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The results of the research of sandstones closed porosity
V.A. Baranov, Y.V.Antipovich
Institute of Geotechnical Mechanics named by N. Poljakov of National Academy of Sciences of Ukraine, Simferopolska
str., 2a, 49005, Dnipro, Ukraine, e-mail: office.igtm@nas.gov.ua
Abstract.The article presents the results of the study of gas inclusions in quartz grains of
Donets Basin sandstones. It describes the main genetic types of inclusions, their conditions of formation, shape, size, as well as features of the transformation under the conditions of catagenesis of rocks.The presence and distinctive features of the primary and
secondary inclusions were established by studying of their homogenization temperatures.
Thanks to these studies, it was found that the homogenization temperature of the primary inclusions is 1.5–2 higher than for secondary ones. Also, characteristic of the primary inclusions is that they are mainly gas-liquid. In size, primary inclusions are 1.5–2 times
larger than secondary ones, and on average they are 2–3 µm. Secondary inclusionsessentially consist of gas. A characteristic feature
of secondary inclusions in quartz grains of the sandstones of the Donetsk Basin is that they decorate the microdeformations of these
grains, thereby forming numerous Boehm stripes. The gas inclusions of Boehm strips are indicators of paleotemperature, and the
Boehm strips themselves carry information about paleopressure. To calculate the volume of gas inclusions, a methodwas proposed.This method is easy to use and does not require significant financial expenses. For its implementation, standard petrographic
thin sections are used, which are examined using an optical microscope with a total magnification of 1000-1200 times. Using the
proposed method, the volumes of gas inclusions in quartz grains of sandstones of different substages of catagenesis were established.
Considering that gas inclusions are part of closed porosity, it is proposed to conditionally subdivide closed porosityinto cement
closed porosity (volume of closed pores in the cementing substance of the rock) and grain closed porosity (volume of closed pores in
detrital grains of the rock). It is established that the indicator of grain closed porosity is 2-3 times higher than the indicator of cement
closed porosity. The largest volumes of gas inclusions are established for the middle substage of catagenesis. Considering that rock
and gas outbursts occur only at the middle substage of catagenesis, this confirms the theory about the additional effect of gas inclusions on the progress of gas-dynamic phenomena in mine opening.Also, duringthe determination of absolute porosity of rocks in
laboratory conditions, it is very important to grind the rock to micron-sized fraction. This will allow opening a part of inclusions in
the clastic grains of rocks, which will substantially complement the indexes of absolute porosity.
Received 07.11.2018;
Received in revised form 11.11.2018;
Accepted 30.11.2018
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Результати дослідження закритої пористості пісковиків
В.А. Баранов, Я.В. Антіпович
Інститут геотехнічної механіки ім. М.С. Полякова Національної академії наук України, вул.. Сімферопольська,
2а, 49005, Дніпро, Україна, e-mail: office.igtm@nas.gov.ua
Анотація. В статті наведено результати дослідження газових включень в кварцових зернах пісковиків Донецького басейну.
Описані основні генетичні типии включень, умови їх утворення, форми, розміри, а також особливості перетворення в умовах катагенез упорід. Присутність та відмінні особливості первинних та вторинних включень вдалося встановити завдяки
дослідженню температур їх гомогенізації. Завдяки цим дослідженням встановлено, що температура гемогенізації первинних
включень в 1,5-2 рази більша ніж у вторинних включень. Також, характерною ознакою первинних включень є те, що вони
переважно газорідинні. За розмірами первинні включення перевищують вторинні в 1,5-2 рази, та в середньому досягають 23 мкм. Вторинні включення є переважно газовими. Характерною ознакою вторинних включень в кварцових зернах пісковиків Донецького басейну є те, що вони декорують мікродеформації цих зерен та створюють численні смужки Бьома. Газові
включеннясмужок Бьомає індикаторамипалеотемператур, а самісмужкиБьоманесутьінформацію про палеотиск. Для визначення об’ємугазовихвключеньв кварцових зернах пісковиків, запропонована методика, яка є простою у використанні і не
вимагаєзначнихфінансовихвитрат. Для її реалізації використовуються стандартні петрографічні шліфи, які досліджуються
за допомогою оптичного мікроскопу з загальним збільшенням в 1000-1200 крат. За допомогоюзапропонованої методики
встановленооб'ємигазовихвключень в кварцових зернах пісковиківрізнихпідстадій катагенезу. Оскільки газовівключення є
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частиною закритої пористості, запропоновано умовно виділятицементнузакритупористість (об’ємзакритих пор уцементі
породи) і зернову (об’ємзакритих пор в уламкових зернах породи). Встановлено, щопоказникзерновоїзакритоїпористостіперевищуєпоказникцементноїзакритоїпористості в 2-3 рази. Найбільші об'єми газових включень встановлені для
середньої підстадії катагенезу. З огляду на те, що викиди порід і газу відбуваються тільки на середній підстадії катагенезу,
це підтверджує висунуту раніше вченими теорію про додатковий вплив газових включень на газодинамічні явища в гірничих виробках. До того ж, при визначенні загальної пористості порід в лабораторних умовах, дуже важливо подрібнювати
породу до частинок мікронного розміру. Це дозволить розкрити частину включень в уламкових зернах порід, яка суттєво
доповнить показники загальної пористості.
Ключові слова: газові включення, мікродеформації, катагенез, закрита пористість, пісковик

Introduction. Scientists have been studying gas
inclusions in minerals of various genesis since the
18th century. The significant contribution to this
field was made by the works of N. Ermakov (1972),
E. Roedder (1987), V. Kalyuzhny (1982), G.
Lemlein (1973), V. Baranov (1989) and others.
These studies allowed establishing the location
form of inclusions in minerals of different genesis,
their origin, regularity transformation, consistence,
as well as homogenization temperatures and morphological changes. Studies of inclusions were
aimed at determination the pressure and temperature of minerals and rocks formation, detection of
geological transformation stages, indications of ore
occurrences, etc. (Tarantola, Diamond, Stünitz,
Thust, Pec, 2012).
In the 70s-80s of the last century, scientists
who were researching gas inclusions in minerals
began to pay attention to gas-dynamic phenomena
in sandstones, salt, and other rocks. According to E.
Roedder, the cause of gas-dynamic phenomena in
salt mines is the natural decrepitation (explosion,
opening) of gas inclusions in thousands of tons of
salt, which led to rock outburst in the mine workings (Roedder,1987).
During the last years, scientists have significantly increased the interest in carbon deposits of
Donets Basin. According to the scientists’ point of
view, the Donetsk Basin should be considered as a
coal gas deposit with complex exploitation to reduce gas emissions into mine workings and obtain
unconventional type of gas materials at an industrial scale as well (Zhikalyak, 2002).
The main collectors of free gas in the Donets
Basin are sandstones. They are associated with gas
accumulations of industrial significance and the
numerous micro accumulations of free gas. Despite
this, the gas production is associated with a number
of difficulties. The complex mining and specific
geological conditions of basin deposits had a significant impact on deterioration of reservoir properties
of sandstones. Significant resources of methane and
poor reservoir properties of rocks lead to rock and
gas outburst in the mine workings.
The study of the sandstones of the Donets
Basin at the micro level has made it possible to
reveal numerous gas inclusions in quartz grains of
rocks. It was established that most of them are
415

represented by methane, carbon dioxide and nitrogen (Baranov, 1989). According to V. Yakshin
(1975), the volume of gas inclusions in gangue
quartzreaches 10 cm3 or more per 100 g of this
mineral. The gas pressure in the inclusions reaches
500 MPa (Naumov, 1980). The huge amount of gas
inclusions in the quartz grains of the sandstones of
Donets Basin, and the possible pressure under
which they are located, allows us to consider them
as an additional factor affecting on theprogress of
gas-dynamic phenomena in coal mines.
The main aim of this work was to study gas
inclusions in clastic quartz of gas-bearing sandstones of the Donets Basin, their typification, to
determine conditions of formation and transformation of this inclusions, establish their volumes, as
well as the substantiation of practical significance
of the obtained results in the context of studying the
rock outburst and reservoir properties of sandstones.
Materials and methods. During the investigation,
sandstone thin sections were studied. Samples of
sandstone were taken within the distribution of
different grades of coal. This made it possible to
analyze sandstones of different stages of transformation. It is known that the transformation of sandstones of Donets Basin occurs under the influence
of catagenesis and tectonic load. The substage of
catagenesis is conditionally determined by the adjacent coal rank. Sandstone sections were examined
using a POLAM R-111 optical microscope at magnifications from 100 to 1200 in reflected, transmitted, and side illumination. Data processing was
carried out using personal computer.
Main part. Gas inclusions in the quartz grains of
Donets Basin sandstones are represented by two
genetic types - primary and secondary inclusions.
Primary inclusions were formed at the time
of crystal formation in the parent rocks. They are
well identified by optical research, since they are
mainly two-phase and consist of liquid and gas
phases (Fig. 1). In general, in the quartz grains of
the sandstones of the Donets Basin, their amount is
1-2% of the total amount of all inclusions. The characteristic feature of primary inclusions is their
shape. With an increasing of the stage transformation of rocks and tectonic load, the primary inclusions acquire the structural or morphological form
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of the host mineral. The size of primary inclusions
usually exceeds the size of secondary inclusions, on
average 1,5-22 times. The size of the primary incluincl

sions in the quartz grains of the sandstones of DoD
nets Basin on average 2-3 µm.
µm

Fig.1. Primary gas-liquid
liquid inclusions in quartz of Donets Basin sandstones, 250Х magnification

Secondary inclusions are formed in early cac
tagenesis, initially in the form of plastic and brittle
deformations into which fluid from intergranular
interg
pores penetrates. Further, defects filled with fluid
are healed, forming fluid inclusion chains. They
were first described by Augustus Boehm in 1883, in
the Alpine deposits. Later, these defects were called
“Boehm stripes”.
Thus, the secondary inclusions
usions in the quartz
grains of the sandstones of Donets Basin are
presented in the form of Boehm stripes (Fig. 2).

Boehm stripes are presented both in catagenesis, in
terrigenous sediments, and in metamorphic and
igneous rocks. But with the transformation of rocks
from one stage to another, for example, from
sedimentary rocks to metamorphic or igneous, the
inclusions are completely transformed or disappear,
since the above processes are characterized by a
complete structural reorganization of the rocks. In
the study of sandstone sections, Boehm stripes are
well identified by oblique illumination method
(Baranov, 2018).

Fig. 2. Quartz grain with Boehm stripes,, carboniferous sandstone of Donets Basin, oblique illumination method,
method 100Х magnification

Boehm stripes in the quartz grains of Donbas
sandstones formed during the catagenetic transfortransfo
mation of sandstones directly in the conditions of
the basin (Baranov, 1989). The prevailing develdeve
opment of Boehm strips in sandstone quartz grains
is explained by increased gas content formed during

the process of coal carbonization and dispersed
organic matter in sedimentary rocks.
Sandstone, as the main reservoir, accumuaccum
lates gas in open pores and cavities.
c
During the
transition from the early substage of catagenesis to
the middle one, gas from the intergranular space
migrates to microdeformations in the clastic grains
416
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of sandstones, thereby forming numerous chains of
gas inclusions. Later on, at the middle substage of
catagenesis, these microdeformations are healed
and gas inclusions are altered. They acquire an
isometric form, clearly identified in the optical
study. The largest number of Boehm strips is found
in quartz grains of sandstones from the middle
substage of catagenesis. In the late substage of catagenesis, the size of gas inclusions and their number decrease. This is explained by the fact that, with

an increasingofcatagenetic transformation and tectonic loading, the inclusions are divided to the
smallest size and form pores of the size of hundredths and thousandths of microns. Subsequently,
with an increasingof pressure and temperature, the
gas from the inclusions migrates into zones with
lower pressure, for example, into fractured zones or
into intergranular space. Figure 3 showsthe changing of average size of Boehm strips inclusions under thecatagenesis effect.

1.6

The size of gas inclusions, µm

1.4
1.2
1
0.8
0.6
0.4
0.2
0

Middle

Early

Late

Substage of catagenesis
Fig. 3. Influence of the catagenesis on changing of gas inclusions size in quartz grains of sandstones

Boehm stripes are used as an indicator of paleopressures and paleotemperatures which will be
described below.
Paleotemperatures. Currently, researchers obtain
data concerning paleotemperatures by two basic
methods – according to a degree of reflecting capacity of vitrinite and according to homogenization
(decrepitation) of gas-liquid inclusions.
The presence and distinctive features of primary and secondary inclusions were established by
studying the temperature of homogenization of
inclusions in the quartz grains of carbonic sandstones of Donets Basin. Thanks to these studies, it
was possible to establish that temperature of primary inclusions homogenization is considerably (by
1.5-3 times) higher than that of secondary ones.

The latter belong to such microdeformation type as
Boehm strips decorated with either gas or gasliquid inclusions. Catagenesis temperatures obtained just with the help of secondary inclusions are
quite homogeneous within similar conditions and,
in terms of one and the same coal grades, vary
within 5÷100С.
It is very important fact that we can see direct temperatures of the inclusions structuring.
Temperature step or temperature gradient of each
coal grade is 200С, ± 5÷100С. Sandstones were not
analyzed thoroughly within a region of anthracite
occurrence. Table presents the approximate temperature range at which the structures of the coal
and the adjacent sandstones can be transformed.

Table. Paleotemperatures of the formation of different coal grades
Coal grades
High volatile
Medium volatile
Paleotemperatures, 0С

80-100

The following may be used as an example.
Sandstones (occurred in the neighborhood of
coalbed) were sampled to measure paleotemperatures; their specimens were analyzed according to
specific methodology. Temperature of samples
taken near the high volatile coals grade was 1000С.
Temperature of sandstone sample taken in one of
417

120-140

Coking
steam
160

Dry-steam

Antracite

180

200-300

mines was 1200С. After more than 10 years of the
mine operation it has become known that its coal
seam belongs to Medium volatile grade. Such a
thing may happen occasionally due to the nonhomogeneous conditions of carbon matter formation;
initial material; or various interpretation errors. The
method to measure paleotemperatures can be much
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more accurate than thermometry in terms of reflecting capacity.
Paleopressures. Currently sensors and instrumental
facilities are available to measure pressure in rocks,
wells or mine workings are available (Liubimov,
Nosenko, 1978). However, there is the problem of
measuring paleopressures within sedimentary rocks
to determine reservoir properties, to carry out stage
analysis, and to solve specific problem – whether it
is expedient to drill deeper while exploring carbohydrates or further drilling process has no prospects. It is knownthat along with the increasing
depth and lithostatic pressure, porosity and permeability of rocks decrease as a natural result but sedimentary basins are characterized by vertical upward/downward movements. Hence, intensely consolidated rock with poor reservoir properties may
go up close the surface and upper rocks will be
washed down. How is it possible to determine a
degree of paleopressures and possible availability
of the reservoirs in such rocks? Below, we will
consider methods to measure paleopressures within
sedimentary rocks with the use of natural indicators
of stressed state of rocks.
The method is based on the phenomenon of
light flux deflection and reflection within the areas
where matter continuity is disturbed. Direct light
flux passes through homogeneous substance free
from defects with similar density and velocity.
While passing through the substance with volumetric defect, light flux is deflected within the point of
defect location. Thus, separation of light flux into
direct (in terms of defectless point) and deflected
(in terms of defect point) takes place; the latter is
behind the direct flux by certain length of light
wave ∆λ. That is the explanation of the available
visible defects in the context of direct lighting in
the form of dark points and bands. In the context of
side lighting, only insignificant share of light beams
falls onto the substance (e.g. quartz). Due to multiple deflections of light beams on their sides, volumetric defects become peculiar light concentrators demonstrating themselves in the form of light
points and bands on the background of less lightened defectless field of the substance. Oblique
illumination methodmakes it possible to demonstrate various gas-liquid inclusions, Boehm strips,
bands and plates of deformation as well as other
structural irregularities in more contrasting and
clear form.
Using microscope, microdeformations in thin
rock section are calculated and plasticity coefficient
(Cpl) is determined as follows:
= (Σ ) ÷ (Σ ×đ), mm-1,
where Cpl is plasticity coefficient;

(1)

ΣN is total number of deformation marks calculated;
Σn is total number of the quartz grains studied;
đ is average size of fragmental grains in the rock,
mm.
Minimum quantity of quartz grains being
calculated was determined empirically using the
methodology developed by the S. Saltykov(1970).
According to the methodology, total number of slip
bands within each considered quartz grain was calculated; the values were columned. In parallel, values of accumulated average number of slip bands
varied depending upon the number of considered
grains were columned as well. Along with the increase in the number of the latter, variations of the
accumulated average value becomes more and
more narrow; it experiences its stabilization approximating the true value (Fig.4).
According to the results of experimental data, it is required to calculate 100-150 quartz grains
to obtain deviation value in terms of 5-8 % average
one. Such accuracy is quite sufficient to get error
value within 10 % being adequate for the calculations. The developed index may be called a specific
coefficient of rock-forming grains disturbance.
The index is not free from its disadvantages
connected with the specific nature of petrographic
definitions. One fragmentary grain may involve
dozens of deformations with different lengths,
widths, and contrast ratios; that is why a degree of
accuracy depends upon the qualification of an operator. Sophisticated activities need a high-skilled
operator. Attention should be paid to a specific
nature of interpretations as well as all the possible
nuances available in various devices and measuring
techniques.
To improve both reliability and adequacy of
the obtained results as well as rapidity, coefficient
of relative disturbance Cd, % was developed later.
The coefficient is determined by the formula (2).
= (∑

÷ ∑ ) × 100 %,

(2)

where Cd is coefficient of relative disturbance;
∑m is the total number of rock-forming minerals
with the traces of plastic deformations;
∑M is the total number of rock-forming minerals of
sandy fraction analyzed.
The index is required to determined relative
number of disturbed grains within the rock under
study. As the previous one, it registers higher
stresses in rock in the form of microdisturbances.
The coefficient shows the number of disturbed
grains within the rock under study demonstrating
objectively those paleostresses experienced by the
rock in the context of maximum subsidence or
maximum tectonic movements. It can be applied
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while analyzing regional regularities of lithogenesis
on the whole and catagenesis in particular, especially in the context of middle substage of catagenesis

as the basic phase of carbohydrates formation

1 is the total number of slip bands within a grain; 2 is the values of accumulate average
Fig.4. Changes in the accumulated average number of slip bands(Кпл)depending upon the total number of quartz grains calculated(N)

Moreover, the index has become highly applicable to identify disturbing zones as its values
increase while approaching a disturbed zone. The
idea is logical and it can be described easily in
terms of following example. Imagine clear hard
substance experienced an impact by a heavy thing;
force of the impact can be determined relatively by
the number of microfissures which can be identified
in this case with the help of microscope. Since the
disturbed zones within rocks can be direct intake
channels for carbohydrates, we can extract the carbohydrates (if they are available there) by mounting
perforated pipes.
Together with the porosity, the developed index was used to determine the degree and substages
of rock catagenesis. That is of high importance both
for miners (since outbursts of sandstones are connected only with the middle substage of catagenesis) and oilers as the reservoir properties of rocks
depend heavily on their paleodepth occurrence.
Modern depth coincides rarely with paleodepth;
thus, if we know the history of reservoir formation,
we may reason about their properties. Depth of 5
km cannot be the limit of reservoir availability taking into consideration the fact that in DnieperDonetsk aulacogen (Ukraine) at the depth of 3 km,
driller have found loose deposits (Ignatchenko,
Zaitseva, Ivanova, 1979), i.e. such depths are quite
available for diagenesis deposits.
Investigation of gas and gas-liquid inclusions
in clastic grains of rocks also has one more important practical interest. A significant pressure in the
inclusions and their quantity create an additional
volume that must be taken into account at the time
of studying reservoir properties of rocks, in particu419

lar porosity. Determining the volume of gas inclusions in the clastic grains of rocks will help to establish an additional amount of closed microporesgas of the Donets Basingas-bearing sandstones.
In general, closed porosity of rocks is determined as the difference between absolute and open
porosity. It is believed that closed porosity has only
a scientific interest, so in practice it is ignored.
The disadvantage of determination the closed
porosity by the calculation method, as the difference between absolute and open porosity, is that we
only get the values of the volume of pores that is
contained in the cement of the rock. The amount of
gas that is represented as inclusions in the clastic
grains of rocks is not actually taken into account,
since in determining the total porosity by the grinding method, the rock is not always crush to the size
necessary for the opening of these inclusions.
Considering that the inclusions in the clastic
grains of rocks are also part of the closed porosity,
it was proposed to divide the closed porosity into
the cement closed porosity (the volume of closed
porosity contained in the cement rock material) and
grain closed porosity (the volume of gas inclusions
in clastic rock grains).
To establish the volume of closed grain porosity, a method was proposed. The method is easy
to use, economically advantageous, because it does
not require additional expenses. To implement it,
standard petrographic thin rock sections are used,
which are made in laboratories of geological organizations to determine various indicators in minerals
and rocks. The thin sections are examined on a
POLAM R-111 type microscope. The study is con-
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ducted at a magnification of 1000-1200 times, using an object micrometer.
The essence of the method is that the volume
of gas inclusion is determined by the ratio of the
area of this inclusion to the area of the investigated
part of in the clastic grain of the rock. Therefore,
choosing an informative part of clastic grain in thin
sandstone section, it is necessary to tie it to the
correct geometric shape. In most cases, it can be
square or rectangular. Using the well-known formulas for determining the area of a square or rectangle, it is necessary to determine the area of the investigated part of thin section. When the area of the
investigated part is known, it is necessary to calculate the area of all inclusions that are in this part of
clastic grain. The volume of gas inclusion with a
diameter of less than 0,4 mm without a significant
error can be taken equal to the volume of the sphere
(Kalyuzhny, 1960). But since the sphere is a threedimensional figure and a thin section is a twodimensional subspace, we take each inclusion as a
circle and calculate the area of inclusion through
the radius of the circle. In the end, we calculate the
total area of all inclusions in the part of the studied
grain. In percent by the formula (3), we determine
the volume of inclusions in the clastic grain of the
rock.

.

.

÷

. .

× 100 %,

(3)

where Vincl. istotal volume of gas inclusions;
Sincl. is total area of inclusions;
Sinv.p. is the area of the investigated part of thin section.
Using this method, it was found that the largest volumes of gas inclusions are characteristic of
the middle substage of catagenesis and on average
reach 4% (Fig. 5). The early substage of catagenesis is characterized by insignificant volumes, which
constitute no more than 2%. This is due to the fact
that the microdeformations in quartz and their gradual filling with gas take place in the early substage
of catagenesis. The middle substage is characterized by the largest number of microdeformations.
Gas inclusions that fill microdeformations acquire
clear shapes and sizes. Sandstones of the middle
substage of catagenesis are the most informative in
studying inclusions in clastic grains. At the late
substage of catagenesis, the volumes of gas inclusions decrease and reach 2%. This is due to the fact
that in the late substage of catagenesis, under the
action of high pressure, the structure of quartz begins to change. Monolithic grain turns into an aggregate, parts of which are cleaned, deformations
and microinclusions go to the formed boundaries.
a - grain closed porosity
b - cement closed porosity

4.5

Closed porosity of sandstones, %

=

4
3.5
3
2.5
2

a

1.5
1

b

0.5
0

Early

Middle

Late

Substage of catagenesis
Fig. 5. Influence of the catagenesis on changing of sandstones closed porosity

It is important to note that the volumes of gas
that we obtain using this method are not absolute.
Conducting a study of thin sections with a magnification of 1000-1200 times the minimum size of
inclusions, which we can observe, is 0.3 microns.
Conducting research at larger magnifications would
allow us to investigate smaller inclusions and, accordingly, establish additional gas volumes. This
method is not aimed at establishing absolute values,
but at establishing regularities of changing the vo-

lume of inclusions under the conditions in which
the studied rock is located.
From the graph in fig. 5, it can be seen that
the values of closed grain porosity are several times
higher than those of closed cement porosity, which
averages 1%.
The largest volumes of gas inclusions are established for the middle substage of catagenesis and
reach 4%. Considering that rock and gas outburst
occur only at the middle substage of catagenesis,
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this confirms the theory put forward earlier about
the additional effect of gas inclusions on the gasdynamic phenomena in mining workings.
The volume of gas inclusions must also be
taken into account during the determination of the
reservoir properties of rocks. Determining the
absolute porosity in laboratory conditions, it is
necessary to grind the rock to the size that would
allow revealing the smallest inclusions in the rockforming grains. Part of the gas contained in the
rock-forming grains will substantially supplement
the data of absolute porosity of the rocks.
For example, for sandstones of the middle
substage of catagenesis (Stakhanov mine,
Krasnoarmeysky district, Donets Basin), an average
of 3.5% of gas in closed micropores of quartz
grains was established. The absolute porosity of the
studied sandstone is 7%, but considering the
volume of gas in quartz grains, it can reach 10 10.5%.
Conclusion. The study of gas and gas-liquid inclusions in the clastic grains of rocks has an important
scientific and practical interest. These inclusions
involve genetic information about minerals, as well
as being a source of data on secondary transformations of rocks. Examining the inclusions of the
Boehm strips, we can obtain data about the paleotemperatures of rocks. Boehm strips are also a
source of information about the paleopressure. The
results of the study of gas inclusions in the quartz
grains of the sandstones of Donets Basin allowed
establishing the basic regularities of their transformation at different substages of the catagenesis.
Considering that gas inclusions in clastic grains of
rocks are part of closed porosity, it was proposed to
subdivide closed porosity in cement closed porosity
and grain closed porosity.It was determined that the
closed grain porosity of sandstones is formed in the
early and middle substages of catagenesis and in
the late substage it is transformed. Cement closed
porosity depends in large part on the mineral composition of the micas, the mineralogical form of
carbonates, and in catagenesis it is transformed
simultaneously with the change in the structure and
form of these minerals. The developed method of
calculating the volume of gas inclusions, allowed
establishing that the volume of grain closed porosity on average is 1,5-2 times higher than the volume
of cement closed porosity. These volumes must be
considered as additional during the determination
the reservoir properties of rocks and forecasting
gas-dynamic phenomena in mining workings.
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Geospatial assessment of the Mokra Sura river ecological condition using remote sensing and
in situ monitoring data
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Abstract. The use of remote sensing methods for environmental monitoring of the surface water quality is proved. Regression relationships are consistent with ground-based
measurements at sampling sites in water bodies and are an effective tool for assessing the
ecological status of water bodies. The state of the water bodies of the Mokra Sura river
basin varies considerably. The best is the water quality in the upper part of the Mokra
Sura river, the worst – in the middle and lower parts. The factors of water pollution are discharges of not enough treated wastewater
of
industrial
enterprises
of
the
Kamyans’koy
and
Dniprovs’koy
industrial
agglomeration.
The purpose of our search included the following tasks: (a) calculation of integrated environmental water quality indices; b) obtaining satellite information, processing of multispectral satellite images of water bodies using appropriate applied software techniques; c) establishment of statistical dependencies between water quality indexes obtained for biotopically space images and data of
actual in situ measurements. The results of systematic hydrochemical control of the Mokra Sura river basin from 2007 to 2011 years
were initial data in 4 control areas located in the Dnipropetrovsk region: 1 – the Sursko-Litovske village; 2 – the Bratske village; 3 –
the Novomykolayvka village; 4 – the Novooleksandryvka village. Environmental assessment of the water quality of the Mokra Sura
river within the Dnipropetrovsk region was based on the calculation the integrated environmental index ( IEI ). Priority pollutants in
this case are oil products and ions SO 42 − , Mg 2 + , Zn 2 + , Cr 6 + .
Two images with a difference in three years in April 2015 and May 2017 were used to determine the current changes in the land
cover of the study area. Geomorphological assessment of the water network of the Morka Sura river was performed using satellite
radar interferometry. Multispectral images of Landsat 5/TM (2007-2011) and Sentinel 2B/MSI (2017) satellite systems were used for
remote assessment of water bodies in the study area of the Mokra Sura river basin. The multispectral index TCW (Tasseled Cap
Wetness) was used to measure the spectral reflection of the aquatic environment along of the Mokra Sura river flow. The main advantage of the studies is a demonstration of remote sensing capabilities to estimate Mokra Sura river ecological status not only in
individual sites, but also throughout the flow – from source to mouth. Follow the necessity to use water from the Mokra Sura river
for irrigation, the level of soil water erosion can only increase and enhance the negative processes of eutrophication of reservoirs.
Long term technogenic pollution requires information about the state of surface water of fishery, drinking and municipal water use
facilities as an integral part of the aquatic ecosystem, the habitat of aquatic organisms and as a resource of drinking water
supply. Over 80% of the Mokra Sura river basin surface (IEI 4-12) belong to the classes with the assessment of dirty, very and extremely dirty. The results of studies using remote sensing indicate the need to reduce the streams of not enough treated wastewater to
the the Mokra Sura river. The obtained data can be used for ecological assessment of the current and retrospective state of water
bodies, development of forecasts of rivers pollution.
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Received in revised form 15.08.2018;
Accepted 12.09.2018
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Геопросторова оцінка екологічного стану ріки Мокра Сура з використанням дистанційного зондування та даних моніторингу in situ
М.М. Харитонов1, А.М. Пугач1, С.А. Станкевич2, А.О. Козлова2
1

Дніпровський державний аграрно-економічний університет, вул.. Сергія Єфремова 25, Дніпро, 49600, Україна,
e-mail: kharytonov.m.m@dsau.dp.ua

422

Kharytonov Mykola М., Pugach Andriy М.,
Stankevich Sergey А., Кozlova Anna O.

Journ.Geol.Geograph.Geoecology, 27(3), 422-430

________________________________________________________________________________________________________________________________________________________________

2

Науковий центр аерокосмічних досліджень Землі, НАН України, вул. Олеся Гончара 55б. Kиїв, 01054, Україна,
e-mail:st@casre.kiev.ua
Анотація. Проведені дослідження засвідчують можливість застосування методів дистанційного зондування для виконання
екологічного моніторингу стану якості поверхневих вод. Встановлені регресійні закономірності узгоджуються з даними
наземних вимірів на постах відбору проб на водоймах і є ефективним засобом оцінки екологічного стану водойм. Стан
водних об’єктів басейну ріки Мокра Сура істотно різниться. Найкращою є якість води у верхній частині ріки Мокра Сура,
найгіршою – в середній та нижній частинах. Чинником забруднення є скиди недоочищених стічних вод промисловими
підприємствами Камянської та Днпровської індустріальної агломерації. Мета наших досліджень була пов’язана із виконанням наступних завдань: а) з розрахунком комплексних екологічних індексів (КЕІ) якості води; б) з отриманням супутникової інформації, обробкою багатоспектральних космічних знімків водних об’єктів з використанням відповідних прикладних
комп’ютерних методик; в) з встановленням статистичних залежностей між індексами якості води, отриманими за багатоспектральними космічними знімками і даними фактичних вимірювань in situ.Вихідними даними для екологічної оцінки якості води ріки Мокра Сура є результати систематичного гідрохімічного контролю басейну Мокрої Сури з 2007 по 2011 роки,
в 4 контрольних створах, розташованих на території Дніпропетровської області: 1 – с. Сурсько-Литовське; 2 – с. Братське; 3
– с. Новомиколаївка; 4 – с. Новоолександрівка. Пріоритетними забруднювачами в цьому випадку виступають нафтопродукти та іони SO42-, Mg2+, Zn2-, Cr6+ і Zn2+. Для дистанційної оцінки водних об’єктів досліджуваної території басейну ріки Мокра Сура було використано багатоспектральні знімки супутникових систем Landsat 5/TM (2007-2011) та Sentinel 2B/MSI
(2017). Мультиспектральний індекс TCW (Tasseled Cap Wetness) був використаний для вимірювання спектрального віддзеркалення стану водного об’єкту уздовж течії річки Мокра Сура. За умов використання води з річки Мокра Сура для зрошення рівень водної ерозії ґрунтів може тільки підвищитись і посилювати негативні процеси евтрофікації водойм. В умовах
антропогенного забруднення актуальним є одержання інформації про стан поверхневих вод об’єктів рибогосподарського,
господарсько-питного і культурно-побутового водокористування, як складової частини водної екосистеми, середовища
існування гідробіонтів і як ресурсу питного водопостачання. Головною перевагою проведених на прикладі середньої річки
Мокра Сура досліджень є демонстрація можливостей космічного моніторингу для контролю її екологічного стану не тільки
по окремим створам, але й на протязі усієї течії – від витоку до гирла. Результати досліджень з використанням засобів ДЗЗ
вказують на необхідність зменшення обсягів надходження у мережу ріки Мокра Суранеочищенних стічних вод. Майже 80%
поверхні басейну ріки Мокра Сура (IEI 4-12) належить до класів з оцінкою «брудна», «дуже та надзвичайно брудна». Отримані дані можуть бути використані для екологічної оцінки поточного та ретроспективного стану водних об'єктів, розробки
прогнозів забруднення річок поллютантами.
Ключові слова: водні об’єкти, індустріальна агломерація, забруднення, моніторинг, дистанційне зондування.

Introduction. Every year, about 1.68 billion m3 of
waste water is supplied to the reservoirs of the Dnipropetrovsk region. Insufficiently treated or untreated discharges make up almost a third (Staruk,
2006). The volume of discharges for half a century
increased a thousand times. As a result, the crisis
hydro-environmental situation has developed. Unfortunately, the regenerative capacity of the Dnieper and its tributaries does not ensure the restoration of the disturbed ecological balance. In the ecosystems of the Dnieper river basin several factors of
anthropogenic origin act together.
Eutrophication caused by high levels of biogens (nitrogen and phosphorus compounds). Saprobes process is associated with excessive concentration of organic substances in water. Chemical
pollution is a factor of receipt in the reservoir of
substances of inorganic and organic origin (Kharytonov, Anisimova, 2013). The Mokra Sura river is
the largest tributary of the Dnieper river. The main
source of pollution in the lower and middle part of
the river are industrial enterprises of the cities of
Dnepr and Kamyanske. The Mokra Sura riveris
polluted by surface runoff. Mineral fertilizers and
pesticides get into the river together with the mud
fraction of the soil. Intensive processes of overgrowth and shallowing lead to secondary pollution
of the river and adversely affect the state of its biodiversity (Stas’, Кolesnyk, 2015). It is necessary to
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predict the forthcoming changes in water quality, to
develop a full-fledged monitoring system and other
measures to protect water bodies during the study
of processes in aquatic ecosystems.
Long-term hydrochemical control of the
Dnieper river basin in the Dnipropetrovsk region
was made in chemical analytical laboratories, subordinated to the Ministry of ecology and environmental protection and the water management
Committee of Ukraine from 1995 to 2011 years
according to the established water sampling points
(Kharytonov et al., 2012). In recent years, this regional monitoring program of the environmental
quality of water bodies has been reduced. Therefore
topical is the application of remote sensing techniques for the assessment of ecological status of
water bodies, identification of “hot spots” – places
of wastewater discharge for the further forecast of
the possible risks of environmental pollution. The
disadvantages of ground based monitoring of water
bodies is unsatisfactory efficiency, the definition of
water quality at individual points. It is not allow
characterizing the quality in the open parts of reservoirs.
To assess the state of water bodies, special
remote indices are used, which are a combination of
spectral bands of imaging systems. The most common were the indexes NDTI (Normalized Difference Turbidity Index), NDPI (Normalized Differ-
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ence Pond Index), NDWI (Normalized Difference
Water Index) etc (Shevchuk et al., 2014). The application of these indices makes it possible to visualize the spatial differences of the surface of water bodies better. Each of them has its own advantages and disadvantages (Gao et al., 2016). Meantime we pay attention to multispectral TCW (Tasseled Cap Wetness) index (Zhou et al., 2017). This
index can be obtained after analyzing the water
surface reflectance in six spectral bands (Cirst,
1985). It becomes possible not only to separate
water and non-water bodies, but also to determine
certain differences within water surface properties
(Ouma,Tateishi, 2006). It is clear that the hydrological state of water during its flow through the river
bed varies from laminar to turbulent. Jet streams
change position with depth. Therefore, further application of methods of direct operational physical
and chemical control of water pollution requires
further development. At the same time, the inclusion in the remote sensing system of the validation
stage of the data obtained with the previously performed analyses of surface water pollution significantly increases the reliability of the information
obtained. The purpose of our research included the
following tasks:
(a) calculation of integrated environmental
water quality indices; b) obtaining satellite information, processing of multispectral satellite images of
water bodies using appropriate applied software
techniques; c) establishment of statistical dependencies between water quality indexes obtained for
biotopically space images and data of actual in situ
measurements.
Materials and methods. The Mokra Sura river is
located in the subzone of the Northern steppe of the
Dniester-Dnieper province, the region of the southern spurs of the Dnieper upland. The Mokra Sura
river originates from the pond on the Northern edge
of the Sokolyvka village Verkhnyodniprovskyi
district at a height of 150.5 m above the sea level
and flows into the Dnieper river near the Dnieprovo
village of the Dniprovsky district, at the height of
51.2 m. The river basin is located in the territory of
5 districts of Dnipropetrovsk region.The openness
of the Mokra Sura river basin is 62.2%, urbanization - 8%. Steppe vegetation occupies 1.9%, meadow vegetation – 7.6%, forests and forest belts –
2.5%, swamps – 0.3% in the basin territory. The
Dnieper, Kam’yanske, Verkhivtseve cities, 6 urbantype settlements and 47 small villages are located in
the river basin area.The Mokra Sura river has a
very developed hydrographic network, which consists of a main riverbed with a length of 144 km and
28 tributaries with a total length of 505 km. The
density of the river network is 0.23 km/km 2 . 5

lakes (area 5 hectares) and 46 ponds (area 550 ha)
are located in the upper area of the basin of the
Mokra Sura river. The primary use of ponds are
fishing, the watering of domestic animals,
recreation. The valley of Mokra Sura river and its
tributaries are mostly trapezoidal shape. The slopes
of the right banks are steeper – 3-15º, the left slopes
are flat – 1-8º. The width of the valleys from 1 to 4
km, the basis of erosion is 30-50 m. The slopes of
the valleys are covered mainly with steppe vegetation. In gullies and ravines on the right slope of the
valley of the Mokra Sura river remained forest. The
floodplain of big ravins – tributaries the Mokra
Sura river have a width of 150 m, mostly dry, in the
headwaters are flooded.Water supply to the Mokra
Sura river and its inflow in the sources is mainly
snow and rain. Wellspring stream supports weak
water flow during the summer-autumn-winter low
water period. However, there is an outflow of
groundwater from the valley of Mokra Sura to the
Dnieper and the Samotkan river. The natural water
regime of the Mokra Sura river is completely disrupted also by intensive water pumping from the
Dnieper river in the area of the fishery ponds.
The method of surface water quality assessment used in this work (Romanenko et al., 1998)
was the basis for:a) analysis of hydrochemical control data, characteristics of land surface water quality from ecological point of view;b) obtaining information on the state of the water body;c) identification of trends in water quality over time and
space;d) study of the impact of anthropogenic load
on ecosystems of water bodies; e) planning and
implementation of water protection measures and
assessment of their effectiveness.
Two images with a difference in three years
in April 2015 and May 2017 were used to determine the current changes in the land cover of the
study area.
The results of systematic hydrochemical
control of the Mokra Sura river basin from 2007 to
2011 years were initial data in 4 control areas
located in the Dnipropetrovsk region: 1 – the
Sursko-Litovske village; 2 – the Bratske village; 3
– the Novomykolayvka village; 4 – the
Novooleksandryvka
village.The
system
of
ecological quality classification of surface waters
includes three groups of indicators: 1) indicators of
the salt composition; 2) tropho-saprobiological
(environmental and sanitary);2A – hydro-phisical –
suspended solids, transparency; 2B – hydrochemical (pH, concentration of ammonia nitrogen,
nitrite nitrogen, nitrate nitrogen, phosphates,
dissolved oxygen, biochemical oxygen demand,
chemical oxygen demand) ; 3) substances of toxic
action.
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Integrated environment
calculated by formula:

Ie =

index( I e )

(I a + Ib + Ic )
,
3

category – moderately polluted III class 4 category
- contaminated, 5 category – dirty; IV class 6
category – very dirty; V class 7 category –
extremely dirty. The Mokra Sura river water quality
estimated by the values of the maximum
permissible concentrations of pollutants for fishery
waters ( MPC fish ) and the values of maximum

was
(1)

where I a , I b , I c arefactor indices due to the
maximum excess of one of the characteristics in
each group of indicators. According to integrated
environmental index ( IEI ) values, classes and
categories of water quality are distinguished by
their degree of pollution (table.1): and class 1
category – very clean; II class 2 category – clean, 3

permissible concentrations of pollutants for water
bodies
of
municipal
use
( MPCmunicip ).

Table 1. The value of an integrated environmental index to determine the class and category of water pollution
Class
І
II
III
IV

V

Category

1

2

3

4

5

6

7

IEI

0,2

0,3– 1,0

1,1–2,0

2,1–4,0

4,1–6,0

6,1–10,0

>10,0

Environmental assessment of the water quality of the Mokra Sura river within the Dnipropetrovsk region was based on the calculation the integrated environmental index ( IEI ).
Geomorphological assessment of the water
network of the Morka Sura river was performed
using satellite radar interferometry. Multispectral
images of Landsat 5/TM (2007-2011) and Sentinel
2B/MSI (2017) satellite systems were used for remote assessment of water bodies in the study area

of the Mokra Sura river basin. The multispectral
index TCW (Tasseled Cap Wetness) (Crist, 1985)
was used to measure the spectral reflection of the
aquatic environment along of the Mokra Sura river
flow.
Results and discussion. Two terrain elevation
maps were acquired to extract the branch of the
hydro-network and the features of the land cover in
the Mokra Sura river basin ( Fig 1 a, b).

Fig. 1. Changes in terrain elevation in the basin of the Mokra Sura river by Sentinel-1A/InSAR data processing
a) Digital terrain elevation map of the hydrographic network in the area of the river;
b) terrain elevation changes during 2015.04 – 2017.05

Terrain elevation maps was created using the
radar interferometry (Stankevich et al, 2017) by
combining the two pairs of Sentinel-1A images for
the April 2015 and May 2017 time spans. The dynamics of terrain elevation for this period of the
study area are described by table 2 data.
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The data on terrain elevation change are
shown in the table 1. Two classes of essential changing were fixed (code 4 and 6). The data obtained
reflect the three years process of eluvia-diluvium soil
deposits transfer caused with wind and water erosion. About 90% of the total area of farmland are
plowed and used for cereals (wheat, barley, corn,
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oats), forages and technical crops (sunflower and
rape) cultivation. Lower slopes and bottoms of the

ravines are used for haymaking and grazing.

Table 2. Terrain elevation changes inside the Mokra Sura river basin
Color
code

Class

Terrain elevation change, m

Percent of area

Unclassified

no data

0.000

Very Strong Down

< –0.6

0.001

Strong Down

–0.6 .. –0.3

0.200

Moderate Down

–0.3 .. –0.15

2.408

Weak Down

–0.15 .. –0.05

16.267

No Change

–0.05 .. 0.05

64.292

Low Rise

0.05 .. 0.15

14.986

Medium Rise

0.15 .. 0.3

1.680

High Rise

0.3 .. 0.6

0.161

Very High Rise

> 0.6

0.005

The data on terrain elevation change are
shown in the table 1. Two classes of essential
changing were fixed (code 4 and 6). The data obtained reflect the three years process of eluvia- diluvium soil deposits transfer caused with wind and
water erosion. About 90% of the total area of farmland are plowed and used for cereals (wheat, barley,
corn, oats), forages and technical crops (sunflower
and rape) cultivation. Lower slopes and bottoms of
the ravines are used for haymaking and grazing.
Follow the necessity to use water from the
Mokra Sura river for irrigation, the level of soil
water erosion can only increase and enhance the
negative processes of eutrophication of reservoirs.

Long term technogenic pollution requires information about the state of surface water of fishery,
drinking and municipal water use facilities as an
integral part of the aquatic ecosystem, the habitat of
aquatic organisms and as a resource of drinking
water supply. Based on the values of the maximum
excess of the maximum permissible concentrations
( MPC ) in each of the three blocks of indicators in
the controlled areas of the Mokra Sura river for
2007, an integrated environment index ( IEI ) with
respect
to
the
MPC
for
fishing
( I e1 ) and municipal ( I e2 ) goals (table 3).

Table 3. The value of the integrated environmental index inside the control areas of the Mokra Sura river during 2007
Factor indexes (for Ie)
I e1
Class and
Village
category of water
Ia
Ib
Ic
Ie2
quality
Sursko-Litovske
Bratske
Novomykolayvka
Novooleksandryvka

4.0
2.7
4.8
2.6
6.0
3.0
13.0
2.6

1.6
7.8
3.4
7.7
4.0
9.0
1.5
7.7

Са2+
Mg2+
SO42Mg2+
SO42Mg2+
Са2+
Mg2+

*Chemical Oxigen Demand
Priority pollutants in this case are oil products and ions SO42− , Mg 2+ , Zn 2+ , Cr 6+ . The river
water between sampling sites in the SurskoLitovskoe and Novomykolayvka villages assesses
as “dirty” using IEI for fishing. It should be noted

1.7
0.03
1.9
0.12
1.8
0.05
3.4
0.05

COD*
NO2COD
NO2COD
NO2COD
NH3-

8.1
0.24
9.0
0.02
12.0
0.02
34,0
0.005

Fe2+
Cr6+
oil
Zn2+
oil
Zn2+
oil
Zn2+

III cl, 4 cat
III cl. 4 cat
III cl. 5 cat
III cl. 4 cat
III cl. 5 cat
III cl. 4 cat
V cl., 7 cat.
III cl. 4 cat

that within the limits of water intake in the village
of Novooleksandryvka the condition of the water is
dirty. Environmental assessment of the quality of
the waters of the Mokra Sura river as a water object
of municipal and domestic water use is dirty as
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tions for 2011 are given in table 4.

well. The results of IEI and factor indices calcula-

Table 4. The value of the integrated environmental index inside the control areas of the Mokra Sura river during 2011
Factor indexes (forIe)
I e1
Class and category
Village
of water quality

Ie2

Ia

4.5
2.3
4.1
3.0
4.3
2.7
10.7
2.7

Sursko-Litovske
Bratske
Novomykolayvka
Novooleksandryvka

Ib

2-

3.9
7.0
1.7
9.0
5.1
8.0
1.5
8.0

SO4
Mg2+
Са2+
Mg2+
SO42Mg2+
Са2+
Mg2+

Ic

1.8
0.03
1.9
0.1
1.9
0.09
3.7
0.31

COD
NO2COD
NO2COD
NO2COD
NH3-

7.8
0.01
8.6
0.01
6.0
0.14
27.0
0.001

oil
Zn2oil
Zn2oil
Cr(VI)
oil
Zn2-

III cl. 5 cat
III cl. 4 cat
III cl. 5 cat
III cl. 4 cat
III cl. 5 cat
III cl. 4 cat
V cl. 7 cat.
III cl. 4 cat

Analysis calculations of the integrated ecological index for 2011year in relation to the
MPC fish showed the deterioration of the river wa-

zinc, chromium and petroleum products. At the
same time, the assessment of river water from the
point of view of municipal MPCmunicip has not

ter near the Sursko-Litovske village. There is the
transition in the evaluation of the fourth (contaminated) to the fifth (dirty) category. Priority pollutants in this case are ions of sulphates, magnesium,

changed.
The data of the calculations of two types of
integrated environmental index for 2007-2011 are
shown in figure 2.

14
12
10
Sursko-Lytovske
Bratske
Novomykolayvka
Novooleksandryvka

IEI

8
6
4
2
0
Ie 1

Ie 2
2007

Ie 1

Ie 2

Ie 1

2008

Ie 2

Ie 1

2009

Ie 2
2010

Ie 1

Ie 2
2011

Fig. 2. Hydrecologicalestimation of Mokra Sura river

I e1

–

IEI

forfishing;

The analysis of the IEI changing dynamics
found a temporary reduction of water pollution near
Novooleksandrovka almost 1.5 times. Meantime, at
whole, the environmental quality of river water
remained at the level of “dirty” and “very polluted”.
A time series of Landsat-5 images was built
in 2007-2011years to assess the state of the surface
waters of the Mokra Sura river by remote sensing.
After that, the optimal spline regression between
the remote spectral index TCW and two integral
indices ( I e1 and I e2 ) was constructed on the in situ
measurements base. Regression dependence be-
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Ie2

– household

IEI

tween the indices of the TCW , I e1 and I e2 is
shown in Fig.3.
The coefficients of determination of regres-

I

I

sion between TCW , e1 and e2 are 0.53 and 0.64
accordingly. These indices estimation by the Sentinel-2B/MSI satellite image for 19 September 2017
year (Fig.4) were carried out in order to further
forecast the environmental situation with water
pollution within the Mokra Sura river basin.

I

I

Using the Fig. 3 regressions,the e1 and e2
indices values were restored for all water surfaces
within the study area in the Mokra Sura river basin
at the same time. The results are shown in Fig.5.
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Fig. 3. Regression dependence between the Іе1/Ie2 indices and the

TCW

Fig. 4. Sentinel-2B/MSI multispectral satellite image over the Mokra Sura river area for 2017.09.19, 13 spectral bands, 10 m spatial resolution

Using the Fig. 3 regressions,the I e1 and I e2
indices values were restored for all water surfaces
within the study area in the Mokra Sura river basin
at the same time. The results are shown in Fig.5.
According to the remote assessment of the
Mokra Sura river basin water pollution, calculations
of surface water area classes were made using the
data of both IEI (Table 5). According to the calculations, the ratio of the corresponding Table 1 categories turns out that at this time from 80 to 90% of
Mokra Sura river basin surface ( IEI 4-12) belong
to the classes with the assessment of dirty, very and
extremely dirty.
Conclusion. The studies confirm the possibility of
using remote sensing methods for environmental

monitoring of the surface water quality state. The
regression relationships are consistent with the data
of direct measurements at the sampling points and
are an effective means of assessing the ecological
state of the water bodies. The state of the water
bodies of the Mokra Sura river basin varies considerably. The best is the water quality in the upper
part of the river Mokra Sura, the worst – in the
middle and lower parts, as a result of discharge
with industrial enterprises Kamenske and Dniprovske industrial agglomeration not enough
treated wastewater. The main advantage of the studies carried out on the example of the Mokra Sura
river is the demonstration of the possibilities of
operational remote monitoring to making control its
environmental condition throughout the flow –
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from the source to the mouth. Due to remote sensing procedure it was shown that over 80% of Mokra
Sura river basin surface ( IEI 4-12) belong to the
classes with the assessment of dirty, very and extremely dirty.
The results of studies using remote sensing
indicate the need to reduce the volume of not fully

Fig. 5. Water pollution

a
I e1 (a) and Ie2

treated wastewater to the Mokra Sura river. The
obtained data can be used for environment assessment of the current and retrospective state of water
bodies, development of forecasts of rivers pollution. However, they are pre-oriented and necessarily subject to independent in-situ reviews.

b
(b) indices distributions within the Mokra Sura river basin for 19 September 2017 by mul-

tispectral remote sensing
Table 5. The area of the water surface of the Mokra Sura river basin according to the integrated environmental index, %
Color
code

I e1 Class
Non-Water (Black)

I e1 ,
percent of area
92.0374

Non-Water (Black)

Ie2 ,
percent of area
92.0374

0 .. 4 (Medium Blue)

0.3956

0 .. 2 (Medium Blue)

0.3463

4 .. 8 (Steel Blue)

0.6332

2 .. 4 (Steel Blue)

0.8584

8 .. 12 (Lime Green)

5.7835

4 .. 6 (Lime Green)

6.4100

12 .. 16 (Olive)

1.0952

6 .. 8 (Olive)

0.3262

16 .. 20 (Gold)

0.0372

8 .. 10 (Gold)

0.0152

Over 20 (Orange Red)

0.0179

Over 10 (Orange Red)

0.0065
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Regional morbidity profile of the Sumy region population by diseases of the musculoskeletal
system and connective tissue
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Abstract. Analyzed the level of primary morbidity of population and prevalence of the
osteo-muscular system diseases and of the connective tissue diseases among the residents of the Sumy region. It is established that nosologies of this class are occupy a
prominent place in the overall structure of disease's prevalence among the inhabitants of
the Sumy region. The percentage of above mentioned nosologies in total structure of
Sumy region population morbidity has been exceed 5 %. The dynamics of primary morbidity and prevalence of diseases was separately examined during 2005–2016. Moreover, it was revealed that the situation with the morbidity by nosologies of this group during 2005–2016 has been deteriorating. For example, the primary morbidity of population of the Sumy region by diseases of osteomuscular system and of the connective tissue decreased by 6.5 %, but the prevalence of orthopedics pathologies among inhabitants of
the Sumy region for the above indicated period increased by 11.0 %. It is established that in the structure of prevalence of the osteomuscular system diseases and of the connective tissue diseases on the first place are arthrosis diseases, which demonstrated the high
levels of primary morbidity's growth during 2005–2016, which in some regions exceed 50–80 %. The morbidity of population by the
arthritis diseases in the Sumy region for the same period increased by 30.8 %, and their prevalence by 34.4 %, but the highest tempo
of growth in the rates of primary morbidity and prevalence are characteristic for saline arthropathies – 25.7 % and 12.0 % respectively. The benefit of this study is analyses of the geographical patterns of morbidity of the population as well as prevalence of the osteomuscular system diseases and of the connective tissue diseases among the inhabitants of the region.With help the quantitative analysis methods, the groups of districts with different rates of morbidity of population, prevalence of diseases of the skeleton/muscular
apparatus and connective tissue and different level of provision of the Sumy region population by medical institutions and specialists
of the appropriate profile were identified. The geographical discrepancies between the level of the morbidity of population and the
level of specialized medical-orthopedically care is revealed. It has been established that in many administrative districts of the region
there are no orthopedist at all among the specialists providing medical assistance, and beds for orthopedic patients (or both) are absent in medical and preventive institutions. Consequently the population is not provided with the proper level of orthopedic care.
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Received in revised form 10.10.2018;
Accepted 21.11.2018

Keywords: primary morbidity, prevalence of diseases, diseases of the musculoskeletal systems, diseases of the connective tissue,
Sumy region.

Регіональний профіль захворюваності населення Сумської області на хвороби кістковом’язової системи та сполучної тканини
О. Г. Корнус1, А. О. Корнус1, В. Д. Шищук2, Н.M. Нурейн2,3
1

Сумський державний педагогічний університет імені А. С. Макаренка, Україна, e-mail: a_kornus@ukr.net
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3
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2

Анотація. Проаналізовано рівень первинної захворюваності населення та поширеності хвороб кістково-м’язової системи і
захворювань сполучної тканини серед мешканців Сумської області. Встановлено, що нозології цього класу входять до основних у загальній структурі поширеності хвороб серед населення Сумської області та посідають друге місце у структурі
причин, що зумовлюють інвалідизацію її мешканців. Ортопедичні захворювання займають п’яте місце у структурі поширеності захворювань серед мешканців України (їх частка 5,4%), причому жінки частіше страждають від цього класу хвороб,
ніж чоловіки. Так, у 2015 році поширеність цієї групи патологій серед чоловіків складала 8 257,7, а серед жінок – 10 021,1
випадків на 100 тисяч осіб, первинна захворюваність серед жінок також була вищою – 2 287,8 і 2 986,1 випадків на 100
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тисяч жителів відповідно. Окремо розглянуто динаміку захворюваності та поширеності хвороб кістково-м’язової системи й
захворювань сполучної тканини протягом 2005–2016 років. Незважаючи на те, що протягом цього періоду поширеність
ортопедичних нозологій серед населення України в цілому зменшилась на 7,67%, у Сумській області за розповсюдженість
цього класу захворювань навпаки збільшилася 11%. Ця проблема є особливо гострою для городян, серед яких поширеність
ортопедичних нозологій вища, ніж серед жителів сільської місцевості. На 100 тис. осіб у містах діагностується 9 601, а у
сільській місцевості – лише 8 640,8 випадків таких захворювань. Така сама ситуація спостерігається і при первинній захворюваності: на 100 тисяч людей у містах було діагностовано 3 102,2, а у селах – лише 2 490,1 нових випадків ортопедичних
хвороб. Проаналізовано структуру названих нозологій у Сумській області, схарактеризовано географічні відмінності захворюваності населення та поширеності зазначених хвороб серед мешканців регіону. За допомогою методів кількісного аналізу
виділено групи районів, які об’єднали адміністративні одиниці, що мають схожі показники захворюваності населення, поширеності хвороб кістково-м’язової системи та захворювань сполучної тканини й рівня забезпеченості населення лікувальними закладами і фахівцями ортопедичного профілю. Виявлено географічні невідповідності між рівнями захворюваності
населення та спеціалізованого медико-ортопедичного обслуговування.
Ключові слова: первинна захворюваність, поширеність хвороб, кістково-м’язові хвороби, хвороби сполучної тканини, Сумська область.

Introduction The high prevalence of diseases
among the population of Ukraine, the tendency to
an increase of the morbidity rate by some nosologies, as well as the lack of comparative data about
morbidity and insufficient knowledge of the factors
causing it are determine the importance of studying
the regional health profile of residents of any region
of Ukraine. The analysis of trends of the morbidity
and prevalence of diseases among the population is
an important component of planning the strategic
directions of medical services development, the
ground for developing an effective and scientifically based system for maintaining and promoting of
populations health. Therefore, the socialgeographical study of the regional morbidity of the
population is very relevant on the current stage of
Ukraine development.
Pathologies of the musculoskeletal system
and connective tissue are quite common among the
population of Ukraine and occupy the second place
in the structure of the reasons for the disability of
its citizens. The diseases of this nosological class
are occupy the fifth place in the structure of diseases prevalence of the Ukraine's inhabitants (5.4 %),
and besides a women are suffer by them more often
than men. So in 2015, the prevalence of this group
of pathologies among a men was 8,257.7, and
among a women – 10,201.1 cases per 100 thousands of people, the primary morbidity of a women
was also higher – 2,827.8 and 2,986.1 cases per 100
thousands of inhabitants respectively.
In addition to the differences by gender, the
differentiation of diseases prevalence of the musculoskeletal system and connective tissue there is
among urban and rural residents of Ukraine. This
problem is especially acute for townspeople, among
whom the prevalence of this group of nosologies is
higher than among residents of the countryside. Per
100 thousands of population in cities are 9,601
cases, but in rural areas only 8,640.8 cases of such
diseases. The same situation is observed with the
primary morbidity: per 100 thousands of people in
cities were diagnosed 3,102.2 new cases, while in

the villages there are only 2,490.1 new cases of
orthopedic diseases.
Most of the scientific articles and papers on
this subject are devoted to methods of diagnosis
and treatment of the above-mentioned diseases and
the development of measures to reduce the morbidity. A relatively small amount of articles are devoted
to the geographical aspects of the population morbidity and establishment of the territorial differences of prevalence of the musculoskeletal system and
connective tissue diseases. Among them, it is worth
noting the works of such scholars as N. Mezentseva
and S. Batychenko (Mezentseva, 2009), T. Pogrebskyi (Pogrebskyi, 2014), who consider this
issues at the Ukrainian level, or the work by S.
Sonko and D. Shiyan (Sonko, 2015), who explore it
at the level of old industrial regions. Part of scientific articles is devoted to the geography of road
injuries; their review is given in the work of A.
Kornus et al (Kornus, 2017). Regarding the geography of the morbidity of diseases of the musculoskeletal system and connective tissue in the Sumy region of Ukraine, these issues are partially covered
in the works by A. Kornus et al (Kornus, 2015) and
V. Shyshchuk (Schyschuk 2013, 2014). Despite the
fact that for the years of 2005–2016 the prevalence
of orthopedic nosologies among the population of
Ukraine as a whole decreased by 7.67 % (Zaklady,
2016), in the Sumy region over the same period the
prevalence of it was increased by 11 % (Dovidnyk,
2017), which also caused the choice of the aim of
our study.
The purpose of the study is to analyze of the
geographical differences of the population morbidity and prevalence of diseases of the musculoskeletal system and connective tissue among the residents
of Sumy region as well as the grouping of administrative units of the region according to the level of
morbidity of the inhabitants by the nosologies of
this class.
Material and research methods. The observation
covers the period from 2005 to 2016. This study
analyzed the data of annual statistical reports of
432

Kornus O.H., Kornus A.O., Shyshchuk V.D., Nurein N.M.

Journ.Geol.Geograph.Geoecology, 27(3), 431-443

________________________________________________________________________________________________________________________________________________________________

medical institutions of the Sumy region, which
subordinate to the Ministry of Public Health of
Ukraine. The dynamics of the morbidity rates and
prevalence rates of the major diseases of musculoskeletal system and connective tissue have been
studied in the geographical aspect. Among the
above-mentioned diseases a rheumatoid arthritis
and other inflammatory arthropathies, saline arthropathies, including gouty arthritis, arthrosis, including deforming arthrosis, ankylosing spondylitis, damage of the intervertebral discs, other dorsopathies and spondylopathies, systemic lupus erythematosus, osteo-articular tuberculosis were considered.
To assess the quality of medical-orthopedic
services in the region were clarified the regularities
of placement of inpatient medical orthopedic departments and the number of orthopedic beds in
hospitals. The provisions of hospitals by orthopedists also have been clarified. These indicators allow
not only to establish the level and geographical
features of population morbidity and the prevalence
of diseases, but also provide an opportunity to evaluate the effectiveness of medical health care and
prevention. They are also the basis for creating the
programs for the development of medical and orthopedic care system for inhabitants of the region.
In this paper a systematic approach, comparative-geographical, statistical, cartographic, analytical, and other methods of scientific geographical
research are applied. All calculations as well as the
graphic images and figures were obtained using
SPSS Statistic 17.0 computer software by SPSS
Inc., Microsoft Excel 2010 and Statistica 10 by
StatSoft Inc.

Results and discussion. In the world, 25 % of
adults are suffer from pathologies of the musculoskeletal system. In Europe, their share in the
structure of non-communicable diseases is more
than 3/4 and during recent years has increased by
25 %. Orthopedic diseases such as osteoarthritis
and rheumatoid arthritis are the main causes of
disability and account for half of all chronic diseases among a people over 65 years of age (Kuprinenko, 2015). There are about 63 million people with
orthopedic nosologies, which are recorded in all
European regions. The average annual morbidity by
orthopedic diseases in the world’s population is
about two cases per 10 thousands of people
(0.02 %), but in different regions it ranges from
1 % to 40 %, and affecting mainly a people of
working age. In Ukraine, the total number of such
patients is about 125 thousands of people, or 34
cases per 10 thousand adults, which is much higher
than the world average.
Among the regions of Ukraine, theSumy region ranks 18th in terms by the level of population
morbidity by nosologies of the musculoskeletal
system and connective tissue. These diseases are
difficult to treat, and some, such as rheumatoid
arthritis, are incurable. The rheumatoid arthritis is
the most dangerous and often leads to disability. At
the end of 2016, the primary morbidity of inhabitants by the nosologies of musculoskeletal system
and connective tissue in Sumy region was 2,523.98
cases per 100 thousands of people, and prevalence
of these diseases reached 7,620.63 cases per 100
thousands of population (Fig. 1) (Dovidnyk, 2017).
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cases per 100 thousands of people
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Fig. 1. Dynamics of primary morbidity and prevalence of diseases of the musculoskeletal system and connective tissue among the
population of Sumy region during 2005–2016.
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The highest prevalence of diseases of the
musculoskeletal system and connective tissue was
observed among the residents of the city of Sumy
(10,043.82 cases per 100 thousands of peoples), as
well as in Okhtyrka (10,104.28), Lypova Dolyna
(12,115.79) and Buryn’ (13 859.96) districts, as
while the residents of Yampil’ (5,250.72 cases per
100 thousand people), Sumy (5,414.17), and Velyka Pysarivka (5,953.36) districts had its lowest
values. As for the primary morbidity of population
by the pathologies of this group, its highest rates
are observed among the residents of Shostka
(3,053.86), Lypova Dolyna (3,163.16), Krolevets
(3,374.82) districts and among the residents of the
city of Sumy (3,130.47 cases per 100 thousands of
people). The least amount of cases of diseases of
the musculoskeletal system in 2016 were registered
in Lebedyn (1,105.01), Sumy (1,106.46) and Yampil’ (1,397.7 cases per 100 thousands of population)
districts (Fig. 2).
Although during the years 2005–2016 in the
Sumy region as a whole there was an increase in
the prevalence of diseases of the musculoskeletal
system among the population, but at the level of

individual administrative units of the region, these
processes has largely different directions. The most
intensively diseases of this group “accumulated”
among the residents of Putyvl’ (an increase by
50.23 %) and Buryn’ (by 65.9 %) districts. At the
same time, in other districts of the region, over the
specified period, there was a decrease of the orthopedic nosologies prevalence among their population. The best situation was in the Sumy (a decrease
by 31.21 %) and Yampil’ (by 12.27 %) districts
(Fig. 2). The two main criteria that characterize the
morbidity of the population behaved in different
directions: if the prevalence of diseases increased,
then the primary morbidity on diseases of the musculoskeletal system and connective tissue during
the above-mentioned period among the population
of Sumy region was contrary decreased. The declined was most significantly in Sumy (60.8 %
reduction), Yampil’ (40.9 % reduction) and Velyka
Pysarivka (36.3 % reduction) districts. Although in
some districts and the primary morbidity also is
growing, sometimes very significant, as, for example, in the Seredyna-Buda (33.4 % increase) or
Okhtyrka (53.6 % increase) districts.

Fig. 2. Primary morbidity and prevalence of diseases of the skeletal-muscle system and connective tissue among the population of
administrative units of the Sumy region in 2016 and their dynamics during 2005–2016 (Source: Dovidnyk, 2017)
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In accordance with the international classification of diseases ICD–10 (Classification, 2017),
diseases of the musculoskeletal system include
arthropathies, systemic diseases of the connective
tissue, dorsopathies, and diseases of the soft tissues.
Among of them, the most common are pathologies
of the joints, osteoporosis, and skeletal injuries.
Ukraine is not an exception; here also the most
common disease in the structure of the musculoskeletal nosologies is an arthrosis – complex progressive chronic joint diseases of a degenerativedystrophic nature. The first signs of joints disorders
are found among a people, who over the age of 30
years. Further, during a period of life from 30 to 65
years, the frequency and prevalence of arthrosis
increases from 2 to 10 times. This pathology detected among the majority of people over 65 years
of age, and almost every person, who over the age
of 75–80 years (Chystyk, 2017). The main causes
of arthrosis are injuries and their consequences,
dysplasies, infections and intoxications, as well as
hereditary factors.
In the Sumy region in 2016, the percentage
of arthrosis among of all orthopedic pathologies
was also the largest – 31.7 %. Compared to 2005,
their prevalence among the region's population

increased from 2,160.93 to 2,733.51 cases per 100
thousands of peoples (by 26.49 %). Most often the
arthrosis is occurs among the residents of Buryn’
(3,554.76), Romny (3,954.19) and Lypova Dolyna
(4,363.16 cases per 100 thousands of peoples) districts. At the same time this pathology is the least
common among the residents of Sumy (1,558.31)
and Yampil’ (1,999.09 cases per 100 thousand of
the population) districts. The primary morbidity of
arthrosis in the region is 432.55 cases per 100 thousands of people, reaching the highest rates in Lypova Dolyna (610.53) and Shostka (654.18 cases per
100 thousands of people) districts. In 2016, the
population of Yampil’ (128.57) and Lebedyn
(154.14 cases per 100 thousands of peoples) districts was the least affected by this pathology.
By the analyzing the dynamics of primary
morbidity and prevalence of arthrosis among the
population of the Sumy region during 2005–2016
(Fig. 3) was found that only in Sumy district the
prevalence of this pathology decreased (by 24.8 %),
while in all other administrative units its growth
was observed. It was especially significant among
the inhabitants of Velyka Pysarivka (82.9 % increase), Romny (80.9 % increase) and Putyvl’
(78.7 % increase) districts.

Fig. 3. Growing (decreasing) of the diseases prevalence and primary morbidity of population of the administrative units of Sumy
region by the arthrosis during 2005–2016 (%) (Source: Dovidnyk, 2017)

Among of all arthrosis, osteoarthrosis is the
most common, which is one of the main causes of
premature loss of ability to work and disability, and
accompanied by chronic pain syndrome, signifi435

cantly reducing the quality of human life due to
damage of large joints: knee-joint (gonarthrosis),
hip-joint (coxarthrosis) and shoulder-joint. The
appearance of primary or idiopathic osteoarthrosis,
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when there are a violation of development of the
components of articular cartilage, the membrane
and the biochemical structure of cartilage tissue, is
significantly influenced by a hereditary factor. Mechanical factors (joint injuries, intraarticular fractures of the bones, which lead to disruption of the
normal structure of the joint, permanent microtrauma of the joint and heavy load on him, various
anomalies of skeletal development, which lead to
uneven load on the joints) also resulting lead to the
fact that the articular surfaces are overloading and
destroying. The causes of osteoarthrosis can be
obesity (joint overload), inflammatory joint diseases (acute and chronic arthritis), hemophilia, in
which even minor injuries result to blood flow into
the joint (hemarthrosis), primary aseptic necrosis of
bone tissue, metabolic disorders. Osteoarthrosis can
also occur as a complication of some systemic diseases such as gout, chondrocalcinosis, hemochromatosis, psoriasis, rheumatoid arthritis, diseases of
the endocrine system (violations of calcium metabolism in hypo- or hyperparathyroidism, diabetes,
impaired of sex hormones production as well as the
hormone of growing – the somatostatin), as well as
the violation of blood supply to joint tissues (atherosclerosis of lower extremities vessels, endarteritis
obliterans, varicose veins)(Osteoartoz, 2017).
In the Sumy region in 2016, the overall prevalence of osteoarthrosis was 2,342.26, and its primary morbidity was 297.37 cases per 100 thousands of people. During 2005–2016 the prevalence
of the deforming arthrosis among the region's population increased by 19.15 %, and the primary morbidity decreased by 15.6 %. Among the administrative units, the best situation observed in the Putyvl’,
Seredyna-Buda and Lypova Dolyna districts, where
the primary morbidity of population has decreased
almost threefold. However, in Okhtyrka district
there is a diametrically opposite (worst) situation –
here the morbidity by this pathology has increased
by 4 times. With regard to the dynamics of prevalence of this nosological form, then during 2005–
2016 only in three districts of the region its decrease were observed: Sumy (by 32 %), Lypova
Dolyna (by 25.9 %) and Seredyna-Buda (by
177 %); in other areas, the morbidity by osteoarthrosis is increasing, especially in Velyka Pysarivka,
where in 2005–2016 it more than doubled.
As of January 1, 2017, the largest distribution of osteoarthrosis was diagnosed in Buryn’
(3,123.88) and Romny (3,545.7 cases per 100 thousands of people) districts, while among the inhabitants of Seredyna-Buda (1,267.04) and Sumy
(1,314.02 cases per 100 thousands of people) districts this pathology is less common. The highest
primary morbidity by osteoarthrosis among the
population is observed in Okhtyrka (400.46 cases

per 100 thousands of people), Bilopillia (410.46)
and Shostka (547.19) districts, and the lowest rates
are in Lebedyn (71.64) and Yampil’ (74, 65 cases
per 100 thousands of people) districts.
As well as an arthrosis, arthritis is a significant medical and social problem. Today arthritis is
common among people of all ages, including children and adolescents, but it is still more often observed among women aged 40–50 years, who generally get sick more often than men (the ratio of
sick women to men is 3:1). A special place in this
group is occupied by rheumatoid arthritis, which is
the second highest prevalence among the population of Sumy region as well as the level of primary
morbidity, second only to osteoarthrosis. With age,
the prevalence of rheumatoid arthritis increasing
(Neyko 2009; Revmatoidnyi, 2001).
For the period 2005–2016, the primary morbidity by arthritis in the region increased by 30.8 %,
but in such districts as Romny, Velyka Pysarivka
and Putyvl' it increased more than 5 times. The
prevalence of arthritis and other inflammatory polyarthropathies among the residents of the region
also increased by 34.38 % over the study period,
especially in the same Romny and Velyka Pysarivka districts, as well as in Lypova Dolyna, Lebedyn
and Buryn’ (Fig. 4).
In 2016, an arthritis and other inflammatory
polyarthropathies were most common among the
residents of Shostka (779.51) and Buryn’ (793.94
cases per 100 thousands of people) districts. Least
of all affected by these diseases are the inhabitants
of the Krasnopillia (323.46) and Bilopillia (406.5
cases per 100 thousands of people) districts. High
rates of primary morbidity of population by arthritis
are also among the residents of the Buryn’
(239.38), Lypova Dolyna (247.37) and Shostka
(292.45) districts, while the inhabitants of the Lebedyn (17.37), Seredyna-Buda (24.02) and Bilopillia (27.76 cases per 100 thousands of people) districts fell got sick the least in this year.
As for the most common and dangerous form
of arthritis – the rheumatoid arthritis, the primary
morbidity of the population for it in the Sumy region in 2016 was 22.23 cases per 100 thousands of
people, that is by 72.19 % higher than in 2005. In
2016, the rheumatoid arthritis was most often diagnosed among the residents of Yampil’ (41.47) and
Sumy (65.46 cases per 100 thousands of people)
districts. The prevalence of this disease over the
study period was also increased by 16.4 % and
amounts to 313.66 cases per 100 thousands of
people. Such a progression of morbidity by rheumatoid arthritis is due to the lack of preventive
measures aimed at early detection of this disease,
the slow introduction of modern methods of the
diagnosis and treatment of this pathology, an insuf436
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ficient number of medications and equipment in
medical institutions. During the 2005–2016, the
most common rheumatoid arthritis was among the
residents of Velyka Pysarivka (412.71) and Putyvl’

(412.73) districts, while the inhabitants of Krasnopillia (250.42), Krolevets (281.24) and Hlukhiv
(284.15 cases per 100 thousands of people) districts
were the least affected by this nosology.

Fig. 4. Growing (decreasing) of the diseases prevalence and primary morbidity of population of the administrative units of Sumy
region by the arthritis and other inflammatory polyarthropathiesduring 2005–2016 (%) (Source: Dovidnyk, 2017)

For the period 2005–2016 primary morbidity
of rheumatoid arthritis was decreased in three districts: Bilopillia (by 47.58 %), Lypova Dolyna (by
22.32 %) and Trostianets (by 21.28 %). In general,
opposite trends were observed for various administrative districts of the Sumy region. For example, in
2005 in the Seredyna-Buda district per 100 thousands of people there were 15.71 cases of primary
morbidity by rheumatoid arthritis, and in 2016,
according to medical statistics, not a single case of
this disease was diagnosed here. While if in 2005,
in the Buryn’ district there were no patients registered with this diagnosis, in 2016, per 100 thousands of people already had 11.97 cases of rheumatoid arthritis. During the study period, the primary
morbidity of population in the Lebedyn district has
been increased the most of all. Among the main
causes of arthritis should be called an infection,
injuries, diseases of the nervous system, prolonged
physical strain, etc. According to WHO (Global,
2017), rheumatic diseases have third rank among
the causes of temporary disability of the population.
More than 50 % of patients with a diagnosis of
rheumatoid arthritis become incapacitated 10 years
after the onset of the disease, and about 90 % of
patients constantly experience severe pain, which
significantly worsens the quality of life.
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With regard to the dynamics of prevalence of
the rheumatoid arthritis from 2005 to 2016 (Fig. 4),
in five administrative districts of the Sumy region
there was a decrease of this indicator: Krasnopillia
(–21.87 %), Seredyna-Buda (–18.59 %), Okhtyrka
(–17.2 %), Sumy (–10.35 %) and Trostianets (–
3.29 %) districts. But in other areas of the region,
the prevalence of rheumatoid arthritis grew at a
much higher rate, especially among the residents of
Velyka Pysarivka (by 61.58 %) and Yampil’ (by
63.07 %) districts.
In addition to arthrosis and arthritis, a significant place in the morbidity structure of population
of the Sumy region is occupied by salt arthropathies
– the diseases resulting from disorders of salt metabolism in the joints. These diseases are often a secondary manifestation of another disease, and it can
be caused by a violation of the general metabolism,
infection, inflammation, and the like.
During the selected observation period, both
the primary morbidity and the prevalence of saline
arthropathy among the residents of the region were
increased, incl. primary morbidity – by 96.63 %,
and prevalence – by 100.44 %. If in 2005 in four
districts of the region (Krolevets, Lebedyn, Putyvl’,
Seredyna-Buda) these pathologies were not recorded at all, then in 2016 they were already identified
in all districts of the region, except the Buryn’ dis-
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trict. The rates of primary morbidity by saline arthropathies were increased highest in the Romny,
Okhtyrka and Velyka Pysarivka districts; for these
same districts, as well as for Lebedyn, the fastest
increase of the prevalence of saline arthropathies
are also characteristic (Fig. 5).
In 2016, the salt arthropathies were most
common among the residents of the Romny district
(310.45 cases per 100 thousands of people), whereas among the residents of the Krasnopillia district
they were the least prevalenced (59.13 cases per
100 thousands of people), that is, the "best" and
"worst" by morbidity districts were differed more
than five times. The highest rates of primary morbidity for 2016 by nosologies of this group recorded among the population of Yampil’ district (53.92
cases per 100 thousand people).
The leading place in the structure of saline
arthropathies is the gouty arthropathy. The gout is
inflammatory arthritis resulting from the accumulation of sodium monourate crystals in synovial fluid
and other body tissues and is associated with
hyperuricemia (elevated serum uric acid levels up
to 408 mmol/l), as well as limited dissolution of
this acid at physiological temperature and pH levels
(Podagra, 2017). In various regions of the world,
from 0.3 to 4.2 % of the population are suffering

from gout. The morbidity by gout is 5–50 cases per
1,000 men and 1–9 per 1,000 women, that is, the
ratio of men and women with gout is 7:1. In
Ukraine, the prevalence of gout is 0.4 % of the all
adult population, and hyperuricemia – 15–20 %.
The number of new cases of gout per year is 1–3
per 1,000 men and 0.2 per 1,000 women.
In 2016, in the Sumy region the most patients
with gout were registered in Konotop (203.63 diseases per 100 thousands of people), Hlukhiv
(227.67) and Romny (310.45) districts; suffered
less from it in Putyvl’ (50.25) and Krasnopillia
(59.13 cases of disease per 100 thousands of
people) districts. For the years 2005–2016, the
greatest increase of the primary morbidity by this
nosological form was noted in Krasnopillia, Konotop and Okhtyrka districts. If in 2005 the inhabitants did not sick by gout in the Krolevets, Lebedyn, Putyvl’ and Seredyna-Buda districts, in
2016 only in one district (Buryn’). In the six districts of the region, during the study period, there
was a decrease of the primary morbidity by gouty
arthritis, however, in most administrative units of
the region there are a significant increasing of the
population morbidity by gout, which reached by
3.5–5 times in Yampil’, Krasnopillia, Konotop and
Okhtyrka districts (Fig. 5).

Fig. 5. Growing (decreasing) of the diseases prevalence and primary morbidity of population of the administrative units of Sumy
region by saline arthropathies during 2005–2016 (%) (Source: Dovidnyk, 2017)

A significant place in the structure of diseases of the musculoskeletal system is occupied by
dorsopathies and spondylopathies, which are un-

derstood to mean degenerative-dystrophic diseases
of the spine or paravertebral spinal tissues (kyphosis, lordosis, scoliosis, osteochondrosis of the spine,
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spondylylosis, torticiousr, etc.). Dorsopathies are
diagnosing among people of different age groups
and have a steady tendency to increase of their prevalence.
According to the international classification,
there are three types of spinal dorsopathy (Classification, 2017, Dorsopatija, 2017): a) the deforming
dorsopathy, which begins with changes in the
height and shape of the intervertebral discs. This
affects to the state of the vertebrae, the shape of
which changes (deforms), as a result of which is
formed the curvature of the spine with pinching of
the roots of the spinal cord; b) the vertebrogenic
dorsopathy (spondylopathy) – pathological changes
directly in the vertebrae, without involving the intervertebral discs, accompanied by inflammatory
changes in the paravertebral tissues (ligaments and
muscles); c) the discogenic dorsopathy – is characterized by pronounced changes in the properties of
the cartilage of the intervertebral disc with the formation of protrusions and hernias. According to its
localization, there are dorsopathies of different
parts of the spine: cervical, thoracic, lumbar and
polysegmental dorsopathy, when the disease affects
all parts of the spine. The latter is the most severe
form of this pathology.
The percentage of lesions of the intervertebral discs is 1.2 % of the total nosological class the
diseases of the musculoskeletal system and connective tissue. During 2005–2016 both the prevalence
of diseases and primary morbidity of these lesions
increased from 40.6 and 6.62 cases per 100 thousands of people to 104.04 and 11.61 cases per 100
thousands of inhabitants respectively. Among districts, the highest prevalence of lesions of the intervertebral discs are observed among the residents of
Buryn’ – 686.22 cases per 100 thousands of people
(and this pathology was not recorded in this district
in 2005), Okhtyrka (420.62) and Konotop (324.97)
district. Among the population of Krasnopillia
(34.78), Konotop (35.74) and Seredyna-Buda
(42.03) districts the highest primary morbidity of
the population by this disease are observed.
As an example of the geographical differences of spread of the spondylopathies among the residents of Sumy region, we studied the prevalence
and primary morbidity of population of the region
by one of them – ankylosing spondylitis. During the
study period, the primary morbidity and prevalence
of this disease among the residents of region increased from 1.31 and 18.63 cases per 100 thousands of people in 2005 to 3.69 and 42.3 cases per
100 thousands of inhabitants in 2016 respectively.
The morbidity by ankylosing spondylitis has a significant geographical polarization. In 2016, among
the residents of Bilopillia, Buryn’, Krolevets, Nedryhailiv, Putyvl’, Seredyna-Buda and Trostianets
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districts, this pathology was not detected at all,
while in other areas of the region this disease was
diagnosed, and most of all in Sumy district (15.97
cases per 100 thousands of people) (Fig. 6). Ankylosing spondylitis is the most common among the
population of Nedryhailiv (60.81) and Romny (64
diseases per 100 thousands of inhabitants) districts,
and the least among the residents of the SeredynaBuda district (12.01 cases per 100 thousands of
people).
Another pathology, that affecting the musculoskeletal system of residents both Ukraine and the
Sumy region is osteo-articular tuberculosis (OAT),
the prevalence of which is growing. The lack of
specialists in the field for its treatment complicates
not only the early diagnosis, but also the tactics of
further qualified treatment of already found the
OAT (Golka, 2005). Because of this, the percentage
of patients with OAT in the overall morbidity structure of the population of Ukraine with tuberculosis
reached to 17.1 % (Dolynska, 2015). If we consider
only extrapulmonary tuberculosis in the CIS countries, bone and joint lesions in its structure are
ranged from 20.8 to 48.6 %, and the proportion of
newly diagnosed, neglected and complicated forms
reaches to 52.7–80.0 %. This pathology is diagnosing extremely poorly (for it there is no method like
that used for timely detection of patients with respiratory organs tuberculosis – fluorography). This
leads to long and difficult, and most often – surgical treatment and high patient disability (Golka
2013). In recent years, a shift of the maximum
morbidity rate to a younger age has occurred –
people of working age are often suffering from
OAT. In Ukraine, among the extrapulmonary localizations of tuberculosis, the tuberculosis of bones
and joints with a percentage of 45.5 % takes the
first place. In this case, is most often affected the
spine (45 % of cases), hip and knee joints (20 %
each).
In the Sumy region during 2010–2017 there
are 169 cases of osteo-articular tuberculosis were
registered. Most often, this pathology affects the
residents of Shostka district (51 cases) and the inhabitants of the city of Sumy (36 cases). In 2017,
only in 6 districts of the region, there were no new
cases of morbidity by OAT (Lebedyn, Krasnopillia,
Putyvl’, Romny, Seredyna-Buda and Trostianets).
Another group of diseases belonging to the
nosologies of the musculoskeletal system is systemic connective tissue diseases. Among these diseases, the systemic lupus erythematosus (SLE) is most
often diagnosed among the population of Sumy
region. It is a disease that develops on the basis of
the genetically determined imperfection of immunoregulatory processes, which leads to formation of
a multitude of antibodies to its own cells and their
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components, and the emergence of immunocomplex inflammation. The consequence of this inflammation is the defeat of many organs and systems. In
addition to the genetic factor, SLE can be caused by

chemical and physical factors (drug use, hair staining, exposure to UV-radiation, smoking; dietary
and infectious factors) (Kovalenko, 2010).

Fig. 6. Growing (decreasing) of the diseases prevalence and primary morbidity of population of the administrative units of Sumy
region by the ankylosing spondylitis and the systemic lupus erythematosus during 2005–2016 (%) (Source: Dovidnyk, 2017)

In the EU countries, the annual morbidity by
lupus erythematosus is 3.3–5 cases per 100 thousands
of people, and in the United States from 1.6 to 7.6
cases per 100 thousands of people (Kovalenko, 2010);
a women of reproductive age most often suffering
from it. It is worth noting that in 2016 in the Sumy
region, cases of newly registered the SLE were recorded only in the city of Sumy and Shostka district,
although for the period 2005–2016 in the city of Sumy, the primary morbidity of lupus erythematosus
decreased by 30.19 %. In general, in the region during
the study period the primary morbidity of the population by this pathology was also decreased (by 67 %)
and in most regions it is not diagnosed today. But the
prevalence of the lupus erythematosus among the
population of the region decreased by only 0.5 %,
while in Bilopillia, Lebedyn, Nedryhailiv, Putyvl’,
Romny, Seredyna-Buda, Sumy, Trostianets and
Yampil’ districts it increased. The leader in the
growth of the prevalence of this pathology among
residents is the Sumy district (from 1.58 in 2005 to
14.37 cases per 100 thousands of population in 2016).
The top five administrative units with the highest

prevalence of the SLE include Trostianets (14.16),
Sumy (14.37), Nedryhailiv (16.22), Lebedyn (19.54)
districts and the city of Sumy (20.39 cases per 100
thousands of inhabitants).
Summing up, we can be said, that the analysis
of the prevalence of diseases and primary morbidity
of the population of Sumy region by diseases of the
musculoskeletal system and connective tissue is
showed a significant polarization of these indicators in
the context of administrative units of the region.
Moreover, for the same nosologies, the morbidity
rates of population and the prevalence of diseases
rates in the same districts may differ significantly
(Fig. 7, 8). For example, in Okhtyrka district there is a
very high level of primary morbidity of the population
by deforming arthrosis, however, the prevalence of
this disease (Fig. 8) among local residents is at the
average level for the Sumy region. On the other hand,
among the residents of the Nedryhailiv district there is
the high prevalence of ankylosing spondylitis (the
highest in the region), but at the same time the lowest
primary morbidity by this nosology is according at the
end of 2016.
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Fig. 7. Territorial differentiation of primary morbidity of population of the Sumy region by diseases of the osteo-muscular system
and connective tissue (Source: Dovidnyk, 2017)

Fis. 8. Territorial differentiation of the prevalence of diseases of the musculoskeletal system and connective tissue among the residents of the Sumy region (Source: Dovidnyk, 2017)
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Conclusions. The study of primary morbidity and
prevalence of diseases of the osteo-muscle system
and connective tissue among the inhabitants of
Sumy region during 2005–2016 showed an increase
the prevalence of diseases of this nosological class
by 11 % and a decline of primary morbidity of the
population by 6.5 %. Among the factors contributing to the prevalence of diseases of the musculoskeletal system and connective tissue, are an increase
of the percentage of people who older than workable age, genetic factors, reducing of motion activity, low quality of life. Also, they include malnutrition (with scarce of calcium, silicon, aminoacids),
trauma, obesity, mistakes of diagnosis of the diseases, untimely treatment and rehabilitation.
The most common nosological forms in the
structure of diseases of the osteo-muscle system
and connective tissue among the population of Sumy region are arthrosis, dorsopathies and spondylopathies, arthritis, including rheumatoid arthritis.
For the year 2005–2016, the primary morbidity of
the inhabitants has grown in nine administrative
units. This is a rather negative trend, given that the
pathology of the musculoskeletal system and the
connective tissue in the structure of disability are
occupy the second place and affecting to the working-age population. It does not contribute to the
socio-economic development of the region. Studying the factors of morbidity, as well as the tendencies of diseases prevalence and the complex approach to the active detection and treatment of residents with diseases of the musculoskeletal system
will reduce the level of primary morbidity and prevalence of diseases and reduce the degree of further
disability of the population.
However, the comparison of our results and
calculations with the results of investigations of
level of the orthopedic and traumatic health care
services for population of the region (Schyschuk,
2016) showed the geographical imbalances between the level of morbidity of the population by
diseases of the osteo-muscle system and connective
tissue, and the level of organization of the specialized medical and orthopedic services. The largest
number of primary patients with the nosologies of
orthopedic profile are recorded in Okhtyrka, Shostka and Konotop districts; the highest prevalence of
diseases of this class we observe among the inhabitants of Nedryhailiv, Romny and Buryn’ districts,
however, the best providing by orthopedic hospital
beds is in Trostianets (5.56), Hlukhiv (5.22) and
Bilopillia (4.91 beds per 10 thousand people) districts. Moreover, there are no orthopedist doctors in
the many administrative units of the region. For
example, in the Seredyna-Buda, Velyka Pysarivka,
Nedryhailiv and Yampil’ districts in the state of the
medical staff is no orthopedists. The average re-

gion's providing of population by the hospital beds
of this profile is 2.76 per 10 thousands of people,
that is lower than the general Ukrainian figure –
2.91. There are no orthopedic hospital beds in some
areas, in particular in the hospitals of Velyka Pysarivka, Krasnopillia, Lypova Dolyna, Nedryhailiv,
Seredyna-Buda and Yampil’ districts, and consequently their population is not provided with the
proper level of specialized orthopedic health care.
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Ecological and economic basis of anti-erosion stability of forest-agrarian landscapes
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The ecological and economic foundations of rational nature management in restoring
various kinds of protective forest stands under conditions of severe damage and
destruction of wood-shrubby species in the natural-climatic and economic zones of the
country were developed. It was determined that using traditional methods of restoration
of protective forest plantations in many cases is no longer acceptable due to different
levels of damage and substantial changes to economic entities on Earth. However, the main methodological approaches remain. A
new methodological approach to restoring forests on the basis of constant adaptation of the existing methodologies for the design and
calculation of economic efficiency of new plantings and new ecological-economic conditions and peculiarities has been developed.
Certainly ,numerousincorrectly planned forest stands have been created that do not sufficiently fulfill their ecological and economic
functions and do not even have a general system of protection of the soil from negative factors. For effective regeneration of plants
we have developed a formula for calculating the erosion stability of forest-agrarian landscapes for their optimal recovery through
forest shelterbelts. We have developed new features of design and calculation of ecological and economic efficiency of newly created
forest ameliorative spaces with new natural-economic conditions for their sustainable regeneration under modern conditions.
The transition to environmentally sustainable agriculture of European standards requires fundamentally new solutions to the problem
of using forest stands as an organizational component of ameliorative complexes in the context of soil erosion control measures. Soil
erosion is one of the main factors of anthropogenic impact on land resources. Intensification of erosion processes leads to substantial
degradation of soils, causing great losses to agriculture and generally endangers the safe development of mankind. As long as the
process of degradation of the soil continues , the agroecological condition deteriorates and the increased application of mineral and
organic fertilizers fails to improve the crop volume , insofar as the crop yield is formed mainly due to the natural soil fertility. In the
process of research, we discovered that the expansion of the front intake surface runoff in forestry plantings allows one to increase
their effective water-regulative functions. Such an event has a certain practical value, because a large proportion of forest shelterbelts
even in satisfactory condition only perform their functionsat 20-30%. Taking into account the indicators of ameliorative-hydrological
stress and counter-erosion stability of landscapes in locations of planted forest stands proved to be the most effective method of
strengthening the initial contact with runoff ("active") plots .This provides is a unique chance to optimize the ecological economic
system of protective forest plantations , especially in newly formed agricultural enterprises under new economic conditions.
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Еколого-економічні основи протиерозійної стійкості лісоаграрних ландшафтів
І.В. Кошкалда1, В.В.Тишковець2, А.А.Суска3
Харківський
національний
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Розроблено еколого-економічні основи раціонального природокористування при відновленні різних видів захисних
лісонасаджень за умов серйозного пошкодження та знищення деревинно-чагарникових порід для різних природнокліматичних та економічних зон країни. Було встановлено, що існуючі традиційні методи відновлення захисних лісових
насаджень у багатьох випадках вже не прийнятні через збитковість та значні зміни в системі господарювання на землі.
Однак, при цьому залишаються основні методологічні підходи. Розроблено нові методичні підходи відновлення лісів на
основі постійної адаптації існуючих методик для проектування і розрахунку економічної ефективності нових насаджень за
нових еколого-економічних умов та особливостей. Розроблено основи коригування невірно створених лісових насаджень
попередніх років, які в повній мірі враховують еколого-економічні умови та особливості раціонального
природокористування за ринкових умов. Визначено високий рівень помилково створених лісових насаджень, які
недостатньо виконують свої еколого-економічні функції і не сприяють загальній системі захисту ґрунтів від негативних
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факторів в цілому. Для ефективного відновлення насаджень ми розробили формулу розрахунку ерозійної стабільності
лісоаграрних ландшафтів для оптимального відновлення системи захисних лісових смуг. Розроблено нові особливості
проектування та надано розрахунок екологічної та економічної ефективності новостворених лісоаграрних ландшафтів за
сучасних еколого-економічних умов їх сталої регенерації.
Ключові слова: раціональне природокористування; лісоаграрний ландшафт; лісомеліоративні насадження, ґрунти,
ерозія.

Introduction. Description of the problem. In the
conditions of intense transformation towards a
market economy, the aspect of rational usage of
natural resourcesis becoming more and more
relevant. At the same time, some ecologicaleconomic basics of various aspects of rational use
of nature require immediate definition. Recently, in
Ukraine, the area of protected forest areas has
significantly decreased due to relentless and
uncontrolled commercial deforestation, death at the
expiry of their period of exploitation, absence of
necessary care and scientifically-based recovery.
For recovery of the ecological-economic balance of
forest-agrarian landscapes of the country, the
problem of recovery of the plantations is especially
relevant. At the same time, it is necessary not only
to recover plantations in deforested territories, but
in many cases correct their alignment in relation to
newly formed agroformations in the conditions of
market territorial-spatial division of land in free
market conditions, taking into consideration the
level of erosion of the land for further improvement
of their natural-economic characteristics. As never
before, we now face simultaneously the problem of
urgent need and the unique opportunity of creating
highly-productive agro-forest ecosystems resistant
to unfavourable ecological-economic conditions,
able to provide effective protection of soils from
erosion and to significantly increase fertility of soils
for producing economically valuable and
ecologically safe agricultural products. Updating
scientifically proven systems of regenerating
shelterbelts would allow creation of a forest
ameliorative
and
organisational-economic
framework for developing and introducing zonal
soil-protecting systems of field crop farming and
components of soil-protecting complexes and also
soil-protection
technologies
of
cultivating
agricultural crops production.
Soil erosion causes great losses to the
agrarian economy and threatens the safe
development of humanity. The most significant
factors in the processes of degradation of soils are
processes of water and wind erosion: 56% and 28%
respectively. In our country, in the conditions of
complex relief, the most ideal in anti-erosional
aspect is considered to be the contour-ameliorative
organisation of the territory of slope land, which,
according to the main characteristics, is based on
practical principles of field crop farming on slopes
445

in many countries and best takes into account soil
and relief peculiarities of each soil structure . Such
territorial organisation is the most significant form
of the differential approach to creating conditions
for protecting soils during formation of forestagrarian systems and landscapes. Until the early
1990s , this type of territorial organisation was
undergoing scientific and technical trial in many
regions of the country. But due to the formal
approach, in many cases during the Soviet times,
forest plantations were created in an incorrect way,
not fullfilling their ecological-economic functions
and even sometimes damaging the system of
protecting soil from negative factors.
Therefore, currently, in conditions of severe
deforestation of large tracts of forest plantations
across the country, there is a unique chance of
recovering the system of forest plantations
regarding scientific-methodological inventories and
taking into account new agrarian enterprises with
new economic conditions of management.
Our study was orientated towards developing
and adapting existing methods of projecting and
calculating economic efficiency of new forestameliorative plantations to new natural-economic
realities and peculiarities of their stable recovery in
Ukraine in the modern conditions of deforestation
of large territories of forest-agrarian landscapes.
The limitations of our study were connected with
the absence of full data on the real extent of
deforestation of the territory of the country, both in
general and forest-ameliorative component, and
also the extent of elimination of particular species
in plantations.
The objective of the study was to develop
suggestions for an ecological-economic basis for
rational usage of natural resources.
The goals of the study were as follows:
-to determine the ecological-economic basis
for recovering shelterbelts as a fundamental aspect
of rational usage of natural resources;
- to proposean algorithm for recovering
plantations on deforested territories of forestagrarian landscapes;
- todevelop methods of planning and
calculating the natural-economic efficiency of new
forest-meliorative plantations in Ukraine;
- to propose methods of increasing
meliorative functions of forest plantations.
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Analysis of the previous studies.The aspect of
creating and recovering protecting forest
plantations was studied by A. G. Ahtiamov, V. A.
Bodrova, I. D. Braude, V. S. Vavina, M. I.
Kalinina, E. S. Pavlovsky, O. I. Pylypenko, S. S.
Soboliev, V. D. Tuniakina, U. I. Cheverdina, S. V.
Sharapova, and many others. Creating an effective
system of measures is one of the essential methods
of applying state policy in the sphere of protecting
forest-agrarian land. Therefore, already during the
Soviet period, the creation and development of
shelterbelts was a subject of interest for I. D.
Braude, who was developing the theories of his
predecessors, emphasizing that the soils in
abandoned and partly destroyed plantations are too
dense and become covered with thistles and steppe
vegetation. Due to deforestation, neglect of the
plantations
and
failure
to
apply
the
correctagrotechnology of their cultivation, their
ameliorative value is low and continues to decrease.
Neglected forest plantations should be recovered as
fast as possible, so they could fulfill their
ameliorative functions. At the same time, the author
emphasized that the economic expenses for
recovering such plantations continue to increase
every year. Recovering plantations should follow
their examination, for which sample plots are made.
The author recommended the establishment
ofplanted plots 10-12 m long in belt plantations
every 200 m across the entire width, and for large
plantations - in the areas where elimination of
species is most characteristic. On each sample plot,
the condition of the plantation and the number of
destroyed plantations of each species should be
determined. The obtained data then is used for
developing the plan of recovering the plantation.
The task of recovering the framework shelterbelts
with oak as the main species cannot be approached
following a standardized format. V. A. Bodrov and
M. I. Kalinin in their studies determined optimum
approaches for arranging systems for protecting
forest plantations and selecting the best variant
from the ecological-economic perspective.They
determined a universal algorithm of developing
optimum planning solutions for aligning
shelterbelts, which is relevant even nowadays in the
conditions of market transformations of the
agrarian sector of the country`s economy. E. S.
Pavlovsky, O. I. Pylypenko and S. S. Sobolev have
determined that the economic parameters of surplus
in the harvest of agricultural cropsdepend on the
height of the shelterbelts, their construction,
thesystematicarrangement in the farming. At the
same time, in the fields surrounded by shelterbelts
on all four sides, the surplus in the harvest was 6
times higher than in the fields adjacent to a
woodland belt on only one side. These scientists

determined that increase in the harvest of the grain
crops in 100 ha areas between the belts is 1.5 times
higher compared to 200 ha fields surrounded by
forest. According to O. I. Pylypenko, in the
chernozem zone of Steppe Ukraine, the average
harvest surplus of winter wheat protected by single
shelterbelts was 3.7 quintals /ha (11.8%), and 5.5
quintals/ha (17.6%) in the areas protected by
shelterbelts of full optimum construction (moderate
width and openness). According to collective data
of many authors, within a system protected by
shelterbelts, the harvest of grain crops on average is
1.6 times higher than in an open field system. In
such conditions, the surplus in the grain harvest can
be over 10-15 quintals/ha. All these calculations
were made for shelterbelt plantations of full
construction, which were practically undamaged by
relentless deforestation and frequent tree falling in
the plantations. The studies by I. D. Braude
revealed that shelterbelts increase productivity of
labour in agriculture by 12-15%, and decrease cost
of plant products sold by 9-13%. The rate of return
of cultivating grain crops and green mass of corn in
the fields between shelterbelts increases by 30-40%
and of technical crops (sugar beet, sunflower and
Gossypium) - by 50-60%. U. I. Cheverdin, V. S.
Vavin, A. G. Ahtiamov and V. D. Tuniakin
emphasize that the woodland belts have a
significant effect on regulation of moisture in agroand natural cenoses. Their impact, especially in dry
conditions, significantly decreases the duration of
periods with no productive moisture in soil, the
supplies of which are the most dynamic in the
humus horizon. Also, an impact of climatic
anomalies was found on the preservation of
woodland shelterbelt plantations and their structure.
Following this analysis of research, the
conclusion could be drawn that the data obtained by
the abovementioned authors indicatesthe large scale
ecological-economic impact of full scientificallybased systems of forest-ameliorative plantations
both on the results of farming in the agrarian sector,
and on creating favourable conditions for further
stable development of forest-agrarian landscapes.
Neglected, or partly destroyed and nonsystematized remnants of the complex of forestameliorative plantations almost totally lose their
ecological-economic significance.
Methods. The sources of the data and the
empiricalbase of the study was the ecologicaleconomic documentation on the condition of
protecting forest plantations in the country and the
dynamic of its spatial-qualitative changes both
directly in the period of the study and over the last
two decades in general. Due to the urgent character
of the study`s problematics and relatively limited
basis of field survey data, we mostly used methods
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of interpolative analysis of data, retrospective
methods of study and content analysis on the basis
of a qualitative-quantitative approach and study of
documentation due to objectivity of the conclusions
and quantitative analysis of the data with following
objective interpretation of the results of the
corresponding research. The methods of the data
analysis were orientated towards determining the
dependencies of the calculations on the basis of the
criteria of anti-erosion resistance of forest-agrarian
landscapes, which was determined by a complex
analysis of the main factors of decrease in fertility
of the soils on the basis of the theory of similarities
and physical modeling. Using methods of
dimension theory and natural analogues ensures
reliability of the calculation formulae for any
geomorphological and soil-climatic conditions with
shelterbelts of different levels of damage and
incorrect positioning.Automized calculation of
characteristics of erosion potential was performed
using methods of structural-digital analysis of the
area. This method consists of a conceptual
approach to the forest-agrarian landscapes as a
component of a dynamic system, functioning of
which is determined mainly by its so-called
framework - combined networks of thalwegs and
water divides.At the same time, a logical unit of
information during creating a structural model was
water intake. Obtaining initial information requires
preparing data using an algorithm of converting the
initial data into an idealized "fluvial" form. The
entire process of distinguishing and complectation
of a structural model consists of the following
steps: Step 1. - Transformation of the initial
network function to fluvial. (This means that the
developed network function has no local minimum
values, and the united global minimum corresponds
to the mouth of the water intake). Step 2. - Creating
erosionaltree speciesstructures (A particular
hydrogeographic network is distinguished in
relation to forest-agrarian landscape.) Step 3. Determining the range of elements of forestagrarian landscape structure (for each structural
element, sequence is determined, at the same time,
the area of each sublandscape is calculated). Step 4.
- Distinguishing and determining the borders of the
elementary forest-agrarian landscape(Selection of
border points and their arrangement regarding the
counterclockwise orientation and relation to the
mouth of a particular sublandscape were made for
each forest-agrarian sublandscape). Step 5. Determination of the zones of deviation from the
fluviality and other specific points. (In the
landscapes, the distinguished zones were the ones
which changed as a result of the algorithm impact
on the first step,we also distinguished some other
peculiarities of the line and points such as depletion
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zones, lines of folds of slopes, etc.). Therefore, the
components of structural information, which
characterize the forest-agrarian landscape can be as
follows: the corresponding structure and density of
plantations, borders of water divides and specific
points in the landscapes (for example, the most
damaged areas of forested territories, erosion washouts, etc). The structural-digital modeling of forestagrarian landscapes allows determination of the
morphometric data of the study objects, which
characterize the ecological-economic potential of
the existing forest plantations and the requirements
for its recovery and optimization. Analysis of antierosional potential of forest shelterbelt plantations
was performed using the method of determining its
direct impact on the factors of ruination and shifts
of soil. For calculating anti-erosional potential of
shelterbelts, we determined the content of the
criteria by determining the balance between
ameliorative environment and ameliorative loads on
those plantations. The content of critera for the data
analysis was determined for the plantations in
different conditions of preservation, purpose,
structure, construction, species composition and
age; for determined plantations with different
positioning on the water intake slopes; for
plantations in places where they are combined with
the simplest hydrotechnical constructions. Criteria
for calculating anti-erosional potential of
shelterbelts were determined in relation to two
aspects - their ameliorative impact on the
conditions of development and dynamic of surface
flow on water intake slopes. During the evaluation
of the first aspect, the main criteria are ameliorative
hydrologic pressure and ameliorative capacity of
the plantations. Quantitative expression of their
direct impact was determined according to the
parameters of woodland belts only on "operating"
areas and using methods of recovering and
strengthening combined with phyto-ameliorants
and the simplest hydrotechnology on the slopes
which concentrate the flow.
The volume of the flow was determined by
the size of water-intake area and form of the slopes
of forest-agrarian landscapes, which determine
microrelief of the water-intakes. If the volume of
water which flows down increases two times, its
eroding impact approximately doubles. The speed
of eroding flows is determined by the steepness and
length of water intake slopes. If the velocity of
water increases two times, its destructive force
increases 4 times. During determination of the
ameliorative capacity of shelterbelts with different
characteristics, we took into account infiltrational
properties of soils under those plantations,
condition and age of plantations. At the same time,
for evaluating intensity of moisture absorption
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under the plantations, we used data on the intensity
of moisture absorption by soils at rain intensity of
4.5 mm/min. At the same time, quantitative
expression of water absorption process under the
forest plantations determines their width, which
provides full regulation of the surface flow.
Meliorative load is the main criterion which
determines the level of effectiveness of different
arrangement of woodland plantations. The best
variant of positioning the flow-regulating
shelterbelts was selected by the criterion whose
variant allows reducing the current speeds to nonwashout values. During the study, we also used the
parameter of level of moisture in soil in the zone of
their impact on hydroclimatic factors (wind,
temperature of air and soil, type of atmospheric
precipitations, the extent of evaporation, etc).
Ameliorative
potential
of
water-regulating
shelterbelts was determined according to the total
of the factors of 4 categories: absorption of flow,
erosionally safe redistribution of the flow,
accumulation of solid particles washed down by the
flow, general ameliorative impact. Increase in the
flow front and decrease in the length of flowwithdrawal areasof the borders can be used for
increasing soil-protecting efficiency of forest
plantations. The calculation of anti-erosional
potential of water-regulating shelterbelts was
performed on the basis of determining the structure
of woodland plantations on "active" areas, i.e. areas
of initial contact with runoff water and using
normative data, determining the ameliorative loads
in these plantations, which could be neutralized.
Then, we determined the species composition of the
forest plantations and percentage proportion of treeshrub communities in them. Then, we determined
average coefficients of species composition of the
plantations. Afterwards, we calculated acceptable
ameliorative loads for each species coefficient.
Insiting forest-ameliorative plantations, one should
take into account the fact that in the areas of forestagrarian landscapes which are arranged in the same
range of acceptable values in relation to gradations
of ameliorative loads it is necessary to project the
siting of similar types of plantations .This
methodological approach to recovering and
projecting shelterbelts is the most suitable, for it
takes into account the parameters of ameliorative
loads on the entire surface of the areas of
landscape, and at each point of its surface. The
recommended ameliorative forest plantations are
arranged on slopes with such calculation, that they
not only perform their functions best, but at the
same time occupy the least area of agricultural land.
During calculations of width of the areas between
the shelterbelts we used the parameters of modules
of maximum discharges of the flow. Testing

methodological instruments demonstrated their
high efficiency in modern conditions of market
farming, but some problems occurred for
introducing forest-ameliorative measures in the
entire territory of forest-agrarian landscapes due to
the fact that it requires additional agreement with
landlords and due to the need of explaining the
practicality of the complex measures for recovering
forest plantations in the entire territory of waterintakes of the first order.
Main material. Over the recent years, in Ukraine,
in the conditions of massive deforestation due to
the plantations being worked-out or fallen, due to
logging for heating and other needs without
required scientifically-based recovery and in the
absence of effective punishment for cutting the
plantations, the problem of ecological-economic
safety of agrarian production is extremely relevant.
In many cases, due to integrated privatisation and
land division, the main ameliorative-organizing
systems of shelterbelts both for general ecological
and agroforest-ameliorative purposes are ignored.
As a result, the negative impact of wind and water
erosion on the ecological-economic parameters in
farming have significantly increased.
For particular calculations of optimum
positioning, structure and construction of
shelterbelts during their recovery in the zones of
eroded land and areas threatened by erosion, one
should follow the calculations of anti-erosion
resistance of forest-agrarian landscapes. During our
study, we developed a formula for calculating antierosional resistance of landscapes using a complex
analysis of the main factors of water erosion of the
surface of landscapes. Anti-erosional resistance of
forest-agrarian landscapes was understood as the
ability of soil surface to resist the destructive
impact of the main natural-anthropogenic factors of
soil ruination. Anti-erosional stability depends on
physical-chemical and mechanical properties of the
surface of landscape. The main physical-climatic
characteristic in the analysis of antierosional
resistibility is the surface flow of melted and rain
water. For full ecological-economic justification of
the projects of recovering shelterbelts, all initial
data can be organized in tables and graphic figures.
Basic material for this justification is the material
of geobotanical survey of any given area, soil maps,
cartograms of slopes` steepness, extent of erosion
and technical groupings of lands from the archives
of Oblast branches of Research Institutes of land
management institutions. Therefore, we developed
a formula of calculating antierosionalstability of
forest-agrarian landscapes for optimum recovery of
shelterbelts in one or another area of the landscape
(1), which in general looks as follows:
,

(1)
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where – is a coefficient of anti-erosional
stability of a forest-agrarian landscape; E –
erosional resistibility of a forest-agrarian landscape
at a particular point (in newtons); N – parameter of
anti-erosional effect of a complex of ameliorative
measures, M – parameter of anti-erosional stability
of vegetative cover; p – water density; g –
acceleration of gravity; hc – average multi-year
layer of active flow, м;
angle of the surface
within a particular point, grad; s – parameter of the
extent in relation to erosional stability; T – area of
water divide for a particular point, square meters;
F1 – coefficient of lengthwise form of slope
column within a particular point; F2 – coefficient of
transversal form of slope column within a particular
point; d – coefficient of slope exposition; w –
coefficient of complex impact of other factors on
the surface flow.
Such calculations allow determination of all
details of recovery and optimum planning of
shelterbelts in particular areas of forest-agrarian
landscapes of the country. At the same time, in
relation to soils, the calculated coefficient of antierosional stability is an indicator of soil balance,
which reflects a gain of soil or preservation of a soil
layer through the soil-forming process and decrease
in the layer of soil due to erosion. The ability of
using the principle of selecting natural forestameliorative agents on the basis of the criterion of
anti-erosional stabilitycan facilitate the required
planning solutions using previously developed
methods of forest-ameliorative planning. The main
purpose of natural forest ameliorating agents is

recovering the acceptable extent of anti-erosional
stability which is the main limiting element in antierosional calculations of the corresponding
plantations. Ecological-economic justification of
antierosional protection of soils is made using
typical erosion-soil maps. Due to diversity of
ecological-economic conditions, the presence of an
element of subjectivity in the process of soilerosion cartography for each region, the borders of
values are checked by analyzing several
representative large-scale soil-erosional maps. On
average, the coefficient of anti-erosional resistance
should be calculated for 3-8 ha of forest-agrarian
landscape, and the interpolation of the data should
be made for further planning.
On the basis of analysis of the condition of
damage to forest plantations in different types of
landscapes, maps of ameliorative-hydrologic loads
on forest plantations were developed. These
materials should be used during determining the
parameters of water-regulating shelterbelts in
relation to those characteristics. Over the study, we
determined that enlarging the front of water flow to
a forest plantation allows their water-regulating
functionto be increased. Such measure has a certain
practical significance for most of the flowmanaging shelterbelts we studied, even the ones in
satisfactory condition, perform only 20-30% of
their functions. Taking into account the parameters
of ameliorating-hydrological loads and antierosional stability of landscapes in places of forest
plantations, we determined methods of their
strengthening on "operating" areas (Table).

Table. Methods of increasing water-regulating woodland belts on areas of initial contact with runoff water in the plantations

Ameliorative-hydrologic
loads
category
absolute
value, m/s

Structure of plantation

Methods of strengthening woodland belts

width, m

number of
rows

introducing species
to the composition,%
trees
shrubs
100
75
25
50
50

Week
Average
High

15-45
45-75
75-100

3
12
12

3
3-4
4

Extremely
high

105-135

15

4-5

50

50

Critical

over 135

25-30

10-12

50

50

hydrotechnical
constructions
Level spreader
Same+hillside
ditch
Water trapping
anddiversionbars,
runoff with grass
cover, hillside
ditch
Same+
ferroconcretestruc
tures

Source: authors` system.
For elaborating the methods of determining
the erosional potential of ameliorating objects, a
study was made in the basin of the OskolRiver. At
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the same time, we detemined that in elementary
forest-agrarian landscapes, the erosional processes
take place less uniformly and more intensively than
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in left-bank slopes, which must be taken into
account. On the basis of the analysis of
morphometric characteristics of landscapes, which
were determined using the maps taking into account
soil-climatic factors as specific coefficients, we
developed complex maps of determining their
erosional potential distinguishing zones by its
extent at the same time. The extent of ameliorativehydrologic load on linear forest plantations is
significantly related to the pattern of redistribution
of surface flow on the slope, which is conditioned
by the extent of microrelief pattern of forestagrarian
landscape,
and
peculiarities
of
arrangement of woodland belts in relation to lines
of flow on the slope areas for amelioration.
Research on the basin of the OskolRiver revealed
that the erosional resistance of right-bank slopes in
general is 2-2.5 times lower than of left-bank
slopes. Using such maps, one can determine the
place and peculiarities of positioning and structure
of water-regulating shelterbelts. On the slopes, it is
first of all in zones with maximum levels and the
highest density of isolines. When correcting the
arrangement of the water-regulating shelterbelts
which are being recovered, one should take into
account the methods of their impact on the
processes of formation and the dynamic of surface
flow. At the same time, "direct" and "external"
impact on these processes should be distinguished.
Direct ecological-economic impact of
shelterbelts is characterized by the extent of impact
of trees and shrubs and the forest environment
which they form (scabrous soil surface,
combination of the water-withdrawals by roots,
increase in soil porosity, moisture of forest litter,
etc) on the concentrated surface flow of mostly rain
water which flows to their "operating" parts. The
main goal of shelterbelts is preventing formation of
concentrated water flows in the mouths of
temporary water intakes with critical speeds of
washout. External impact of shelterbelts is
characterized by the extent of their washout impact
on the process of forming the flow of melted water
on the slopes next to them (trapping snow, snow
division, temperature regime of air and soil,
freezing and melting of soil, tempi of melting of
snow, etc) for creating conditions for maximum
absorption of melted water directly on the slopes. It
was determined that the flow-regulating shelterbelts
should be positioned on landscape slopes with such
calculation that their erosional potential is opposed
to ameliorative potential of these woodland belts to
ameliorative-hydrologic loads at 20% provision of
surface flow. Such ecological effect can be
achieved by increasing the length of the runoffedge
of shelterbelts, change in width and structure of
woodland belts, density of plantations and selection

of specific forest species for “ active” areas of
shelterbelts.
To achieve the highest ecological-economic
effect of using water-regulating shelterbelts in slope
crop-farming, it is very important to calculate the
distance between them on slopes with different
parameters of steepness, form, length and
roughness. To determine such parameter one can
use the following developed formula (2):
,

(2)

where D is the distance between the waterregulating woodland belts on the sloping territories;
Vs - non-washout speed of water flows for autumn
tillage; Km - coefficient of ameliorative impact of
forest plantations; M - coefficient of erosion extent
of the soil surface; C - coefficient of steepness and
roughness of soil surface; B - coefficient of surface
flow; X - intensity of precipitations, m/s; Kp coefficient of lengthwise-transversal form of the
slope column.
We determined that it is best to position the
outskirts of water-regulating shelterbelts so that the
width of the front of the route of approach for the
surface flow is maximal and its size is close to the
length of these strips. At the same time,
ameliorative-hydrologic load on “active” areas of
shelterbelts can for a number of reasons be higher
than their ameliorative potential. In such cases,
during recovery of plantations, it is practical to
increase their functions by adding more shrubs, and
also using the simplest hydrotechnical constructions
–level spreaders, hillside ditches, water-trapping
and water-withdrawal ditches, etc. For selecting the
appropriate intensifier of the plantation`s function,
a particular ameliorative-hydrologic load on
“active” areas is determined using the following
formula (3):
,

(3)

where Мр – ameliorative-hydrological load,
cubic meters/square meters;
- volume of the
surface flow from the water intake;S- “active” area
of a shelterbelt.
On the slopes divided by deep depressions
which receive a large amount of concentrated
surface flow, efficient water management can be
recovered by combining slope flow-regulating
woodland belts with depressive-strip plantations
which are created directly in the depressions as
mud filters along the flow and windbreaks on their
slopes.
Therefore, during recovery of forestameliorative plantations, one should necessarily
take into account anti-erosional potential both
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during determining ameliorative-hydrological loads
on the shelterbelts and during selecting new forest
species and their positions in particular conditions,
and the economic efficiency of the plantations is
calculated on the basis of comparing expenses for
their creation and care with the sum of the damage
avoided. The harm caused by water erosion is
washout of soil, which leads to decrease of its
fertility, loss of nutrients, decrease in the moisture
regime , muddying of water bodies and loss of
areas in cultivation due to formation of gullies.
Non-favourable factors act as a complex, therefore
can usually be evaluated by groups of factors in
relation to the pattern of negative impact and harm.
At the same time, loss from decrease in soil
nutrients as a result of washout is determined by the
sum of applied fertilizers. Decrease in the amount
of nutrients depends on their content in the products
of the washout and parameters of annual washout.
For
field-protecting
and
water-regulating
shelterbelts, there are determined losses of harvest
in the sum of money for the area covered with
shelterbelts throughout the period of their existence
and additional profit from increase in the harvest.
Also, the fluid reserve of anti-erosional
cuttedplantations of the age requiringsanitation
harvest and their tax price should be determined.
The payback period of shelterbelts significantly
depends on the width of shelterbelts, structure,
condition and intensity of growth. The narrower
and denser the shelterbelts are, the shorter is their
payback period. At the same time, they are most
effective when long-growing species grow together
with fast-growing species. The results of the study
demonstrated that the ecological conditions of an
area change in conjunction with change in
microclimate in the fields next to the plantations.
During recovery of full protection of the fields, the
continentality of the climate, the amount of
precipitations increases, the wind speed reduces,
agroclimatic parameters improve, air moisture and
moisture reserves in the soil increase, and the level
of groundwater increases, the surface flow
decreases follow increase in soil fertility and
efficiency of anti-erosional measures for preserving
and recovering soils. As a result of impact of
recovered woodland plantations, the process of
creating a stable productive forest-agrarian
landscape occurs, which provides higher
ecological-economic stability of crop farming in
general. However, recovery of forest plantations is
related to certain costs on material-technical
resources. For forest plantations, a share of fertile
arable land must be sacrificed. During the first
years of recovery of shelterbelts, the protection
properties of shelterbelts are not significantly
efficient.For determining the total economic
451

efficiency of shelterbelts, one should know all the
investments required for establishing and
cultivating the shelterbelts, the percentage of the
land provided for recovering the forest plantations,
increasing the harvest and costs of the agrarian
products sold, payback period of selling the surplus
harvest and the level of rate of return. We
determined that the costs on creating and
recovering 1 ha of oak shelterbelts of 10 m width
and cost of annual losses of harvest in the area
covered with shelterbelts begin to pay off 6 years
after planting and fully pay off after 10 years, and
for popular shelterbelts - after 2-3 years and 5-6
years respectively. Afterwards, the shelterbelts
provide net profit. Until reaching the age of 15years, net profit under the impact of 1 ha oak
shelterbelt is 45 thousand grivnas, and for a poplar
shelterbelt 80 thousand grivnas . At the same time,
productivity of all main agrarian crops increases
gradually on average by 5-10 percents every year
depending on the crops and conditions of local
moisture. Therefore, total harvest of crops in
Kharkiv Oblast in 2017, on the 1st of November
equaled, in thousand quintals: grain and pulse crops
–37,502.4; sugar beet – 6,193.6; sunflower–
10,883.1; potato– 10,778.5. These indicators should
significantly increase due to forest-ameliorative
measures in eroded lands.
Conclusions. Thus, this article presents the
developed ecological-economic basis of rational
usage of natural resources for recovering different
types of shelterbelts in conditions of intense
damage and destruction of tree-shrub species in
natural-climatic and economic zones of the country.
In the process, we determined that currently, the
traditional methods of recovering shelterbelts in
many cases are not appropriate due to different
level of damage and significant change in economic
conditions of farming and land. However, the main
methodological approaches remain the same.
Therefore, we developed new methodological
approaches for recovering plantations on the basis
of stable adaptation of the existing methods of
planning and calculating the economic efficiency of
new plantations to new ecological-economic
conditions and peculiarities. A transition to
ecologically stable crop farming of a European
standard requires a principally new way of using
forest plantations as organisational-ameliorative
component of the complex of anti-erosional
measures. Erosion of soil is one of the main factors
of anthropogenic impact on land resources.
Intensification of erosional processes causes
significant degradation of soil, significant losses in
agrarian farming and jeopardizes safe development
of humanity in general. It was determined that as
long as the soil degradation processes have not
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stopped, the agroecological condition of the soil
continues to deteriorate and there is no
improvement from increasing the application of
mineral and organic fertilizers due to the fact that
productivity of agrarian crops is formed mainly by
the natural fertility of the soil.
We determined the high level of incorrectly
created forest plantations which unsuccessfully
performed their ecological-economic functions and
even harmed the general system of protecting soils
from negative factors. For effective regeneration of
plantations, we developed formulae of calculating
anti-erosional stability of forest-agrarian landscapes
for optimum recovery of the forest-ameliorative
component in a particular area of landscape and
distance between water-managing shelterbelts on
slopes with different parameters of slope angle,
form, length and roughness. In the process of study,
we determined that enlarging the front of provision
of the surface flow to a forest plantation facilitates
an increase in their effective water-regulating
function. Such an approach has a certain practical
value, for most of the flow-regulating shelterbelts
we studied, even in satisfactory condition,
performed only 20-30% of their functions. Taking
into account the parameters of ameliorativehydrological loads and anti-erosional stability of
landscapes in the areas of shelterbelts, we
determined the most efficient methods of their
increase on runoff ("active") areas.
Therefore, currently, apart from the massive
deforestation across the country, there is also a
unique chanceof ecological-economic optimization
of the system of forest plantations in relation to
scientific-methodological developments taking into
account new agrarian enterprises with new
economic conditions of farming. We developed
new peculiarities of planning and calculating the
ecological-economic efficiency of new forestameliorative plantations in new natural-economic
conditions for their stable regeneration in Ukraine

in current conditions of deforestation of large
territories of forest landscapes.
Further, it is necessary to develop work on of
adapting shelterbelts both to new principles of
planning new agrarian enterprises and to climate
changes which directly affect the characteristics of
new plantations.
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Modeling the distribution of land surface temperature for Bystrytsia river basin using Landsat 8 data
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Abstract. Development of accurate and practicable methods of land surface temperatures
(LST) mapping has benefits for a range of scientific and practical applications. The paperconsiders mapping of LST for the Bystrytsia river basin located in Western Ukraine
using Landsat 8 imagerywith two thermal infrared bands, which capture emissivity values
closely related to land surface temperature (LST).Three multispectral images referring to
different seasons (autumn, winter and summer) were used in the study. The method of LST estimation consists of several successive
steps. After preprocessing (clipping, masking, and re-projecting), the images were converted from digital numbers to top of atmosphere spectral radiance,and then – to brightness temperature.However, the brightness temperature differs from LST due to emissivity
of land surface being different from that of ideal blackbody.The emissivity can vary significantly with vegetation, surface moisture
and surface roughness, and can be approximately estimated from land surface reflectivity at red and near-infrared spectral
ranges.Estimated values of LST were compared with measurements of Ivano-Frankivsk state weather station, showing rather good
compliance for all the three scenes.Obtained estimates of LST show some regularities of its spatial distribution, which also vary
significantly from season to season.All the three scenes show conspicuous vertical gradient in LST; summer and autumn scenes are
also characterized by significant local variability in LST due to different land cover types (e.g., urban development, forests, different
agricultural lands), whereas in winter, differences in LST for mountainous slopes of different aspects appear to be more pronounced.
Graphs of LST change with elevation have a parabolic form: sharper decrease of LST is typical for lower elevations, while the vertical LST gradient decreases above 700–1000 m a.s.l.
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Моделювання розподілу температури підстильної поверхні для басейну р. Бистриця за
даними знімків Landsat 8
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Анотація. Розвиток точних та практично зручних методів картування температури підстильної поверхні (ТПП) є корисним
для низки наукових галузей та прикладних застосувань. У статті розглянуті питання картування ТПП для басейну р. Бистриці, розташованої у західній частині України, з використанням космознімків Landsat 8, які включають два термальних
інфрачервоних діапазони, що реєструють значення випромінювання, тісно пов’язані з ТПП.З веб-порталу USGS було скачано три мультиспектральні знімки, які отримано у три різні сезони року (осінь, зима та літо). Метод обрахунку ТПП, описаний та використаний у дослідженні, складається з кількох послідовних кроків. Після попередньої обробки, яка складалась з
обрізки, маскування та перепроектування знімків, вони були перетворені з умовних цифрових значень у значення випромінювання на верхній межі атмосфери, а далі – у значення яскравісної температури. Проте, яскравісна температура відрізняється від ТПП, оскільки випромінювальна здатність земної поверхні відрізняється від випромінювальної здатності абсолютно чорного тіла. Випромінювальна здатність може суттєво змінюватись в залежності від характеру рослинності, зволоження
та шорсткості поверхні, але в першому наближенні може бути оцінена за значеннями відбивальної здатності поверхні у
червоному та ближньому інфрачервоному діапазонах спектру. Оцінені значення ТПП булиспівставлені зі значеннями, вимі-
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ряними на метеостанції Івано-Франківськ, при цьому виявлено достатньо добру відповідність для всіх трьох випадків. У
просторовому розподілі обрахованих значень ТПП встановлено низку закономірностей, які до того ж відрізняються за сезонами року. В усіх трьох випадках спостерігався виражений вертикальний градієнт у значеннях ТПП. Літній та осінній розподіли також характеризувались значною локальною мінливістю в ТПП, пов’язаною з різними наземними покривами (напр., міською забудовою, лісами, різними сільськогосподарськими угіддями), тоді як зимовий розподіл ТПП характеризувався більш вираженими експозиційними відмінностями гірських схилів. Графіки зміни ТПП з висотою мають параболічну
форму: більш різке зменшення ТПП з висотою характерне для нижчих висотних рівнів, тоді як вище 700–1000 м над рівнем
моря її висотний градієнт зменшується.
Ключові слова: температура підстильної поверхні, Landsat, Карпати, басейн р. Бистриця, випромінювальна здатність
земної поверхні.

Introduction. Thermal regime of an area isan important constituent of its natural conditions, possessing large ecological significance and influencing a set of hydrological and geomorphological
processes. Land surface temperatures (LST) measurements allow to infer energy balance components of a given region that are essential for understanding ecosystem processes as well as for estimating the componentsof hydrological cycle.
LSTalso influence the suitability of area for cultivation of heat-lovingplants, forest productivity, prevalence of pests and plant diseases, the set of touristic
and recreational activities like skiing, swimming,
etc. Detailed study and mapping of thermal characteristics utilizing various sources of data are thus of
great importance for the tasks of territorial planning, nature conservation, urban heat analysis, precision agriculture, forestry, resort activity, to name
just a few. Thence the importance and practical
relevance of the study topic.
Detailed spatial analysis of thermal conditions is not a simple task, as regards both the data
acquisition and the data processing methodology.
The most reliable source of climatic data are
weather stations with sufficiently long uninterrupted observation series. However, the network of
such weather stations in many countries is rather
patchy and tenuous, as in the case ofUkraine where
weather stations located in Carpathian region cannot cover the respective variability of climatic conditions Another possibility is the study of temperature regime using automatic ground sensors (data
loggers); however, this methods allows studying
only inside small local areas or along relatively
short profiles, in a limited number of observation
points corresponding to the number of available
sensors. Yetanother possibility lies in building
models that allow to interpolate weather stations
data in space, thus creating continuous climatic
surfaces. Spatial interpolation can be carried out
using geostatistical methods, based on the statistical
analysis of the spatial variability of temperature
fields; using regression models that characterize
relationships between the temperature and its spatially distributed predictors (e.g., elevation field and
morphometric terrain characteristics); or the combination of regression and geostatistical approach-

es. The latter approach is the most general and can
take form e.g. of building the regression model first
and then interpolating the residuals of regression by
means of geostatistical method (Mkrtchian, Shuber,
2009).However, the prediction accuracy of this
approach can be low when the network of weather
stations is sparse,leading to poor model predictions
for the places too remote from samples (weather
stations) in geographic or feature spaces (e.g. for
highlands represented with few weather stations).
New possibilities for the analysis and mapping of thermal conditions have opened with the
emergence and advancement of modern remote
sensing methods. While land surface like any
heated object emits thermal radiation in far (thermal) infrared area of electromagnetic spectrum, the
total energy radiated per unit surface area per unit
time being proportional to the fourth power of the
body's thermodynamic temperature, the emissivity
of land surface inthe far infrared can be used to
infer its temperature.The detailed theoretical review
of the issue of the retrieval of LST from space measurements, the classification and comparison of
different methods for retrieving LST from satellite
data, and the methods of validation of satellitederived LST can be found in (Li et al., 2013).
Some of the modern remote sensing platforms keep sensors that perceive and measure far
infrared radiation. The earliest and longestrunningLandsat program for acquisition of Earth
satellite imagery began employing such sensors
since the launch of Landsat 3 satellite in 1978, but
this instrument failed shortly after the satellite was
deployed into orbit. Starting from Landsat 4
(launched in 1982), Thematic Mapper (TM) sensors
are carried on board, featuring a thermal infrared
band (Band 6) that has a maximum spatial resolution of 120 m.Landsat 7 (launched in 1999) keeps
an Enhanced Thematic Mapper Plus (ETM+) sensor, its Band 6 acquired at 60m resolution. Lastly,
the most recent Landsat 8 satellite (launched in
February 2013)features the Thermal Infrared Sensor (TIRS) built by the NASA Goddard Space
Flight Center, that collects data for two long wavelength infrared bands with 100 m resolution(NASA,
2018).
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The remotely sensed data from Landsat satellites with global coverage are now distributed free
of charge, which makes it a promising data source
for mapping the distribution of LST. While it is still
impossible to directly infer air temperatures from
remotely sensed data, LST can be a good proxy for
the former, as well as for the temperatures of upper
soil layers. Landsat satellites also carry sensors for
measuring the reflectance of land surface in visual
and near-infrared spectral bands: this can be used to
analyze the characteristics of land surface that influence its emissivity (propensity to emit more or
less far infrared radiation for any given temperature).
The purpose of this study is to research into
the possibility of using remotely sensed imagery to
analyze and map the spatial distribution of LST, on
an example of Bystrytsia river basin located in
western part of Ukraine. As the spatial distribution
of LST obviously differs by seasons throughout the
year, Landsat 8 images taken in different seasons
should be jointly analyzed to obtain more clear
picture.
Researchers from many countries have recently elaborated methods to derive LST form
Landsat 8 “thermal” bands. Examples can be given
of studies from India (Jeevalakshmi et al., 2017;
Anandababu et al., 2018), Turkey (Oguz, 2017),
Brazil (de Jesus, Santana, 2017). Brazilian researchers obtained the estimation of LST for semiarid area in the state of Sergipe using two images
obtained in the rainy and dry seasons, subsequently
comparing the statistical properties of the two output temperature surfaces (de Jesus, Santana, 2017).
Indian researchers have taken similar approach,
analyzing images taken in the rainy and dry seasons
for study areas in Andhra Pradesh state (Jeevalakshmi et al., 2017) and Tamil Nadu state in
southern India (Anandababu et al., 2018).
All these researches applied a similar methodology, described in detail in (Xiaolei, Xulin,
Zhaocong, 2014). In this work, three different methods for LST derivation from Landsat 8 TIRS data
have been compared, including the radiation transfer equation-based method, the split-window algorithm and the single channel method.Validation
results for the investigated sites and scenes showed
that the LST derived by the radiation transfer equation-based method using Band 10 has the highest
accuracy among all the reviewed methods (Xiaolei,
Xulin, Zhaocong, 2014). In the another research
(Sobrino, Jimenez-Munoz, Paolini, 2004) this method gave better results than some alternative algorithms for the retrieval of LST from Landsat TM 5
data, assessed by Root mean square deviation
(RMSD). Thus, radiation transfer method was the
one applied in above-cited empirical studies.
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Material and Methods. The study areacomprises
the basin of Bystrytsia river with an area of 2500
кm2, located in central part of Ivano-Frankivsk
oblast of Ukraine. Bystrytsia is the left tributary of
Dnisterriver that flows into Black sea. Despite its
small area, the Bystrytsiabasin is characterized by a
diversity of natural conditions, land use types, and
characteristics of land surface. Its north-eastern part
is mainly covered by wide terraced piedmont valleys of the rivers BystrytsiaSolotvynska, BystrytsiaNadvirnyanska and Vorona. In the south-western
and southern parts of the basin, there are low and
medium mountains of the Carpathians. Altitudes
vary from 201 m (areas near river mouth) to 1836
m (summit of mt. Syvulia Velyka) (Fig. 1). Climate
is moderate and moderately continental, with cool
summers, mild winters with unstable snow cover,
and frequent changes in weather. Average annual
temperature is around +8°C in low northern part,
and decreases to +2-3°C in the highest parts of the
mountains. Annual precipitation is 650–700 mm in
the lowlands and increases to 1000 mm and more in
mountainous part of the basin.
As to the land cover structure in the basin
area, its north-eastern (lowland valley) part is mainly covered by agricultural lands, with small patches
of broad-leafed forests among them (Fig. 2). There
are also some urbanized areas, mostly in and
around Ivano-Frankivsk city (its urban area 84
km2), in Nadvirna and Tysmenytsia towns, and in
some large villages. In the mountainous southwestern part of the basin forested lands prevail:
mixed forests in low mountains and mostly coniferous ones higher up. The highest crests and slopes of
Horhany massif are covered with stone placers and
taluses.
Landsat 8 imagery has been used as the main
data source for the study. Landsat 8 carries two
push-broom instruments: the Operational Land Imager (OLI) and the Thermal Infrared Sensor (TIRS),
that jointly produce a multispectral image consisting
of 11 spectral bands. OLI collects nine spectral
bands including a pan band: bands 1–4 correspond to
visible part of the electromagnetic spectrum, bands
5–7 and 9 – to near-infrared and shortwave infrared
regions of the spectrum (all of these have a spatial
resolution of 30 m); band 8 is panchromatic, taking
images in wide visible wavelength range (0,503–
0,676 μм) with 15 m spatial resolution. These bands
allow to obtain various kinds of information on the
characteristics of land surface, including vegetation
cover. The TIRS instrument collects two spectral
bands for the far infrared wavelengths covered by a
single band on the previous TM and ETM+ sensors:band 10 (TIRS 1, 10.6–11.19 µm) and band 11
(TIRS 2, 11.5–12.51 µm), both with 100 m spatial
resolution (NASA, 2018).
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Fig. 1. Bystrytsia river basin and its terrain.

Fig. 2. Bystrytsia river basin and its land cover (Landsat composite image for August 10, 2016).
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As the Landsat 8 satellite acquires images of
the entire Earth every 16 days, there is a possibility
to use them not only to map the static distribution
of certain phenomena, but also to analyze their
dynamical properties. For instance, long wavelength infrared bands of images acquired in different seasons of the year allow to study seasonal differences in the spatial distribution of LSTand its
driving factors. However, the limiting factor is the
considerable cloud cover in many images, which
effectively limits the amount of information that
could be extracted from image.
To cover the annual variability in LST conditions, it is expedient to use images taken in different seasons of the year. For the purpose of our

study, Landsat 8 images has been downloaded from
USGS web portal (https://earthexplorer.usgs.gov).
From scores of available images for the area, three
were chosen based on criteria of small percentage
of cloud cover, relatively recent acquisition data (to
minimize land cover changes between images), and
different seasons of the year. The chosen images
refer to following dates: October 5, 2013; February
13, 2015; August 10, 2016. The first one characterizes the thermal conditions close to average for the
year, while the second and the third – the typical
conditions for winter and summer day. All the images were taken at similar local time, contributing
to comparability of their reflectance characteristics
(Table 1).

Table 1. General characteristics of the scenes of Landsat 8 images used in the study.
Local time
Sun height
Cloud cover percentage
Date
of the scene
2013, October 5
12:16
35,07˚
6,73%
2015, February 13
11:14
24,99˚
0,67%
2016, August 10
12:14
53,17˚
7,89%

Data preprocessing of these images consisted
of their clipping to the contours of the basin, and
the masking out of cloud-covered areas, by means
of special Band quality assessment (BQA) raster
layer supplied with the Landsat 8 images. The images were projected to a Universal Transverse Mercator (UTM) coordinate system, datum WGS84,
zone 34N, for more accurate spatial analyses. While
visual and near-infrared spectral bands were used
for refining the temperature data (see below), their
spatial resolution (30 m) being different from that
of TIRS bands (100 m), they had to be led to common resolution; 50 m has been chosen as a “compromise” value.
As an auxiliary data source, SRTM Digital
elevation model (DEM) has been used with 30 m
spatial resolution (Farr et al., 2004) to assist in data
visualization (see Fig. 1) and to analyze the relationships between the elevation and the estimated
LST.Data processing has been performed using
open source GIS software: SAGA (mainly for data
preprocessing: clipping, masking and resampling)
(Conrad et al., 2015), and QGIS – mainly for raster
map algebra operations and data visualization(https://www.qgis.org).
The general scheme of LST derivation according to methodology described in (Xiaolei, Xulin, Zhaocong, 2014) consists of several steps (see
Fig. 3).The first step is the conversionof the Digital
Numbers (raw values) of bands to at-sensor spectral
radiance(TOA spectralradiance,Watts/ (m2 * sr *
μm)). This step is pretty simple and applies the
formula:
Lλ = ML*Qcal + AL
(1)
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Air above-ground temperature (Ivano-Frankivsk weather station)
9 °C
1.4 °C
26 °C

whereLλ–
TOA
spectral
radiance
(watts/(m2*ster*μm)), Qcal = quantized and calibrated standard product pixel values (Digital Numbers), ML and AL – respectively, band specific
multiplicative (ML) and additive (AL) rescaling
factors, whose values are contained in the image
metadata (RADIANCE_MULT_BAND_n and
RADIANCE_ADD_BAND_n, where n is the band
number).
At the second step, the brightness temperature is estimated using formula:
)
'( = -.* − 273.15
(2)
+,(

/0

12)

where'(is the brightness temperature,K1 and K2
are the thermal constants of TIR bands (also contained in the image metadata),Lλ – TOA spectral
radiance, 273.15 – a constant to convert the results
from Kelvin to Celsius scale. One can stop here and
use the calculated brightness temperature as an
approximation of LST, as it is done e.g. in (Vyshnevskyi, Shevchuk, 2017). However, the intensity
at which land surface emits thermal radiation is not
the same as that of an ideal blackbody with the
same temperature. Theemissivity of land can varysignificantly with vegetation, surface moisture and
surface roughness(Glenn et al., 2008). Thus, it
should be accounted for to acquire more accurate
measure of LST. It can be done using formula
(Xiaolei, Xulin, Zhaocong, 2014):

8 (=

9:

=> ԑ
)
@

21(9:∗<∗

(3)

where BT is the brightness temperature (2), λ is the
average wavelength of band on which data it was
calculated (10.6 – 11.19 micrometers for Band 10
and 11.5 – 12.51 for Band 11), ρ ≈ 0.0144 is the
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coefficient based on physical constants: ρ = ℎ ,
C
where h is Plank’s constant (6.626 10-34), σ is the
Boltzmann constant (1.38 10-23 J/K), and c is the
velocity of light (3 108 m/s). ԑ in this formula relates to land surface emissivity – a proportionality
factor that scales blackbody radiance (Planck’s law)
to predict emitted radiance, the efficiency of transmitting thermal energy across the surface into the
atmosphere (Sobrino, Jimenez-Munoz, Paolini,
2004; Sobrino et al., 2008).According to (Sobrino,
Jimenez-Munoz, Paolini, 2004) and (Mallick, Kant,
Bharath, 2008)it can be calculated as:
ԑ< = ԑD< PD + ԑF< (1 − PD ) + C
(4)
where ԑv and ԑs are the vegetation and soil
emissivities respectively, PD – is the proportion of
area covered with vegetation as opposed to bare
soil and artificial surfaces, and C is the surface
roughness that in the absence of information can be
taken as a constant value of 0.005 (Sobrino et al.,
2008). Information on proportion of different land
cover types can be obtained from analysis of visible

and near-infrared image bands. Well-fit tool for this
purpose is Normalized Difference Vegetation Index
(NDVI) introduced in 1973 and since then extensively applied in the various fields for the vegetation and landscape analyses of remotely sensed data
(Glenn et al., 2008; Mkrtchian, 2016). It is calculated by the formula:

NDVI =

NIR − RED
NIR + RED

(5),
where RED and NIR are the reflectance values in
red and near-infrared spectral ranges, respectively.
It has been shown that the values of this index correlate closely with the wide set of vegetation characteristics, including leaf area index that can serve
a proxy to the share of vegetation-covered land
surface types(Glenn et al., 2008). RED and NIR
values in formula (5) can be derived from, respectively, Band 4 and Band 5 of the same multispectral
Landsat 8 image which TIR band have been used
earlier in estimating BT.

Fig. 3. Flowchart of the LST retrieval from Landsat 8 images.

There are different approachesto relate
NDVIto land surface emissivity (Sobrino, JimenezMunoz, Paolini, 2004; Sobrino, Raissouni, 2010;
Jeevalakshmi, Narayana, Manikiam, 2017; de Jesus, Santana, 2017). In general, these approaches
are based on NDVI Thresholds Method (Sobrino,
Jimenez-Munoz, Paolini, 2004; Sobrino et al.,
2008), which envisages the establishment of two
“threshold” NDVI values. NDVI = 0.2 or lower

imply the bare soil, NDVI = 0.5 or higher imply the
vegetation cover, and its values in between 0.2 and
0.5 relate to some proportion between the two in
land cover structure. While land surface emissivity
also depends on surface roughness, it is much easier
to disregard its spatial heterogeneity and to replace
it with a constant. Recommended value of emissivity for surfaces fully covered with vegetation is 0.99
(Sobrino et al., 2008). Emissivity for bare surfaces
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vary depending on character of soil and generally
stay in linear relationship with emissivity in the red
region of spectrum (Sobrino et al., 2008). For simplicity, the constant value is used in most works,
yet the specific value in above-cited works vary
from 0.966 in (Jeevalakshmi, Narayana, Manikiam,
2017) and 0.971 in (Oguz, 2017) to 0.986 in
(Anandababu, Purushothaman, Suresh, 2018) and
(de Jesus, Santana, 2017). Thus, the value 0.977
can be taken as an averaged best guess at a first
approximation. And if NDVI value is between 0.2
and 0.5, the land cover is assumed to be a mix of
bare ground and vegetation, with their proportion
reflected by NDVI. In these cases, ԑ is calculated
as:
IJKLMN.O
N.QMIJKL
ԑ = 0.99
+ 0.977
(6)
N.P
N.P
After this, ԑ (land surface emissivity) is substituted in (3) and the resultant value of LST is thus
calculated. The general scheme of LST retrieval
from Landsat 8 image bands is shown on flowchart
(Fig. 3).
Results and Discussion. Let’s first illustrate the
results of the calculation of land surface emissivity.

NDVI calculated for summer image (Fig. 4) shows
the highest values for areas covered with deciduous
forests (located mainly in piedmont areas in central
and western parts of the basin), the mediocre values
for coniferous forests predominant in mountainous
south-western part of the basin, and the lowest values for urban areas, open water, and some arable
lands.
The similar pattern is revealed by the distribution of land surface emissivity (Fig. 5). It was
taken to amount to 0.977 for places with NDVI <
0.2, to 0.99 for places with NDVI > 0.5, while for
places with NDVI between 0.2 and 0.5 it was calculated by formula (6). Where the land surface emissivity is low enough, the brightness temperature
calculated with (2) can be noticeably smaller than
real LST value (Fig. 6).
The same parameters were calculated for
other two images (not shown here), their spatial
distribution being slightly different with that shown
in Fig. 5–6.The final maps of LST distribution for
the three above-mentioned scenes are given in Fig.
7–9.

Fig. 4. NDVI values calculated for August 10, 2016, by formula (5).

To verify the accuracy of obtained LST estimations, they were collated with data recorded for
Ivano-Frankivsk weather station (the single state
weather station located in this basin) for the same
date and time (Tab. 2). As can be seen, the discre459

pancies for all the three cases are small (less than
1°C) and comparable with these obtained by other
researchers. In the above-cited research (Jeevalakshmi et al., 2017) the obtained results were
compared to air temperature measurements taken
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by 14 automatic weather stations, having found the
standard deviation as 1.79oC for the first case (the
dry season) and 1.02oC for the second case (the wet
season). The authors attributed these deviations to
the generalized 100 m resolution image estimations
being superimposed with weather stations point
measurements, and also to the possible differences
between LST and air temperatures measured 2 m

above the surface. In the study (Sobrino, JimenezMunoz, Paolini, 2004), the comparisonbetweenthe
‘‘insitu’’
LSTmeasurements
andthevalues
obtainedfromtheRadiativetransferequationmethod
similar to that used in our study, showed anRMSD
value of 0.6 K, with the largest discrepancies (1.22
K) observed for light soils with few vegetation.

Table 2. Collating weather station data for Ivano-Frankivsk with LST estimated from Landsat 8 images.
Date
Local time
Air above-ground
Land surface temperaAir presRelative
temperature, ˚С
ture, ˚С (calculated
sure, hPa
humidity, %
(measured in
from Landsat 8
weather station)
imagery)
05.10.2013
12:00
9
9.5
1029
54
13.02.2015
11:00
1.4
1.6
1027
72
10.08.2016
12:00
26
26.5
1014
61

Wind speed,
km/h
2
0
1

Fig. 5. Land surface emissivity values calculated for August 10, 2016, by formula (6).

Fig. 6. Differences between LST calculated with formula (6) and brightness temperature, calculated for August 10, 2016.
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Fig. 7. Distribution of LST for the Bystrytsia basin for October 5, 2013.

Fig. 8. Distribution of LST for the Bystrytsia basin for February 13, 2015.
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Fig. 9. Distribution of LST for the Bystrytsia basin for August 10, 2016.

As seen from the obtained maps (Fig. 7–9),
the distributions of LST values obtained for different seasons have some common features, as well as
some differences. Temperatures in lowland northern part of the basin are substantially higher than in
its mountainous part:differences range from 5–8°C
for autumn and winter scenes to more than 10°C for
summer one. For autumn and summer scenes, there
are pronounced differences in LST between different land cover types: e.g. forested areas are significantly cooler than arable land and build-up areas. It
is in accordance with a statement from (de Jesus,
Santana, 2017), that cite a set of works on semi-arid
areas of north-eastern Brazil showing that the
changes in NDVI values associated with the different land uses and states of vegetation have been
inversely related with the LST values: more vigorous vegetation is generally characterized by lower
LST.In the winter, the differences between slopes
of different aspect become pronounced in mountainous areas, mainly due to lower position of sun.
Narrow valley bottoms in the mountainous part are
more heated than surrounding slopes in summer
and autumn, while in winter they are the coldest

part of the area, probably because of shading and
prevalence of inversions.
Finally, let’s look into the possibilities to
analyze the estimated LST spatial distributions and
its factors by applying regression models that include factors and variables affecting these distributions. While it is not a direct topic of this research,
this was illustrated by taking elevation (derived
from SRTM DEM) as single independent variable,
and looking on how changes in elevation affect
average LST for the given elevation. For this purpose, R language and environment for statistical
computing has been applied. Polynomial regression
models with cubic term and elevation as an independent variable have been built with R lm() function for three scenes, and visualized using R plotting capabilities (Fig. 10–12). While there is a general tendency of LST to decrease with elevation, the
rate and form of this relationship seems to vary
with season. The rate of decrease is highest for
elevations below 1000 m a.s.l., while higher up it
remains practically constant (in winter LST practically ceases to increase already above 600–700 m).
Trend line above 1500 m is unreliable here due to
small sample size in this basin.
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Fig. 10. Average LST change with elevation, 05.10.2013.

Fig. 11. Average LST change with elevation, 13.02.2015.

Fig. 12. Average LST change with elevation, 10.08.2016.

Conclusion. The multispectral images containing
TIRS bands can serve a valuable data source for the
mapping of LST. Landsat 8 multispectral images
containingtwo TIRS bands can be effectively used
to map LST distribution for different regions and
time periods. However, the procedure of derivation
of LST values from images is not straightforward
463

and provides for several consecutive steps. Thus,
the emissivity of land surface (the intensity at
which it emits thermal radiation) at the given temperature can vary significantly with vegetation,
surface moisture and surface roughness, and should
be accounted for when converting brightness temperature into LST. One of the methods of assessing
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emissivity is based on the NDVI values, that can be
derived from the red and near-infrared bands of the
same multispectral Landsat 8 imagewhich TIRS
bands have been used in estimating brightness temperature.
The application of the radiation transfer equation-based method of LST derivation to the images
for Bystrytsia river basin area obtained in different
seasons of the year allowed to analyze its spatial
distribution and its seasonal variability.While all
the three scenes show conspicuous vertical gradient
in LST, summer and autumn scenes are also characterized by significant local variability in LST due to
different land cover types (e.g., urban development,
forests, different agricultural lands), whereas in
winter scene differences in LST for mountainous
slopes of different aspects are more pronounced.
Estimations of LST can be improved by considering atmospheric effects, and by using more
precise algorithms to account for land surface emissivity. The question remains as to whether apply
only data of one of the two Landsat 8 TIRS bands
in the derivation of LST, or to combine data from
both bands 10 and 11, trying to capitalize on selfcancellation of their errors by averaging. In (Xiaolei, Xulin, Zhaocong, 2014) it is claimed that
RMSE of LSTs obtained from single band 10 is
slightly smaller than that in the case of also using
band 11. The stated cause of this is the larger calibration uncertainty associated with band 11, that is
more affected by the water vapor continuum absorption (Xiaolei, Xulin, Zhaocong, 2014; Coll,
2012). Thus, different researchers take different
choices on this: above-cited works of (Jeevalakshmi, Narayana, Manikiam, 2017) and (Oguz, 2017)
rely solely on Band 10 in their derivation of LST,
while (Anandababu, Purushothaman, Suresh, 2018)
and (de Jesus, Santana, 2017) derived their estimates of LST by averaging data from bands 10 and
11. In general, the reason for the inclusion of
second TIR band in the Landsat 8 image band set
has been to enable applying a split-window method,
that relies on calculatingthe differencesin TIR radiance measurements at twodifferent wavelengths
to estimate the radiance attenuation foratmospheric
absorption.If the future satellites like Landsat 9
provide the well-calibrated data for both TIR bands,
split-window method for LST retrieval could fare
no worse thanradiation transfer method.
Calculating LST values for different river basins and different times of the year with the same
method could allow to make inferences about the
factors and regularities of their spatial distribution.
It would also be helpful to automate this process by
creating algorithms that make it through the steps
of the process of the LST derivation (Fig. 3), from
the input image to the output LST map. Yet it

should be remembered that the estimation of LST
from satellite data is dependable on current weather
condition and is obstructed in periods of significant
cloud cover. It is also temporarily bound by the
scheduled time of satellite flyby. Thus if the obtained LST data are summarized, the obtained inferences will contain the ensuing biases that should
be acknowledged and accounted for.
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The depth range of the Earth'snatural pulse electromagneticfield (or ENPEMF)
Kuzmenko E.D., Bahrii S.M., Dzioba U.O.
Ivano-Frankivsk National Technical University of Oil and Gas, Ivano-Frankivsk, Ukraine, ulianadzoba@gmail.com
Abstract. On the basis of the analysis of the literature sources, we determined the possible range of using the method of the Earth`s natural pulse electromagnetic field. As a
result of detailed analysis of domestic and foreign research, we demonstrated the relevance of conducting research focused on development of the Earth'snatural pulse
electromagneticfield (or ENPEMF). Using the results of theoretical studies, the advantages and disadvantages of the ENPEMF method were determined. A complex of physical processes which preceded the development of the pulse electromagnetic field of the Earth was characterized, and the impact of mechanical deformations of rocks on the
change in the condition of the electromagnetic field was experimentally proven. The main fundamentals on the determination of
depth range of the ENPEMF method were examined and a new approach to interpretation of the data was suggested. We conducted
an analysis of methods developed earlier of calculating geometric parameters of the sources which generate electromagnetic impulses. Their practicability at a certain stage of solving the data of geological tasks was experimentally tested. We determined the
factors which affect the depth range of the ENPEMF method. A mathematical solution of the effectiveness of the ENPEMF method
was suggested and determined the relations between the depth parameter of the study and the frequency of measuring and effective
value of specific electric resistance. On the example of different objects, the effectiveness and correctness of the suggested method of
determining the depth range parameter was proven. In particular, the theoretical results of the study were tested and confirmed on
objects of different geological-morphological and engineering-technical aspects, i.e. Novo-Holyn mine in the Kalush-Holynske
potash deposit and the multi-storey educational building of the University in Ivano-Frankivsk. The practicability of using the ENPEMF method in combination with other methods of electrometry for solving practical geological tasks was experimentally proven.
Received 06.09.2018;
Received in revised form 01.10.2018;
Accepted 03.10.2018
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Глибинність методу природного імпульсного електромагнітного поля Землі
Кузьменко Е.Д., Багрій С.М., Дзьоба У.О.
Івано-Франківський національний технічний університет нафти і газу, Івано-Франківськ, Україна,
ulianadzoba@gmail.com
Анотація. На основі аналізу літературних джерел визначено можливий діапазон застосування методу природного імпульсного електромагнітного поля Землі. У результаті детального огляду вітчизняних та зарубіжних наукових праць, підтверджено актуальність проведення досліджень у напрямку розвитку методу ПІЕМПЗ. Використовуючи результати теоретичних
досліджень, встановлено переваги та недоліки методу ПІЕМПЗ. Охарактеризовано сукупність фізичних процесів, що передують виникненню імпульсного електромагнітного поля Землі, та експериментально підтверджено вплив механічних деформацій гірських порід на зміну стану електромагнітного поля. Розглянуто основні положення щодо визначення глибинності
методу ПІЕМПЗ та запропоновано новий підхід до інтерпретації даних. Проведено аналіз раніше визначених способів розрахунку геометричних параметрів джерел, що генерують електромагнітні імпульси. Експериментальним шляхом перевірено
їх доцільність на певному етапі вирішення даних геологічних задач. Визначено чинники, що впливають на глибинність
методу ПІЕМПЗ. Запропоновано математичне рішення щодо розв’язку питання глибинності методу ПІЕМПЗ та встановлено залежність параметру глибини дослідження від частоти вимірювання та ефективного значення питомого електричного
опору.На прикладі різних об’єктів доведено ефективність та коректність запропонованого способу визначення параметру
глибинності. Зокрема, теоретичні результати дослідження апробовані на різнопланових у геологічно-морфологічному та
інженерно-технічному аспектах об’єктах, а саме руднику «Ново-Голинь» Калуш-Голинського родовища калійної солі та
багатоповерховій будівлі навчального корпусу університету в місті Івано-Франківськ. Експериментально підтверджено
доцільність застосування методу ПІЕМПЗ в комплексі з іншими методами електрометрії з метою вирішення прикладних
геологічних задач.
Ключові слова: метод природного імпульсного електромагнітного поля Землі, глибинність, напружено-деформований стан.
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Introduction. The method of the Earth'snatural
pulse electromagneticfield (or ENPEMF) is a special geoelectronic method which over the recent
years has become more and more widely used for
solving
geological-geophysical,
engineeringecological, hydrogeological and other applied geological and geoinformational tasks. The theoretical
basics of the ENPEMF method were first formulated by A. A. Vorobyev, who suggested the name
of the method (Vorobyev, 1980). Electric fields in
the bowels of the earth can form at high density of
electric charges in dielectric rocks. The concentration of the charges occurs in a system with an
excess of free energy. At different transformations,
particularly, mechanical-electric, changes occur in
the conditions of the rocks, so the minerals become
the sources of electromagnetic radiation. Further
studies of the ENPEMF method were conducted by
V. M. Salomatin (Salomatin, 1987). He experimentally proved that the appearance of microdeformations in the rocks cause changes in stresseddeformed condition of the system and is a reason
for the generation of electromagnetic signals.
Taking into account the multi-factor character of the processes which cause emission of electromagnetic field in the rocks, an important stage is
correct interpretation of the results of research, one
of the main aspects of which is determining the
depth range of the ENPEMF method.
The ENPEMF method mostly makes it possible to allows perform a qualitative assessment of
the condition of the environment and to obtain positive results from using it in combination with other
geophysical methods, particularly, methods of electrosurvey - vertical electrical sounding (VES),
transient electrical sounding (TS) and the method of
gravity gradiometry.
The objective of the study was to characterize the
main conditions for the determination of the depth
range of the method, determining the factors which
affect the depth range of ENPEMF, developing and
applying new approach to the interpretation of the
data.
Materials and methods. The ENPEMF method is
based on recording the impulses of electromagnetic
fields, generated by dielectric minerals in stressed
condition. Over the recent decades, the ENPEMF
method has become popular along with some other
geophysical methods, due to its mobility, availability, speed and the relative cheapness of conducting
the research. However, despite a number of advantages, one should take into account some disadvantages related to the nature of electromagnetic
waves.
The physical nature of the processes which
form electromagnetic impulses were described in
the 1980s by the eminent physicist A. A. Vorobyev
467

(Vorobyev, 1980). He understood “the Earth`s natural pulse electromagnetic field” to be electric
charges which occur in different spheres of our
planet, and also in the deep under the surface of the
Earth, particularly in the structure of the rocks.
Because the minerals which form the rocks are not
homogenous and contain various additional substances, pores, chargeddislocations and other defects, in the presence of an external source of energy, tension develops in the structures and the systems become unbalanced and extra energy is
formed. The processes which cause formation of
electric impulses include: tensioning of the crystalline frame in the variable field of mechanical
stresses, intense filtration of liquid in the capillaries
and pores, relaxation of the stressed environment,
presence of a double electric layer, and formation
of plasma.
Taking into account that the stressed condition of rocks can occur as a result of different
processes and phenomena and depend on a large
number of factors at the same time, there is no unanimous theory of the ENPEMF for the moment.
However, the studies by A. A. Vorobiev and V. M.
Salomatin provide a broad range of experimental
laboratory studies and the results of measuring ENPEMF in different geological conditions. V. M.
Salomatin studied the pattern of mechanical-electric
transformations depending on the mineralpetrophysical composition and structural peculiarities of rocks. The obtained results are a theoretical
basis for the method and prove the assumption that
at the stages of microdeformations, generation of
electromagnetic pulses occurs, the intensity of
which depends on the content of dielectric minerals, moisture, the extent of heating and density.
Also, Salomatin elaborated the method of the application and was the initiator of using ENPEMF for
the analysis of landslide danger zones (Salomatin,
1991).
The new principles of the system of
processing the data of ENPEMF in the course of
research on the stress-deformational condition of
the rocks in landslide danger areas in Zakarpatia
oblast are described in the works of Cheban V. D.
(Cheban, 2002). Bezsmertnyy A. V. suggested using ENPEMF in combination with other geophysical methods for studying landslides on the southern
coast of Crimea (Bessmertnyy, 2004). S. P. Kovalchuk precisely described the application of the ENPEMF and provided the results of analyzing the
data on the landslides and the data on searching
catacombs in Odessa oblast (Kovalchuk, 2003).
Also, the question of applying the ENPEMF
method in combination with other geophysical methods and predicting exogenous geological
processes was studied by Kuzmenko E. D.
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(Kuzmenko, 2009). In his works, he suggests a
calculation of a probability criterion for a prognostic assessment of landslide danger areas and proves
the possibility of using geophysical methods for
determining the stability of slopes with signs of
landslide. Positive results of using the ENPEMF
method were obtained during conducting a contour
plan of underground galleries, mine workings and
karst fractures (Kuzmenko, 2008).
Also, the literature contains data on a supplementary use of the ENPEMF method for searching the basins of hydrocarbon (Malyshkov, 2011)
and describing the methods of interpreting ENPEMF anomalies related to occurrence of earthquakes (Hao, 2017).
However, domestic and foreign scientific
sources contain practically no publications related
to the aspects of the depth range of using the ENPEMF method .Accordingly, this circumstance
provides relevance of further studies of these aspects and determines the main vector of our article.
Physical preconditions of the ENPEMF method.
Because natural objects usually have a complex
geological structure and history of formation, exactly determining the mechanism of mechanicalelectric transformations is impossible. Therefore,
fundamental studies related to the Earth`s natural
pulse electromagnetic field include the relationship
between the intensity of the field for each parameter, which increases or reduces it, demonstrated at
the qualitative level and the substantiation with a
large empirical-experimental base correlated with
general physical-mathematical fundamentals.
In his study, V. M. Salomatin (Salomatin,
1987) provides formulae which make it possible to
calculate the phenomena and obtaining their characteristics. As already mentioned, in places of
growing mechanical tensions, a concentration of
charged defects occurs, the changes of which condition the occurrence of the charge and difference
between the potentials. Free energy which depends
on several independent variables can be expressed
as follows:

dF=a ⋅ ε ⋅ E 2 dV+b ⋅ δ 2 dV-SdT +
dF
+VdP+M ⋅ gdh + (
)dni + K+ (1)
dni
+(

dF
dF
)dnc+
dz
dnc
dz

Where:
ε – dielectric penetrability of the substance;
Ε – tension of electric field;
V – volume of rock phase (solid or liquid);
δ – mechanical tension;
a, b – constant coefficients;
T – temperature in the Kelvin scale;

S – entropy phase in dielectric rock;
P – pressure;
M , Mg – mass and molecular weight of the
phase in the rock;
g – acceleration of the gravitational force;
h – height of the location of the phase in the
gravitational field;
z – size of the grains of the phase in the
rock;
dF dF dF
,
,
;
S , V , Mg – partial derivatives
dT dP dn
dF
– change in the free energy phase, redni
lated to the change in the chemical composition per
one mol і – that element of the phase;
dF
– change in the free energy, related to
dnc
the change in the phase concentration;
dF
– change in the free energy, related to
dz
the change in grains of the phase.
As a result of the impact of various factors,
the signals combine, i.e. field overlap. They are
generated by different sources. Regardless of the
mechanism of generation, in the reception point, a
total signal is obtained, the value of which, with
consideration of the reduction, is determined using
the formula:
3

E ⋅λ  r 
V
⋅β⋅ 0
⋅   ⋅ ΔW ,
E=
(2)
m
2⋅π ⋅c  R 
where E 0 – amplitude of the tension of the field on
the borders of diffusive layer;
λ – wave length;
R – distance between the receptor and the
emitter;
c – speed of light;
ΔW – frequency range of the reception;
V – the radiating volume of the rocks;
m – volume of the elementary emitter;
β – zone of the emitter in the volume the
rocks;
r – typical size of the emitter.
Formulae 1 and 2 give a general impression
on the multi-functional character of the process of
formation of electromagnetic radiation. They cannot be an analytic basis for solving a direct or an
inverse problem of geophysics. No such formulae
for the ENPEMF exist at all. Therefore, we should
consider the ENPEMF method as a qualitative method based on comparing geological processes and
the corresponding explanations of the change in
electromagnetic field according to the principle
“more-less”.
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Among the fundamental studies in the sphere
of geological nature of the potentials of the electric
field in the Earth`s crust, we should mention the
studies by B. G. Tarasov and his students (Tarasov,
1989). The best work in theoretical substantiation is
the article by Ivanov (Ivanov, 1991) .
The main idea is that stationary gradient
geomechanical fields can contain currents (also
stationary) of charged defects of the structure –
anion or cation vacancies, clusters, i.e. microcavities composed of the vacancies of one or the other
electric charge and dislocations on which the
charged steps are located . Such process is called an
orientated diffusion of the defects. In the condition
of thermodynamic balance, the charged centers are
compensated by the opposite electric charges, i.e.
the field is absent. After tension is applied, imbalance occurs between the charges due to the oriented
transport of the defects and their separation from
the charge-compensating cloud, therefore diffusive
currents of charged defects with electric tension
occurs, to which a certain electric potential corresponds.
Further, on the basis of the fundamental equations of solid body physics , the following formula
(3) was obtained, which describes the effect of relations of the potential and geomagnetic tension and
the generality of this law for all rocks:
(- Ω 0 ) ⋅ σ ⋅ f
ϕ=
,
(3)
3⋅ q
where ϕ – mechanical-electric potential;
σ – mechanical tension;
f – entropic coefficient;
q – charge transmitted by one vacancy.
The simple equation (3) shows that the effect
is determined by the structure of diffusing defects
and their charge, and also the value of active mechanical tension.
Quantitative
calculation
provides:

(

)

3

Ω 0 = 3 ⋅ 10 −10 m3;

σ = 50 ⋅ 10 6 N/m2;

4

f = 10K10 ; q = 1,6 ⋅ 10

ϕ = (27K 2700) ⋅ 10

−3

-19

Kl, then we obtain

V.
Thus, for all considered ionic crystals, the effect is no higher than 2.7 V. Towards the depth of
the bedding of the rocks, the potential undergoes a
linear increase, i.e. the crust always contains currents conditioned by the pressure gradients, which
must penetrate the entire layer of rocks in accordance to the expression ϕ = ϕ 0 + k m −e ⋅ σ , where
ϕ 0 - initial value of the potential on the Earth`s
surface; k m −e - coefficient of mechanical-electrical
transformations.
In common understanding, according to the
hydrostatic hypothesis σ = γ ⋅ H , where - γ is vo-
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lumetric weight of the rocks, N/m3, H - depth at
which the geomechanical tension is considered, m,
anomalies of geomechanical pressures lead to anomalies of the potential in accordance with the anomalies of pulse electromagnetic radiation.
Due to the indeterminacy of the entropic
coefficient which depends on the types of transformations and physical properties, the formula (3) for
solving direct and inverse problems of electrometry
is inapplicable.
The depth range of ENPEMF. General thoughts.
Taking into account that the notion of “the Earth`s
natural pulse electromagnetic field” is quite complex and includes different types of radiation (including that generated by rocks), in the context of
determining the effectiveness of the method, one
should also consider magnetotelluric variations. A
magnetotelluric field is a regional part of the variable electromagnetic field of the Earth and consists
of a telluric (electric) and magnetic field. Changes
in this field over time are considered magnetotelluric variations (Khmelevskoy, 1989) .
V. D. Cheban in his studies suggests a hypothesis that the radiation of the natural pulse electromagnetic field caused by deformations of rocks
travels the same route as the magnetotelluric waves
which penetrate the Earth, but in the opposite direction (Cheban, 2002). Because these radiations have
the same electromagnetic nature, in this article we
assume that the distance which the electric waves
penetrating the Earth travel can be used also for the
calculation of depth of the possible source of the
electromagnetic field.
The depth of penetration of magnetotelluric
field, i.e. the thickness of the skin-layer is the distance at on which the wave amplitude fades in е
times (Khmelevskoy, 1989):
λ
2⋅ ρ
δ=
=
,
(4)
2 ⋅π
ω ⋅ µ0
where ρ – specific electric resistance [Ω·m],

ω = 2 ⋅ π ⋅ f , µ 0 = 4 ⋅ π ⋅ 10 −7 H/m (in the study by
Khmelevskoy, 1989) V. K. Khmelevskoy studied
the section of a one-dimensional geological model,
where the specific resistance is a constant function
and considers the magnetic penetrability as a constant value which equals µ 0 = 4 ⋅ π ⋅ 10 −7 H/m).
Effective depth of penetration of the field into a one-dimensional medium which is at stable
electric resistance can be calculated according to
the formula

δ

ρ
.
ω ⋅ µ0

(5)
2
Because the length of electromagnetic wave
depends on the wave value k , then

h еф =

=
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2⋅ ρ
.(6)
ω ⋅ µ0
After change of variables, we obtain the formula, where the length of electromagnetic wave

λ = 2 ⋅π ⋅ 2 ⋅ k = 2 ⋅π ⋅

10 7 ⋅ ρ
,
(7)
f
Where f – frequency in Hz.
Thus, after the transformation, we obtain :

λ=

10 7 ⋅ ρ

⋅ 10 3 = 356

ρ

.
(8)
f
2 ⋅π ⋅ 2 ⋅ f
In this case, the effectiveness of ENPEMF
will depend on the frequency range and geological
environment. The technical properties of a
RHINDC-PM (radiowave indicators of stress deformed condition) device allow one to work within
a range of from 2 to 50 kHz.
Because an environment cannot be homogenous, we suggest calculating the efficient value
of the specific electric resistance for a particular
layer of the rocks. Effective resistance is determined using formula:
h + h + K + hn −1
.
(9)
ρ еф = 1 2
h
h1 h2
+
+ K n −1
hеф =

ρ1

ρ2

ρ n −1

As an example, we will consider a geological
model for which the value of the specific electric
resistance equals 10 Ω·m. After the calculations
according to the formula (8) are made, we find that
the possible source of electromagnetic radiation can
be at the depth from 5 to 25 m. Therefore, as the
effective electric resistance increases, the deeper is
the range of the ENPEMF method, and by changing
the frequency range, we will obtain signals from
different depths.
Results and their analysis. Determination of
depth range for different objects. Let us consider
the area of the worked out Novo-Holyn mine of the
Kalush-Holynske potash deposit, which is located
in the Precarpathian Trough. From 1867 to 1995 in
the Kalush-Holynske deposit, the mineral substance
was excavated using two methods: open-pit and
underground mining. The open-pit mining was used
in the Dombrovsky Quarry which after its operation
has the capacity of around 52 M m3. The cavities of
mines Kalush (7.4 M m3), Novo-Holyn (12.1 M m3)
and Holyn (1.7 M m3), which became worked out
and were taken out of the operation, were only partly filled with solid material in separate ore fields
(92.5% of the total capacity of the cavities) or remained dry (7.5% of the volume). Most cavities,
and particularly all mining chambers of the Novo-

Holyn mine were filled with insufficiently saturated
brine (7.2% of the volume) (Bahrii, 2013).
Such method of filling is not reliable and
cannot guarantee the safety of the rock structure
and stability of the interchamber bearing blocks and
ceilings. As a result, subsidence of the Earth`s surface occurs accompanied by following flooding and
formation of collapsing craters. Part of the territory
of Kalush and the surrounding villages with a population of a few thousand people are within the zone
of risk. Therefore, a decision was made to perform
topographic-geodesic and geophysical studies for
ascertaining of the fact of subsidence and forecasting it over time and space.
To solve the problems, we measured using
methods of electrometry VES and TS, and also for
the study of tension-deformational condition of
rock structure, we conducted a detailed survey of
the ENPEMF.
Due to the insignificant depth range, in Kalush-Holynske mine, the VES method was used for
determining the lithological composition of the
Quaternary formations and their thickness, and also
the extent of salinization of the groundwater due to
surface sources of pollution (tailing dams, potash
salt dumps and accumulating reservoirs) (Bahrii,
2013).
In the context of determining the depth range
of the ENPEMF method, the VES method is extremely important for it allows one to determine the
pre-surface geological section of the studied layers
with sufficient accuracy and to calculate the effective value of the specific electric resistance.
The study of the stress-deformed condition of
rock structures allows one to identify danger zones
and draw conclusions on the reliability of interchamber bearing blocks and ceilings.
Analyzing the geological and geoelectrical
sections, we conclude that in front of the ceiling of
the upper horizon of the chamber, five geoelectric
horizons are present, as demonstrated in Table 1.
Let us determine the effective resistance:

ρеф =

0,6 +11+ 9 +18+ 80
= 42.49 (Ω⋅ m)
0.6 11 9 18 80
+ + + +
218 29 76 9 275

After calculating the effective resistance, we can
determine the depth range of the method of the
Earth`s natural pulse electromagnetic field for a
certain range of frequencies using the formula (8).
At frequency f = 2000 Hz, the depth equal-

shef = 51.89 m, at frequency f = 50000 Hz, the
depth – hef = 10.37 m. That is for the present range,
the depth range of the ENPEMF method can be
measured approximately.

Table 1. Geolectric horizons according to the data of electrometry
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№

Thickness of the horizon, m

1
2
3
4
5

h1 = 0.6
h2 = 11
h3 = 9
h4 = 18
h5 = 80

Electric resistance of the
horizon, Ω·m
ρ1 = 218
ρ2 = 29
ρ4 = 76
ρ4 = 9
ρ5 = 275

The question arises of whether it is possible
to determine the depth range of the method, first of
all, for more particular conditions, and, secondly,
with provision of empirical-functional dependency
of changes in characteristics of geological section at
electric resistances and thicknesses of strata.
For the assessment of real changes in the
depth range of the ENPEMF method in particular
geological conditions, let us imagine the geological
model demonstrated in Table 1. Because the thicknesses of the strata of the gypsum-clayey cap and
saliferous breccia is unstable, i.e. can change within
a geological section, this model is inappropriate in
the sense that the depth of bedding of the horizons
is not indicated for h4 and h5 . In fact, we have a
system of three equations solving at the same time:
h1 + h 2 + K + h n −1

 ρ еф = h
h
h
1

+ 2 + K n −1
ρ
ρ
ρ

1
2
n −1
 H = h1 + h 2 + K + h n −1



 H = 7 , 96 ⋅ ρ еф

(10)

The latter formula of the system is obtained
from the formula (8) at the value f = 2000 Hz. At
the same time, the conditions should be:

The rock, horizon is represented by
Soil-plantcover
Loam
Gravel-pebblehorizon
Gypsum-clayhorizon
Saliferous breccia

h4 > 0
(11)

h5 ≥ 0
This is explained by the possibility of increasing or decreasing of the thickness of gypsumclayey cap in the absence or presence of a certain
saliferous breccia in the section before a certain
depth. Increase in the thickness of the gypsumclayey cap leads to decrease in the thickness of
saliferous breccia involved in the calculation of
ρef.In general, this changes the depth range of the
ENPEMF method. At the same time, it is clear that
with decrease in the thickness of the gypsum-clayey
cap (GCC) with distinctive low resistance and corresponding increase in thickness of saliferous breccia with comparatively high electric resistance, the
value of effective resistance involved will increase.
Accordingly, the effective depth of the survey using
the ENPEMF will increase.
Factual data are demonstrated in Table 2.
Quantitative characteristics demonstrated in the
table were used for the analysis of change in effective depth during study of the ENPEMF. Further,
let us consider the stages of determining the given
geoelectric parameters and the corresponding dependencies.

Table 2. The initial data and depth range of ENPEMF method
ThicknessofgypsumThickness of saliferous
№
clayeycap
brecciahsb,m
Hgcc,m
1
12
0

Depth of surveyH,m

17.7

33.5

2

11

2.9

19.9

35.5

3

10

6

22.4

37.7

4

9

9.5

25.47

40.1

5

8

13.1

29.01

42.9

6

7

17.2

33.41

46.0

7

6

21.5

38.62

49.4

8

5

26.5

45.21

53.5

9

4

32

53.33

59.9

10

3

38.1

63.45

63.4

11

2

45

76.2

69.5

It is clear that the primary cause of the
change in the depth range of the ENPEMF is the
change in thickness of the GCC, which leads to the
change in equivalent resistance used in calculations
471

Effective resistance
of rocks ρef, Ω·m

of the specific electric resistance and therefore the
effective depth.
First of all, as the thickness of the GCC increases, the thickness of the stratum of saliferous
breccias decreases. Because the electric resistance
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of the cap is much lower than the resistance of the
saliferous breccia, the value of the equivalent resistance at the same time decreases (Fig. 1a). Accordingly, at increase of the thickness of saliferous
breccia, the equivalent resistance increases (fig.
1b). The graph between the total thickness of the
rocks and equivalent electric resistance (Fig. 1c) is
the result of processing the dependencies Fig. 1a1b.
Graphs in Fig. 1 are the reason for graphic
depiction of the abovementioned formulae on determination of dependency of the effective depth of
the ENPEMF on the thicknesses of gypsum-clayey
cap, used in the calculations, saliferous breccias and
their total thickness (Fig. 2a, 2b, 2c).
The graph demonstrated in Fig. 3 sums up
the functional-empirical result of the dependency of
effective depth of survey on the change in equivalent resistance.
Thus, maximum depth of the ENPEMF for
this object is about 70 m. This is enough for studying the processes of development of salt karst, wa80

shout and destruction of saline breccia and therefore the horizons above. At the same time, one can
study the upper row of extraction chambers. The
impact of deformation of the rocks on the pulse
electromagnetic field on greater depths is monitored indirectly, through mechanical interaction of
other horizons.
A clear example is the graphs of the ENPEMF for a geological section which includes a
stratum of salt and excavating chamber (Fig. 4).
The graph in Fig. 4a demonstrates two expressions
of the anomalies of the field intensity, which correspond to mechanical tensions in border pre-wall
zones of excavation, which border with ceilings.
The anomaly in Graph 4b correlates with change of
tensions above the ceiling of the chamber. Deformational zones are on absolute points near 230 m at
points of the Earth`s surface of 300 m. Thus, 70 m
depth correlates with previous calculations and
their analysis (Fig. 3).
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Fig. 1. Graph of dependency of the equivalent resistance on the thickness of the rocks: a) gypsum-clayey cap; b) saliferous breccias;
c) total thickness of GCC and saliferous breccia.

Also, at this stage of the study, we considered
another method of determining the depth range. In
the monograph (Bessmertnyy, 2004), the author
mentions that for determining geometric parameters
of the source of stress-deformational condition of
the rocks, one should take into account the magnetic component of the secondary electromagnetic

radiation. That is for determining the depth of bedding of an object which generates impulses, one
should solve an inverse problem of magnetic survey. After analysis of the type of anomalies and
defining the distinctive points, one can determine
the geometric parameters of the sources of stressdeformation condition. Because the determined
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depth is not proved by the geological information, it
was determined that at this stage of study, such

approach to determine the depth is incorrect.
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Fig. 2. Graphs of dependency of effective depth of the ENPEMF on the thickness of the rocks: a) gypsum-clayey cap; b) saliferous
breccias; c) total thickness of GCC and saliferous breccias.
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Fig. 3. Graph of dependency of effective depth of survey on the equivalent resistance

Also, at this stage of the study, we considered
another method of determining the depth range. In
the monograph (Bessmertnyy, 2004), the author
mentions that for determining geometric parameters
of the source of stress-deformational condition of
the rocks, one should take into account the magnetic component of the secondary electromagnetic
radiation. That is for determining the depth of bedding of an object which generates impulses, one
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should solve an inverse problem of magnetic survey. After analysis of the type of anomalies and
defining the distinctive points, one can determine
the geometric parameters of the sources of stressdeformation condition. Because the determined
depth is not proved by the geological information, it
was determined that at this stage of study, such
approach to determine the depth is incorrect.
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a)

b)

Fig. 4. Geological section and graphics of the ENPEMF

The next object studied in this work is Building №1 of Ivano-Frankivsk National Technical
University of Oil and Gas, where the first stage of
geophysical studies was conducted in the period
from 11th May to 3 June 2016. The preconditions
for conducting geophysical work were presence of
fractures in the zones adjoining the staircase and
within the ceiling of the semi-basement and deformation of the external self-supporting wall.
The objective of the studies was to determine
the geological structure of this area and characterize
the intensity of radiation of the Earth`s natural
pulse electromagnetic field. The methods of study:
vertical electrosounding (VES), measuring using
the ENPEMF.
The result of interpretation should answer the
question of reliability of the rock stratum on which
the foundations of the Building №1 are located

from the perspective of engineering stability and
safety of using the building.
The depth range of the VES method depends
on the length of lines of the current. For developing
a necessary geoelectric section with consideration
of extent of building development of the territory,
we selected the maximum distribution of the current line – 130 m. This allowed us to provide a
depth range of the studies of around 15 m. As a
result of vertical electrosounding, a curve was obtained, which corresponds to a five-layer geoelectric section with the proportion of electric resistances ρ1<ρ2>ρ3>ρ4<ρ5. For interpreting, we used
the program complexes VEZ and IPI2WIN. The
results of interpreting in correspondence to these
program complexes are demonstrated in Table 3. In
the formalized interpretation, the strata ρ2 andρ3 are
combined in one stratum.

Table 3. Generalization of the results of VES interpretation
№
Sign of strata
of strata

Resistance

1

ρ1

95

0.71

2

ρ2-3

335

3.35

3

ρ4

3.05

4.63

4

ρ5

7.5

∞

In correspondence with the literature data on
the geolelectric section of the Precarpathian Trough
and the results of research by the authors of the
article, we determined the rocks which form the
layers. The detailed characteristics of geoelectric
horizons of the section are as follows: horizon I –
soil layer composed of soil, sandy loam and loam,

VES results
Thickness

dehydrated in the period of the study, average
thickness – 0.71 m, apparent electric resistance – 95
Ω·m, age – late Quaternary Period; horizon II –
pebble horizon with sandy filling, visually observed
on the shore of the Bystrytsia river, dry for the period of the study, thickness – 1.3-1.8 m, electric
resistance – 335 Ω·m, age - late Quaternary Period;
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horizon III in lithology is an analogue of horizon II,
is different by being embedded lower than the level
of groundwater, thickness – 1.6-2.1 m, electric resistance – 23 Ω·m, age – late Quaternary Period;
horizon IV – layer of fine-dispersed flexible humid
clay, the origin of which has no certain explanation:
possibly lagoonal deposits, or glacial formations, or
the result of erosion of Quaternary sandy loam and
clay, thickness – 4.6 m, electric resistance – 3.1
Ω·m, age – Quaternary Period, horizon V – consolidated sandy loam, thickness – from 5 m, electric
resistance – 7.5-23Ω·m.
On the basis of the obtained data, we determined the effective value of specific electric resistance:

ρ еф =

0.71 + 3.35 + 4.63 + 1.31
= 5.84 (Ω ⋅ m)
0.71 3.35 4.63 1.31
+
+
+
95
335 3.05 7.5

The ENPEMF method was applied in a profile variant with the purpose of determining the
zones of stress-deformation condition, where mechanical shifts occur. The profiling was performed
for three profiles in the frequency range of 2-50
kHz, i.e. intensity of the field is integrated for mentioned limits of the frequencies. The points on the
profiles were located under the walls of the building in such way that the device was literally touching the walls. The measuring was made for directions X, Y, Z. At the same time, the X direction was
selected in such way that the aerial was directed
towards the wall of the building, direction Y – so
the aerial was parallel to the wall of the building,
and the direction of aerial Z – in perpendicular to
the ground surface. The positions of the profiles
and the results of the measuring of the ENPEMF
are demonstrated in Fig. 5.
Profile 1 was also processed for different
ranges of frequencies, particularly: 2 – 16 kHz and
16 – 36 kHz for all three directions of the aerials.
The change in the frequencies was made for dividing the thickness of the rocks according to stressdeformation condition on different depths and detailing the results. As we see, the highest values of
the field were recorded for the complete range of
frequencies (2-50 kHz). For range 2-16 kHz, the
value was the lowest, that is stress-deformation
condition to a higher extent corresponded to the
range 16-36 kHz.
After using the values of effective resistance,
we calculate the depth range of the ENPEMF method for different frequencies using formula 8. At f
= 2000 Hz, depth equalshef = 19.23 m, atf =
16000 Hz, depth ishef = 6.8 m, atf = 36000 Hz,
depth ishef = 4.53 m, atf = 50000 Hz, depth is hef =
3.84 m.
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The first layer from the surface of the soil is
the layer of pebble rocks which are the Bystrytsia
deposits. The thickness of this horizon is no less
than 3.6 m. Groundwater covers the lower part of
the horizon and contributes to the washout of sand
fraction from it. Under the pebble horizon, there is
a moistened flexible clay with anomalously low
values of electric resistance and therefore with low
values of density parameters. Any load will deform
this layer. Clay is vulnerable to washout.
The analysis of the intensity of pulse electromagnetic radiation indicates the presence of a
significant anomaly of radiation, which is territorially adjacent to the western angle of the building
(where the fracture is seen). This allows us to state
that over the time of the study, active stage of deformation of the rocks was taking place under the
impact of non-uniform pressure of the building`s
structure.
Because the anomalous field is formed mainly by the signals obtained on high frequencies, in
this case, the depth range of the ENPEMF method
can be limited within intervals of 5-7 m, which in
geological aspect coincides with the base surface of
the clay horizon.
Conclusions. On the basis of analysis of quantitative scientific sources, the promising perspective of
using the ENPEMF method for determining and
localizing zones of stress-deformation condition of
rocks was proven. This is especially relevant for
solving a broad range of engineering-geological
tasks. The results of generalized theoretical studies
conducted by different authors have made it possible to determine the advantages and disadvantages
of the ENPEMF method.
The unity of physical process prior to the
formation of the Earth’s pulse electromagnetic field
was characterized, and the impact of mechanical
deformations of the rocks on the change in the condition of the electromagnetic field was experimentally proven.
A mathematical solution to the problem of
depth range of the ENPEMF method was suggested
and the dependency between the parameter of depth
of research and frequency of measuring and effective electric resistance was determined.
The obtained theoretical dependencies were
tested and confirmed for several different objects.
In particular, we demonstrated the usage of the
approach for solving the problem of depth range of
the ENPEMF method in the area of the NovoHolyn mine of the Kalush-Holunsk potash deposit
with the aim of safeguarding against further subsidence, and near Building №1 of Ivano-Frankivsk
National Technical University of Oil and Gas for
preventing its ruination.
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The conducted experimental studies proved
the practicability of using the ENPEMF method in
combination with other methods of electrometry for

assessing the risk of development of exogenous
geological processes.

Fig. 5. Measures of ENPEMF in range of frequencies 2-50 kHz
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Dynamics of the temperature regime of the North Atlantic coastal zone as an indicator of
changes in the system of thermohaline circulation
N.V. Maksymenko, Yu.V. Medvedeva, N.I. Cherkashyna
V.N. Karazin Kharkiv National University, Kharkiv, Ukraine, e-mail: nadezdav08@gmail.com
Abstract. The purpose of the article is to analyze dynamics of the temperature regime of
the surface layer of the atmosphere in the coastal zone of the North Atlantic as an indicator of changes in the thermohaline circulation system. In carrying out the research, comparative-geographical and historical statistical methods of the analysis of meteorological
series were used. For research, 20 control points of the eastern part of the United States
and Western Europe, which are located along the flow course of the Gulf Stream, are selected. In the selected points, by means of the
linear trend method, the regularities of the dynamics of the mean annual, average maximum and average minimum temperatures of
the atmospheric surface layer for the period from 1973 to 2013 have been established. The results of the study showed that, contrary
to the hypothesis of fall in temperature in Europe, an increase in average annual and average maximum temperatures is observed in
all control points of the region - the range means the linear trend is from 0.9 to 4.4 oF and from 0.3 to 3.8 oF respectively. In most US
control points, the average annual temperature rises from 0.1 to 3 oF and the average maximum temperature rises from 0.2 to 2.1 oF.
For four points of the United States the decrease in the values of the linear trend of average annual temperatures is from -0.4 to -1.2
o
F; for three points - a decrease in average maximum temperatures is from -1.3 to -1.9 oF. At 9 control points in the USA and 8 control points in Europe, the average values of the minimum temperatures in the research period increased - in the USA, from 0.1 to 3.1
o
F; in Europe from 0.3 to 4.6 oF. The opposite dynamics in the regions is observed for the values of the temperature amplitude. In
most control points in Europe, the difference between the average maximum and the average minimum annual temperatures ranged
from 0.4 to 6.6 oF; in most US destinations, on the contrary, a decrease in the amplitude value from -1.6 to -3 oF is observed. The
analysis of the temperature dynamics of the surface layer of the atmosphere indicates the prevailing warming processes in the coastal
zone of the North Atlantic, more intense for control points in Western Europe. The obtained data give grounds for refuting hypotheses of the presence of critical deviations in the thermohaline circulation system of the Atlantic Ocean, which could lead to a cooling in
the Northern Hemisphere. The change in the amplitude values is a manifestation of increasing instability of the climate, which is
likely to remain in the future with a general increase in the mean annual temperature in the region.
Received 26.09.2018;
Received in revised form 05.11.2018;
Accepted 08.11.2018

Keywords: climate, climate change, thermohaline circulation, Gulf Stream, Atlantic Ocean.

Динаміка температурного режиму прибережної зони Північної Атлантики як індикатор
змін у системі термохалинної циркуляції
Н. В. Максименко, Ю. В. Медведєва
Харківський національний університет імені В. Н. Каразіна, Харків, Україна
e-mail: julia.ukrkharkiv@gmail.com
Анотація. У контексті сучасних кліматичних досліджень набувають поширення гіпотези щодо змін у системи термохалинної циркуляції Атлантичного океану внаслідок глобального потепління. Механізм трансформаційних процесів пояснюється
розпрісненням океану при таненні льодовиків, що обумовлює зміну показників солоності і відповідно густини водних мас –
чинника формування термохалинної циркуляції. Дослідники здебільшого пов’язують такі зміни із можливим чи вже існуючим відхиленням системи течій Гольфстрім, її ослабленням або навіть зупинкою. Серед прогнозованих наслідків виділяють
значне похолодання в Європі із можливістю настання нового Малого льодовикового періоду. У статті представлено дослідження динаміки температурного режиму прибережної зони Північної Атлантики, як індикатора змін у системі термохалинної циркуляції. Охарактеризовано закономірності зміни середніх, максимальних та мінімальних значень температури
приземного шару атмосфери у двадцяти контрольних пунктах східної частини США та Західної Європи за період з 1973 по
2013 рік. Результати дослідження узгоджуються із потеплінням, інтенсивнішим у Західній Європі. В усіх контрольних пунктах Європейського регіону спостерігається підвищення середньорічної і середньої максимальної температури – діапазон
значить лінійного тренду складає від 0,9 до 4,4 оF та від 0,3 до 3,8 оF відповідно; у більшості контрольних пунктів спостері-
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гається зростання значень середньої мінімальної температури від 0,3 до 4,6оF. Для більшості контрольних пунктів США
характерне зростання значень середньорічної температури від 0,1 до 3 оF; середньої максимальної температури – від 0,2 до
2,1оF; середньої мінімальної – від 0,1 до 3,1 оF. Отримані дані дають підстави для спростування гіпотез щодо наявності
критичних відхилень у системі термохалинної циркуляції Атлантичного океану, які б могли призвести до похолодання у
Північній півкулі.
Ключові слова: клімат, зміни клімату, термохалинна циркуляція, Гольфстрім, Атлантичний океан.

Formulation of the problem. Today, the debate
about the temperature rise in the surface layer of the
atmosphere as a result of anthropogenic activity has
been practically completed. The theory of the
greenhouse effect has become paradigmatic
knowledge. Scientific research has been
transformed into a search for a solution to the
problems of the climatic system’s response to
changes in the temperature regime, as well as shifting its focus towards adaptation of national and
world economies to these changes. Among the
main dangers there is probability of a significant
cooling in Europe when the region's climate develops a sharply continental character with the
subsequent threat of onset of aLittle Ice Age. This
scenario becomes possible due to the weakening of
the Gulf Stream flow system. Global temperature
rise leads to melting of the Arctic ice sheet, making
the Atlantic Ocean water fresh As a result, water
salinity changes and, consequently, water density,
which is the determining factor in the formation of
thermohaline circulation. Changes in the
parameters of ocean circulation is the main danger
for the European region because the temperate
climate of the territory is supported by the
advection of warm air masses from the Atlantic.
Prerequisites for conducting research are the
implementation of the United Nations Framework
Convention on Climate Change (1992), the Cancun
Agreements (2010), the Paris Agreement (2015)
and implementation of key areas of Ukraine's
environmental policy in terms of deepening
scientific knowledge on climate change, forecasting
climate dynamics and development of adaptation
options.
Analysis of recent research and publications.
Current research suggestsinconsistency of the
scientific community's views on the causes and
consequences of changes in the thermohaline
circulation system, intense loss of salinity of the
Atlantic ocean, presence of Gulf Stream mitigation
processes, and so on. Some scholars generally
regard the Gulf Stream as insignificant for Europe's
climate. According to researchers from the United
States (Seager, Battisti, Yin, Gordon, Naik,
Clement & Cane, 2002), the oceanic heat transfer
warms the northern part of the Atlantic to "a
modest few degrees"; and the only place where the
transport of warm ocean basically changes the
climate is the coast of northern Norway. Hence, if it
479

were not for warm Norwegian currents, the sea
would be covered with ice. Russian scientist V.N.
Malinin (Malinin, 2012) explains the absurdity of
the hypotheses regarding the catastrophic
consequences of the current’s cessation by stating
the significant contribution of the wind component
to the surface layer of the ocean in the formation of
circulation (about 80%) and one of the main
properties of atmospheric circulation - stability.
According to prof. V.N. Malinin,the Gulf Stream
cannot disappear because trade winds will not allow
it.
Practical studies give significantly different
results. For example, according to Rossby, Flagg,
Donohue, Sanchez-Franks & Lillibridge, 2014; the
Intergovernmental Panel on Climate Change, 2013,
there has been no significant change in the characteristics of the Atlantic Meridian Overturning Circulation (AMOC) and its structural elements during
the last few decades. No changes in the speed of the
Gulf Stream have been detected. The opposite data
were obtained by the British National Oceanographic Center (Bryden, Longworth & Cunningham, 2005). The comparative analysis conducted
by the Center staff for the period from 1957 to 2004
indicates a 30% decrease in AMOC. According to
studies by Russian scientists (Karlin, Malinin &
Gordeyeva, 2013), during the same period the density of the Gulf Stream's waters decreased significantly as a result of global warming, but the density
of the Labrador Currents remained unchanged. New
results from paleoclimatic studies (Thornalley, Oppo, Ortega, Robson, Brierley, Davis, Hall, MoffaSanchez, Rose, Spooner, Yashayaev & Keigwin,
2018) indicate an abnormal weakness of the deep
convection of the Labradorian flow and AMOC
over the past 150 years in comparison with the previous 1500 years.
The results of prognostic studies mostly concur with the weakening of AMOC, but hypotheses
and theories about response of the climatic system
have an opposite character. According to the IPCC,
it is likely that the GulfStream will slow down
during the 21st century, but it is unlikely that there
will be a "big jump". The slowing will have a
cooling effect, the atmospheric temperature will
continue to increase in the region as a whole. Certain models (Liu, W., Xie, Liu, Z. & Zhu, 2018)
show the destruction of circulation after 300 years
with an increase in CO2 concentration in the
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atmosphere by 2 times, which will lead to
noticeable cold weather in the North Atlantic and
neighboring regions. According to another model
(Korzun, 2012), if the density of cold polar waters
drops to a certain level, they can become an
obstacle to the Gulf Stream penetration into
Europe. As a result, the region will become colder
by 5-10 ° C. That is, climatic conditions of Western
Europe will approach the conditions of Eastern
Canada.
At present, a number of researchers are
already pointing to climate changes in the European
region in the direction of cooling and their
correlation with the weakening of AMOC. In
particular, disturbance of ocean circulation is
associated with an increase in winter frequency in
the Netherlands with temperatures below the norm
(Klein Tank, 2004), the trend to increasing
frequency of cold winters in Belarus (Loginov &
Tabalchuk, 2014), deficiency of precipitation and
probability of cold weather in the European region
(Merzlikin , 2011), changes in total ozone over the
Arctic (Kholoptsev & Kuzmenko, 2012).
An overview of the literature suggests that
insufficient attention is paid to changes in the
climate parameters of the Atlantic region and their
consequences on a global scale. Climate dynamics
studies are largely localized to the level of
individual countries and do not provide objective
information about probable weakening of AMOC.
Taking into account the above, it becomes
necessary to study the dynamics of the climate
parameters of the North Atlantic as a possible
indicator of changes in the system of thermohaline
circulation.
The purpose of the work is to analyze the
temperature regime dynamics of the surface layer
of the atmosphere in the coastal zone of the North
Atlantic as an indicator of changes in the
thermohaline circulation system.
Materials and methods of research. In carrying
out the research, statistical methods of the analysis
of meteorological series, comparative-geographical
and historical methods were used. According to the
Spanish Climate Information Archive (Tutiempo)
and the National Oceanic and Atmospheric
Administration (NOAA), graphs of the average
annual, average maximum and minimum
temperatures of the surface layer of the atmosphere
in the North Atlantic coastal zone have been
constructed. 20 test points of the eastern part of the
United States and Western Europe were selected for
the study. The magnitude of change in the studied
indicators at control points was determined by the
linear trend method. Statistical and graphical
processing of the data was carried out using the
Microsoft Office Excel software.

Results and their analysis. According to Ayslin,the name GulfStream means the entire system of
western currents, including North Atlantic, Florida
and GulfStreams. Stability of the oceanic conveyor
is supported by the difference in density of water
masses which occurs due to the heterogeneity of the
temperature distribution and water salinity.
Actually, density change is the basis of theories
about the probable transformational processes in
the AMOC system - weakening of the circulation,
deviation of the direction or slowing down of
individual flows.
One of the main reasons for changes in the
water-salt balance of the Gulf Stream is melting of
glacial cover caused by global warming. According
to the IPCC, global temperature of the surface layer
of the atmosphere increased by 0.85 oCfrom 1880
to 2012, and the temperature rise from 2003 to
2012 relative to the period from 1850 to 1900 is
0.78 oC. The process of warming inevitably has led
to feedback from other parts of the climatic system,
including the cryosphere. During the last decades,
the Arctic basin has seen a rapid retreat of sea ice
and temperature rise (Simmonds & Govekar, 2014).
The results of satellite observations indicate that
Arctic glaciation has fallen by 15-20% over the past
30 years (Zelenina & Antipin, 2015). As a result,
the Atlantic Ocean water is becoming fresh and
there are
corresponding changes in the
thermohaline circulation system. The mechanism of
the process is described by us above.
The theory of AMOC weakening due to oil
spills, which became widespread after the explosion
of the Deepwater Horizon oil platform in the Gulf
of Mexico (2010), is quite controversial. As a result
of the accident about 5 million barrels of oil spilled
into the Gulf of Mexico, the area of the oil spill was
75 thousand km2. Russian scientist V. P. Polevanov
gives predictive data of an alarming character.
Thus, the article (Polevanov, 2011) notes the
beginning of catastrophic climate change on both
sides of the North Atlantic. According to the
scientist, the Gulf Stream has been slowing since
2006 as a result of the desalination of the Labrador
Currents, and already in 2010 the oil tanker
accident led to a cessation of the current. V.P.
Polevanov’s conclusions are denied by prof.
V.N.Malinin (Malinin, 2012), assuming that the
formed oil clumps affect physical characteristics of
water and prevent the heat exchange between its
layers, but they cannot lead to spatial density
differentiation and, accordingly, influence the
formation of the flow. Agreeing with the opinion of
professor Malinin,it should be noted that the time
interval from the moment of the accident at the
"Deepwater Horizon" is too short to confirm the
climate change. In addition, the intensity of the oil
480
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film influence on the thermal mode of flow
decreases with the purification of water masses.
The consequences of the weakening of
AMOC are mostly attributed to the lower average
temperature in the European region. Considering
the course of the North Atlantic as part of a global
thermohaline circulation, McGuire (2003) suggests
that its destruction could have consequences far
beyond a colder Europe and could lead to dramatic
climatic changes throughout the planet. The results
of the research (Klein Tank, 2004; Klein Tank &
Können, 1997) have shown that the cooling of the
Atlantic Ocean would reduce the air mass
temperatures and advection to Europe with
prevailing Western circulation. A regularity has
been established: a European region will cool of
about half the size of the cooling zone of the
Atlantic Ocean.
The analysis of historical data confirms the
prognostic assumptions about the consequences of
weakening AMOC for the climate of Europe.
About 14,000 years ago on the territory of North
America melted ice formed a huge lake, filled with
an unbroken glacier. The glacier continued to melt
and at some point, water from the lake began to
flow into the North Atlantic, reducing its salinity it
and thus creating an obstacle to the North Atlantic
flow. Then it led to a significant cold weather in

Europe (Volodin, 2011). According to other data
(Hopkin, 2006), from 1200 to 1850, when the
average temperature in the Northern Hemisphere
was reduced by 1 oC, the Gulf Stream's power
decreased by 10%. The reduced flow of heat
contributed to the glacial conditions which remained until the 19th century.
There is no doubt that connection between
climatic conditions and the dynamics of AMOC
provides grounds for considering the temperature
regime of the Gulf Stream Impact Zone as an indicator of changes in the thermohaline circulation
system. Taking into account the above, we have
studied changes in the temperature regime of the
coastal zone of the North Atlantic. 20 test points
have been selectedfor the study – towns in the eastern part of the United States and Western Europe,
which do not belong to large industrial centers or
densely populated areas (Fig. 1). The checkpoints
are located from north to south along the flow of
the Gulf Stream system, as far away as possible
from the powerful "islands of heat." The selection
of control points is caused by the need to minimize
the microclimate of the city and to ensure homogeneity of the factors and conditions that influenced
the temperature regime of the region during the
chosen
study
period.

United States checkpoints: 1. Belfast, 2. Amherst, 3. Edgartown, 4. Allentown, 5. Dover, 6. Suffolk, 7. Conway, 8.
Waycross, 9. Fort Pierce, 10. Key West.
Checking points in Europe: 1. Bear Island, 2. Tromsø, 3. Lervik, 4. Kristiansan, 5. Stornoway, 6. Belmullet, 7. Shannon,
8. Cognac, 9. Braganza, 10. Faro.
Fig. 1. Location of control points of the study (satellite image received by Yandex Search and Information Cartographic Service
2014)

According to the data of the Spanish Climate
Information Archive (Tutiempo) and the National
481

Oceanic and Atmospheric Administration (NOAA),
graphs of the average minimum, average,
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maximum and average annual temperatures of the
atmospheric surface layer havee been constructed for
the period from 1973 to 2013. The selected period
is characterized by a substantial contribution of the
anthropogenic component to the impact of the
global and regional climate, in particular,
particular due to the
intensification of industrial production, which is
analyzed in detail (Maksymenko & Beliaeva,
2012). With the help of the linear trend method, the
value of temperature changes in each of the points
was determined (Fig. 2). Note that meteorological
data in the archives of the United States
St
and Europe
are given in different units of temperature
measurement: Fahrenheit and Celsius, respectively.
Therefore, for the sake of convenience, the data of
the control points in Europe were converted into the
Fahrenheit scale.
The results of the study
dy have shown that
despite the thesis on cold weather in Europe, in all
control points of the region for the period from
1973 to 2013, an increase in the average and
average maximum temperature is observed - the
range of values of the linear trend is from
fro 0.9 to 4.4

o

F and from 0 , 3 to 3.8 oF, respectively. For most
of the points in Europe, an increase in the average
minimum temperature from 0.3 to 4.6 oF is typical.
The decrease in the average minimum temperature
occurred only in two towns in the north of
Scotland: in Lerwick at -3.1
3.1 oF and in Stornoway at
o
-4.1 F. Most control points in the United States
also have an increase in average annual
temperatures - from 0.1 to 3 oF; average maximum
temperature - from 0.2 to 2.1 oF; the average
minimum temperature - from 0.1 to 3.1 oF. Two
points located in the north of the United States are
characterized by a decrease in average annual and
average maximum temperature: in Belfast city -0.8
and -1.9 oF, respectively; in Amherst city at -1.2 oF
and -1.3 oF. Cooling processes are also typical for
the south of the United States. The range of values
of the linear trend of average annual and average
maximum temperatures in Fort Pierce (Florida) is 0.8 and -1.6 oF, respectively. In Weiqross
(Georgia), the negative dynamic of the average
annual temperature was -0.4
0.4 oF.

Dynamics of average annual temperature
Legend:
United States Eastern Check
Points *
Checkpoints of Western
Europe:*

* according to Fig.1

Dynamics of minimum temperature

Dynamics of maximum temperature

Fig. 2. Temperature regime dynamics of the coastal zone of the North Atlantic (1973 - 2013)

The obtained results provide grounds for
refuting the thesis for the Gulf Stream's deflection
towards North America, since the magnitude of the
rise in temperature, and hence the intensity of
warming, is higher for Western Europe. The
increase in average annual, averagee maximum and

average minimum temperatures in most control
points indicates the inappropriateness of panic
about the Gulf Stream and the low probability of a
threat of catastrophic cold weather in Europe or the
onset of a new Ice Age. According to the authors,
auth
the IPCC thesis is most acceptable,predicting
acceptable
a
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possible deceleration of the Gulf Stream during the
21st century, but without a "dramatic transition".
That is, the slowing will have a cooling effect, but
the temperature will continue to increase in the
region as a whole.
The opposite dynamics are observed for the
temperature amplitude. Dynamics of amplitude

were determined by the linear trend method as the
increase of the difference between the average
maximum and the average minimum annual
temperature at control points for the period from
1973 to 2013 (Fig. 3).

Fig. 3. Temperature range dynamics of the coastal zone of the North Atlantic (1973 - 2013)

As can be seen from Fig. 3, the studied
regions have significantly different trends in the
dynamics of temperature amplitude indices. In 8
out of 10 control points in the USA there is a
decrease in the amplitude of the temperature from 1.4 to -3 oF; whereas for most parts of Europe, the
amplitude increases from 0.6 to 6.6 oF. This trend
is indicative of an increase in climate instability and
is in line with the IPCC forecasts for increase in the
frequency of extreme temperatures.
Conclusions. An analysis of the temperature
dynamics of the North Atlantic coastal zone for the
period from 1973 to 2013 indicates the prevailing
warming processes in the region, which are more
intense for Western Europe. The range of values of
the linear trend of average annual temperatures for
most control points in the United States is from 0.1
to 1.3 oF; average maximum - from 0.2 to 2.1 oF;
the average minimum - from 0.1 to 3.1 oF.
Significantly higher values of the linear
temperature trends are for Western Europe.
Average annual temperatures in most regions
increased from 0.9 to 4.4 oF; average maximum from 0.3 to 3.8 oF; the average minimum - from 0.3
to 4.6 oF.
The opposite dynamics are observed for the
amplitudes of the average maximum and average
minimum temperatures. For most control points in
the United States, the decrease in the amplitude of
the temperature is from -1.4 to -3 oF; whereas for
most parts of Europe, the amplitude increases from
0.6 to 6.6 oF.
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The obtained data give grounds for refuting
hypotheses about the presence of critical deviations
in the thermohaline circulation system of the
Atlantic Ocean, which could lead to a cooling in the
Northern Hemisphere. Changes in amplitude
indicators are
manifestation of increasing
instability of the climate, which is likely to remain
in the future with a general increase in the mean
annual temperature in the region.
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Remote sensing and ground based assessment of distribution of land cover parameters inthe
catchment area of Wadi el K’sob M’sila (Algeria)
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Abstract. Remote sensing methodology was applied to assess two land cover parameters
(elevation and soil moisture) in the first stage.Shuttle Radar Topography Mission
(SRTM) digital elevation model (DEM) was used to build a map of the water catchment
basins within the Wadi El K'sob area. Relative soil moisture for the territory of the Wadi
El K'sob catchment area was estimated by using the Sentinel-1/Multispectral Instrument
(MSI) and Landsat-8/Operational Land Imager (OLI) and Thermal Infrared Sensor (TIRS) optical multispectral data. Elevation data
of the sampling points range from 398 to 1081 meters above sea level. Soil moisturevaried from 0.2 to 0.37 relative units. The effects
of altitude and physico-chemical properties of soil on soil microflora communities in the catchment area of Wadi El K'sob M’sila
(Algeria) were investigated in the second stage. The work presented here identified three groups of microorganisms in the soil samples collected in spring 2017from 7 locations situated in the catchment area of Wadi El K'sob M’sila (Algeria) along with 11 physico-chemical characteristics. Statistical tests showed that actinomycetes, fungi and mesophilic bacteria were positively correlated to
the altitude. The results revealed that the microflora communities was very dependent on soil physico-chemical characteristics, the
main parameters were relative soil moisture, texture, pH, electrical conductivity, organic carbon, organic matter, total nitrogen and
available potassium. Generally, the parameters analyzed in this study, indicate a change in the soil microflora community according
to the altitudinal and soil physico-chemical variations.
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Received in revised form 05.10.2018;
Accepted 18.11.2018

Keywords: remote sensing, land cover, catchment area, physico-chemical properties, soil microflora communities.

Дистанційне зондування та наземна оцінка розподілу параметрів земельного покрову
на території водозбору Ваді ель Ксоб Мсіла (Алжир)
Ребаті Надія1, Боученатаа Надія 1, Oулбачір Kaріма 1, Свіденюк Михайло2
1

Університет Ібн Халдун, BPP78 Задроура 14000, Тіарет, Алжир,, e-mail: rebatin@yahoo.com
Науковий центр аерокосмічних дослідженьЗемлі, НАН Ккраїни, вул..Олеся Гончара. 55 б. Київ, 01054,
Україна,e-mail:svideniuk_m@ukr.net
2

Анотація. Методологія дистанційного зондування була застосована для оцінки двох параметрівґрунтового покриву (висоти
і вологості ґрунту) на першому етапі. Цифрова модель рельєфу місцевості SRTMDEM використана для побудови карти
водозбірних басейнів на території Ваді-Ель-К'соб. Відносна вологість ґрунту на території водозбору Ваді-ель-К'соб оцінена
за допомогою приладів Sentinel-1/Multispectral (MSI) і Landsat-8, операційного землеустрою (OLI) і оптичних мультиспектральних даних тепловізійного інфрачервоного датчика (TIRS). Висотні дані точок відбору проб становлять 398 - 1081 метра над рівнем моря. Вологість ґрунту варіювала від 0,2 до 0,37 умовних одиниць. На другому етапі вивчався вплив висоти і
фізико-хімічних властивостей ґрунту на угрупуванняґрунтової мікрофлори у водозбірному басейні Ваді Ель-к'соб (Алжир).
У даній роботі, навесні 2017 року,разом з 11 фізико-хімічними показниками були визначені три групи мікроорганізмів у
пробах ґрунту, відібраних з 7 місць, розташованих у водозбірному басейні Ваді Ель-к'соб (Алжир),. Статистичні тести показали, що актиноміцети, гриби і мезофільні бактерії позитивно корелювали з висотою. Результати показали, що спільноти
мікрофлори в значній мірі залежать від фізико-хімічних характеристик ґрунту, основними параметрами є відносна вологість
ґрунту, текстура, рН, електропровідність, органічний вуглець, органічна речовина, загальний азот і доступний калій. В
цілому параметри, проаналізовані в даному дослідженні, свідчать про зміну спільноти ґрунтової мікрофлори в залежності
від висотної і ґрунтової фізико-хімічної варіацій.
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Ключові слова: дистанційне зондування, ґрунтово - рослинний покрив, водозбірний басейн, фізико-хімічні властивості,
угрупування ґрунтової мікрофлори.

Introduction. Soil is the most favorable habitat for
a vast diversity of microorganisms including mesophilic bacteria, fungi (Bakken, 1997, Aislabie et al.,
2013) and actinomycetes (Bakken, 1997). Soil microorganisms comprise the major part of the biological diversity on earth (Aislabie et al., 2013). They
play a pivotal role in soil ecosystem processes (J
Morin and McGrady‐Steed, 2004, S Giller et al.,
2004; Fierer and Jackson, 2006, Philippot et al.,
2013; Schimel and Schaeffer, 2012), such as nutrient cycling, organic matter turnover (Aislabie et
al. 2013), bioremediation and enhancing macroaggregate formation (Egamberdieva et al., 2010).
Changes in soil microbial communities can have
important effects on soil biogeochemical properties
(Chapin Iii et al., 2000) which ultimately affect the
functioning of the terrestrial ecosystem. Meanwhile, they are subjected to the influences of environmental factors. Environmental factors may be
classified as physiographic factors, edaphic factors,
climatic factors and biotic factors (Cepel, 1995;
Topaloglu et al., 2016).
The effects of the soil’s physico-chemical
properties on soil microorganisms have been discussed in numerous studies (Guo-Mei et al. 2010;
Saravanakumar et al. 2016; Dang et al. 2017).
However, there is little information on the impact
of altitude on soil microorganisms. Previous studies
have proved that the soil microbial community is
also influenced by changes in the soil’s organic
matter, soil pH, water content (Bååth et al. 1995;
Taylor et al. 1999; Tan et al. 2005; Davidson and
Janssens, 2006), the soil type (Girvan et al. 2003)
and soil texture (Bekku et al. 2004; Kaštovská et al.
2005; Kaštovská et al. 2007). These factors, in turn,
are influenced by the altitudinal gradient (Kidanemariam et al. 2012). Some studies have indicated
that with differences in elevation there is variation
in the microbial community structure and changes
in microbial activity (Margesin et al. 2008; Chang
et al. 2016).
The aim of this study was to build a topographic map of water catchment basins, to estimate
the spatial distribution of relative soil moisture, to
examine the effect of altitude on the microbial
community, to reveal the relationship between physicochemical properties of the soil and microbial
communities in the catchment area of Wadi El K'
sob (M’sila) Algeria.
Materials and methods. Study Site.The catchment
area of Wadi El K'sob is located at the northern
borders of the large Hodna basin (Hadjab, 1998). It
constitutes the western part of the high Plain of
Constantine. The catchment area of Wadi El K'sob

is located on the southern slopes of the Hodna
Mountains and its water runs out towards Chott
Hodna, which is an endorheic lake, i.e. deprived of
a discharge outlet (Mimeche, 2014 ). The climate of
the area is temperate with a mean annual temperature of 19.41 °C and annual precipitation averaging
202.26 mm. The climate in this region is arid. The
study area was mostly inhabited by plants.

Effect of altitudinal gradient and soil physicochemical properties on soil microflora communities in the catchment area of Wadi el
K’sob M’sila (Algeria)
In May 2017, soil samples were collected separately from seven different elevations on the catchment area of Wadi El K'sob along a south-north
transect (Fig.1).
Different soil samples were extracted from
the surface layer (0 to 20 cm depth) soils of each
site and homogenized to obtain a representative
sample for each station. The type of sampling used
in our sector of investigation was the two way diagonal sampling. Soil samples were placed in plastic bags on ice and transported to the laboratory.
Before processing, each soil sample was sieved (2
mm) to remove the stone and root fragments and
separated into two portions. One portion was stored
at room temperature for chemical analysis (e.g. pH,
organic matter) and the other portion at 4°C for
microbial analysis.
Laboratory Analysis. Analyses of soil physicochemical properties. Prior to determining the soil
physical and chemical properties, the collected soil
samples were air-dried and ground to pass through
a 2 mm sieve. Soil texture was determined by the
international Robinson pipette method. Bulk density corresponds to the ratio between the dry mass
of the soil and the apparent volume. The soil moisture content (MC) was determined by oven-drying
10 g of soil at 105 °C for 24 hours, and the results
are presented based on the soil weight loss (Hesse
and Hesse, 1971). The pH of each soil sample was
measured in distilled water at a 1: 2.5 soil: water
volume ratio with a pH meter (HANNA). Electrical
conductivity (EC) was determined according to 1:5
(w/v) soil-water suspensions at 25 °C with a conductimeter (HANNA) (Richards, 1954 ). Soil organic carbon (SOC) was determined by the ANNE
method, 1945 (Aubert, 1978). The organic matter
content (OMC) was obtained by multiplying SOC
content with Van Bemmelen factor (1.724). Total
nitrogen (TN) content was assessed via the Kjeldahl
method (Qiu et al. 2010). The total calcium (calcium carbonate) was determined by the method of
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calcimeter Bernard (Baize, 1988). Active limestone
was determined using the method of Drouineau-

Galet (Mathieu et al. 2003). Amounts of K+ were
analyzed flame photometrically.

Fig. 1. The map of the catchment area of Wadi El K' sobM’sila

Laboratory Analysis. Analyses of soil physicochemical properties. Prior to determining the soil
physical and chemical properties, the collected soil
samples were air-dried and ground to pass through
a 2 mm sieve. Soil texture was determined by the
international Robinson pipette method. Bulk density corresponds to the ratio between the dry mass
of the soil and the apparent volume. The soil moisture content (MC) was determined by oven-drying
10 g of soil at 105 °C for 24 hours, and the results
are presented based on the soil weight loss (Hesse
and Hesse, 1971). The pH of each soil sample was
measured in distilled water at a 1: 2.5 soil: water
volume ratio with a pH meter (HANNA). Electrical
conductivity (EC) was determined according to 1:5
(w/v) soil-water suspensions at 25 °C with a conductimeter (HANNA) (Richards, 1954 ). Soil organic carbon (SOC) was determined by the ANNE
method, 1945 (Aubert, 1978). The organic matter
content (OMC) was obtained by multiplying SOC
content with Van Bemmelen factor (1.724). Total
nitrogen (TN) content was assessed via the Kjeldahl
method (Qiu et al. 2010). The total calcium (calcium carbonate) was determined by the method of
calcimeter Bernard (Baize, 1988). Active limestone
was determined using the method of DrouineauGalet (Mathieu et al. 2003). Amounts of K+ were
analyzed flame photometrically.
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Soil Microbiological Analysis. 1 g of soil was
mixed with 9 ml of physiological water and shaken
thoroughly. 1 ml from the solution was then mixed
in 9 ml of physiological water to make a 10-2 dilution of this solution and in the same pattern dilutions for 10-3, 10-4etc.
Indirect numeration in solid medium. Specific
methods and media were used for enumeration of
the microbial counts of different groups of microbial flora: starch casein agar medium for actinomycetes, potato Dextrose Agar medium for fungi
(Saravanakumar et al. 2016) and Agar Nutrient for
mesophilic bacteria. Enumeration of all the microbes was done by adopting a spread plate method.
0.1 ml of each dilution was spread uniformly on
agar-medium Petri plates to determine the number
of populations per gram of soil. Microorganisms
were cultured at the temperature of 28 ± 2 ºC. After
the incubation period of 5 days for fungi, 7 days for
actinomycetes and 2 days for mesophilic bacteria,
the colony forming units (CFU) were counted.
Data analysis. Three replicates were used in soil
physico-chemical parameters and microbiological
analysis. Data presented was the average of the triplicates. One way analysis of variance (ANOVA) was
used to study the effect of the altitude and physicochemical parameters of soil on soil microflora. Correlation analysis was used to demonstrate the rela-
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tionship between different parameters. All these
analyses were conducted by SPSS (version 22).
Results. Shuttle Radar Topography Mission
(SRTM) digital elevation model (DEM) (Fig.2a)

was used to build a map of the water catchment
basins within (Fig.2b) the Wadi El K'sob catchment
area.

a

b

Legend
Elevation, m
–main watercourses–isolines
isolines of the relief elevations
–boundaries
boundaries of the locality

M’Sila –name of the locality

– water catchment basin of the Oued El Ksob river

–study
study sites

– water catchment basin of the El Heloula river
– other water catchment basin
Fig. 2. The map of the basins by using the SRTM DEM: a – SRTM digital elevation model; b – topographic map

Relative soil moisture for the territory of the
Wadi El K'sob catchment area was estimated by
using the Sentinel-1/Multispectral
1/Multispectral Instrument
(MSI) and Landsat-8/Operational
8/Operational Land Imager
(OLI) and Thermal Infrared Sensor (TIRS) optical
multispectral data.
In particular, Normalized Difference VegetaVeget
tion Index (NDVI) and land surface emissivity were
computed to determine the land surface temperature
(LST) (Stankevich et al.2016) based on Landsat-8
Landsat
image of 15 May 2017. Then, the processed SentiSent
nel-2A/MSI
2A/MSI image of 17 May 2017 (Fig.3a) was
used to compute Normalized
ormalized Water Index. Finally,
the products obtained of thermal and optical remote
sensing were fused to determine the land cover
moisture which depends on LST (Fig. 3b) (Sak(Sa
hatsky et al.2007).
Data from the study sites on elevation and
relative soil moisture
sture for seven soil samples are
shown in Table 1.

Elevation of the sampling points varied from
398 to 1081 meters above sea level. Soil moisture
data were calculated for each sampling site using
the map in Fig 3b and varied from 0.2 to 0.37.
Physico-chemical
chemical parameters.
parameters The values of the
physico-chemical
chemical parameters of soils are shown in
Table 2.
Microbial properties. The microflora of our soil
was represented by the high concentration of mesomes
philic bacteria followed by actinomycetes and
fungi. The effects of the altitude and physicophysico
chemical properties of soils on soil microflora
(mesophilic bacteria, fungi and actinomycetes) are
discussed below.
Mesophilic Bacteria (109 cfu/g).
cfu/g) The colony forming units (CFU) counts for mesophilic bacteria were
significantly higher, in station 7 (309000 × 109) and
lower in station 2 (73 × 109) (Fig. 4). There was a
significant effect of the soil texture on mesophilic
bacteria (Table 3).
488

Rebati Nadia, Bouchenafa Nadia,
Oulbachir Karima, Svideniuk Mykhailo

Journ.Geol.Geograph
Geograph.Geoecology, 27(3), 485-494

_____________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________________________

b

a
Legend
Relative soil moisture, %

–boundaries
boundaries of the locality

M’Sila –name of the locality

–study sites
Fig. 3. The map of land surface moisture relative to land surface temperature: a – optical multispectral image Sentinel-2A/MSI
Sentinel
of 17
May 2017 (wavelengths of 0.67, 0.56 and 0.5 µm in the Red, Green and Blue bands); b - the map of land surface moisture
Table 1. Data from study sites on elevation and soil moister
Sampling Sites

Latitude (N)

Longitude (E)

Elevation (m)

S1
S2
S3
S4
S5
S6
S7

35°33'03.0''
35°40'11.3''
35°49'40.5''
35°46'05.2''
35°47'36.3''
35°49'13.8''
35°49'50.2''

4° 29'31''
4°30'51.1''
4°34'07.0''
4°45'13.9''
4°47'14.3''
4°47'13.5''
4°47'39.7''

398
441
563
682
848
993
1081

Relative soil moisture
0.28
0.37
0.34
0.34
0.30
0.20
0.29

Table 2. Physical and chemical characteristics of the soils in the spring in the seven different studied sites
Spring
Stations
S1
S2
S3
S4
S5
S6
Texture
loam
loam
loam
loamy sand
silty clay
silty clay
Bulk density
MC
pH
EC (uS/cm)

1.24±0
1.68±0
7.67±0
945.3±20.5

0.67±0
1.83±0
7.27±0
3650± 90

1.51±0
0.96±0
7.62±0
1842.33±109

1.36±0
1.99±0
7.47±0
3020± 20

1.05±0
7.91±0
7.8±0
2493±620

0.89±0
0.89±
0.43±
0.43±0
7.66±
7.66±0
527.33±46.
5
41.81±0.58
20.83±2.08

CaCO3 (%)
51.27±1.17 36.37±1.06 50.35±0.61
22.8±1.23
12.77±0.49
ActiveCaCO3 12.5 ± 1
13.5±3.04
15.5±1.32
15.25±0.25
13 ± 0.58
(%)
K (meq/l)
6.15 ± 0
12.42±0.37 4.48±0.12
8.72 ± 0
6.79±0,38
7.92±1.82
OC (%)
0.86±0.005 1.75 ± 0.07 1.05±0.11
0.74±0.11
1.21±0.24
1.28±0.06
OM (%)
1.48±0.01
3.01±0.13
1.8± 0.19
0.87±0.19
2.07±0.42
2.21±0.11
N (%)
0.035 ±0
0.15±0
0.046±0
0.018±0
0.08±0
0.19±
0.19±0
C/N
21.5±0.14
11.67±0.48 21 ± 2.44
41.11±6.41
15.12±3.06 6.74 ± 0.34
S: Station MC: Moisture Content, EC: Electrical Conductivity, CaCO3: Calcium Carbonate, active CaCO3:
potassium, OC: Organic Carbone, OM: Organic Matter, N: Nitrogen, C/N: ratio Carbon on Nitrogen.
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S7
sandy
clay
loam
0.92±0
2.77±0
8.14±0
492.33±102.5
21.05±1.6
10 ± 1
3.20±0.38
0.19±0.13
0.333±0.22
0.032±0
17.81 ± 4.08
Active limestone K:
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Table 3. Output of the ANOVA analysis demonstrating the altitude and the effect of soil physico-chemical properties on soil microflora communities
Soil property
Actinomycetes
Fungi
Mesophilic bacteria
F-value
Altitude
Texture
Bulk density
MC(%)
pH
CaCO3(%)
Active CaCO3 (%)
OC (%)
OM (%)
N (%)
C/N
K⁺(meq/l)

P-value

9284.37
15371.4
9284.37
9284.37
9284.37

0.000
0.000
0.000
0.000
0.000

0.982
5968,52
5968,52
9284.37
9284,37
994.754

0.573
0.000
0.000
0.000
0.000
0.000

The correlation analysis also proved a significant positive correlation between mesophilic
bacteria and altitude (p b 0.01) (Table 4).
Mesophilic bacteria show negative correlation with conductivity (p b 0.05), organic carbon (p
b 0.01), organic matter (p b 0.01), active limestone
(p b 0.05) and available K+ (p b 0.01) while they
show a positive correlation with texture (p b 0.01)
and pH (H2O) (p b 0.01) .
Actinomycetes (106 cfu/g). The actinomycete
counts showed large variations at different altitudes
from 0.092 to 47 × 106 CFU g-1 dry soil (Fig. 5).
Total actinomycete numbers increased with increasing altitudes. The correlation analysis also demon-

F-value

P-value

140.68
8.19
140.68
140.68
140.68
43.088
1.682
90,438
90,438
140.68
140,68

0.000
0.001
0.000
0.000
0.000
0.005
0.328
0.000
0.000
0.000
0.000

F-value

P-value

6316.05

0.000

1.017

0.556

strated a significant positive correlation between
actinomycetes and altitude (p b 0.01). ANOVA
analysis also demonstrated a significant effect of
altitude on actinomycetes. It was observed that
populations of the actinomycetes were significantly
affected by the bulk density, texture, the moisture
content, pH (H2O), organic carbon, organic matter,
total nitrogen, C/N ratio and available K+. Actinomycetes showed negative correlation with conductivity (p b 0.01), active limestone (p b 0.01), organic carbon (p b 0.05), organic matter (p b 0.05)
and available of K+ (p b 0.05) while they showed a
positive correlation with texture (p b 0.01) and pH
(H2O) (p b 0.01).

Table 4. Correlation coefficient between altitude, soil physico-chemical properties and soil microflora communities. Significance
between the parameters is indicated by *p b 0.05, **p b 0.01

Altitude
Texture
Bulk density
MC(%)
pH
EC (uS/cm)
CaCO3 (%)
Active CaCO3 (%)
OC (%)
OM (%)
N (%)
C/N
k+(meq/l)

Actinomycetes
0.67**
0.73**
-0.284 ns
0.080 ns
0.803**
-0.478*
-0.411 ns
-0.478*
-0.730**
-0.572**
-0.268 ns
-0.089 ns
-0.555**

Fungi (103 cfu/g). The data showed that the highest
population of fungi in S7 (79 × 103), while
S1exhibited the significantly lowest concentrations
of fungi (1.45 × 103) (Fig. 6).
Abundance of fungi was also observed to be affected significantly by altitude (Table 4). The fungi
showed a positive correlation with altitude (p b
0.01). In our studies, the bulk density, texture,

Fungi
0.60**
0.54**
-0.655**
-0.291 ns
0.397 ns
-0.476*
-0.094 ns
0.003 ns
-0.201 ns
-0.054 ns
0.388 ns
-0.515*
-0.116ns

Mesophilic bacteria
0.59**
0.66**
-0.232 ns
0.035 ns
0.782**
-0.480*
-0.350 ns
-0.516*
-0,745**
-0.608**
-0.325 ns
-0.053ns
-0.575**

moisture content, pH (H2O), calcium carbonate,
organic carbon, organic matter, total nitrogen and
C/N ratio in the soil had a significant effect on
fungi. The fungi showed a negative correlation with
bulk density (p b 0.01), conductivity (p b 0.05) and
C/N ratio (p b 0.01) while they showed a positive
correlation with texture (p b 0.01).
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Fig. 4. Variation in the number of mesophilic bacteria in our soils

Fig. 5. Variation in the number of actinomycetes in our soils

Fig. 6. Variation in the number of fungi in our soils

Discussion. Our experimental study aimed to determine the influence of altitude and soil properties
on microflora communities in the catchment of
Wadi El K'sob in spring. Our findings revealed that
microbial communities in this environment were
represented by the high concentration of mesophilic
bacteria followed by actinomycetes and fungi. This
is perhaps unsurprising because other environments
presented the same one profile microbial communities (Baldrian et al., 2012).
Altitude is appropriate to variables that affect
the ecosystem, such soil moisture, mean annual
precipitation, soil organic matter, labile C and mineralisable N and microbial activities (Griffiths et
al., 2009). The results showed that altitude was
statistically correlated with microbial communities
(Table 4). In our study, microbial, actinomycete
and fungal communities were significantly influenced by altitude. The effect of altitude may due to
changes in vegetation and/or to human activity at
low altitudes (Faoro et al,. 2010). Some researchers
(Margesin et al., 2008, Chang et al., 2016) have
detected a significant rise in the populations of
fungi and bacteria with increasing elevation. Other
studies also generally observed a decrease in microbial biomass and activity with increasing altitude and colder climate conditions (Uchida et al.,
2000, Lipson, 2006).
Thus, characterization of abiotic properties is
important for providing a clearer vision of how
491

microbial communities change. Statistical analyses
showed that physico-chemical characteristics make
specific contributions to soil microbial communities.
Previous studies have proved that microbial
community composition appeared to vary as a function of the size of soil aggregates (Kanazawa and
Filip, 1986; Sessitsch et al., 2001, Väisänen et al.,
2005). We found an influence of texture and bulk
density on the microbial communities of soils (Table 3). Some researchers (Bott and Kaplan, 1985,
Väisänen et al., 2005) have observed that soil microbial biomass increased with decreasing grain
sizes.
In agreement with our results (Table 3),
many other studies have formerly described the
significant effect of soil moisture on the microbial
community (Barness et al., 2009). The effect of
moisture content on the microbial community of
soil might be due by its effect on osmotic potential,
transport of nutrients and energy and cellular metabolism as well as on the competitive interactions
between microbial species (Williams and Rice,
2007;Meimei et al., 2008;Barness et al., 2009).
Soil pH has been significantly correlated
with the soil mesophilic bacteria and actinomycetes. (Lauber et al., 2008, Wang et al., 2014) confirming that bacterial communities were strongly
correlated, with soil pH. However, many studies
have demonstrated that fungal biomass was not
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strongly related to soil pH (Frey et al., 1999,
Lauber et al., 2008), which is also what we found
(Table 4).
It had also been documented that salinity affects
microbial
community
composition
(Abdelkader Dellal, 1992, Egamberdieva et al.,
2010, Zhang et al., 2013). Our results indicated that
microbial communities (actinomycetes, fungiand
mesophilic bacteria) were also negatively correlated
with EC. Similar results were found by other researchers (Rietz and Haynes, 2003).
Our research presented a negative correlation
between soil available potassium and actinomycete
communities. A similar result was obtained by
Cheng et al 2016.
Previous studies found that soil organic carbon played the most significant role in microbial
community structure (Postma et al., 2008;Zhang et
al., 2013;Cheng et al., 2016) .In our study, actinomycetes and mesophilic bacteria showed a significant correlation with organic carbon. In accordance
with our result, (Frey et al., 1999) detected that the
proportional fungal biomass was not strongly related to soil organic C.
It was shown that an increase in N availability affects soil microbial processes (Ramirez et al.,
2012;Zhang et al., 2013) . Thus, fungi appear more
sensitive than bacteria to soil N enrichment (Frey et
al., 2004). On the other hand, (Frey et al., 1999)
found that fungal biomass was not strongly related
to soil N and that is what we found (Table 4).
(Postma et al., 2008) have demonstrated that among
the highly significant explanatory factors of the
composition of the dominant fungal population was
soil C/N ratio. This may help to explain why we
found the significant effect of soil C/N ratio on the
fungal community (Table 3). It was showed also
that microbial community functional structures
were closely correlated with soil C/N(Yang et al.,
2013)..
Conclusions.Remote sensing approaches were
applied to assess two land cover parameters (elevation and soil moisture) at the first stage of our research.
The effects of altitude and physico-chemical
properties of soil on soil microflora communities in
the catchment area of Wadi El K'sob M’sila (Algeria) were investigated at the second stage. Elevation
data of the sampling points range from 398 to 1081
meters above sea level. Relative soil moisturevaried
from 0.2 to 0.37 relative units.The results indicated
that the elevation could determine the microflora
community in an ecosystem. Altitude had a significant correlation with the soil microflora population
of the collected samples. Also, the variations between microflora communities were clearly related

to the physico-chemical characteristics of the soil,
the principal parameters were texture, pH, electrical
conductivity, active limestone, organic carbon,
organic matter, total nitrogen and available potassium. In conclusion, the altitude and physicochemical properties of the soil were recognized as
key factors in the dynamics of the colonization of
the soil by microbial populations.
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Natural factors forming the quality of carbonate raw materials
K.V. Repina
Donetsk National Technical University, Pokrovsk, Ukraine,ecoseka@rambler.ru
Abstract. The article is devoted to the study of natural factors that influence the
regularities in the distribution of the quality of carbonate raw materials in the deposits of
the Articulation Zone of the Donbass Basin with the Priazovskiy block of the Ukrainian
Shield. Paleogeographic conditions of sedimentation and the processes of secondary
quality change were established by comparing the lithologic-stratigraphic sections of
deposits in different parts of the Articulation Zone: from the west (Novotroitskoe deposit) through the center (Elenovskoe deposit)
and to the east (Karakubskoe deposit). The variability in the quality of carbonate raw materials was estimated from the results of
statistical processing of the chemical analysis of exploratory samples. Geochemical associations were established for carbonate rocks
within the stratigraphic horizons of each deposit. The best in quality of all deposits of the Donbass Articulation Zone are the carbonate rocks of the Cltc horizon. The conditions for their formation were the most stable. They are characterized by a negative connection of the main quality component (CaO) with all other quality indicators. At the same time, the association of indicators associated
with a significant positive connection is retained: SiO2, R2O3, S.The process of forming carbonate strata are accompanied by intense
silicification processes that relate to climatic changes in temperature, salinity and depth of the sea basin. This is confirmed statistically, because the significant negative correlation between the main component of quality and silica is established on the horizons of
carbonate rocks with an increased silica content. The process of dolomitization of the carbonate stratum took place in two stages. At
the beginning of the accumulation of the carbonate layer, the sea basin was characterized by lower temperatures and higher magnesium contents than in the subsequent period. Therefore, the lower stratum of the Novotroitskoe and Elenovskoe deposits include
sedimentary dolomites. Later, the conditions changed, so there are no dolomites in the Karakubskoe deposit. The second stage of
dolomitization is associated with the post-carbon andesite-trachyandesite magmatic complex. The rocks of this complex are found in
the carbonate stratum in the form of interplastic intrusions, dikes and stock-like bodies. This contributed to the appearance of sulphide mineralization, zones of silicification and recrystallization of carbonate minerals in spot-dolomitized limestones. The structural-tectonic factor, which is manifested by intensive leaching processes, exerts the greatest influence on the degradation of the quality
of carbonate raw materials. In zones of tectonic disturbances, they have maximum extension areas. The structural transformations
that began in the Donbas after the early Carboniferous disrupted the primary stratified occurrence and quality of the carbonate thickness. The upper Visean horizons are subject to intensively leached, similar to tectonic,melange.The contribution made by these studies to scientific knowledge lies in the identification of the natural factors that determined not only the quality of carbonate rocks, but
also indicators of the development stages of the Donbass Articulation Zone of two major tectonic structures - Donbass and the Ukrainian Shield. The practical significance of the results of the work is connected with the fixed possibility of conducting geological and
technological mapping and further construction of varietal maps of the deposits of carbonate raw materials.
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Received in revised form 25.09.2018;
Accepted 18.10.2018

Keywords: quality of the carbonate raw materials, the Donbass Articulation Zone, limestone deposit, stratigraphic horizon,structural-tectonic factor, formation conditions, correlation connection

Природні фактори формування якості карбонатної сировини
К.В. Рєпіна
Донецький Національний ТехнічнийУніверситет, м.Покровськ, Україна, ecoseka@rambler.ruв
Анотація. Стаття присвячена дослідженню природних факторів, що впливають на закономірності розподілу якості карбонатної сировини. Встановлено, що процес формування карбонатної товщі супроводжувався інтенсивними процесами окремніння, які пов'язані з кліматичними змінами температури, солоності і глибини морського басейну. Це підтверджено статистично, де на горизонтах карбонатних порід з підвищеним вмістом кремнезему, встановлений значущий негативний кореляційний зв'язок між основним компонентом якості і кремнеземом. Процес доломітізації карбонатної товщі проходив в два
етапи. Спочатку, море захопило тільки південно-західну частину Зони зчленування. Умови формування карбонатної товщі
характеризувалися більш низькими температурами і підвищеним вмістом магнію, ніж в наступний період. Тому самі нижні
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горизонти карбонатної товщі Новотроїцького та Оленівського родовищ включають осадові доломіти. Пізніше, умови змінилися, тому на Каракубському родовищі доломіти відсутні. Другий етап доломітізації пов'язаний з післякарбоновим андезиттрахіт-андезитовим магматичним комплексом. Породи цього комплексу залягають у вигляді міжпластовихинтрузій, і штокоподібних тіл у карбонатних породах. Це також пояснює наявність сульфідної мінералізації, зон окварцювання і перекристалізації карбонатних мінералів у плямисто-доломітізованих вапняках.Найбільший вплив на погіршення якості карбонатної
сировини надає структурно-тектонічний фактор, який проявляється інтенсивними процесами вилуговування, розвиненими в
зонах тектонічних порушень. Первісне шарувате залягання візейських стратиграфічних горизонтів карбонатної товщі просторово порушено. Тектонічним меланжем охоплені горизонти карбонатних порід нижнього карбону, починаючи з С1vd і
вище по розрізу.Наукова новизна наведених досліджень полягає у встановленні природних факторів, які визначили не тільки якість карбонатних порід, а й були індикаторами етапів розвитку Зони зчленування на стику двох великих структур Земної кори - Донбасу і Українського щита. Практичне значення результатів роботи пов'язане з подальшим проведенням геолого-технологічного картування на родовищах карбонатних порід.
Ключові слова: якість карбонатної сировини, Зона зчленування Донбасу, родовище вапняків, стратиграфічний горизонт,
структурно-тектонічний фактор, умови формування, кореляційний зв'язок

Introduction. Carbonate rocks, including limestone, dolomite, chalk, and marl, are widely used
both in agriculture and industry. The diversified use
of carbonate raw materials requires strict compliance of its quality with the requirements of industries. The main useful component of carbonate
raw material is calcium oxide (CaO). This should
be contained in the maximum quality. The magnesium content is limited within certain limits for
electric steelmaking and ferroalloy production.
With smelting in blast furnaces, magnesium is considered a useful component, because it reduces the
melting point of the ore and makes slags rarer. The
harmful impurities of carbonate raw materials are
silica (SiO2), sulfur, phosphorus and clay oxides
(R2O3). Their content should be minimal. The consistency of quality indicators, both physical and
mechanical properties, and chemical composition,
is closely related to the stability of sedimentation
conditions. In Ukraine, the largest deposits of carbonate raw materials are located in the
ArticulationZone, which divides the Donbass and
the Priazovskiy block of the Ukrainian Shield. The
exploitation of deposits is carried out in an open
manner on the basis of the raw material quality
forecast according to reconnaissance data. But
among the blocks of high-quality raw materials the
significant part of the carbonate reserves of the
deposits are classified as substandard raw material.
This is due to the wide spread of various transformations in carbonate rocks such as: dolomitization,
leaching, silicification, sulfatization. The intensity
and nature of these changes have a complex distribution both within individual deposits and throughout the ArticulationZone. They are associated with
the long geological history of the region’s formation. Effective exploitation of deposits is based on
the forecasting of the quality of raw materials. This
is a complex and urgent problem. Therefore, the
purpose of this research is to determine the main
factors which influence the distribution of raw material quality.
Latest achievements. Carbonate rocks have attracted the attention of many researchers, since

their chemical activity promotes the appearance of
mineral deposits of various genetic types. A variety
of ore occurrences are known in the carbonate
rocks of the ArticulationZone, such as uranium,
gold, polymetals and fluorite (Panov, 2005; Chernicina, 2002; Kalashnik, 2017; Korenev, 2009; Nechaev, 1970). The most debatable issues are the
sources of matter and the structural position of
these ore occurrences. An important advantage for
research is the presence of carbonate rock outcrops
in the quarries, which are exploitedas carbonate raw
materials deposits. This has allowed researchers not
only to track the structures, but also draw conclusions about their development in connection with
the well-known events in the history of the region
(Machulina, 2008; Shatalov, 2013; Yudin, 2006).
Geological conditions of the formation of carbonate
deposits in the ArticulationZone have been considered repeatedly (Bakhtarova, 2006; Bakhtarova,
2016; Lazarenko, 1944; Ogar, 2010). But the reasons for the decline in quality of raw materials have
not received sufficient attention. For other regions,
similar studies were conducted (Gudz, 2007; Sokolov, 1962). The complex history of the developmentof the ArticulationZone as well as the presence
of significant reserves of carbonate raw materials,
the effectiveness of exploiting which is largely
determined by the possibility of predicting its quality, determined the purpose of this study.
Research objective. The purpose of research is the
study of natural factors affecting the quality of the
carbonate raw materials.
Methodology of research. The work used the materials of exploration and mining of carbonate deposits in the Articulation Zone of the Donbass Basin with the Priazovskiy block of the Ukrainian
Shield. These materials were obtained by the author
in the course of industrial work and practical work
towards a Master's degreeand also during postgraduate studies at the Donetsk National Technical
University . It is known that the highest quality
carbonate raw materials are formed in conditions of
marine facies. Evaluation of the facial conditions
on every stratigraphic horizon of deposits was per496

K.V. Repina

Journ.Geol.Geograph.Geoecology,27(3), 495-503

________________________________________________________________________________________________________________________________________________________________

formed on the composition of sediments and the
presence of fossil fauna. Paleogeographic conditions of sedimentation were established by comparing the lithological-stratigraphic sections of deposits in different parts of the Articulation Zone: from
the west (Novotroitskoe deposit) through the center
(Elenovskoe deposit) and to the east (Karakubskoe
deposit). Data from the chemical analysis of core
samples was used for statistical data processing.
Geochemical associations were defined within the
stratigraphic horizons of each deposit through correlation analysis. Geochemical associations for
high-quality limestones served as a benchmark for
evaluation of the quality of secondary changes in
carbonate rocks. The variability of the stratigraphic
horizons capacity, the distribution and quality of
secondary changes in carbonate rocks were studied
also.
Geological and structural positions of carbonate
raw materials deposits. Structurally, the research
area is located on the southern wing of the Kalmius-Toretskaja depression. The length of the zone
is several hundred kilometers with a width of about
25 km (Sobakar, 1961). The geological structure of
the ArticulationZone is associated with the history
of the formation and development of the DneprovoDonetskiypaleorift. Many researchers consider
theArticulationZone with the Priazovskiy block of
the Ukrainian shield as the South Donbas deep fault
(Bakhtarova, 2006; Shatalov, 2013; Yudin, 2006).
Along it the rocks of the crystalline basement sank
to considerable depths, and a thick stratum of sedimentary and volcanogenic Paleozoic rocks accumulated. According to deep seismic sounding, the fault
is clearly fixed in the relief of the Moho surface and
probably penetrates to depths of at least 200 km.
One of the main proofs of its depth is the confinement of ultrabasic, basic and alkaline magmatism to
it (Sobakar, 1961; Shatalov, 2013; Yudin, 2006).
In accordance with the stages of rifting, three
structural floors (bottom-up) were formed: the Archaean-Proterozoic complex of crystalline rocks;
Paleozoic volcanogenic-sedimentary and mezoCenozoic rock complexes. Two stages of tectonomagmatic activation are distinguished in the Devonian and on the boundary of the Permian and Triassic. The territory is limited by large faults of the
sublatitudinal stretch in the south and in the north.
They are called the North VolnovakhskiyFault and
South VolnovakhskiyFault which dissect the rocks
of the crystalline basement. The whole system of
submeridional faults is divided into a series of anticlinal and synclinal structures. These include Novotroitskiy, Kamyshevakhskiy, Stylskiy, Elanchikskiy
horsts and adjoning grabens, in which the deposits
of carbonate rocks are located. In the process of
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formation of the Dnieper-Donets paleorift, structural-tectonic transformations had an alternating shear
character, which led to the appearance of local
areas of stretching and compression. In the early
Carboniferous in the zone of formation of deposits
of carbonate rocks, the Tournian and early Visean
stratigraphic stages corresponded to the period of
local extension (Bakhtarova, 2006). This led to a
vast transgression of the sea, to increased communication with the outer seas, and to an increase in
the species diversity of the coral fauna. The most
favourablearea for the formation of limestones during the Tournian and Visean stratigraphic stages
was the ArticulationZone(Ogar, 2010). The primary
quality of the carbonate rocks of the studied area
corresponds to the coastal-marine facies conditions
that ensured the accumulation of thick layers of
biomorphic limestones with almost no admixture of
terrigenous material (Fig. 1).
Facies analysis of sediments showed that on
the areas of all deposits there were similar living
conditions for a diverse shallow marine fauna:
represented by SpiriferdesinuatisLiss.,Productus
Rot. sp. nov., SchellwinellacrenistriaPhill, Pustulapustulasiformis Rot., Athyris Lis Schuchertellabituminosa and others. The carbonate stratum of all
deposits is characterized by a layered bedding form,
a large amount of detrital material in the rock composition, as well as numerous fauna remnants in the
rocks of most stratigraphic horizons.
Numerous changes in the conditions of sedimentation occurred throughout the entire territory
during the Tournian and Visean stages: reduced the
depth, temperature, and salinity of the basin. This is
evidenced by changes in the chemical and facies
composition of the sediments on each horizon: the
presence of the arkose sandstone stratum (in the
roof of the sub-horizon C1tb1), thin strata of calcareous-argillaceous and carbonaceous schists (С1tа,
С1tb, С1va, С1ve), silicified silty beds with flint nodules. The transgression of the Carboniferous Sea
began on the area under study at different times. At
first the sea seized the western part of the region
(Novotroitskoe deposit) and then gradually moved
to the east, reaching the area of the Karakubskoe
deposit only by the end of the time С1tа(Lazarenko,
1944).
The thicknesses and chemical composition of
carbonate deposits of different stratigraphic strata
are good evidence of this (Table 1).
Quality indicators of carbonate raw materials
vary on horizons at each deposit, reflecting both the
facial conditions of its formation and the secondary
processes of changes in the quality of carbonate
rocks.
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Fig. 1. Stratigraphic sediments of the early Carboniferous in the deposits of carbonate rocks
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Table 1. Quality of raw materials by stratigraphic horizons (according to data from work on the deposit)

Stratigraph.
Nameofdeposit
horizon
v

С1 d
v

С1 b+с
С1va
С1td
С1tс
t

С1 b
t

С1 а

Novotroitskое
Elenovskoe
Karakubskoe
Novotroitskое
Elenovskoe
Karakubskoe
Novotroitskое
Elenovskoe
Karakubskoe
Novotroitskое
Elenovskoe
Karakubskoe
Novotroitskое
Elenovskoe
Karakubskoe
Novotroitskое
Elenovskoe
Karakubskoe
Novotroitskое
Elenovskoe
Karakubskoe

Quality indicators of carbonate raw materials, wt.%
Р∙10-2
S∙10-2
CaO
MgO
SiO2
R2O3
54.30
49.5
54.88
53.67
52.5
54.53
54.83
47.2
38.32
21.74
52.8
54.62
54.57
50.8
55.03
39.1
41.04
42.71
37.6
-

0.52
0.83
0.49
0.75
0.9
0.68
0.64
1.4
1.42
0.63
0.9
0.55
0.58
0.7
0.46
4.7
9.52
9.60
10.6
-

The most stable in quality are the carbonate
raw materials on the horizons С1tс and С1td. These
are grey and dark-grey compact limestones with a
large quantity of fossil fauna. But the homogeneous
stratum of conditioned limestones in all deposits
includes a pack of black compact limestones with
inclusions of flint nodules. Perhaps, the salt composition and physicochemical characteristics (pH, Eh,
Alk) of solutions varied widely, in comparison with
the chemical composition of sea water. Accumulation of authigenic silica occurs together with organic matter in thin pelitic sediments of the marine
basin (Senkovsky, 2012). Biogenic silica underwent
particularly intensive transformation, which contri-

0.7
7.22
0.56
1.10
1.9
0.77
0.94
6.8
23.51
0.49
2.1
0.68
0.82
3.9
0.46
1.3
3.79
2.11
4.9
-

0.85
0.46
0.72
0.5
7.78
2.11
4.83
0.21
0.83
0.22
0.22
0.48
0.18
0.35
1.04
1.16
0.1
-

0.5
0.3
0.8
0.4
0.8
0.3
5
0.8
0.3
0.5
0.7
0.2
0.4
0.4
0.4
0.5
0.3

4.6
5.1
4.5
3.3
0.5
3.7
18
2.2
47
2.4
6
6.2
1.8
3
3.6
4.4
6
1.7
7
-

Thickness
ofstratigraph.
horizons, m
100.5
108
100
38
36
30
3.6
5.5
8
28.7
19
24
38.2
45
30
83.3
70
32
135.7
119
8

buted to the redistribution of matter and the formation of nodules (Strakhov, 1976). The flintstones
have a clear boundary with the limestones that surround them. Sometimes the flint nodules contain
the remains of fauna. All this confirms their syngenetic origin. In general, this does not affect the high
quality of raw materials of these horizons. The conditions for the formation of the carbonate strata at
the end of the Tournian stage were stabilized
throughout the ArticulationZone, as evidenced by
the facial composition of the deposits. The thickness of the carbonate stratum is also practically the
same in all deposits.

Table 2. Correlation relations between the main quality component (CaO) and other quality indicators for high-quality carbonate raw
materials

Deposit
Novotroitskoe
Elenovskoe
Karakubskoe

The sample size (N)
and the critical correlation coefficient (rcr)
N=54; rcr=0,25
N=58; rcr=0,25
N=50; rcr=0,26

The correlation coefficients between the quality indicators
MgO
SiO2
R2O3
S
P
0,11
-0,09
-0,11

The mining of carbonate deposits assumes
the production of one grade. This is complicated by
the spread of processes that impair the properties of
raw materials. Based on the chemical composition
of the calcite (CaO = 56%), variability of its content in the skeletal substance of coral fauna (Bakh499

-0,66
-0,59
-0,42

-0,25
-0,25
-0,29

-0,52
-0,12
-0,31

-0,11
0,21
-0,42

tarova, 2016), we made the representative sampling
of the chemical analyses collected from highquality raw materials in each deposit. As a result of
the correlation analysis of these "ideal" samplings,
two associations of quality indicators were found
connected by significant connections, which cha-

K.V. Repina

Journ.Geol.Geograph.Geoecology,27(3), 495-503

________________________________________________________________________________________________________________________________________________________________

racterizes all deposits. A positive connection is
observed between the contents of SiO2, R2O3, S.
These indicators reduce the quality of carbonate
raw materials. The average value of the Pearson
correlation coefficient for the entire association at a
significance level = 0.05 and at an average sample
size = 55 samples was 0.58 (rav = 0,58). The main
quality indicator is associated with significant negative relationships with most of the components
(Table 2).
Reduction in the concentration of calcium
usually occurs due to the replacement of calcium
cations in the lattice of the calcite mineral by other
chemical elements (Predtechensky, 1961). There is
a negative connection between the content of the
main component (CaO) and the content of the replacement component. The association of the indicators substitution associated with a negative significant connection (rav = -0.40) is represented in a
very diverse way: CaO, SiO2, R2O3, P (see Table 2).
Depending on the secondary process, which degrades the quality of raw materials, the replacement
association changes. We checked the associations
for every stratigraphic horizon in all deposits.
Therocksofthelowerhorizon(С1ta)matchwithpoorqu
ality. According to the lithological composition,
they are transitional from the sandy-argillaceous
sediments of the upper Devonian to the carbonate
sediments of the early Carboniferous. That is darkgrey and black siliceous limestones with frequent
interlayer
sofcoaly-clayshales,
sometimes
sandstones. Two associations of quality indicators
in these rocks were obtained. A positive connection
is observed between contents of the SiO2, R2O3, and
S. They are similar to high-quality limestone
associations (see Table 2). There placement
association is represented by contents of CaO,
MgO, SiO2, R2O3, S. Almost all the quality
indicators have a significant negative connections
with the main component of quality. The average
value of the significant correlation coefficient is
rav=-0.47. The horizon С1tb is folded by dense finegrained limestones, dolomitized limestones with a
well-marked patchy texture, and dolomite, The
processes of dolomitization are widespread on the
Elenovskoe and Novotroitskoe deposits. Lower
layers are spotted-dolomitized limestones, then
overlying layers are represented by dolomites.
Dolomite sand dolomitized limestone subhorizon
С1tb1 are characterized by more uniform granularity
and degree of dolomitization and the absence of
interbeds of shales. The main rock-forming
minerals are dolomite and calcite. The
dolomitization process is reflected by a high
significant negative correlation coefficient between
the contents of the main components of quality –
CaO and MgO (r = -0.87).

The process secondary calcification is characteristic for the magnesian thickness of the horizons С1ta2 and С1tb. The inclusions of calcite have a
form of nests or veins ranging in size from several
millimeters to 5-6 cm. Sometimes they make up to
15% of the rock volume. In these places among the
inclusions of secondary calcite occur nests and fine
grains of violet fluorite. All these facts point to the
secondary nature of the dolomitization process.
Some researchers associate the uneven dolomitization of the Tournian limestones with the postCarboniferous andesite-trachyandesite magmatic
complex. The rocks of this complex lie in the form
of interstratal intrusions, dikes and stock-like bodies (Nechaev, 1970). Perhaps the sedimentary
dolomites are also present. The process of their
formation, apparently occurred at lower temperatures and with increased magnesium content in the
seawater. It appeared mainly in the southwestern
part of the basin. Therefore, the lower horizons of
the Novotroitskoe and Elenovskoe deposits include
sedimentary dolomites. Already on subhorizonС1tb2
fine-grained limestones with traces of dolomitization prevail. Later, the water temperature increased,
therefore, there are no dolomites in the Karakubskoe deposit. The increased content of magnesium
provided a conditioning indicator of the total content of calcium and magnesium oxides. Therefore,
these raw materials were mined for the metallurgical industry. At the Karakubskoe deposit, these horizons were not worked out.
The processes of secondary mineralization
are widely manifested in rocks of the С1tb horizon.
The works of many researchers are devoted this
processes (Chernicina, 2002; Kalashnik, 2017; Korenev, 2009). Most of them connect these processes
with the Devonian volcanism this region. Piritization manifests itself in the form of thin veins and
nests along bedding planes, as well as in shallow
cracks and caverns. The size of pyrite forms does
not exceed a few centimeters. The sulphidization
process caused the appearance of ore manifestations in the carbonate stratum (Panov, 2005). The
silicification of carbonate rocks is presented by the
form of small caverns with transparent brushes and
druses of quartz with crystals 0,5-5 mm in size.
Violet fluorite appears in the form of thin membranes, small grains and nests. The superimposed
mineralization processes affected the diversity of
the associations of elements. The processes of silicification and leaching are most intensively manifested. They are characterized by the association of
SiO2, R2O3, S (rav = 0.58).
The facial conditions in the beginning of the
Visean stratigraphic stage again become unstable.
The C1va horizon is represented by siliceous bituminous fine-grained limestones of black colour
500
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with intercalations of carbonaceous shales and a
large number of marine fauna. The raw material of
this horizon is considered substandard. The C1va
stratigraphic horizon has a small thickness, constant
lithological composition both on the dip and on the
strike. So it is the marking horizon in all studied
deposits. Correlation analysis established an extended paragenetic association of elements bound
by a significant positive bond (rav = 0.44): MgO,
SiO2, R2O3, S. The replacement association is
represented by CaO, MgO, SiO2, R2O3, P.
The raw material of upper horizons C1vb and
v
C1 c has a high quality, constant chemical composition and so they are worked out together in all deposits. Associations of quality indicators are similar
to "ideal" samples (see Table 2). The above horizon
C1vd is divided by quality into three subhorizons.
The upper and middle subhorizons have an elevated
silica content. Silica is present both in a diffusive
form (in the form of lenses) and as flint nodules.
This confirms the variability of the sedimentation
conditions, when the physicochemical conditions
changed the intensity of the processes of diagenetic
silicon redistribution. Additionally, interbeds of
clay shales are presented with thickness of up to 5
cm. The average subhorizon has a thickness about
30 meters and good quality (see Table 1). Associations of quality indicators are similar to the reference ones (see Table 2). But the horizon C1vd is
spatially not sustained. Blocks of high quality are
alternated with substandard blocks. In most quarries, only fragments of this horizon can be traced.
At the Karaibskie deposit, the raw material of this
horizon has small remaining forms, so here it is not
worked out. All other upper strata of the Vizeageochronological stage are largely dislocated and
subject to secondary changes (Yudin, 2006). The
rocks are leached, partially brecciated and crushed.
At the end of the early Carboniferous the sea
gradually became shallow. The period of pulsating
warping of the Donbass basin began. Stable marine
conditions periodically began to change to
continental conditions. The horizonof C1ve is
represented by siliceous thin layers of dark-grey
marls with interbeds of shales. The upper horizon
of C1vf is composed of fine-grained siliceous
limestones containing a large quantity of flint
nodules, with thin interbeds of clay shales. The
horizon C1vg consists of sandy-argillaceous and

argillaceous shales with thin interbeds of limestone
and coal (Lazarenko, 1944). These horizons are
practically absent within the deposits. The nearly
Carboniferous sediments were covered by a thick
stratum of sandy-argillaceous shales with thin
interlayers of coals and limestones of the middle
and late Carboniferous. Further structural and
tectonic transformations during the long history of
the Donbass Articulation Zone with the Priazovskiy
Block of the Ukrainian Shield changed the spatial
patterns of the primary quality of carbon ate raw
materials.
The main difficulty for predicting quality is
the leaching process. Their distribution is determined
by increased permeability of rocks, which is one of
the main conditions for their development (Sokolov,
1962).,This process develops most intensively in
zones of fracturing. The degree of tectonic disturbance in certain parts of the carbonate thickness
depends on their position in the structural zones. The
most intensive spread of karst is observed on the
sites which are adjoined to a large disjunctive dislocation, saddle parts of anticlines, areas of convergence of large thrusts and faults (Gudz, 2007).
On deposits of carbonate raw materials, the
karst processes are manifested in the form of various
karst forms: funnels, caves, caverns, cracks, canals
and others. The karst cavities are often made of loose
sandy-argillaceous material, rarely remain empty.
Observation in the quarry showed that the karst
zones have a zonal structure. The walls of the karst
cavities are usually represented by strongly destroyed loose carbonate rocks. Further, clays of various colours are observed toward the center of the
cavity. The central part of the cavity is usually made
of sandy-argillaceous material with fragments of
primary rocks. The material filling the karst cavities,
during working off, is extracted separately and
transported to the dumps, which makes mining difficult.
To determine the regularities of karst distribution in the fields, operational exploration is carried
out, which is aimed at delineating and calculating the
volumes of karst zones by means of a linear coefficient of karst formation. This is the ratio of the karst
rocks thickness to the total thickness of the rocks,
expressed as a percentage. The coefficient of karst
formation is calculated separately for each horizon
and subhorizon of rocks (Table 3).

Table 3. Average coefficient of karst formation along stratigraphic horizons(according to mining)

Deposit
Novotroitskoe
Elenovskoe
Karakubskoe
501

Average coefficient of karst formation along stratigraphic horizons,%
С1 d
С1vb+c
С1va
С1td
С1tc
С1tb2
С1tb1
С1ta2
С1ta1
25
20
39
14
13
22
22
4
43
13
14
36
18
33,8
14,2
20,6
16,6
15,9
13
14
36
15
18
64
18
12
22
v
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In the karstic carbonate rocks, in comparison
with the average content of the quality indicators
for horizons (see Table 1), the content of the useful
component (CaO below 40%) sharply decreases.
The content of insoluble residue, silica, alumina
and iron (R2O3) significantly increases. In the areas
of crumpling and shattering of carbonate rocks, the
intensity of sulfidization processes also increases
significantly. The sphalerite-galena-calcite vein was
established among the limestones of the horizons
Cltd and C1va of the southern quarry of the Komsomolskoe mine (Panov, 2005). Elevated gold concentrations were detected in karst and suffosion
funnels of carbonate strata (Chernicina, 2002). This
confirms the hypothesis of the hydrothermalmetasomatic origin of these ore occurrences.
It was established by correlation analysis that
the leaching processes are characterized by a significant positive correlation of the indices: MgO, SiO2,
R2O3, S and a significant negative connection between CaOMgO, SiO2, R2O3, P. Similar associations were established for carbonate horizons of the
C1va horizon, which is characterized by maximum
karst content (see Table 3). The established associations of quality indicators are quite stable across all
stratigraphic strata of the fields. This makes it possible to carry out geological and technological mapping, which are aimed at planning of the extraction
of uniform quality carbonate raw materials (Volkova, 2015). Further studies will be aimed at constructing varietal maps of the distribution of carbonate raw materials of uniform quality for the
adopted technology for mining the deposit. The
complex geochemical index that will be used in
mapping is based on established geochemical associations. The accuracy of the selection of grade
composition within the deposits will be considered
in a separate article.
Findings. As a result of the research it was established that:
1. The process of forming carbonate strata is
accompanied by intense silicification processes that
relate to climatic changes in temperature, salinity
and depth of the sea basin. This is confirmed statistically, because the significant negative correlation
between the main component of quality and silica is
established on the horizons of carbonate rocks with
an increased silica content.
2. The process of dolomitization of the carbonate stratum took place in two stages. At the
beginning of the accumulation of the carbonate
thickness, the sea basin was characterized by lower
temperatures and higher magnesium content than in
the subsequent period. Therefore, the lower stratum
of the Novotroitskoeand Elenovskoe deposits includes sedimentary dolomites. Later, the conditions
changed, so there are no dolomites in the Kara-

kubskoe deposit. The second stage of dolomitization is associated with the post-carbon andesitetrachyandesite magmatic complex. The rocks of
this complex are found in the carbonate stratum in
the form of interplastic intrusions, dikes and stocklike bodies. This contributed to the appearance of
sulphide mineralization, zones of silicification and
recrystallization of carbonate minerals in spotdolomitized limestones.
3. The best in quality for all deposits of the
Donbass Articulation Zone are the carbonate rocks
of the Cltc horizon. The conditions for their formation were the most stable. They are characterized by
a negative connection of the main quality component (CaO) with all other quality indicators. At the
same time, the association of indicators associated
with a significant positive connection is retained:
SiO2, R2O3, S.
4. Depending on the process which degrades
the quality of raw materials, the replacement association changes, reflecting the negative significant
connection of the main indicator with the rest.
5. The structural-tectonic factor, which is
manifested by intensive leaching processes, exerts
the greatest influence on the degradation of the
quality of carbonate raw materials. In zones of tectonic disturbances, they have maximum extension
areas. The structural transformations that began in
the Donbas after the early Carboniferous disrupted
the primary stratified occurrence and quality of the
carbonate thickness. The upper Visean horizons are
subject to intensively leached, similar to tectonic,melange.
6. On each stratigraphic horizon, depending
on the prevailing process which degrades the quality of primary carbonate rocks, the correlation bonds
of the main quality component and the harmful
impurity replacing it (the replacement association)
change. The most stable association of indicators
associated with a significant positive bond is SiO2,
R2O3, S. It is present practically on all horizons.
7. Stable associations of quality indicators
make it possible to carry out technological mapping
in deposits of carbonate raw materials, aimed at the
separation of homogeneous blocks of raw materials
and their further processing. The complex geochemical indicator that will be used in mapping is
based on fixed geochemical associations.
8. The scientific novelty of these studies is
the distinguishing of natural factors that determined
not only the quality of carbonate rocks, but also
indicators of the development stages of the Donbass
Articulation Zone of two major tectonic structures –
the Donbass and the Ukrainian Shield. The practical significance of the results of the work is connected with the fixed possibility of conducting geological and technological mapping and further con502
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struction of varietal maps of the deposits of carbonate raw materials.
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Geological position of riebeckite-containing magnetite ores of Krivoy Rog basin
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Krivoy Rog National University, 37, Pushkina Str., Krivoy Rog, 50002, Ukraine
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Abstract. The geological position of the riebeckite metasomatites at the Pervomayskoye,
Annovskoye, Gleyevatskoye, Valyavkinskoye, Inguletskoye, Petrovskoye and Artemovskoye deposits of the Krivbas is controlled by faults serving as channels for
metasomatizing solution filtrations. This is confirmed by a significant loss of riebeckite
metasomatites abundance moving south and north of the central part of the Pervomayskoye deposit, the position of which corresponds to the intersection of two deep faults that are: the submeridional Krivoy RogKremenchug and the sublatitudinal Devladovo ones. In the productive strata of other deposits, the distribution of riebeckite
metasomatites is much lower in comparison with the Pervomayskoye deposit, but their position is also determined by faults position.The fifth and sixth ferruginous horizons are characterized by the maximum distribution of riebeckite metasomatites within the
Pervomayskoye deposit and form the productive iron ore rock mass. They contain ferruginous quartzites with the highest iron
content, composition of which is optimal for active manifestation of riebeckite metasomatism.The process of riebeckitization
occurred to much lesser extentin the stratigraphic horizons that underlie and overlay the productive rock mass and which are
composed of schists and low-iron magnetite-silicate quartzites.Silicateless (micaceous hematite-magnetite, magnetite) quartzites
were subjected to the most intensive riebeckitization in the ferruginous horizons: the content of riebeckite metasomatites here makes
up 60-80% of the volume of ore layers. The composition of the sodium amphibole is close to stoichiometric one here. In the layers
composed of cummingtonite-magnetite and magnetite-cummingtonite quartzites, the amount of riebeckite metasomatites is much
lower and makes up 10-30% of their total volume. The sodium amphibole is represented here by magnesioriebeckite. Similar regularities in the distribution of riebeckite metasomatites are also typical for ferruginous horizons of all iron ore deposits in the Krivoy Rog
basin.
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Keywords: banded iron formation, Krivoy Rog basin, riebeckite metasomatites, geological position of metasomatites.

Геологічна позиція рибекіт-вмісних магнетитових руд Криворізького басейну
Стрельцов В.О., Євтєхов В.Д., Євтєхова А.В., Смірнова Г.Я.
Криворізький національний університет, 37, вул. Пушкіна, м. Кривий Ріг, 50002, Україна
E-mail:misterstrelcov90@gmail.com,evtekhov@gmail.com, eva.anna23@gmail.com
Анотація. Геологічна позиція рибекітових метасоматитів Первомайського, Ганнівського, Глеюватського, Валявкинського,
Інгулецького, Петрівського, Артемівського родовищ Кривбасу контролюється розривними порушеннями, які були каналами
фільтрації метасоматизуючих розчинів. Підтвердженням цього є істотне зменшення представленості рибекітових метасоматитів з просуванням на південь і північ від центральної частини Первомайського родовища, позиція якого відповідає ділянці
перетину двох глибинних розломів: субмеридіонального Криворізько-Кременчуцького та субширотного Девладівського. У
продуктивних товщах інших родовищ поширення рибекітових метасоматитів значно нижче в порівнянні з Первомайським
родовищем, але їх положення також визначається позицією розривних порушень.Максимальним поширенням рибекітових
метасоматитів у межах Первомайського родовища характеризуються п’ятий і шостий залізисті горизонти, які складають
його продуктивну залізорудну товщу. Саме в них присутні залізисті кварцити з найбільш високим вмістом заліза, оптимальні за складом для активного прояву рибекітового метасоматозу. У стратиграфічних горизонтах, які підстеляють і перекривають продуктивну товщу і які складені сланцями та низькозалізистими магнетит-силікатними кварцитами, рибекітізація
відбувалась значно слабкіше.В залізистих горизонтах найбільш інтенсивної рибекітизації зазнали безсилікатні (залізнослюдко-магнетитові, магнетитові) кварцити: вміст рибекітових метасоматитів у їх верствах становить 60-80% від об’єму рудних
верств. Склад натрієвого амфіболу тут близький до стехіометричного. У верствах, складених кумінгтоніт-магнетитовими і
магнетит-кумінгтонітовими кварцитами, кількість рибекітових метасоматитів істотно нижча – 10-30% від їх загального
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об’єму. Натрієвий амфібол представлений тут магнезіорибекітом. Аналогічні закономірності поширення рибекітових метасоматитів характерні також для залізистих горизонтів усіх залізорудних родовищ Криворізького басейну.
Ключові слова: залізисто-кремниста формація, Криворізький басейн, рибекітові метасоматити, геологічна позиція метасоматитів.

Importance. Riebeckitized magnetite quartzites
constitute a significant part of the productive strata
at the Pervomayskoye, Annovskoye, Inguletskoye,
Petrovskoye, and Artemovskoye deposits in the
Krivoy Rog basin. Their formation is associated
with epigenetic process of sodium metasomatism,
which is about 1.8 billion years old and which
occurred at an interval of about 400 million years
after the dynamothermal metamorphism of the
rocks of the banded iron formation (2.2 billion
years). Riebeckitization was accompanied by the
migration of mineral matter, mineral formation,
substitution and recrystallization of individuals and
aggregates of metamorphogenic minerals, changes
in the textures and structure of magnetite quartzites
and, consequently, their preparability.
In recent years, the demand for iron ore raw
materials has significantly decreaseddue to the
decline in world industry. This caused an increase
in the requirements to the quality of iron ore
concentrate produced by the Kryvbas Ore Mining
and BeneficiationWorks. Currently, the average
iron content of the concentrate is about 65mass % ,
but there is a challenging need for the development
of technologies ensuring an increase in this
indicator up to 68-69 mass %. Main directions of
this work area reapprisal of the mineral and raw
materials base of iron ore deposits, correcting
existing ideas about the influence of mineralogical
indices on ore beneficiation, updating mineraltechnological
classifications
of
ores,
compilinggeological, mineralogical, geologicaltechnological maps of deposits basing on the data;
developing optimal ore mining technologies, ore
blending before feedingto beneficiation plants.
Riebeckitized magnetite quartzites are the
main mineral variety of ores at Pervomayskoye,
Petrovskoye, and Artemovskoye deposits – they
account for up to 60% of the total mass of the
productive strata at these deposits. During the last
20 years, a significant amount of new data has been
accumulated on the mineral, chemical composition
of the riebeckite metasomatites, geological position
and morphology of the depositsdue to operational
geological exploration and case studies. It became
necessary to generalize and analyze these data in
order to take them into account in solving
theoretical issues and practical problems. It contributes to scientific and applied relevance of the
research carried out by the authors.
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Analysis of the results of previous works. Riebeckite metasomatites were the subject of several
previous studies. Issues of their geological position,
structure of metasomatic bodies were considered in
the works (Polovinkina, 1953;Eliseyev, e. a.,
1961;Aleksandrov, 1963;Kushev,1972;Nikolskiy,
1973;Evtekhov, e. a., 1980;Evtekhov, e. a.,
1988;Pirogov, e. a.,1989;Chadwick, e. a.,1986).The
authors came to the conclusion of regularities existing in the arrangement of the bodies of riebeckite
metasomatites, they are as follows: 1) the overwhelming majority of them tendsspatially towards
the ferruginous horizons of the Saksagan suite; 2)
ferruginous quartzites of the central zones, as well
as
cummingtonite-magnetite,
magnetitecummingtonite quartzites of the peripheral zones of
ferruginous horizons, were subject of maximum
riebeckitization; 3) the position of the bodies of
riebeckite metasomatites in the sections of the
ferruginous horizons is controlled byfaulting, which
played the role of supply channels for metasomatizing carbon dioxide-sodium hydrothermal solutions.
Analysis of the possibility of using these data for
conducting detailed mineralogical and technological studies and mapping of deposits indicates their
insufficiency and the need for a deeper study of
geological positionpeculiarities of the riebeckite
metasomatites bodies within the productive strata
of the deposits.
The aim of the authors of this article was to generalize existing ideas about the localization of riebeckite metasomatites, to update the data with the
results of our own observations, to analyze general
information, and to develop a multilevel system of
information about the position of riebeckite metasomatites.
The results of published mineralogical studies, file materials of Krivoy Rognational university,Krivoy Rogcomplex geological party, the Northern geological prospecting party of "Ukrchermetgeology", geological services of Ingulets (InGOK),
the Central (CGOK) and the Northern (SevGOK)
Ore Mining and Processing Works have been usedas a source material. Information on chemical
and mineral composition, structure, texture of primary magnetite quartzites and riebeckite metasomatites, peculiarities of their texture, structure,
morphology and localization of metasomatic bodies
has been taken into consideration. The authors have
created a bank of initial data, have made their gene-
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ralization and analysis using approved software
products.
The results obtained and their discussion. The
Krivoy Rog basin. Previous studies have reported
an uneven distribution of riebeckite metasomatites
within different iron ore regions and deposits of
Krivbas (Eliseyev, e. a., 1961;Aleksandrov, 1963;
Kushev,1972; Pirogov, e. a., 1989). Most of the
researchers have noted the maximum distribution of
metasomatites in the strata of the ferruginous rocks
of the Zheltorechenskoye, Pervomayskoye and
Annovskoye deposits, which belong to the Northern
iron ore region of Krivoy Rog basin and Petrovskoye, Artemovskoye deposits of the Right-bank
iron ore district.
They have also noted their local presence in
the Saksagan suite of the Inguletskoye, Gleyevatskoye, and Valyavkinskoye deposits and some deposits that are under development by the mines of the
Saksagan iron ore district. One of the authors of
this publication calculated the quantitative indicators for the distribution of sodium metasomatites
after the data of productive strata study of 14 deposits of high-grade and low-grade iron ores of the
Krivbas (Evtekhov, e. a., 1980;Evtekhov, e. a.,
1988). In recent years, the proportion between me-

tasomatically altered and unaltered iron ores has
changed due to the advancement of open-pit and
underground mine workings. Based on the results
of quantitative calculations carried out by the authors of this article for the productive strata of the
same 14 deposits, information on the distribution of
sodium (aegirine, riebeckite, albite) metasomatites
in their profiles as of the end of 2015 was updated
(Table 1, fig. 1).
The obtained results confirm the previously
published data on the very high representation of
riebeckite metasomatites in the the productive strata
of the Pervomayskoye and Annovskoye deposits,
which are being developed by SevGOK. Here, the
riebeckite metasomatites compose 30-44% of the
volume of the fifth and sixth ferruginous horizons.
Like the previous authors, we link the localization
of metasomatites tointersecting (sublatitudinal)
faults of Devladovo deep fault system. This is
confirmed by a significant decrease in the
representation of riebeckite metasomatites moving
south and north of the central part of the Pervomayskoye deposit,positionof which corresponds to
the intersection of two deep faults that are: the
submeridional Krivoy Rog-Kremenchug and the
sublatitudinal Devladovo ones.

Table 1. Distribution of riebeckite metasomatitesin sections of productive strata of Krivoy Rog basin deposits

Deposits
Annovskoye
Pervomayskoye
Tyrny Mine
Yubileynaya Mine
Gleyevatskoye
FrunzeMine
Rodina Mine

Distribution,
% by volume
29,9
43,6
7,8
3,6
2,1
1,9
0,1

In the productive strata of other deposits of the
Krivbass, the distribution of riebeckite metasomatites
is 1-2 orders lower in comparison with the indicators
of Pervomayskoye and Annovskoye deposits. But their
position is also determined by the position of faults.
Thus, the stratigraphic and tectonicfactors of
localization of riebeckite metasomatites within the
boundaries of Krivoy Rog region are the main ones.
Deposits. Regularities in the distribution of riebeckite
metasomatites in ferruginous rocks of individual deposits of the Krivoy Rogbasin were considered earlier
(Eliseyev, e. a., 1961; Kushev,1972; Evtekhov, e. a.,
1980;Evtekhov, e. a., 1988). Previous authors came to
the conclusion that the rocks of ferruginous and schistous horizons were subject to varying degrees of metasomatic alterations, including riebeckitization process.
A detailed study of the geological position of
riebeckite metasomatites in the Saksagan suite section

Deposits
Artem-1 Mine
Gigant-GlubokayaMine
Novokrivorozhskoye
Valyavkinskoye
Skelyevatskoye
Ingulets Mine
Inguletskoye

Distribution,
% by volume
0,0
0,0
0,0
1,4
0,1
2,8
3,1

has been carried out by the authors of this article for
the Pervomayskoye deposit. It was chosenamong the
deposits of Krivbass as the main object of research due
to the greatest distribution of sodium, including riebeckite metasomatites, in its productive stratum. The
section of the iron ore Saksagan suite consists of five
ferruginous (the first, second, fifth, sixth, seventh) and
five schistose horizons (the first, second, third- fifth,
sixth, seventh) horizons. The distribution of riebeckite
metasomatiteswas determined in all ferruginous and
schistous horizonsin the faces of the Pervomayskoye
open-pit at various hypsometric levels. The results of
macroscopic and microscopic assaying confirmed
generally the data given in the works of the predecessors, allowed quantifying the variability of the content
of riebeckite metasomatites in the productive and enclosing strata of the deposit (Fig. 2).
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Fig. 1. The position of iron ore deposits of Krivoy Rog basin.
1 – Metamorphic rocks of the Krivoy Rog series; 2 – ferruginous rocks of the Saksagan suite; 3 – granitoids of the Dnipropetrovsk
complex; 4 – deep (mantle) faults; 5 – secondary (crustal) breaking disorders.
Deposits: 1 – Annovskoye; 2 – Pervomayskoye; 3 – Tyrny Mine; 4 – Yubileynaya Mine; 5 – Gleyevatskoye; 6 – Frunze Mine; 7 –
Rodina Mine; 8 – Artem-1 Mine; 9 – Gigant-Glubokaya Mine; 10 – Novokrivorozhskoye; 11 – Valyavkinskoye; 12 – Skelyevatskoye; 13 – Ingulets Mine; 14 – Inguletskoye.

Fig. 2. Distribution of riebeckite metasomatites in the stratigraphic horizons at the Saksagan suite of the Pervomayskoye deposit.
Stratigraphic horizons: 7f – the seventh ferruginous; 7s – the seventh schistose; 6f – the sixth ferruginous ... 1f – the first
ferruginous; 1s – is the first schistose. (The figures on the section show the distance from the upper contact of the seventh ferruginous
horizon, that is, from the upper contact of the Saksagan suite.)
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The maximum distribution of riebeckite metasomatites is typical for the fifth and sixth horizons, which form the productive iron orerock mass
of the deposit. In their sections rather than anywhere else there are ferruginous quartzites with the
highest iron content, which are optimal in composition for the active manifestation of riebeckite metasomatism. In the stratigraphic horizons underlying
and overlaying the productive rock mass and which
are composed of schists and low-iron magnetitesilicate quartzites, riebeckitization was much weaker. In the magnetite-silicate quartzites of the seventh schistose and seventh ferruginous horizons,
as well as in the cummingtonite-containing schists
of the first and second ferruginous horizons, amphibole, represented by magnesioriebeckite, was
formed in areas close to the zones of active manifestation of sodium metasomatism in the productive
rock mass of the deposit. In the rocks of the first
and second schistose horizons, there are practically
no manifestations of the sodium amphibole, locally

it occurs only in the peripheral zones of these horizons adjacent to the riebeckitization zones of magnetite-cummingtonite,
cummingtonite-magnetite
quartzites of the first and second ferruginous horizons.
Geological studies of other deposits in the
Krivoy Rog basin withnoticeable distribution of
riebeckite metasomatites (Annovskoye, Gleyevatskoye, Valyavkinskoye and Inguletskoye) confirmed
the regularity found for the Pervomayskoye deposit.
The maximum content of riebeckite is typical for
the most powerful ferruginous horizons with the
highest iron content. For the Annovskoye deposit, it
is the combined fifth to sixth ferruginous horizon;
for Gleyevatskoye one– the fourth, fifth and sixth
ferruginous horizons; for Valyavkinskoye– the
fourth ferruginous horizon; for Inguletskoye– the
second, fourth, fifth and sixth ferruginous horizons.
Ferruginous horizons. The major part of the research was carried out for the sixth ferruginous
horizon of the Pervomayskoye deposit (Fig.3).

Fig. 3. Distribution of riebeckite metasomatites in strata of different initial mineral composition of ferruginous quartzites, which form
the section of the sixth ferruginous horizon of the Pervomayskoye deposit.
Stratigraphic horizons: 7s – the seventh schistouse; 6f – the sixth ferruginous; 6s – the sixth schistous.
Mineral varieties of primary ferruginous quartzites: 1 – micaceous hematite-magnetite; 2 – magnetite red-layered(micaceous hematite-containing); 3 – magnetite grey-layered (cummingtonite-containing); 4 – cummingtonite-magnetite; 5 – magnetitecummingtonite. (The figures on the section show the distance from the upper contact of the sixth ferruginous horizon of the Saksagan
suite.)

The horizon section is composed of layers of
the main mineral varieties of ferruginous quartzites
being present in the ferruginous horizons of the
productive strata at all deposits in the basin. The
central zone is represented by a thin layer of micaceous hematite-magnetite quartzites. In the direc-

tion to the hanging wall and footwall of the horizon, it is symmetrically replaced by layers of magnetite red-layered (micaceous hematite-containing),
magnetite
grey-layered
(cummingtonitecontaining), cummingtonite-magnetite and magnetite-cummingtonite quartzites. The latter have evo508
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lutionary contacts with the layers of biotite-quartzcummingtonite schists of the sixth schistose horizon (footwall) and magnetite-biotite-cummingtonite
quartzite of the seventh schistose horizon (hanging
wall).
The greatest distribution of riebeckite is typical for the strata and lenticular bodies of micaceous
hematite -magnesite quartzites, which have undergone a practically complete riebeckitization within
the Pervomayskoye deposit (Fig. 3). Earlier it was
noted (Evtekhov, e. a., 1988) that micaceous hematite-magnetite quartzites were thermodynamically
the most favorable for metasomatic formation of
riebeckite.Riebeckite metasomatites are less commonin the layers of magnetite quartzites, moreover,
the red-layeredmicaceous hematite-containing
varieties have been subjected to more active riebeckitization as compared to cummingtonitecontaining grey-layeredones.
In the layers composed of cummingtonitemagnetite and magnetite-cummingtonite quartzites,
the amount of riebeckite metasomatites is much
lower - 10-30% of the total volume of the layers.
Thesodiumamphiboleisrepresentedherebymagnesioriebeckite.
Similar regularities in the distribution of riebeckite metasomatites are also typical for the fifth
ferruginous horizon of the Pervomayskoye deposit,
the fifth and sixth ferruginous horizons of the Annovskoye deposit, the fourth ferruginous horizon of
the Valyavkinskoye deposit, the second, fifth and
sixth ferruginous horizons of the Inguletskoye deposit.
Сonclusions.
1. Riebeckite metasomatites belong to the
most common mineral varieties of magnetite ores
of Pervomayskoye, Annovskoye, Petrovskoye,
Artemovskoye, Inguletskoye and several other deposits of the Krivoy Rog basin.
2. In order to improve the efficiency of geological-mineralogical,
geological-technological
mapping of productive strata of deposits, blending
ores prior to feeding to beneficiation
plants,peculiarities of geological position of riebeckite metasomatitesbodies were studied.
3. Within the Krivoy Rog basin and individual deposits, the leading factors for localization of
riebeckite metasomatites were as follows: 1)the
tectonic one, the action of which provided metasomatic solutions; 2) the stratigraphic one, the value
of which consisted in the formation of riebeckite
metasomatites, mainly in ferruginous horizons with
the maximum total iron content and minimum silicate content.
4. In the sections of the ferruginous horizons,the layers of their central zones,represented by
509

micaceous hematite-magnetite, magnetite quartzites, were subjected to maximum riebeckitization. The intensity of riebeckitization of well
represented silicate-magnetite and magnetitesilicate quartzites in this area decreased substantiallyin the direction toward the peripheral zones of the
horizons.
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Construction sands of Podillya: patterns of distribution, resources and use
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Abstract. This article presents the characteristics of the resource base of building sands
within the three Podillya regions, the patterns of sands distribution, and proposals for
increasing the extraction of raw materials . The construction sands of Podillya are confined to the Upper Cretaceous, Neogene and Anthropogenicdeposits. The decrease of the
thickness of the sandy strata of the Opilsk Neogene suite in the eastern direction was
observed with the simultaneous increase in the thickness of the overlapping strata of the rocks. There is no apparent correlation between the thickness of sandy interlayers and the quality of sands. The interdependence of the chemical composition of Neogene sands
and the sand size module is established.The genetic predisposition for the distribution of building sands in different parts of the Podillya territory has been established. Four groups of sand deposits of different age have been identified within the Podillya regions,
which contrast sharply with single deposits in the neighbouring territories.There is a very uneven distribution of explored reserves of
sandy raw materials across the region and accordingly in the provision of construction sands in the different oblasts /regions of Podillya. The areas best provided with sandy raw materials are the central districts of Ternopil region and Slavutsky district of Khmelnytsky region . Sands of the Baltic stage distributed in Vinnytsia region are mostly poor in quality, clogged with clay material and
require enrichment. The further development of the mineral raw material base and the prospects for increasing the production of
construction sand in the Podillya regions is associated with the increase in production at the prepared deposits, the commissioning of
reserve deposits, the conducting of prospecting and exploration work in the proposed potentially exploitable areas and additional
exploration of individual deposits that are exploited. The research allows us to evaluate objectively the existing base of sand raw
materials for various purposes in the Podillya region and to develop on this basis measures to increase it. The importance of the study
is determined by the acute shortage of the raw material in most administrative districts of Khmelnytsky and Vinnytsia regions, by the
growth in the volume of construction work (and accordingly the requirements for sandy raw materials) both in Podillya and in the
country.
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Будівельні піски Поділля: закономірності поширення, ресурси, використання
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1
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Анотація. Подано характеристику ресурсної бази будівельних пісків у межах трьох подільських областей, закономірності
поширення пісків, пропозиції щодо нарощування видобутку сировини. Встановлено, що будівельні піски Поділля приурочені до відкладів верхньої крейди, неогену та антропогену. Простежено зменшення потужності піщаних верств опільської
світи неогену у східному напрямку з одночасним зростанням потужностей перекриваючих товщ порід. Видимого
взаємозв’язку між потужністю піщаних проверстків та якістю пісків не виявлено. Установлюється взаємозалежність
хімічного складу неогенових пісків і їхнього модуля крупності. Установлено генетичну зумовленість поширення на теренах
Поділля будівельних пісків різного призначення – в межах подільських областей виявлено чотири угруповання родовищ
пісків різного віку, які різко контрастують з поодинокими покладами на сусідніх територіях. Встановлено дуже нерівномірний розподіл розвіданих запасів піску будівельного по території регіону й, відповідно, різну забезпеченість ними окремих
адміністративних одиниць подільських областей. Найкраще забезпечені піщаною сировиною центральні райони Тернопільської та Славутський район Хмельницької областей.Піски балтського ярусу, поширені на Вінниччині, в основному дрібні,
засмічені глинистим матеріалом та потребують збагачення.Подальший розвиток мінерально-сировинної бази та перспективи зростання видобутку будівельного піску в подільських областях пов’язуються з нарощуванням обсягів видобутку на
підготовлених родовищах, введенням у експлуатацію резервних родовищ, проведенням пошукових та розвідувальних робіт
на запропонованих перспективних площах, дорозвідкою окремих родовищ, які експлуатуються.Здійснене дослідження
дозволяє об’єктивно оцінити наявну базу будівельного піску різного призначення в подільських областях, розробляти на цій
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основі заходи для її нарощування. Важливість дослідження визначається гострим дефіцитом охарактеризованої сировини у
більшості адміністративних районів Хмельницької та Вінницької областей, зростанням обсягів будівельних робіт (і, відповідно, потреб у будівельному піску) як на Поділлі, так в країні загалом.
Ключові слова: піщана сировина, будівельні піски, балансові запаси, прогнозні ресурси, забезпеченість піщаною сировиною

Introduction. The Podillya region (Ternopil,
Khmelnytsky and Vinnytsia regions) is relatively
poor in explored reserves of construction sands
(5.9% of the explored reserves in Ukraine). In
addition, the distribution of deposits across the
territory is rather uneven, which requires the
transportation of raw materials across considerable
distances bothwithin the region and from the
neighboring territories as well.The latter has a
significant effect on the cost of sand. The extraction
from the local explored deposits has increased
somewhat in recent years (1,114 thousand m3 in
2017 compared with 701 thousand m3in 2010), but
this is not enoughto meet the growth in the volume
of construction work both in the region and in the
country in general. Therefore, we consider that
conducting research aimed at generalizing the
available information on the present state of the raw
material base of construction sand for various
purposes in the regionisof current and urgent interest.
Purpose of the article. The tasks performed by the
conducted research were as follows: a) to establish
thepatterns ofdistribution of sandy deposits of
different ages, their functions and genesis on the
territory of Podillya regions; b) toanalyze the degree
of exploration of Podillyasandy deposits; c) to
establish the provision ofbuildingsandfor different
purposes to administrative units of the region; d) to
propose some possible ways to increase the raw
material base and to increase the production of
building sands in the region.
Materials and methods of the investigation. It
should be noted that there are very few published
materials on the stated problem and almost all of
them were published before the 1990s, when some
exploration work on construction raw materials was
widely conducted in the above mentioned areas. We
can distinguish a number ofrecent papers where
some
aspects
of
the
problem
were
considered(SyvyiM.Ya., 2004;SyvyiM.Ya., Paranko
I.S, Ivanov Ye, B., 2013; Syvyi M.Ya., Havryshok
B.B., 2016; Kitura V.M., Syvyi M.Ya., 2016;
Syvyi M.Ya.etal., 2017).The questions of scientificmethodological and methodological support for
research on mineral resources in general and of
construction raw materials in particular have been
discussed in the following publications (Hryhorovysch M.B, Nemyrovskaia M.H., 1987;
Korghnev M.M., 2003; Mychailov V.A. et. al.,
2011; Michshenko V.S., 2011; Paranko I., Burman
L., Jarkov S., 2011; Rudenco L.H. et. al., 2004;
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Rudco H.I., Kurylo M.M., Radovanov S.V., 2011;
Syvyj M.Ja., 2009 etal.).
The basis for conducting the research and
writing the research paper was the stock materials
of the SRDE Geoinform of Ukraine and its local
departments. The research was conducted in the
context of the budget topic of the Geography Department of Ternopil National Pedagogical University named after V. Hnatiuk "Complex geographic
studies of natural and economic geosystems in Podillya region". Traditional methods were used: collection of actual materials for the formation of the
data on the construction sands deposits in the region, analytical work related to systematization and
generalization of the collected stock materials, designing of cartographic models, etc.
Research results. In the territory of Podillya,
construction sands are confined to deposits of the
Cretaceous, Neogene and Quaternary series.
The sands of the Cenomanian stage of the
Upper Cretaceous are distributed in the extreme
southwestern part of Ternopil region and in the
northwestern part of Khmelnytskyi region, in the
valley near the Horyn River. The sands are earthygrey and greenish-grey, quartz-glauconite, often
argillaceous, sometimes with inclusions of flint
pebbles, mostly fine-grained; in the valley near the
Horyn River they are with thin interlayers of sandstone. As a rule, they are of smallthickness. Adamivske-2 deposit of glauconite-quartz sands in
Yarmolyntsi district of Khmelnytskyi region has
been explored, the stocks are approved by the State
Commission of Ukraine in 2017, and the deposit is
prepared for industrial exploitation.
The sands of the Badenian stage of the Neogene series are distributed in the southwestern,
western and central parts of Ternopil region and are
represented by deposits of two formations: Opillia
and Kosiv, according to the nomenclature adopted
by geologists-industrialists.
The Opillia formation of the Middle Miocene
is composed of the sediments of several genetic
types: argillaceous-calcareous-sand, algal, organogenic-fragmental, sand and calcareous-sand. Sandy
sediments were formed in the tidal sea area. The
sands of Opillia formation are quartz, fine-grained
and very fine-grained, argillaceous,some sections
are ferruginized, light grey, yellowish-brown and
dark grey. Their thickness varies widely - from 22.5 to 12-18 meters. According to the physicalmechanical analysis, the content of particles larger
than 0.63 mm in the sands is usually less than 1%,

M. Syvyj, B. Gavrychok

Journ.Geol.Geograph.Geoecology, 27(3), 510-519

________________________________________________________________________________________________________________________________________________________________

although in some areas it reaches 3-11 %, and the
content of particles smaller than 0.11 mm in most
cases does not exceed 10-12%. The size module of
sand varies from 0.4 to 3 the content of clay particles is from 0.5 to 12%. The thickness of the overburdenis 2-16 m in the explored and examined deposits (Syvyi, 2004).
There is a clear interdependence between the
content of different size particles and the chemical
composition of sands: with an increase in the content of particles smaller than 0.16 mm, the content
of silica is drastically reduced and the content of
alumina is increased. This revealed feature can be
used to predict the qualitative characteristics of
sands in the new and less explored areas. There is
no visible interconnection between the thickness of
the sand layers and the quality of sands. However,
we can clearly see a decrease in the thickness of the

sandy layers in the eastern direction with the simultaneous increase in the thickness of the covering
earth formations (Syvyi, 2004).
Within Ternopil region, 20 deposits with reserves
of
more
than34
million
m3by
A+B+C1categories and 20 occurrences of sands,
which were examined with tests for physical and
mechanical analysis, with inferred resources of
more than 11 million m3are connected with the deposits of Opillia formation (Table 1). As has been
already mentioned, they are located mainly in the
southern, western and central districts of the region.
Several deposits are also found in Husiatyn,
Pidvolochysk and Kremenets districts of the region,
and they are referred to Kosiv formation of the
Middle Miocene (Yablunivske, Maloberezhtsivske).

Table 1. Stratigraphic confinement of deposits and occurrences of construction sandsin Podillya*
The quantity of
deposits and occurrences
Region
Distribution in the region (districts)
Stratigraphic taxa
Exploredreserves,
Inferred resources,
3
3
thousandm
thousandm
Ternopil region
4/8190
1/150
Buchach, Shumck
Upper Anthropogenic (QIII)
Lower and Middle Anthropogenic
–
2/65
Zboriv, Borshchiv
(QI-II)
Sarmatian stage
Lanivtsi, Terebovlia, Ternopil, Chortkiv,
16/23350
10/835
Miocene (N1s)
Shumsk
Kosiv formation (N1ks)
Badenian stage
2/3382
1/75
Husiatyn, Kremenets, Pidvolochysk
Miocene
Opillia formation (N1op)
Berezhany, Borshchiv, Buchach, Zalishchyky,
Badenian stage
20/34170
20/11280
Zbarazh, Kozova, Zboriv
Miocene
Cenomanian stage
1/130
–
Monastyryskyi
Cretaceous series(K2)
Khmelnytskyi region
3/9800
–
Slavuta
Recent beds (QIV)
MiddleandUpperAnthropogenic
Bilohiria, Iziaslav, Kamianets-Podilskyi, Po26/59500
6/2700
(QII-QIII)
lonne, Slavuta, Shepetivka
Sarmatian stage
Vinkivtsi, Horodok, Kamianets-Podilskyi,
9/18000
16/6300
Miocene (N1s)
Polonne, Stara Syniava, Chemivtsi
Haisyn, Bershad, Illintsi, Pohrebyshche, TrosVinnytsia region
19/9150
9
Upper Anthropogenic (QIII)
tianets, Chechelnyk
Middle Anthropogenic (QII)
6/13500
2
Lypovets, Haisyn
Bаltian formation
Vinnytsia, Nemyriv, Zhmerynka, Teplyk,
10/15700
6
Miocene-Pliocene (N1-2bl)
Tyvriv, Chechelnyk
Sarmatian stage
Mohyliv-Podilskyi, Murovani-Kurylivtsi,
6/5940
19
Miocene (N1s)
Pishchanka, Tomashpil, Tulchyn, Chernivtsi
*Data from Geoinform of Ukraine

The sands are quartz, light grey, greenishgrey, very fine-grained and fine-grained with interlayers of sandstones and clay. Their thickness varies
from 5 to 16 m, and the explored reserves exceed
3 million m3.
The sands of Sarmatian stage are widespread
in the territory of all three regions of Podillya.
In Ternopil region they have been explored
and are being exploited in Ternopil, Terebovlia,

Chortkiv, Lanivtsi, and Shumsk districts. The sands
are mostly quartz, consertalwith a predominance of
fine fraction (the size module is often 0.4-2.0), light
grey, greenish grey, sometimes with a brown or
yellowish tint, with the interlayers of clayand sandstones. Often the explored reserves of sands (for
example, in Ternopil region: Ternopil, Chystyliv,
Shliakhtyntsi deposits) in their natural state (without
enrichment) do not meet the requirements of the
512
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existing state standards for sands as fillersfor concrete, construction mortars, and materials for road
construction due to the low size module, large content of grains less than 0.16 mm, and large content
of argillaceous, muddy and dusty particles. In the
region, 16 deposits of Sarmatian sands with total
reserves of more than 23 million m3 have been explored, and another 10 deposits have been inspected
and their inferred resources are not great (Table 1).
In Khmelnytskyi region, 9sand deposits explored in detail and 2 previously explored ones are
connected with Sarmatian formations. They are
located in Iziaslav district (Novosilkivske and Pivneva Hora withreserves of more than
14 million m3by C1+C2 categories) and 16 occurrences (the inferred resources are more than
6 million m3) are found in Vinkivtsi, Horodok, Kamianets-Podilskyi, Polonne, Slavuta and Shepetivka
districts. The sands are mostly white, light grey,
dark grey, yellowish-grey, consertal with the predominance of fine-grained. In the sand series, the
interlayers of thick dark brown coal clay and cobbles can be seen. Sometimes the sands are with a
large amount of clay material. Their thickness varies widely - from several meters to 15-20 m, sometimes even more. The deposits of Sarmatian sands
in the northern parts of the region can be of great
interest, where they often lie directly under the
sands of Anthropogenic age, which contributes to
their joint development.
In Vinnytsia region, the reserves of 6 explored deposits in Mohyliv-Podilskyi, Tomashpil
and Yampil districts with sand reserves of more
than 5,940 thousand m3 and 19 surveyed occurrences in Murovani Kurylivtsi, Pishchanka, Tulchyn
and Chernivtsi districts are connected with the Sarmatian deposits. The sands are quartz yellowishgray, white, greenish-grey from fine-grained to
coarse-grained, but mostly their size module is 1.02.1. They often meet the requirements of State
Standard of Ukraine B V. 2.7-32-95 (Instrukcia ..,
2007). In some cases they are suitable for the production of silicate bricks (Israilivske deposit).Sometimes,due to the large content of clay particles and the low size module, they need to be
enriched for usage in construction mortars (Komarhorodske, Rakivske deposits).
The sands of the Bаltian Miocene-Pliocene
formation are distributed exclusively in Vinnytsia
region, in its central and southeastern parts: Zhmerynska, Nemyriv, Tyvriv, and Chechelnyk districts.
10 sand deposits of Bаltian stage with totalraw materials reserves of about 16 million m3have been
explored. 6 investigated occurrences, the reserves of
which have not been evaluated, have been found as
well. The sands aregrey and greenish-grey, finegrained and medium, with the large content of clay
513

fraction, and their average thicknessis up to 2.0-3.0
m. The size module is preferably 1.0-2.0. In their
natural state they mostly do not meet the requirements of State Standard of Ukraine B V. 2.7-32-95
(Instrukcia .., 2007) due to the large content of clay
particles and can only be used afterenrichment (Syvyi, Paranko & Ivanov, 2013).
Sand deposits of the Quaternary agecan be
found mostly in Khmelnytskyi and Vinnytsia regions. In Ternopil region there is only one explored
depositwith small reserves in Buchach district.
Another 3 surveyed deposits with small inferred
resources have been found in Shumsk, Zboriv and
Borshchiv districts as well.
The main sand reserves of the Quaternary
ageare located in Slavuta district of Khmelnytskyi
region, and partially in other northern parts of this
region such as Bilohiria, Iziaslav, Shepetivka, and
Polonne districts. The total explored sand reserves
of the Middle and Upper Anthropogenic are estimated at over 59 million m3 of raw materials, and
another 2.7 million m3belong to the inferred resources in 6 surveyed deposits (Table 1). The sands
of the Middle-Upper Anthropogenic of two genetic
types are alluvial and fluvioglacial. The first are
formed mainly in the valleys nearsuchrivers as the
Dniester, the Horyn, theKhomory. They are composed mainly of fine-grained and medium quartz,
light grey, yellowish-grey sands, often with the
gravel interlayers, sometimes with impurities of
calcareous particles, and clay material. The sands
are mostly conditioned, high-quality, suitable for
various types of construction works, as concrete
fillers, silicate bricks, etc. (Instrukcia.., 2007). Fluvioglacial sands occupy large areas in Slavuta district. These are quartzvery fine-grained and medium
sorts, sometimes very argillaceous. The size module
is mostly 0.3-2.0. The sands are conditioned. Their
thickness varies from several meters to 10-15 m, the
depth of occurrence is small (Syvyi, Paranko &
Ivanov, 2013).
In Vinnytsia region, the sands of the Upper
Anthropogenic are also represented by two genetic
types: alluvial and fluvioglacial. Alluvial sands are
confined to the deposits of I-III terraces above the
floodplain and are distributed along the valleys near
such rivers asthe Dniester,the Pivdennyi Buh. Also,
they can be found in the valleys near small rivers
likethe Sob, the Savranka, and others. The sands are
quartz, fine-grained and medium, mostly yellowishgrey, brownish-yellow, grey with gravel and pebble
inclusions, with a thickness up to 6 m. The size
module varies from 0.8 to 3.4. Their quality often
meets the requirements of the State Standard 873685. Some deposits (Lukashivske, Skybynetske, Berizko-Chechelnytske, etc.) need to be enriched. 19
sand deposits of such type have been explored
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mainly in Bershad, Haisyn, Trostianets, and Chechelnyk districts. (Syvyi, Paranko & Ivanov, 2013).
The fluvioglacial sands are found mainly in
the northeastern part of the region and are
represented by consertal, often fine-grained and
medium varieties, and quartz. Sometimes they are
argillaceous with a low size module. As a rule,
these sands need to be enriched. There are noexplored deposits.
Three deposits (Polonske, Repyshchenske
and Slavutske-1) related to recent sediments (Q1v)
have been explored in the valley near the Horyn
River in Slavuta district of Khmelnytskyi region.
Their total reserves are estimated at 9.8 million m3.
The sands are quartz, fine-grained and medium,
light grey, grayish-white, sometimes with a pink
tint. The size module is 1.0-2.1. The sands are intended for filling concrete and construction mortars.
Nowadays, in the territory of Podillya, 120
construction sand deposits have been explored and
included in the asset list. The total amount of reserves by the categories A + B + C1 exceeds
191 million m3 (Korpan N.W. et al., 2018). As of
01.01.2018, 55 deposits of these typeswere being
exploited, and 65 were in reserve. In the region, 11
deposits have been explored before (reservesare
over 79 million m3by the categories C1+C2) and 9
deposits have been searched (reserves are more than
17 million m3by C1 category).
113 surveyed deposits are also found, the inferred resources of which were estimated in Ternopil and Khmelnytskyi regions and exceed 26 million
m3. The inspected deposits are periodically exploited by private individuals forlocal necessities
and there ispracticallyno information about the
movement of reserves.
The sand deposits are usually small, with reserves of less than 10 million m3. There are only 7
deposits with the average reserves (approximately
10-15 million m3), 4 of them are included in the
asset list, 3 deposits have been previously explored
and one large deposit with reserves of more than
15 million m3is in Khmelnytskyi region (Soloviivske).
As we can see in Figure 1, which identifies
the explored and surveyed sand deposits of Podillya, their distribution within the above-mentioned
territory is rather uneven. Visually,some separated
clusters of deposits are shown up in the central,
western and southeastern parts of Ternopil region,
in the northern parts of Khmelnytskyi and, partially,
Ternopil regions, in the central and southern parts
of Vinnytsia region. The location of sand deposits
on the territory of Podillya is genetically predetermined. Thus, we can consider a zone of mainly
alluvial sands of the Quaternary age as a whole,
which extends along the Dniester through the

southern districts of Podillya (Monastyryskyi, Buchach, Zalishchyky, Borshchiv, KamianetsPodilskyi, Murovani Kurylivtsi, Mohyliv-Podilskyi,
Yampil, Pishchanky, Chechelnyk). Another group
of deposits clearly stands out in the central and
western parts of Ternopil region. These are the Badenian sands of Berezhany, Zboriv, Kozova, Ternopil and Zbarazh districts. A very compact group of
explored and surveyed deposits of alluvial and fluvioglacial sands of the Pleistocene is located in the
north of Khmelnytskyi region. These are the deposits of Slavuta, Bilohiria and Iziaslav districts. And,
finally, the fourth group of deposits associated with
those of Miocene-Pliocene Bаltian formation and
Middle and Upper Anthropogenic occupies the central and eastern parts of Vinnytsia, in particular
Vinnytsia, Tyvriv, Teplyk, Lypovets and Pogrebyshche districts. These four groups of deposits are
quite clearly distinguished in the picture and contrast with the single occurrences or the complete
absence of sandy raw materials in the neighbouring
territories.
We provide some more information which is
demonstrated by Picture 1 - a relatively small number of deposits which are exploited together with
the explored reserves and a significant number of
searched deposits, wherethe undiscovered reserves
are exploited periodically. Of course, it is an alarming situation that has occurredin recent years andneedsimmediate resolution.
In Ternopil region, among 43 sand deposits
included in the asset list, 26 were exploited with the
reserves of 30.3 million m3by A+B+C1 categoriesin
2017 (Korpan N.W. et al., 2018).
Thus, 17 deposits withthe supplies of
38.9 million m3 form a reserve in the region. Besides, 3 deposits with total reserves of
9 million m3have been previously explored. These
deposits can be considered as priority sites forconducting detailed exploration work and further commissioning. Another 4 deposits of the region are
being searched and 39 have been already surveyed.
The majority of sand deposits are located in two
southern districts - Zalishchyky and Borshchiv, but
they have been surveyed only and are classified as
small ones.
The deposits of industrial interest are located
mainly in three districts: Zbarazh, Ternopil, and
Terebovlia. Here the main amount of balance reserves of the region's sands is concentrated. First of
all, these are such deposits as Chernykhovetske and
Zarudechkivske in Zbarazh, Chystylivske in Ternopil, and Volytske in Berezhany, and other districts.
The last two deposits are not currently being exploited.
There is also a group of sand quarries directly
close to the consumers which areconstruction or514
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ganizations. For instance, we can see this in such
towns as Berezhany, Chortkiv, Ternopil, Zbarazh,
Terebovlia and Shumsk. Such location of deposits
creates certain conveniences in their exploitation
and contributes to the cost reduction of sand.
Figure 2 shows the density of distribution of
the explored reserves of construction sands in Podillya and their provision to separate administrative
districts. In Ternopil region, the largest concentrations of construction sands per unit of the territory
are observed in Zalishchyky and Berezhany dis-

tricts. A high saturation of the territory with raw
materials is also found in Ternopil and Zbarazh
districts. In all other regions, the figures of saturation vary in the range of 0.7-33.2 m3/ha. Monastyryskyi, Pidhaitsi, Zboriv and Pidvolochysk regions
are completely devoidof exploredsand reserves.
Zalischyky, Berezhany and Zbarazh districts are
also famous for the provision of sand (the share of
explored reserves per person of the district). All
other areas are very poorly provided with this kind
of raw material – 0.8-46 m3/person.

Fig. 1. Distribution and exploration of construction sand deposits in Podillya

Fig.2. Distribution of reserves and provision with construction sand of the administrative districts of Podillya
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The majority of explored sand reservesin the
region are suitable only for productionof construction mortars (more than 31 million m3). Theirmain
part is located in Berezhany, Ternopil and Zalishchyky districts, some small reserves can be found in
Husiatyn, Kozova, Terebovlia, Shumsk districts.
The sand reserves that are suitable for production of silicate bricks amount to a little more
than 24 million cubic meters in the region and their
main deposits are connected with Chernykhovetske
deposit in Zbarazh, Chystylivske - in Ternopil and
Novosilkivske - in Zalishchyky districts. Maloberezhtsivske deposit in Kremenets district has some
lessreserves.
Sand for concrete, silicate blocks and bricks
is found only in Zarudechkivske deposit (Zbarazh
district).
In addition, in the region there are certain
sand reserves for concrete, construction of roads
and building mortars of 3.6 million m3 (small deposits in Zbarazh, Ternopil and Terebovlia districts).
On valuable arable lands in the region there
are over 32 million m3 of sand reservesthat cover an
area of more than 281 hectares, andmake some
difficulties while conductingextraction operations.
More than 40 million cubic meters of raw materials
are located on non-arable lands and in the forests,
with a total area of 275 hectares. The deposits on
unoccupied territories are considered as a priority
forfuture developments.
The exploitation of deposits is mainly carried
out by commercial structures. The largest volume
of production (66.8 thousand m3) was recorded at
Zarudechkivske deposit in 2017, where the private
enterprise "Grafit" extracts sand for silicate blocks,
silicate bricks and construction mortars.
In total, in 2017, 356.6 thousand m3 of sand
raw material was extracted in the region (Korpan
N.W. et al., 2018).
In Khmelnytskyi region, as of January 1,
2018, 14 sand deposits with the approved reserves
(20.2 million m3) were exploited, 22 more deposits
with the potential of more than 57 million m3 were
in reserve (Korpan N.W. et al., 2018). In addition,
two pre-explored deposits with medium-sized reserves are found in Iziaslav district of the region:
Novosilkivske deposit with the reserves of
13,200,000 m3 by C1 category, which is located in a
wetland, and the deposit Pivneva Hora with reservesof 13,032,000 m3 byC1 category, which is located in a forested area. Both deposits are promising for detailed exploration work. In the region,
there are 5 well-known searched deposits located
mainly in Kamianets-Podilskyidistrict (alluvial
sands), fine sands with reserves in of
8,256 thousand m3 by C1+C2 categories. One deposit (Bilotynske) is undergoingresearch work in

Iziaslav district (C1+C2– 5,821 thousand m3). The
investigated deposits are not being exploited.
Moreover, in Khmelnitskyiregion 35 deposits (occurrences) of construction sands were examined.They are usually finewith total inferred
reserves of over 14 million m3. Some of them are
periodically developed by private individuals for
local needs (unauthorized extraction).
The distribution of construction sand deposits on the territory of the region is extremely uneven (Picture 1). Almost all explored reserves are
located in Slavuta (95%) and, partially, in Kamianets-Podilskyi districts. Many small surveyed deposits with few reserves are also found in Bilohiria
district. In most districts of the region, 2-3 small
deposits are usuallysurveyed, and such districts as
Krasyliv, Khmelnytskyi, Starokostiantyniv, Syniavtsi, Derazhnia, Yarmolyntsi (central) are completely devoid of construction sands.
Slavuta district is clearly distinguished due to
the number of balance reserves.There are 18 deposits explored in detail with total reserves of over
64.2 million m3 by A+B+C1 categories, 7 of which
are being exploited (total reserves are over
43 million m3). According to the dimensions of
reserves, such deposits as Horyn-Krupetske, Repyshchenske, Slavutske, Soloviivske are distinguished. The last two are not being exploited. Some
smaller reserves are found in two previously explored deposits of the neighboring Iziaslav district.
Only one district Slavuta(586.2 m3/person)is
rich in explored reserves of construction sand.In
Kamianets-Podilskyi and Polonne districts,this kind
of raw material can be partially found as well (8.5
and 8.6 m3/person). In such districts as Horodok,
Letychiv, Iziaslav, Chemerivtsi, Shepetivka, Nova
Ushytsia,the supplies are 0.7-7.4 m3/person. Other
districts of the region have no reserves of construction sand. A similar situation is observed when
considering the territory's saturation of sand reserves (picture 2).
The largest reserves of raw materials suitable
onlyfor usage in construction mortars are concentrated in two deposits of Slavuta district - Repshchenske (over 8 million m3) and Slavutske (8 million m3). In the same area, the main sand reserves
for silicate brick have been found (Krupetske deposit with reserves of about 15 million m3 of sand; it
is not being exploited). In Slavuta district, thelarge
sand deposit suitable for silicate blocks and bricks
is Soloviivske with reserves of more than 15 million m3.It has been explored. It is the only one in
the region and it is not being exploited now.Some
more deposits are also found in the region: a sand
deposit for the road construction and construction
mortars (Horyn-Krupetske, more than 3.8 million
m3), two sand deposits for concrete and construc516
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tion mortars (Polianske and Starytsia-2 with total
reserves of
38 million m3) and small deposits of sand,
which can be used only for concrete, or for concrete, silicate blocks and bricks. Thus, in the region
there is a shortage of quality sands for concrete,
road surfacing but sands for construction mortars
are widely distributed .
The deposits with balance reserves in the region occupy 267.6 hectares of arable land, in addition, another 32 hectares of productive land is under
the deposits which are only being searched. At the
same time, about 200 hectares of land are occupied
by reserves of deposits that are currently under
development. More than 16 million cubic meters of
balance reserves, that is about 166 hectares of land,
are located on non –arable land. Additionally, 116
hectares of non-agricultural land are occupied by
pre-explored deposits (more than 13 million cubic
meters of sand). Another 17 million cubic meters of
balance reserves are located in forested areas
(157 hectares); and 13 million cubic meters of the
explored deposits in Iziaslav district (72 hectares)
are in the forest area. So, the distribution of sand
reserves on the territory of Khmelnytskyi gives
hope that in the near future they will be exploited
without significant losses tothe agricultural lands in
the region.
In 2017, the extraction from the explored reserves amounted to 683.6 thousand m3 of raw materials, which significantly exceeds the production in
the neighbouring Ternopil and Vinnytsia regions
during the same period.However, in fact, it is very
small (for comparison, in 1992, 1,146 thousand m3
was extracted from the explored balance reserves).
The largest extraction volumes wererecorded in two
deposits of Slavuta district - Horyn-Kropetske and
Polianske, where sand is extracted for concrete and
building mortars. All sand mining in the region is
concentrated in Slavuta district.
The deposits of Slavuta district are exploited
by private enterprises and, partially for construction
of the Khmelnytskyi Nuclear Power Plant. The
sand is used for the production of silicate bricks and
blocks, for making concrete, construction and plaster mortars. Only Horyn-Krupetske and Repyshchenske deposits are provided with explored reserves for the long term; other fields need additional research or searching for new promising areas.
In
Vinnytsia
region,
among
41depositsexplored in detail and included in the
asset list, only 15 of them with reserves of more
than 12.2 million m3 were developed, as of
01.01.2018 (Korpan N.W. et al., 2018).
In the region, 26 balance deposits with capacity of more than 32.3 million m3 are included in
the reserves. Moreover, 5 pre-explored deposits
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with the reservesof over 34 million m3 by C1 + C1
categories have been found. One of them (Pobirske)
is large, located in Teplyk district. There are four
other deposits, one of them (Sosonske-3) is also
large, located in Vinnytsiadistrict. 39 sand depositsin the region are considered to be preliminarily
surveyed and they are periodically used to work
outthe unapproved reserves. Data on production
volumes in these fields are absent.
As can be seen in Picture 1, the majority of
the explored and searched deposits are located
along the Dniester in the southern parts of the region: first of all, in Mohyliv-Podilskyi, as well as
Murovani-Kurylivtsi, Tomashpil, Yampil, Pishchanka, Teplyk, Chechelnyk districts. All deposits
are small, as a rule, theirsupply volume does not
exceed 2 million m3, except Lukashivske deposit in
Trostianets district, which has average reserves.
One more group of deposits is stretched like a narrow band through the central districts of the region:
Tyvriv, Vinnytsia, Lypovets, Pohrebyshche districts. These are mainly the sands of the
NeogeneBаltian formation, rarely - alluvial and
fluvioglacial sands. The deposits have a small
supply volume. Vinnytsia district (6.0 million m3),
Trostianets district (12.0 million m3), Tyvriv district
(4.6 million m3) and Mohyliv-Podilskyidistrict
(3.9 million m3) stand out for their balance reserves
among the administrativedistricts.
In many districts (Haisyn, Chechelnyk,
Yampil, Tomashpil, Chernivtsi, Tulchyn, Pohrebyshche, Kalynivka and Murovani Kurylivtsi) the
total sand supplies range is 0.3-2.5 million m3. In
some areas, mostly northern ones, there are no sand
reserves at all. (Picture 2).
Trostianets (184.4 m3/person) and Tyvriv
(87.5 m3/person) areas are best provided with sand
l. Other areas are poorly provided with this type of
raw material (1.3-48.5 m3/person) (picture 2).
In the region, 12 deposits of sand for construction mortars have been explored, their total
reserves exceed 12 million m3. Two small deposits
are being exploited.
One sand deposit with average reserves
(9.5 million m3) for silicate blocks and bricks has
been found. It is Lukashivske. In general, 7 deposits
of sands for the production of silicate bricks and
blocks were explored. All of them are small. The
sands of other deposits are suitable mainly for construction mortars, concrete and road construction.
The explored balance reserves of the deposits
occupy 199 ha of arable land, 103 ha of which are
on exploited fields. Another 72 hectares of arable
land are occupied by previously explored deposits.
On non-arable land there are only 9 million m3 of
balance reserves (90 hectares) and about 16 million
cubic meters of the reserves of previously explored
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deposits (51 hectares). Besides, a certain amount of
the balance reserves (about 3 million m3) is found
in the forested areas and occupies more than 72
hectares; previously explored deposits in the forest
area cover 21 hectares of land.
In 2017 extraction was actually carried out in
four deposits: Hunchanske, Zherebylivske, Zhuravske, and Tyvrivske. The total production
amounted to 116 thousand m3.
Conclusions and recommendations. 1. It has been
established that the majority of construction sand
depositsof Podillya for different purposes are
confined to Quaternary (Anthropogenic) sediments,
Badenian, Sarmatian and Bаltianformations of
Neogene and, partially the Cenomanian deposits of
the Cretaceous series. Nowadays the latter are
explored only within Adamivskeglauconite-quartz
sanddeposit.
2. It was found that the location of the sand
deposits in Podillya is genetically predetermined.
Thus, a strip of mainly alluvial sands of the
Quaternary age is distinguished as a single whole,
which extends along the Dniester through the
southern parts of Podillya. Another group of
deposits clearly stands out in the central and
western parts of Ternopil region. These are the
Badenian sands of Berezhany, Zboriv, Kozova,
Ternopil and Zbarazh districts. A very compact
group of alluvial and fluvioglacial sands ofthe
Pleistocene is located in the northern regions of
Khmelnytskyi–the deposits of Slavuta, Bilohiria
and Iziaslav districts. One more group of deposits,
mainly associated with the deposits of MiocenePliocene and AnthropogenicBaltianformation,
stretches like a narrow strip through the central
districts of Vinnytsia region - Tyvriv, Vinnytsia,
Lypovets, Pohrebyshche. These four groups of
deposits are in contrast to the isolated occurrences
or the complete lack of the explored reserves of
construction sands in the neighbouring territories.
3.There is a clear interdependence between
the content of different size particles and the chemical sand composition of Miocene Opillia formation
on the territory of the explored region: with an increase in the content of particles smaller than 0.16
mm, the content of silica is drastically reduced and
the content of alumina is increased. This revealed
featureof sand formation can be used to predict the
qualitative characteristics of sands in theunexplored
parts of West Podillya.
4.There is no visible interconnection between
the thickness of the sand layers and the quality of
sands of Opillia formation. We can clearly see a
decrease in the thickness of the sandy layers formation in the eastern direction with the simultaneous
increase in the thickness of the covering earth formations (Syvyi, 2004).

5. The central and southern districts of
Ternopil regionsuch as Zbarazh, Ternopil,
Berezhany, Zalishchyky, Slavuta district of
Khmelnytskyiregion, as well as the central and
southern districts of Vinnytsia region such
asVinnytsia, Tyvriv, Lypovets, Trostianets and
others are provided with the explored reserves of
construction sands for different purposes best of all.
A significant shortage of sandy raw materials is
recorded in most parts of Khmelnytskyi.The sand
deposits of Vinnytsia region haveusually small
reserves, and, in addition, because of the high content of clay fractions they often need to be enriched
(Bаltianformation, Sarmatian stage).
6. The explored (and exploited) sand deposits
used mostly for production ofconstruction mortars,
road construction and provision of public services
and utilities, recultivation and territorial usage predominate in all three regions. There is less sand for
silicate products, and bricks.In Khmelnytskyi
region there is a lack of high-quality sand for
concrete androadconstruction. InVinnytsiathere is a
lack of sand for silicate products, and road
construction.
7. In our opinion, the further development of
the raw mineral base of construction sands in
Ternopil region can be done by: a) increasing the
volume of sand extraction, primarily on the
prepared deposits, in particular, Chystylivske,
Shliakhtynetske, Berezhanske and others; b) the
commissioning of reserve deposits such as
Maloberezhtsivske, Novosilkivske, Volytske, etc.,
c) carrying outexploration works on some occurrences of sands with unapproved reserves
(Lysovetsky, Yosyfivsky, etc.), d) conducting
searches within promising areas (KolodnoSelyshchanska
of
Zbarazhdistrict,
KutyVaskivetska, Letovyshchenska and Tsetsenivska of
Shumskdistrict).
The prospects for construction sand production in Khmelnytskyi region are connected, first of
all, with the commissioning of balance reserves of
such deposits of Slavuta district as Krupetske, Soloviivske and others. The increase in industrial supplies should be expected after the detailed work on
previously explored deposits of Iziaslav district
(Novosilkivske, Pivneva Hora).
In Vinnytsia region, the extraction can be increased by commissioning thethoroughly explored
deposits, as well as the additional research onpreexploredones with their subsequent exploitation.
First of all, this concerns such large deposits as
Sosonske-3 in Vinnytsia and Poborske in Teplyk
districts, which are located on non-arable lands and
forested areas. The growth of sand reservescan be
achieved by carrying out exploration works on the
promising areas and additional research onthe ex518
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plored deposits: a) in regions of Baltian deposits
development (Vinnytsia, Zhmerynka, Tyvriv, Teplyk, Chechelnyk districts); b) in the areas of the
alluvial deposits formation (mainly in the central
and northern parts of the region), d) in the areas
rich in Sarmatian deposits (the southern and southwestern parts).
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Periodization of the studies of territorial organization of recreation and tourism
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Abstract. The article deals with the main periods of formation of views on the territorial
organization of recreation and tourism from the moment of the establishment of tourism
as an independent sphere of activity to the present. It is stressed that a great deal of
scientific works are devoted to the territorial organization of recreation and tourism,
which has a hierarchical multilevel structure with a system of various connections. The
purpose of this study is to periodize the scientific approaches to the territorial organization of recreation and tourism, as well as to
identify current trends in this field. It was established that the first period is based on the understanding of tourism as a systemic
phenomenon, during this period the concept of territorial recreational systems was developed, and at the same time, the basis of the
study of the causes of territorially uneven development of tourism was laid. At this stage, researchers began to pay more attention to
the role of behaviour, and to general psychological factors that motivate potential consumers of tourist products, to the perception of
tourists of destinations. The second period is characterized by the spread of the concept of tourist destination and the beginning of the
use of clusters in the tourism sector. The third period is marked by the center-peripheral model of tourism development, the
possibility of transformation of the territorial organization of tourism through globalization processes, the emphasis on the
environmental components of tourism activity. The most developed means of organizing a territory is recreation and tourism zoning,
which traditionally serves as the scientific basis of territorial planning and tourism complex management, and is important in the
implementation of tourism infrastructure development programmes. Among the current trends in the spatial organization of tourism
activities the process of clusterization is noted, which spatially occurs both on the local and global levels. One of the characteristic
features of the cluster as the concentration of interacting and simultaneously competing enterprises is the developed network of
horizontal ties, the importance of cooperation at different levels for synergetic effect. It is determined that the characteristic feature of
the recreational-tourist cluster is not only the complementarity of the enterprises belonging to it, but also the impossibility of operating them outside the recreational and tourist sphere.
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Періодизаціядосліджень територіальної організації рекреації та туризму
В.В. Яворська1, І.В. Гевко2, В.А. Сич1, К.В. Коломієць1
1
2
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Анотація. В статті розглянуто основні періоди наукових досліджень територіальної організації рекреації та туризму від
моменту становлення туризму, як самостійної сфери діяльності до сучасних тенденцій. Наголошено, що проблемі територіальній організації рекреації та туризму, яка має ієрархічну багаторівневу структуру з системою різноманітних зв'язків, присвячено чимало наукових праць. Метою дослідження є періодизація наукових підходів до територіальної організації рекреації та туризму, а також виявлення сучасних тенденцій в цій науковій сфері. Встановлено, що перший періодбазується на
розумінні туризму як системного явища, саме в цей період розроблено концепцію територіальнихрекреаційних систем,
такожбулизакладеніосновидослідження причин територіальнонерівномірногорозвитку туризму. В цей час науковці почали
більше звертат иувагу на роль поведінки, та взагалі психологічні фактори, які мотивують потенційних споживачів туристських продуктів, на сприйняття туристами дестинацій. Другий період характеризується поширенням концепції туристської
дестинації та початком застосуванням кластерів у туристичній сфері. Третій періодвідзначається центр-периферійною моделлю розвитку туризму, можливістю трансформації територіальної організації туризму завдяки глобалізаційним процесам,
акцентуванням на екологічні складові туристичної діяльності. Доведено, що найбільш розробленим засобом організації
території є рекреаційно-туристичне районування, яке традиційно виступає в якості наукової бази територіального планування та управління туристичним комплексом, має значення при реалізації программ розвитку туристичної інфраструктури.
Серед сучасних тенденцій в просторовій організації туристської діяльності відзначений процесс кластеризації, який в про-
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сторовому відношенні відбувається як на локальному, так і на глобальному рівнях. Встановлено, що одним з впливовіших
факторів, завдяки якому відбувається трансформація туристично-рекреаційного простору, є процес глобалізації.
Ключові слова: рекреація, туристична дестинація, територіальна організація, територіальна рекреаційна система, туристичний кластер.

Introduction. The most important characteristic of
a territory, along with its physical and geographical
parameters and resources, is the level of its
organization, both of the territory itself and the
human activity on it. The effectiveness of activities
in any sphere, along with other factors, also
depends on its spatial organization. The notion of
"organization" has no universal definition, because
it integrates several more simple concepts. An
"organization" is an internal order, coherence,
interaction of more or less differentiated and
autonomous parts of the whole, which are
determined by its structure. Territorial organization
characterizes the geospatial structure of socioeconomic components of the landscape. Like the
very life of society, territorial organization has a
hierarchical multilevel structure with a system of
diverse relationships (Topchijev, 2005).
In modern conditions, the territorial
organization of society undergoes significant
changes at all levels - from local to global.
Recreation and tourism in this case are no
exception. Recreational-tourism activity directly
depends on regional factors, including geopolitical
situation, natural-recreational resources, historicalcultural heritage and their territorial combinations complexes. Study of the problems of the territorial
organization of recreation and tourism can be considered prior, for it creates the basis for further
economic, sociological, environmental and other
researches. Despite the fact that the non-productive
sphere was considered within the framework of the
Central Place Theory of such classics as W.
Crystaller and A. Lösch in the 1930's, the elements
of the territorial organization of tourism were
directly investigated only in the 1960's after
forming the system of scientific views on tourism
as an independent branch of scientific knowledge.
Since then, many domestic and foreign authors
have focused their works on the problem of territorial organization of tourism activities. Thus, the
purpose of the study is to periodize of scientific
approaches to the territorial organization of
recreation and tourism, and also to determine the
current trends in this scientific sphere.
Material and methods of research. Analysis of
publications. The beginning of active research on
the territorial organization of tourism can be
considered the early 1970s. It is worth noting the
work of such researchers as А. Y. Aleksandrova, O.
O. Beidyk, C. A. Gunn, N. Leiper, O. O.
Lyubitseva, E. Metyson, V. I. Stafiychuk, D. M.
521

Stechenko, O. G. Topchiyev and others. However,
despite the large number of works on this problem,
many of its aspects remain poorly developed, which
conditions the relevance and theoretical
significance of systematizing existing scientific
views. The prevailing tendences in the territorial
organization and spatial tourism models are the
criteria for distinguishing periods.
Results and Discussion. The first period of the
study of the territorial organization of tourism took
place in the beginning of the second half of the XX
century, and is connected with the consideration of
tourism as a system object in both domestic and
foreign studies, which is associated with the
development of the system-structural approach in
science over that period. In addition, the second
half of the XX century is characterized by the
general humanization of science, increased interest
in humans, the study of mental processes, including
those related to the needs of tourism . In the early
1970's, scholars developed the concept of a tourist
system, consisting of several subsystems. The
theoretical basis of the research on the territorial
organization of recreational areas is the concept of
territorial recreational systems (TRS), developed by
V. S. Preobrazhensky (Preobrazhenskij, 1988).TRS
is a complex managed and partially self-directed
demo-ecological
system
consisting
of
interconnected subsystems: natural and cultural
complexes,
engineering
structures,
service
personnel, management and tourists, with
functional and territorial integrity. Each of the
subsystems performs its functions and has specific
characteristics, and the management personnel is
engaged in coordinating activities, ensuring the
coordinated functioning of the system as a whole.
In turn, there are factors that influence the needs of
individuals, groups of people or society in general:
natural, demographic, psychological, medical and
biological, etc. It should be emphasized that
territorial recreational systems have a limited
functional orientation , they were developed only
for resort and recreational activities.
In addition, at that stage, the fundamentals of
the study of the causes of territorially uneven
development of tourism weredeveloped, as the
significance of the concentration of natural and
cultural-historical resources in the region was
highlighted. It became clear that the theory of the
central places of W. Cristaller and A. Lösch also
works in the field of recreation and tourism,
according to which the main generators and
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receivers of tourist streams are socio-economicly
developed centers with a high number of
infrastructural objects. Peripheral regions are usuallycharacterized by difficult transport accessibility
and absence of comfortable accommodation
facilities, while they have specific recreational
resources for the development of non-traditional
types of tourism.
It should be noted that the concept of TRS
was developed further. Thus, C. A. Gunn included
in this system not only tourists and the entire corresponding infrastructure, but also the managerial
and informational component, which allows us to
state that this constituted the beginning of research
on the territorial organization of tourism. At the
same time, besides natural and cultural factors, the
author assigns a special role in the successful
development of the territorial organization of
tourism to the economic conditions: the financial
condition of consumers, the degree of development
of the sphere of entrepreneurship, competition, etc.
C. A. Gunn has also mentioned the importance of
human resources, as well as statemanagement and
support to optimize the territorial organization of
tourism activities (Gunn, 2002). Over that period ,
researchers began focusing more on the role of
behaviour, and psychological factors that motivate
potential consumers in general. An American
researcher, S. S. Plaug, was first who analyzed the
dynamics of resort areas from the historical perspective, considering the stage of development of
the location related to the psychographic
characteristics of the main contingent of visitors.
He assumed that the contingent of visitors changed
with the development of the tourist area. French
geographer, J. Mioccek, emphasized the dynamic
nature of the destination,determined four stages of
the development of a territory and explained the
emergence of new local centers in relation to the
division of the tourist space into hierarchical levels
- cores, areas, group systems of resorts
(Miossec,1977). Important for further study of the
spatial organization of tourism activity was the
conceptual model of the tourist destination developed by the Canadian geographer J. Lundgren, in
which the author developed tourist destinations in
a hierarchical order: the central city (megapolis),
peripheral cities, rural destinations, nature-oriented
tourist areas (Aleksandrova, 2010).
By the end of the 20th century the processes
of globalization had led to increased mobility of the
population, the degree of its awareness in the field
of travel and, accordingly, the emergence of new
tourist destinations. In connection with this, the
analysis of the territorial structure and organization
of tourism, which requires the development of new
approaches, became more complicated. The second

stage can be called a transitional period between the
two main stages, characterized by the beginning of
a radical change in paradigms in studies of the
territorial organization of tourism. At this stage, the
concept of tourist destination was becoming
widespread. According to N. Leiperem, a tourist
destination is a territory for interaction of tourists
with infrastructure and tourist resources, and the
tourist and information flows not only connect the
deployment with other components of the tourist
system (the region generating tourists and the
transit region), but also exist within the very
destination (Leiper, 1979). M. J. Lamont drew
particular attention to the modernization of the
presentation of a tourist destination in Leiper’s
model and proposed the modification of the
classical element of the tourist destination (Tourist
Destination Region) reflected in three hierarchical
elements (destination area, region of tourist
destination, destination point) associated with many
routes and destinations; and secondly, proposed to
divide transit routesinto the primary and secondary
(Lamont, 2009). Since the mid-1980s, models of
spatial patterns of tourist movements began to
evolve, the main focus of which is on the systemlinking - the movement of tourists. This class of
models combines the so-called route models based
on the distances function. The Czechoslovak
scientist P. Mariot was one of the first to associate
the place of the permanent residence of a tourist
with a destination (tourist center) with three types
of routes: routes for the delivery of tourists to a
place of rest, routes for the delivery of tourists in
the opposite direction and recreational routes.
Studies by foreign authors in the field of
tourism and recreation are now also associated with
the development of ideas about the passage of
separate elements of the territorial organization of
tourism through several development stages. The
concept of the life cycle, proposed by English
scientist R. Butler, has become the basis of research
on what constitutes and how tourist destinations
and their markets change over time (Butler, 1980).
R. Butler noted that the reasons for the
development and change of tourist areas or centers
are: changing the preferences and needs of tourists,
the transformation of tourist infrastructure, change
(and even disappearance) of the natural and cultural
monuments available in a given tourist center. His
contribution to the study of the spatial-temporal
development of tourism has also been made by the
French geographer E. Gormssen, whose model, on
the example of the development of seaside resorts
in Europe, illustrates the link between the evolution
of tourist destination and changes in the social
structure of tourist flows, as well as the capacity
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and variety of accommodation infrastructure
(Gormsen, 1981).
Russian researchers Mironenko N.S. and
Tverdohlebov introduced a similar notion of
"recreational area" - a set of interconnected
enterprises that meet the needs of vacationers on
the basis of natural, cultural and historical
resources, as well as economic conditions of the
territory (Mironenko, Tverdohlebov, 1981). The
main conditions and factors of development in the
recreational area were identified by the authors as
the natural and socio-economic environment. At the
same time, a complex of socio-economic factors
was divided into internal within a given region, and
external ones that arise when exposed to the
environment outside the area. Other authors, I. V.
Zorin, A. I. Zorin identified two groups of factors
for the development of the territorial organization
of tourism activity: those which generate, that is,
connected with the emergence of needs in the
tourist and recreational system, and those that
implement, with the natural and cultural-historical
resources that can meet the needs of tourism, as
well as socio-economic conditions (Zorin A., Zorin
I., 2011) .
In the last quarter of the XX century, the
"frame" approach that was used in socio-economic
geography since the 1960s extended into research
on the territorial organization of tourism extend. As
plane elements tourist areas are considered, point
elements - tourist and recreational facilities, and the
connecting link are linear elements - the main
tourist routes and transport highways. But the main
supporting elements of the frame are knots - tourist
centers, potential "poles of growth". The frame
approach allows us to identify the most important
tourist centers, the "axis of development", as well
as to pay attention to promising elements of the
frame from the point of view of tourism
development.
Later, the search for a rational way of using
tourist resources to meet the needs of the
population and obtain economic benefits led to the
fact that in the 1990s the ideas of M. Porter on
production clusters began to spread among authors
of tourism. One of the first researchers in this area
was M. Monforth, who considered the tourist
cluster as a set of enterprises, resources and
infrastructure directly or indirectly involved in the
provision of tourist services, focusing mainly on the
characteristics of these components (Monfort, Vicente, 2000). Tourism has become massive,
competition on the international tourist market has
increased and also the search for benefits, which
also influenced the popularization of the study of
the territorial organization of tourism within
clusters. With the advent of research on such
523

elements of the territorial organization of tourism
and recreational clusters, attention has been drawn
to two more important factors of their development:
cooperation between cluster actors and the role of
effective coordination of their activities by
management.
So, at this period, the last decades of the XX
century, the key forms of territorial organization
were tourist clusters and destinations. As in the first
period, research mainly contains a description of
the components of a territorial organization, while
maintaining a systematic and integrated approach.
An increasingly important role was played by the
economic factor, which was associated with a
gradual awareness of the role of tourism for the
socio-economic development of the regions and the
country. During this period motivational, sociocultural, ecological, marketing, forecasting,
econometric models of tourism were introduced.
This is primarily due to the multidisciplinarity of
the phenomenon of tourism, which can be
considered from the point of view: economics,
geography,
sociology,
ecology,
law.
Sociologization of academic research in
recreational geography continues: marketing
researches, attempts to study the degree of
attractiveness of tourist regions and to influence the
emerging needs of the population are carried out in
order to obtain not only economic, but also social
effect.
From the beginning of the XXI century, the
previous period was replaced by the third period of
the development of studies of the territorial
organization of tourism, which is characterized by
versatility of ideas and directions. Modern
researchers in the field of tourism continue to
develop ideas that have arisen both in the first, and
in the second periods. In our time, the concept of
the Territorial Recreational System has been further
developed. The Territorial Recreational System is a
complex and multi-faceted phenomenon, the main
purpose of which is to meet the recreational and
tourist needs of people, which is a structure of
interconnected elements in interaction with the
environment.
The most developed definition of structuring
a territory is recreation and tourism regionalization,
which traditionally serves as the scientific basis of
territorial planning and management of the tourist
complex and is important in the implementation of
development programmes of tourism infrastructure.
The reason for the allocation of particular tourist or
recreational areas is the peculiarities of territorial
concentration and specialization of the sector of
tourist and recreational services. The basis for
distinguishing recreational areas or regions as a
whole is three groups of criteria: natural, historical
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and socio-economic, which have certain
differences. In the general sense, all of these criteria
groups affect the specialization of regions, the
production of certain products or services,
including recreational, which leads to the
development of territorial division of labour. Thus,
recreational regionalization is one of the types of
specialized regionalization and is complex.
Recreational regionalization makes it possible to
distinguish, on a scientific basis, territories with a
similar recreational specialization, that is, the
allocation of territories of different taxonomic rank
with a certain set of recreational resources and a
corresponding set of services, different from other
territories. Recreational regionalization, like any
other, has a twofold essence .First, it should be
regarded as an instrument for studying the
territorial organization of the phenomenon under
examination, in this case, recreation and tourism,
and secondly, as a reflection of a certain stage of
development of this phenomenon in a certain
territory. A recreational area is a territory
characterized by a combination of natural, historical
and
cultural,
socio-economic
recreational
conditions and resources, and the corresponding
degree
of
development
of
recreational
specialization, which distinguishes it from other
territories. When studying the conditions of
recreational regionalization it is necessary to take
into account that they create only preconditions for
the functioning and development of these areas, and
their actual implementation depends on the factors
of formation of recreational areas, which include:
the level of comfort and the duration of favourable
climatic conditions and weather; variety of natural
conditions and resources; saturation and territorial
combination of historical and cultural monuments;
the degree of attractiveness, attractiveness of
natural, historical and cultural monuments for the
bulk of tourists; the level of penetration of the
district by the transport infrastructure; level of
development of tourist infrastructure; level of
service and qualification of the working personnel;
natural capacity of the territory, etc.
One of the leading approaches at this stage is
a systematic approach, aimed at studying all
interactions both inside the system and with the
outside world, which involves the allocation of
certain components of this system of different
levels of the hierarchy. In this connection, speaking
about the systematic approach in studying the
territorial organization of tourism, such a universal
model as "center-periphery should be distinguished
", which was introduced into the regional economy
and socio-economic geography by J. Friedman in
the mid-1960s. According to Friedman's classical
model, social space develops unevenly, which gives

rise to territorial disproportions (Friedmann, 1966).
Organization of territories is characterized by
different forms, the most widespread of which is
the centre -periphery , in which around the
territorial core like concentric circles are the near
and distant periphery, connected by transport and
communication corridors with different intensity of
internal and external interactions with the core and
other territories (the environment for a territory
organized incertain way ). The global tourism
market also has a heterogeneous spatial structure.
Thus Aleksadrova A.Yu., based on 12 indicators,
ranked 117 countries of the world and identified the
Center for Global Tourism (France, Great Britain,
Germany, Spain, Italy, Austria, USA, Canada,
Japan); Semi-periphery of the world tourist space newly industrialized countries of Asia, countries of
Central and Eastern Europe; Periphery divided into
advanced (Latin America) and deep (Africa, South
Asia) (Alexandrova, 2014).
During this period cluster research in the
field of tourism was widespread, including in
Ukraine, as a transition from a centralized to a
regional economy was taking place. It should be
noted that the definition "cluster" in natural
sciences has been used for a long time. Thus,
researchers emphasize the fact that the scientific
tourism literature clearly sees change in the
fundamental concepts: the tourist center - the
recreational area - the territorial recreational system
- the resort - tourism destination - tourist cluster.
So, let's pay attention to the distinctive features of
the cluster and those concepts to the territorial
entities that existed in national science. A territorial
production complex (TPC) is a set of industrial
enterprises in a certain territory, united by the
comon usage of transport, geographical position
and industrial infrastructure. Note that the term
refers more to the centralized economy than to the
spontaneously developing production complexes.
The main difference between TPC and clusters in
the interpretation of Michael Porter is the inevitability of competition within the cluster (Porter,
1990).
Regarding another definition - the territorial
recreational system, then in this case, the most
important feature that characterizes the functioning
of the TRS in the conditions of the administrativecommand economy is the centralized financing of
accommodation facilities - sanatoriums, boarding
houses, etc. Consequently, there was no economic
link between the cost of building and operating
TPCs, and hence the cost of the services provided
and the real demand for these services, which were
distributed with the payment of most of them from
the same public funds. Therefore, the TRS was
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more relevant to spatial planning than to a regional
economy.
A recreational area is a place or a whole
region, intended for multi-purpose recreation or
tourism; area allocated as a result of recreational
regionalization. A tourist region is a territorial
combination of economically interconnected tourist
enterprises specializing in the maintenance of
tourists, which facilitates meeting their needs in the
best way possible, using existing natural and
cultural-historical complexes of the territory and its
economic conditions; a territory that has a large
network of special facilities and services necessary

for the organization of recreation or healing(Kolomijec' at al., 2017). Clusters can be located
on the territory of one or several regions and are
territories of a specific type characterized by a clear
specialization.
A tourism destination is a specific area which
tourists choose to visit and spend some time in, the
territory where the main processes of interaction of
tourists with tourism infrastructure take place.
Destinations have physical and administrative
boundaries that define the management system of
the destination, the image and perception and
market competitiveness.

Table 1. Definition of "cluster"

Definition
Cluster
(economic)

Author
M. Porter
(Porter, 1990)

Year
1990

Regional
cluster

1992

Tourist
cluster

M. Enright
(Enright.,
2001)
I. B. Rubies
(Rubies, 2001)

Thematic
tourist
cluster

K. Z. Adamova
(Adamova,
2008)

2008

Tourist and
recreational
cluster
Tourist and
recreational
cluster

V. I. Kruzhalyn
(Kruzhalin,
2009)
O. O. Masligan
M. V. Dychka
(Maslygan and
Dychka, 2012)

2009

Local tourist
system

L. Lazzercetti
F. Capone
P. Doan
(Doan, 2013)

2013

Tourist
cluster

D. I. Basyuk
N.V. Korzh
(Korzh and
Basjuk, 2017)

2017

2001

2012

A group of geographically related affiliated companies and their
associated organizations operating in a particular area and
characterized by joint activity and complementing each other
Geographical agglomeration of firms operating in one or more
related branches of the economy
Tourist cluster includes tourist resources and attractions,
infrastructure, material base, service providers, related sectors
and administrative mechanisms of integrated and coordinated
activities that ensure that the expectations of tourists (clients) are
met by visiting the chosen destination
Special form of clusters in tourism are thematic tourist clusters,
such as sports, adventure or cultural-cognitive. Each of them
is formed on a homogeneous segment of the tourist market,
covering a certain product niche
A group of geographically neighboring interacting companies
and related government agencies that form and serve tourist
flows and use the recreational potential of the territory
Artificial, concentrated on the geographical feature-centred
union of independent partners of a partnership around the core
of the "source of resources". At the same time, independent
partners of the partnership can be companies or interconnected
complexes of companies that work together or serve individual
segments of the industry and related organizations, institutions
in other fields of activity.
The structure is singled out on the basis of socio-geographical
links which specialize in tourism activity, it possesses the
necessary natural and historical and cultural resources and
functions operating through a network of closely interconnected
enterprises (mostly small and medium ones), each of which is
responsible for providing one or more of several types of
services.
Group of companies concentrated geographically within the
region, sharing tourist resources, specialized tourist
infrastructure, local labour markets, carry out joint management
and marketing activities.

Special economic zones of tourist and
recreational type (SEZ) are a certain part of the
territory of Ukraine, which establish and operate a
special legal regime of economic activity and the
525

procedure for the application and operation of the
legislation of Ukraine. Such zones should have, in
addition to a unique natural resource potential for
tourism and recreation, a developed network of

V.V. Yavorska, I.V. Hevko,V.A. Sych, K.V. Kolomiyets

Journ.Geol.Geograph.Geoecology, 27(3), 520-528

________________________________________________________________________________________________________________________________________________________________

communications, a logistical base for tourism and
recreation,
adequate
provision
of
social
infrastructure objects. Over time,the transformation
of a SEZ into new forms of spatial organization,
primarily clusters , would be possible.
As we see, every successive decade was
marked by the emergence of a new concept on the
basis of the initial - the tourist center. Thus, this
series of concepts suggests that it is the regional
characteristics that continue to seek their exact
reflection in the corresponding concept. The cluster
theory has not yet reached a rigid boundary and is
still in development. The multidimensionality of the
existing definitions of the tourist cluster, which is
present in the domestic and foreign scientific
literature, can be represented by the following
approaches to the content of this concept (Table 1).
From the table above, we can see that the
concept cluster combines different branches, different authors have different approaches to the
definition of the tourist cluster and its composition,
but the general feature is the allocation of such
characteristics of the cluster as geographical
concentration, interaction, cooperation and, as a
consequence, diversification and deepening the
specialization of tourist services. Allocation of
clusters with all their internal and external
connections allows us to identify actively
developing tourist destinations. In accordance with
the provisions of the center-peripheral concept, the
most dynamically developing are peripheral areas,
while the center is more stable. Accordingly, new
clusters willmost actively occur on the periphery,
while the center will be characterized by constant
production links. At the same time, by combining
the center-peripheral model and the cluster
approach, it is important not to overlook the nondeveloping periphery. In some cases, such areas do
not have the necessary resources, but areas may
also be found that may potentially develop new
clusters of tourism.
The use of a cluster form of development of
the tourism services market takes into account the
key features of the operation of tourist destinations,
such
as
technological
connectivity
and
complementarily of tourism activities; a significant
proportion of small and medium-sized businesses
engaged in the formation and maintenance of
tourist flows; the integrity of tourism activity in the
structure of the population's life cycle, spatial
localization of the tourist product; route territorial
organization of tourism. The main difference
between the cluster in the field of recreation and
tourism from industrial (industrial, agro-industrial,
service, etc.) lies in its route territorial organization.
The tourist route and its corresponding tourist flow
connects objects, turning them from competing

intothe interacting elements of a system. On the
other hand, the tourist needs a balanced product,
which contains not only an attractive object, but
also
acceptable
accommodation,
food,
entertainment, etc. This product should be
developed from the very beginning and then
promoted as a common matter of tourism operators
and operators of tourism infrastructure. Thus,
cluster formations help each of their participants to
realize themselves as part of the whole. Moreover,
clusters "work" on the image of not only
companies, but the image of the entire region, and
thus provide an opportunity for domestic tourist
products and tourist destinations to enter the
international tourist market.
A characteristic feature of the recreational
and tourist cluster is not only the complementarity
of the companies that belong to it, but also the
impossibility of their functioning outside the
recreational and tourist spheres. So the factors of
association of territories in monospecialized
clusters (Smochko, 2015) are considered by the
Ukrainian researcher to include the following: the
high quality of the landscape environment, which is
considered through the prism of ecological and
biological conditions of human living, which are
formed under the conditions of spatial organization
of resettlement of territories of a special type;
transport accessibility - the importance of the factor
lies in the fact that only special types of territories,
provided
with
interconnected
transport
infrastructure and engineering infrastructure areas,
can form monospecialized areas, centers and cores;
presence of processes of concentration of the tourist
market, reduction of the number of tour operators
and travel agencies and understanding of the
effectiveness of integrated tourism development.
That is, one of the characteristic features of the
cluster as the concentration of interacting and
simultaneously competing enterprises is the
developed network of horizontal connections, the
importance of cooperation at different levels for the
synergetic effect. There are examples of local
(created at the municipal level, the levels of
separate
settlements),
regional,
national,
transnational (include foreign companies in their
members), cross-border (operating in the border
areas of adjacent countries).
Thus, the modern period of scientific
approaches to the territorial organization of tourism
is associated with the further implementation of
those concepts that were developed in earlier
periods. But today, globalization, ecological and
social security, the geopolitical situation, state
policy in the field of tourism, the scientific and
innovation base and human resources, as well as the
psychological motives of tourists, are starting to act
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as the key factors for the formation of the territorial
organization of recreation and tourism.
In today's conditions, tourist and recreational
space is undergoing a profound transformation in
connection with the processes of globalization,
which introduces new features : high dynamics of
the market conditions of the tourist market, the
unification of tourist products, dominance of the
tourist market by large transnational tour operators,
penetration into the regional and local hierarchical
levels of tourism subculture, which often lead to
imbalance in the socio-economic development of
the regions concerned. Thus, the global process is
based both on territorial coverage and on the
organization of all elements of the recreational and
tourist space. At the same time, the fact of the
presence of a large number of external and internal
factors affecting the territorial organization of
tourism underscroes the dynamism and instability
of modern tourist systems.
Conclusions. Summing up, we can say that the
study of the territorial organization of recreation
and tourism from the second half of the last century
to the present can be divided into three periods.
Each subsequent period contained the approaches
and concepts of the previous one, but at the same
time they developed in the light of new world
scientific trends. For each period, the domination of
certain models of recreation and tourism is typical.
At present
,the process of globalization is
becoming a driving force for the modernization of
the territorial organization of tourism and recreation
both locally and globally.
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Social and geographical aspects of development of urbanizational process in Ukraine
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Abstract.The article examines the development of the urbanization process in Ukraine,
highlights its stages and describes the factors that influenced the formation and development of cities. Considerable attention is paid to the peculiarities of the periods of urbanization in our country. In particular, the following stages of this process are highlighted:
the emergence of the first cities and Greek colonial cities, the emergence of ancient
Russian cities as defense and artisan centers, the strengthening of urban development under the influence of the development of
manufactory production, transport routes, rapid urban development under the influence of industrialization, the formation of agglomerations and the modern period the development of urban settlements, which is characterized by the phenomenon ofdeurbanization. The main factors that had an impact on the formation of urban settlements in each period were identified, the largest cities that
were formed at the time. The periods of prosperity and decline of cities, causes of urbanization, suburbanization anddeurbanization,
transformation of functions of cities in the modern period and their role in resettlement systems are revealed. It is noted that the
stages of prosperity of Ukrainian cities at the end of the XX century vary in the stage of evolutionary development, and later in
degradation. This is evidenced by changes in the number of urban population and the number of cities in Ukraine. The main ways of
the emergence of modern cities from the social and economic crisis are outlined. Cities, as centers of new territorial communities,
will take on new functions. They will become centers of social and economic transformation, business centers for surrounding territories. To do this, it is necessary to determine for each city the main industry of production or services, which would be a "driver"
for its further development. At the same time possible or rebranding (the restoration of activity that was previously in the city), or
the creation of new types of economy, for the development of which are local resources. The importance of forming a modern city as
a source of innovations is emphasized, which will allow it to become the center of investment transformation of territorial communities for the future.
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Суспільно-географічні аспекти розвитку урбанізаційного процесу в Україні
Л. Б. Заставецька, Т. Б. Заставецький, Б. В. Заблоцький, К. Д. Дударчук
Тернопільський національний педагогічний університет імені Володимира Гнатюка, Тернопіль, Україна,email:zast.lesia@gmail.com
Анотація. У статті розглядається розвиток процесу урбанізації в Україні, висвітлено його етапи та описано фактори, які
вплинули на формування і розвиток міст. Значна увага приділяється особливостям періодів урбанізації в нашій країні. Зокрема, висвітлено наступні етапи цього процесу: поява перших міст та грецьких колоніальних міст, поява стародавніх російських міст як оборонно-ремісничих центрів, посилення міського розвитку під впливом розвитку мануфактурного виробництва, транспортні шляхи, швидке розвиток міст під впливом індустріалізації, формування агломерацій та сучасний період
розвитку міських поселень, для яких характерне явище деурбанізації. Виявлені основні фактори, які мали вплив на формування міських поселень у кожному періоді, названі найбільші міста, які сформувалися в той час.Виявлено періоди процвітання та занепаду міст, причини урбанізації, субурбанізації та деурбанізації, трансформація функцій міст у сучасний період
та їх роль в системах розселення.Відзначено, що стадії розквіту міст України у кінці XX ст. змінюються на стадію
еволюційного розвитку, а пізніше й деградації. Про це свідчать показники зміни чисельності міського населення та кількості міст в Україні. Окреслено основні шляхи виходу сучасних міст із соціально-економічної кризи. Міста, як центри нових територіальних громад, набудуть нових функцій. Вони стануть центрами соціально-економічних перетворень, діловими центрами для навколишніх територій. Для цього необхідно визначити для кожного міста основну галузь виробництва чи
сфери послуг, яка була б «урухомлювачем» його подальшого розвитку. При цьому можливий або ребрендинг (відновлення діяльності, яка раніше була у місті), або створення нових видів економіки, для розвитку яких є місцеві ресурси.
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Відзначено важливість формування сучасного міста як джерела інновацій, що дозволить йому стати центром інвестиційних
перетворень територіальних громад на перспективу.
Ключові слова: урбанізація, урбанізаційні процеси, деурбанізація, місто, системи розселення.

Introduction. An important problem faced by
society at the time of the transition to new social
relations is the optimization of the settlement of
people, the development of the social and economic
base of settlements. This requires the study of social and geographical features of the development
of settlements of different types, primarily urban,
which are peculiar "poles" of the development of
the territory.
However, modern processes
constantly impose an imprint on the development
and territorial organization of urban settlements,
and this requires further research on the
peculiarities of their functioning, the transformation
of the structure, and the organization of urban space
in general.
Materials and methods of research. The process
of urbanization, first of all, the development of
cities, has always been in the field of view of
scientists of various scientific fields. Historical and
geographical aspects of urbanization occupied most
of all in the researches of J. Bohje-Garnier and J.
Chabo, I.Vologodtsev, O.Gladkuy, V.Jaman,
M.Dnistryansky,
A.Docenko,
S.Ischuk,
P.Kovalenko, O. Kompan, O. Konstantinov, L.
Koretsky, V. Krul, G. Lappo, O. Nesterenko, Y.
Pitjurenko, A. Stepanenko, O. Topchiev, B.
Khoryev, O. Shabliy.
The process of development of urban
settlements in Ukraine, as well as other regions of
the world, is quite long and complicated. It is
characterized by a change in urban situations and is
manifested in the "increase in the number of urban
settlements, the concentration of population in
them, and especially in large cities, in the
dissemination of urban lifestyles throughout the
network of settlements, which reflects the profound
structural changes in the economy and social life,
which occurs in modern the period (Alaev, 1983).
Geo-urbanization process, developing in
time, has a number of stages, which successively
change each other under the influence of economic
activity of people, their duration and signs have
their own specificity, depending on the sociogeographical features of the development of
territories. In Ukraine, as in the whole world, this
process is continuous, in it the stages of prosperity
of cities are changing the stages of degradation, but
the general upward trend is preserved for centuries.
There are a number of stages characterized
by quantitative and qualitative changes in the
urbanization process in Ukraine,, namely:
1) the emergence of the first cities: the
emergence of Greek colonies, their development

and decline (V-VIII century BC - IV century of our
era);
2) the emergence of ancient Russian cities as
defensive and craft centers, their slow development
and decay (IX - XIII centuries);
3) the slow development of cities as centers
of crafts, trade, defense (XIV - early XIX century.);
4) intensification of the development of cities
under the influence of the development of
manufactory production, transport routes (mid XIX
century - the beginning of XX century.);
5) the rapid development of cities under the
influence of industrialization, the formation of
agglomerations (mid-twentieth century - the end of
the twentieth century.);
6) deurbanization, stagnation of socioeconomic development of urban settlements.
To study each of the stages, the historicalgeographical method, analysis and comparison,
statistical, and others are used.
Results and their analysis. The first cities in
Ukraine arose in the Northern Black Sea coast in
the VII - V centuries B.C. These were ancient
Greek colonies, shopping centers on the Black Sea
coast and in the Crimea - Tiristak, Pantikapai, Olbia, Chersonesos, Thira, Nympheus, and others.
They existed until the fifth century BC, until their
decline led to the collapse of the slave system and
the invasion of neighboring tribes, especially the
Huns.
From the VI th century Ants mounds - fortified settlements - appear at the same time as defensive functions as exchange and handicraft centers.
Most of them were built up during the times of
Kievan Rus, becoming cities (they had a center and
a suburb). There were about 300 such cities in the
tenth century , most of them were in the Dnieper,
Galicia and Volhynia. Some cities were founded
by the princes Galich, Lviv, Yaroslav, Izyaslav,
Volodymyr. Among the princely cities, only Kyiv
and Chernihiv had more than 1000 inhabitants,
others were smaller. These are Pereyaslav, Terebovl, Vyshgorod, Buzk, Lyubech, Lutsk, Izyaslav,
Halych, Lviv, Glukhiv, Krymaneysk, Bakota, Korsun and others. These cities were centers of trade,
education and culture, but almost all of them were
destroyed during the Mongol-Tatar invasion (XIII
century.).
In the following centuries (until the XVIII
century), the city revived and arose very slowly.
The feudal system with the undeveloped markets of
agricultural and handicraft products did not contribute to this. The emergence of new cities was con530
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ditioned by the needs of the defense, especially
from the attacks of the Crimean Tatar hordes. So
there were defensive castles that grew out of the
city - Kamyanets, Medzhybizh, Khotin, Skala,
Smotrych and others. In the XIV - XVI centuries
the title of the cities was just over 1000 settlements.
Since the XIV century many cities receive the
Magdeburg law, which allowed them to have fairs,
judicial and administrative authorities, and to exercise local self-government. They acquired the external features of Western European cities.
The first cities that owned the Magdeburg
Law were Lviv, Drohobych, Syanok, Kamyanets,
Lutsk, and later - Kyiv, Nizhyn, Chernigov, Zhytomyr, Rivne, Poltava, Kozelets, Pereyaslav, Pryluky and others.
Magdeburg Law is one of the most common
forms of local government in central and eastern
Europe in the Middle Ages (from the XII century.).
In Hungary (and in Transcarpathia), there existed the Nuremberg law (XIV century), it was provided by the Hungarian king - they were Hust, Tyachiv, Mukachevo, Vyshkovo (similar to Magdeburg
Law).
At the end of XIII - beginning XIV century
the Russian and Galician-Volyn princes provided
the Magdeburg right to the German colonies that
had arisen in the metropolitan cities of the Kingdom of Russia - Halych, Volodymyr-Volyn, Lviv,
Kholm. Later, this right was granted to entire
communities. Already in the fourteenth and seventeenth centuries, during the reign of the Grand
Duchy of Lithuania and the Polish Crown, the
Magdeburg Law was extended to a number of cities
originally from Western Ukraine, and then Central
and Northern. The boundary between the settlements with the Magdeburg Law took place along
the borders of the Commonwealth and the Grand
Duchy of Lithuania with Muscovy, approximately
along the Nizhyn - Chernihiv - Lubny - Poltava
lines.
There was a decline in trade and manufactory
production at the end of XVI - during the XVIII
century. In the territory that was currently part of
Austria-Hungary and where a number of economic
reforms were carried out, the number of factories
(cloth, glass, silk, etc.) grew, which contributed to
the development of cities. At the same time, in the
rest of the territory that was part of the Russian
Empire at this time, the development of manufactory production was restrained by feudal relations
until the middle of the XIX century.
Cityes especially collapsed after the abolition
of Magdeburg Law. The Russian authorities destroyed the Magdeburg Law in the XIX century.
There were 970 cities in the XVI century,
most of them layed in Kyiv, Volyn, Podilsky, and
531

Russian Voivodeships. There were such cities as
Konotop, Fastov, Gadyach, Mirgorod, Uman, Haysin, Boryspil, Berdychiv, Krolevets, Stryi, Borislav,
Drohobych and others.
In the middle of the XVII century there were
756 cities in Ukraine.Over 1,4 million people lived
there (Kompan, 1963). However, they were small
and sparsely populated. In most cities there were 1
to 3 thousand people, and in the towns of 700-800
inhabitants.These were settlements - centers of
crafts and trade, many of them differed from the
surrounding villages only by fairs and in the future
turned into villages.
The division of Ukraine between Polish and
Russian spheres of influence (1686) determined
various ways of developing cities in the Right Bank
and the Left Bank parts of Ukraine. In the first half
of the XVII century. Cities in the western part collapsed as a result of the continuous wars of the
Polish gentry and their policy of limiting selfgovernment, and their population declined. Instead,
there were new cities as a result of colonization on
the Left Bank.
In the middle of the XVII century there were
117 towns in the Hetman state, the largest of which
were Baturin, Glukhiv, Kiev, Nizhyn, Chernihiv,
Pereyaslav, Lubny, Poltava, Mirgorod, Kozelets,
Gadyach and others. The population of these cities
was several thousand inhabitants. Even the population of Kiev did not exceed then 15 thousand
people, although this city became the cultural center of the Hetmanate due to the placement of the
Kyiv-Pechersk Lavra, the Kyiv-Mohyla Academy,
churches, monasteries, and printing houses. Important cities were the Hetman capitals (Baturin and
Glukhov), Chernihiv, Pereyaslav, NovgorodSiversky, Poltava and others.
The cities in Sloboda Ukraine from the middle of the XVII century were founded, first in the
form of military dwellings, which later developed
handicrafts. Already at the end of the seventeenth
century the population of some of them reached
about 10 thousand lives. (Kharkiv, Okhtyrka, Sumy, Ostrog, etc.). As in the cities of the Hetmanate,
the main occupations of the population were farming and handicrafts.
In status of cities also left those settlements
where the manufactories began to emerge. These
villages increased the influx of peasants to landlords or state-owned factories, and accordingly the
number of urban residents gradually increased.
Especially this process was significant on the territory of Sloboda Ukraine and the Left Bank, as well
as the western regions, which were part of AustriaHungary.
But in general, the process of urbanization
was slow until the XIX century. At the beginning
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of this century, the urban population was 5% of the
total (Dotsenko, 1972), and according to A. Dotsenko, this is the level of urbanization that has been
achieved during the long historical development of
intensive urbanization processes, due to the influence of new social and economic factors (Dotsenko, 1972). Such factors were the development of
industry, the widespread use of hired labor, the
elimination of feudal relations. Urbanization occurred slowly through the use of forced serf labor at
the beginning of the XIX century. But already in its
midst, when manufacturing production is dying,
and the large machinery industry is rapidly developing, the number of urban residents (freelance
workers) is markedly increasing. In the middle of
the XIX century, from the 850 cities and towns of
all Ukrainian lands, only 62 had a population of
more than 10 thousand people and only 5 - more
than 50 thousand people (Odesa, Kiev, Lviv, Berdichev, Kharkiv).
Since the end of the XVIII century new cities
appear in the south of Ukraine, which was colonized by Russia. The first cities were the border
fortresses for the protection of the southern borders
of the empire (Yelisavetgrad, Ekaterinoslav, Novomirgorod, Alexandria) and the access to the seas
(Kherson, Nikolaev, Odessa, and Mariupol). The
significance of the cities of Vinnytsia, the White
Church, Mogilev and others has increased. In the
western part of Ukraine, as a result of the development of broken roads between Lviv and Vienna,
trade between the big cities grew rapidly (Przemysl,
Yaroslav, Lviv, Brody, Chernivtsi, Uzhgorod, etc.).
At the end of the eighteenth century The
elimination of Turkish and Tatar domination in the
south of Ukraine and the Reunification of the Right
Bank and Left-Bank Ukraine in the composition of
Russia was important for the urbanization process.
The Russian authorities carried out construction of
a number of fortifications from the Dnieper to the
Azov Sea. On the basis of fortifications, the towns
of Alexandria, Tokmak, Berdyansk appeared later,
in the lower reaches of the Dnieper - the harbors
Kherson, Gola Prystan, Glyboka Prystan, Nikolaev

fortifications, Voznesensk appear. The port of
Odessa was opened in the 90's.
The number of urban population in the middle of the XIX century amounted over 2.5 million
people (1858), and its share - 21.4% (Volohodtsev,
1930). At this time, there were 113 cities and 547
towns (Volohodtsev, 1930), all of them were small,
only 9 cities had more than 100 thousand inhabitants. But in the second half of this century an industrial revolution had place.The expansion of the
domestic and international market of goods, the
development of capitalist relations in agriculture
led to high rates of urbanization. The influx of
rural population into cities after the abolition of
serfdom, the construction of railways and industrial
enterprises has affected the rapid growth of cities.
The rapid growth of the size of the working class
has become an important sign of the increase of
urban residents. And already according to the population census of 1897, 4.9 million people lived in
cities in Ukraine, ie 74% more than in 1858. Large
changes in the number of urban settlements and
urban population occurred at that time in the Donbass and the Dnieper, where large coalmetallurgical bases were formed. Especially large
cities grew, four of which in 1897 were: Odessa,
Kiev, Kharkiv, Ekaterinoslav, that had more than
100 thousand inhabitants. For this period, large
flows of migrants from rural areas to the cities of
Prydniprovia and Donbass are characteristic, they
continued in the early twentieth century.And the
decrease in the number of cities can be explained
by the exception of the towns of many fictitious
cities that did not meet the new criteria for their
classification as urban settlements.
The cities that layed along the railways and
in the mining and industrial areas (Stanislaviv,
Stryi, Drohobych, Boryslav, Yuzovka, Kamianske,
Debaltsevo, etc.) developed best. Extraction of iron
ore in Krivbass and coal in the Donbass led to "the
life" of many mining towns, and steelmaking - the
city. Along with compact form cities developed
linear cities, drawn along the railways and rivers
around mineral deposits.

Table 1. Geographical features of urbanization in Ukraine in the middle of the XIX - early XX century(Volohodtsev, 1930)
1858
1897
1913
1920
1926
Number of cities
113
114
139
80
Township
547
463
621
322
)*
The number of urban population, thnd people
2736
4876,3
4502,2
4737
4925,6
The share of urban residents in the total
21,4
16,2
15,1
18,5
19,2
population,%
*Data absent

Significant changes in the number of urban
settlements and urban population occurred during
the twentieth century. At its beginning, there is a
slow increase in urban dwellers due to the massive

loss of people on the fronts of the First World War
and civil wars, through repressions and famines.
The census of the urban population in 1926
recorded a slight decrease in the number of urban
532
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settlements, as a result of streamlining the
allocation criteria for towns, for them, in addition to
the population of more than 500 people, a condition
was established that no more than half of the active
population should be employed in agriculture.
Thus, 47 settlements lost the status of cities.
At the same time, a category of urban-type
settlements was introduced. Since 1924 cities were
considered as settlements that had at least 10
thousand inhabitants, and urban areas - not less than
3 thousand inhabitants, if most of them were not
employed in agriculture. As a result, many villages
have turned into urban areas. Already in 1926,
within the boundaries of the Ukrainian SSR, there
were 80 cities and 322 settlements, and their
number was constantly increasing.

30-40 years of the twentieth century are
characterized by high rates of urbanization, which
was the result of the process of industrialization in
the country. At first, the villagers who suffered
from the Holodomor (1932-1933) flew to the cities,
and later the rural population left for industrial new
buildings that needed a huge number of workers'
hands. Already in 1928, the urban population of
Ukraine amounted to over 6,0 million people, and
its share increased by 34,5% (the share of the total
population increased by 10%). In 1932, the
proportion of urban residents was 22.7%, the
highest was in the Donbass - 54% and in
Prydniprovia - 26.5%.

Table 2. Distribution of Ukrainian urban settlements by population in 1939 and 1959
A group of
1939
urban
Number of
Share of
Number of
The share
The
settlements
urban
urban
urban
of urban
number of
by
settlements settlements
population
population
urban
population
settlements
up to 10
520
70,9
2,6
19,5
776
thousand
people
10-20
100
13,8
1,4
10,1
161
20-50
72
9,8
2,2
16,0
91
50-100
21
2,9
1,5
11,1
25
100-500
16
2,2
3,0
22,8
19
>500
4
0,4
2,8
20,5
5
All
733
100
13,5
100
1076

Types and forms of urbanization in different
regions of Ukraine in the 40 years of the twentieth
century were unequal. In 1931, re-registration of
urban settlements was carried out. Of the number
of urban settlements, many small settlements were
excluded, in which the population engaged in
agricultural activity.
At the same time 106
settlements are included in the city, first of all in the
Dnipro and Donbass. This is a settlement at mines
and factories. They had the largest increase in
population due to the accelerated development of
the fuel and steel industry, which formed the basis
of industrialization of the country.

1959
The share
The number
of urban
of urban
settlements settlements
72,0

3,8

23,0

15,0
8,5
2,2
1,8
0,5
100

2,2
2,8
1,9
4,3
4,1
19,1

11,6
14,8
9,9
22,4
21,3
100

A characteristic feature of urbanization in the
prewar period was the emergence of new cities and
towns. Only in 1933-1938 the status of the city was
given to 65 settlements, many urban settlements,
which were territorially close, were united into new
cities. Already in 1939 there were 16 large cities in
Ukraine, of which 5 had more than 500 thousand
people (Kyiv, Donetsk, Kharkiv, Odessa,
Dnipropetrovsk), 20 cities had more than 100
thousand people. At the same time, most of the
cities were small - less than 20 thousand people
lived in each of the 84% of urban settlements.

Table 3. Urbanization Indicators in Ukraine *
Year
Number
urbans
urban villages
1897
155
118
1926
184
324
1939
274
459
1959
331
744
1970
385
857
1979
406
901
1989
434
926
2001
454
889
**2010
459
885
**2014
460
885
* Calculated by the authors according to the State Statistics Committee of Ukraine
** Data at 1.01. the relevant year

533

The share
of urban
population

Share of urban residents,%
16,2
19,2
23,5
45,7
55,1
60,8
66,7
67,2
68,6
69,5
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During the Second World War, there was a
significant decrease in the population of cities, as
well as the destruction of urban infrastructure
throughout the territory of Ukraine. The restoration
of urban populations occurred both at the expense
of natural growth and as a result of intensive
migrations of rural residents to cities in the postwar
period. This time (50-60's of the twentieth century)
is characterized by the highest rates of urbanization
for the entire period of development of cities in
Ukraine. Already in 1959 the network of urban
settlements consisted of 332 cities and 744 urbantype settlements, and the share of urban residents in
the country's population was 45.7%. During 19391959 gg., The urban population grew by 41.3%. In
this case, both large and medium and small cities
grew. But the majority of urban settlements already
occupied a group of small cities (87%), a third of
urban residents lived in which.
Over 43.7% of urban residents lived in large
cities (there were 24). Cities, especially centers of
regions, became the main centers of industrialization in the postwar period, with a particularly rapid
pace. Other functions of the cities were expanded
due to the concentration of powerful industrial enterprises, industrial and social infrastructure facilities in them. Small cities and towns are endowed
with administrative functions (centers of districts)
and they also get a boost to socio-economic development due to concentration of institutions of district significance. The number of small cities increased especially in the 60s of the 20th century.
Many of them existed with fewer than 10,000 inhabitants, and 17 towns less than 5,000 people (Bibra,
Komarno, Pidhaytsi, Belz, Rudka, etc.). The number of cities has stabilized already in the 70's and
80's of the twentieth century, and the number of
urban residents has increased quite slowly. From
1959 to 1970, only in 20 small towns the population increased, and at 25 - it decreased. In the Donbass and Prydniprov'ia, the number of small cities
diminished because of their merger with large ones.
1/4 of the urban population lived in small cities, which accounted for 80% of the number of
cities in Ukraine, at that time. Many of them had a
weak economic base; for 167 of them, industry was
not the main function, it wass local business centers, resorts and transport centers. The number of
small cities remains in the future, changing mainly
due to administrative changes. The population is
mostly enlarged by large cities, which peaked in the
80's and 90's of the twentieth century. According to
the population census of 1970, two cities - Kyiv
and Kharkiv - were cities-millionaires, six cities
had more than 500 thousand lives. 53 settlements
received the status of the city from 1959 to 1970,
and settlements of urban type - 113 settlements.

An important feature of urbanization in the
80-90 years of the twentieth century is the formation of agglomerations - forms of interconnected
urban settlement. Such forms were formed as a
result of the merger of territorially close urban settlements. They cover a large city (the core of the
agglomeration) and cities that tend to it (satellite
cities). City satellites are designed to unload the
city by bringing enterprises and establishments
from the main city to them, providing the core of
the agglomeration with the labor force, developing
close trade, financial, cultural, recreational ties with
such a core. The main feature of this stage of urbanization is the expansion of the suburbs, which is
the result of urbanization of the countryside (suburbanization). The suburbs are an area directly adjacent to the city where the urban lifestyle is spreading, where the urban population is resting, and the
rural working in the city. The suburbs pass into the
so-called district, or zone of influence of a large
city (its size is determined by the level of development of transport and the size of the socioeconomic base of the nucleus).
19 agglomerations have been formed in
Ukraine.The largest of them are Kyiv, DonetskMakeevka, Dniprovsky-Dneprodzerzhinsk, Odessa,
Kharkiv, Kryvy Rih-Nikopol and others.
Due to the intensive development of large cities and the problems associated with it (transport,
food, environmental, etc.) in the 80's there is a need
to regulate their development, while the development of small cities has become a priority. For this
purpose, scientists of the RVPS of Ukraine developed programs for the development of small cities
on the basis of a comprehensive assessment of their
conditions of development (A. Dotsenko, L. Hanechko, L. Koretsky, V. Pitjurenko, F. Zastavny,
etc.). They considered priority development in
small cities of industrial production and compiled a
list of small cities, where this industry should have
been leading (Pitiurenko, 1975).According to these
studies, Ukraine was offered a number of measures
that would promote a more rational urban settlement:
1) Restrictions on industrial production in
large cities (Kyiv, Kharkiv, Donetsk, Dnipropetrovsk, Odessa, Lviv, Zaporizhzhya), promotion of
branches of large industrial enterprises in small
cities located in the zone of influence of large cities;
2) Transport development, construction of
electric power lines, development of communal
services in small cities;
3) Development of local crafts based on the
use of local resources, the creation of new enterprises to ensure the employment of local people;
4) In agrarian regions, to strengthen the for534

L.B. Zastavetska, T.B. Zastavetskyi, B.V. Zablotskyi, K.D. Dudarchuk

Journ.Geol.Geograph.Geoecology, 27(3), 529-536

________________________________________________________________________________________________________________________________________________________________

mation on the basis of small cities of agroindustrial, organizational, economic and cultural
centers of inter-district significance;
5) In the cities - resort and health centers
provide a rational ratio of development of industrial
and recreational functions, not allowing excessive
industry development at the expense of resorts.
These measures began to be implemented in
the country, but this process was interrupted by the
emergence of crisis phenomena that appeared in the
economic, social, demographic and other spheres of
life of the population, which most manifested itself
in the 90 years of the twentieth century. and to its
end.
Stages of prosperity of Ukrainian cities at the
end of XX century vary in the stage of evolutionary development, and later in degradation. This is
evidenced by changes in the number of urban population and the number of cities in Ukraine. In particular, from 1989 to 2001, according to census
data, the number of urban residents decreased by
1.7 million people (or 5.1%), although the proportion of urban residents in the country increased
from 66.7 to 67.2%. The reason for this is the depopulation of the population in the country, both
rural and urban. Reducing the influx of rural residents into the city as a result of the deterioration of
their socio-economic base has also led to lower
rates of urbanization in the years to come. The
level of urbanization in 2013 was higher than this
level in 2001 by 1.8% (69%), but its increase was
achieved due to much higher rates of depopulation
of the rural population compared to urban ones.
Reducing the number of urban residents in recent
years (from 2001 to 2013 by 1.2 million people)
with a rise in their share in the total population is a
sign of the downward orientation of the urbanization process. With an almost unchanged number of
cities in Ukraine (456 such), the population of them
all decreases both as a result of the natural decrease
in the population in them and due to much less rural
migration to them. Particularly this process was
felt by small towns with a narrow economic base
(1-2 industrial enterprises, etc.); they turned into
monofunctional cities, mainly with the function of
servicing the population of the surrounding rural
area. The rate of urban population reduction is
greatest in the industrial regions of Ukraine, where
many towns, having lost their jobs for their inhabitants, have become destitute.
During this period, under the influence of the
polarization of the economic space, there is a
hypertrophied development of large cities and the
decay of many small, increasing inequalities in the
development of urban settlements.
The decline of the population of large cities
at the end of the XX century, in addition to general
535

reasons, occurred in some way at the expense of the
resettlement of urban residents in the countryside
(mostly pensioners who had previously left the
villages to work in cities). This became a sign of
deurbanization, which lasted for a short time and
was amplified at the expense of wealthy residents
of large cities. A characteristic feature of deurbanization is the expansion of suburban areas due to the
"elite" development of their territory, which takes
place against the backdrop of significant degradation of the countryside. In addition to the range of
dacha settlements, which were formed predominantly in the 90-ies of XX century, there are socalled cottage towns marked by the development of
infrastructure, a combination of a high level of improvement of dwellings with natural landscapes.
The de-urbanization stage will change in the
urban development of a new stage of urbanization,
which will be conditioned by an increase in the role
of cities in the development of territories, which
will be carried out in the process of reforming the
administrative-territorial structure of Ukraine. Cities, as centers of new territorial communities, will
take on new functions. They will become centers
of socio-economic transformation, business centers
for surrounding territories. To do this, it is necessary to determine for each city the main industry of
production or services, which would be a "driver"
for its further development. At the same time possible or rebranding (the restoration of activity that
was previously in the city), or the creation of new
types of economy, for the development of which
are local resources. In addition to this industry, the
city must have a wider range of services to meet its
own needs and needs among the inhabitants of the
surrounding countryside. It should also become a
source of innovation, the center of investment
transformation of territorial communities in the
long run.
Cities, being in a state of socio-economic decline, accumulate certain potential, adapting to
changes, and under the condition of innovation
development will become powerful accelerators of
socio-economic changes in our country.
At the same time, with the inclusion of large
cities in global economic processes, small cities do
not take part in them.In such conditions, problems
of sustainable development of cities are intensified,
which can be solved only on the basis of the study
of the territory, improving the management of urban space, etc.
According to O. Topchiev, "the basic problem of further life of cities is the search for their
better or optimal territorial organization - architectural, planning, settlement, functional planning,
landscape and architectural (Topchiiev, 2001), that
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will be aimed at creating an environmentally safe
environment of life of the population.
Conclusions. The urbanization process is a consistent change in urban situations. It has four stages in
Ukraine,: the first - before the XVIII th century
(the emergence and slow development of cities),
the second - XVIII-XIX centuries (increasing of
the number of cities and the concentration of population in them), the third - in the XX th century (the beginning of the expansion of the functions of
cities and increasing their size, the formation of
agglomerations), the fourth (the end of the XX early XXI st.) - the decline of social and economic
development of cities. The gradual transition of
cities to innovation development centers is a new
stage in the development of the urbanization
process.
But these stages do not coincide in time with
the same in Europe. This is especially true of the
latest stages, which are lagging behind the European process for about 50-100 years. If in Europe
the rapid development of cities falls on the nineteenth century, in Ukraine - in the twentieth century, then. A characteristic feature of the urbanization process in the twentieth century is the formation of megalopolises in Eurasia and America. The
suburbanization stage ended with the formation of
35 agglomerations in Ukraine.
At the current stage of development of cities
in Ukraine, they are given an important role - to
become centers of new units of administrativeterritorial system. At the same time, cities will take
on new functions. They will become centers of
social and economic transformation, business centers for surrounding territories. It is necessary to
determine for each city the main industry of production or services, which would be a "stimulator"
for its further development, rebrand or identify new
types of economic activity of cities. In this case,
important attention should be directed to the intro-

duction of the latest technologies and information
provision, favorable ecological situation of these
territories.
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Analysis of the spatial patterns in localization of gold mineralization relative
to the system of deep faults in the Chortomlyk greenstone structure of the Ukrainian shield
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Abstract. The results of analysisof the patterns of the spatial relationship between hydrothermal gold ore formations and the zones of metasomatites and systems of deep faults
within the Chortomlyk greenstone structure of the Middle Pridniprovie megablock in the
Ukrainian Shield are given. As a result of studying the localization conditions of gold
mineralization, it was established that the gold-bearing mineralization is confined to
tectonically fractured zones and is localized among metasomatically altered rocks. The hydrothermal series of metasomatites in the
Chortomlyk greenstone structure is represented by greisens, propylites, amphibole-carbonate metasomatites and listvenite-berezites.
The mineralization of Au and Mo is associated with metasomatites of the greisen type. The study of spatial relationship between the
fields of metasomatites and the gold mineralization and zones of deep faults revealed that the closest relationship is expressed with
systems of faults with azimuths of 0° and 270°, 17° and 287°, 77° and 347°. The results of the studies allowed us to develop a new
prospecting criterion, which, in turn allows us to state that the gold mineralization within the Chortomlyk greenstone structure is
spatially confined to metasomatites related to the schistosity, fracture, millonitization, and cataclase zones with high content of sulphide mineralization. These zones are localized in nodes of intersecting faults of the first order of the system 77° and 347° with
discontinuous violations of high orders of azimuths of 0° and 270°, 17°and 287°. The results of the research can be used to develop a
set of predictive criteria and the allocation of promising sites of hydrothermal mineralization of gold within the Chortomlyk greenstone structure of the Middle Pridniprovie megablock in the Ukrainian shield.
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Received in revised form 27.11.2018;
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Аналізпросторовихзакономірностейлокалізаціїзруденіннязолота
відносносистемглибиннихрозломівумежахЧортомлицькоїзеленокам'яної
структуриУкраїнськогощита
І.В. Жильцова1, М.В. Рузіна1, М.Л. Малова2, Н.В. Білан1, О.А. Терешкова1, А.С. Гардиш1
1
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e-mail: Zhiltsova.Irena@gmail.com
2
КП «Південукргеологія», Дніпро, Україна
e-mail: mamarusja@ukr.net
Анотація. Викладені результати аналізу закономірностей просторового зв’язку гідротермальних золоторудних формацій з
зонами метасоматозу та системами глибинних розломів у межах Чортомлицької зеленокам’яної структури Середньопридніпровського мегаблоку Українського щита. В результаті вивчення умов локалізації зруденіння золота з'ясовано, що золоторудна мінералізація приурочена до тектонічно порушених зон і локалізована серед метасоматично змінених порід.
Гідротермальний ряд метасоматитів у Чортомлицькій зеленокам′яній структурі представлений грейзенами, пропілітами,
амфібол-карбонатними метасоматитами та лиственіт-березитами. З метасоматитами грейзенового типу пов'язана
мінералізація Au і Mo. При вивченні просторового взаємозв'язку полів метасоматитів з проявами золоторудної мінералізації
та зонами глибинних розломів з'ясовано, що найбільш тісно такий взаємозв'язок виражений з системами розломів з азимутами простягання 0° і 270°, 17° і 287°, 77° і 347°. Результати досліджень дозволили розробити новий пошуковий критерій,
який дозволяє констатувати, що зруденіння золота в межах Чортомлицької зеленокам′яної структури просторово
приурочені до метасоматитів зон розсланцювання, тріщинуватості, мілонітизації, катаклазу з підвищеним вмістом
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сульфідної мінералізації, які локалізуються у вузлах перетину глибинних розломів першого порядку системи 77° і 347° із
розривними порушеннями високих порядків азимутів простягання 0° і 270°, 17° і 287°. Результати досліджень доцільно
використовувати для розробки комплексу прогнозних критеріїв і виділенняперспективних ділянок на гідротермальне
зруденіння золота у межах Чортомлицької зеленокам`яної структури Середньопридніпровського мегаблоку Українського
щита.
Ключові слова: глибинні розломи, метасоматити, мінералізація золота, зеленокам'яна структура, Середньпридніпровський
мегаблок, гідротермальні формації.

Introduction. The study of world Precambrian
gold deposits formed within the frame of greenstone structures (GSS) made it possible to state that
the formation periods of gold-bearing rocks are
generally synchronous throughout the planet (Nekrasov, 1988; Tyapkin, Dovbnich, 2007). This is
likely due to the causes of rotagenic nature and
gives reason to admit the presence of spatial regularities of worldwide distribution of gold mineralization (Kutina, 1969). Thebackgroundto the
structural and tectonic factors of control and
genesis of gold mineralization within the Archean
cratons is still a debating point (Kent, Cassidy,
Fanning, 1996; Weinberg, Hodkiewicz, Groves,
2004; Yang, Wu, Wilde, 2003). The study of distribution regularities of gold mineralization associated with the system location of faults offers additional opportunities for increasing the efficiency of
the forecast and the quality of prospecting work.
Problem statement. The research conducted was
intended to improve the forecast and predictive
criteria for gold mineralization for incorporating
into practice in metallogenic forecasting and sustainable development of the mineral raw materials
base of precious metals in Ukraine.
Object of research is the factors of structural control of gold occurrences within the Chortomolyk
greenstone structure (ChGSS) of the Ukrainian
Shield.
Subject of research is localization patterns of goldbearing formations in relation to fault systems
within the Middle Pridniprovie megablock of the
Ukrainian shield.
Purpose of the research is to substantiate the patterns of structural control of zones of gold mineralization, gold-bearing formations and areas of
occurrences of metasomatic processes within the
Chortomolyk greenstone structure in connection
with the system-hierarchical sequence of faults
formation in the earth's crust.
Material and Methods. We used a technique developed by K.F. Tyapkin (Tyapkin, Gontarenko,
1990) to construct maps of faults systems on geological and geophysical data. Indicators of fault
structures were used to map deep faults according
to gravity and magnetic fields. The principles of
conformity, fragmentation, inheritance and transformation were used to combine indicators into
fault structures.

To study the patterns of spatial distribution
of gold-bearing formations, a graphical comparison
of the regions with the manifestation of metasomatic processes and gold minerals within the
Chortomlyk GSS was carried out. Intercomparison
of gold occurrences, fault systems, and sites of
manifestations of metasomatic processes is carried
out in a system-hierarchical sequence (from scale
1:1,000,000, through intermediate scales 1:500,000
and 1:200,000, to scale 1:50,000 and 1:10,000).
The appropriateness of the adopted methodological approach is confirmed by the successful
results of previous work to determine the structural
and tectonic regularities for the localization of iron
ore formations relative to the above-mentioned
fault systems, as well as for the study of the ore
control role of fault systems in localization of
hydrothermal gold ore formations (Tyapkin, 2007;
Ruzina, 2009).
Results and their discussion. According to geological structure and the complex of geological
formations, the Chortomolyk greenstone structure
is similar to other greenstone structures within Archean cratons (David, Groves, Richard, M.Santosh,
2016; Ya-Chun Cai, Hong-Rui Fan, M. Santosh,
Fang-Fang Hu, Kui-Feng Yang, Xian-Hua Li,
2018) and is a complexly constructed trough belt of
paleovolcanism formed in the Neoarchean (Koval,
Koptyukh et al., 1997). The rocks of the structure
were subjected to metamorphism of greenschist,
rarely epidote-amphibolite and amphibolite facies.
Solidified vertical lava streams and actually existing contacts of adjacent intrusive bodies of various
compositions with host metavolcanites and metasedimentary rocks form sub-vertical occurrence of
rocks in most cases. Schistosity zone, numerous
seams of brecciation and cataclasis, quartz, quartzcarbonate veins and veinlet zone, lens-like bodies
of ferruginous quartzites are well represented in
zones of contact. All of them are spatially and genetically associated with fractured sub-intrusive
rocks and have a hydrothermal-metasomatic origin.
The oldest rocks of the ChGSS’s “frames”
are gneisses, granito-gneisses, migmatites, and amphiboletes of the Bazavluk strata with an isotopic
age of 3,300 million years (Koval, Koptyukh et al.,
1997). Granitoids of the Sursky complex, with an
isotope age of 3,170 million years, within the frame
of the greenstone structure form the root parts of
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the paleovolcanic structures of the central type, and
form ring-type, crosscutting and subconcordant
dyke bodies. Ultrabasites, diabases, gabbrodiabases, gabbro-diorites of the Upper Archean age,
united in the Verkhovtsev complex, are widely
represented within the suture tectonic fault zones
and somewhat less common in the central part of
the green-stone structure.
Actually, the greenstone structure copmosed
of varying metamorphically altered volcanic and
volcanic-sedimentary formations of the Neoarchean
Konkska series. There are rocks of metamorphic
metadacite-meta-andesite-metatholeiite formations
in the bottom of the cross section. These rocks are
slightly distributed on the periphery of the structure. The units of komatiite-tholeiite and jaspilitetholeiite formations, which in turn are overlayed by
the rocks of upper metadacite-meta-andesitemetatholeiite formation, occur higher in the cross
section. Metavolcaniсs of riolith-dacite formation is
on the highest stratigraphic position. Greenstone
rocks are separated from rocks of “frame” by deep
faults.
Mineralization, occurrences and point
anomalies of gold were discovered on the area of
Chortomlyk ore district. Moreover, according to the
results of previous investigations (Ruzina, 2009), a
number of areal anomalies of gold and associated
elements, such as silver, molybdenum, tungsten,
arsenic, and others were detected in the area of the
ore district.

Up-to-date and archive geological materials
from the State Enterprise “Pivdenukrgeologia” and
Dnipro Geophysical Expedition “Dniprogeophysica” have been studied and analyzed for the
allocation of ore-hosting geological formations
within the Chortomlyk GSS. Petrographic and mineralogical studies of thin sections and polished thin
sections have been carried out for the study of mineral composition of structural and textural features
of rocks from ore-bearing formations by geological
parties and topic groups of Dnipro University of
Technology,.
The schemes combining the layout of fault
systems, identified by K.F. Tyapkin (Tyapkin K.F.,
2007), the contours of the ChGSS shown on the
geological map of the Ukrainian shield scale
1:1,000,000 (Ruzina, 2009) and the location of gold
occurrences were drawn up at the first stage in order to study the conditions for the localization of
hydrothermal gold mineralization.
An analysis of the location of hydrothermal
gold occurrences of the ChGSS in relation to fault
systems on a scale of 1:1,000,000 has been carried
out in order to determine the interrelation of Chertomlyk gold mineralization with fault structures.
The main criterion here is the number of gold occurrences. The location of gold occurrences in relation to fault systems is presented in Fig. 1. There is
an explicit control of gold occurrences by several
fault systems (see Tab. 1), which confirms the
polychronism of hydrothermal gold occurrences in
the Middle Pridniprovie.

Table 1. Interrelationships of gold occurrences with deep faults

Number of gold occurrences in the fault system with strike azimuths
0° & 270°

17° & 287°

35° & 305°

45° & 315°

62° & 332°

77° & 347°

Number of gold occurrences in the
ChGSS

3

23

25

24

17

25

25

The data given in the table allow us to compile the following range of coverage of gold occurrences by fault systems: 45° and 315° (covering
96% of occurrences) → 35° and 305° (100%) →
17° and 287° (92%) + 77° and 347° (100%) + 62°
and 332° (68%) → 0° and 270° (12%). In this case,
fault systems with azimuths of 77° and 347°, 35°
and 305° are the most promising at the regional
level of research.
Contrasting information is the distribution of
ore-bearing nodes by fracture systems within the
ChGSS (Tab. 2). According to the results of research (Ruzina, 2009), nodes of fault systems
(nodes are the areas of intersection of subsystems
within one fault system) determine the position of
zones of maximum tectonic permeability of rocks.
539

The analysis of the results allowed us to reveal the number of ore-bearing nodes of fault systems within the ChGSS (Fig. 2). This criterion
characterizes the relative "contribution" of each
system in the tectonic activation of greenstone
structure. The obtained data may determine the
number of stages of ore mineralization of a particular ChGSS. Intercomparison of spatial relationships
between nodes of fracture systems and gold mineralization in the ChGSS on a scale of 1:1,000,000
revealled that the closest connection of hydrothermal gold occurrences can be traced to systems of
deep faults of the first and second order with strike
azimuths 35° and 305°, 45° and 315°, 77° and 347°.
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Table 2. Interrelationship of gold mineralization in the ChGSS with nodes of fault systems

Fault system
35° & 305°
45° & 315°
62° & 342°
77° & 347°
17° & 287°
0° & 270°

Number of gold occurrences in the system node
20
13
–
13
3
–

a

b

c

d

e

f

Fig. 1. Schemes for the placement of gold occurrences within the ChGSS in relation to fault systems with strike azimuths: a – 0º and
270º, b – 17º and 287º, c – 35º and 305º, d – 45º and 315º, e – 62º and 332º, f – 77º and 347º, scale 1:1,000,000; 1 – contours of Chortomlyk structure, 2 – deep faults of the 1st order; 3 – gold occurrences; 4 – points of high mineralization.
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The study of localization regularities of
hydrothermal ore mineralization will not be consistent without considering the spatial relationships
between the geological formations of the CHGSS
and fault systems, which is a priority task at the
next stage of research.
The analysis of the spatial relationship between the occurrences of gold mineralization of
ore-bearing formations with fault systems was per-

formed in three stages. First of all, geologicalstructural schemes were compiled, the data of the
geostructural map of Precambrian formations
within the Middle Pridniprovie and Azov
megablokcs of the Ukrainian Shield were used as
geological basis. At the next stage of work schemes
of six systems of faults scale 1:200,000 constructed
by the authors were combined with maps.

Fig. 2. The position of intersecting nodes of fault systems within the Chortomlyk greenstone structure

A number of regularities have been established as a result of the study of the distribution of
gold occurrences of each ore-bearing formation in
relation to fault systems. Tab. 3 shows the results of

research on the distribution of gold mineralization
of gold-bearing ChGSS formations in relation to
deep fault systems.

Table 3. Distribution of gold mineralization of ore-bearing formations in relation to fault systems

35° & 305°

45° & 315°

62° & 332°

77° & 347°

Schist-jaspilite-tholeiite and
metakomatiite-tholeiite
Metadacite
Metarhyodacite
Tonalite-plagiogranite
Total quantity

Number of
gold occurrences

17° & 287°

Geological formations

0° & 270°

Number of gold occurrences in the fault system

18

11

10

9

14

13

16

2
2
3
25

1
1
3
16

1
1
1
13

9

2
16

1
1
15

2
1
1
20

Regional and local regularities of localization
of hydrothermal gold mineralization in relation to
faults were established as a result of intercomparison and analyzing maps of fault systems with geological maps:
1) the gold occurrences of schist-jaspilitetholeiiteand metakomatiite-tholeiite formations are
spatially confined to the zones of development of
all six fault systems – 0° and 270°; 17° and 287°,
35° and 305°, 45° and 315°, 62° and 332°, 77° and
347° (Tab. 3, Fig. 3).
2) the gold occurrences revealed in the rocks
541

of the metadacite formations are completely covered by fault systems of 45° and 315°, 77° and 347°
(Tab. 3, Fig. 4).
3) rock formation of gold mineralization of
metarhyodacite formation coincides with stages of
tectonic activation of fault systems 0° and 270°; 17°
and 287°, 62° and 332°, 77° and 347° (Tab. 3,
Fig. 5);
4) rock formation of gold mineralization of
tonalite-plagiogranite formation formed during the
formation of fault systems 77° and 347°, 17° and
287°, 0° and 270° (Tab. 3, Fig. 6).
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to the tectonically fractured zones and is located
among metasomatically altered rocks.

%

As a result of studying the conditions of localization of gold mineralization in the ChGSS, it
was found that the gold mineralization is confined

45 & 315

62 & 332

77 & 347
0 & 270

35 & 305

17 & 287

100
90
80
70
60
50
40
30
20
10
0

%

Fig. 3. Histogram of the distribution of gold mineralization of schist-jaspilite-tholeiiteand metakomatiite-tholeiite ore-bearing formations by fault systems. Marking of series of histograms is strike azimuths of faultsystems.

45 & 315

77 & 347

62 & 332

0 & 270

17 & 287

35 & 305

60

%

Fig. 4. Histogram of the distribution of gold mineralization of metadacite ore-forming formation by fault systems

62 & 332

50

77 & 347

0 & 270

17 & 287

40
30
20
10
0

35 & 305

45 & 315

Fig. 5. Histogram of the distribution of gold mineralization of metarhyodaciteore-hosting formation by fault systems

The study of hydrothermal metasomatic formations was carried out by the authors in two
stages. In the first stage, a generalization characteristic of the material composition of various types of
ore metasomatites of the ChGSS is compiled taking
into account the data (Ruzina M.V., 2009) and
based on the results of the study by the authors of
the collections of polished thin sections and thin
sections of metasomatic rocks.
The ore content of metasomatites is studied
by the authors on the basis of these data

(ZhiltsovaI.V., RuzinaM.V., SvistunV.K., 2015),
and summarized in the Tab. 4.
The hydrothermal series of metasomatites in
the Chortomlyk green-stone structure is represented
by greisens, propyllites (Fig. 7), amphibolecarbonate metasomatites and listvenite-beresites
(Fig. 8-10).
The mineralization of Au and Mo is associated with metasomatites of the greisen type. The
remaining three formations exhibit a similar metal
content, represented by Au, Cu and Zn.
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Fig. 6. Histograms of the distribution of gold mineralization of tonalite-plagiogranite ore-hosting formation by fault systems
Table 4. Metasomatic formations of ChGSS containing ore mineralization

Metasomatic formation (rocks)
Quartz-muscovite (greisens)
Epidote-chlorite-amphibole-albite (propyllites)
Sericite-carbonate (listvenite-beresites)
Amphibole-carbonate

Type of ore mineralization
Au, Mo
Au, Cu, Zn
Au, Cu, Zn
Au, Cu, Zn

Fig. 7. Epydot-chlorite-albite propyllite. Thin section. Cross-polarized light, 90x zoom.

Fig. 8. Listvenite-beresites in rhyolite. Thin section. Cross-polarized light, 90x zoom.
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Fig. 9. Carbonate metasomatites. Thin section. Cross-polarized light, 90x zoom.

Fig. 10. Listvenite-beresites in rhyolite with reticulate location of newly formed carbonate-sericite aggregates. Thin section. Crosspolarized light, 90x zoom.

Conclusions In studying the spatial relationship
between the fields of metasomatites with the gold
occurrences and fault zones, it was found out that
the most closely related relationship is manifested
with fault systems with strike azimuths 0° and
270°, 17° and 287°, 77° and 347°.
The results of the studies allowed us to develop a new prospecting criterion and consequently
to state that the gold mineralization within the
Chortomlyk greenstone structure is spatially confined to metasomatites of the zones of schistosity,
fracture, millonitization, cataclase with high content
of sulfide mineralization. These zones are localized
in nodes of intersecting faults of the first order of
the system 77° and 347° with the faults of high
orders of azimuths 0° and 270°, 17° and 287°.
The results of the research should be used to
develop a set of predictive criteria for gold miner-

alization and the allocation of promising sites in the
design of exploration in the territory of the Middle
Pridnieproviemegablock of the Ukrainian Shield.
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