of interest were used for agricultural purposes;
hence the carbon balance was disturbed. Soil organic
matter was subjected to the oxidation and removal of
atmospheric CO2 by plants. According to Zhiyanski
(2014) “carbon sequestration in soils" includes both
emissions of carbon into the atmosphere and its
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storage in the form of soil organic matter. Therefore,
the presented study is inspired by the finding of
Zomer et al. (2017 a, b). Their research was focused
on the potential of agricultural territories on global
scale to sequestrate carbon. The authors aimed at the
topsoil layer from 0 cm to 30 cm and provided a map

of 250 m resolution. Soil organic carbon storages in
tons per hectare are provided per pixel value. In order
to receive correct data each value should be
multiplied by 100. The research team created another
map with data about the future carbon sequestration
for the next 20 years.
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Fig. 1: Study area and sampled soil profiles

The amount and composition of soil organic
matter is determined by a chemical analysis of six soil
samples. All samples are tested in the laboratories of
the Institute of Soil Science, Agrotechnologies and
Plant Protection (ISSAPP) “N. Pushkarov", Sofia. The
total carbon content is determined by the test of Turin
after Kononova (1963) according to the current
standards in the country. Thus the humus content is
calculated by multiplying the percentage of total
carbon by 1.724. Soil profiles in each archeological
site are presented by a morphological description and
are characterized by grain size analysis. Soil color is
determined by Munsell Soil Color Charts (1975).

Results and discussion

Morphological observations

The grain size analyses (Fig. 3) of the
morphologically defined three horizons (Fig. 2) shows
a similarity between the upper two horizons. The
differences are in the large fractions (pebble and
sand) that are prevailing in the middle and the lower
horizons and another difference is in the amount of

silt. The large fractions are most commonly met in the
middle horizon (40-80 cm). The presence of clay sized
particles in the three horizons is a proof for similar
genesis. Thus, the deposits are of an eolic origin,
probably mixed with their slow movement down the
river, following a creep process.

Gentle slopes and low altitude, the close proximity
to a spring that is creating an embrional erosional
form and the closeness to constant water flow are
among the main reasons for the presence of
sedentary lifestyle. The second horizon (Fig. 2)
showed a presence of pottery and a furnace that were
significantly destroyed. The leading researchers of
the excavations (Grozdanova & Koleva, 2020)
declared that there is a lack of a typical cultural layer,
despite the presence of the ceramics of 4 pots.
However, the presence of fragments of iron slag and
a tube for oxygen regulation that are moved in zones
with anomalies (in the third horizon), as well as the
bottoms of the pots that have changed because of the
high temperature, are a proves for anthropogenic
activities.
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Fig. 2: Morphological description of the soil-
architectural profile/drilling in Object
5/1004 near Kosta Perchevo Village

e 0-40 (60) cm; black clayey, less gravels; 10YR
3/1 very dark gray; weak reaction with HCI;

e 40 (60) — 80 cm; clayey; lighter in color than the
upper layer, less sand and gravel;, 10YR 4/3
brown; weak reaction with HCI;

e 80-100 cm; whitish to orange with inclusions and
smooth gravels; 10YR 6/6 brownish yellow; re-
acts with HCI.

depth 0-40cm

&0
% a0
20
0 0,26
' ‘> 1 e
coubles & boulders pebble sand silt clay
(> &4 mmj) (B4 -2 mm) (2,0-0,062 mm) (0,062 -0,04 mm) {0,04-0,01 mm}
depth 40 - 60 cm
&0
% a0
20
0 o .
coubles & boulders pebble sand silt day
(> &4 mmj (64 -2 mm) (2,0-0,062 mm) (0,062 -0,04 mm) (0,04-0,01 mmy}
dept 60 - 100 cm
&0
% a0
20
0
o I I —
coubles & boulders pebble sand silt day
(> &4 mmj) (B4 -2 mm) (2,0-0,062 mm) (0,062 -0,04 mm) (0,04-0,01 mmy}

Fig. 3: Results of the grain size analysis

Artifacts also document that the upper horizon of  morphological analysis of the third layer (AIII) in
0-40 cm has developed over the last 10 000 years Drilling 53 of the object, located near the town of Kula
after the last glacial period. Archaeological structures  (Fig . 4). It is clear that they were laid in grave pits,
and the places where urns from the Late Bronze Age leading to a destruction of the AII layer, meaning that
necropolis were stored may be associated with the it has already been formed in the end of 2
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millennium BC (Hristova & Hristov, 2020). This is a
period of the Early Bronze Age cryophase. The
average values of the climatic elements are as low as
2°C, compared to nowadays - a reason for migration
from Northern Europe to the territory of Bulgaria
(Baltakov & Kenderova, 2003). Ecological conditions
were characterized by lush vegetation and more
precipitation. If we take the time span and the
cultural layer's depth into account, we may assume
that soil accumulation during the Subatlantic period
in Choika Area, Kula Municipality is with a low speed
0.0067 cm/year.

Fig. 4: Morphological description of the soil-
architectural profile/drilling in Object
4/1003 near the town of Kula

e AI 0-10 cm; very dark gray (10YR 3/1), turfy;
heavy sand-clayey, compacted, with trochoid-
granular structure, vertical cracks, 5 cm wide; it
does not react with HCI; well differentiated
boundary with the lower horizon

e AII 11-25 cm; dark grey (10YR 4/1); heavy sand-
clayey, heavy compacted; structure with small
lumps, vertical cracks, reacts with HCI; gradual
transition

e AIII 26-50 cm; very dark gray (10YR 3/1); aver-
age sand-clayey; compacted, lump-prismatic
structure, reacts with HCI.

Heavy clayeness is typical for the mechanical com-
position of the soil along with colloid consistency. The
vertisolage process is the result of successive shrink-
age and expansion of the volume due to over humid-
ity and drying. The glance appearance of prismatic
aggregates that are diagnostic classification feature
adds weight to this assumption.

FAO defines Vertisols as having weak differentia-
tion of the profile if we look at the mechanical com-
position. Therefore, the composition is similar in the
whole soil profile. Subsurface vertic (vr) horizon,
starting from a depth < 100 cm of the soil surface, is
typical for zonal soils of the reference group that are
characterized by a difficult development of the root

systems due to the rotation of humid and dry sea-
sons. Swelling clays are a typical feature of the min-
eral horizon. According to the diagnostic criteria of the
working group of IUSS WRB 2015, the il composition
has to be > 30% in an area > 25 cm.

The content of organic carbon (Corg.) in the sur-
face very dark gray (10YR 3/1) AI turf layer, with a
depth of 0—10 cm (sample 10 - Table 1) of Vertic Cher-
nozems (FAO, 2014) is relatively less than the Corg.
in the carbonate type of chernozems. Carbon content
decreases in depth reaching 0.38% in horizon AIII
(10YR 3/1 very dark gray). Both topsoil and subsur-
face layers are shallow and although the surface is
covered with tufts of grass, the organic content is low.
The number of humic acids (3.82%) in the topsoil ex-
ceeds fulvic acids due to the uniformity of the grass
vegetation in the sampled site, therefore humate type
of humus is formed/observed. Fulvic acids in sample
11 (Table 1) were not found while in both surface and
subsurface horizons, 0-10 cm and 11-25 cm respec-
tively, free humic acids and those bound with mobile
sesquioxides (R203) are missing. Results show ab-
sence of leaching of humic substances along the
depth of the profile.

Carbon content is shown in Table 1 where under-
lined value indicates the percentage of organic carbon
in the soil sample and the other value represents the
proportion of total carbon. The type of humus is de-
fined by the ratio between carbons of humic acids to
carbon of fulvic acids — Ch/Cf. This ratio is an indica-
tion of climate conditions during the soil formation.
The higher amount of Cf indicates a weak process of
humification, determined by cold and humid climate
and presence of forest vegetation, whereas humic ac-
ids predominate under grassy vegetation. Total con-
tent of humic and fulvic acids (Cextr) is determined
after extraction with a mixed solution of 0.1 M (molar)
Na4P207 and 0.1 M (molar) NaOH (Table 1).

The humic acid fractional composition includes a
first fraction of completely free acids and those bound
to R203, and a second fraction of humic acids bound
to calcium extracted with 0.1 M NaOH. The third ex-
tracted fraction is of the most mobile, aggressive ful-
vic acids. The humic and fulvic acids in both extracts
Cextr and C extracted with NaOH were separated by
acidifying the solution with 0.5 M H2S04.

The established quantitative share of humic acids
in percentage 0.42% relative to the weight of dry soil
as a percentage of the total content of organic carbon
- 33.07% in the initial sample (sample 10, Table 1)
shows a predominance of fulvic acids due to the
abundance of wealth grasses with a dense root
system.

Topsoil horizon of Vertic Chernozems near Kosta
Perchevo Village is also associated with high humus
content, hence high amount of organic carbon (Corg.).
The highest carbon content - 1.47% of all compared
samples characterizes the most advanced
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humification process (sample 26, Table 1). Lower
Cn/Cs ratio (2.00) is an indication of fulvate-humate
type of humus, whereas the type of humus in sample
10 is considered to be humate type. The portion of
aggressive fulvic acids extracted with 0.1 M H2S04 is
between 3 and 9% of the total carbon, therefore it is
relatively low in both soil profiles. Humic acids in both
sampled sites are bounded with calcium.

Pottery was found in the second horizon at a depth
between 40 (60) and 80 cm (sample 27, Fig. 2). Fulvic
acids are also present in this layer while in the lower

layer (80 - 100 cm) archeologists found lots of slag,
which is the main reason to classify soil sample 15 as
a Technosols. Presence of swamp ore (hydrated iron
oxide mixed with vegetation matter) could be
explained by a low oxygen environment, such as
marshes and peat bog formation. Two marshes near
the sampled site represent those conditions that led
to deposit of hydrated iron oxides and soil
hydromorphism. Results from the analyses of sample
28 (Table 1) from seasonally overmoistured state, are
similar.

Table 1: Indicators for content and composition of soil organic matter

Organic carbon (%) Organic carbon
extracted with 0.1 M (%) -
S | Na;P,07+ 0.1 M NaOH Fraction of humic | & |
< acids ~ T
n S = =
2 2 — -
g g S S
v = e | s .2 | €%
g ~ G ccs |55 |Y9c¢ e
S 3 2E| s | 85|93
- 51 o 5
- T |4 5% |t °| g2
£ g |g 35 | S - £
O B © 8 25 |5 E o b
IS ° 9 ®) == 'z % 9
|9 = S = © = ho} c i=]
=} = VRS c ] =
I L o 8 i
= [aa]
10 1.27/ | 0.53 0.42 0.11 | 3.82 0.00 100.00 0.74 0.05 0.71 0.08
2.18 | 41.73 | 33.07 | 8.66 58.27 | 4.94 6.30
11 | 038/ | 0.12 | 0.12 0.00 - 0.00 100.00 | 0.26 | 0.02 | 0.46 0.04
0.65 | 31.58 | 31.58 68.42 | 5.26 10.53
26 1.47/ | 0.60 0.40 0.20 | 2.00 0.00 100.00 0.87 0.05 0.68 0.14
2.53 | 40.82 | 27.21 | 13.61 69.18 | 3.40 9.52
0.55/ | 0.19 0.12 0.07 | 1.71 0.00 100.00 0.36 0.05 0.52
27 0.94 | 34.54 | 21.82 | 12.72 65.45 | 9.09 0.11
20.00
15 0.38/ | 0.15 0.15 0.00 - 0.00 100.00 0.23 0.02 0.65 0.06
0.65 | 39.47 | 39.47 60.53 | 5.26 15.79
0.45/ | 0.21 0.14 0.07 | 2.00 0.00 100.00 0.24 0.02 0.87 0.08
28 0.77 | 46.67 | 31.11 | 15.16 53.33 | 4.44 17.78

Soil organic content

The following lines are focused on soil organic
carbon content, following Zomer et al. (2017 a, b).
The information in the text will be supported by the
visual representation of the obtained results,
presented by two maps (Fig . 5 and Fig. 6). These
maps include several main villages, namely from west
to east: Golemanovo, Izvor mahala, Kula, Poletkovtsi,
Kosta Perchevo, Chichil, Topolovets and Tsar Petkovo.

Their specific geographic location will be used as a
marker in the analysis of the allocation of soil organic
carbon.

Generally speaking, the lowest values of soil
organic carbon in the topsoil are presented with the
darker shades (brownish) on the first of the two maps
(Fig. 5). They are prevailing within the borders of Kula
Municipality, covering the largest territories. Carbon
stocks are located mainly near the villages of
Topolovets, Kula, Golemanovo and Staropatitsa. The
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values there are in the range of 700,000-750,000
tons/ha with the lowest values to the west of
Topolovets — 670,000 tons/ha.

The largest carbon pool with highest values can be
discovered in the areas with the lighter colours
(yellowish). Carbon contents are ranging from
1,000,000 — 1,110,000 tons/ha near the villages of
Golemanovo and Izvor mahala, reaching 1,150,000 -
1,160,000 tons/ha to the north of Kula. The richest
carbon pool is located between the villages of
Staropatitsa and Poletkovtsi where soil organic carbon
stocks in the upper 30 cm are 1,240,000 tons/ha.

There are several blank spots within the map that
carry no information, despite that fact they are still an
integral part of the cartographic material, providing a
specific bunch of data.

Figure 6 presents the expected soil organic carbon
contents in the topsoil between 0 cm and 30 cm
according to the medium scenario. Zomer et al. (2017
a, b) also provide a high scenario of the carbon pool,

but the authors of the current study regard it as a too
positive one and decided to omit it from the discussed
information. Nevertheless, it should be applied in
similar investigations if scientists wish to receive a
broader picture of the present day problem with soil
organic carbon contents.

Once again areas with lower carbon stocks
expectancy are the predominant ones and they are
displayed with the darker colors. Carbon contents are
reaching 780 000 - 860 000 tons/ha between the
villages of Topolovets and Tsar Petrovo to the
northeast. At the same time carbon stocks near the
villages of Golemanovo, Kula, Poletkovtsi and Izvor
mahala to the west are around 880 000 - 920 000
tons/ha. If we focus on the difference between the
current situation and the expected within the period
of 20 years, it becomes obvious that it is possible to
expand the carbon pool with an average of 1 000 000
tons/ha. This would be possible if proper land
management techniques are adopted.

. Gradskovski kolibi Borilovets

N
jL Halovski kolibi
/

Serbia

Shishentsi

Golemanovo

lzvor mahala

Pole!
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Fig. 5: Soil organic carbon contents in the top 30 cm of the soil in Kula Municipality (according

to Zomer et al., 2017 a, b)
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Fig. 6: Soil organic carbon contents in Kula Municipality, as shown in the Medium Scenario.

(Following Zomer et al., 2017 a, b)

The medium scenario shows another bunch of
data that can be analyzed if we follow the lighter
colours on the map. Larger carbon stocks are ranging
between 1 100 000 tons/ha and 1 200 000 tons/ha
around the villages of Golemanovo and Izvor mahala
and over 1 260 000 tons/ha to the west of the
settlement of Chichil. The highest values are over 1
350 000 tons/ha to the north of Kula and between the
villages of Poletkovtsi and Staropatitsa. Once again
an average increase of around 1 000 000 tons/ha may
be accomplished if agricultural practices that promote
carbon storage are introduced. These results show a
typical concordance with some already established
rules and they should be referred to by policy makers.

Frank et al. (2018) conducted an investigation that
was also aimed at agricultural territories. They
calculated that mitigation potentials up to 2050 may
be ranging from 10 to 150$/tCO2eq, which if it
multiplied by the expected potential carbon
sequestration in the medium scenario, shows a
significant amount of money that may be achieved.
Another study that is based on cropland areas is the
one of lizumi & Wagai (2019). They are focusing on
drought endurance of lands, promoted by the
presence of soil organic carbon. Despite Kula
Municipality does not fall within the territories that are
most susceptible to droughts, like areas in Australia,
for example, the expected enhancement of the

carbon pool in the medium scenario may play an
important part in this matter, as well. Alcantara et al.
(2017) investigated a number of sampling territories,
including agricultural land in Northern Europe. Their
main motivation comes from the expected important
role that soil organic carbon sequestration will play in
climate change mitigation. They focus mainly on
subsoil, unlike our study, in which topsoil is the major
player. Fortunately, this does not modify the
significance of the soil organic carbon in the first 30
cm of the soil, quite the opposite. Carbon storages in
topsoil are as equally important in climate change
mitigation and with the expected enlargement of the
carbon pool in Kula Municipality; it is going to play an
essential role in this process in Northwestern
Bulgaria.

A certain measure that may be taken for the
improvement of the results of the current research
can be the collection of more samples during the
terrain observations. The authors agree that the
acquisition of data would be a good starting point for
even more in-depth analysis. Another road for the
perfection of the study is the application of more
morphological observations that may add even more
value of the successful results.
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Conclusion

The current investigation’s main focus was on the
study of anthropogenic soils in Kula Municipality,
Northwestern Bulgaria. As a result of our comparative
study on soils modified by technical processes in NW
Bulgaria, it was shown that soil horizons and layers
had a certain amount of organic carbon in the form
of both humic and fulvic acids. Organic carbon in the
studied sites represents less than 1% of the soil
sample, although it is about 30 to 45% of the total
carbon. According to a global model carbon stocks in
the study area exceed 1 000 000 tons/ha. The
mapped and sampled cultural layer near Kosta
Perchevo Village with residues of iron smelting allows
us to estimate the organic carbon affected by man-
made activity. Therefore, soil is classified as Spolic
Tehnosols (form latin spoliare - exploitation) with
profile = 20 cm, containing = 20% (by volume)
artifacts, of which > 35% are residues from mining,
mine dumps sediments after excavation, slag and
ash. Cultural layer with artifacts contains indications
for soil formation, modified by human technogenic
activity. Other two cultural layers are used to date the
deposition of artifacts and nowadays represents Urbic
Technosols (form latin urbs - city, town) with profile
depth = 20 cm, containing = 20% (by volume)
artifacts, of which > 35% are building materials and
remnants of settlements or sanctuaries in
archaeological sites.

The present study, where values of humus, total
carbon and soil organic carbon were obtained for
spolic (SP) and urbic (UR) horizons, can be
considered as the first step in the assessment of
Bulgarian Technosols and role in the global carbon
cycle. It has displayed some positive outcomes that
may be applied in similar studies in the neighboring
municipalities and also in other parts of the country.
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