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Socio-geographic analysis of the demographic situation in Vinnytsia Oblast: current condition
and peculiarities of development
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Received: 01.03.2021 Abstract. The article contains analysis of the current demographic situation in Vinnytsia
Received in revised form: 18.04.2021 Oblast. We determined causes and factors influencing the development of the demographic
Accepted: 08.05.2021 situation in Vinnytsia Oblast. The paper reveals the specifics of development of the

demographic processes in Vinnytsia Oblast according to the data of the Main Statistic
Service in Vinnytsia Oblast for the period from 1959 to January 1, 2020. We determined how the totals of the urban and rural populations
have changed. Based on the analysis of statistical and literature sources, we researched the specifics of natural movement of population,
its sex and age structure, migration, distribution of the employed population and unemployment rate. We provide characteristics of
specifics of the territorial differentiation of parameters of birth, death rates, natural increment (decline), migration, sex and age structure
in Vinnytsia Oblast. We analyzed the specifics of employment of population in Vinnytsia Oblast, levels of economic activity and
unemployment. We etermined modern tendencies of natural movement of the population, its impact on the prospects of further changes.
We found out the problems of current demographic development in Vinnytsia Oblast based on determining modern specifics of the
demographic parameters of the population in the researched area. The paper suggests ways to improve the demographic situation in
Vinnytsia Oblast in the immediate future. As a result of the research, the demographic situation in Vinnytsia oblast was found to be
negative. We observed a number of negative tendencies and patterns, including decrease in the rural population; decrease in the birth
rate in the period from 1995 to 2020; high death rates due to diseases of blood circulation and malignant tumors; high parameters of
aging of the population, especially in rural areas; decrease in the number of the employable population in the Oblast, etc.

Keywords: demographic situation, Vinnytsia oblast, natural increment, migration, sex and age structure.

CycnisiibHo-reorpagiunnii anaJis aemorpadgiunoi curyanii y BiHHunbkii odnacri: cyuyacHuit
CTAaH Ta 0COOJIMBOCTi PO3BUTKY

JI.B. Araman, [.M. Boiina, JI. M. Kupumok, O.11. Uk, 0. B. fAuentiok

Binnuyvruii deporcasnutl nedacoziunuil ynieepcumem imeni Muxaiina Koyiobuncokoeo, m. Binnuys, Yxpaina
ataman2412@gmail.com

AHoTauisi. Y cTarTi MpoaHai30BaHO CydacHy JeMorpadiuHy cuTyamito y BiHHUIBKIH 06nacTi. BusHadeHO NpUYnHY Ta YMHHHUKH, 110
BIUTMBAIOTh Ha PO3BUTOK JeMorpadidHol cutyarii y BiHHUIBKIH 06macti. PO3KpuTO 0COOIMBOCTI PO3BUTKY JeMOTpadidHAX MPOLIECIB
y Binrunekiit o6macti 3a maHnMu [0JI0BHOTO yNpaBiiHHS CTaTHCTHKH y BIHHMIBKiM 007acTi, CTaTHCTHYHUX 30ipHUKIB YKpaiHU
Ta pe3yabTaTiB BIACHUX JOCHIKEHb. BHBUCHO NMUHAMIKY YMCENBHOCTI HaceneHHs y BiHHUIBKiNA oOmacTi 3a mepiox 3 1959 poky
10 1 ciunst 2020 poky. 3’scOBaHO, SIK 3MIHHJIACh YHCENIBHICTh MICHKOTO 1 CLTLCBKOTO HacelieHHs. Ha OCHOBI aHalli3y CTaTHCTHYHHUX
Ta JITEpaTypHUX JDKEpEeN JAOCHIIKEHO OCOOIMBOCTI NPUPOIHOTO PyXy HACENEHHS, HOro CTaTeBO-BIKOBY CTPYKTYpY, Mirpauii,
PO3MOLT 3aliHATOrO HaCeJIeHHs Ta PiBeHb 0e3pobiTTs. OXapakTepu30BaHO 0COOIMBOCTI TepuTopianbHOl TudepeHiianii MoKa3HUKIB
HApOUKYBAaHOCTI, CMEPTHOCTI, MPUPOTHOTO MPHPOCTY (3MEHIIEHHS), MIrpalliif, CTaTeBO-BIKOBOI CTPYKTYpH y BiHHHUIBKIH 0OmacTi.
Po3mnsiHyTO 0COOMMBOCTI 3alfHATOCTI HaceneHHs y BiHHUIBKIKA 007acTi, piBHA €KOHOMIYHOT aKTUBHOCTI Ta 0e3po0iTTs. BusHaueHO
CydacHi TeHJEHIIii NPUPOIAHOTO PyXy HACENICHHs, IX BIUIUB Ha MEPCIIEKTHBU HOTrO MONAbIINX 3MiH. 3’ICOBAaHO MPOOIEMH Cy4acHOTO
neMorpadiqHoro po3BUTKY BiHHMIEKOT 00/1aCTi HA OCHOBI BUSIBIICHHS Cy9aCHIX OCOONMBOCTEH y ieMorpadidHiii cuTyail, 1o CKIaIncst
B 0o0nacTi, ISl MOAANBIIOrO MPOBEAEHHS JTOCIIJDKCHHS 32 OCHOBHUMH JiIeMOrpa(iYHIMH NMOKa3HUKaMHU HACEJIEeHHS JOCIIUKyBaHOT
TepuTopii. 3ampornoHOBaHO ILUIIXM IOKpalleHHs neMorpadiunoi cuTyanii y BiHHMIBKIH 007acTi BIPOIOBX HAHOIMKIOTO
nepiony. B pesynbrari nocmimpkeHHs 3°sicoBaHo, 110 AeMorpadiuHa cutyauis y BiHHMIBKINH 00nacTi € HeratuBHOIO. BusiBneHo psia
HETaTUBHUX TEHACHIIH Ta 3aKOHOMIPHOCTEH, cepesl SKHX 3MEHILIECHHS YHCEeNIbHOCTI CUIbCHKOTO HACEJICHHS; 3HIKEHHS MOKa3HHKIB
Hapo/uKyBaHOCTi y mepion 3 1995 mo 2020 poku; BUCOKI MOKAa3HHUKH CMEPTHOCTI Y 3B’SI3Ky 3 XBOpoOaMH CHCTEMH KpOBOOOIry Ta
37I0SKICHIMH HOBOYTBOPEHHIMH; BICOKI IIOKa3HUKU CTapiHHS HACENICHHS, 0COOIMBO Y CUTBCHKIM MICIIEBOCTI; 3MEHIIIEHHSIM KiTBKOCTI
0ci0 mpare3qaTHoro Biky B 00JIaCTi TOIIO.
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Introduction.

Over the past decades, one of the most acute
problems in Ukraine has been the demographic
crisis, accompanied by decrease in birth rate and life
expectancy of the population, increase in the death rate
(first of all, among employable men), outflow migration
of highly-qualified workers, mostly young, deterioration
of the health of citizens, etc. The main parameters of
the natural movement of the population, its sex and
age structure, migration flows significantly influence
the economic and political environments in Ukraine
in general, and in regions. Therefore, research on the
demographic specifics of some oblasts, particularly
Vinnytsia Oblast, with the purpose of developing
a strategy and effective implementation of regional
demographic policies has become a priority.

Study of the demographic situation in Vinnytsia
Oblast is especially important for rational use and
recreation of the labour potential in the Oblast, regulation
of migratory processes, stimulation of the birth rate and
decreasing the death rate, increasing natural growth of
the population and preventing depopulation, providing
employment, reducing unemployment and improving
the social security of the population.

Objective of the study was the analysis
of demographic situation in Vinnytsia Oblast,
characteristics of modern condition and assessment of
the peculiarities of its development.

Materials and methods.

It is expedient to study the current condition and
specifics of the development of demographic situation
in Vinnytsia Oblast based on an algorithm comprising 4
stages: theoretic-methodological, analytical, stating and
summarizing. At the first (theoretical-methodological)
stage, one should analyze theoretical material,
determine the object, subject and key notions of the
research, substantiate the relevance and methods of the
research, and also analyze sources (literature, statistical,
normative-legal bases, etc). At this stage, it is useful
to use such general scientific methods as comparisons
and analogues, analysis and synthesis, deduction and
induction, abstract-logical method, historical method,
systematization, generalization, etc. At the second
(analytical) stage, the main parameters (population,
number of newborn, death rate, natural growth of
population, net migration rate, division of the population
by sex and age, etc) are determined and the primary data
analysis is conducted and the main factors influencing
them are identified. The main methods of the research at
this stage are systemic analysis, statistical, comparative-
geographic, grouping, ordering by type, dialectics,
monitoring. The third (stating) stage involves analysis
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of data of research, identification of socio-geographic
specifics of demographic situation of the studied region,
substantiation of results of the research. At this stage,
it is best to use methods of the systematization and
classification, graphic, comparative-geographic and
comparative-historic methods. The fourth (summarizing)
stage involves developing recommendations on
management of demographic situation of the Oblast,
identification of ways to improve it and formulation
of the main conclusions of the research. It implies
systematization, generalization methods, etc.

Results and discussion.

The demographic situation in Vinnytsia Oblast is
determined by internal and external factors, including
economic, social, psychological, ecological (low birth
rate and high mortality; work migration; deterioration
in age structure; marriage and divorce; revenue per
family member; level of education among women and
change in the social status of women; life conditions
of the population and living conditions; aggravation
of the problem of functioning of the family as a center
of reproduction of the population, decrease in its
demographic potential; employment-to-population,
especially women’s employment, i.e. increase in
education and employment levels; ecological problems).

Birth rate and mortality are determined by a complex
of social, economic, natural and other conditions,
including level of income of the population, living
conditions, ecological situation, working conditions,
development of services, employment, etc (Zastaveczka,
Zastaveczkyj & Tkach, 2003).

Birth rates across Vinnytsia Oblast depend first of all
on socio-economic factors. The main one is income per
family member, level of women’s education and living
conditions. The unfavourable demographic situation
in Vinnytsia Oblast and the drastic drop in the birth
rate are related to exacerbation in the problems of
family functioning, decrease in demographic potential.
Employment of population significantly affects birth
rate, especially women’s employment. An important
socio-economic factor is also the level of medical
service.

One of the factors determining the number of the
population and birth rate is nature-biological, which
manifests in the ability of women and men to reproduce.
In this context, in Vinnytsia Oblast, there is a high
level of infertility, which is directly associated with
low birth rates.

The demographic situation in Vinnytsia Oblast is
characterized by a tendency toward a gradual steady
decrease of population in most administrative districts.
The decrease in the overall number of population in the
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Oblast over the recent 10 years (2010-2020) is 6.37%
(Fig.1). Since 1959, the population in the Oblast is
observed to have shown a continuous tendency toward
decrease, especially in rural areas. Over the period from
1959 to 2019 (as of January 12020), Vinnytsia Oblast
lost 587.2 thou people of its population. The declines in

urban and rural populations were not even. An especially
significant decrease over the last 60 years occurred in the
number of rural citizens (by 1.023.3 thou people). Thus,
between 1970 and 1990, the population was decreasing
by 10.0 thou people per year on average, and between
1990 and 2020 — by 13.0 thou people annually.

2000
1800

1600

1400

1200

1000 urban
500 -~ — frovends
600 // rural

g e frovends
200

0 .

1959 1970 1979 1989 1990 1995 2000 2005 2010 2015 2020

Fig. 1. Population Dynamics in Vinnytsia Oblast (1959—1 January, 2020.)

The population has decreased in the towns
Zhmerinka, Koziatyni, Mohyliv-Podilsky, Khmilnyk,
and also all the districts of the Oblast, except Vinnytsia
district. The greatest decrease was in Zhmerynka, Bar,
Nemyriv, Tulchyn, Bershad, Kalynivka, Sharhorod
districts. Some of the main reasons are aging of the
population and high death rate coefficient, and also
the outflow of active employable population to cities
(Statistical Yearbook, 2019).

The population across the Oblast has also declined
as a result of migration processes, which exhibit
a negative net migration rate. Particularly, during the
period of 20142018, the population in the Oblast
decreased by 42.5 thou people, including a 9.0 thou
decrease in the urban population and 33.5 thou decline
in the rural population.

According to the general parameters, the population
in Vinnytsia Oblast is decreasing by 0.68 % every year
on average. The urban population is decreasing by
0.07 % every year on average (data for the last 10
years), and rural — by 1.15 % annually (data of the last
10 years), indicating significant loss of population in
the Oblast’s villages.

The population of Vinnytsia Oblast as of January
1, 2020 accounted for 1,545.4 thou people (ninth in
Ukraine). In 2019, the population of the Oblast was
1,547.5 thou people, indicating a significant decrease
over the year.

Negative demographic processes occurring over the
recent years also manifest in unfavourable parameters

of demographic load on the employable population.
Especially negative variables are seen among rural
citizens (Zastavnyj, 1993). In the proportion of urban
and rural populations in Vinnytsia Oblast as of 2015,
the urban population prevailed. In 2020, 51.7 % (799.4
thou people) of the population of Vinnytsia Oblast lived
in cities and 48.3 % in rural areas (746 thou people).

It should be noted that up to 1995, while the
population in the Oblast in general was decreasing,
the urban population was increasing. Overall, from
1970 to 1995, the urban population increased by 1.5
times. Nonetheless, since 1995 the urban population
has also started to decrease.

In almost all districts of Vinnytsia Oblast, throughout
this period, the urban population was decreasing, while
its parameters somewhat grew in most administrative
districts, except Vinnytsia, Sharhorod and Pishchanka
districts.

The rural population dominates in the following
districts: Vinnytsia (63.0 thou people), Sharhorod (48.4
thou people), Bershad (44.1 thou people), Kalynivka
(37.7 thou people), Khmilnyk, Bar and Koziatyn
districts. The only district in the Oblast where the urban
population prevails over the rural population is Tyvriv,
respectively 22.1 thou urban population and 18.8 thou
rural population.

The districts with largest populations are as follows:
Vinnytsia (81.3 thou people), Bershad (56.8 thou),
Kalynivka (56.3 thou), Sharhorod (55.4 thou), Haisyn
(55.3 thou), Tulchyn (53.4 thou), Bar (50.0 thou).
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The least populated districts are Orativ (19.8 thou),
Pishchanka (20.0 thou), Chechelnyk (21.1 thou) and
Chernivtsi (20. 2 thou) districts (Statistical Yearbook,
2019).

The Oblast is characterized by low density of
population —around 60 thou/km? of the territory. The
highest density of population is in Vinnytsky district—
90 thou/km?, which is related to closeness to the Oblast
administrative center. Parameters of density are also
high in Bar, Haisyn, Kalynivka, Tyvriv, Tulchyn,
Sharhorod and Yampil districts (50 thou/km?). The
lowest densities of population are in the peripheral
districts — Orativ and Pohrebyshche (20 thou/km?).

One of the main parameters of the demographic
situation in the region is the birth rate, which in the
demographic context is the process of giving birth
among people that comprise a generation, or among
the totality of the generations — population (Prybytkova,
2002). The simplest parameter of birth rate is the total
fertility rate which indicates the average number of
newborns per 1,000 people of the entire population
of a certain territory (Gudzelyak, 2008). Total fertility
rate indicates how many children may be born on
average from one woman in the conditions of a certain
intensity of fertility over life and the condition that her
childbearing period would be lived through in comfort
(Stecenko, 2005).

Vinnytsia Oblast has low birth rates, high
mortality rates (especially among employable men)
and negative natural growth (natural decline). In
general, natural movement of the population within
the Oblast has internal differences. The birth rate
varies 9.4 % (Pohrebyshche and Chernivtsi districts)
to 13.0 %o (Tyvriv and Vinnytsia districts). Among
cities of Vinnytsia Oblast, the highest birth rates are
in Zhmerynka and Koziatyn. It has to be noted that

35000

reflection of differentiation of the parameters of birth
rate is significantly affected by historical-political events
that took place in the country and their socio-economic
consequences (Nyemecz L., Segida & Nyemecz K.,
2012).

Another important variable of demographic situation
is mortality. It is measured by ratio of the number of
deaths to the number of the entire population or its
certain groups differentiated by sex, age, social status,
territory (Prybytkova, 2002). Death rates are observed
to have sharp fluctuations, particularly the lowest
values are in Vinnytsia district (around 9 %o), and the
highest in Pohrebyshche district (almost 21 %o). High
mortality among the population is also observed in
Orativ, Zhmerynka, Chechelnyk districts. In general,
mortality in the Oblast is 80 % higher in rural areas
than in cities.

All districts of the Oblast, including Zhmerynka,
Koziatyn, Ladyzhyn and Khmilnyk, have negative
increment of population. Lowest natural increments
(decline) of population are in Vinnytsia and Kalynivka
districts, the highest being in Pohrebyshche, Orativ,
Murovani Kurylivtsi and Chernivtsi districts (Statistical
Yearbook, 2019). In terms of natural decline in rural
population, the Oblast is the first among the oblasts
of Ukraine. Such a situation is not favourable for job
offers, especially in rural areas.

Natural movement of the population of Vinnytsia
Oblast is the main factor of the decline in the Oblast
population. For the studied period, decrease has been
recorded in the number of newborns in the region —
from 19,987 people in 1995 to 11,878 people in 2019.
In total, indicators of births and deaths have decreased
all across the Oblast.

Furthermore, the Oblast is observed to have
a negative tendency in differences in depopulation

30000
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Fig. 2. Numbers of newborns and deaths (1995-2019)
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processes among populations of urban and rural areas.
Mortality in villages remains significantly higher than
in urban settlements.

The main factor of population loss in 2019 (as of
January 1, 2020), as in the previous years, was natural
decline resulting from a death rate that exceeds the number
of newborns (11,572 people). Compared with 2010, the
natural decline of population increased by 1.9 %.

The greatest natural decrease was observed in
Khmilnyk district, and the lowest in Mohyliv-Podilskyi.
In Vinnytsia, the natural increment was the highest —
0.4 people per 1,000 existing population.

Among the causes of death among the population,
the number one cause comprises diseases of blood
circulation (72.9 % of the total number of diseased), the
second one — tumors (12.7 %), third — external causes
of death (about 5%). In the previous 10 years, the rate
of death from disorders of blood circulating systems
among the Oblast population has somewhat decreased.

The population of Vinnytsia Oblast is influenced
to a large degree by migration processes occurring in

1000

its territory. Since 1995, the net migration rate in the
Oblast has been negative. The statistics section contains
the data for 10 months (January-October) of 2019,
migration-caused decrease accounted for 2,623 people.
For the previous year — 2018, there are more detailed
data, particularly changing residence registration,
indicating that 22,387 people came to the Oblast that
year, while 26,229 people left. As of 2018, migration
also decreased, equaling 3,842 people.

Therefore, since 1995, Vinnytsia Oblast has
been characterized by a negative net migration rate.
Nonetheless, over the period of 2009-2015, the number
of migrating population significantly decreased. For
several consecutive years (2014, 2015), the net migration
rate was positive. Most of relocations were made within
the Oblast and between regions of Ukraine. However,
since 2018, the rates of migrating population were quite
high, leading to negative net migration rate in Vinnytsia
Oblast (from —2,505 to —3,842 people every year).
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Fig. 3. Migration increment (decline) in Vinnytsia Oblast (1995-2019)

In general, the Oblast is experiencing a migration-
caused decrease in population, though some districts
and cities are observed to have a positive net migration
rate — Vinnytsia (1,397 people), Zhmerynka (85 people),
Vinnytsia district (747 people), Haisyn district (38 people).

The number of incoming people was the highest
in city of Vinnytsia (7,206 people), Vinnytsia district
(1,836), Haisyn (1,061 people), Kalynivka (700 people),
Bershad (598 people) districts. The lowest number
of people arrived in Orativ (134 people), Chernivtsi
(137 people), Chechelnyk (170 people) districts. The
numbers of incoming people are highest in the city
of Vinnytsia, and Vinnytsia, Haisyn, Kalynivka, Bar,
Tulchyn districts.

As for the net international migration, it was positive
in the cities of Vinnytsia and Khmilnyk, and in districts

of the Oblast with a sufficiently high level of economic
development — Vinnytsia, Kalynivka, Koziatyn, Nemyriv
and Tulchyn districts. The remaining towns and districts
of the Oblast had a negative net migration rate for the
last five years, especially in poorly developed periphery
districts — Murovani Kurylivtsi, Bershad, Orativ and
Teplyk. The most powerful migration flows between the
neighboring oblasts are in Kyiv, Odesa, Khmelnytsk,
Zhytomyr, Cherkasy Oblasts. This has negative effects
on the development of th labour market in the Oblast.

Sex composition of the population of Vinnytsia
Oblast is characterized by continuous excess of women
over the number of men. The same tendency persists in
Ukraine in general. Since 1995, there has been observed
a tendency toward decrease in the number of both men
and women (Fig. 4).
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In general, over the period between 1995 and 2020,
the number of women decreased by 202.4 thou, and
men by 134.9. This indicates a significant decrease
in female population, which may be associated with
high disproportion in 1995. As of now, this situation
has significantly decreased and the difference between
women and men is 112.9 thou people, suggesting an
increase in the male population in the Oblast.

As of January 1, 2020, women account for 53.7% of
the Oblast population, and men make up 46.3 % (by the
way, the same proportion was in 2018). In the Oblast,
the population aged over 60 equals 23.6 %, including
35.6% men and 64.4% women. Women do not prevail
in all age groups, specifically, in the age group of 0-34
the number of males exceeds the number of females,
but begins to decrease in the 35-39 age group. In the

23,9% 16,6%

B (-15 years 0O 16-59 years 0 60 years and more

Fig. 5. Age composition of the population of Vinnytsia Oblast
in 2019
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65—69 age group, the share of men is 39.4 %, while
women significantly prevailed, accounting for 60.6 %.
The number of men decreases with age, as indicated
in the data that women comprise 70 % in the group of
70 and older.

There is also another tendency in settlements of
Vinnytsia Oblast which is that the number of men is
becoming lower than that of women starting from the
age of 25 and 35 in rural areas. In the group of 70 years
and older, women make up 67.3 % in urban settlements,
71.3% in rural settlements, which indicates significant
decrease in the number of men in the age group of 60
and older in rural areas.

Vinnytsia Oblast is characterized by the
unfavourable age structure of the population. It belongs
to oblasts with high share of 60+ age population.
A negative tendency is also the decrease in the share of
children in the overall population along with significant
increase in share of people above the employable age.

Therefore, we may state that the age structure of
the population in the Oblast has developed having
a high specific share of older people and low number
of young people, and which is leading to further aging
of the population. In Vinnytsia Oblast, the regressive
type of reproduction of population remains, as well
as high rate of demographic aging (share of people
older than 60 years is 23.9%). Furthermore, population
older than 60 is observed to have progressive chronic
illnesses, malignant tumors, endocrine diseases, etc,
which promotes the decline of the population of the
Oblast.

Demographic load is a generalized quantitative
characteristic of age structure of the population which
indicates the load of unproductive population on the
society and is determined by various ratios of number
of generalized age groups: children, senior citizens
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and those of employable age (Prybytkova, 2002).
Demographic load on people of socially active age in
Vinnytsia Oblast is characterized by a high level. In
2019, there were 234 people aged 0—15 years and 262
people aged 65 years and older per 1,000 people aged
1664 years. In rural areas, these parameters were higher
(235 and 321 people) than in urban settlements (233 and
208 people). Compared to 2014, the total coefficient
of demographic load per 1,000 people aged 16—64
years increased from 470 to 496 people (Distribution
of permanent population, 2020).

Significant change occurred in the sex and age
structure of the population in the period from 1989 to
2020. At the same time, it should be noted that the share
of employable population is increasing (1989-52.5%, in
1999-54.4%, and in 2020-59.5). This indicates positive
tendency of development of job vacancies in the Oblast.

As for the number of pre-employable, employable
and retired citizens, the following tendencies take place:
the share of population of pre-employable age in the
Oblast on average equals 16.6 %, though it significantly
fluctuates territorially, particularly Mohyliv-Podilskyi
district — 12.8 %, and Sharhorod district —17.4 %.

The largest share of employable population is in
the cities of Vinnytsia and Mohyliv-Podilskyi, and
Vinnytsia district. The rate of employable population in
the rest of the districts is below the average, especially
in Chernivtsi, Orativ, Pohrebyshche, which negatively
affects the functioning of the labour market. The
share of retirement-age population is higher than the
average in the rural areas in villages of Chernivtsi,
Pohrebyshche, Orativ, Murovani Kurylivtsi districts,
which is determined by peripheral location and low
socio-economic development of the districts.

As of January 1, 2020, the mean age of women
and men has undergone no significant changes over
the previous years and relative to type of settlement.
However, mean life expectancy according to sex has
increased. The difference in the average life expectancy
is classic for Ukraine, equaling around 10 years (in cities
and villages) and as of January 1, 2020 was 67.75 years
for men and 77.47 years for women. In previous year
of 2019, it was 67.58 years for men and 77.69 years for
women. Overall, over the period between 1995 to 2020,
the average life expectancy in the Oblast has increased
by 5 years. In cities, women and men live longer: men
by 3 and women by almost 2 years.

The level of economic activity is higher among men,
equaling 67.5 %, while being 56.8 % among women.
The economically active 15-70 year-old population
of Vinnytsia Oblast in 2018 was 724.3 thou people,
including 652.7 thou people —or 90.1 % — who were
engaged in economic activity. The level of economic
activity of the population aged 15-70 years during the
years 2014-2018 increased from 62.9% in 2014 to

63.0% in 2018, which is higher than the average level
in Ukraine (62.6 %) (Regions of Ukraine, 2019).

Distribution of employed population aged 15—
70 according to types of economic activity has the
following structure: agriculture, forestry and fisheries at
the first place, wholesale and retail trade, vehicle repair
at the second place, and industry at the third (Regions
of Ukraine, 2019).

The number of unemployed people aged 15 and
over is 68.7 thou (9.4 %) and people aged 15-70 years —
68.7 thou people (9.4 %). In 2018, unemployment was
9.9%,; in 2017-10.7 %, indicating a positive tendency
toward decrease in unemployment in Vinnytsia Oblast.
The percentages of unemployed women and men are
almost the same, equaling about 10 %. However, in
2014, unemployment was 4 % higher among men
(8.6 % among women; 12.2 % among men). The highest
unemployment rate among women is in the age group
of 15-24 years (around 17 %) and the age group of 25—
29 years (around 16 %). Unemployment rates in the age
group of 30-34 years are almost the same for both men
and women (around 12 %). In general, unemployment
(according to methodology of ILO) in percentage of
economically active population aged 1570 years tends
to decrease (by almost 1 %).

The current demographic situation affects the
development of the labour potential of the Oblast and
territorial concentration of employable population
in cities and districts of the Oblast. Territorial
concentration of employable population is the greatest
in cities of Vinnytsia and Ladyzhyn, and also in districts
of Vinnytsia, Mohyliv-Podilskyi, Trostianets and
Zhmerynka. These are the districts where the level of
economic development is high.

Taking into account the aforesaid, we should note
that the labour force should be involved more actively
through commuting, development of productive and
market infrastructures and social sphere, stimulation of
the development of professional and technical education,
etc.

The population of Vinnytsia Oblast is characterized
by the same negative processes and problems which are
relevant for most of other Oblasts of Ukraine, though
in some aspects there is a certain regional specific.
One of the distinctive tendencies of development of
the demographic situation in Vinnytsia Oblast is the
prevalence of women over men in all age groups and
especially the elderly group where the number of women
is significantly higher than men. One of such negative
tendencies of contemporary demographic processes is
aging of the population caused by decline in the birth
rate and decrease in the number of children, which is
especially noticeable in rural areas.
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The main measures that need to be taken in
Vinnytsia Oblast to improve demographic situation
and development of positive demographic processes are:

— Improvement of the medical service and social
protection of the population, especially in rural areas.
This would be achieved due to the fact that, apart from
unique natural-recreation resources (sources of mineral
water and clay), the Oblast has an advanced network of
sanatoriums and resorts, recreation facilities, tertiary
care institutions and an advanced scientific-medical
education institution — National Pirogov Memorial
Medical University, Vinnytsya. An important element
of the system of high-quality and available medical
service in Vinnytsia Oblast is the development of the
emergency system that must be available to both urban
and rural populations, including those living in the
remotest communities (Strategiya zbalansovanogo
regionalnogo rozvytku, 2020);

— Decrease in the unemployment rate and regulation
of migration outflow of the population from the Oblast
by organizing effective employment of the population
and increase in salaries. Over the recent years, large-
scale projects of developing modern infrastructure
have been implemented in the Oblast —elevators, fruit
and vegetable storage facilities, staging posts, etc. In
Vinnytsia Oblast, there has already been developed
a powerful sector of enterprises in the spheres of
producing and processing agricultural goods which have
a sufficient level of financial and institutional capacities
for implementing investment projects and training
specialists (Strategiya zbalansovanogo regionalnogo
rozvytku, 2020);

— Increase in the birth rate due to active govern-
mental and regional demographic policies;

—development of social infrastructure. Therefore, in
Vinnytsia Oblast, the infrastructure of providing various
social services to the population continues to develop,
for example: in the system of social protection of the
population, there are operating 36 territorial centers
of social services (provision of social services), 26
district centers of social services for families, children,
youth, etc.
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Received: 14.01.2021 Abstract. The lack of effective mechanisms of the methods of basin management, control
Received in revised form: 07.02.2021 of and responsibility for the ecological state of surface sources of drinking water leads to
Accepted: 11.02.2021 the fact that the main man-made objects that determine the ecological state of surface water

sources are most often located in one oblast, while the production and consumption of the
drinking water from those sources occur in the territory of other oblasts, which complicates the effective management of environmental
safety of surface water sources. This is especially true for the regions of Ukraine which are poor in surface water resources, located
in the basin of the Siversky Donets River, the water bodies of which are the main sources of water supply in the eastern regions of the
country. The main consumer of water is Donetsk Oblast (over 50 % of the annual volume), and Kharkiv and Luhansk Oblasts together
consume approximately the same volume of water per year (up to 50 % of the annual volume). Therefore, it is important to substantiate
the integrated indicators of the ecological status of the water body to improve the environmental safety of surface water sources. The
paper shows that oxygen indicators play an important role in the ecology of a water body. They are associated with the assimilative
ability of water, the ability of water to decompose organic matter. Therefore, the content of dissolved oxygen and biochemical oxygen
consumption in water is of great interest not only in terms of life development, but also as a composite measure of the ecological status
of the aquatic environment. The relationship between the value of the combined index of water pollution and the value of biochemical
oxygen consumption makes the indicator of biochemical oxygen consumption important for the integrated assessment of water
contamination with various organic substances. For the tasks for which we justify the choice of composite measures of the ecological
condition of surface waters, it is more important to identify the effects of contamination not directly at the site of contamination, but at
some distance from it and after some time. Therefore, the use of the amount of dissolved oxygen and biochemical oxygen consumption
as indicators that characterize the oxidation of pollutants present in water is the most appropriate for the tasks of timely monitoring of
water bodies. Therefore, as a composite indicator for characterizing the condition of the watercourse and conducting timely monitoring,
we chose oxygen indicators.

Keywords: ecological safety of surface waters, composite water quality indicator, complex water quality index
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AHoTanisi. BiicyTHICTB 1i04MX MeXaHi3MiB 6aceiHOBOTO MPHUHIINITY YIPaBIIiHHI, KOHTPOJIIO i BIANIOBIAAIBEHOCTI 32 €KOJIOTTYHHUIT CTaH
MOBEPXHEBUX JKEPEI IUTHOTO BOJOMOCTAYaHHs MIPU3BOAUTD 10 TOTO, IO YaCTille 3a BCE OCHOBHI TEXHOI€HHO-HeOe3eyHi 00’ €KTH,
AKi 0OYMOBIIOIOTH €KOJIOTIUHHMI CTaH MOBEPXHEBOTO JDKEpeNa BOAM, PO3TALIOBaHI Ha TEPUTOPil OZHUX oOnacTeil, a BUTOTOBICHHS
1 CIIOYKMBaHHS TUTHOI BOAU 3 LBOTO JPKEpeia BiIOYBAETHCSA HA TEPUTOPIi 1HINNX, IO YCKIAIHIOE e()eKTUBHE YIPABIIHHS €KOJIOTIYHOIO
0E3MeKOI0 MOBEPXHEBUX JKepea BohonocTadyaHHs. OCOONMBO 1ie XapaKTepHO Ui Masio3abe3ledeHnX MOBEPXHEBUMH BOIHHMH
pecypcamu perioHiB Ykpainu, po3ramoBaHux y Oaceifni p. CiBepchkuii JloHeIb, BOAHI 00’€KTH SKOTO € TOJOBHHUMH JDKEpeIaMu
BOJIOTIOCTAYaHHs CXiTHUX obnactel neprasu. [Ipy bOMy OCHOBHMM CIIOXKHBadeM Boxu € JloHerpka obmacts (rmoHan 50 % pigHoro
o0csry), a XapkiBcbka i JlyraHcbka 00macTi ClioKUBaIOTh IPHOIM3HO OTHAKOBHUH 00’ €M Boxu Ha pik (10 50 % piunoro obcsry). Tomy
€ aKTyaJIbHUM OOIPYHTYBaHHSI iHTEIpaJIbHUX ITOKa3HUKIB €KOJIOTIYHOTO CTaHy BOAHOTO 00 €KTa IS MiABUILEHHS eKOJIOTIUHOT Oe3neKkn
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MOBEPXHEBUX JDKepes BOJONOCTauyaHHs. B poboTi mokas3aHo, 1110, KUCHEBI MOKA3HUKU BiAIrPalOTh BAKIUBY POJIb B €KOJIOTii BOJHOTO
00’exTa. 3 HUMH TMOB’sI3aHA ACHMIIIOIOYA 3/1aTHICTH BOJ, TOOTO 3[aTHICTH BOJ 10 PO3KJIaJaHHs OpPraHiyHOi pedyoBUHH. ToMy BMicT
PO3YMHEHOr0 KUCHIO Ta 0i0XIMIYHOTO CIIOKUBAHHSI KUCHIO Y BOJI CTAHOBHUTH BEIMKHUIA iHTEpEC HE TUTBKH 3 HONISITY PO3BHUTKY JKHTTS,
aze 1 sK 1HTerpajJbHUI MOKa3HUK E€KOJOTIYHOTO CTaHy BOJHOTO CEPENOBHINA. 3B 530K, IO iICHYE MK BEIMYHMHOI KOMOIHAaTOPHOTO
1H/IEKCY 3a0pyIMHEHOCTI BOAW 1 BEMTMYMHOIO 010XIMiYHOTO CHIOKMBAHHS KHCHIO, POOUTH TOKa3HUK 010XiIMIYHOTO CIIOKUBAHHS KHCHIO
B&KIIMBUM JUJIs IHTErpabHOT OLIHKK 3a0py/JHEHHS BOJ PI3HUMH OpPraHiYHUMH pedoBUHAMHU. JJIs 3a/1a4, 11010 SIKMX MH OOTPYHTOBYEMO
BHOIp IHTETPAIILHOTO MOKa3HUKU EKOJOTIYHOTO CTAaHy MOBEPXHEBUX BOJ, OUTBII BasKIMBHM € BUSBICHHS HACIIJIKIB 3a0pyIHCHHS
He 0e3nocepeHb0 B MicCIl 3a0py/IHeHHs, a Ha JesIKii BiJiCTaHi BiJ] HBOTO i dyepe3 Aesikuid 4ac. ToMy BHKOPHUCTAHHS caMe BEJIMYHHU
PO3YMHEHOr0 KHCHIO Ta 0iOXIMIYHOIO CIIO)KMBAHHS KHCHIO, SIK TIOKAa3HUKIB, IO XapaKTEPU3YIOTh MPOIEC OKUCICHHS YK€ HasBHUX
3a0pyAHIOBA4IB y BOJI, € HAHOUTBII JOLITEHUM ISl 3214 ONIEPaTHBHOTO MOHITOPUHTY BOAHUX 00’ €KTiB. TOMY B SIKOCTi iHTErpajbHOTO
MOKa3HUKA JUI XapaKTePUCTHKH CTaHy BOJOTOKY Ta IIPOBEICHHsS ONEPATUBHOIO MOHITOPHHIY, OOpaHO ITOKAa3HUKH KHCHEBOI

XapaKTePUCTUKH.

Knrouoei crnosa: exonoziuna 6e3nexka nosepxHesux 600, iHmespanrbHull NOKAZHUK SKOCI 600U, KOMIIEKCHULL IHOeKC SAKOCHi 600U

Introduction.

Almost 80 % of drinking water in the country is
provided from surface sources. Therefore, quality
and condition of water in surface water objects are
significant factors of sanitary and epidemic safety of
the population (Bezsonnyi, Tretyakov, Khalmuradov,
Ponomarenko, 2017).

Over the recent years, the problem of ecological
safety of surface water has been exacerbated as a result
of the unsatisfactory condition of water resources.
Among the reasons for this, we should underscore
absence of effective mechanisms of managing water
resources, control and responsibility. This situation is
conditioned by the historical development and location
of industrial objects. The main polluters of the surface
sources of drinking water are located in one territory
(oblast), while the water is processed and consumed
in another territory.

The Siversky Donets is the largest river and the
most important source of freshwater in eastern Ukraine.
The basin of the river is located in the territories of
Kharkiv, Donetsk and Luhansk Oblasts of Ukraine and
is an urbanized region with highly developed industry
and agriculture. The structure of water use which
has developed in the basin of the Siversky Donets is
represented by all the types of water use, including
those with large amounts of water consumption and
ecologically harmful productions.

Problems of ecological conditions of the Siversky
Donets have been described in a number of studies;
particularly, according to the results of the studies
(Grischenko, Vasenko, Kolysnyk, 2011), the condition
of water in the upper part of the river within Kharkiv
Oblast is assessed as “good” in terms of ecological
condition and “quite clean” by the level of purity; water
appropriate to be used for providing drinking water is
only found in the region of the Siversky Donets, in
the upper current (approximately 850 km higher) in
the conditions of applying intense methods of water
purification.

Studies of the influence of large cities of the region
on the development of oxygen water regime in the
basin of the Siversky Donets have revealed the ability

of the ecosystem of the basin to self-purify. On some
sites, the process of self-purification are slowed. The
oxygen content in the drain below the city of Kharkiv
is lower by 30% due to powerful technogenic pressure
(Ukhan, Osadcha, 2010).

As an approach to integrated assessment and
timely prediction of technogenic pressure, an article
(Ponomarenko, Plyatsuk, Hurets, Polkovnychenko,
Grigorenko, Sherstiuk, Miakaiev, 2020) proposed
using the approximate required level of decrease in
harmful effect of inflow of polluting substances on the
area of a surface water object. Based on retrospective
analysis, composite measures of ecological condition
of the Dnipro were modeled mathematically.

Researchers (Zadniprovskii, Maximenko, 2003)
note that water that flows from Belgorod Oblast
(according to the data for the borderline drain in Staraia
Tavolzhanka village of Belgorod Oblast) during recent
years was characterized as moderately polluted: copper
content equaled 2.83 TLV, nitrites — 1.75 TLV, total
iron—1.78 TLV, phosphorus—1.39 TLV, and the value
of BOD.~1.2 TLV. A study (Ukhan, Osadchiy, Osadcha,
Manchenko, 2002) revealed that the development of
the chemical composition of the surface waters in the
north part of the basin (the River Siversky Donets in
the region from Ohirtseve village to the city of [zium
and the Uda, Lopan, Vovcha, Oskil rivers) is dominated
by natural factors. Physical-geographic conditions of
the basin and hydrological regime of the rivers are
determined as seasonal, as well as multi-dynamic
overall mineralization and separate elements of chemical
composition of surface waters.

It has been established (Bezsonnyi, Tretyakov,
Khalmuradov, Ponomarenko, 2017) that technogenic
factors play a significant role in development of
chemical composition of surface waters in the central
and southern parts of the basin (the Siversky Donets
in the section from the city of Izium to Kruzhylivka
village, left-bank tributaries — the Chervona, Borova
rivers and right-bank tributaries — the Suhy Torets,
Kazenny Torets, Luhan, Bahmut, Mokra Plotva, Bilenka
rivers).
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Drawing on the conducted assessments, the studies
(Buts, Asotskyi, Kraynyuk, Ponomarenko, Kovalev,
2019) developed mathematical models for the influence
of heavy metals on the development of composite
indicators of the condition of water bodies, determining
the conditions of migration and concentration of
compounds of heavy metals, and composing an equation
for calculating concentration of mobile forms of heavy
metal compounds.

Integrated assessments of the ecological condition
of a water environment may be based on absolute
measurements of the monitoring system, indicators
of degree of change in the condition of water objects
in space and time, identified level of influence on
recipients, effect and anthropogenic pressure on
aquatic environment, criteria of the condition of aquatic
ecosystem. Aquatic objects are identified to classes or
categories of quality according to the values of excess of
the actual level of the concentration of substances, their
threshold limit values (TLV) or ecological norms, ratio
of actual level to background level, mean or absolute
differences between those levels (Kuzin, 1996).

We shall analyze the main approaches to integrated
assessment of the quality of the environment, including
aquatic objects: hygienic and ecological. The
fundamental difference between those approaches is
that the hygienic regulations are aimed at protecting the
health of a population, while the ecological regulations
aim at protecting the life environment for maintaining
stability of the natural ecosystems. This fundamental
difference makes it impossible to use the methods
of hygienic regulations in ecological regulations.
Both ecological and sanitary-hygienic regulations
are based on knowledge of factors that cause various
effects on living organisms. However, a scientifically-
substantiated hygienic regulation can be used anywhere,
for the adaptive abilities of certain individuals may
vary depending on socio-economic and other factors,
but generally speaking the protective abilities of the
human organism are practically the same. Ecosystems
have unique properties, having abiotic and biotic
characteristics, different resistance to anthropogenic
pressure, and therefore ecological regulations should
be developed in a territorially differentiated way taking
into account adaptive reserves based on the relationship
between the conditions of biota in ecosystems and the
environment (Vasenko, Ribalova, Artemyev, Gorban,
Korobkova, Polozentseva, Kozlovskaya, Matsak,
Savichev, 2015).

In Ukraine and other countries, there is currently
a fairly large amount of criteria for integrated
assessment of ecological condition of aquatic objects.
Some classifications (Shitikov, Rosenberg, Zinchenko,
2003) are based on the assessment of bacteriological
and physiological-chemical parameters, while others are
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based on hydrobiological assessment of water pollution.
Each of the criteria provides important information,
and using them all together helps in assessing aquatic
environment from ecological perspectives.

Integrated assessment of indicators of ecological
safety of surface water according to chemical criteria
is considered quite a laborious task, for it is based on
comparing mean concentrations that are observed at
the water control points and the established norms
of threshold limit values for each substance. Most of
the currently proposed composite parameters (Zhuk,
Korobkova, 2015) have been obtained by uniting and
generalizing numerous complex indicators in one
composite indicator that may characterize various
conditions of aquatic objects.

As of now, there is a number of methods to
characterize the degree of contamination of water
using one generalized indicator (contamination index
1), which equals mean arithmetic ratio (Losev, Milka,
2011):

I, :l L’ (1)
n'‘ = ILYV,

for substances with values of C/TLV > 1,

where C,—actual concentration of i chemical indicator,
mg/m?;

TLV,— threshold limit concentration of i chemical
component, mg/m?;

n—amount of substances.

The main threat is manifestation of synergism,
when presence of one substance increases toxicity of
another substance or when two toxic compounds form
a compound with much higher toxicity than the initial
ones had (for example, compounds of ions of heavy
metals and other organic acids). Studies (Shitikov,
Rosenberg, Zinchenko, 2003) suggest identifying the
complex ecological index of the condition of river
ecosystem / depending on values of various parameters:

e
pakm Hopm

L
i=1

n

2

ne C, . —actual concentration of i hydrochemical or
trophosaprobiological factor, mg/m?;
- cvandard regulation-established concentration of

i hydrochemical factor, mg/m°.

Moreover, the qualitative condition of natural
water is assessed using complex indicators: water
contamination index (WCI) (Baranovsky, Bardov,
Omelchuk, 2000) and contamination coefficient (CC).
Comparing those two complex parameters revealed
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superiority of CC. The Ministry of Ecological Resources
adopted the method (Zhuk Korobkova, 2015) of
assessing CC of natural water. CC is a generalized
indicator that characterizes the degree of contamination
overall according to water quality parameters that had
been numerously measured at several points (drains) of
monitoring of aquatic objects. Furthermore, ecological
assessment of quality of surface water is performed
using corresponding criteria. It allows one to perform
comparative assessment of ecological condition of
surface waters in various aquatic objects (regardless of
the content of contaminating compounds), identification
of tendency of its quality over years, facilitating and
significantly improving the form of presenting the
information, including in the form of maps.

The problem of selecting indicators that are used for
ecological assessment of surface water was described
in-detail in the study (Shitikov, Rosenberg, Zinchenko,
2003). The solutions for this issue were classified by
the authors into three groups:

—using all parameters for which TLVs are
determined;

—using a small amount of regulation-established
parameters;

—account of some regulation-established parameters
and also compounds that characterize processes affecting
the water quality.

Implementing the parameters of the first group
would be the best variant, but this is practically
impossible.

Suggestions from the second group are reflected
in research and regulations. In general, the circle of
obligatory parameters is limited within the range from
ten to twenty.

Parameters of the third group are based not only
on the necessity of assessing but also the necessity of

predicting changes of ecological condition of surface
waters. At the same time, such parameters are taken
into account, the change in concentrations which due to
physical, chemical and biological reasons automatically
affect the values of other indicators.

Combined index of water contamination, which
is calculated according to (RD, 2002) and is currently
recommended (Zhuk, Korobkova, 2015), allows one to
obtain integrated assessment of the ecological condition
of surface water based on the extent of excesses of TLVs
of individual compounds and will be analyzed below.

Practice and regulatory activity related to
monitoring surface waters indicate the necessity to
minimize the resources to obtain integrated assessment
of the ecological safety of a water body. Therefore, the
necessity arises of selecting one or two parameters that
would provide integrated assessment of the ecological
condition of an aquatic object in general, without the
necessity of performing numerous analyses.

Therefore, the objective of this study was
substantiation of choosing the biochemical consumption
of oxygen as an integrated indicator of ecological safety
of water in the Siversky Donets. For this purpose,
we needed to characterize the ecological condition
in the studied area using combined index of water
contamination (CIWC) and determine the relationship
between this index and biochemical consumption of
oxygen.

Materials and methods.

The study draws from the materials of multi-year
monitoring of the ecological condition of surface waters
above the place of discharge, at the place of discharge
and below the place of discharge of wastewater into the
River Siversky Donets from the cleaning stations in the
city of Izium. The data are given in Table 1.

Table 1. Values of differences of mean annual values of the parameters of ecological condition of the River Siversky Donets in the area

affected by wastewater.

Months January Febrary March April May June
Ammonium salt 0.13575 0.0455 0.026 0.0055 -0.0215 0.0035
BOD, 0.505 0.4125 0.3075 0.31 0.235 0.3125
Overall iron 0.00,125 0.00525 0.011 0.0135 0.01125 0.009
Oil products 0 0 0 0 0 0
Nitrates 0.97 0.6025 -0.3725 0.7675 0.8475 0.7525
Nitrites 0.00375 0.02 0.00775 0.006 -0.002 0.00025
Surfactants 0.00775 0.0075 0.01475 0.0065 0.00775 0.0055
Sulfates -2.835 -10.85 -9.835 9.17 -4.0075 -2.75
Dry residue -10.29 -3.3325 -22.4175 -13.847 -60.46 -14.002
Phosphates 0.185 0.1725 0.145 0.0955 0.1055 0.1325
Chlorides 4.38 5.1925 1.15 1.6075 2.9275 2.7075
COD 0.7675 1.5925 0.795 1.4975 1 1.1275
Dissolved oxygen 0.0025 0.0175 0.0975 -0.0225 -0.1875 -0.1475
Ammonium salt 0 0.01275 0.0175 0.0115 -0.00425 0.02025
BOD, 0.2875 0.48 0.2975 0.5025 0.28 0.475
Overall iron 0.01 0.009 0.00925 0.005 0.011 0.00975
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Continuation of Table 1

Months January Febrary March April May June
Oil products 0 0 0 0 0 0
Nitrates 0.4725 0.9375 1.045 0.7075 0.9525 0.6775
Nitrites 0.002 0.0045 0.00325 0.00225 0.00175 -0.001
Surfactants 0.00725 0.006625 0.00475 0.007875 0.007 0.00575
Sulfates -3.085 -2.62625 -3.4825 -5.3825 -5.04 -3.2475
Dry residue -14.275 -10.4275 -11.3425 -17.65 -18.875 -11.8775
Phosphates 0.18075 0.185375 0.15 0.0975 0.115 0.1425
Chlorides 3.3075 3.54875 4.0875 3.7925 3.555 3.725
COD 1.1675 1.34375 1.235 1.08 0.825 0.69
Dissolved oxygen -0.1575 -0.18375 -0.1725 -0.1975 -0.1725 -0.14

The methods of integrated assessment of

contamination of surface water which exist today n'
are divided into two basic groups: the first comprises a; = ni -100%, 3)

methods that allow assessment of the quality of water
using the general hydrochemical, hydrophysical,
hydrobiological, microbiological parameters; the second
one —methods related to the calculation of complex
indices of water contamination.

Let us perform a more detailed analysis of one of
the commonest indicators — combined index of water
contamination according to (Zhuk Korobkova, 2015),
which is currently recommended (RD, 2002). This
index provides an integral assessment of the ecological
condition of surface water, based on degree of excess
of TLVs for individual substances.

Combined index of water contamination is used to
determine the extent of the pollution according to the
complex of contaminating compounds. The index may
be calculated for any drain or point of monitoring of
surface water condition, for an area or entire aquatic
object. The informativeness and representativeness
of the index in conditions of sufficient amount of
information is quite high.

Prior to calculations, the period for which the
generalization is made is chosen, depending on the
purposes and sufficiency of the amount of initial data.
Combined index of water contamination may be
calculated for any period of time: day, decade, month,
quarter, half a year, year, or multi-year period if there
is a sufficient amount of samples.

Calculation of the combined index of water
contamination and relative assessment of ecological
condition of the surface waters were performed in two
stages: first according to each studied substance and
parameter of ecological condition of surface water,
then we analyzed the entire complex of contaminating
compounds simultaneously, calculating the resulting value.

According to each substance, for the period of
assessment of the selected object, we determined the
following characteristics:

1) repetition of cases of pollution o, i.e. frequency
of identification of concentrations that exceed TLVs
(RD, 2002):
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y

where 7’ is the amount of results of the chemical
analysis according to i substance in j drain for the
analyzed period of time, in which their content or value
exceeded the allowable TLVs;

n,— total amount of results of the chemical analysis for
the analyzed period of time according to i compound
in j drain.

By the values of repetition, the pattern of water
pollution was determined according to the stability of
pollution in correspondence to Table 2.

__ 2) Mean value of multiplicity of TLV excess of
,Bj' was calculated using the results of the analysis
of samples where such an excess was seen. Results
of the analysis of samples in which the concentration
of contaminant was below TLV were not included in
the calculation. The calculation was carried out using
the formula

“4)

where lBiﬁ = Ciﬁ/TLViis multiplicity of TLV excess
according to i compound in fresult of chemical analysis
for j drain;
Cy— concentration of i compound in fresult of chemical
analysis for j drain, mg/dm?.

Multiplicity of excess of the normative for dissolved
oxygen was determined using the formula

7K,

; )
Coun

ﬁoz A=

According to excesses of TLVs, we determined the
level of water contamination, as indicated in Table 2.
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Table 2. Classification of water in water object according to repetition of pollutions

Repetition,% Characteristic of water pollution acfg;gi};:gi?gﬁﬁ 5)1111,1;”” Share of Il)izlglf erlzrs)zstistlircl)i point per
[17;10) Singular [1;2) 0.11
[10; 30) Irregular [2;3) 0.05
[30; 50) Characteristic [3;4) 0.05
[50; 100) Regular 4 -

* In values of repetition less than one, we consider Saij = 0.

Note. Intervals are indicated as follows: number
on the right— beginning of the interval; number on the
left — end of the interval; parentheses indicate that the
number near it is not in the interval; square bracket—the
value is included in the interval

According to mean multiplicity of TLV excess of

B,;' and data in Table 3, we assessed partial assessing
point for excess of Sy The points were determined
using linear interpolation.

Table 3. Classification of water objects according to multiplicity of LTV

Multiplicity of TLV excess | Characteristic of pollution level

Partial assessing point
according to multiplicity of
TLV excess, S,

Share of partial assessing point
per unit of multiplicity of TLV
excess

(1;2) Low [1;2) 1.00
[2; 10) Average [2; 3) 0.125
[10; 50) High [3;4) 0.025
[50; o] Extremely high 4 -

Note: Intervals are indicated as follows: number
on the right — beginning of the interval; number on
the left — the end of the interval; parenthesis indicates
that the number near it is not in the interval; square
bracket — values is in the interval. For dissolved oxygen,
the following conditional gradations of multiplicity of
the pollution level are used: (1; 1,5]—low; (1,5; 2] —
mean; (2; 3] —high; (3; o] — extremely high. If the
concentration of dissolved oxygen in a sample equals
0, we consider it to equal 0.01 mg/dm? for calculation.

3) Generalized assessment point SU_ for each
compound was calculated as product of assessment
points according to repetition of pollutions and mean
multiplicity of excess of TLV:

S =8-S

ij aij ~pif’

(6)

where § _— partial point according to repetition of
pollutions with ith substance in jzh drain for the period
of time which is analyzed;

— partial point according to multiplicity of excess
of/ TLV of ith compound in jth drain for the analyzed
period of time.

Generalized assessment point allows calculation of
values of the studied concentrations and frequency of
detecting the cases of TLV excesses for each compound
at the same time.

The value of generalized assessment point for each
substance individually may vary 1 to 16 for different
waters. Its higher value corresponds to higher degree
of water contamination.

Further, we determined the combined index of water
pollution using the following formula:

(7

where S— combined index of water pollution in j drain;
N.—amounts of compounds taken into account in the
assessrnent

w.— weight coefficients that take into account the
significance of i compound, w. in this calculation = 1/N.

Results and their analysis.

According to the data of multi-years monitoring, we
researched seasonal changes in CICP for three points
of monitoring: place of discharge of wastewater from
water-cleaning structures, 1,000 m above and 500 m
below the place of discharge. As seen from the provided
graphs, graphs (Fig. 1), wastewater from cleaning
structures worsens the condition of water in the Siversky
Donets, for the CICP values 300 m below the outfall
are greater than the CICP above the outfall.

The analysis of annual seasonal dynamics of
difference between CICP 500 m lower and 1,000 m
higher than the outfall of wastewater indicates constant
positive difference between the values, except for some
cases where wastewater that had run through treatment
constructions dissolved polluted river water, as revealed
by comparison to the initial data.

The presented graphs also indicate seasonal
fluctuations of the difference between CICP values,
which may be associated with increase in the surface

627



Bezsonnyi V. L., Ponomarenko R. V., Tretyakov O'V., Asotskyi V. V., Kalynovskyi A.Y.

Journ. Geol. Geograph. Geoecology, 30(4), 622—631

runoff as a result of snow melting in spring and rains
in autumn, and therefore increase in the amount of
polluted wastewater from the treatment constructions.

Let us determine the presence of interrelation
between CICP and BOD.

Water quality in the basin of the Siversky Donets
was monitored through more than thirty hydrochemical
parameters. The results of the monitoring allows us only
to state that the water quality currently corresponds to
the requirements, i.e. there are no excesses of TLVs
(Bezsonnyi, Tretyakov, Khalmuradov, Ponomarenko,
2017). In such a case, it is impossible to perform the
complex assessment of the ecological condition of
surface water according to hydrochemical indicators.

Also, it is impossible to make judgements about the
changes that take place in water under the impact of
anthropogenic factors. Therefore, the parameters of the
third group, which are not mentioned in the literature
as much as they deserve, are worthy of attention and
research (Bezsonnyi, Tretyakov, Kravchuk, Statsenko,
2016).

Optimum conditions for the development of most
microorganisms, plants and animals depend not only
on the presence of food, but also combination of
abiotic factors of aquatic environment: temperature,
pH-environment, salinity, water turbidity, illumination,
aerobic conditions.

8,5
S
@) ST T~ o

8,0 : R

- . N
7.5 . \ -
b \\ \ . / / \ \
. . AN - -

7,0 c . ‘\ =~ -

6,5 RN

6,0

1 11 111 I\Y% A\ VI vl VIl IX X XI XII
- - - =above the outfall — — below the outfall
months

Fig. 1. Seasonal mean annual dynamics of CICP above and below the outfall of wastewater

Vitality of aquatic organisms is to a large degree
determined by the content of dissolved oxygen in water.
For example, minimum content of DO, which provides
the normal development of fish, equals about 5 mg/dm?.
Its decrease down to 2 mg/dm? causes mass death of fish.
Oversaturation (over 120 %) of water with oxygen also
has an unfavourable effect on their condition. It should
be also mentioned that assessment of the ecological
wellbeing of aan quatic environment rarely takes into
account the relative content of oxygen. However,
oversaturation of water with oxygen usually occurs in
cases of concentrations that are far from critical, for
example 11 mg/dm’ in the water temperature of 15 °C
or 10 mg/dm? in the water temperature of 22 °C.

Concentration of oxygen in water depends on its
physical characteristics (temperature and salinity), and
also biochemical factors (photosynthesis and oxygen
consumption in the conditions of aerobic oxidation
of organic compounds). Intensity of photosynthesis
depends on light and temperature, and oxidation—on the
amount of organic matter, microorganisms and, again,
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temperature. Other than the considered mechanisms, the
concentration of oxygen in water may change under the
influence of hydrodynamic factors — transfer (advection)
by currents, vertical wavy mixing, etc.

Ingress of oxygen into an aquatic object may be
limited by its solubility in water. At a certain water
temperature and pressure, a strictly limited amount of
oxygen can be dissolved.

Concentration of DO in water also depends on
its consumption during oxidation of organic matter,
1.e. biochemical factors. In aerobic environments,
biochemical oxidation of organic compounds takes place
under the effect of bacteria according to the following
pattern: organic compounds + oxygen — water + carbon
dioxide + other compounds. Decomposition of organic
compounds may be considered an equivalent to the
oxidation reaction, which reduces DO in water and
causes ecological imbalance.

The criterion that characterizes the overall content of
organic compounds in water is the indicator of oxygen
consumption, which expresses the amount of oxygen
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Fig. 3. Seasonal dynamics of mean annual parameters of BOD, and CICP above the outfall
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(mg) needed for biochemical oxidation of organic
compounds held in water, for a certain interval of time.
The norm indicator of BOD; is the amount of oxygen
consumed in five days in the process of oxidation of
organic compounds present in analyzed water. Values
of BOD , (mg/dm’) are calculated as difference between
oxygen content at the moment when sample was taken
and 5 days after.

Therefore, there are reasons for selecting oxygen
indicators in a watercourse, namely BOD , and dissolved
oxygen, which is related to it, as indicative (signaling)
of ecological condition of surface waters. To confirm
this assumption, we checked for presence of correlation
between CICP and BOD ..

We compared three points of control — the outfall
of wastewater and places above and below it.

The graphs (Fig. 2) present the seasonal dynamics of
mean annual parameters of BOD , and CICP in the place
of discharge of wastewaters. Correlation coefficient
between the indicated values equals 0.57.

The graphs (Fig. 3) demonstrate seasonal dynamics
of mean annual of parameters of BOD , and CICP above
the place where wastewater is discharged. Correlation
coefficient between the said parameters equals 0.98.

The graphs (Fig. 4) show the seasonal dynamics
of mean annual of parameters of BOD ; and CICP
below the outfall of wastewater. Correlation coefficient
between those parameters equals 0.94.

The analysis of seasonal dynamics of parameters
and the relationship between these values suggests
that determining factor of CICP development below
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the contamination source is particularly the BOD,
parameter, as confirmed by correlation coefficient. Right
at the place of wastewater discharge, excesses of TLVs
of several contaminants caused CICP to various extents.

Conclusions.

Thus, oxygen indicators play an important role in
the ecology of aquatic object. They are associated with
the assimilating ability of water, i.e. ability of water
to decompose organic matter. Therefore, the content
of dissolved oxygen and biochemical consumption
of oxygen in water is of great interest not only from
the perspective of development of life, but also as
composite indicators of the ecological condition of
an aquatic environment. The relationship that exists
between CICP and BOD, makes BOD, important for
indicative assessment of water pollution with various
organic compounds. Therefore, as a composite indicator
of the condition of watercourse and for carrying out
timely monitoring, we selected parameters of oxygen
characteristics.

Detecting consequences of contamination at
some distances from it and after a certain time, and
directly in the place of pollution is the main goal for
substantiation of choosing composite indicators of
ecological condition of surface water. Therefore, we
consider it most expedient to select such indicators
for purposes of timely monitoring of aquatic objects,
which characterize intensity of processes of water
contamination.
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of German ethnic minority on the territory of the modern Ukraine are studied. Geography of
German ethnic minority of the early XX century within the modern territory of Ukraine and geography of ethnic Germans and German
cultural heritage in the modern Ukraine are developed. On the basis of a cluster analysis of indicators of the number of preserved
objects and the number of former German settlements, groups of regions with high, medium and low potential for the development
of ethnic tourism are identified. Odesa, Lviv, Zaporizhzhia, Kyiv and Zhytomyr are the leaders by the number of objects of German
cultural heritage among all regions of Ukraine. The group of regions with a medium level of potential for ethnic tourism includes
the Autonomous Republic of Crimea, Volyn, Kherson, Ivano-Frankivsk, Mykolaiv, Poltava, Chernivtsi, and Khmelnytskyi regions.
Seven main types of preserved objects of German cultural heritage in Ukraine are identified. Sacred objects and public buildings and
structures are best represented. The objects of German cultural heritage preserved to this day in the context of the regions of Ukraine
are described. It was found that the main obstacles to the development of German ethnic tourism in Ukraine are the destruction of many
cultural heritage objects, lack of funding for restoration of these objects, insufficient involvement of objects to tourist routes and low
level of their promotion. The main ways to overcome these obstacles are identified: allocation of budget funds for the restoration of
objects, attracting private investors, international organizations and German community; development of new tourist routes; marking
places with information stands, publishing information materials about objects; digitalization of objects; organization of international
conferences, round tables, festivals, etc.
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TypucTtnuHuii noreHuiaja YKpainu y KOHTeKcTi reorpadgii i cy4acHoOro ctany HiMebKoi KyJIbTYPHOI
CIAJIIUHA

H.I. Auicrpsiacebka, M. 1. Cenbkis, I 5. Inbuuipka-I'ukapayk, M. 1. T'a0a, O.I1. Makap
Hayionanvnuil ynieepcumem «Jlvgiscoka nonimexuikay, Jlvsis, Ykpaina, mariana.i.senkiv@lpnu.ua

AHoTamisi. Y cTarTi 0XapaKTepU30BaHO TEOPETUYHI OCHOBH JOCIIKEHHS TYPHCTHYHOTO MOTEHIIaTy o0iacTell YKpaiHH y KOHTEKCTI
reorpadii i Cy4acHOro cTaHy HIMELBKOT KyJIbTYpHOI criaquiuHy. BuBueHo icTopuyHi epeyMoBr (OpMyBaHHS Ta PO3BUTKY KYJIBTYPHOT
CHAJIMHN HIMEIbKOT eTHIYHOT MEHILIMHN Ha TepuTOpil cydacHoi Ykpainu. Pozpobieno kaprocxemu reorpadii HiMebKoT eTHIYHOT
MEHIIMHU o4YaTKy XX CT. B MeXax Cy4acHoOI TepuTopii Ykpainu ta reorpadii eTHIYHUX HIMIIB Ta HIMELBKOI KYJIBTYPHOI ClIa{IIUHN
B cy4acHill YkpaiHi. Ha ocHOBI kacTepHOro aHamizy HOKa3HUKIB KITBKOCTI 30€peKeHUX 00’ €KTIB 1 KUIBKOCTI KOIMIIHIX HIMEIIBKUX
MOCEJIEHb BUALICHO TPYITH 00JacTeld 3 BUCOKUM, CEPEIHIM Ta HU3bKUM MOTCHINIAIOM AJISi PO3BUTKY €THIYHOTO Typu3My. Jlinepamu
cepeq perioHiB YKpaiHH 3a KUIBKICTIO 00’ €KTiB HIMEIbKOT KynbTypHOI cnaauman € Oneckka, JIbBiBchbKa, 3amopi3bka, KuiBchka Ta
JKuromupcska obnacti. Jlo rpynu obnacreit i3 cepeaHimM piBHeM NOTEHIlialy €THIYHOTO Typu3My Haiexars AP Kpum, BonmHceka,
XepcoHchka, [Bano-OpankiBcbka, MukosaiBebka, [lonraBebka, UepHiBelbka, XMeIbHUIbKA. BUOKPEMIICHO CiM OCHOBHHX THITIB
30epekeHnX 00’ €KTiB HIMEIBKOI KyJIbTYpHOI caauivHy B Ykpaini. Halikparue npencrapieHi cakpaibHi 00’ €KTH Ta IpOMaaChKi Oy B
i copyau. OxapakTepr30BaHO 30€peKeHi 10 ChbOTOIHI 00’ €KTH HIMEIBKOT KYJIBTYPHOI CIIAAIIMHA B PO3pi3i oonacteid Ykpainu. 3’scoBaHo,
1110 OCHOBHUMH IIEPEIIKO/IAMHI PO3BUTKY HIMEIIBKOTO €THIYHOTO TypH3My B YKpaiHi € 3pyiiHOBaHICTh OaraTbox 00’€KTiB KyJIbTYpHOI
CHaIIIUHY, BIICYTHICTb (DiHAHCYBaHHS AJIS BITHOBICHHS Ta pecTaBpalii [ux 00’ €KTiB, HEIOCTATHE 3ayYEeHHS 00’ €KTIB Y TypHCTHYHI
MapUIPyTH Ta HU3bKUI PiBEHb IXHBOI MOMyIsipru3allii. BU3HaueHO OCHOBHI CITOCOOM MOAONAHHS UX MEPEIIKO/: BUIICHHS OFOKETHIX
KOWITIB JUIs pecTaBpalii 00’ €KTiB, 3aJIy4eHHs IPHUBATHUX 1HBECTOPIB, MKHAPOIHHUX OPTaHi3alliil Ta HIMEIIBKUX CITLIBHOT; PO3pOOJICHHS
HOBUX TYPUCTHYHHX MAapIIPyTiB; O3HAKYBAHHS MiCIb iH(OPMAIIMHIMY CTCHJAMH, BUAAHHS IHPOPMAIIHIX MaTepialiB IIpo 00’ €KTH;
JUDKUTaNi3alis 00 €KTiB; OpraHi3ailis MbKHAPOJIHUX KOH(PEPEHIIiH, KPyIITUX CTOMIB, ()ECTUBAIIB TOIIO.
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Introduction.

The cultural heritage of each country, as a set
of material and spiritual values and monuments, is
directly related to the history of ethnic communities
and groups living on its territory, and, therefore, is
distinguished by diversity and regional differences.
Knowledge of all ethnic components of the country’s
cultural heritage performs the functions of socio-
cultural mutual enrichment, understanding and
cooperation. At the same time, the study of cultural
heritage is also important in practice, as it can be used
in educational and local history work and tourism
(Polyvach, 2012). Taking into account the growing
interest in the diverse achievements of diasporas and
nostalgic motives of people from ancient settlements
of national minorities, their cultural heritage can be
of great attraction significance and become a factor in
intensifying the development of inbound tourism in
Ukraine, overcoming the depression of modern socio-
economic development of various settlements and areas.

One of the first definitions of cultural heritage
is given by UNESCO in the Mexico Declaration
on Cultural Policy: the cultural heritage of people
includes works by artists, musicians, architects, writers,
scientists, expressions of people’s spirituality and a set
of values that give meaning to life (UNESCO, 1982). It
includes both tangible and intangible products, due to
which the creativity of the people finds its expression:
rituals, historical objects, monuments, literature, works
of art, archives, etc.

Cultural heritage is a prerequisite for the
development of tourism. These areas are interconnected.
Tourism helps to attract public attention to historical
and cultural objects, their preservation. We can talk
about the cultural heritage of tourism, that is, elements
of the human past as a resource, which include various
reasons for the arrival of tourists: the desire to improve
personal culture, learn something new, spend time with
friends or family (Timothy, 2011). The relationship
between cultural heritage and tourism is based on three
concepts that combine as the main drivers of tourism
interest: physical heritage, cultural diversity, and
intangible heritage (Brooks, 2011).

The use of cultural heritage as a special
tourism resource is effective only if this resource is
combined and interacted with other necessary factors
(entrepreneurial initiative, human labor and investment),
which ensures the formation of tourism potential, the
ability of destination to implement tourism services
(Terebukh, 2016).

Historical and cultural heritage especially
intensifies the development of nostalgic tourism, which
includes trips to visit relatives; visiting places with

which important events in a person’s private life are
connected; the history of the ethnic community which
a person belongs to, or important moments in the life
of the family, ancestors (Dorosh, 2020). There are two
types of nostalgic tourists: real and historical. The first
ones seek to revise their past cultural environment,
to relive past events, last ones —to visit a specific
environment that they have learned about from various
sources (books, movies, stories) (Stern, 1992).

The development of ethnic cultural, cognitive and
nostalgic tourism has every reason to be effectively
combined with ecological, sports and health tourism,
providing favorable conditions for the creation of
multidisciplinary tourism and recreational clusters.

The purpose of the article is to reveal the
peculiarities of the formation, distribution and current
state of the cultural heritage of the German national
minority in Ukraine in the context of the prospects
of its use in tourism. Tasks: 1) to characterize the
main stages and features of the settlement of ethnic
Germans in Ukraine; 2) to reveal and cartographically
reflect the modern geography of the German national
minority; 3) substantiate the methodology for assessing
the German cultural heritage in Ukraine as a tourism
resource; 4) describe the current state of German
cultural heritage objects in Ukraine and substantiate
the possibilities of their use in tourism; 5) to reveal the
problems of development of German ethnic tourism in
Ukraine and to suggest ways of their solution.

Materials and methods.

The study is based on the use of two main sources
of information: observations and analysis of secondary
sources. The observations included visits to and
descriptions of major cultural monuments and areas
related to German cultural heritage in Ukraine. The
works of national and foreign scholars on German
cultural heritage, ethnic tourism, geography, history,
management and marketing are analyzed. A number
of secondary sources is also analyzed, in particular,
statistics on the share of the German national minority
in Ukraine in different years (population censuses),
materials directly or indirectly related to German
history, heritage and tourism (the number of cultural
heritage objects preserved to the present day and the
number of former German settlements), maps and
webobjects.

During the processing of the collected data, as well
as to illustrate the results of the study, the following
methods were used: historical (to describe the historical
preconditions for the formation of the cultural heritage
of the German ethnic minority in modern regions of
Ukraine); typological (for identifying types of preserved
objects); cartographic (to analyze the share of Germans
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within the former provinces and modern regions of
Ukraine); analytical and problematic (to identify
problems of development of German ethnic tourism
in Ukraine), etc. Cluster analysis (Excel software) was
also used to group the regions according to the main
criteria — the share of preserved objects of German
cultural heritage and the share of former German
settlements in the context of regions of Ukraine.

Results of the research and their analysis.

Historical preconditions for the formation and
development of the cultural heritage of German ethnic
minority on the territory of modern Ukraine

Migration of the ethnic German population to the
territory of Ukraine, having passed several stages and
directions of settlement, relating to different periods of
history and associated with the demographic and socio-
political situation in both German and Ukrainian lands.
The first information about Germans in Ukrainian lands
dates back to the princely period of Ukrainian history
and dates back to the XIII-XIV centuries. It is known
that at that time Germans came from Regeneburg,
Mainz, Vienna, Lubeck, where there was an excess
of workers in the field of handicrafts, construction,
trade, forming small communities in Kyiv, Volodymyr-
Volynskyi, Lutsk, Lviv. The presence of the German
ethnic group of that period immediately affected the
architecture of cities and their appearance in general,
as the German population predominantly settled
compactly in individual neighborhoods, reproducing
German residential traditions. Subsequently, this
influence became even more significant, as German
communities from the XIII century began to grant
Magdeburg (German) law, which later extended to all
settlements. This meant that the development of such
settlements had to take place taking into account certain
urban planning standards (the presence of the town
hall in the center of the settlement, the central market
square, etc.). The first to receive the Magdeburg right
were Sianok (1339), Lviv (1356), Kamianets-Podilskyi
(1374), Terebovlia (1389), and Sambir (1390). Later,
already in the XIV—XVI centuries, during the belonging
of Ukrainian lands to the Kingdom of Poland and the
Grand Duchy of Lithuania, Magdeburg law spread
to other cities of the Right Bank and Left Bank of
Ukraine, also contributing to the creation of new urban
settlements (Kobyletskyi, 2008). That is, the spread of
German legal relations has become an important factor
in accelerating the urbanization of Ukraine, linking
the development of events in the Ukrainian lands with
European processes. At the same time, the granting of
the Magdeburg right to the cities became one of the
reasons for the growth of foreign ethnic colonization
of Ukrainian lands, including German one.

German communities of that time arose not only
in cities, but also in rural areas, primarily in the
western and eastern parts of Galicia. According to
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the research of the Austrian historian-ethnographer
R.F. Kaindl, which was analyzed by 1.S. Monolatii,
in this period there were 650 localities, the structure
of which was based on German law. In particular, in
terms of counties: Old Town (16), Turka (27), Stryi (5),
Drohobych (17), Sambir (14), Rudky (9), Mostyska
(12), Yavoriv (15), Zhovkva), Gorodok (22), Lviv
(38), Bibrka (3), Zhydachiv (4), Dolyna (1), Kalush
(2), Stanislaviv (5), Peremyshlyany (4), Sokal (2),
Brody (4), Zolochiv (6), Berezhany (4), Pidhaytsi (3),
Tovmach (5), Kolomyia (1), Sniatyn (1), Buchach (3),
Terebovlia (1), Ternopil (1). The German settlers were
mostly peasants, artisans, and merchants from Silesia,
the Saar, and the Rhineland (Monolatii, 2002).

In the second half of the XVIII-XIX century a new
wave of colonization of the territory of Ukraine by the
German people begins, which covered both Ukrainian
lands as part of the Russian and Austrian empires. The
main centers of German settlement within the Russian
Empire were the Lower Dnipro (from the second half
of the XVIII century) and Southern Ukraine (from the
beginning of the XIX century). The German colonists
were mostly peasants from Baden, Wiirttemberg, Hesse
and the Palatinate, who settled in southern Bessarabia
(Ackerman County), Kherson Province (Odesa, Tiraspol
and Kherson Counties), Katerynoslav and Tavriia
Provinces. These resettlements were the result of the
encouraging policy of the tsarist regime, interested
in the rapid socio-economic development of sparsely
populated areas, which until recently were the part of
the Crimean Khanate. The resettlement of Germans
to the territory of Volyn also intensified. According to
the 1897 census, 345,000 Germans lived in south of
Ukraine, accounting for 4.2 % of the total population
of Ukraine, and 171,000 (5.73 %) in Volyn.

After the entry of Bukovyna and Galicia into
the Austrian monarchy in the late XVIII century the
government of this country also purposefully pursued
a policy of resettlement of the German population.
These were mostly agricultural workers from Baden,
Wiirttemberg, Hesse and the Palatinate and other
regions, who settled in Stryi, Dolyna, Drohobych,
Kolomyia, Lviv, Stanislav, Rava-Ruska and some
other counties (Encyclopedia of Ukrainian Studies,
1996). The process of settlement of Galicia was carried
out in two directions: 1) Dobromyl — Stryi — Stanislav
(Ivano-Frankivsk); 2) Sambir — Liubachiv — Sokal —
Radekhiv —Brody — Berezhany. German colonies formed
small rural settlements, the number of inhabitants of
which ranged from 25 to 100 people. The largest colonies
were Josefeberg (573 people) and Brigidau (607 people)
in the Sambir district, as well as Landestroy (327 people)
and Ugartstal (329 people) in the Stryi district.

A number of German colonies were created even
earlier in the Transcarpathian Ukraine, and the total
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German population reached 20 thousand people. Thus,
at that time, up to 150 German autonomous settlements
emerged on ethnic Ukrainian territory as part of the
Austrian Empire. The Austrian government sought
to establish new German settlements separately for
Protestants and Catholics in order to make it easier and
faster to provide religious buildings and educational
institutions (Monolatii, 2002).

Although, most German colonies were formed on
the plains, German colonization brought some changes
to the settlement network of mountainous areas. These
were mostly small settlements in the immediate vicinity
of Ukrainian villages. While most German colonies in
the mountainous Carpathian region of Galicia were
mostly agricultural, in Transcarpathia and Bukovyna the
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establishment of such settlements was due to the needs
of forestry and extraction of some mineral resources
(Dnistrianskyi, 2019).

Thus, from the end of the X VIII to the beginning
of the XIX century the number of the German ethnic
minority in the Ukrainian lands increased significantly
and according to the censuses of 1897 (in the Russian
Empire) and 1900 (in the Austro-Hungarian Empire)
totalized 431 thousand people. However, the settlement
of ethnic Germans in some regions was significantly
differentiated (Fig. 1): its largest concentration (over
10%) was in Volyn, Southern Bessarabia and Northern
Crimea, the smallest (less than 1 %) —in Podillia and
the Left Bank of Ukraine.
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Fig. 1. Geography of the German ethnic minority at the beginning of the XX century within the modern

territory of Ukraine (developed by the authors)

In 1939, the German population of Western Ukraine
was resettled to Germany in accordance with Soviet-
German agreements, and the settlements founded
by the Germans were either liquidated or underwent
ethnocultural transformation. The fate of the German
population was even more tragic, which became the
part of the USSR: with the beginning of the German-
Soviet war, in 1941, ethnic Germans were deported
to Kazakhstan and Central Asia, suffering huge
human losses. Despite the limited number of German
settlements, their spread to Ukrainian lands to some
extent affected the complexity of construction and
planning structure of neighboring Ukrainian villages,
some aspects of agricultural production and the
formation of cultural landscapes in general.

According to the 2001 census, there were 33.3
thousand Germans in Ukraine: the largest number was

in Donetsk (4.6 thousand people), Dnipropetrovsk (3.8
thousand people), Zakarpattia (3.5 thousand people),
and Odesa (2.9 thousand people) regions and in the
Crimea (2.5 thousand people) (Fig. 2).

Assessment of tourism potential of the regions
in the context of the current state of German cultural
heritage

We will conduct a cluster analysis based on the
grouping of regions of Ukraine according to such
indicators as the share of preserved objects of German
cultural heritage and the number of settlements founded
by ethnic Germans. According to obtained results, we
can distinguish three groups of areas. The first group
includes areas where the share of preserved objects
is less than 2 %; to the second — from 2 to 5 %; to the
third — more than 5% (table 1).
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Table 1. Cluster analysis of German cultural heritage of the regions of Ukraine (developed by the

authors)
. Share of preserved Share of settlements founded b
Group Region (Oblast) objefts,% ethnic Germans,% '
Dnipropetrovska 1.5 2.5
Rivnenska 0.7 7.4
Sumska 0 0.2
Vinnytska 0.7 0.2
Zakarpatska 1.5 2
1 Kirovohradska 0.7 0.2
Luhanska 1.5 4
Donetska 1.5 9
Ternopilska 1.5 0.8
Kharkivska 1.5 0.2
Cherkaska 0.7 0
Chernihivska 0.7 0.6
Total 12.5 27.1
AR Krym 3.7 0.6
Volynska 3.7 10.8
Ivano-Frankivska 3 1
) Mykolaivska 3 5.1
Poltavska 3 0.2
Khersonska 3.7 4.2
Khmelnytska 2.2 1.2
Chernivetska 3 1
Total 25.3 24.1
Kyivska 9.7 1.5
Lvivska 15 5
3 Zaporizka 10.4 13.6
Zhytomyrska 6 13.1
Odeska 21.1 15.6
Total 62.2 48.8

developed by the authors
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According to the results of cluster analysis, the
leaders among the regions of Ukraine by the number
of objects of German cultural heritage are Odesa, Lviv,
Zaporizhzhia, Kyiv and Zhytomyr regions. They are
characterized by a high number of preserved objects
(62.2%) and a significant number of settlements (48.8 %
of the total number in Ukraine). These areas have the
greatest potential for the development of German ethnic
tourism. The second group of regions is characterized
by the medium number of preserved objects (25.3 %)
and the number of settlements (24.1 % of the total
number in Ukraine). They also have sufficient potential
for the development of ethnic tourism. The first group
of region has the lowest share of preserved objects
(12.5 %), although it has a slightly higher share of
settlements than in the regions of the second group
(27.1%).

Among the regions of Ukraine, the largest number
of German settlements was in Odesa (158 units or
15.6 % of the total number in Ukraine), Zaporizhzhia
(137 units or 13.6 %), Zhytomyr (132 units or 13.1 %)
and Volyn regions (109 units or 10.8 %). The smallest
number of German colonies was in Cherkasy, Poltava,
Kirovohrad, Vinnytsia, Kharkiv and Sumy regions. Few
objects of German cultural heritage have been preserved
in these areas. There are areas where the number of
former German settlements is high, but few objects
of German cultural heritage have been preserved, in
particular, Rivne, Donetsk and Volyn regions.

Based on this analysis, seven main types of
preserved objects of German cultural heritage in
Ukraine were identified (Fig. 3). Sacred objects, in
particular Lutheran churches, and public buildings and
structures, in particular, schools and gymnasiums, are
best represented in Ukraine.

ypes of preserved objects
of German cultural

heritage
LI | | L | | L L
sacred . monuments public private industrial
| buildings | cemeteries and memorial protected areas uildings and buildings facilities |
signs structures
Lutheran il Botanical COUtry sugar
churches eV Garden estates factories
folk houses
ﬁapu}?t military hosphqre mansions breweries
churches reserve schools,
gymnasiums
}CIS:LI} CT;;':: —— farmsteads | mills
= musewmns '
|| Catholic
churches )
= pharmacies
= chapels ——
——— e Opera
= bell towers —
— foumtains

Fig. 3. Types of preserved objects of German cultural heritage in Ukraine (developed by the authors)

To assess the tourism potential of the cultural
heritage objects of the German ethnic minority, the
geography of their distribution is important. Thus,
Odesa region has a strong potential for the development
of ethnic tourism due to the largest number of preserved
objects of cultural heritage of ethnic Germans in
Ukraine, in particular, churches, cemeteries, monuments,
farmsteads, museums. The contribution of German
colonists to the development of villages and towns in
the region is especially significant and is evident even
now. For example, a unique water supply system built by
the Germans is still used in the village Tarutyne. Some
temples impress with their style and decoration. Once
the largest Catholic cathedral in southern Ukraine —
the Cathedral of the Assumption of the Blessed Virgin
Mary — was built by the Germans in the village

Lymanske (former German settlement of Zelts) on the
model of the cathedral in Zaltsburz (Austria). Now
the monument needs to be restored. The town also has
a museum of German colonists.

A large number of interesting objects of German
cultural heritage are located in the Lviv region, in
particular: the Church of the Nativity of St. Ivana
Khrestytelia, the former Lutheran church and the
German cemetery in Vynnyky; Church of St. Ursula and
the Greek Catholic Church of St. Clement the Pope in
Lviv, which was designed in the late nineteenth century
by german architect Frans Shtats; Evangelical Church
in Pidhaichyky, built in 1910.

The largest military memorial complex of German
burials in the Lviv region and a church in the village
Potelychi deserve the attention of tourists (Dorosh, Y.,
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2020); a German chapel, a former German school and
a German cemetery in village Piatnychany; churches
in the villages of Yosypivka, Ushkovychi, Sapizhanka;
ethnographic museum of Galician Germans in the
village of Nyzhni Gaii. In the former German colony
of Dornfeld (now the village of Ternopillia) a church,
a former German people’s house, a school, a mill and
a parish have been preserved.

Among the eastern regions of Ukraine, Zaporizhia
region has the largest number of German cultural
heritage objects. In particular, it is the church of Christ
the Savior in Berdiansk, as well as churches in the
villages of Kutuzivka and Tersyanka. A house-museum
of German colonists in the village of Ruchaivka has
been preserved, the founder of which is considered
to be Victor Dick. Many objects have been preserved
in the former German colony of Verkhnia Khortytsia
(Zaporizhzhya): mennonite church (now the House of
culture), school for girls, hospital complex, Valman
Castle. The oldest preserved cemetery in Zaporozhzhia
with German burials is located on the island of
Khortytsia. There are a large number of historical
heritage objects in the former colony of Halbshtadt (now
city Molochansk), including the Wilms House, a school
for girls, a Mennonite school for boys, the Wilms Mill,
and the Shreder House. In the village Mirske (former
colony of Mirau) there is a church built in the second
half of the XIX century, which is located on the outskirts
of the settlement and is half-destroyed. The ruins of the
Catholic church in the village Sviatotroitsk have been
preserved (former colony of Eikhvald), built in 1871.

There are a number of interesting objects of German
cultural heritage in the Kyiv region. In particular,
the oldest botanical garden in Kyiv (named after
Academician O.V. Fomin), which was founded by the
German botanist Ernst Rudolf von Trautfetter in 1839.
The first German private museum-pharmacy has also
been preserved in Kyiv. There are a number of notable
buildings and structures built by German architects,
including Baron Steingel’s house, the Southwestern
Railway Administration building, the Weeping Widow’s
House, the Kyiv Opera House, the bell towers of the
Kyiv-Pechersk Lavra and St. Sophia Cathedral (Sait
Goethe-Institut v Ukraini).in Ukraine). The German
mountain, which is also called the Lutheran mountain
is an attractive tourist destination. This is the historical
name of a small district of Kyiv, where the Church of
St. Catherine has been preserved, in front of which
a memorial “Sorrowful Angel” was built in memory
of the deportation of Germans from Ukraine during the
Second World War.

The following sacred objects of German origin
have been preserved in Zhytomyr region: the Lutheran
Church in Zhytomyr, the churches in the villages of
Zazdrivka and Viazovets. Noteworthy is Himmler’s
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headquarters called “Hegewald”, built in 1941-1942
in the forest (Sulimenko, 2009).

The group of regions with a medium level of
potential of German ethnic tourism includes: Crimea,
Volyn region, Kherson region, Ivano-Frankivsk region,
Mykolaiiv region, Poltava region, Chernivtsi region
and Khmelnytskyi region.

The potential of the Crimean peninsula in
the context of the development of ethnic tourism,
unfortunately, is limited due to the Russian occupation
and the uncertain state of the cultural heritage objects
themselves, including the German one. Among the
preserved objects are: Kessler-Fersman Castle in
Lozove, Milhausen estate and the current church in
Simferopol, the current church of St. Mary in Yalta
and the former Lutheran church in Sudak.

In the Volyn region there are three well-preserved
churches — Lutheran churches in Lutsk, in the village
Oleshkovychi and in the city of Volodymyr-Volynskyi.
Another church in the town of Rozhysche is in ruined
state (Shovchko; Nadolska, 2004).

Kherson region has a relatively small number of
preserved objects. The Askania-Nova Nature Reserve,
founded in 1898 by the German naturalist Friedrich
Falz-Fein, is unique. The festival of German culture
“Kronau Fest” in the village Vysokopillya (former
German colony of Kronau) is famous in the region,
where the old German gymnasium, the building of
the former church and the German cemetery have also
been preserved.

Regarding Ivano-Frankivsk region, it is also
referred to the group of regions with a medium level
of ethnic tourism potential. Important objects of German
cultural heritage are: the buildings of the former
German gymnasium in Ivano-Frankivsk, the orphanage
“Bethlehem”, the German school, the former German
People’s House. The Lutheran Church in Kolomyia is
also known in the region, which was built in 1873—1875;
now it is the Church of St. Nicholas of the Ukrainian
Greek Catholic Church.

Among the cultural heritage objects of the German
ethnic minority in the Mykolaiiv region are the ruins of
former churches, in particular, the Church of St. George
in the village of Krasnopillya and the Church of
St. Antoine of Padua in the village of Novoselivka.
However, in Mykolaiiv there is a functioning Lutheran
church of Christ the Savior.

Preserved German cultural objects located in the
Chernivtsi region are Lutheran churches in the village
Hlyboka and Chernivtsi. The German People’s House
in Chernivtsi, built in the early XX century, which
was the center of German cultural and social life in
Chernivtsi and Bukovyna.

As for the Poltava region, it should be noted that
the houses of ancient architecture, built by German
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colonists are preserved to this day in Poltava, on the
streets of Skovoroda, Balakin and Morgun.

In the Khmelnytskyi region, German cultural heritage
is represented by the Lutheran Church in Dunaiivtsi and
the Lutheran Church in Kamianets-Podilskyi, which is
now replaced by a children’s and youth sports school
(Hradun, E. Iu., & Tomilevych L.V., 2016). There are
industrial facilities built by the Germans in the region:
one of the oldest sugar factories in Ukraine in Gorodok,
Khmelnytskyi region, as well as a brewery in Proskuriv
(today the company is called “Khmelpivo”).

Let us consider the regions that according to the
cluster analysis are classified as regions with a low
number of preserved objects and settlements.

In the Ternopil region, objects of German cultural
heritage are represented by a church in the village of
Novosilky, but now the building is in a ruined state
and needs reconstruction. In 1821, Jan von Konopka
opened a boarding house near Mykulyntsi on the basis of
hydrogen sulfide mineral springs. Now it is a sanatorium
“Medobory” in the village Konopkivka near the town
of Mykulyntsi (Volovyk, Yatsiuk, 2017).

In the Cherkasy region, the only object that remains
to this day is the former Lutheran church in Uman,
which is owned by the community of the Evangelical
Baptist Church.

In the Vinnytsia region, one of the centers of
German settlements was the town of Nemyriv, which
had a functioning Lutheran church, which was converted
into a fire station during the Soviet era. The German
cemetery has also survived to this day.

It is worth paying attention to Zakarpattia region.
The most attractive preserved object in the region
is the former residence and hunting lodge of the
Counts of Schonborn in the village of Chynadiievo.
Schonborn Castle is now a sanatorium “Carpathians”,
an architectural monument of national importance.
There is also a German house in the village that unites
ethnic Germans. Worth noting is the village of Nimetska
Mokra, which was founded by colonists from Upper
Austria in 1775. The church of St. John of Nepomuk,
built in 1780, is still preserved in this village. It is
the only preserved wooden church of the Germans of
Zakarpattia.

An interesting object is the Evangelical Lutheran
Church of St. Catherine in Dnipro. A mural was created
in Kharkiv for part of the 25™ anniversary of Ukrainian-
German diplomatic relations. The German military
cemetery is also preserved here.

Problems and prospects of development of German
ethnic tourism in Ukraine

Analyzing the existing objects of German cultural
heritage in Ukraine, we can note that many of them
are destroyed or half-destroyed, so it is necessary to
restore and promote them. A partial solution to the

problem of lack of public funding may be the transfer
of facilities in need of restoration to the ownership of
private investors. They will invest in historic objects
rather than ordinary ones. The uniqueness and value of
historic real estate will help fill local budgets. Historic
public spaces (squares, streets) can become a venue
for fairs, festivals and more. Some churches can be
transferred to other denominations, thanks to which
they would be restored (this is how a wooden church
in the village of Nova Lypivka in Ivano-Frankivsk
region was restored).

In the European countries, particularly, in Germany,
owners who restore cultural objects, tax rebates, soft
loans, etc. are encouraged. It is expedient to introduce
such a practice in Ukraine as well. In recent years, grant
programs, most often funded by European organizations,
have become popular. In view of this, it is advisable
to attract grant funds for the restoration of German
cultural heritage.

Legislation needs to be improved to ensure the
protection and preservation of historical and cultural
heritage by state and local authorities, as well as to
oblige owners to keep their facilities in good condition.
To date, Ukraine has not developed a sustainable model
for the preservation of historical and architectural
heritage. Budget expenditures for cultural heritage
activities are constantly declining. The state policy
of cultural heritage protection is based on the Law
“On Protection and Preservation of Immovable
Cultural Heritage of Ukraine”, but the current system
of state control over cultural heritage preservation
is not effective, a significant amount of functions is
transferred to places, but they are unable to perform
financial ones. Ukraine lacks the successful experience
of private initiative or public-private partnership to
preserve historical and cultural heritage.

Another important task is to involve the public in
the preservation of cultural heritage. Public involvement
and participation will contribute to the sustainable
development and preservation of cultural and historical
heritage. The public-private partnership will focus
public and private initiatives on the development
and maintenance of historic objects for the benefit
of communities, including employment, education,
tourism and general awareness of cultural value. The
descendants of German colonists who went abroad are
most interested in the German historical and cultural
heritage. They often come to their native lands and
finance various projects. That is why it is important to
promote German cultural heritage objects. One of the
popularization ways can be the organization of a virtual
museum or virtual exhibitions, as well as certification
and inclusion in the national electronic information
resource of cultural heritage, conferences, round tables
and more.
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Conclusions.

Ukraine has a rich cultural heritage, including
German. As the state seeks to integrate into the world
cultural space, the study of cultural heritage, its
preservation is an important task of national importance.
Historic objects are the key to sustainable development
of the country. The protection of cultural heritage is
an international legal obligation of our state to the
world community. This encourages the analysis of the
state of historical objects, the directions of activation
of all components of their potential. Their recovery
will contribute to the development of the country’s
economy, tourism and improve living standards. The
main centers of development of German ethnic tourism
can be Odesa, Lviv, Zaporizhzhia, Kyiv and Zhytomyr
regions. In addition, a number of regions oblsthave
a slightly lower but sufficient tourism potential that
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the country; there are 3 of them in the list. There are 7 sites in the country that are also currently candidates for inclusion in the World
Heritage List. The country is rich in fortifications; there are 35 units in the country, which are of particular interest for tourists. Most
of the fortifications were built during the Order of Malta to fortify the country from invaders. The natural conditions of Malta, which
are the basis for tourism development, are analyzed. Methods for estimating the tourist potential of the country have been studied, in
particular: normative-index, balance, graphic, cartographic, expert, statistical and mathematical methods, scoring. Integrated indicators
for each region of Malta were determined using a score. Three categories of regions have been identified according to the assessment
of the tourist potential of the territory.

Keywords: Republic of Malta, score estimation, climate, relief, tourist and recreational resources, tourism development
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AHortauisi. [IpocTeKEHO METOIMKH OLIHKH TYypPHUCTCHKO-PEKpEalliiHuX pecypciB; MPOBEACHHUN aHai3 MPUPOTHHUX TYPUCTCHKO-
pexpeaniitaux pecypcis PecryOniku ManbTa; IpoBeAeHUI aHai3 1CTOPUKO-KYJIBTYPHHUX TYPHUCTCHKO-PEKpEaLlitHuX pecypciB KpaiHu;
3milficHeHa OajbHA OIiHKAa 3a0€3MEUeHOCTI KpaiHM TypHCTCHKO-PEKpealiiHiIMU pecypcaMu; BUsBIeHO Mmicie PecmyOmiku Manbra
Ha TYPUCTHYHOMY PHHKY YKpaiuu. PecmyOnika Manbra € omHi€ro 3 HeGaraTbox KpaiH CBITY, IO Ma€ TaKy KiJIbKICTb 1 PI3HOMaHITTS
ICTOPHUKO-KYJIBTypHUX 00’€KTiB. 3eMill KpaiHM Mepekmin 0araToBiKOBI iCTOPWUYHI MOAIT, MICIS SKUX 3aIHIIMINCS 3TaJKN Y BHIISI
co0opiB, nmanaiis, My3eiB, Goprudikamiitnux cropya, Touo. BecranoieHo, o Masbra € KpalHOw 3i cTapoJaBHBO icTopiero. Ha ii
TepUTOPIi 30Cepe/PKeHa BellMKa KUIbKICTh YHIKaJbHUX KyIBTYpPHUX IaM’sITOK, ajpke TyT Oyinu i kapdareHsHu, i ¢inikiiui, Pumcpka
i Bizanriiiceka imMmnepii, apadbu, nuuapi Opaena Cesroro loanna, Hamoneon, Bpuranceka iMnepis. 3abe3redeHicTb KpaiHu iCTOPUKO-
KyJIBTYPHUMH TyPUCTHYHUMHU PeCypcamMy poOWTH ii IIIKaBOIO IS BiABiTyBaHHS TypucTaMH. MasibTa Ma€ BEJIHMKE iCTOPUYHE MUHYJIE,
SIKe 3QIMIIMIO MO cO01 BENMKY CHAALINHY y BUIVISAAL CTaponaBHIX QopTenp, HEpKoB, coOOpiB, BEMMYHUX MananiB. He BUHATKOM
Ui KpaiHu € 00’extu, mo yBiioum 1o BeecBitHpoi cmammuan FOHECKO, ix y crucky 3 omuaumi. Ta 00’ekTH, MO € HAa JaHUM
Yac KaHIuJaTaMy O BHECEHHS /10 CIUCKY BcecBiTHBOI crapmunu, Takux B KpaiHi 7 oxunnmb. Kpaina 6arara Ha ¢oprudikamiiiai
CIIopyaH, iX B KpalHi HaJXidyeThcs 35 OAMHMI, IO NPEACTABISIOTE OCOONIMBY 3alliKaBIEHICTh cepel] TypucTiB. OCHOBHA KINBKICTh
(doprudikaiiiftHux yKpimieHs OymyBanacs 3a 4yaciB MasbTiiiCbKOro opieHy sl YKpIIUICHHs KpalHu Bix HanmaaHukiB. [IpoaHanizoBano
HPUPOJHI yMOBH MaibTy, II0 € MiAIPYHTSIM PO3BUTKY TypH3My. BHBUEHO MeTOAM Ul OL[HKM TypHCTHYHOTO MOTEHIaly KpaiHu,
30KpeMa: HOPMATUBHO-IHICKCHHH, OanaHcoBUi, rpadiunuii, kaprorpadiyHui, eKCIepTHUM, CTAaTUCTHYHI Ta MaTeMaTH4HI METOIH,
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0abHOT OLIHKHY. [3 3acTOCyBaHHAM OaJIbHOI OLIHKY BU3HAYSHO IHTETPANIbHI IIOKA3HUKH JUIsl KOYKHOTO perioHy Mansth. BusiBneno tpu
KaTeropii perioHiB 3a OLIHKOIO TyPHUCTHYHOTO MOTEHIiATy TePUTOPII.

Kniouogi crosa: Pecnyonixa Manvma, banvha oyinka, Kiimam, pensegd, mypucmcbKo-pekpeayitini pecypcu, po3gumox mypusmy

Introduction.

Recreation, tourism and health are the highest
social values in the modern world. Therefore, over
the past few decades, the importance of tourism and
recreation in the world is gradually growing. The tourist
and recreational potential of any country depends on
the resources and suitability for tourism. International
recreation covered almost all European countries,
but very unevenly. The nature of the participation of
particular countries in recreational activities also differs
significantly (Barabanova, Bohatyryova, Gorina, 2021).
Among the countries with the most powerful developed
recreation — France, Great Britain, Spain, Italy, Greece,
etc. However, a region that wants to become a popular
tourist destination must have unique natural and cultural
complexes and offer them to the tourist market. Malta
belongs to this one.

The Republic of Malta is a country that entered the
history of independent Ukraine by the fact that during
its presidency in the European Union we received the
long-awaited visa-free regime with the countries of the
European Union. Now Ukrainians can visit a country
where tourism development is considered by scientists
to be success stories.

The purpose of the work is to analyze and estimate
a score of tourist and recreational resources of the
Republic of Malta, to determine the most suitable for
recreation and tourism districts of the country.

Research methods.

The study used literary, analytical, comparative,
mathematical and statistical methods and the method
of scientific systematization, the method of scoring.

Results and their analysis.

Identification and assessment of natural and
recreational resources is one of the main tasks of
recreational nature management. It is possible to
establish the natural and recreational potential of the
territory (water area) only after the implementation of
these studies. Based on it, plans for the development of
recreation and management of natural and recreational
resources are developed.

There are different methods and approaches to
assessing recreational resources. For example, the
method of assessing the aesthetic properties of objects
(Topchiev, Kolomiets, Sych, Yavorskaya, 2020).
Excursion objects carry two types of information:
a) semantic, which has a logical character and is
directed to the human subconscious; b) aesthetic. Of
these, the least studied Aesthetic information is least

studied among them all. However, not only the cognitive
information of the object is important to obtain a certain
recreational effect, but also its attractive properties.

When assessing recreational resources, it
is necessary to take into account the so-called
“geographical recreational area”, which reflects the
features of the settlement system, environmental and
climatic conditions and the needs of the population in
recreation not far from their place of residence.

According to the methods of Zorin I. and Birzhakov
M., it is possible to use the following methods to assess
and analyze recreational resources:

—Normative-index method, which lies in the study
of the actual state of a certain type of recreational
resources in comparison with the normative level
adopted as a standard. With the help of this method
it is possible to study the provision of the population
and those who rest with the main types of recreational
resources, meeting their needs in different types of
recreational activities, etc.;

— Balance sheet method, which involves comparing
the availability of resources and their use. This method
is successfully used for drawing up balances of land,
beach, labor resources, etc., in studies of the needs of
different groups of the population in certain types of
recreation;

— Graphical method, which is based on the
representation of the structural and dynamic composition
of indicators in the form of diagrams, line graphs;

— Cartographic method, which involves modeling
recreational activities using recreational research maps.
This method opens up great opportunities in obtaining
qualitatively new data on the patterns of formation,
development and dynamics of territorial recreational
systems;

— Expert method used to obtain information about
the potential of various areas in which recreation is
organized;

— Statistical and mathematical methods that
are widely used in the processing and analysis of
recreational resources;

— A scoring method used to identify and characterize
natural recreational resources that cannot be estimated
using absolute quantities. This method can also be used
to assess the suitability of areas for the organization of
recreational zoning (Yavkin, Rudenko, Korol’, 2006).

In our study, the analysis and scoring of tourism
and recreational resources of the Republic of Malta
based on the proposed approaches.

Malta is a country with an ancient history. It has
a large number of unique cultural monuments, as
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there were Carthaginians and Phoenicians, Roman
and Byzantine empires, Arabs, knights of the Order
of St. John, Napoleon, the British Empire (Caruana,
Farrugia, 2018).

The sites included in the international list of
UNESCO World Heritage Sites are of the greatest

importance in the historical and architectural potential
of Malta.

There are three UNESCO cultural heritage sites in
the country (Table 1). As for such a rich country, there
are few attractions, and it should be borne in mind that
one of them is the entire capital city of the country
(City of Valletta).

Table 1. UNESCO World Heritage Sites (National Statistics Office Malta, 2020, OECD Tourism Trends and Policies, 2020)

Historical and cultural

Year of inclusion . L
Characteristics of a historical and cultural

Malta:

Shaara, Candy,

BC

monument Location Object creation time | of objects in the monument
UNESCO list
Hal-Saflieni Sanctuary City of Paola 2.5-3 thousand years 1980 Megalithic underground sanctuary
BC (hypogeum). It represents 34 rooms
hollowed out in the limestone layer.
Valletta City of Valletta | The middle of the XVI 1980 The whole city is a cultural heritage of
century mankind and a UNESCO monument.
Megalithic temples of|Municipalities: | 3.6-3 thousand years 1980 This is a group of prehistoric megalithic

temples. They include eleven prehistoric

—Jgantia
—Mnajdra
—Sorrow

— Tarshien
—Ta 'Hajrat
—Hajar-Kim

Mjarr, Tarshien

monuments, seven of which are a UNESCO
World Heritage Site.

Malta is called “a unique open-air museum”. An
increasing number of tourists come to the archipelago
to get acquainted with the rich historical heritage,
architectural and artistic monuments. Many of the
historical and cultural sites are located in Valletta. The
city itself is a UNESCO World Heritage Site, because

Fig. 1. The main cultural and historical monumenOts of Malta
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it has a large number of sites with centuries-old history
(Grima, 2017).

The Maltese archipelago has a great cultural and
historical heritage (Fig. 1). Each object is unique in its
history of creation, majesty and is quite interesting in
tourist and recreational activities (Jones, Navarro, 2018).

E Museums

M Palaces

M Monuments of spiritual culture

(churches, monasteries,
cathedrals)

M Fortifications

M Megalithic temples
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The country is rich in fortifications; there are 35
units in the country, which are of particular interest of
tourists. Most of the fortifications were built during the
Order of Malta to fortify the country from invaders. The
country also has a large heritage of spiritual monuments,
churches, monasteries, cathedrals fill the streets of
Maltese cities (Ebejer, 2019).

Museums are an important tourist attraction for
the country. They are interesting archaeological finds
and compositions made in the present, reproducing the
past (Museum of Torture) (Croes, Ridderstaat, Niekerk,
2018).

The Republic of Malta is one of the few countries
in the world with such a large and diverse historical and
cultural site. The lands of the country have experienced
centuries of historical events, after which there are
mentions in the form of cathedrals, palaces, museums,
fortifications, etc. (Ebejer, 2019, Attard, S., 2019).

According to the administrative-territorial structure,
the Republic of Malta is divided into six districts (Table 2).

Table 2. Districts of Malta

No Districts Administrative Area,
center km?

1 Inner Harbor Valletta 26.2
2 Northern District Mosta 73.7
3 Outer Harbor Birkirkara 24.0
4 Western District Rabat 72.5
5 | Southeastern District | Zeytun 50.2
6 Gozo and Comino Gozo and Comino 68.7

Islands

Assessment of orographic resources of the country,
namely the relief, is made basing on a three-point scale
relative to the heights of the country, which is divided
into districts (Fig. 2, Table 3).

el N
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Fig. 2. Map of the districts of the Republic of Malta

Table 3. Scorecard of the relief of the Republic of Malta

Score Height above sea level, m
3 More than 251
2 151-250
1 100-150
0 _

Orographic resources are determined by the relief of
the territory and its suitability for tourist and recreational
activities, namely for which types of tourism the terrain
is suitable.

The highest elevations are in the Western District,
where the highest point in the archipelago is Mount Ta’
Dmejrek (253 m) (Malta’s travel and tourism, 2019).

Altitudes with a maximal above sea level of 151—
250 m prevail throughout the country; they cover the
Northern, Southeastern and Gozo and Comino Districts.
Two districts received 1 point, where the heights are
100-150 m, they cover the districts of Inner Harbor
and Outer Harbor (Table 4).

Table 4. Score assessment of the maximal height above the sea
level in the districts of the Republic of Malta

No Districts Maximal height above Score
sea level, m
1 | Inner Harbor 100-150 1
2 | Northern District 151-250 2
3 | Outer Harbor 100-150 1
4 | Western District More than 251 3
5 | Southeastern District 151-250 2
6 | Gozo and Comino 151-250 2

The climate creates the general conditions for tourist
and recreational activities in the country and the ability
of tourism in its territory.

The Republic of Malta is located within the
subtropical climate zone, the temperature is evenly
distributed throughout the country, with small
differences of 1-2 °C in any season of the year (Tables
5, 6).

Table 5. Estimation of the average annual temperature in the
Republic of Malta

Score Average annual temperature, °C
3 22.1-23.0
2 21.1-22.0
1 20.1-21.0
0 Under 20.0

The temperature in the country during the year
is warm and favorable for recreational activities, in
winter the figures do not fall below + 10 °C and can
reach a maximum of + 15...16 °C. From May to
November the bathing season begins, with a minimum
of +15...17 °C, and the maximum falls on the middle
of summer + 29...32 °C (Fig. 3).

645



Hrushka V. V., Horozhankina N.A., Girman A. P., Shuliak S.V., Shcholokova H. V.

Journ. Geol. Geograph. Geoecology, 30(4), 642—652

The highest scores were received by the districts:
Northern, Gozo and Comino.

Table 6. Score of the average annual temperature of the Republic
of Malta by districts

No Districts Score
1 Inner Harbor 1
2 Northern District 3
3 Outer Harbor 1
4 Western District 2
5 Southeastern District 1
6 Gozo and Comino 3
S
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b) August temperatures

Fig. 3. The temperature of the warmest and coolest months of the
Republic of Malta
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The Republic of Malta is poor in hydrological
resources, several rivers flow through the country, but
in the hot period they dry up. There are no fresh water
sources. The main hydrological resource is the sea; it
washes the country from all sides.

The assessment of marine resources can be carried
out by the rank of the coastal position (Tables 7, 8).

Thus, the Table 8 shows that the security of the
sea is estimated at 3 points, that is, each district is
coastal, which is a good indicator for tourism. Due to
this indicator, the country has developed beach tourism
and diving.

Table 7. Assessment of the rank of the coastal position of the
Republic of Malta

Score Rank of coastal position
3 Seaside
2 Neighbor of the first order
1 Neighbor of the second order
0 Neighbor of the third order

Table 8. Score assessment of the coastal situation of the Republic
of Malta by districts

No Districts Score
1 Inner Harbor 3
2 | Northern District 3
3 | Outer Harbor 3
4 | Western District 3
5 | Southeastern District 3
6 | Gozo and Comino 3

The biological tourist resources of the country
include national parks, reserves, gardens and nature
parks. There are many gardens in the country, these
are the so-called parks of landscape art and the largest
numbers of them are located in the Inner Harbor district.

Due to the fact that the Republic of Malta is small
in area and not sufficiently provided with flora and
fauna, a large part is covered with agricultural land or
not suitable for landscaping, the country has few natural
reserves, natural parks (Fig. 4; Tables 9, 10).
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Fig. 4. Distribution of objects of the nature reserve fund of the Republic of Malta by districts

Table 9. Indicator of the score assessment of the provision of Table 10. Score assessment of the provision of the Republic of
objects of the nature reserve fund Malta with objects of the nature reserve fund by districts
Score Number of objects, units No Districts Score
3 7-9 1 Inner Harbor 3
2 Northern District 2
2 4-6
3 Outer Harbor 2
1 1-3 4 Western District 1
0 0 5 Southeastern District 1
6 Gozo and Comino 1
The lowest number of points was awarded to After assessing of the natural tourist and recreational

the districts of Western, Southeastern and Gozo and resources, we can conclude that the Republic of Malta
Comino, with the lowest number of nature reserves in  is provided with them and suitable for various types
their territory. of tourism (Fig. 5).

Provision of objects of
nature reserve fund

B 7-0
[ 4-6
-3

Relief, m

B above 251
I 151-250
[ 100-150

Average annual templr—:rature,0 C

I 22.1-23.0
[ 1211220
[ 1200210

Coastal position E

B scaside
B Neighbor of the first order
[ ] Neighbor of the second order

e - capital

Fig. 5. Assessment of natural tourist and recreational resources of the Republic of Malta
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When conducting a score assessment of orographic
resources, we note that the biggest heights, which
received the highest score of 3 points, are inherent in
the Western District of the country, on the territory of
which is the highest point of the republic.

Orographic resources of the country are not suitable
for ski tourism.

Climatic resources are favorable for tourism
throughout the whole, because summers are hot and
winters are warm and mild. Precipitation generally falls
in winter, but in small quantities. The temperature is
evenly distributed throughout the country with a slight
difference of 1-2 degrees.

Due to the fact that the Republic of Malta is the
only country in Europe that does not have its own rivers
and sources of fresh water, the potential of the coastal
situation was assessed. All six counties received the
highest score of 3 because they all have access to the
sea.

The country’s nature reserve fund includes national
parks, nature reserves, nature parks and gardens. Inner
Harbor County received the highest number of points,

with a large number of parks of landscape art, which
provided the highest score. The Western, Southeastern
and Gozo and Comino Districts of the country have the
lowest supply of nature reserves.

Next, consider the assessment of historical, cultural,
tourist and recreational resources of the Republic of
Malta.

The country’s historical and cultural tourist
resources make it interesting for tourists to visit. Malta
has a great historical past, which has left a great legacy
in the form of ancient fortresses, churches, cathedrals,
majestic palaces.

The UNESCO World Heritage Site is no exception
for the country, there are 3 of them in the list. There
are 7 sites in the country that are currently candidates
for inclusion in the World Heritage List.

The highest rating was given to the Inner Harbor
district, there are 3 monuments in its territory, in
the Northern and South-Eastern districts there are 2
UNESCO heritage sites. Outer Harbor and Western
Districts received 0 points, as there are no UNESCO
World Heritage Sites in their territory (Table 11).

Table 11. Indicator of the number of UNESCO-listed sites and potential candidates

Score UNESCO sites, units Score Potential candidates, units
3 3 3 3
2 2 2 2
1 1 1 1
0 0 0 0

According to the number of potential candidates
for the UNESCO list, 3 points were awarded to Gozo
and Comino districts (Maltese coastal cliffs, Victoria
Citadel, Azure Eye).

Western District (Mdina, Coastal Rocks) received
2 points.

Other districts received 1 point each (Inner Harbor —
Knights fortifications around the harbors of Malta,
North — Catacombs of Malta, Outer Harbor — Lines of
Victoria fortifications) (Table 12).

Table 12. Score of the number of UNESCO-listed sites and potential candidates in the Republic of Malta by districts

UNESCO sites Potential candidates
No Districts Score No Districts Score
1 Inner Harbor 3 1 Inner Harbor 1
2 Northern District 2 2 Northern District 1
3 Outer Harbor 0 3 Outer Harbor 1
4 Western District 0 4 Western District 2
5 Southeastern District 2 5 Southeastern District 0
6 Gozo and Comino 1 6 Gozo and Comino 3

The assessment of the provision of historical and
cultural sites by districts is calculated as follows (Tables
13, 14).

Table 13. Indicator of assessment of historical and cultural sites
of the Republic of Malta

Score Number of objects, units
3 3140
2 21-30
1 10-20
0 0
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Table 14. Score assessment of the availability of historical and
cultural sites of the Republic of Malta by districts

No Districts Score
1 Inner Harbor 3
2 Northern District 1
3 Outer Harbor 2
4 Western District 2
5 Southeastern District 1
6 Gozo and Comino 1
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The highest score was awarded to the Inner
Harbor District; the largest number of attractions is
concentrated in it. This is not surprising, because here
is the city of Valletta, which is a UNESCO World
Heritage Site.

Number of monuments, units

' |31-40
[ 12130
1020

4 - UNESCO sites

Two points were awarded to the districts of Outer
Harbor and Western District. The Western district is
rich in attractions, because there is the city of Mdina,
the former capital of the Republic of Malta, it is the
historical and cultural center of the country (Fig. 6).

Mnajdr‘am._._* Haga_l;gi_

Fig. 6. Assessment of historical and cultural tourist and recreational resources of the Republic of Malta

Let’s move on to a comprehensive assessment of
tourist and recreational resources of the country.

The suitability of the Republic of Malta for tourist
and recreational activities is determined by its provision
of natural, and cultural tourist resources.

Among the natural tourist and recreational resources
of the country, orographic, climatic, hydrological and
biological resources were assessed.

Among the historical, cultural, tourist and
recreational resources, indicators on the availability and
number of museums, palaces, cathedrals, monasteries,
churches and fortifications were assessed.

The score of tourist and recreational potential
was defined as the sum of scores of assessment of
orographic, climatic, hydrographic, biological and
historical and cultural resources.

Comprehensive assessment is carried out according
to the following indicators (Tables 15, 16).

Table 15. Indicator of comprehensive assessment of tourist and
recreational resources of the Republic of Malta

Score Estimation
3 11-15
2 6-10
1 1-5
0 _

Table 16. Comprehensive assessment of tourist and recreational resources of the Republic of Malta by districts

o . . Seaside Nature | Historical o
No Districts Relief | Climate .. reserve | and cultural | Total score| Estimation
position
fund | monuments
1 Inner Harbor 1 1 3 3 3 11 3
2 Northern District 2 3 3 2 1 11 3
3 Outer Harbor 1 1 3 2 2 9 2
4 Western District 3 2 3 1 2 11 3
5 Southeastern District 2 1 3 1 1 8 2
6 Gozo and Comino 2 3 3 1 1 8 2

When conducting a comprehensive assessment of
the country on the natural and historical-cultural tourist
and recreational resources of the country, it was found
that the resource potential is high.

Districts such as Inner Harbor, Northern and
Western Districts received the highest score of 3, i.e.
these districts have the highest provision of resources,
which contributes to the direct development of tourism.
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The other three districts, Outer Harbor, Southeastern,
Gozo and Comino, each of them received 2 points,
which is also a qualitative indicator of the availability
of resources for tourism development.

We can say that the districts that received the highest
scores are the most favorable for tourism, because they
are provided with both natural, historical and cultural
resources, they complement each other and make these
areas of the country interesting for tourists.

6, _—
-
Assessment of natural resources e

. -
N -2
-

Assessment of historical
and cultural resources

-3
-2
-1

e - capital

The warm climate, the provision of resources for
beach tourism complements the provision of various
attractions, so the vacationer can simultaneously engage
in several types of tourism.

Visual display of indicators of integrated assessment
of tourist and recreational resources of the country is
shown in the Fig. 7.

Integral assessment

-3
-2
-1

i

Fig. 7. Integrated assessment of tourist and recreational resources of the Republic of Malta

Conclusions.

Recreational resources are a basic component of the
tourism business. Like industries (industry, agriculture
and others), the organization of mass recreation requires
certain resources for its existence. Its potential for
recreation and tourism largely depends on the provision
of the territory with recreational resources.

The islands of the Maltese archipelago are
characterized by low mountains and plains based on
a small limestone plateau.

Malta’s orographic resources are not suitable for
ski tourism.

It is established that the greatest importance in
the historical and architectural potential of Malta is
occupied by the objects included in the international
list of monuments of human heritage of UNESCO.

When conducting a point evaluation of orographic
resources, we note that the highest heights, which
received the highest score of 3 points, are inherent to
the Western District of the country, which is the highest
point (253 m) of the republic.

Climatic resources are favorable for tourism
throughout the year, because summers are hot and
winters are warm and mild. Precipitation generally
falls in winter, but in small quantities. The temperature
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is evenly distributed throughout the country with a slight
difference of 1-2 degrees.

Due to the fact that the Republic of Malta is the
only country in Europe that does not have its own
rivers and sources of fresh water, the potential of the
coastal situation was assessed. All 6 counties received
the highest score of 3 because they all have access to
the sea.

The country’s nature reserve fund includes national
parks, nature reserves, nature parks and gardens. The
highest number of points was received by 1 district
(Inner Harbor), on its territory there is a large number
of parks of monuments of landscape art, which provided
the highest score. The Western, Southeastern, and Gozo
and Comino Districts have the lowest provision of
nature reserves.

After assessing the natural tourist and recreational
resources, we can conclude that the Republic of Malta
is provided with them and suitable for various types
of tourism.

A point assessment of the historical, cultural, tourist
and recreational resources of the Republic of Malta
was conducted.

The highest rating was given to the Inner Harbor
district, on its territory there are 3 monuments, in
the Northern and South-Eastern districts there are 2
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UNESCO heritage sites. Outer Harbor and Western
Districts received 0 points, as there are no UNESCO
World Heritage Sites in their territory.

According to the number of potential candidates
for the UNESCO list, 3 points were awarded to Gozo
and Comino District (Maltese coastal cliffs, Victoria
Citadel, Azure Eye). Western District (Mdina, Coastal
Rocks) received 2 points. Other districts received 1
point each (Inner Harbor — Knights fortifications around
the harbors of Malta, Northern — Catacombs of Malta,
Outer Harbor — Lines of Victoria fortifications)

According to the assessment of the provision of
historical and cultural sites by districts, it was found
that the highest security is characterized by the Inner
Harbor District.

Outer Harbor and Western Districts received
2 points. The Western District is rich in attractions,
because there is the city of Mdina, the former capital
of the Republic of Malta, it is the historical and cultural
center of the country.
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potential favoured the economy of Azerbaijan significantly. However, sea-level fluctuations
and environmental damage observed due to exploitation of natural resources served as curbing factor in the development. In modern
times, planning of residential areas in the coastal areas, improvement of industrial, agricultural and tourism infrastructure, and successful
management of the ecological situation are achievable through effective use of the natural resources and human potential of the Caspian
Sea. The coastal region of the Caspian Sea, composed of three zones, is favourable for the development of Azerbaijan’s economy. The
attractiveness of coastal areas is related mainly to preferences of natural conditions and resources and the advantages of their transport-
geographical location. As a result, the development level of the economy of the Pre-Caspian region is higher compared to other regions
of the country. The region accounts for 88.7 % of the total industrial output in the country. The main part of it, i.e. 95.7 % is shared by the
city of Baku. The cause of significant difference in development level between the regions and the capital Baku is associated with the use
of oil and gas resources of the Caspian. Thus, offshore oil and gas reserves in the Caspian have played a notable role in the development
of coastal areas, and of the country’s whole economy. This has led to inequality in terms of regional development. This factor prompted
the need to study the role of the use of resources of the Caspian Sea in the sustainable development of Azerbaijan’s economy. In order to
achieve the goal, a comparative analysis of the leading economic branches in the Pre-Caspian regions was carried out from a historical
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based on statistical-mathematical materials. Aerospace data were used as well.
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OCHOBHI HANPSIMKH CTAJIOT0 COLiaJIbHO-eKOHOMIYHOI0 PO3BUTKY NPHUKACHIHCHKUX NPHOEPe;KHUX
paiioHiB A3epOaiigxancbkol Pecny0siiku Ta icHyroui exosoriuHi npodaemu

3.T. Impani'!, I1I.1. Mammanosa?, H.H. Xamxiesa®, O.10. Bucorpkmii*

Inemumym 2eoepaii imeni axademixa X. A. Anicea Hayionanwnoi akademii nayx Azepbaiioocany, Baxy, Azepbaiioxcan
? Baxuncwkuil 0epocasnuil ynieepcumem, baxy, Azepbatioscan

3 Danoowcuncokutl oepocasnuil ynisepcumem, Ianoxica, Azepoaiiosxcan

* Ininposcokuil nayionanvhuil ynisepcumem imeni Onecs Tonuapa, m. [{ninpo, Vipaina, vysalek@gmail.com

AHorauis. B Azep0Oaiikani 3 HaitnapHimmx yaciB Kacmilicbke MOpe Crprsie po3CeJICHHIO HACCIICHHS 1 BU3HAYAE CTPYKTYPY CKOHOMIKH.
CrpusTIHBI IPUPOIHO-TeorpadidHi YMOBHU y30€pexoKs, a TAKOK SKCILTyaTallis MOPChKUX Ha()TOBHX 1 ra30BHX POIOBHIIL 1 OaraTuit
TYPHUCTUYHO-PEKPEALifHII MOTEHIia] 3HaYHO CIPHSIIM PO3BUTKY eKOHOMIiKH A3epOaiimxany. OJHaK KOJIMBAHHS PiBHS MOPS, @ TAKOX
30UTOK HABKOJIMIIIHEOMY CEPEIOBHILLY, 110 CIIOCTEPIraeThesl B PE3yIIbTaTi BAKOPUCTAHHS IPUPOJHUX PECYPCIB, MOCITYKUIN CTPUMYIOUHM
($akTOpOM B €KOHOMIYHOMY PO3BHUTKY. Y TEMepilliHiil yac MiIaHyBaHHs XXUTIOBHX pailoHIB B MpHOSpeKHUX pailoHaX, MOIMIICHHS
MIPOMUCIIOBO1, CLIIBCBKOTOCHIOAAPCHKOI Ta TYPUCTUYHOI iHPPACTPYKTYpH, a TAKOXK YCIIIIHE YIPaBIiHHSA €KOJIOTTYHOIO CUTYAII€I0
JOCSDKHI 32 paXyHOK €()eKTHBHOTO BUKOPHCTAHHS MPUPOJHHUX PECYPCiB 1 Trofchkoro noreHmiany Kacmiiicbkoro Mopsi. [Ipubepexunit
Perion Kacmificbkoro Mopsi, 0 CKJIQAETHCS 3 TPHOX 30H, CHPUSTIMBHUI [UI PO3BUTKY €KOHOMIKH A3epOaiimkany. [IpuBadmuBicTh
NIprOepeXKHNX PalOoHIB ITOB’A3aHa B OCHOBHOMY 3 ITepeBaraMy IPUPOIHNX YMOB i PeCypciB, a TAKOXK IIepeBaraMu ix TPaHCIIOPTHO-
reorpagigyHoro mojoxeHHs. PiBeHb po3BUTKY ekoHOMIKH [IpuKacmiiicbkoro perioHy BHIIMIA MOPIBHSHO 3 IHIIMME perioHamu kpaiau. Ha
4yacTKy periony npumnanae 88,7 % Bij 3araJbHOT0 00CATy MPOMKCIOBOTO BUPOOHHUIITBA B KpaiHi. OCHOBHA OTO YacTHHA, TOOTO 95,7 %,
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npunazgae Ha Micto baky. [Ipnunna 3HauHOT pi3HMII B PiBHI PO3BUTKY MK perioHaMu i cTonuiero baky moB’s3aHa 3 BAKOPUCTAHHIM
Ha(TorazoBux pecypciB Kacmiro. TakiuM urHOM, MOPCHKI 3amacu HadTH i rasy Ha Kacmii 3irpasin BUHSTKOBY pOJib HE TIIBKH B PO3BUTKY
nprOepeKHUX PaioHIB, ale i BCiel ekoHOMIKH Kpainu. Lle mpru3Beno 10 HepiBHOCTI 3 TOYKHU 30py PerioHanbHOro po3BUTKy. Came 1ieii (aktop
BHKJIMKAB HEOOXiJHICTh BUBYECHHS POJIi BUKOPHCTAHHSA pecypciB KacmilichKoro Mops B cTaoMy pO3BUTKY €KOHOMIKH A3epOaiiKany.
Jnis mocATHEHHS MTOCTaBIEHOT METH OyB MPOBECHUH MOPIBHAIBHAN aHAI3 MTPOBIIHUX Taly3eil eKOHOMIKH MPUKACIIIHCHKHIX PETiOHIB
3 icropraHoi ToukH 30py. OTprmana iHopmais Oyna cHCTeMaTH30BaHa, i Ha OCHOBI CTaTHCTHKO-MaTeMaTHYHUX MaTepialiB Oyimu
BHUSIBIICHI COLIaJTbHO-€KOHOMIYHI aCIIEeKTH CTAJIOT0 PO3BUTKY. Takok BUKOPHCTOBYBAJINCS a8POKOCMIUHI JaHi.

Knrouosi crosa: cmanuil po3eumox, coyianbHO-eKOHOMIUHULL PO3BUTNOK, PO3CEEHHS HACENeHH, NPOMUCIOBICMb, TH8eCMUYii, eKoN02iuHA

npobnema, Kacniiicoke mope.

Introduction.

Population transformation is a complex process
that depends on socio-economic changes. This
process is directly influenced by the economic and
geographical position of the region (capital, border, etc.)
(Nelipa, 2017). At the same time, natural conditions,
demographic situation, socio-economic development,
location of production areas, etc., in turn, participate
in this process (VyatkinandVyatkin, 2018). However,
in this case, we must not forget about the environment
and environmental factors. Because the consideration
of environmental values in economic decisions, unlike
the previous principle, enhances the role of ecology,
offers a new strategic approach to achieving socio-
economic equality in relations between society and
nature (Zagorsky et al., 2015). In determining the main
directions of sustainable socio-economic development,
we have tried to study the existing environmental
problems and the natural conditions of the area, the
location of settlements and production areas.

During the collapse of the USSR, Azerbaijan had
the most immense and most explored resource potential
in the Caspian Sea. The region has been extracting
hydrocarbon resources industrially for about two
centuries (Zavyalova, 2017). Although the increase
in oil production is of great importance for economic
development and employment, it has led to an increase
in environmental risk. Therefore, the Caspian Sea must
be seriously studied, and its potential must be used and
preserved for future generations.

Object of study.

The Caspian Sea Basin is an ancient structural
element, covered with-thick sediments of the Quaternary
Period and of the modern period. The sea is located in
the splice of the two main tectonic regions — the Turan
platform and the Caspian geosyncline.

Studies conducted over many years show that many
complex and diverse geological processes heavily
influence the Caspian Sea. Together with the Black
Sea, the Caspian Sea was a part of the ancient Sarmatian
Sea for a long time, covering a large water area where
the World Ocean combined with the Tethys. Only in the
Piacenzian Pleocene (2—3 million years ago), which was
one of the critical phases of Caucasus Mountain system
formation, did the outlines of the Caspian Sea began

to take shape. In the Akchagil period, the formation of
the Caspian Sea’s depression was completed.

In modern times, the physical parameters of the
Caspian Sea vary depending on its level. Currently,
the total area of the Caspian Sea, which is 28 meters
below the ocean level, is 380 thousand km?, and the
length of its coastline is about 4,800 km. It is located
between five states —the Republic of Azerbaijan (825
km), the Russian Federation (747 km), the Republic of
Kazakhstan (1422 km), the Republic of Turkmenistan
(1035 km) and the Islamic Republic of Iran (728 km).
The Caspian Sea extends over 1,200 km along the
meridian. Its maximum width is 435 km, while the
narrowest width is 196 km. Lankaran trench (1025
m) is the deepest area in the Caspian.

The Caspian Sea is considered to be one of the
wealthiest water basins in the world. The valuable fish,
its black caviar, oil, gas, and salt reserves, and recreation
resources of the sea play an essential role in all national
economies present on the Caspian coast.

Within the boundaries of Azerbaijan, the Caspian
Sea extends 825 km from the Samur River in the north to
Astarachay in the south. In terms of natural-geographical
conditions and socio-economic development, the Pre-
Caspian regions of Azerbaijan can be divided formally
into three zones: the Northern region that includes
Khachmaz, Shabran, Siyazan and Khizi administrative
districts; the Central region, which includes Absheron
administrative district, as well as the cities of Baku
and Sumgait; and the South, where Saylan, Neftchala,
Masalli, Lankaran and Astara districts are located.

The primary purpose of the research is to
determine the role of the Caspian Sea in the sustainable
development of the Azerbaijani economy and to
eliminate future environmental problems by exploring
ways to use its natural resource potential effectively.

Material and Methods.

The information base of the study consists of
journals published by the Ministry of Economy of the
Republic of Azerbaijan, the Ministry of Ecology and
Natural Resources of the Republic of Azerbaijan, and
the State Statistics Committee of Azerbaijan, the fund
materials of the Institutes of Geography and Economics
of the Azerbaijan National Academy of Sciences, current
legislation of the Republic of Azerbaijan, scientific
works of scientists who have researched in this field,
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methodological instructions, as well as the results of
scientific research carried out by the authors.

Historical-geographical approach, mathematical-
statistical, comparative, and systematic analysis,
Geographic Information Systems (GIS), field
observations, and other methods were used in carrying
out the research work.

Sea level fluctuations in the Caspian. One of the
most important elements of the hydrological regime of
the Caspian Sea is fluctuations in its level. Since the
level fluctuation in the Caspian Sea is very disputable
issue, different approaches to this question have been
observed up to the present. P.S. Pallas, E.I. Eikhvald,
K.M. Ber, E.H. Lenz, A. Voyeykov, G.S. Karelin,
G.K. Gul, R.M. Mammadov and other scientists were
engaged in this. Level fluctuation has been explained by
geomorphological, geological, climatic, hydrological
and human factors. It should be added that there is still
no commonly accepted idea about sea level variation
in the Caspian.

The level of the Caspian Sea is affected by various
economic branches that are present on its shores. Fall
of sea level leads to the increase of needs for hydro-
technical installations, including seaports. It also entails
the reduction of the shelf zone where marine creatures
are primarily concentrated. The process impedes fishes
in their regularly migration to the rivers for spawning.
The hydrometeorological regime of the coastal areas
changes unfavourably as well. Rise in sea level may
considerably damage the socioeconomic condition
of the coastal regions, leading to deterioration of the
environmental conditions and the formation of swamps.
Moreover, rise in groundwater level may result in
inundation of houses and vulnerable lands.

According to the data obtained, the level of the
Caspian Sea in the last century equaled 3.2 m. The
lowest level during this period was recorded in 1977,
when it reached a critical level (=29 m). Since 1978
the water level up to 2.5 m in the sea has seriously
damaged the low-inclined areas of the coastal zone.
From 1978 to 1995, the average annual rainfall in the
region increased by 40—-60 mm, and the volume of water
of rivers flowing into the Caspian Sea increased by 10—
11%. There has been a slight decrease in water level
since 1996. In 19962000, the decline of the sea level
was observed. Since 2001 the level rose as much as
about 30 cm. Although in 2006 the water level dropped
by 3—5 cm compared to the previous year, the level has
remained relatively stable in recent years (Imrani, 2009).

The level change in the Caspian Sea had a severe
impact on the coastal areas’ economy. For example,
the fall of the level in 1930s in the Zarat-Gilachi area
resulted in accumulation processes, and later, beginning
from 1977, the beach areas were partially washed off.
Because the Nabran coastal area faced accumulation, the
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sea level rise later caused inundation in the low-inclined
areas. The south-eastern Shirvan and Salyan plains
can be mentioned as well, where groundwater levels
have risen. As a result, the marsh and grass-covered
ecological landscapes were replaced by the aquatic
landscapes around the Kizilaghaj Gulf. In Baku seaport,
the rise in the level resulted in damage costing about 1
million USD. The above mentioned issues show that all
construction and installation works must be conducted
by taking into account the level of the Caspian Sea to
prevent related adverse events in the future.

From 1978 to 1998, 80.72 hectares of Azerbaijani
territory was inundated by sea water, while the damage
directly caused to the coastal zone made up about
2 billion USD. Of this amount, 89.1 % was shared
by Neftchala and Lankaran districts. In these areas,
seawaters inundated areas 300-500 m in length, and
communication systems (highways, railways and
electric lines) were destroyed. In addition, fisheries
faced considerable damage as well (Imrani, 2014).

The changes in level cause changes in the volume
of water, coastline configuration, bathymetry and the all
morphometric parameters of the Caspian Sea. From this
point of view, it is essential to carry out comprehensive
research on the change of the level of the Caspian Sea.
This can relate to the identification of critical factors
responsible for level changes in terms of their quality
and quantity, limits of water balance and perennial
forecast of them, the contribution of anthropogenic
factors in the level change, socio-economic and
geographical aspects, use of Azersky satellite images,
development of relevant scenarios.

Population settlement in the coastal areas of
the Caspian Sea. Archaeological excavations carried
out in the coastal areas discovered settlements in the
region’s plains the age of which is assumed to be 3—4
thousand B.C. Historical sources prove that ancient
settlements dated to the period of Manna, Media,
Albania, Atropatena — the ancient states in the territory
of Azerbaijan existed here in the past. One of them was
the town of Shabran. Founded in the mid-I millennium
and located on the Great Silk Road, this city was a big
economic, commercial and cultural center and existed
until the middle of the eighteenth century. The ruins
of the city were discovered near Shahnazarli village
during the archaeological excavations carried out in
the mid-1930s. The area of the Historical Reserve
of “Shabran city” was established as a worldwide
archaeological monument upon Order No. 1343 dated
September 27, 2003, signed by the President of the
Republic of Azerbaijan.

The total area of the Pre-Caspian region is 14.65
thousand km?, accounting for 16.9 % of the country’s
territory. The population was 3,858.4 thousand or 39.3 %
of the country’s population in 2016 (Table 1). However,
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the conducted studies show that 59.7 % (5,858.4
thousand) of the country’s population is concentrated in
the Caspian region (mainly Baku city). The unregistered
people are those migrating from different regions of

the country to Baku and Sumgait cities because of
employment factors. This process has led to an increase
in the urbanization rate.

Table 1.Demographic and settlement indicators of the Pre-Caspian region of Azerbaijan

Population . Number
. Population
Territory Territory, sq. number, density per 1 Urban
km? thousand K City Village
persons sq. km settlement
Khacmaz administrative district 1.06 174.8 165 2 12 137
Shabran administrative district 1.09 58.0 53 1 - 68
Siyazan administrative district 0.70 41.4 59 1 1 32
Khizi administrative district 1.67 16.6 10 1 3 25
Absheron administrative district 1.97 207.5 105 1 8 8
Sumgait city 0.09 339.0 3767 1 2 -
Baku city 2.14 2245.8 1049 1 59 -
Salyan administrative district 1.60 135.6 85 1 2 48
Neftchala administrative district 1.45 86.5 60 1 3 48
Masalli administrative district 0.72 221,5 308 1 2 100
Lankaran administrative district 1.54 225.2 146 2 8 83
Astara administrative district 0.62 106.5 172 1 2 89
Total: 14.65 3858.4 263 14 102 638
Republic of Azerbaijan 86.6 9810.0 113 78 262 4255

Source: Administrative and territorial units. Library of Affairs Department of the President of the Republic of Azerbaijan. Baku, 2017

In this region, represented by 14 cities, 102 urban
settlements and 638 rural settlements, population density
data varies for its different parts. The population density
for the overall territory of the region is 263 per km?. The
last is higher than the average figure. Sumgait (3,767
persons per km?) and Baku (1,049 persons per km?)
cities are the most populous areas. The development of
these cities was affected significantly by such factors
as the use of natural resources of the Caspian Sea,
transport and geographical position, and the function
of the capital city borne by Baku. Population density
in other cities and administrative districts ranges from
105 to 308 per km?. The areas with low density are
Shabran, Siyazan, Neftchala and Salyan districts. The
most sparsely populated area is the territory of Khizi
administrative district (10 persons per 1 km?).

The Northern Zone of the Pre-Caspian territories
includes five cities, 16 settlements and 262 villages. The
region accounts for 30.8 % of the territory and 7.5 % of
the population of all coastal regions.

In the Northern Zone, the Khachmaz administrative
district is the largest in population (174.8 thousand
persons) and population density (165 people / km?).
The fact that Khachmaz borders Russia has a positive
impact on the economic development of this district.
The large settlements of the administrative district
include Khachmaz, Khudat, Yeni Hayat, Mugtadir,
Mushkur, Gusarchay, Narajan and others. Guneshli
(25 persons), Tourist (45) and Samurchay (49) are
the smallest settlements. These settlements have fully

exhausted their potential capabilities, and the population
of them typically migrates to other areas in search of
employment.

The second most populous administrative district in
the Northern Zone is Shabran (58.0 thousand people).
Most of its territory is mountainous. The territory of
Shabran district is washed by the Caspian Sea to the
East, and the length of the coastline is 40 km. The
population density is 53 persons/km?. The largest
settlements in the administrative district are Shabran
city, and also Gandov, Aghalig, and Davachi villages.
The population is settled almost evenly across the
territory.

Siyazan — the third most populous administrative
district of the Northern Zone is inhabited by 41,500
people. Most of them (65.6 %) live in Siyazan city.
Siyazan district is located in the Samur-Davachi
lowland, and it has a more favourable natural-
geographical position in terms of settlement. In the
east this district borders the Caspian Sea. The largest
settlements here are Gilgilchay settlement, Yenikand,
Hemye, Mashrif, and Zarat.

The administrative district with the lowest
population in the Northern Zone is Khizi. Population
density in the administrative district is 10 people
person/km? only. This is the lowest figure throughout
the country. Khizi district mainly covers the north-
eastern slope of the Greater Caucasus and the Samur-
Davachi plain, and is bordered by the Caspian Sea in the
east. Its territory consists of low mountains and plains.
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Although the area has a favourable natural condition
for settlement, the villages of Angilan, Yukhari Angilan
and Gars are depopulated due to migration. Each of the
villages of Gizilgazma, Tudar and Guney Qishlag has
about ten inhabitants.

The Central Zone is characterized by intensive
land development, high population density, presence
of different industrial and service facilities, and limited
land resources. In Baku and Sumgait cities, relatively
high population growth has created severe demographic,
socio-economic and environmental problems in the
region, and this process continues. 2,792,300 people live
here, accounting for 72.4 % of the total population of the
Pre-Caspian region. In addition, this zone holds three
towns, 69 urban settlements and eight rural settlements.

The largest city in the Central Zone is Baku. The
history of the city of Baku dates back to the 3™ century.
As authors of ancient antiquity have reported, Baku
maintained trade relations with neighboring countries by
caravan and sea ways. There are descriptions of oil wells
drilled in and around Baku in the late ninth century and
the transportation of oil to the Middle Eastern countries
and India in the late 9th century. The economic upheaval
of the city was related mainly to the development of

the oil industry. Economic relations between Baku
and other areas expanded due to the oil factor as well.
Among the most significant events, the construction of
the Sabunchu and Surakhani oil fields (26 km long) in
1880, the construction of the Baku—Thbilisi railway in
1883 (520 km long), as well as the launch of the Baku-
Batumi oil pipeline (885 km long) in 1907 should be
noted in particular.

Since the 1930s, the migration of the population
to the Absheron peninsula, mainly to Baku has been
exacerbated due to the increase in oil production and
demand for labour. As a result, urban-type settlements
with a new status have been created around Baku
(Figure 1). The status of urban-type settlement firstly
was acquired by Alat in 1935. In 1936, 25 settlements
more were given the same status. According to the
1939 census, there were 40 such settlements in the
Baku agglomeration (including Sumgait), and 32 urban
settlements in surroundings of Baku (Eminov, 2005). At
present, 59 settlements are included in the administrative
unit of Baku city. The city accounts for 58.2 % of the
population dwelling in the Pre-Caspian area, while the
population density is 1,049 persons/km?.

Fig.1. Distribution of population in the coastal area of the Caspian Sea (within the territory of Baku city)

The higher pace of development of Baku compared
to the Pre-Caspian regions and other regions of the
country was related to its natural resource (oil and gas)
potential. Meanwhile, regional differences in living
standards associated with the higher development
of Baku will lead to the job-driven migration of the
population from other regions, resulting in more severe
demographic problems in the future. Since 2004 state
programs on socio-economic development of the regions
have been continuously adopted and implemented to
overcome the problem. However, the complete solution
to the problems has not been achieved yet. Nevertheless,
in recent times serious projects have been developed
in this direction, and since 2016 the implementation of
“The Strategic road map for the national economy and
main economic sectors” has been underway.
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The second-largest settlement in the Central Zone
is Sumgait. It is located on the western coast of the
Caspian Sea and the bank of Sumgait River. Haji
Zeynalabdin and Jorat settlements are subordinated to
Sumgait city. The population density of Sumgait is the
highest in the Caspian region (3,767 persons/km?). In
the city, industrial and social infrastructure facilities are
more developed than that of other regions.

The most sparsely populated area of the Central
zone is Absheron district. Here the population density
is 105 persons/km?. In Absheron, most of the population
(82.9%) is settled in cities. Absheron’s administrative
center is Khirdalan city, which received the status of
city on 29th November 2006.

The Southern Zone accounts for 40.5 % of the
territory and 39.3 % of the population of the entire
Pre-Caspian region. The lesser density of population
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is in Salyan (85 persons) and Neftchala (60 persons)
districts. Salyan is located in the Southeastern Shirvan
and Salyan plains, bordered by the Caspian Sea in the
East. Here most of the population lives in rural areas
(66.5%). On the other hand, the population of Neftchala
administrative district is 86.5 thousand persons, the
lowest in the south. The territory of this administrative
district is situated in the eastern part of the Kura-Aras
lowland, the plains of Southeastern Shirvan and Salyan,
and partly in the Mughan Plain, while washed by the
Caspian Sea in the east.

Masalli administrative district has the highest
density (308 persons/km?) in the Southern Zone since
its geographical location, and the natural condition
is favourable for settlement. The territory of Masalli
district is mainly plain (Lankaran lowland) and partly
mountainous (Burovar Ridge) and borders the Caspian
Sea in the east. Masalli district is mainly an agro-
industrial region, while 84.3 % of its population lives
in villages. It is the second district in the Pre-Caspian
region behind Khachmaz for the number of villages
(100 villages).

The Kura-Aras lowland surrounds the Lankaran
administrative district in the north and the Caspian Sea
in the east and south-east. The relief of its territory is
mainly plain and in small part composed of foothills.
Lankaran is one of the oldest settled areas in Azerbaijan.
Currently, it is an agro-industrial region. Here the shares
of the urban (40.3 %) and rural population (59.7 %) are
almost equal.

Astara administrative district borders the Talish
mountain ranges in the west, Lankaran lowland in the
north-east, and the Caspian Sea in the east. It borders the
Islamic Republic of Iran in the southwest and southeast.
Though Astara’s population is lowr, population density
here is the second in the South Zone (172 persons/
km2). Most of the population (77.0 %) is composed of
inhabitants of villages.

The study found that the demographic pressure in
the Pre-Caspian region is much more complicated than
that of other regions of the Republic of Azerbaijan.
While social infrastructure facilities have been
increased, zones of environmental tension have been
grown, and high risk areas are formed. It has also
affected the efficient organization of productive forces
throughout the country.

Modern development level of industry in the
coastal areas of the Caspian Sea. The first offshore
well on the coasts of Azerbaijan was drilled in shallow
waters. Oil and gas production on an industrial scale
in the Caspian Sea began in 1949. Although solid
industrial potential was formed in Azerbaijan during
the former USSR, the economy’s structure was
completely adapted to the requirements of the Union.
The country’s industrial production funds, namely 67 %,

were composed of the oil-related primary industries
and ready-made products. However, after gaining
independence, the Republic of Azerbaijan succeeded
in attracting foreign investments to the country’s
economy associated with rich oil and gas deposits. An
agreement called “Contract of the Century”, aiming at
the exploitation of oilfields of “Azeri”, “Chirag” and
Deep-water “Gunashli” was signed in 1994. According
to this contract, it was planned to produce 510 million
tons of oil, while the volume of investments was planned
to make up 7.4 billion US dollars.

Many countries regard investment policy as an
essential component of their economic development
strategy in the modern world. This is because
investments positively affect production and
employment and lead to capital increase. From this view,
investments should be used fully and more efficiently
in the condition of the market economy to provide
successful development of economic sectors.

The share of investment in the state budget is
an indicator of the priority feature of economic
growth in the country’s economic policy. Deepening
the international distribution of labour allows the
specialization level of national economies to be raised,
thereby increasing production volume due to more
efficient use of economic resources available. As a result
of the development of foreign economic relations,
countries can earn additional profits as they specialize
in relatively productive products and these products
are relatively efficient. In addition, the development
of foreign economic relations enables countries to
specialize in more efficient production and earn from the
import of products which are less-efficient to produce
domestically.

In 2016, 9.3 billion dollars was invested in the
economy of the country. However, a major part (74.5 %)
of investments were directed towards Baku and 92.4 %
to the Pre-Caspian region as a whole, which was due to
the fact that most investments deal with the exploitation
of oil and gas resources. This has led to inequalities
in the socio-economic development of the country’s
regions. At present, the Azerbaijan government is taking
serious measures in this direction.

According to statistical data of 2016, 1153 industrial
enterprises operate in Baku, accounting for 73.8 % of
all industrial enterprises operating in the Pre-Caspian
region. The share of the private sector in industrial
production is 81.7 %. The total number of employees
working in these facilities is 94,722 people. The
products of the industrial facilities of Baku city include
industrial gasoline, kerosene, diesel, black oil, cement,
construction gypsum, etc., as well as light and food
industry products.

In terms of industry, Sumgait city and Absheron
administrative district are the most developed regions
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in the Pre-Caspian region after Baku. They together
account for 3.4 % of the total industrial output. In
Sumgait, 59.9 % of industrial production is a portion of
the non-state sector, and the figure is 71.1 % in Absheron
district. The industrial products of Sumgait city and
Absheron district enterprises are nitrogen, chlorine
acid, ethylene, polyethylene, construction brick and
gypsum, limestone, and food products.

As for the resort districts of the Pre-Caspian region,
they lag significantly in terms of industrial products and
the average employed labour force. In these districts
there are 181 industrial enterprises, which account for
0.9% of the total production. The number of employees
is less than 2.700 people. The lowest corresponding
figure is in Khizi administrative district, represented
by seven industrial enterprises. Here, the total number
of employees is 219 people only. The low level of
indicators is related to the fact that those administrative
districts are mainly agrarian-industrial ones. Among
their products, oil, gas, iodine, construction sand,
concrete, carpets, flour, canned fruits and vegetables,
meat and meat products, dairy products, tea, cotton,
etc. products can be mentioned.

The main place in the economic structure of the
Northern Zone is occupied by the oil-extracting industry
(based on the Chongar-Zarat, Siyazan-Zarat, and
Sadan-Amirkhanli fields etc.), production of fruits and
vegetables, and canning industry. The critical industrial
branches in the zone are oil and gas extraction and
production of the brick plants, gravel workshops, carpet
factories, grain processing plants, and others.

The Central Zone has grown economically better
than other zones. Its leading economic areas are the
oil and gas industry, oil-processing, and chemical and
petrochemical industries. Ferrous and non-ferrous
metallurgy, heat power industry, machinery, raw
materials and products of construction importance,
light and food industries are developed here.

The economic structure of the Southern Zone is
represented by the oil and gas industries, iodine-bromide
production, machinery industry, brick production,
wood processing, production of furniture, carpet
production, food industry, etc. The lodine-bromine
plant in Neftchala produces approximately 25,000 m?
of iodine and brominated water a day converted into
crystalline iodine. At present, the plant produces about
400 tons of iodine a year.

Development of industrial fields and involvement
of investments in the region have a positive influence
on trade turnover. Thus, the volume of trade turnover
in the country has grown, reaching 17 billion USD in
2016. As a result, trade turnover in the Caspian region
in total was as much as 64.9 % of the overall trade by
the country, the major part of which, i.e. the facilities
of Baku, contributed 84.6 %.
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The branch structure of the Caspian region’s
industry reflects the social division of labour and
the level of differentiation and specialization of the
various fields. The volume of industrial production
here describes the socio-economic development of the
region and the country and the employment and living
conditions of the population. However, the present
situation is not advantageous in terms of the country’s
territorial distribution of business activities. To eliminate
the problem, there is a need to create strategically
more appropriate new industries in other regions of
the country (Figure 2)

Touristic and recreational importance of coastal
areas of the Caspian Sea. The expansion of the system
of international economic relations, the growth of
people’s standard of living, the development of industry
and services, etc. are factors which positively affect
the development of tourism. The tourism industry, in
turn, contributes to employment, conduction of social
and cultural events, and improvement of the ecological
situation.

Tourism is one of the fastest-growing industries
with an annual average growth rate of about 5%, and
international travel numbers might nearly double until
2020 compared to 2006. Having experienced a growth
of 25% between 1995 and 2005, tourism today accounts
for 10 % of the world’s economic activity and is one
of the leading employment generators. Tourism is
also a significant source of foreign exchange earnings
for many developing countries (Sustainable Tourism
Development., 2008).

Tourism can improve the quality of life in an area
by increasing the number of attractions, recreational
opportunities, and services. Tourism offers opportunities
to meet interesting people, form friendships, learn about
the world, and expose oneself to new perspectives.
Experiencing different cultural practices enriches
experiences, broadens horizons, and increases insight
and appreciation for different approaches to living
(Glenn Krieg, 2001).

2.2 million foreigners visited Azerbaijan in 2016, of
whom 90.9 % visited with the purpose of rest (Tourism
in Azerbaijan, 2017). Out of all foreign tourists, 697.1
thousand people enjoyed rest and entertainment, 691.7
thousand represented business tourism, 562.0 thousand
visited their relatives and friends, 41.5 thousand visited
for treatment purposes, 12.6 thousand visited sacred
places, and the remaining 39.8 thousand visitors were
motivated by other reasons. The fact that 96.4 % of
those tourists spent time in the Pre-Caspian regions
indicates a significant regional imbalance in terms of
tourism development.

The question of why people travel is both obvious
and fundamental to any understanding of the practice of
tourism and its consequences, including the geography
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Fig. 2.Socio-economic indicators of coastal areas of the Caspian Sea
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of tourism. However, although there is general (though
not universal) agreement that the primary motive for
pleasure tourism is a real or perceived need to escape
temporarily from the routine situations of the home, the
workplace and the familiarity of their physical and social
environments, the many theories of tourist motivation
may differ quite substantially in their interpretation and
explanations of resulting tourist patterns and behaviours
(Stephen Williams, 1998).

There are natural and economic conditions and
factors necessary for developing the tourism industry on
the coast of the Caspian Sea. They include the beaches,
clean marine air, boat trips, fishing, medicinal mud,
thermal and mineral water sources, forests, rivers,
islands, national parks, nature reserves, historical
monuments, museums, the favourable transport position
of the region and others.

The comfortably warm temperatures characteristic
of the Pre-Caspian region enables the wide use of natural
and recreational resources. The abundance of solar
energy in the summer months favours the development
of beach tourism in the country’s coastal regions. Beach
tourism, organized in the Pirshaghi, Bilgah, Buzovna,
Mardakan, Shuvalan and Shikh areas of the Absheron
peninsula, provides rest opportunities for both domestic
and foreign tourists during summer. A network of rest
centers, sanatoriums and tourist bases is created in
these areas.

Most of the tourism and recreation complexes are
located close to the beach areas, most of which are
on the Absheron Peninsula and in the Yalama-Nabran
area. According to statistical data of 2016, the majority
(80.7 %) of 272 travel agencies and tour operators
operating in the country are concentrated in Baku.

1,472 out of 1,838 persons working in these facilities
are directly dealing with tourism activities. In 2016, the
incomes of travel agencies and tour operators made up
21.6 min. US dollars, most of which were gained in the
summer (Tourism in Azerbaijan, 2017).

Here the adoption of the Action Plan for the
development of beach tourism in the Republic of
Azerbaijan for the years 2017-2020 should be
mentioned. The document envisages improving
access to beaches, creating new beaches, providing
relevant favourable conditions, and establishing related
infrastructure (roads, water provision, sewerage,
electricity, communications and other services).

Accommodation related businesses significantly
contribute to the development of the tourism industry
in the coastal areas. As an integral part of the
tourism industry, the hotel business provides guests
with temporary accommodation and offers relevant
services. There are 548 hotels and hotel-type facilities
in Azerbaijan, of which 50.9 % are in the Pre-Caspian
region. This region accounts for 61.7 % of the country’s
hotel rooms, 60.1% of its capacity and 64.9 % of people
accommodated (Table 2).

In general, the Pre-Caspian areas are different for
their recreational resources in the tourism industry.

The Northern Zone covers mainly the Yalama-
Nabran, Samur-Davachi and Shollar plains. The Yalama-
Nabran forest strip is 24 km in length and 7-9 km
in width. This forest strip stretches up to the sandy
beaches on the terrace in some parts, creating beautiful
landscapes. In terms of tourism, it is the second main
area after the Central Zone.

The territory has plenty of solar energy and is
covered with coastal plain forests and sandy beaches.
Thermal springs and natural sources of mineral waters

Table 2.The main data of tourism facilities in the Pre-Caspian region

Total number .
in those
Territory of hotels and :
hotel types of Number of | Capacity, bed | Number of accommodated
enterprises, unit | rooms, unit places persons total
Khacmaz administrative district 50 2,282 6,220 15,851
Shabran administrative district 4 21 50 1,115
Siyazan administrative district - - - -
Khizi administrative district 4 53 148 790
Absheron administrative district 5 180 283 4213
Sumgait city 13 183 390 2,348
Baku city 143 8,692 14,020 686,793
Salyan administrative district 2 88 142 363
Neftchala administrative district 1 32 60 -
Masalli administrative district 29 441 1,148 6,474
Lankaran administrative district 18 466 1322 8,681
Astara administrative district 10 103 263 1,445
Total: 279 12,541 24,046 728,073

Republic of Azerbaijan 548 20,330 40,042 1,122,068

Source: Tourism in Azerbaijan. Statistical yearbook. Baku, 2017
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are widespread as well. The absolute altitude of these
areas varies from —28 m to 100 m, and the inclination
ranges from 0.5 to 3.50. The duration of beach season
when the seawater is above 18 °C, lasts up to 140 days
in this territory. The presence of a variety of broadleaf
trees in the coastal areas adds to the comfort offered
by the vegetation cover. However, the current eco-
geographical conditions of the forests are not good since
the construction of numerous tourism and recreational
centers have led to the decline in the area of forest.

In contrast, the wastes from those tourist facilities
have the worsened ecological and sanitary conditions
in the Pre-Caspian territories in general. Consequently,
the degradation of the forests and the deterioration of
the ecological situation in the coastal zone is observed
(Geography of the Republic of Azerbaijan, 2014).
The carbonate and hydrocarbonated mineral water
resources of treatment importance are spread mainly
in the Samur-Devechi lowland. The total flow of mineral
water springs is over 5,000 litres per day. Although the
natural potential is high, the horticultural sector is poorly
developed in the zone. This harms the tourism industry.

The coastline of the Khachmaz administrative
district is used mainly for tourism. Tourism facilities
in the area are numerous; among them, there are 50
hotels and hotel-type facilities. Galaalti, the naftusya
type water, located at 700 m of altitude in the territory
of Shabran administrative district, has excellent healing
importance. Based on the Galaalti water, “Galaalti Hotel
& Spa” therapeutic and rehabilitation resort complex
has been established. Besides this, the hunting farm of
“Liman” operates on the coast of the Caspian Sea. The
Beshbarmag parallel fortification (6—7th centuries) is of
world importance; the Gilgilchay defence fortifications
complex (5th century) and other historical and cultural
monuments allow development of cultural and religious
tourism. However, there is no hotel or hotel-type
accommodation in the Siyazan administrative district.

The Central Zone is a suitable area for tourism
due to its climatic conditions, being rich in mineral
and thermal waters, healing muds, unique natural
environment, and historical monuments. Most of the
tourists arriving in Azerbaijan stay in this area since
the capital city Baku has luxurious and modern hotels
and improved infrastructure.

On the Absheron Peninsula, hydrogen-sulfide
thermal waters are used to treat cardiovascular,
gynecological and rheumatic diseases. The healing
muds of the Masazir and Big Shor lakes are also in use.
Such muds are also present in the Shikhov, Surakhani
and Gobustan areas. However, the reserves of the last
are small and are not used widely by resort facilities.
(Ismailov, 2004).

The city of Baku, with its historical and architectural
monuments (Maiden Tower, Shirvanshahs Palace, Juma
Mosque, etc.) and beaches, attract a much larger number

of tourists. Sumgait, the second-largest city in Absheron,
is far behind Baku for the number of visitors. Though
the number of tourists visiting Sumgait and its tourism
facilities is smaller, the new parks and beaches recently
opened for use are of great interest to tourists.

The Southern Zone is one of the areas less-
used for tourism. However, this zone has favourable
natural conditions and economic potential, suitable
for the establishment of tourism businesses. There are
possibilities for developing medical tourism near the
mineral springs of Ag korpu, Istisu, Sim, Bi, Toradi,
Sheikh Nasrallah and others. The seafront is mainly
composed of sand and river stones. As a result of the
rise in the level of seawater, the width of beach areas
in some places has been reduced as 5-10 m as less.

The temperature of sodium-chlorine mineral water
reserves of tourism-recreational importance may reach
up to 45°C. This kind of thermal water are found in
the Lankaran lowland, based on which the Istisu
sanatorium operates. The last is the only operating
facility of medical tourism that uses thermal water in
the Southern Zone.

The main historical monuments in the Lankaran
administrative district are Lankaran fortress, the Mayak
building, the circular fortress called Zindan, the Ballabur
fortress, the German church, the Jewish synagogue,
etc., which attracts foreign tourists. The kurgans in
the Astara administrative district, such as Dash gutu,
Kholobin, Miki dolmen necklaces, and Baba Jabbar,
Tangarud, Seyidjamal, Vago and others, dated to the
Bronze Age, have cultural tourism importance. The
Yanardagh and Istisu forests, composed of rare tree
species and various springs, are found in the Masalli
administrative district. Istisu water is used to treat
muscles, the nervous system; skin, gastrointestinal
and gynecological diseases. The Salyan and Neftchala
districts territories are rich in historical and architectural
monuments but less-developed in terms of tourism.
There are only two hotels in Salyan, and only one hotel-
type accommodation in Neftchala, not enough for the
attraction of tourists in mass.

Considering the aforementioned, interregional
differences must be eliminated to develop tourism
in the Pre-Caspian zone as a complex. New tourism
facilities should be created taking into account the
natural environment and economic potential of each
region.

Environmental problems of the Caspian Sea and
ways of their solution. The ecological problems of the
Caspian Sea and its surrounding zone are linked to the
features of the historical development of the region’s
economy. In these circumstances, long-term natural
changes (centuries-old change in the sea level, climate
change) and the serious socio-economic problems of the
modern era (transitional period, economic crisis, conflicts,
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interference of international companies, etc.) have
been responsible for the deterioration of the ecological
situation. The great interest taken in the hydrocarbon
reserves of the Caspian Sea, the development of oil
production, population growth and industrialization in
the coastal zone, application of new synthetic substances
in households, the use of agricultural chemicals, etc.,
have adversely affected the ecological situation of the
Caspian Sea.(Mammadov, 2013).

Azerbaijan is much more closely interfaced with
the Caspian Sea than other Pre-Caspian countries,
considering its geographical location, the settlement
of its population, and the development of the economy.
In addition, the fact that most critical industrial facilities
and the majority of the population in Azerbaijan are
concentrated here has adverse ecological effects.

The development of forest and meadow landscapes
in the northern zone is associated with the spread of
groundwater in the conic-shaped plains near the lower
flows of the Samur, Gusarchay, Gudyalchay and other
rivers. During the historical period, anthropogenic
impacts related to settlements and agricultural activities
have led to partial deforestation in this territory.
Currently, these areas are widely used in the irrigated
plantations and horticulture. This harms the local
environmental situation.

The environmental situation of the Central Zone is
considered to be the most difficult. This is because large
cities (Baku and Sumgait), petroleum, petrochemical,
ferrous metallurgy, and other industrial facilities are
located here. Moreover, the lack of sewerage systems in
the enlarged and newly founded settlements have caused
the direct discharge of wastewater into the Caspian Sea.

Although the Southern Zone is less polluted, the
amount of household wastes in Lankaran and Masalli
regions is higher. Therefore, works on the improvement
of sewage systems are needed.

The rise of the Caspian and abrasion process often
may result in subsidence, observed in the coastal areas
and places where accumulation happens. This adverse
process typically occurs when carbonate and sandy-
clay rocks are located horizontally in coastline areas,
including the north-eastern coasts of the Absheron
peninsula and Sangachal, Alat Pirsaat, Bandovan
areas. Land subsidence is most common in the Nabran-
Khachmaz, Alat-Bandovan and Lankaran-Astara coasts
of the Caspian and in various river valleys.

As a result of the regression in the Caspian, erosion
processes in the coastal areas are intensified. This
condition may entail acolian-type desertification as
well when lands uncovered due to regression become
salinized. Factors contributing to the desertification
process in coastal areas are also global climate change
and economic activities.
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Factors entailing the desertification process in recent
years also include the unregulated destruction of forest
areas by humans. For example, the disappearance of
forests in the coastal areas from Beshbarmag Mountain
to Pirsaat River can be shown. This deforestation
happened because of planting and grazing of livestock
which has persisted here for decades.

Currently, the solution of environmental problems
is the most urgent among other problems related to the
Caspian Sea. The Caspian is considered to be one of
the most polluted water basins in the world.

The primary pollution sources in the Caspian Sea
are rivers, oil extraction, transportation and processing,
and wastes of residential and industrial facilities located
in the coastal zone.

The rivers flowing into the Caspian Sea are
considered the key sources of pollution since according
to experts, the wastes contaminating the Caspian Sea
mainly (90 %) enter via river waters. The largest rivers
flowing into the sea are Volga, Ural, Terek, Samur,
Kura and Safidrud. Among them, the largest one is the
Volga River, the annual flow of 250 km3 or 81.2% of
the total river flow. 2.5 km3 of untreated and 7 m3 of
insufficiently treated sewage enter the sea via the Volga
River in a year (Mammadov et. al., 2000). Pollutants
include oil products, iron and copper compounds,
rapidly oxidizing organic compounds, etc. (Gul, 1956).

Another key source of pollution in the Caspian Sea
is the technical accidents occurring during oil extraction
and transportation. These accidents cause oil spills,
which in some cases are 20 times more than the allowed
limit. The most polluted areas in the Azerbaijani sector
of the Caspian are “Neft Dashlari”, “Bibiheybatoil”,
“Absheronoil”, “28th May”, “Gum adasi”, etc.

The fires in the offshore fields also contribute to the
pollution of the Caspian Sea. For example, the fire that
happened in May 1989 on the “28th May” caused an
oil slick to form on the sea 12 km in length and 4 km
in width, which remained there for 15 days.

Sea pollution in the Caspian may also happen
because of the discharge of industrial and domestic
wastes along the coasts. These wastes are discharged in
all settlements throughout the Caspian. Over 60 million
m3 of pollutants are concentrated in the Baku Bay,
of which 40 % are oil compounds. While the oxygen
content in the waters of the Baku Bay must equal at
least 10 mg/litre, the current figures vary between 1.8
and 3 mg/litre.

The fact that wastes containing hazardous chemical
compounds are continuously discharged into the Caspian
serves as an additional source of pollution for the sea.
These chemicals include hydrocarbons, carbonuclides,
chlorinated organic compounds, and heavy metals. The
volume of phenol and heavy metals spilt into the sea
is 3 times as much as the norm.
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In terms of the heaviness of pollution, the Northern
Zone is less polluted than the Central and Southern
zones. Currently, work on the construction of treatment
facilities with 70,000 m3/day capacity is underway in
the Khachmaz district. Similar works are planned in
Shabran, Siyazan and Khizi districts as well.

The composition of samples taken from the bottom
of the seabed includes oil products, phenols, and even
mercury. The amount of phenol in Baku Bay is 0.2—1
g/kg, the amount of mercury is 5-14 g/kg. Near Sumgait,
sea bottom sediments with 1-2 g/kg of hydrocarbons,
0.5-1 g/kg of phenols and 0.1-0.6 g/kg of mercury were
found. Such a situation has led to the contamination
and the decline and even extinction of marine species
of fauna in some areas.

In 2016, the total amount of gaseous wastes emitted
from various sources in the Pre-Caspian region was
146.5 thousand tons. In the densely populated Baku
area, where numerous industrial and infrastructure
facilities and also motor vehicles are present, the
figure equaled 130 thousand tons. Wastes emitted in
the region’s other cities and administrative districts
amounted to 16,500 tons, out of which 1.9 thousand tons
were from to sources present in Sumgait city, 11,500

tons from Salyan district and 1.2 thousand tons from
Siazan district.

The amount of sewage and domestic wastes are
significantly different from those emitted into the air both
for residential and industrial facilities of the region. The
amount of sewage discharged from the facilities of Baku
and Sumgait cities and Salyan and Neftchala districts
together amounts to 3,371 million m3, accounting for
99.1 % of the total sewage water discharged in the
pre-Caspian region. The major part of wastewater is
discharged by facilities located in Salyan (1839.7 million
m3) district (Regions of Azerbaijan, 2017).

Most of the domestic wastes are discharged from
Baku (3,574.1 thousand m3) and Sumgait (626.0
thousand m3) cities. In 2009, the French company
CNIM S.A. launched the construction of a modern
Balakhani Garbage Recycling Plant in Baku to manage
domestic wastes. The plant was put into operation in
2012. Two garbage burning lines with a capacity of
500,000 tons operate. Moreover, turbines capable of
producing 230 megawatts/year of electricity are installed
in the plant. The sludge formed due to the burning of
garbage will be used for road construction (table 3).

Table 3.The main sources of pollution in the Pre-Caspian coasts of Azerbaijan

The amountiof The amount of The amount of
. pollutants emitted .
Territory . waste water, domestic waste,
into the atmosphere, - B 5
million m thousand m
thousand tons
Khacmaz administrative district 0.6 0.6 69.1
Shabran administrative district 0.01 0.9 9.0
Siyazan administrative district 1.2 0.8 3.3
Khizi administrative district 0.005 0.03 0.1
Absheron administrative district 0.1 25.8 48.0
Sumgait city 1.9 247.7 626.0
Baku city 130.0 842.7 3574.1
Salyan administrative district 11.5 1839.7 19.4
Neftchala administrative district 0.1 440.9 5.9
Masalli administrative district 0.02 0.1 23.1
Lankaran administrative district 0.009 1.1 43.1
Astara administrative district 1.1 0.08 10.4
Total: 146.5 3400 4431.1

Source: Regions of Azerbaijan. Baku, 2017

At present, one of the most critical issues related
to the Caspian Sea is to predict the proliferation of
pollution, depending on the specific conditions. This
would enable effective anti-crisis measures to be carried
out upon defining the extent of pollution in the seas.

Results.

The directions of development or nature-use of
territories are determined taking into consideration the
special differentiation of natural conditions and pattern
of division of natural-resource potential (Hudzevich, et.

at.2020). Socio-economic development is a complex
and multifaceted concept that characterizes the activity
of the national economy in two main areas (economic
and social) (Grabowski, 2012). Along with the growth
of a country’s power, economic growth also stimulates
the development of the social sphere, improves the
living standards and material well-being of the country’s
population, and meets their needs.

Therefore, economic development is essentially an
integral part of the goals of “sustainable development”
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(environmental, economic and social) and ensures the
sustainable development of the economy. Sustainable
development in the economy depends on the
establishment of socio-economic relations, economy,
economic relations and economic management.

This, in turn, creates favourable conditions for the
establishment of free-market relations, development
of socio-economic infrastructure and elimination of
environmental problems.

1. In places of settlement and socioeconomic
activities where the demographic pressure is very high,
social infrastructure facilities have increased, and, as
a result, some environmental zones and risk areas have
emerged.

2. The coastal areas, exposed to technogenic impact,
have been changed and transformed much dramatically.
This is due to the growth in the population as well as
an increase in production.

3. Though healing mineral and thermal waters are
widespread in the Pre-Caspian areas, these resources
are markedly underutilised. To solve this problem,
reconstruction of the existing resort centers should
involve investments into this region. In addition, new
treatment and recreation centers should be established
based on the present resources as well.

Discussion.

The development of the regional economy is
carried out through the trends, priorities and factors
that determine the state of the national economy:.
Therefore, to effectively study such trends and factors,
it is necessary to consider the socioeconomic priorities
that shape and determine the current state of the
domestic, regional economy. (Nazarova, 2011).When
examining the place and position of the Caspian Sea in
the Azerbaijani economy as an object of discussion, it
becomes clear that environmental problems should first
be investigated and prevented, because the surrounding
areas of large settlements and industrial centres in the
study area are severely polluted. Most coastal regions of
the world face this problem. These include: urbanisation
along the coastline of the Caspian Sea has amplified in
recent years, with ever-increasing pressure on the land-
based and marine environment. Population densities
along the Caspian Sea coastline are uneven, and most
of the population is concentrated in major urban centres
in Azerbaijan, the Russian Federation and Iran. At the
same time, the metropolitan area of Baku in Azerbaijan
represents the most significant urban agglomeration
(Project. Urbanisation and Climate Change Adaptation
in the Caspian Sea Region, 2019).

—Sea-level changes pose considerable problems in
biological and economic activities, both socio-economic
and ecological, especially in shipping and fishing, both
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in the coastal zone and estuaries of rivers and on the
high seas (Kenzhegaliev et. at., 2021).

—In the suburbs of Baku, there are very few cases in
which the rise in sea level has directly affected houses.
Instead, most concern stems from the economic and
environmental effects of the rise in sea level, such as
the blockage of sewerage lines and the deterioration of
production enterprises (Kudat et. at., 1999).

— In the case of hazardous waste management,
despite a proliferation of efforts to address problems
of multiple contaminations of the Absheron Peninsula,
no overall strategy of dealing with it exists that would
involve optimum sequencing of activities, corresponding
zoning, the role of financial instruments in assisting
the process, environmental liability rules, and others
(Country environmental analysis Azerbaijan. 2005).

—High population growth and the weakening of the
health care system pose health problems to many people
living around the Caspian Sea. This was due to socio-
political and economic changes in the former Soviet
republics (Caspian in maps and diagrams, France).

Conclusion.

1. Over the past ten years, demographic pressure
(e.g., land acquisition by population increase) has
become acute in the areas of the Caspian Basin, and
the number of infrastructure facilities has increased, and
as a result, some environmentally damaged zones and
risk areas have emerged. Ecological tension zones and
hazardous areas include Baku and Sumgait’s seacoasts
and Lankaran, Masalli and Khachmaz administrative
districts because household wastes in these settlements
are directly discharged into the sea and are a threat to
the population’s health.

2. Coastal areas exposed to technogenic pressure
have been subjected to much faster change and
transformation. This is due to the increase in the
population and production volumes. At present, 88.7 %
of the country’s total industrial output comes from the
researched region. Carbon and other heat-generating
gases emitted into the atmosphere through these
facilities can increase the average annual temperatures
in the region. To prevent this, climate change mitigation
and adaptation are required.

3. Though mineral and thermal waters are widely
used in the coastal areas of the Caspian Sea (Absheron
Peninsula, Khachmaz and Lankaran administrative
districts), they are used at a deficient level. These areas,
which are the resort zone, are rich in fresh air, sea views,
sandy beaches, and are more populated than many other
areas. In order to solve the problem, investments in
tourism and recreational firms are needed, reconstruction
of resort centers should be carried out, and new
treatment and recreation centers created (mainly in
Baku city).
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4. Absence of sewerage systems in newly built
settlements in Baku and Sumgayit and direct discharge
of wastewater, intensive destruction of forest massifs in
Khachmaz, Lankaran and Astara administrative regions,
development of agriculture and horticulture in their
territories, reduction of the level of the Caspian Sea,
strengthening of erosion processes in coastal areas and
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complicated due to the facial variability of rocks. Therefore, when studying this stratum,
palynology and the implementation of palynostratigraphic delimitation are of great importance. The initial stage of palynological
research of Devonian VPO EEP deposits is clear identification of miospores and their monographic study, the main components of
which are morphological and morphometric research, taxonomic determination of genera and species by morphological-comparative
method, elucidation of their stratigraphic and geographical distribution. The object of research is dispersed miospores. During their
taxonomic study, M. V. Oshurkova’s artificial, or formal, taxonomy was used, which modernized the morphological classification of
R. Potonier and G. Kremp, clarified palynological terminology, detailed diagnostics of taxa, and gave unified diagnoses of genus forms.
For the first time, a monographic description of five species is given according to this classification. They are Geminospora extensa
(Naumova) Gao (from 36 to 51 %); up to 10%: G. decora (Naumova) Archangelskaja, G. tuberculata (Kedo) Allen, G. micromanifesta
(Naumova) Archangelskaja, G. notata (Naumova) Obukhovskaja. belonging to the genus Geminospora (Balme) Owens of infraturma
Pseudosacciti, subturma Zonocavatitriletes, suprasubturma Cavatitriletes turma Triletes. These are trilete radial zonate cavate hilate
spores with ornamented exine. They are main indicators, key and characteristic species of palyzone E of the Givetian of the Middle
Devonian.
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AHoTamisi. Binkimaau >KHBETCHKOTO spycy IMOLIMPEHI MOBCIonHO B Mexax BosmHo-Tlopinbckoi okpainn CximHoeBpormeiichKol
mwiatgopmu (BI1IO CEI). Lle TepurenHo-kapOoHATHI HIUKIIYHO MOOYI0BaH1 yTBOPEHHS TOBIIMHOIO Bix 102 mo 165 M, crpatudikaris
SIKHX yCKJIaJHEHA BHACHIIOK (ariaabHOl MIHIMBOCTI mopid. [ling yac BMBUCHHS wLi€l TOBINI BEIWKE 3HAYCHHS MAa€ MATiHOJOTIA
1 BUKOHAHHS TalliHOCTparurpadiyHoro po3mexyBaHHs. [109aTKOBHM €TaroM MaJliHONOTIYHUX JOCIIIKCHb JIEBOHCHKHX BiIKITaIiB
BIIO CE€II € uitka ineHTHdIKAIisT Miocnop Ta ixHE MOHOrpagivyHe BHUBUCHHS, TOJIOBHUMH CKJIAIOBHMH SKOTO € MOpQooridne
i MOpdoMeTpHUYHE TOCTIPKEHHSI, TAKCOHOMIYHE BU3HAYCHHS POAIB 1 BUIB MOP(OJIOr0-TIOPIBHIIEHIM METOIOM, 3’ ICYBaHHIM iXHBOTO
crparurpadiqaoro i reorpagiuHoro nommupents. O6’€KToM IOCIIiKeHb € AucrepcHi Miocropu. Ilix yac IXHPOro TaKCOHOMIYHOTO
BUBYCHHSI 3aCTOCOBYBAJIH IITY4HY, a00 GopmaibHy, cucteMariky M. B. OmrypkoBoi, sika MoepHizyBasia MOP(OJIOTiYHy KilacH(iKarliio
P. IToronse i I. Kpemmna, yTounnia najiiHoOJOri4Hy TEPMIHOJIOTiIO, JeTali3yBaia AiarHOCTHKY TaKCOHIB, HaBena yHi(iKoBaHi AiarHO3U
(opma-poxiB. 3a Li€I0 CHCTEMATHKOIO BIepie s naninonorii aesony BIIO CEIl naBeneno moHorpadigyHuii Ouc 4OTHPHOX BUIIB
Geminospora extensa (Naumova) G a o (Big 36 10 51 %); mo 10%: G. decora (Naumova) Archangelskaja, G. tuberculata (Kedo) Allen,
G. micromanifesta (Naumova) Archangelskaja, G. notata (Naumova) Obukhovskaja, sixi Hanexars popma-pony Geminospora (Balme)
Owens iH(pparypmu Pseudosacciti, cyoTypmu Zonocavatitriletes, cynpacyorypmu Cavatitriletes Typmu Triletes. Lle Tpumpomenesi
pazianbHi 30HATHI KaBaTHI MOHOIICEBIOCAKATHI CIIOPH 3 OPHAMEHTOBAHOIO EK3MHOI0. BOHM € 4iTKMMHU iHIMKaTopamu i KepiBHUMHU
BUJIaMH BiJKJIAIiB MaiHO30HH E KHBETCHKOTO SIPyCy CEpeHBOTO BiAITY IEBOHCHKOT CHCTEMH.

Kniouosi cnosa: naninonoeis, cnopu, scusemcvkuti apyc, Bonuno-Ilooinas, Cxionoesponeiicvka nnamgopma.
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Introduction.

This publication is one of the works that follow
(Ivanina, 2004, 2018, 2019) devoted to the palynological
characteristics of the Devonian sediments of the Volyn-
Podillya margin of the East-European platform (VPM
EEP).

The purpose of the palynological study is to improve
the biostratigraphic substantiation of local stratons and
stratigraphic schemes in general, which is impossible
without the initial stage of any paleontological research,
namely the study of the structure and taxonomic
definition of genera and species of dispersed spores
and its spreading.

The most important stage of palynological research
is morphological investigations and identification of
spores. The reliability of scientific elaboration and
practical application of palynological data depends
on the quality of the initial data the accuracy of the
taxonomic definition. Morphological (artificial or
formal) classifications are used in the study of Paleozoic
spores and pollen. Today there are many modifications
of morphological classification systems of Paleozoic
spores, which differ in the principles of typification,
volumes, and diagnoses of taxa, differences in the
hierarchical sequence of systematic units, and so
on. M. V. Oshurkova (Oshurkova, 2003) revised the
existing taxonomies and, choosing the classification
of R. Potonie and G. Kremp (Potonie, Kremp, 1955,
1956) as the base, clarified palynological terminology,
detailed the diagnosis of taxa, gave unified diagnoses of
form-genera and streamlined the taxonomy of Paleozoic
spores by the restoring the rule of priority and returning
to its composition valid taxa. Such modernization of the
classification of Paleozoic spores by M. V. Oshurkova
is a significant step forward, as it corresponds to the
current state of the study of palynomorphs, is the best-
generalized summary of unified genus diagnoses in their
taxonomic and hierarchical subordination. According to
this classification system, the study of Paleozoic spores
was not performed in Ukraine.

Givetian sediments of the VPM EEP are
terrigenous-carbonate with a thickness of 102 to 165
m, characterized by a cyclic structure with alternating
of chemogenic and terrigenous rocks with different
thicknesses. The main types of rocks — limestones,
dolomites, anhydrite, argillites, sandstones, siltstones,
form complicated paragenetic associations (Ivanina,
Havrylets, Stokhmanska, 2000; Stratyhrafiia
URSR, 1974; Stratyhrafiia verkhnoho proterozoiu,
paleozoiu ta mezozoiu Ukrainy, 2013). Stratification
of them is difficult because of the facial variability
of rocks (Konstantynenko, Ivanina, 2004), low
content of macrofossils and it is possible only by
micropaleontological and spore-pollen data.

Palynological studies of the Devonian of the VPM
EEP were initiated in the middle of the last century
by G.I. Kedo, O.V. Chibrikova, I.1. Partyka (only
manuscript), continued by A.V. Ivanina (Ivanina,
2004, 2018, 2019), who isolated and characterized
the palynozone Geminospora extensa (E) and gave its
generalized (Ivanina, 2004) and standardized (Ivanina,
2018) palynological characteristics.

Palynological zone E is the biozone — Geminospora
extensa (Naum.) Gao index-species spreading zone. It is
widespread in the VPM EEP. It occurs on the deposits
of the palynozone TL (Middle Devonian, Eiffel) and
is covered by Frasnian sediments (Ivanina, 2018).
It corresponds to the palyzone EX (Geminospora
extensa) of the East-European platform (Avkhimovitch,
Tchibrikova, Obukhovskaja, Nazarenko, Umnova,
Raskatova, Mantsurova, Loboziak, Streel, 1993; Atlas
spor i pyltsy neftehazonosnykh tolshch fanerozoia
Russkoi i Turanskoi plyt, 1985), Ural (Chibrikova,
1977), Pripyat depression (Kedo, Obukhovskaya,
1981.), upper part of zone AD (acathomammillatus—
devonicus) and spore zone TA (triangulatus—ancyrea)
the Ardenne-Rhenich regions (Streel, Higgs, Loboziak,
Riegel, Steelmans, 1987).

The most important signs of this zone are:

* 65 taxa are recorded — 28 transit, 24 key and 13
characteristic (or typical) species (table 1);

* significant content (from 36 to 81 %) of spores of
the genus Geminospora (Balme) Owens has been
established among key taxa, and especially of index-
species Geminospora extensa (Naum.) Gao (36—
51%);

* only in the sediments of the zone there are four
species of the genus Geminospora— Geminospora
extensa (Naum.) Gao, G. decora (Naum.)
Archangelskaja, G. tuberculata (Kedo) Allen, G.
micromanifesta (Naum.) Archangelskaja.

* one species — Geminospora notata (Naum.)
Obukhovskaja is typical, because it has a wider
range of existence; it appears in zone E; within its
limits occurs in significant quantities, disappears
in the Late Devonian.

The genus Geminospora (Balme) Owens was first
described by Balme B.E. from the Upper Devonian
sediments of Western Australia (Balme, 1962). Its
diagnos was modernized by Owens W. during the study
of Middle and Upper Devonian sediments in Canada
(Owens, 1971).

Spores of the genus Geminospora (Balme)
Owens from Givetian of the VPM EEP are trilete
radial zonate cavate monopseudosaccate spores with
ornamented exine and are similar in structure. Common
morphological features are trilete suture, the presence
of stratified layers of exine, and the growth of exoexina
in the form of a pseudosaccus. They are distinguished
by the ornamentation of the exine.
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Table 1. Miospores’ composition of the Geminospora extensa (E) Zone

Accessory

Geminospora micromanifesta, Calyptosporites krestovnikovii, Aneurospora heterodonta,
Hymenozonotriletes spinosus, H. argutus, H. polyacanthus, Speciososporites novus,
Calyptosporites proteus, C. velatus, Sinuosisporis sinuosus, Rhabdosporites langii,
Grandispora torezi, G. naumovae, Corystisporites multispinosus, Cymbosporites
magnificus, Chelinospora timanica, Retusotriletes radiosus, Monilospora latemarginatus,
Tuberculiretusispora subgibberosa

Acanthotriletes parvispinus, Trachytriletes? devonicus, Leiotriletes furcatus, Retusotriletes
concinnus, Lophozonotriletes scurrus, L. curvatus, Auroraspora varia, Ancyrospora
honesta, Retusotriletes simplex, Diaphanospora rugosa

Taxa Dominant and
subdominant
Key Geminospora extensa,
G. decora, G. tubercu-
lata, Acanthozonotri-letes
Sspinutissimus
Typical Geminospora notata,
Lophozonotriletes curvatus
Transit -

Calamospora, Punctatisporites, Granulatisporites, Brochotriletes, Acanthotriletes,
Trachytriletes? trivialis, Leiotriletes laevis, L. simplex, Retusotriletes minor, R. triangulatus,
Foveolatisporites, Stenozonotriletes conformis, S. laevigatus, Ambitisporites pumilis,
A. simplex, Lophotriletes, Verrucosisporites, Converrucosisporites, Reticulatisporites,
Camptotriletes, Periplecotriletes, Spinozonotriletes, Apiculiretusispora, Anapiculatisporites

Monographically from Devonian deposits of the
VPM EEP they are not described.

Material and methods of the research.

The material for research is 270 samples of rocks
with different lithology. Givetian sediments containing
species of genus Geminospora (Balme) Owens are
widespread within the VPM EEP.

During palynological studies of Devonian sediments
of the VPM EEP taxonomic determination was
performed by morphological-comparative method,
the main purpose of which is to clarify the systematic
position and determine taxa by their structure (Uziiuk,
Ivanina, Hotsaniuk, Shainoha, Tuziak, 2007; Hotsaniuk,
Ivanina, 2017). This method involves such operations:
analysis of the spore’s preservation; morphological
description; morphometric observations (measuring the
size of spores in general and their individual elements);
taxonomic definition; detection of geographical and
stratigraphic spreading.

The morphology of spores was studied on biological
microscopes “Nicon-eclipse” and “Axiolab” and was
accompanied by photographing spores with a digital
camera “Optiphot-2”. The external structure of the exina
of five species of the genus Geminospora (Balme, 1962)
Owens, 1971 from Givetian of the VPM EEP, selected
by the method of V.K. Teteriuk (Teteriuk, 1964), was
first studied and photographed on a scanning microscope
“Geol” JISM-6400.

Results and their analysis.

The monographic description of species is given
according to classical canons, in compliance with the
International Code of Botanical Nomenclature (1974)
and the procedure for describing species of fossil
spores (Instructions for the description of fossil plant
and animal organisms in paleontological works, 1971).
The optimal set of morphological features was selected
for the species characteristic, first of all, which can be
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recognized on the fossil material; secondly, they are
necessary and sufficient to determine the species. For
each species the full name, author, year of definition,
synonymy, material, morphological characteristics (type
of spore, outlines, the structure of aperture, exines, the
character of sculpture, etc.), sizes, stratigraphic and
geographical spreading are given.

Morphological descriptions of species of the genus
Geminospora are based on the genus characteristics
given in (Oshurkova, 2003). At the same time, reliable
diagnostic features were found for each species, which
serve as criteria for species identification.

This morphological description is the first
generalized summary of unified diagnoses of the main
spore’s species of the genus Geminospora (Balme,
1962) Owens, 1971 from Givetian (palynological zone
E) of the VPM EEP. It will help to correctly identify
fossil species.

Anteturma PROXIMEGERMINANTES
Potonie, 1970 (Sporites H. Potonie, 1893)

TurmaTRILETES (Reinch, 1881) Potonie et
Kremp, 1954

Suprasubturma Cavatitriletes Oshurkova et
Pashkevich, 1990

Subturma Zonocavatitriletes Oshurkova et
Pashkevich, 1990

Infraturma Pseudosacciti Oshurkova et Pashkevich,
1990

Genus Geminospora (Balme, 1962) Owens, 1971
Geminospora extensa (Naumova, 1953) Gao, 1981

Plate 1, fig. 1-3

Archaeozonotriletes extensus Naumova: Naumova,
1953, p. 33, 86, pl. 3, fig. 5; pl. 13, fig. 20; Keno, 1955,
pl. 5, fig. 16, 17; Tchibrikova, 1962, pl. 17, fig. 25;
Raskatova, 1969, pl. 14, fig. 48; Tchibrikova, 1977,
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pl. 17, fig. 7; Stratigraficheskie i paleontologicheskie
issledovaniya v Belorussii, 1978, pl. 30, fig. 2, 23, 39;
Kedo, Obukhovskaja, 1981, pl. 18, fig. 1, pl. 19, fig. 4, 21.

Geminospora extensa (Naumova) Gao: Gao, 1981,
pl. 3, fig. 6; Archangelskaja, 1985, p. 46, pl. 5, fig. 2;
Avkhimovitch, Tchibrikova, Obukhovskaja, Nazarenko,
Umnova, Raskatova, Mantsurova, Loboziak, Streel,
1993, p. 108, pl. 7, fig. 1; p. 110, pl. 8, fig. 4; p. 112,
pl. 9, fig. 4; Oshurkova, 2003, p. 207; Ivanina, 2004,
p. 118, 150, pl. 1, fig. 1-3.

Palynological material. 37 well-preserved
specimens.

Description. Small and medium-sized radial
trilete zonate cavate mono-pseudo saccate spores with
rounded-triangular amb. The exine is with separated
layers. The central body is triangular-rounded, with
convex sides and rounded corners and a moderately
thick verrucate intexine on the distal side. Exoexina of
the pseudosaccus of medium thickness, with verrucate
ornamentation; at the equator of spores has the form of
a very narrow zone. The surface of the pseudosaccus is
densely covered with small, densely spaced verrucae —
low growths of irregularly rounded or irregularly oval
shape with flat or slightly rounded tips.

The edge of the spores is irregular, slightly wavy,
due to the protrusion of sculptural elements along the
equator of the spores.

The trilete suture is simple, the rays are straight,
the length is equal to the radius of the spores.

Dimensions, pm. (19 measured specimens).
Equatorial diameter: the spore body —24-43, central
body — 18-31; width of equatorial zone —4—6; verrucae:
width — 0,5-2,0; height—1,0-1,5.

Localities. Boreholes: Gorochiv 6, 1070-1 180
m, Gorochiv 2, 875-970 m, Ludyn 1, 1412-1553
m, Lokachi 9, 883-986 m, Lokachi 27, 830-930 m,
Markovychi 1, 922—-1013 m, Reniv 24 ¢, 100-210 m,
Tychotyn 1, 430-567 m, Tychotyn 3, 668—782 m and
others.

Occurrence. Middle Devonian; Givetian of the
East-European platform (zone EX of the general East-
Europian palynostratigraphic scales) (Naumova, 1953;
Avkhimovitch, Tchibrikova, Obukhovskaja, Nazarenko,
Umnova, Raskatova, Mantsurova, Loboziak, Streel,
1993; Atlas spor i pyltsy neftehazonosnykh tolshch
fanerozoia Russkoi i Turanskoi plyt, 1985), Upper
Givetian and Lower Frasnian of Pripyat depression
(Stratigraficheskie i paleontologicheskie issledovaniya
v Belorussii, 1978), Givetian of the VPM EEP
(palynological zone E).

Geminospora micromanifesta
(Naumova, 1953) Owens, 1971

Plate 1, fig. 46

Archaeozonotriletes micromanifestus Naumova:
Naumova, 1953, p. 31, 79, 128, pl. 2, fig. 18; pl. 12,
fig. 2—4; pl. 19, fig. 5; Tchibrikova, 1959, pl. 15, fig.
23; 1962, pl. 17, fig. 19; Nazarenko, 1964, pl. 1, fig. &,
51, 64; Tchibrikova, 1977, pl. 16, fig. 9; pl. 19, fig. 12;
Stratigraficheskie i paleontologicheskie issledovaniya v
Belorussii, 1978, pl. 30, fig. 9, 26; Kedo, Obukhovskaja,
1981, pl. 19, fig. 5, 22, pl. 21, fig. 9.

Geminospora lemurata Balme: Balme, 1962, p. 4,
pl. 1,fig. 5,7, 8.

Archaeozonotriletes micromanifestus Naumova var.
microtuberculatus Tschibrikova: Tchibrikova, 1962, p.
414, pl. 7, fig. 5.

Archaeozonotriletes antaxios Tschibrikova:
McGregor, Camfield, 1982, pl. 3, fig. 7.

Archaeozonotriletes cf. antaxios Tschibrikova: Bar,
Riegel, 1974, pl. 1, fig. 10.

Geminospora micromanifesta (Naumova)
Archangelskaja: Archangelskaja, 1985, p. 46, pl. 5,
fig. 1; Avkhimovitch, Tchibrikova, Obukhovskaja,
Nazarenko, Umnova, Raskatova, Mantsurova, Loboziak,
Streel, 1993, p. 110, pl. &, fig. 13; p. 112, pl. 9, fig. 8;
p. 114, pl. 10, fig. 2; Ivanina, 2004, p. 118, 150, pl. 1,
fig. 10.

Geminospora micromanifesta (Naumova) Owens:
Owens, 1971, pl. 3, fig. 6; Oshurkova, 2003, p. 207.

Palynological material. 19 well-preserved
specimens.

Description. Medium-sized trilete radial zonate
cavate triangular-rounded spores with a triangular-
rounded central body, which is sometimes shifted to
the side. The exina is stratified around the equator and
the distal side of the spores. The exoexina is thick,
forming a pseudosaccus around the central body, which
at the equator has the appearance of a medium-width
zone. The surface of the pseudosaccus with verrucate
ornamentation is densely covered with weakly expressed
flat, very small, densely placed verrucae. The Interradial
area is without sculptural elements, smooth.

The edge of the spores is uneven, weakly and
slightly wavy.

The laesura is trilete, the rays are straight, its’ length
is equal to the radius of the spores.

Dimensions, pm. (based on 11 specimens).
Equatorial diameter: the spore body —43—-72, central
body —31-51; width of equatorial zone — 9-14.

Localities. Boreholes: Gorochiv 6, 1070-1 180
m, Gorochiv 2, 875-970 m, Ludyn 1, 1412—1553
m, Lokachi 9, 883—-986 m, Lokachi 27, 830-930 m,
Markovychi 1, 922—-1013 m, Reniv 24 ¢, 100-210 m,
Tychotyn 1, 430-567 m, Tychotyn 3, 668—782 m and
others.

Occurrence. Middle Devonian, Givetian of the
East-European platform (zone EX of the general East-
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Europian palynostratigraphic scales) (Naumova, 1953;
Avkhimovitch, Tchibrikova, Obukhovskaja, Nazarenko,
Umnova, Raskatova, Mantsurova, Loboziak, Streel,
1993; Atlas spor i pyltsy neftehazonosnykh tolshch
fanerozoia Russkoi i Turanskoi plyt, 1985), Upper
Givetian and Lower Frasnian of Pripyat depression
(Stratigraficheskie i paleontologicheskie issledovaniya
v Belorussii, 1978), Givetian (palynological zone E) of
the VPM EEP.

Geminospora decora (Naumova, 1953)
Archangelskaja, 1980

Plate 1, fig. 7-9

Archaeozonotriletes decorus Naumova: Naumova,
1953, p. 35, pl. 3, fig. 11, 12; Kedo, 1955, p. 39, pl. 5,
fig. 20; Tchibrikova, 1959, pl. 15, fig. 28; Raskatova,
1969, pl. 14, fig. 24, 30; Kedo, Obukhovskaja, 1981,
pl. 18, fig. 4.

Archaeozonotriletes pustulatus Naumova: Naumova,
1953, p. 35, pl. 3, fig. 10; Kedo, 1955, p. 38, pl. 5, fig.
19; Tchibrikova, 1959, pl. 15, fig. 27; Raskatova, 1969,

pl. 14, fig. 22; Tchibrikova, 1977, pl. 15, fig. 5; pl. 16,
fig. 10; pl. 17, fig. 9; Kedo, Obukhovskaja, 1981, pl.
18, fig. 3; pl. 20, fig. 8.

Geminospora decora Archangelskaja:
Archangelskaja, 1985, p. 48, pl. 5, fig. 6. 7;
Avkhimovitch, Tchibrikova, Obukhovskaja, Nazarenko,
Umnova, Raskatova, Mantsurova, Loboziak, Streel,
1993, p. 110, pl. 8, fig. 11; p. 112, pl. 9, fig. 14;
Oshurkova, 2003, p. 207; Ivanina, 2004, p. 118, 150,
pl. 1, fig. 4.

Palynological material. 35 well-preserved
specimens.

Description. Small and medium-sized trilete
radial zonate cavate triangular-rounded spores with
a pseudosaccus, which at the equator has the form
of a narrow zone. The central body is triangular and
rounded, with convex sides and rounded corners. Exina
is fine-grained, thick, layered around the equator and
the distal side of the spores, with conate ornamentation.
Sculptural elements in the form of low coni with
a rounded base and rounded tip, placed on the distal

Plate 1. Key species of genus Geminospora (palynozone E, borehole Reniv 24 ¢, 100-210 m), Givetian, Middle Devonian of the VPM
EEP. All figures in transmitted light x400. Magnification under the electronic microscope is on images.

1-3. Geminospora extensa (Naum.) Gao: / —view in transmitted light; 2, 3 —view under the electronic microscope: 2 — from distal side;
3 — fragment of distal side with verrucate ornamentation; 4—-6. Geminospora micromanifesta (Naum.) Owens: 4 — view in transmitted
light; 5, 6 — view under the electronic microscope: 5 — from distal side; 6 — fragment of distal side with ornamentation from small verrucae;
7-9. Geminospora decora (Naum.) Arkh.: 7—view in transmitted light; 8, 9— view under the electronic microscope: 8 — from distal side;

9—fragment of distal side with tuberculate sculpture.
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side and along the equator of the spores evenly and at
almost the same distance from each other. Intexin forms
the central body, exoexina saccus.

The edge of the spores is uneven, finely conate
due to the protrusion of sculptural elements along the
equator of the spores.

The suture is trilete, the rays are straight, the length
is equal to the radius of the spores.

Dimensions, pm. (29 measured specimens).
Equatorial diameter: the spore body — 34-43, central
body — 30-34; width of equatorial zone —2—4; coni:
width— 10 2,5, height—1,5-2,0, distance between coni—
5-10.

Comparison. In the descriptions given in
the works (Naumova, 1953; Stratigraficheskie
i paleontologicheskie issledovaniya v Belorussii, 1978;
Atlas spor 1 pyltsy neftehazonosnykh tolshch fanerozoia
Russkoi i Turanskoi plyt, 1985) sculptural elements in
the form of rounded tubercula. Electron microscopic
studies have shown that the sculptural elements of this
species are coni (narrowed upwards) with sharp but
rounded tops, rounded bases, the diameter of which is
equal to or slightly larger than the height.

Localities. Boreholes: Gorochiv 6, 1070-1 180
m, Gorochiv 2, 875-970 m, Ludyn 1, 1412-1553
m, Lokachi 9, 883-986 m, Lokachi 27, 830-930 m,
Markovychi 1, 922—-1013 m, Reniv 24 ¢, 100-210 m,
Tychotyn 1, 430-567 m, Tychotyn 3, 668—782 m and
others.

Occurrence. Middle Devonian; Givetian of the
East-European platform (zone EX of the general East-
Europian palynostratigraphic scales) (Naumova, 1953;
Avkhimovitch, Tchibrikova, Obukhovskaja, Nazarenko,
Umnova, Raskatova, Mantsurova, Loboziak, Streel,
1993; Atlas spor i pyltsy neftehazonosnykh tolshch
fanerozoia Russkoi i Turanskoi plyt, 1985), Upper
Givetian and Lower Frasnian of Pripyat depression
(Stratigraficheskie i paleontologicheskie issledovaniya
v Belorussii, 1978), Givetian (palynological zone E) of
the VPM EEP.

Geminospora tuberculata (Kedo, 1955) Allen, 1965
Plate 2, fig. -3

Archaeozonotriletes meonacanthus Naumova:
Naumova, 1953, pl. 22, fig. 100; Tchibrikova, 1959,
p. 58, pl. 7, fig. 4; Nazarenko, 1964, pl. 1, fig. 32-34.

Archaeozonotriletes tuberculatus Kedo: Kedo, 1955,
p- 35, pl. 5, fig. 6,7; Raskatova, 1969, pl. 14, fig. 28;
Kedo, Obukhovskaja, 1981, pl. 18, fig. 9.

Geminospora tuberculata (Kedo) Allen: Allen,
1965, p. 696, pl. 94, fig. 10; Archangelskaja, 1985, p. 47,
pl. 5, fig. 5; Avkhimovitch, Tchibrikova, Obukhovskaja,
Nazarenko, Umnova, Raskatova, Mantsurova, Loboziak,
Streel, 1993, p. 108, pl. 7, fig. 3; p. 110, pl. 8, fig. 5; p.

112, pl. 9, fig. 12; Oshurkova, p. 207; Ivanina, 2004,
p. 118, 150, pl. 1, fig. 7-9.

Geminospora tuberculata (Kedo) Allen var.
tuberculata McGregor: McGregor, Camfield, 1982, p.
110, pl. 8, fig. 5.

Palynological material. 17 well-preserved
specimens.

Description. Medium-sized trilete radial zonate
cavate triangular-rounded spores. The triangular-rounded
central body, which has convex sides and rounded
corners, 1s sometimes offset from the center. The exina is
moderately thick, sometimes with single folds, stratified
around the equator and the distal side of the spores.
Exoexina with tuberculate ornamentation forms around
the body a pseudosaccus, which at the equator looks
as a medium-width, sometimes asymmetric zone. The
surface of the saccus is covered with small, evenly, and
occasionally placed, low tubercula, which are narrowed
upwards, have a rounded base and rounded tops. The
diameter of the base and the height of the tubercula are
approximately the same.

The edge of the spores is uneven, tuberculate due to
the protrusion of sculptural elements along the equator
of the spores.

The suture is trilete, the rays are straight, with thin
lips, equal in length to the radius of the spores.

Dimensions, um. (based on 10 specimens).
Equatorial diameter: the spore body — 52—63, central
body —32-41; width of equatorial zone — 10—15; coni:
width — 0,5-2,0; height—1,0-1,5.

Localities. Boreholes: Gorochiv 6, 1070-1 180
m, Gorochiv 2, 875-970 m, Ludyn 1, 1412-1553
m, Lokachi 9, 883-986 m, Lokachi 27, 830-930 m,
Markovychi 1, 922—-1013 m, Reniv 24 ¢, 100-210 m,
Tychotyn 1, 430-567 m, Tychotyn 3, 668—782 m and
others.

Occurrence. Middle Devonian; Givetian of the
East-European platform (zone EX of the general East-
Europian palynostratigraphic scales) (Naumova, 1953;
Avkhimovitch, Tchibrikova, Obukhovskaja, Nazarenko,
Umnova, Raskatova, Mantsurova, Loboziak, Streel,
1993; Atlas spor i pyltsy neftehazonosnykh tolshch
fanerozoia Russkoi i Turanskoi plyt, 1985), Upper
Givetian and Lower Frasnian of Pripyat depression
(Stratigraficheskie i paleontologicheskie issledovaniya
v Belorussii, 1978), Givetian (palynological zone E) of
the VPM EEP.

Geminospora notata (Naumova, 1953)
Obukhovskaja, 1981

Plate 2, fig. 46

1953 Archaeozonotriletes notatus Naumova:
Naumova, p. 84, pl. 13, fig. 12; p. 116, pl. 17, fig. 25.
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1978 Archaeozonotriletes notatus Naumova:
Stratigraficheskie i paleontologicheskie issledovaniya
v Belorussii, p. 220, pl. 31, fig. 20, 29.

1981 Geminospora notata (Naumova)
Obukhovskaja: Obukhovskaja, p. 46, pl. 5, fig. 2.

1993 Geminospora notata (Naumova)
Obukhovskaja: Avkhimovitch, Tchibrikova,
Obukhovskaja, Nazarenko, Umnova, Raskatova,
Mantsurova, Loboziak, Streel, 1993, p. 112, pl. 9, fig.
15;p. 114, pl. 10, fig. 10; p. 116, pl. 11, fig. 11; p. 122,
pl. 14, fig. 14.

2003 Geminospora notata (Naumova)
Obukhovskaja: Oshurkova, p. 207.

Palynological material. 29 well-preserved
specimens.

Description. Small and medium-sized radial trilete
zonate cavate mono-pseudosaccate triangular-rounded
spores. The exina is stratified around the equator and the
distal side of the spores. The exoexina is thin, sometimes
crumpled into folds, forming a pseudosaccus around
the body. A pseudosaccus look as a narrow zone along
the equator and is densely covered with small, densely
spaced, verrucae (irregularly rounded outgrowths with
flat tips). Ornamentation is verucate.

The edge of the spores is uneven, slightly wavy,
due to the protrusion of sculptural elements along the
equator of the spores.

The suture is trilete, the rays are straight, the length
is equal to the radius of the spores.

Dimensions, pm. (21 measured specimens).
Equatorial diameter: the spore body —34-53, width of
equatorial zone — 7-9.

Stratigraphic distribution. Characteristic in
Middle and Upper Devonian: subdominant in Zone E
(Givetian), rare in zones HM, V (Famenian) of VPM
EEP (Ivanina, 2018).

Localities. Boreholes: Oglyadiv 1, 681-1332 m,
Oglyadiv 3, 460—1 020 m, Volytsa 1, 1075-1 195 m,
Vazhev 2, 1 124-1340 m, Rajmysto 42, 128—180 m,
Torchyn 201, 262-289 m, Gorochiv 1, 396-900 m,
Gorochiv 2, 543-970 m, Gorochiv 6, 490—1 180 m,
Lokachi 9, 883-986 m and others.

Occurrence. Middle, Upper Devonian; Givetian,
Frasnian of the East-European platform (zones EX—
OG of the general East-Europian palynostratigraphic
scales) (Naumova, 1953; Avkhimovitch, Tchibrikova,
Obukhovskaja, Nazarenko, Umnova, Raskatova,
Mantsurova, Loboziak, Streel, 1993); Upper Devonian,
Frasnian of Pripyat depression (Stratigraficheskie

Plate 2. Some species of genus Geminospora (Balme, 1962) Owens. All figures in transmitted light x400. Magnification under the

electronic microscope is on images.

1-3. Geminospora tuberculata (Kedo) Allen, borehole Reniv 24 ¢, 100-210 m; palynozone E; Givetian, Middle Devonian of the VPM
EEP: 10— view in transmitted light; 7/, /12— view under the electronic microscope: // —from distal side; /2 — fragment of distal side
with spinate ornamentation. 4-6. Geminospora notata (Naumova) Obukhovskaja, Tychotyn 5447, 188-214 m; palynozone E; Givetian,
Middle Devonian of the VPM EEP: 4 —view in transmitted light; 5, 6 — view under the electronic microscope: 4 — from distal side; 5 —

fragment of distal side with verrucate ornamentation.
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i paleontologicheskie issledovaniya v Belorussii, 1978),
Givatian —lower part of Famenian (palynological zones
E-V) of the VPM EEP.

Conclusions.

During palynological research of Devonian of the
Volyn-Podillia margin of the East-European platform
(VPM EEP):

— the systematic composition of the spores key
species of the genus Geminospora (Balme, 1962)
Owens, 1971 from Givetian, Middle Devonian
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Received: 24.05.2021 Abstract. The article is dedicated to definition of the tendency to change and pattern of
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subsoil waters studied are spread in the zone between the Turyanchay and Girdimanchay
rivers. From 1930 to 2019 based on analysis of the observation of the chemical regime of subsoil waters, the natural regime of the
groundwaters in the studied area strongly changed as a result of irrigation and construction works. In 1930 the average mineralization
degree of subsoil waters was 26.8 gram/liter in the zone. The level of subsoil waters approaches the surface and is exposed to strong
evaporation as a result of irrigation and filtration of waters from irrigation channels. Consequently, the mineralization rate of subsoil
waters increased and mass secondary salinization process occurred in the irrigated lands. The average mineralization degree of subsoil
waters was 33.6-34.5 granv/liter in the research zone in the 1960s-1970s. Collector-drainage networks were built and basic washing of
soils is carried out in order the prevent secondary salinization and regulate the level of subsoil waters. After the 1970s the mineralization
rate of subsoil waters began to decrease due to basic washing, intensive irrigation and the activity of the collector-drainage network.The
average mineralization degree decreased to 15.1 gram/liter. The mineralization degree of the water in the Main Shirvan Collector which
takes subsoil waters formed in the zone with 253,000 hectares and which discaharges them into the Caspian Sea decreased more than
3 times in comparison with 1995. At present the mineralization degree of collector water is 1.8-2.5 gram/liter while its mineralization
degree was 8.81 gram/liter in 1995. Formation of the process in a favourable direction enchances the potential of using collector water
for irrigation, technical and other purposes and creates a basis for elimination of water deficiency in drought years. The research shows
that anthropogenic activity mainly plays an important role in formation of the chemical regime of subsoil waters.

Keywords: anthropogenic activity, underground waters, chemical regime, reduction, tendency, formation, mineralization rate.

BnuiuB aHTpONMOreHHoI AisVIbHOCTI HA XIMIiYHHMI Pe’KHUM IPYHTOBHUX BOJ

Kans B. JIxadapmi
baxuncoxuu [Jepocasnuii Yuieepcumem Azepoaiioscarcoka Pecnybnixa, Baky, j.gzade@hotmail.com

Anoramisi. CTaTTsi NPHUCBSIYCHA MUTAHHIO BCTAHOBJICHHS TEHJCHIT 3MIHM Ta 3aKOHOMIPHOCTI ()OPMYBaHHsS XIMIYHOTO PEXUMY
IPYHTOBHX BOJI, L0 3aJIAraloTh Ha Teputopil Typianuaii — ['mpanmanuaiicekoro Mexxupiuus [lupBancekoro cremy AsepOaiikany. Ha
OCHOBI aHaJi3y CIOCTEPEIKECHb 3a XIMIYHIM PEKHMOM IPYHTOBHX BOJ, poBeaeHux y 19302018 p.p. BCTaHOBIICHO, 1110 B Pe3yJbTATI
3IiMICHEHHS IIMPOKOMACIITA0HUX 1pUTaIliifHO-Oy/AiBEIbHUX POOIT JOKOPIHHO 3MIHHMBCS TNPHPOAHHUHA PEXHM IPYHTOBHX BOJA Ha
JOCTiKyBaHil TepuTopii. Tak, y 1930 p. cepenss MiHepai3amis IpyHTOBHX BOJ CTaHOBHIA 26,8 T/11, a MOWHA iX 3a1araHHs — HOHAa
5-10 m. OzmHak 3a paxyHOK IHTEHCHBHOTO 3POIICHHS Ta (iIbTpamii 3 3poIIyBalbHUX KaHAJIB, MOOYIOBAaHMX y 3eMIITHOMY PYyCIIi,
CHPHSUIN MiAHOMY PiBHS IPYHTOBHUX JI0 JEHHOT HOBEPXHI Ta B PE3YJBTATI SIKOTO CTAJIOCS CHIIbHE BUIIAPOBYBAHHS 3 iXHBOT HoBepxHi. [{e
y 1960-1970 p.p. mpu3Beo 10 MiIBUIIEHHS MiHepai3aliil IpyHTOBUX Boj 10 33,6—34,5 r/11 Ta 10 MacoOBOTO BTOPUHHOTO 3aCOJICHHS
3eMedb. [11s1 60poThOH 3 BTOPMHHUM 3aCOJIEHHSIM 3€MeJIb Ta 3ar100iranHs [IbOMY SIBUILLY 3/1iHCHEHO OY/[IBHUIITBO KOJIEKTOPHO-PEHAKHOT
Mepexi Ta IPOBEJICHO KalliTalbHe IPOMHUBAHHS 3aCOJICHUX IPYHTIB. 32 paxyHOK KaIliTaJbHOTO POMHUBAHHSI, IHTEHCHBHOTO 3POIICHHS
Ta 3aBSKH JisIM KOJIEKTOPHO-ApeHaXHOT Mepexi, micist 1970 poky BinOyBanocs MOCTYIIOBE 3HMKSHHsI MiHepatizallii IpyHTOBUX BOJI.
BcranoBneHo, 1m0 miJ BIUIMBOM TOCHOAAPCHKOI TisTBHOCTI BiOyBa€eThCs MOCTYIOBE onpicHeHHs Boau [omoBHoro lllnpBaHchKOTO
KOJIEKTOPA, B SIKUI BIAJAIOTh CTOKH 29 MEpBUHHUX KOJIEKTOPHO-APEHAKHUX MEPEXK, IO APSHYIOTh IPYHTOBI BOAX Ha TuIonii 253 THc.
ra. Slkmo minepamizamis Bonu [omosroro lupBancekoro kanamy 1995 p. cranoBuna 8,81 1/, To Mo kiHus 2018 poky BoHa crana
1,8-2,5 r/n. ®opMyBaHHS CHPUATINBOIO XiMIYHOTO PEXXHUMY CTOKY KOJIEKTOPA, IPYHTOBUX BOJ CTBOPIOIOTH YMOBU BHKOPHCTAHHS 1X
3 METOIO 3POLICHHS, TEXHIYHUX Ta IHIIHX ITOTPeO ITi]] 4ac IMOCYXH Ta B yMOBax Ae(ilUTy MOBEpXHEBUX BOA. JlOCIIIKEHHS TOKA3YIOTh,
10 XIMIYHHMH PEXUM TPYHTOBHX BOJ JaHOI TepHUTOpIi 3aranoM (OPMYETHCS MEPEeBAXKHO IiJl BIUIMBOM aHTPOIOI€HHUX YMHHHMKIB,
TOOTO. FOCTIONAPCHKOT TiSITBHOCTI JIFOMHHU.

Knrouogi crosa: anmponozenna oisnbricmy, IpyHmMo6a 800d, XIMIMHUL PENCUM, 3HUICEHHS, MEHOeHYis, PoOpMYBaANHS, MIHepani3ayis.
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Introduction.

Serious disruption of the ecological balance as
a result of anthropoghenic and natural impacts on the
environment is observed in recent times. Unplanned
and unscientific interventions on the earth’s surface,
for example, an example, an excessive expoitation
of the underground resources (underground water
sources), large-scale construction works works of
various purposes, deforestation, destruction of natural
landcapes, climate changes and other similar situations
have led to creation of some disturbances, including
changes of the hydrogeological conditions.

Research indicates that excessive use of
underground waters in Ganja-Gazakh and Garabagh
regions has caused depletion of their reserves while
in other regions, such as the Shirvan Mughan and
Mil plains, the construction of large-scale irrigation-
melioration systems have caused change in the level and
chemical regime of underground waters. Identification
of tendencies to change in the chemical regime in
subsoil waters and formation regularities under such
condition is of particular importance in the context of
developing preventive measures.

Aim of the research.

The aim of the research consists of definition of
tendency to change and patterns of formation of the
chemical regime in subsoil waters under anthropoghenic
impacts in the zone between the Turyanchay and
Girdimanchay rivers of the Shirvan region.

Research object.

The object is subsoil water which developed in
the Quaternary sediments in the zone between the
Turyanchay and Girdimanchay.

Materials and method.

The studies are based on the chemical analysis
and results of analysis of water samples taken from
fixed observation wells located in a chequer form every
2.5-5.0 km in the zone where the chemical regime of
underground waters is investigated.

The factors affecting the change and formation
of the chemical regime in underground waters have
been determined on the basis of investigation of the
melioration-irrigation works and farming activity carried
out in the zone.

We used the account archive and fund materials
(Abbasov, 2009; Abbasov, 2013; Namazov and
Allahverdiyeva 2014; Aliyev et al., 1990) of the
National Geological Expert Service of the Ministry of
Environment and Natural Resources, Hydrogeological-
Meliorative Service Department of the Open Joint Stock
Company of Water Resources and Melioration-Irrigation
in references dedicated to the problem of these materials
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(Aliyev et al., 1990; Israfilov, 1999) and the result of
the observation and experiments.

The chemical regime of underground waters
in the research zone was studied on the basis of
chemical regime of flow in the Main Shirvan
Collector, which takes waters of the initial collector-
drainage networks built for regulation of their level
and sheds them into the Caspian Sea. In 2010—
2018 the mineralization degree and ion composition
(HCO; , CI', SO, ,Ca’*, Mg**,Na"+K") of
water was fixed by subjecting the water samples taken
from the Main Shirvan Collector in every season to the
full chemical analysis.

So, the chemical regime of subsoil waters was
studied on the basis of chemical analysis of the water
samples taken from the Main Shirvan Collector which
takes subsoil waters from the zone and observation
wells located in the horizon carrying the subsoil waters
from two sources.

Analysis and discussions.

The area of 320000 hectares is located in the
central part of the Shirvan plain is 860000 h. (Fig.1).
The research zone is bordered by the Great Caucasus
Mountains to the North, by the Kur River to the south,
by the Aghsu-Girdmanchay River to the West. The
inclination of the surface changes from North to South.
The absolute height of the plain part of the zone is 408m
in the North, but it is 26m below sea level in the South.
The annual quantity of rainfalls is 250-400mm, but the
amount of evaporation is 800—1400mm. The average
perennial temperature is 13—16°C.

Recently, the amount of precipitation in the area has
decreased by 27, the value of the annual temperature
increased by —1,1-17°C (Mahmudov, 2017). Subsoil
waters are spread everywhere in the zone. The river-
bed depth of underground waters changes from 0.5m to
5.0m according to hydroisogypsum map and observation
materials of 2019 (Gulmamedov and Jafarli, 2019) The
river-bed depth of subsoil waters is 1-3m in the areas
with irrigation and drainage.

Change in the level and chemical regimes of
underground waters in the research zone in the
years 1930-1962 was investigated by H.Y. Israfilov
(Israfilov, 1972; Israfilov 1965) and for 1950-1995
by A.K (AK is The High Attestation Commision) the
regular observations on level and chemical regimes
of subsoil waters were performed in the Republic,
the generalization and systematization have not been
performed in recent times. The information about the
chemical regime of subsoil waters based on accounts of
the previous materials and accounts of the Department
of Hydrogeological-Meliorative Service in 1990-2018
was systematized and presented in Table 1.
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Fig. 1. Schematic Map of Turyanchay-Girdimanchay Interriver Area: 1-Collector drainage network;
2-River and irrigational system; 3-Observation wells and their number; 4-Residential settlement;5-Railway.

Groundwater is ubiquitous in Quaternary sediments
in the Turyanchay-Girdimanchay interfluve area,
but is not found in some foothill areas of interconal
depressions. The depth of a deposit of subsoil waters
varies from 0.5 m to 73 m. The depth of a deposit of
subsoil waters in the eastern part of the Girdimanchay
river, in the upper part of the Agsu River is 30-40 m.
The depth of groundwater in the Upper Shirvan channel
and in areas with intensive irrigation varies between
1-3 m. Their depth decreases toward the south-west of
the area and the Kura River and is drained by the river.

In the upper part of the area, a single layer of water
is divided into several layers in the direction of subsoil
water flow. However, this division is of local character
and the groundwater in the area is represented by a single
aquifer horizon. The slope of the subsoil waters flow
varies between 0.03—0.0007 cms and decreases from
the foothills toward the plains. Due to the widespread
distribution of alluvial-proluvial sediments in the
areas where the alluvial (debris) cones are located,
the aeration zone has a high water permeability. The
thickness of the subsoil aquifer horizon varies from 5
to 178 m. Its thickness in the foothills is 110—-178 m,
and 5-10 m—in the plain areas.

The leakage coefficient of soils in the detrital cone of
the Turyanchay River is higher than in the sediments of

other rivers. Here, the value of the filtration coefficient
of permeable rocks reaches to 4 m/day and mainly
ranges between 1-3 m/day. In the peripheral parts of
the alluvial cones and in the interconal depressions, the
value of the filtration coefficient is confined to 0.2—0.5
m/day. The filtration coefficient of aquifers varies from
0.1 m/day to 64.1 m/day and decreases successively
from the beginning of the alluvial cones to the periphery.
The said lithological differences have a permanent
impact on the groundwater regime in the area.

Changes in groundwater water levels and chemical
regimes in the study area occur under the influence of
natural and anthropogenic factors. In general, various
sources are involved in the formation of subsoil waters.
These sources are divided into two parts, in turn- natural
and artificial sources.

Natural sources include atmospheric sediments,
water vapor condensation, pressurized water, floods,
kariz (underground water supply system), springs,
rivers, and parent rocks. Atmospheric sediments
and condensation from these waters, which feed
groundwater, are regional and local sources of supply.

Artificial groundwater sources include water losses
from all types of channels and reservoirs, as well as
infiltration from irrigational water. At the same time,
the natural evaporation factor plays an important role in

677



Jafarli J. V.

Journ. Geol. Geograph. Geoecology, 30(4), 675—682

the formation of quantitative and qualitative indicators
of groundwater sources. General evaporation includes
evaporation from groundwater and water transpirated
by vegetation.

Evaporation is one of the balancing elements
of groundwater and plays a substantial role in the
formation of their chemical regime, which is mainly
a negative factor that leads to an increase in the degree
of mineralization of groundwater and re-salinization of
soils. Evaporation is also a key factor directly affecting
the reduction of groundwater resources and reserves.

The analysis shows that there is a close relationship
between the groundwater level regime (depth of
deposition) and the hydrochemical regime (degree
of salinity, chemical composition and type of water).
In areas with low groundwater depth, the water
mineralization rate increases, and in the case of deep
groundwater levels, on the contrary, the mineralization
rate decreases.

The chemical composition and type of groundwater
distributed in the area varies drastically depending on
the depth of their deposition and location (position).
Here, the degree of mineralization of groundwater
varies from fresh to saline and is subject to a certain
regularity. In the upper parts of the supply cones of the
Turyanchay, Goychay and Girdimanchay rivers, in the
zone of groundwater formation, the mineralization rate
of groundwater does not exceed 1 g/l. The salinity of
groundwater begins to increase in the direction of the
wings of the interconal depression and in the direction
of the periphery of the alluvial cones, and in some
cases the mineralization reaches 130 g/I. In this case,
groundwater has different chemical types.

If the groundwater deposition level is deep, its
type is sodium bicarbonate, and if it is close to the
surface — chlorine-sulphate and sulphate-chlorine. In
groundwater with a salinity up to 1 g/l, hydrocarbonate
holds a leading position among anions, and sodium
and calcium among cations. Rarely, magnesium
predominates among cations. In groundwater with
a salinity level 10-15 g/l, the amount of hydrocarbons
decreases, the amount of chlorine and sulphate increases.
These waters contain more sodium and magnesium than
calcium. In groundwater with a salinity level 50-100
g/l and more, a decrease in sulphate is accompanied by
an increase in chlorine, and in some cases, a decrease
in chlorine and an increase in sulphate.

As a result of reclamation and irrigation measures
carried out in the study area, there have been many
and seasonal changes in groundwater level and
hydrochemical regimes, and the process is currently
underway. First of all, let’s have a look at the
regularity of the formation of the multi-level regime
of groundwater.
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The outcomes of analysis of the materials show
that at the beginning of the last century, the irrigation
capacity did not cover the greater area in Azerbaijan
as compared to today. In the 1930s, irrigation and land
reclamation works in Azerbaijan were less developed
than at present, and irrigation channels and collector
drainage networks in irrigated areas were rarely
found in Azerbaijan. During these years, the depth of
groundwater deposition in the Kura-Araz lowland of the
republic, including the Shirvan Plain, ranged between
5-10 m (Israfilov, 1972).

The groundwater level gradually begins to rise in
the plains where irrigation is carried out. Yet in 1951,
the area occupied by groundwater with a depth of 5-10
m and 10 m in all irrigated areas decreased from 33 %
to 20 %. In the Shirvan plain, the areas occupied by
groundwater with a depth of 5-10 m and more than 10
m decreased by 1.5 times, while the areas covered by
groundwater with a depth of 0—3 m increased by 2.6
times (Israfilov, 1972).

Starting from the 1950s, a new stage of development
of land irrigation began in Azerbaijan, and by 1960,
the area of irrigated lands had reached up to 950,000
hectares. Currently, the area of irrigated lands occupies
1.428m hectares.

Construction of hydraulic structures, irrigation
systems and expansion of irrigated areas gave rise
to fundamental changes in the natural regime of
groundwater. Within a short period of time, the leakage
losses from irrigation channels and the widespread use
of intensive surface irrigation have caused the rise of
groundwater levels closer to the surface. In 1962, areas
covered by groundwater with a depth above 10m were
almost completely erased from the map. Groundwater
with a depth of 0—5 m covered above 84 % of the
Shirvan Plain. With the exception of the foothills of
the Shirvan Plain, the groundwater with a depth below
5-10 m was not found. Yet in 1970-1980, groundwater
with a depth of 0—3 m in the Shirvan Plain covered
90% of the overall area.

The analysis of observational study materials carried
out with regard to the groundwater level regime shows
that the groundwater level rise continued at different
intensities till 1995 and stabilized in the following
years. The analysis shows that the stabilization of the
groundwater level regime is dependent on two factors:

Construction of collector-drainage networks in
irrigated areas;

Increase in the expenditure part of the water balance
with the increase of non-productive evaporation from
groundwater close to the surface.

The groundwater level regime in the study area—the
depth of deposition differs not only over many years,
but also throughout the year. The groundwater levels
rise up and fall down throughout the year, depending on
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the factors forming the regime — irrigation, atmospheric
precipitation and the operation of irrigation channels
(seepage losses). The groundwater level rises and
falls faster near irrigation channels. The water level
in the channel rises and falls synchronously with the
groundwater level. The groundwater level is relatively
stable in the strips close to the drainage line, but as it
moves away from the drainage line, the groundwater
level rises in line with the irrigation process, mainly
due to infiltration of irrigation water in the inter-
drainage strips, and gradually decreases after irrigation
is suspended.

Observations show that the groundwater level
regime is dependent insignificantly on atmospheric
precipitation. The groundwater deposition level is
deeper at different times of the year, mainly when
the rainfall occurs in autumn-winter. As a rule, the
groundwater level begins to rise gradually from April,
and the maximum amplitudes of the level are observed
in July-August. From October to January, the level
drops. In areas with a groundwater depth exceeding 3
m, the level does not rise significantly. The value of the
rise and fall amplitude very rarely varies between 0.3—
0.6 m. However, in areas irrigated and close to irrigation
channels, the amplitude of groundwater level change
comprises 0.7-1.0 m, and in some cases even more.

Due to water losses from irrigation channels
and infiltration from irrigation, the hydrogeological
conditions of the area have changed and the
automorphic regime of groundwater has been replaced
by hydromorphic and semi-automorphic regimes. The
balance of groundwater has been formed to determine the
impact of anthropogenic activity and natural factors on
the level and hydrochemical regime of groundwater, as
well as the regularities of their formation (Jafarli 2020).

According to the water balance compiled, it was
determined that 10 % of the balance income refers to
irrigation water, 7 % — atmospheric sediments, 35 % —
pressurized water, 26 % — condensation water, and 22 % —
seepage losses from irrigation channels.

Total evaporation comprises 63 % of the balance
output, and 37 % comprises water discharged through
collector-drainage networks.

63 % of the water inflowing to the area is used for
physical evaporation and transpiration by plants, and
37% is discharged from the area through collector-
drainage networks. The groundwater level regime
is determined according to these factors. That is, in
general, the water entering the area is compensated by
evaporation and artificial flow.

One important point to note is that the experience of
irrigated agriculture shows that re-salinization of soils
occurs due to rising groundwater levels and increased
physical evaporation from the soil. Therefore, there
is a need to establish a collector-drainage network in
irrigated areas.

The compiled balance also indicates that the
operation of the collector-drainage network operating
in the area is unsatisfactory. Physical evaporation
against the background of drainage should be kept to
a minimum. But we see otherwise in practice. Therefore,
it is necessary to increase the efficiency of existing
collector-drainage networks in Shirvan Plain.

Although the amount of condensate water is high
in mountainous areas and low in lowland areas, they
play a key role in forming the groundwater level and
its chemical regime.

In line with the above-mentioned, it was determined
that the groundwater is fed by pressurized water
throughout the year, which plays an important role in
raising the groundwater level, as well as the formation of
the hydrochemical regime. Despite rising groundwater
levels, their degree of mineralization and chemical
composition vary depending on available supply
sources. For example, irrigation and condensation water,
seepage losses from channels, along with raising the
level of groundwater, lead to a gradual decrease in
their salinity.

The information on the groundwater chemical
regime is systematized and reflected in Table 1 according
to the literature sources, research work we conducted
and the reports of Azerbaijan Hydrogeological and
Melioration Service for the period 1990-2018 (Aliyev
et 1., 1990).

Table 1. Distribution of the areas according to mineralization degree of subsoil waters (by % from total area)

Years Mineralization degree of subsoil waters Average Mineralization
<1 1-3 3-5 5-10 10-25 25-50 50-75 >175 degree, g/l
1930 6.3 8.6 13.1 16.0 15.3 15.9 13.9 12.9 26.8
1950 4.2 6.3 9.4 14.9 17.3 18.1 15.2 14.6 31.5
1960 6.7 8.5 9.7 15.1 17.1 15.9 14.8 12.2 34.5
1970 8.8 9.9 11.3 15.3 16.3 15.4 13.2 9.8 33.6
1980 10.5 12.5 12.6 15.6 15.5 14.7 10.4 8.2 22.9
1990 12.6 15.7 133 15.8 14.8 11.6 9.8 5.4 19.8
2000 14.7 16.9 14.8 16.1 14.6 11.2 5.9 4.8 17.2
2010 18.4 17.5 15.6 16.2 13.3 11.4 6.6 39 16.1
2018 14.3 18.6 15.0 16.7 14.4 11.5 6.3 4.2 15.1
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As seen from Table 1 the average mineralization
degree of subsoil waters was 26,8 g/l in the zone in
1930. But the mineralization rate of subsoil waters
began to increase beginning from 1950 and this growth
continued till 1970. In 1960—-1970 the subsoil waters
with 33,6-34,5 g/l mineralization degree occupied about
70 % of the whole zone. But then the mineralization
degree began to decrease gradually and in 2000 it
passed to a stage of relative stabilization. The subsoil
waters with mineralization rate less than 5g/1 occupied
28 % of the zone in 1930, but in 2018 the waters with
mineralization degree less than 5g/1 occupied 48 % of
the zone (Table 1).

Increase-decrease of mineralization degree of
subsoil waters was directly related to anthropogenic
activity. Beginning from 1950 irrigation agriculture
quickly developed in Azerbaijan. In 1953 the
Mingachevir Water Reservoir with 80m height, 60,5000
h of surface area, 16 billion m? of total water capacity
and dozens of reservoirs of water of water capacity of
more than 1-10 billion m® were built for the purpose of
irrigation and energetics (Ahmedzade and Hashimov
2019). At the same time, construction of large irrigation
systems was carried out to provide the sown areas with
irrigative water. In 1958 the Upper Shirvan Channel
with 122km length, capacity of 78 m* and taking its
beginning from Mingachevir Water Reservoir, the
Upper Garabagh canal with capacity of 113m?, 172km
length were built and put into operation (Ahmedzade
and Hashimov 2006). These canals are able to provide
190 000h of cultivated ground with irrigation water.
The irrigation water taken from the main channels is
distributed to the sown areas by inter-farm and on-farm
canals the length of which is more than 10,000km. As
both main and other distribution channels are built
in the soil, the leaching from these canals can lead to
a change in their level regime, including groundwater
in irrigated areas. According to the groundwater level
regime, groundwater levels of reach more than 5-10
meters depth and closer to the earth’s surface. In 70 %
of all irrigated areas the groundwater depth is 0—3m
(Israfilov, 1972). The subsoil water near the earth’s
surface is subjected to severe evaporation. Consequently,
increase in the groundwater mineralization process
occurs in irrigated soil.

In 1950-1970 in order to prevent secondary
salinization in the Shirvan Plain and to fight against it,
29 Shirvan drainage networks in an area of 209,000 ha
and the Main Shirvan Collector which sheds drainage
water into the Caspian Sea were built (Ahmedzade and
Hashimov 2006). As a result, salts leached from the
topsoil enter groundwater and increase their salinity.
However, in the following years, as a result of thorough
washing of soils, which lasted for about 20 years, the
operation of collector-drainage networks and intensive
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irrigation, the mineralization rate of groundwater began
to gradually decrease. We should note that the plants
in this zone are watered by the strip, burial, furrow
techniques. This leads to increase of water losses.

In order to define a change tendency of the chemical
regime and formation of regularities of subsoil water, the
changes in the chemical composition and mineralization
of water in the Main Shirvan Collector have been
studied. Change in the chemical regime of water in
the Main Shirvan Collector taking subsoil water from
253,000 ha permits us to obtain more substantial
information about change and formation of the chemical
regime in grounwater.

The study of this problem is also of practical
importance in terms of determining accessibility of
collector water for irrigation, technical and other
purposes in times of water defficiency. We note for
information that systematic and consistent observation
on chemical regime of the Main Shirvan Collector water
has been carried out beginning from 2010. Only in 1995
was the chemical composition and mineralization of
waste water was studied for the Main Shirvan and other
collectors to determine the possibility of collector water
use, (Alimov et al., 1997). Therefore the infomation
was adopted.

The dynamics of chemical composition and
mineralization rate in water of the Main Shirvan
Collector are presented in Table 2.

As seen from Table 2 the mineralization rate of the
collector water decreased about 3 times during 23 years.
But the water type doesn’t change. Both in 1995 and in
2018 the collector water is characterized by sulphate-
chlorine, natrium-magnesium type.

But the mineralization rate of the Main Collector
water is 2—2.5 times less than the mineralization degree
of groundwater (water taken from observation wells).

This difference is explained by the fact that during
the vegetation period one part of the drinkable water
that flows though the irrigation channels enters the
bottom of the soil. The drinkable water layer is formed
on upper horizons of subsoil water. This drinkable water
is filtered into the first drains, from there it flows into
the water collectors. At the same time the water having
the highest mineralization degree enters the collector
drainage network from low layers of groundwater.
Consequently, the chemical regime of the collector-
drainage water is formed from irrigation and subsoil
water.

1. The anthropogenic activity plays an important role
in formation of the chemical regime in groundwater.

2. The chemical regime of groundwater in the
relative stabilization phase. The mineralization
rate decreased more than 2 times in comparison
with the 1930s-70s.
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Table 2. Mineralization rate (¢7//) and and chemical composition, mq/l / mg-ekv,%-ekv

. L Anions Cations
Years Mmeral};atlon rate ~ 5 5
(dry resiidue), mg/l | HCO; Cl- SO; Ca?t Mg * Na* +K*
427 1012 1931 230 252 994
2010 4.85 7.00 28.50 40.22 11.50 21.00 43.22
9.24 37.64 53.12 15.18 27.74 57.08
397 888 1366 170 222 758
2011 3.80 6.50 25.01 28.45 8.50 18.50 32.96
19.72 41.71 47.47 14.18 30.85 54.97
366 888 804 190 198 500
2012 2.95 6.00 25.00 16.74 9.50 16.50 21.74
12.57 52.37 35.06 19.90 34.56 45.54
336 728 1086 180 _168 590
2013 3.09 5.51 20.51 22.63 9.00 14.00 25.65
11.33 42.16 46.51 18.50 28.78 52.72
275 657 823 60 174 521
2014 2.51 4.50 18.50 17.15 3.00 14.50 22.65
11.21 46.08 42.71 7.47 36.11 56.42
275 497 691 100 216 228
2015 2.01 4.51 14.00 14.40 5.00 18.00 9.91
13.70 42.54 43.76 15.19 54.70 30.11
282 257 771 105 99 332
2016 1.85 4.63 7.24 16.06 5.25 8.25 14.43
16.58 25.92 57.50 18.80 29.54 51.66
305 284 946 110 138 362
2017 2.15 5.00 8.00 19.71 5.50 11.50 15.71
15.29 24.46 60.25 16.80 35.16 48.03
336 337 1095 170 108 467
2018 2.51 5.50 9.49 22.81 8.50 9.00 20.30
14.55 25.11 60.34 22.49 23.81 53.70

3. The chemical regime of groundwater is formed

as a result of the collector-drainage network
and water losses in irrigation canals including
anthropogenic activity in the arid zone (in the
regions where evaporation is 3—5 times more than
rainfall). Therefore regulation of these factors and
management in a good condition is one of the
important terms.
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I'eonpocTopoBa TexHo/0TisE KapTOrpadgyBaHHs 3CyBOHeOe3MeYHOl ISTHKUA Y3/10BXK O0POTH Y
ripcbkomy nacmi Baraamadnaii, IliBnenna Injgist

I'. Kasita!, C. Anbaxaran,! C. Mani?

Hlenmp 2eoingpopmamuru ma nianemapnux oocuiodicens, Yuisepcumem Ilepiap, Canem, Inois, anbu02@gmail.com
’[lIxona 6ydisnuymea, Akademis mucmeyme, HAyKu, mexnonozii ma oocaioxcens [llanmyeu (SASTRA), Txanoxcasyp,
Inoisn

AHoTauisi. 3cyB IPYHTY € OJHI€I0 3 TIOINPEHNX Ta MIKIUIMBUX HeOE3IeK y NOPiBHAHHI 3 iHIIMMU KatacTpodamu. OLiHKa 30HATBHOCTI
CIPUIHATIMBOCTI 10 3CYBIB € Ba)KIMBUM 3aBJaHHSM 100 3MCHILICHHS JIIOJICBKUX BTpAT Ta MaiiHa. J[aHe TOCIIDKeHHS Ma€e Ha MeTi
PO3MEXyBaHHS 3CYBHUX TE€PUTOPIH y3MOBXK HITIHKH noporu Barxammaiinait I'at (VGR) 3 BuKopHCTaHHSIM METOIIB JUCTAHIIHHOTO
3ouayBanns Ta ['IC. Ha nepmiomy ertari Oyinu BCTaHOBJIEHI YMHHUKHY, 0 CHPUYHHSIOTH 3CYB, TaKi K T€0JIOTis, TeOMOPQOIIOTis, CXUII,
CXWJIOBUH aCIEeKT, BUKOPUCTAHHS 3eMJIi / TIOKPUB 3€MJIi, IMUIBHICTD APEHaXY, IMUIBHICTh NEPEeKPHUTTs, Oydep TOpOrH Ta BiIHOCHMI
penbed. Yei pakropu OyIu OLIHEHI 32 PAHTOM Ta BarOMICTO BUXOASYHM 31 CTIHKOCTI CXMIIIB 110 3CyBY. [10TiM TemaTH4Hi KapTu Oysu
IHTErpoBaHi 3a JOMOMOro iHcTpyMeHTy ArcGIS, i Oyno oTpuMaHO 30HYBaHHS CIPUIHATIMBOCTI 0 3CYBiB Ta KiacH(piKoBaHO Y
II’SITh KaTeropii, TakuxX K Ay:Ke HU3bKI, HU3bKI, IOMIPHI, BUCOKI Ta JyXe BUCOKI. Kapra cipuiHATINBOCTI 10 3CYBIB BamigyeThCs
3a IOMOMOrol R-iHIeKCy Ta AaHUX iHBEHTapu3alii 3CyBiB, 310paHMX y MONBOBHX yYMOBaxX 3a JOMOMOTol0 BHMiproBaHHS GPS.
Po3smoain 30H CIPUAHATINBOCTI CTAaHOBUTE 16,5% y myxe HU3bKHX, 28,70% y HH3bKHUX, 24,70% y momipaux, 19,90% y BHCOKHX i
10,20% y my»’e BHCOKHX 30HaX. R-iHIexc BKasye, mo O61m3pKko 64% BHIAIKIB 3CyBiB KOPENIOIOTHCS 13 BUCOKUMU Ta Ay>Ke BUCOKHMH
30HAMHU CHPUHHATIUBOCTI JI0 3CyBiB. Bauigamis Mozieni mokasana, O METOM, NPUHHATHIA Y [bOMY JOCIIKCHHI, MIIXOAUTh IS
KapTorpadyBaHHs Ta IIAHYBaHH 3CYBIB.

Kniouogi crosa: 3cysu, oucmanyiiine 3ondyeanns ma I'IC, npuyunni gpaxmopu, cnputinamiugicms.

Introduction of the world. In landslide mass movement terrain, the
loam or debris material along with the inclined sloping
terrain causes major natural disasters, loss of lives,
damage to infrastructure and properties throughout

Landslides affect a significant impact on people’s
life and their property. They are among the costliest
and most damaging geological hazards in many parts
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the world (Varnes 1978; Aleotti and Chowdhury
1999; Dai et.al., 2002; Wang et.al 2015). In general,
landslide susceptibility mapping is defined as qualitative
methods which are direct hazard mapping techniques
or quantitative methods which are indirect mapping
techniques (Jaupaj et al 2014). Landslide occurrences
are mainly controlled by various geo environmental
parameters of the terrain (Anbazhagan and Ramesh
2014). In most mountainous terrain, geomorphology
plays a significant role in the occurrence of landslides,
so necessary importance has to be given to appraisal of
geomorphology in landslide studies. (Sajinkumar and
Anbazhagan,2014). At some locations, the development
of fractures and land subsidence provide early warning
for slope failure (Anbazhagan et al 2008) and one
has to seriously look for such evidences in ghat road
sections. Geospatial technology is widely utilized for
landslide inventory, hazard zonation mapping through
integration of causative factors, risk assessment and
mitigation (Sajinkumar et al 2013; Anbazhagan et al
2017; Ramesh et al 2017; Amit et.al 2019). GIS based
multi criteria analysis has been effectively implemented
to create landslide susceptibility zonation mapping
on CNG-37 ghat road section (Saranaathan and Mani
2016). In this study, several factors such as geology,
geomorphology, aspect, land use /land cover, drainage
density, lineament density, road buffer, slope angle,
relative relief and rainfall density were considered.
Similarly, GIS technique has been adopted for multi
criteria analysis of Bodimettu ghat section (Kannan et.al
2011). Many researchers have used different methods for
landslide susceptibility zonation mapping (Sarkar and
Kanungo 2004); Arnous 2011; Ahmed 2015; Mahdadi
et.al 2018, Amit et.al 2019; Sharma and Mehta 2012;
Maheep et.al 2018; Lee et.al 2004; Meng et.al 2011;
Hong et.al 2007). Overall, the GIS based multi criteria
decision analysis is simple and it provides convincing
results for zones of landslide hazards. Vathalmalai was
comparatively little known prior to 2012 when the hilly
terrain attracted attention through being announced
by the Government of Tamil Nadu as a tourist spot
in Dharmapuri district. In consequence of new road
construction along the Ghat section leading to slope
failure at several locations , Kavitha et al 2020a have
carried out preliminary studies on landslide inventory
and volume estimation. Several causative parameters
in the hilly terrain were integrated for preparation of
a landslide hazard zonation map though the Landslide
Hazard Evaluation Factor method (Kavitha et al 2020b).
The main objective of the present study is to assess the
landslide susceptibility zones along the Vathalmalai
Ghat road using multi-criteria analysis.
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Study area

The study area Vathalmalai is a fast-growing
tourist spot located in Dharmapuri district, Tamil Nadu
state, India. The geographical area is located between
12°02°18’-12°04°15" N latitudes and longitudes of
78°10°30”-78 °13°15” E. Vathalmalai Periyur is a small
village located at 1140m above mean sea level (msl)
and 25km away from Dharmapuri town. Until 2010
there was no proper road connectivity and transport
facility available for the people who lived in this hilly
terrain. They couldn’t cultivate any cash crops. The
majority of the people living in the Vathalmalai Hills
belong to the tribal community. They have to walk at
least 12 km to access transport facilities in the foot hills.
They are also forced to sell their cultivated products
for their livelihood at a lowest cost. In the year 2012,
the Government of Tamil Nadu announced Vathalmalai
as a tourist spot and proposed several development
plans. At present, a ghat road connects the Dhinnahalli
village in the foothills to Periyur Potlangadu located
on the hilltop in Vathalmalai (Fig.1). The ghat road
was constructed and maintained by the District Forest
Department. Geologically, the road is covered by
weathered gneiss and charnockite formation. The
elevation of hill ranges between 500m and 1180m above
msl. A series of landslides occurred during November
2015 and May 2016, which were triggered by heavy
rainfall. The transport was totally cut off for several
days and people located on the hill suffered numerous
difficulties.

Methodology

The Weighted Linear Combination (WLC)
method applying weight values of each thematic
factor is applied for landslide susceptibility mapping.
It consists of a process of thematic layer, database
generation, assignment of weightage to each factor
and validation of the landslide model. In this study,
nine landslide causative factors were considered;
geology, geomorphology, land use/ land cover, slope,
slope aspect, drainage density, lineament density, road
buffer and relative relief. A Survey of India (SOI)
toposheet was used for preparation of the drainage
map and contour map with 20 m intervals on the scale
1:50,000. Slope and slope aspect were derived from
the SRTM DEM data and spatial analysis tools using
ArcGIS 10.4.1 software. The Geology map was prepared
from the Geology and Mineral map of Tamil Nadu and
Pondicherry (1995). The geomorphology, land use and
land cover, lineament and road maps were derived from
IRS P6 LISS —III satellite imagery.
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Fig. 2. Flow Chart shows the Methodology adopted in the study
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Landslide Causative Factors

Geology

Geology is one of the main factors have a direct
influence on the occurrence of landslides (Wang et al
2009). In the study area, there is not much variation
in lithology. The major rock types in the study area
are charnockites and basic alkaline dykes (Fig.3). The
rock prone to weathering has the greatest influence on
occurrence of landslides Accordingly , ranking and
weights were assigned.

interception, infiltration and evapotranspiration. The
land use / land cover in the Vathalmalai Hill region
was prepared from IRS P6 LISS III satellite image and
toposheet. The major types of land use and land cover in
the study area are fairly dense scrub, flat land, moderately
vegetated areas, plantations and settlements. Out of these,
dense scrub and vegetation occupy the major portion of
the hills (Fig.5). Though different land cover occupied
the entire hill system, the forest cover is degrading at a
faster rate due to frequent landslide occurrences.
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Fig. 3. Geology of the study area mostly covered by Charnockite
rocks

Geomorphology

Geomorphology is one of the important parameters
active in occurrence of landslides. In the present study,
IRS P6 LISS III satellite imagery was interpreted to
delineate different geomorphological features in the
study area. The interpreted features were verified during
field investigation. The structural hill system, pediment
and fracture valley are the important geomorphological
features in the study area (Fig.4).
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Fig. 4. Geomorphological features in the study area

Land use and land cover

Land use / land cover is one of the most sensitive
parameters in the study and it is easily affected by
changes resulting from the environment and human
activities (Begueria, 2006). The type of vegetation is
affected by the soil hydrology during increased rainfall
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Fig. 5. Land use / land cover in the study area

Slope

The nature of slope in a terrain controls the
stability or failure of slope. Slope inclination is one
of the mandatory parameters required for occurrence
of landslides. Plains and gentle slopes are always free
from landslide occurrences. Slope in degree is the
form between any part of the surface of the earth and
a horizontal datum (Ayalew et al 2004). SRTM DEM
data was utilized to obtain a slope map for the study
area. In the present study, the slope map was categorized
into five classes ; 0°-11°, 11°-19°, 19°-27°,27°-31° and
31°-38° respectively (Fig.6).
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Fig.6. Slope (degree) categories of the study area
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Slope aspect

Slope aspect is another important parameter, which
denotes the direction of maximum slope of a terrain. It
is an indirect factor which affects slope instability. In the
study area, the aspect map is classified into flat, north,
northeast, east, southeast, south, southwest, west and
northwest directions. The slope aspect map is useful to
understand the impact of sunlight and local microlevel
climate of the area. The aspect map was derived from
SRTM DEM data (Fig.7).
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Fig. 7. Slope aspects map of Vathalmmalai Ghat road section

Drainage density

Besides soil type and geotechnical properties ,
drainage and drainage density are the causative factors
which control occurrence of landslides . Drainage
density is the total length of all streams and rivers in a
drainage basin divided by the total area of the drainage
basin. Sarkar and Karungo (2004) stated that there is an
adverse relationship between landslides and drainage
density. The drainage density map was generated from
drainages extracted from the Survey of India toposheet
using ArcGIS tool. Further, the drainage density in the
study area is grouped into three classes ; low, medium
and high (Fig.8).
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Fig. 8. Drainage density map for the study area

Lineament density

Lineament in general defined as any straight-line
features in the satellite image, controlled by structural
features like fault, fold axis, dyke, joints, fractures, etc.,
Lineament density is considered one of the important
parameters in landslide studies. The IRS P6 LISS III
Satellite image was used to interpret the lineaments in
the study area. The major lineaments were identified in
the northern and southern part of this study area and few
landslide occurrences were noticed in the north-west
and south-east directions. The lineament density map
was derived from the lineament map and reclassified
into three categories ; low, medium and high (Fig.9).
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Fig. 9. Lineament density map of Vathalmalai Ghat road section

Road buffer

Road cutting is one key factor that affects the
modification of natural slope into cut slope. Road
construction is a significant factor which causes slope
instability in a terrain. In this study, a buffer zone with
50m distance on both side of the road was generated
using Arc GIS software. The road buffer zone was
classified into three categories 25m, 50,100m (Fig.10).
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Fig.10. Road buffer zone along the Ghat road section of the
Vathalmalai Hills
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Relative relief

Relative relief denotes the maximum and minimum
height in the study area. Relative relief is one of
the important terrain parameters which control the
occurrence of landslides. In this study area, the relative
relief ranges from 500 to 1180 m. It was classified into
two classes , low and medium relative relief zones
(Fig.11).
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Fig. 11. Relative relief in the study area
Weighted linear combination (WLC)

Weighted linear combination (WLC) function aggregates
all criteria and produce a single score. WLC is a function
used to standardize the factor maps, ensuring the sum
of the set of factors weights. The weightage and scores
were assigned to all causative parameters according to
its contribution to susceptibility of landslide occurrence.
Landslide susceptibility index formula is given in the
equation 1.

Susceptibility index =7, (Wix Ri)

Where Wi is the weight for factor i,
Ri is the score of class of factor i and
n is the total number of factors
(Muheep et.al 2018).

(1)

The weightage from 0 to 100 and scores from 0
to10 were assigned each causative factor in the study
(Table 1). The landslide inventory details were collected
through field investigation and validated the distribution
of landslide susceptibility classes.

Results and Discussion

In the present study, weighted linear combination
analysis was adopted for the purpose of the calculation
of the landslide susceptibility index (LSI). All the
causative factors processed and converted the vector
based layers into raster format with a 10m grid size of
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Table 1. Ranking and weights assignment to causative factors

S. No Factors Classes Weights | Rank

Charnockite 7

1 Geology Basic alkaline 15

dykes
Structural hill
system

5

e

Pediment 10

Fracture valley

Settlement

N[ Q||

Plantati
Land Use / antation
3 Moderately 15

Land Cover
Vegetated area

@)}

Fairly Dense Scrub
0-11

11-19

19-27 10
27-31
31-38
Flat
North
Northeast
East

4 Slope

Southeast
South

5 Slope Aspect 20

Southwest
West
Northwest

Low
Medium 10
High

Drainage
Density

Low

7 Lineament Medium 5

Density

High
0
25
8 Road Buffer 10
50

100

Al | O[N] O N[ |O (O Q| N[ W|IND[—|O||W|Q|W|W|O

Relative
Relief

0.6 9

IRS P6 LISS III satellite imagery with help of spatial
analysis tool for ArcGIS 10.4.1 software. The landslide
influencing factors were integrated and converted into
raster format through calculation of values and scores.
The integrated landslide susceptibility zonation map of
the study area contains five cluster zones ; very low,
low, moderate, high and very high . The percentage
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distribution of susceptibility zones is 16.5% in very low,
28.70% in low, 24.70% in moderate, 19.90% in high
and 10.20% in very high zones (Fig.12). Out of the five
classes, the high and very high landslide susceptibility
zone occupied a limited part of the area. The integrated
resultant landslide susceptibility map shows that the
middle part of the Ghat road section is more prone to
occurrence of future landslides.
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Fig.12. Landslide Susceptibility Map of Vathalmalai Ghat road
section

The landslide inventory details were collected during
field investigation and used in validation of landslide
susceptibility mapping analysis. In the susceptibility
zone, several types of landslide activities were identified
as debris flow mixed with mud and water in flowing
condition, rockfall on the steep slopes, weathered
charnockite rock formation and piping phenomena in
the soil profile. Landslide occurrences were noticed
along 3, 6,7, 11, 12, 15, 16, 17 and 21 hairpin bends.
The landslide locations were captured through GPS
measurements during field investigations. Most of the
landslides consist of debris , where water acts as
lubricant with highly weathered soil. In almost all the
landslide locations, the parent rock is not visible and the
entre slope section is in weathered conditions. Altogether
62 landslide locations were delineated in different sizes
during the landslide inventory. The landslide inventory
locations were compared with the landslide susceptibility
map and validate the accuracy of the mapping. There
are five susceptibility zones in the map ; very low, low,
moderate, high and very high. In the correlation, 22
landslides fall within very high zones, 17 within high
zones, 13 within moderate zones, 7 within low zones and
3 within very low zones. In comparison, 35.50%, and
27.40% of landslide occurrences respectively fall within
very high and high landslide susceptibility zones. About
64% of previous landslides were closely associated with
high to very high category and the multicriteria and
WLC method were found to be suitable for landslide
susceptibility mapping.

The potential map was verified using distribution
of landslide locations. For the verification, the R-index

method was used. The R-index method is used to
evaluate the association between location of landslide
points and the LSI map. The aim of validation is to
evaluate performance of the landslide density of the
study area. An index of relative landslide density
(R) has been used to validate the results. The index
is defined as follows (Baeza and Corominas, 2001);

R=(n/N)/¥(n/N)x 100 )

Where, n.is the number of landslides in susceptibility
level ‘i’ and

N.is the area occupied by the cells of susceptibility
level ‘1’

The R-index for each landslide class is represented
in Table 2, and the graphical representation (Fig.13)
points out the distribution of landslide locations
observed in the classes, indicating the consistency
of landslide density classes. It may be expected that
slope failures will appear in cells which have higher
discriminant scores.

Table 2. R-index in the landslide susceptibility in the study area

Susceptibility | Area | Area |Landslide | Landslide| R
Classes Pixels| % point % Index
Very low 3894 |16.50% 3 4.80% 4.59
Low 6796 |28.70% 7 11.30% | 6.13
Moderate 5839 |24.70% 13 21.00% | 13.27
High 4694 |19.90% 17 27.40% | 21.58
Very high 2410 | 10.20% 22 35.50% | 54.41
60.000
50.000 /
40.000 /
ﬁ 30.000 /
z /
20.000
10.000 k—’//
0.000
Very Low Low Moderate High Very high

Landslide Succeptability

Fig. 13. Graphical representation of R-index of landslide
susceptibility

Conclusion

The Vathalmalai Ghat road section is susceptible to
frequent landslide occurrences and the most common
triggering factor for landslide occurrence is heavy
rainfall. In the present study, landslide susceptibility
mapping has been carried out using multi criteria
analysis with help of remote sensing and Geographical
Information System (GIS) techniques. In this study, nine
causative factors, namely geology, geomorphology,
slope aspect, land use land cover, drainage density,

689



Kavitha G., Anbazhagan S., Mani S.

Journ. Geol. Geograph. Geoecology, 30(4), 683—691

lineament density, road buffer, slope angle, and relative
relief were considered for generation of a landslide
susceptibility map. The results indicated that the high
and very high susceptible zones include steep slope
and unconsolidated materials in cut slope areas. The
R-index method was used to validate the results of
landslide susceptible mapping and it indicated that
the procedure adopted in this study is appropriate and
valid. Careful planning and suitable mitigation measures
are required in moderate, high and very high landslide
susceptibility zones. In the landslide inventory study,
it was inferred that soil erosion, piping and saturation
of highly weathered soil profile lead to slope failure.
Hence, a proper drainage mechanism should be provided
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The landslide susceptibility map will assist planners
and decision makers in taking appropriate measures
to reduce risk in the future.
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Petrogenetic peculiarities of Fe-Ti oxide minerals in the processes of crystallization and evolution
of late Cretaceous volcanic complexes of the Lesser Caucasus
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Received: 05.03.2021 Abstract. Drawing from the determined differences between iron-titanium oxide minerals,
Received in revised form: 19.07.2021 we analyzed the conditions of crystallization and evolution of late-Cretaceous magmatic
Accepted: 10.08.2021 complexes of the Lesser Caucasus. It was found that the rocks of basalt-andesibasalt

complex, which correspond to the early substage (upper Coniacian-lower Santonian) of
late-Cretaceous volcanism in the Qazakh, Agjakand, Agdara depressions, have crystallized in the conditions of relatively highly-
thermobaric crystallization of titanomagnetite, poorly differentiated and evolutionized according to the Fenner trend. In the second
substage of volcanism, due to decrease in permeability of the Earth’s crust, the elevation of the remaining magma to the upper horizons
was hindered. Therefore, within the Qazakh depression, shallow intermediate sites of crystallization developed where moderately
titaniferous magnetite crystallized with the participation of oxidized fluids earlier than hornblende, pyroxene and plagioclase. Thus, the
remaining magma evolutionized its composition through Bowen’s reaction series. In the Agjakand and Agdara depressions, change of
previous expansion to compaction was the cause of hindering of partly fractioned portion of the magma. The latter thermally interacted
with the above-embedded maghemite, hematite and in a number of cases magnetite. In the Khojavand depression, rocks of trachibasalt-
trachiodolerite complex, which characterize the late substage of the Santonian volcanism, contain moderately titanium magnetites and
maghemites. In the second substage of volcano-plutonism, rocks of tephrite-teshenite complex developed. There, accompanied by
oxidized fluids, highly-clayey titanomagnetite crystallized before chrome-diopside and salite. However, the ulvospinel titanomagnetite
in teshenites, having associated with barkevikite and kaersutite, crystallized at a relatively higher temperature. Within the Senonian
volcanites of the Azykh depression, along with the moderately-titanium magnetite, chromic titanomagnetite and rarely chromite was
determined. Similar mineralogical diversities are also characteristic for the Gochas depression.

Keywords: Lesser Caucasus, Fe-Ti oxide minerals, magnetite-ilmenite thermometer, Curie point, crystallization differentiation

Ilerporenernuni ocodmBocti Fe-Ti okcnanux minepaJiiB y npoueci kpucradgizaunii Ta eBostonii
Ni3HLOKPeHI0BUX ByJKaHiYHUX KoMILlekciB Masoro KaBkazy

M.H. Mawmenos, I'. . babaesa

Incmumym eeonoeii ma eeoghizuxu HAH Azepbatiosicany, Azepbatioscanceka pecnyonira, m. baxy, gultekinS6@rambler.ru

AHoTauisi. Y cTaTTi, Ha IMiCTaBi BCTAHOBICHHUX BIIMIHHOCTEH 3aJ1i30-TUTaH OKCHIHUX MiHEPaiB, aHA3yIOTHCSI YMOBH KpHCTAITi3aIlii
Ta EBOJIOLIHOTO MEPETBOPEHHS Mi3HBOKPEHIOBHX MarMaTHYHUX KomIuiekciB Manoro KaBka3sy. BusiieHo, 1o mopoan 0asajibr-
aH/e310a3aIbTOBOT0  KOMIUIEKCY, IO BiANOBINAIOTH PAHHBOMY IIifeTarmy (BepXHiM KOHBSK-HIDKHIN CaHTOH) Mi3HHOKPEHIOBOTO
ByJIKaHi3My ['a3aXxchbkoro, ATKaKeHACHKOTO i ATJIEpHHCHKOTO MPOTHHIB, KPUCTAI3yBaJIHCs MIPU MOPIBHSIHO BUCOKOTEPMOOAPHIHOL
KpHCTaJi3alil THTAaHOMAarHeTuTy, ciabomudepenuiiioBanuii i eBoronioHoBaHUi (DEHHEPIBCBKUM NULIXOM. Y ApPyromy mijgerari
BYJIKaHI3My, Yy 3B’SI3Ky 3 3MEHILICHHSIM ITPOHUKHOCTI 3eMHOT KOPH, Bi10YBaIOCs yTPYyIHEHHS Ii{OMY 3aJIHMIIKOBOTO PO3ILIABY y BEpPXHi
ropusoHTH. ToMy B Mexkax 'azaxchkoro mporuHy (GopmyBanucs MaJOITMOMHHI IPOMDKHI BOTHHMILA, Jie TIPU CYNPOBOAI OKHCICHUX
¢moiniB BinOyBanacs KpHCTalizalis TOMIpHO-TUTAHICTOTO MAarHETUTY paHille poroBoi 0OMaHKH, MIPOKCEHY 1 IUIarioknasy. Y mboMy
3aJIMIIKOBUI PO3IIJIaB EBONIOIIOHYBAB CBill cKiaj boyeHOBCKMM HUISIXOM. Y AT/DKaKeHACKOM 1 ATAEPHHCKOM IPOTWHAX 3MiHa
TOTIEPEJHROTO PO3TSTHEHHS Ha CTHCK CTalla MPHYMHO0 3aTPUMKH 4aCTKOBO BifpakiioHOBaHOI mopiii po3miaBy. OcTaHHIil TepMidHO
B3a€EMOJIISB 3 JISKAIMMH apKO30BHMH ITiICKOBHKAMH, Y Pe3yibTaTi popMyBanncs KOPOBi JAIUTH 1 PUONANTH, y CKIAMl SIKHX OepyTb
ydJacTh MarreMiT, FeMaTuT Ta iHOAI MarHeTHT. Y XOKaBeHJCKOMY HMPOTHHI HOPOAM TPaxnOa3asibT-TPaxuI0IepPUTOBOTO KOMILIEKCY,
10 XapaKTepH3yIOTh PaHHIH IiJieTan CAHTOHCHKOTO BYJKAHI3MY, MICTATbH ITOMIPHO-TUTQHHUCTI MarHETHTH i MarreMiti. Y JIpyromy
mijierani ByJlIKaHO-IUTYTOHI3MY BiJOyBajocsi (pOpMyBaHHs TIOPiJ Te(QPHUT-TEIICHUTOBOrO KOMIUIEKCY. TyT, IPH CyNnpoBO/i OKHUCICHUX
GiroiniB, BUCOKOIIMHO3EMHUCTHI TUTAHOMArHeTUT KPHCTaJi3yBaBCsl paHimie Xpomaioncimy i camity. OfHaK y CKiIaai TEUICHITIB
YABBOILIIIHETICBUI THTAHOMArHETUT, TICHO aCOIIiI0I0YHN 3 OAPKEBIKITOM 1 KEPCYTUTOM, KPUCTAJi3yBaBCs MPH MOPIBHAHO OLTBII BUCOKiH
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Temreparypi. Y CKIaJgl CEHOHCHKHX BYIIKaHITIB A3HMXCHKOTO IPOTHMHY HOPsA 3 MOMIPHO-TUTAHICTUM MarHeTHTOM BCTaHOBJIEHO
XPOMHUCTHIT TATAHOMArHETHT 1 piako XpoMiT. [ToaiOHi MiHepaoriuHi po3MaiTTs XapakTepHi it y ['04acchkoro nmporuHi.

Kniouosi cnosa: Manuii Kaskas, Fe-Ti okcuowni minepanu, macnemum-inbmenimosuti mepmomemp, mouxa Kiopi, kpucmanizayitina

Jughepenyiayis.

Introduction.

Iron-titanium oxide minerals that crystallized at
different-depth intermediate sites and intrusive chambers
bear a certain petrogenetic data, particularly location
of deposits in series of crystallization, structural-
optical types, chemical and mineral compositions,
and petromagnetic peculiarities of iron-titanium oxide
minerals.

The abovementioned peculiarities of these minerals
can be used for clarifying physical-chemical (P, T, fo,)
and geodynamic conditions (compression, expansion)
of crystallization of magmatic rocks.

To determine the temperature and partial pressure
of oxygen of crystallization of iron-titanium oxide
minerals as a geological thermometer, the following
methods are used: Buddington-Lindsley (Buddington,
Lindsley, 1964), Carmichael (Carmichael,1965),
Anderson (Anderson, 1968), Lindsley et al. (Lindsley,
Spencer, 1982), Stormer (Stormer, 1983), Genshaft et al.
(Genshaft et al., 1999, 2003), and to determine depths
of crystallization — methods of Kawai (Kawai, 1956),
Osborn (Osborn, 1983), Pechetskij (Pecherskij, 1975,
1985), Zubov et al. (Zubov i dr., 2015).

Based on the interpretation of thermomagnetic and
chemical analyses of titanomagnetites and ilmenites,
Creek and Ibbetson (Creek, Ibbetson, 1970), and
D.M. Pecherskij (Pecherskij, 1975) propose using
experimental and calculated values of Curie points.

Along with them, the location of titanomagnetite
crystallization, according to Osborn (Osborn, 1983), is
an indicator of oxidative and reduction conditions of
the evolutionary conversion of magmatic melts.

In this article, we attempted to determine the
physical-chemical and geological conditions of
crystallization of rocks of late Cretaceous magmatic
complexes of the Lesser Caucasus according to the
noted peculiarities of iron-titanium oxidative minerals.

Methods of studies.

With the purpose of determining significance of the
presented analyses of iron-titanium oxide minerals, we
used microprobe, chemical, X-ray diffractometer and
thermomagnetic methods.

Microprobe analyses of impregnations with Fe-
Ti oxide minerals, chrome-spinels and olivines were
carried out in a electron-microprobe analyzer (JEOL,
JSM-6610 LV, Oxford Instruments, X—-MAX) with
internal standard. All the microprobe, X-ray diffraction-
metric and chemical analyses of iron-titanium oxide
minerals were performed at the Analytical Center of
the Institute of Geology and Geophysics of the National
Academy of Sciences of Azerbaijan.

Monomineral fractions of rocks (weighing 20
kg) were divided at the Institute of Geology and
Geophysics of the Siberian Branch of the Russian
Academy of Sciences (SB RAS), under the leadership
of T.S. Yusupova. For the chemical analysis, we used
fractions sized 0.25 mm and purity was tested with
binocular magnifying glass.

During the calculation of Curie points, we used
chemical and microprobe analyses of TiO, (Nagata,
1965; Pecherskij, 1975).

Crystal chemical formulae of minerals and
evaluations of the conditions of their development (T,
fo,) were calculated in ILMAT software (Lepage, 2003).

Geological and petrogenetic peculiarities of
the Late Cretaceous magmatic complexes of the
Lesser Caucasus. For the purpose of clarifying the
depths of localization, and therefore the conditions of
crystallization of the rocks, the most expedient objects
were considered to be the Late Cretaceous magmatic
complexes of the Lok-Garabagh (Gazakh, Agjakand,
Agdara depressions), Goycha-Akeri (Khojavand, Azykh
depressions) and Miskhan-Kafan (Gochas depression)
structural-formation zones of the Lesser Caucasus
(Shikhalibejli, 1994) (Fig.1).

The Lok-Garabagh structural-formation zone. This
zone, starting from the Lok crystalline structure, in
parallel to the southern side of the Kura depression,
runs eastward from the west in the general-Caucasian
direction to the Murovdagh thrust fault. From the
southwest contour of the indicated thrust fault, it
changes its strike toward the southeast and is seen to
the middle reach of the Khachinchay River.

The Late Cretaceous volcanic complexes of the
analyzed zone within Azerbaijan are developed in the
Gazakh, Agjakand, Agdara depressions.
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Fig. 1. Schematic geological map of the Lesser Caucasus (Shikhalibejli, 1994).

I-Lok-Garabagh structural-formation zone (Gazakh, Agjakand, Agdara depressions); II - Goycha-Akeri structural-formation zone
(Azykh and Khojavand depressions), [II-Miskhan-Kafan structural-formation zone (Gochas depression)

1 — Contemporary sediments; 2 — Paleogene-Neogene volcanogenic sedimentary deposits; 3 —Paleogene volcanogenic sedimentary deposits;
4 — Upper Cretaceous limestones; 5 — ophiolite complexes; 6 — Late Senonian basalt-andesibasalt and trachybasalt-trachyandesibasalt
complexes (Gochas depression); 7 — Santonian basalt-andesibasalt and trachybasalt-trachyandesibasalt complexes (Azykh depression),
trachybasalt-trachydolerite and tephrite-teschenite (Khojavand depression) complexes; 8 — Late Coniacian-Early Santonian basalt-
andesibasalt and Late Santonian-Early Campanian rhyolite-rhyodacite complexes (Gazakh depression), Coniacian- Santonian basalt-
andesibasalt and rhyolite-rhyodacite complexes (Agjakand and Agdara depressions); 9 — Upper Jurassic limestones; 10— Late Jura-Early
Cretaceous gabbro-diorite-granite complex; 11 —late Jurassic-early Cretaceous dacite complex; 12 —Bathonian plagiogranite complex;
13 — Bathonian basalt-andesite-dacite-rhyoilte complex; 14 —a) Early Bajocian basalt complex, 0) late Bajocian rhyolite complex; 15—

deep faults (a), flexures (b).

Based on the petrographic composition and time of
emergence of volcanism, in correspondence with the
stage of volcanic activity, the Late Cretaceous volcanites
of the Gazakh depression are divided into two following
complexes: 1) basalt-andesibasalt; 2) rhyolite-rhyodacite
(Mamedov, 1999) (Table 1).

The first complex that characterizes the substage of
volcanism (the Upper Coniacian-Lower Santonian), is
mainly composed of volcanic breccias, currents, thin
sill and dykes of dolerites, basalts, andesibasalts and
also a subordinate number of andesites.
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The second complex corresponds to the Late
Cretaceous substage (the Upper Santonian-Early
Campanian) of volcanism and is represented by rhyolite,
rhyodacite extrusive rocks and zeolitic tuff.

In the central part of the Gazakh depression,
the composition of the first complex is noticeably
dominated by lava flows, lava breccias of olivine,
olivine-clinopyroxene and clinopyroxene-plagioclase
basalts. In the southwest outskirts of the depression,
there are thin flows of olivine-chrome-spinel picrites
and olivine-clinopyroxene picrobasalts. Within the
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Fig. 2. Intergrowth of titanomagnetite (TiMgt) with highly-calcium
augite (Aug) in clinopyroxene basalt.

picrites, olivine and chrome spinel as idiomorphic
deposits form interrelated grains, whereas chrome spinel
in picrobasalt is replaced by chrome titanomagnetite.
Labradorite-bytownite plagioclase and high-calcium
augite impregnations continue to undergo the process
of crystallization.

In the subsequent differentiates, distinctly cut grains
of titanomagnetite grow together with high-calcium
augite (Fig. 2). In relation to porphyry generations of
mineral parageneses, the early stage of crystallization
is characterized by olivine-chrome spinel balance. The
temperature of crystallization of those impregnations,
calculated according to Fabries’ thermometer (Fabries,
1979), equaled 1,050-1,100 °C (Table 2).

Table 2. Chemical compositions of olivines and chrome-spinelides of olivine-chrome-spinel picrites of the Gazakh depression

Rocks olivine chrome-spinel
sample 1 ’ | ) 3
component

SiO, 39.40 38.44 39.14 n.d. n.d. n.d.
TiO, 0.24 0.30 0.34 0.06 0.06 0.06
AlLO, n.d. n.d. n.d. 14.28 14.64 12.24
Cr,0, n.d. n.d. n.d. 46.75 47.33 50.30
Fe,O, 0.37 0.37 0.42 7.36 8.36 6.38
FeO 16.12 18.60 15.86 18.75 18.86 16.60
MnO 0.23 0.29 0.26 0.18 0.21 0.33
MgO 42.38 41.58 43.86 12.36 10.15 13.64
> 98.74 99.58 99.88 99.74 99.61 99.55

In all types of basalts and dolerites, titanomagnetite
is characterized by comparatively high content of
titanium and homogenous structure. According to
microprobe, chemical (Table 3, 4), X-ray diffraction
(0=8.484-8.516A) analyses, the content of ulvospinel
molecules ranges 50 % to 64 %.

According to the magnetite-ilmenite thermometer,
crystallization of porphyry generations of minerals of
basalts and dolerites most likely took place in somewhat
heightened thermobaric conditions (t=1030-1100 °C,
fo,=-9.7-9.2) (Table 3), and the crystallization depth
ranges 18-21 km (Fig. 3).

Presence of inclusions of moderately titanium
magnetite in the pyroxene and hornblende phenocrysts
that the andesite-basalt melt was crystallized in
comparatively more oxidative conditions. Therefore,
the depth (4—11 km) (Fig. 3) and temperature (t=750—
850°C) of crystallization respectively decrease.

Phenocrysts of titanomagnetite in basalts and
dolerites of the basalt-andesibasalt complex of the
Agjakand and Agdara depressions developed in several
relatively heightened thermobaric conditions (Table
1). Therefore, the calculated Curie points (Tc=140-
250) and accordingly the depth of crystallization at
the intermediate site increase (20—22 km) (Table 3,
Fig. 3).
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In the Upper Santonian-lower Campanian periods,
change of the previous regime and decrease in
permeability of the Earth crust in Agjakand and Agdara
depressions hindered the elevation of fractioned portion
of the melt. Therefore, highly heated basalt melt has
been thermally interacting with above-embedded arkose
sandstones, which developed during destruction of the
Lower Jurassic quartzitic-plagioporphyry volcanites,
causing those sandstones to melt. Thus, from the rhyolite
melt that was developing, crust dacites and rhyodacites
formed (Table 1).
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Fig. 3. Dependence of Curie temperature of iron-titanium minerals
on depth of Late Cretaceous volcanic complexes of the Gazakh (1)
and Agjakand (2) depressions (Kawai, 1956).
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Continuation of Table 3

Agjakand depression
Complexes Basalt-andesibasalt Rhyolite-rhyodacite
Rocks Dolerites Basalts Andesibasalts Dacite
e samples | 35 360 346 350 358 363 334 347 338

component
TiO, 22.75 23.0 18.04 20.53 22.92 19.60 9.28 345 343
AlLO, 2.16 2.06 1.24 1.16 1.31 1.40 1.75 4.60 3.26
V,0 0.36 0.43 0.38 0.32 0.36 0.33 0.16 0.15 0.10
Cr,0, 0.75 0.86 0.43 0.42 0.42 0.41 0.12 0.12 0.08
Fe,O 21.69 28.80 33.29 31.93 25.23 32.10 49.03 63.80 64.25
FeO 50.20 49.30 42.80 4477 48.75 45.30 32.60 25.60 26.74
MnO 1.36 1.40 3.21 0.35 0.26 0.55 0.34 0.20 0.36
MgO 0.64 0.52 0.43 0.52 0.43 0.48 2.52 1.82 1.31
> 99.91 99.99 99.82 100.2 99.68 100.17 99.40 99.74 99.53
Tc°C 150 150 160 200 150 240 400 530 530
Ti 0.634 0.639 0.508 0.565 0.639 0.545 0.255 0.094 0.095
Al 0.094 0.090 0.054 0.050 0.027 0.051 0.204 0.197 0.142
\% 0.011 0.013 0.011 0.015 0.011 0.010 0.005 0.004 0.003
Cr 0.022 0.025 0.012 0.012 0.012 0.022 0.003 0.003 0.002
Fe™ 0.605 0.623 0.937 0.880 0.704 0.893 1.358 1.747 1.786
Fe™? 1.556 1.523 1.339 1.393 1.512 1.401 0.991 0.719 0.826
Mn 0.042 0.044 0.102 0.011 0.008 0.017 0.010 0.006 0.011
Mg 0.035 0.029 0.024 0.028 0.024 0.026 0.137 0.099 0.072
Mgt 33.1 34.2 47.6 43.5 35.7 43.9 65.8 75.5 80.0
Usp 63.4 57.2 443 37.1 49.7 41.2 9.6 n.d. n.d.
1l n.d. 5.8 5.7 17 12.13 11.9 14.8 8.1 5.1
Hm n.d. n.d. n.d. n.d. n.d. n.d. n.d. 7.9 8.5
Sp 3.5 2.8 2.4 2.4 2.3 3.0 9.8 8.5 6.3

Indexes of minerals: Mgt —magnetites; Usp —ulvospinel; Il —ilmenite; Sp — spinel; Hm — hematite; Tc — calculated value of Curie points

Table 4. Chemical, crystal-chemical and mineral compositions of ilmenites of the Gazakh and Agjakand depressions

Gazakh depression | Agjakand depression
Complexes Basalt-andesibasalts

Ne samples | 300 o samples 359 360 346 334
components 307 | 324 | 328 | 310 | 315 | 322 |component
TiO, 48.66 | 47.2 |48.64|48.38[49.16| 48.3 |46.63 | TiO, 49.16 48.60 47.63 48.50
AL O, 0.64 093034 |0.16 | 0.75 | 1.15 | 1.34 |ALO 0.36 0.23 0.36 1.18
V.0 028 | 0.2 | 027|038 0.18 | 0.04 | 0.21 | VO, 0.28 0.25 0.66 0.42
Cr,0, 0.26 | 0.18 | 0.1 |0.16 | 0.34 | 0.09 | 0.14 |Cr,0 0.18 0.19 0.16 0.04
Fe O, 6.5 9177421752 | 52 | 6.8 | 9.68 |Fe,O, 6.21 6.98 9.25 6.53
FeO 42.99 (40.11|42.13(41.93| 42.2 |41.74|41.09 | FeO 42.72 41.97 40.78 41.38
MnO 0.56 | 0.94 | 0.66 | 0.58 | 1.36 | 1.18 | 0.78 | MnO 1.34 1.60 1.36 1.58
Mgo 0.24 | 0.73 | 0.54 | 0.66 | 0.34 | 0.36 | 0.23 | MgO 0.06 0.07 0.34 0.36
> 100.13 {99.46 | 100.1{99.77 | 99.53|99.66 | 100.1 | Y 100.31 | 99.89 | 100.54 | 99.99
t°C 1030 | 1080 | 1050 | 1100 | 850 | 750 | 760 |t°C 1120 1100 1150 780
Igfo, 9.7 1-98 ] -10 | -9.2 [-12.5] -11 [-12.5 |lgfo, -9.8 -9.6 -8.6 -12.5
Ti 0.922 10.896(0.9210.919{0.934|0.916 | 0.882 | Ti 0.931 0.926 0.899 0.916
Al 0.019 10.028 | 0.01 |0.005|0.022|0.034|0.039 | Al 0.011 0.007 0.011 0.035
\ 0.006 |0.004 [ 0.005|0.008 | 0.004 {0.001|0.004 | V 0.006 0.005 0.013 0.008
Cr 0.005 |0.003|0.002|0.003|0.007 | 0.002 |0.003 | Cr 0.003 0.004 0.004 0.001
Fe™ 0.123 |0.174]0.141]0.143]0.099|0.129]0.183 | Fe** 0.118 0.133 0.175 0.123
Fe'? 0.904 |0.847)0.887|0.885|0.892| 0.88 | 0.865 | Fe*? 0.900 0.889 0.857 0.869
Mn 0.012 | 0.02 {0.014]0.012{0.029 {0.025]0.016 | Mn 0.029 0.034 0.029 0.034
Mg 0.009 0.028 | 0.02 |0.025]0.013{0.013]0.008 | Mg 0.002 0.003 0.013 0.013
MnTiO 1.1 [200] 19 | 23 | 2.7 | 23 | 1.42 |[MnTiO, 2.7 3.2 2.6 32
MgTiO, 0.8 28 | 1.3 1 1.2 | 1.2 | 0.7 |MgTiO, 0.2 0.3 1.2 1.2
FeTiO, 83.6 | 84.7 | 822 | 81.7 | 83.7 | 81 | 76.4 |FeTiO 84.2 82.7 77.8 80.1
Fe O, 145 1105 | 14.6 | 149 | 12.7 | 15.5 | 21.2 |Fe O 12.9 13.8 18.4 15.5

Indexes of minerals: FeTiO, —ilmenite, MgTiO, — geikielite, MnTiO, — pyrophanite.
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The latter are different from the similar dacites and
rhyodacites of the Gazakh depression because of the
somewhat increased content of large-ion alkaline (K,
Rb) and alkaline-earth (Ba) elements, discreetness, and
also presence of arkose sandstones in the distribution
range of those rocks.

Based on the analyses of the presented materials,
we may conclude that in the compound of picrobasalts
and picrodolerites, in relatively more high-baric
conditions, crystallization was undergone by olivine-
chrome spinel paragenesis (t=1,080—1,100°C). In the
composition of the subsequent differentiates, over the
process of evolution of the olivine-basalt melt, due to
crystallization differentiation, chrome spinel has been
excluded from the paragenesis and therefore the content
of olivine partly decreases. The following paragenesis
is accompanied by bytownite plagioclase, augite
clinopyroxene, chrome-impoverished titanomagnetite.
Increase in the content of ulvospinel molecules and
decrease in the calculated and experimental Curie points
(150-240 °C) indicate that titanomagnetites in basalts
and dolerites of the Agjakand and Agdara depressions,
compared with the similar petrographic types of rocks
of the Gazakh depression, have crystallized in high
thermobaric conditions (Table 3, Fig. 4).

Due to palligenic transformation of partly hydrated
arkose sandstones in dacites and rhyodacites, in the
oxidative setting, crystallization of hematite, goethite
and maghemite occurred.

The Goycha-Akeri structural-formation zone (the
Khojavand and Azykh depressions), starting from
the eastern bank of Goycha Lake, can be seen in the
southeast direction to the Araz River and is located
between the Lok-Garabagh and Miskhan-Kafan
structural-formation zones.

Iron-titanium oxide minerals in the composition of
the rocks of Late Cretaceous formations of tephrite-

teshenite and trachybasalt-trachydolerite complexes
of Khojavand, and also trachybasalt-trachyandesite
complex of the Azykh depressions of the Goycha-Akeri
structural-formation zone of the Lesser Caucasus are
represented by moderately titanium and high alumina
titanomagnetite, ilmenite, maghemite, hematite and
others.

Geological structure and also petrological-
mineralogic peculiarities of the trachybasalt-
trachydolerite and tephrite-teshenite complexes of the
Khojavand depression were analyzed in previous articles
(Akhundov, 2003, Avdeev i dr, 1989, Mamedov i dr.,
2012, 2013, 2015).

The trachybasalt-trachydolerite complex that
characterizes the early substage of the Santonian
volcanism is composed of olivine, clinopyroxene-
plagioclase and plagioclase trachybasalts and
trachydolerites (Table 1).

The rocks of tephrite-teshenite complex correspond
to the late substage of the Santonian volcanism. The
effusive-pyroclastic facies consist of picrotephrite,
melano- and leukotephrite. The mentioned rocks often
contain several rolled inclusions of subalkaline picrite,
and also singular large megacrystals of clinopyroxene
and phlogopite plates (0.5x2.5 cm). As inclusions,
chrome spinel and titanomagnetite are in most cases
confined to clinopyroxene phenocrysts. This indicates
that the process of crystallization of tephrite melt at
the intermediate site occurred in the oxidative setting.
Therefore, crystallization of the main plagioclase was
hindered, leading to enrichment of titanomagnetite with
specifically spinel, and clinopyroxene — with calcium
tschermakite molecules.

Early stage of crystallization of the subalkaline
picrite melt took place according to olivine-chrome
spinel Fabries’ geothermometer (Fabries, 1979) in the
temperature of 980—1,100 °C (Table. 5, 6).

Table S. Chemical, crystal-chemical and minal compositions of chrome-spinels and titanomagnetite rocks of tephrite-teshenite,

trachybasalt-trachydolerite complexes of the Khojavand depression.

Complex Tephrite-teshenite Trachybasalt-trachydolerite
Ne samples
Components 372v 372a 372b | 376 | 375 | 381 | 399 | 399a | 379 | 380 | 388 | 392 | 370
TiO, 2.12 3.47 293 | 979 | 26 [1093]1659| 182 | 10.2 | 9.36 | 9.16 | 0.81 | 12.14
ALO, 18.05 12.38 13.87 | 10.99| 16.82 | 3.24 | 2.07 | 146 | 46 | 3.31 | 538 | 0.59 | 4.89
V.0 0.15 0.23 023 | nd | 026 | nd. | nd. | nd. | nd. | nd. | nd. | nd. | nd
Cr,0, 33.50 34.13 31.40 | 13.04 | 3442 | 0.01 | 0.09 | 0.1 1.19 | 0.01 | 0.01 | nd. | 0.23
Fe,O 16.80 16.31 17.68 | 25.83 | 14.47 | 44.66 | 34.51 | 32.24 | 43.68 | 48.00 | 47.43 | 67.09 | 41.4
FeO 14.47 23.85 25.99 [31.02 | 16.31 | 38.81 | 44.37 | 46.8 |39.05|37.24|33.44|21.36 | 36.43
NiO 0.88 0.12 012 | nd. | 078 | nd. | nd. | nd. | nd. | nd. | nd. | nd. | nd
MnO 0.24 0.14 0.53 | 036 | 0.28 | 0.54 | 098 | 0.68 | 0.04 | 0.03 | 0.04 | 0.31 | 0.61
MgO 13.71 8.59 724 | 8.44 | 12.6 1.5 | 0.84 | 046 | 1.52 | 1.96 | 4.56 | 0.21 | 3.91
> 99.92 99.22 99.99 199.47 | 98.54 | 99.69 | 99.45 | 99.94 | 100.3 | 99.91 | 100 | 90.37 | 99.61
Tc°C n.d. n.d. n.d. nd. | nd. | 360 | 250 | 230 | 377 | 395 | 380 | 350 | 360
t,°C 1040 1200 1150 | 1180 | 995 | 980 | 1020 | 1030 | 758 | nd. | nd. | nd. | 960
lgfo, -5.90 -7.2 -5.39 |-6.32 | -5.68 | -10 | -11 -10 | -142 | nd. | nd. | nd. | -10,2

699



Mammadov M. N., Babayeva G.J.

Journ. Geol. Geograph. Geoecology, 30(4), 692—705

Continuation of Table 5

Complex Tephrite-teshenite Trachybasalt-trachydolerite

Nesamples | 3550 | 3720 | 3726 | 376 | 375 | 381 | 399 | 309a | 379 | 380 | 388 | 392 | 370
Components
Ti 0.050 | 0.087 | 0.073 [0.248] 0.062 [0.305[0.467 | 0.51 [0.281] 0.26 [0.247]0.023 | 0.33
Al 0.669 | 0487 | 0.547 [0.437] 0.634 [ 0.142 [ 0.091 | 0.064 [0.199 [ 0.144 [ 0.227 [ 0.027 | 0.208
v 0.004 | 0.006 | 0.006 |0.000] 0.006 | 0.000|0.003 | 0.003 |0.000 | 0.000 [ 0.000|0.000 | 0.000
Cr 0.833 | 0913 | 0.831 |0.348] 0.870 [ 0.000 | 0.000 | 0.000 | 0.034 [ 0.001 | 0.002 | 0.000 | 0.007
Fe" 0398 | 0410 | 0.445 |0.718] 0.348 | 1.248 [ 0.972 [ 0.908 | 1.204 [ 1.335 [ 1.279 ] 1.927 | 1.126
Fe” 0380 | 0.665 | 0.727 |0.813] 0.436 | 1.205 | 1.389 | 1.465 | 1.197 | 1.151 | 1.002 | 1.001 | 1.1
Mn 0.006 | 0.004 | 0.003 |0.010] 0.007 [0.002]0.031 | 0.022 [ 0.001 [ 0.001 [ 0.001 | 0.01 | 0.018
Mg 0.642 | 0428 | 0.361 |0.424 ] 0.601 | 0.083 | 0.047 | 0.026 | 0.083 | 0.108 | 0.243 | 0.012 | 0.21
Ni 0.022 | 0.004 | 0.003 |0.000] 0.020 [ 0.000[0.000 | 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 | 0.000
Sp 29.4 240 | 232 | 211 | 270
MgCr,0, 322 18.1 74 | 17.0 | 242
FeCr,0, 7.6 263 278 | - | 129
Mgt 213 | 229% | 31.6* | 37.8 | 30.6*
Usp 9.6 8.6 100 | 24.1 | 531
Sp 71 | 46 | 26 | 67 | 72 | 112 ] 12 | 104
Mgt 623 | 487 | 462 [ 70.7 | 66.8 | 63.8 | 96.5 | 56.6
Usp 305 | 467 | 512 | 3.0 | 259 | 244 | 23 | 33.0
1l nd. | nd. n.d. 19.6 | 0.1 0.5 n.d. n.d.

*- Wistite is involved in the subordinate amount.

372v — subalkaline picrite, 372a — subalkaline
picrotephrite, 372b, 376 — melano-tephrite, 375 —
megacrystal of chrome spinel, 381 —leucocratic tephrite,
399 — melano-teshenite, 399a — leucoteshenite,

379, 380 — analcime-clinopyroxene trachybasalt,
388 — clinopyroxene trachybasalt, 392 — plagioclase
trachybasalt, 370 — trachydolerite.

Table 6. Chemical compositions of olivine of rocks of tephrite-teshenite complex of the Khojavand depression

Ne samples 372a 372b 382b
components
Sio, 38.30 37.20 38.20
FeO 2136 25.70 20.40
MgO 40.22 36.80 41.70
Y 99.88 99.70 100.30

In the composition of melano- and leucocratic
tephrites, the share of phenocrysts of olivine, chrome-
diopside, chrome spinel gradually decreases, whereas in
the phenocrysts, the content of fayalite, ferrosilite and
ulvospinel minerals notably increases. This indicates
that melano- and leucocratic tephrites are differentiates
of sub-alkaline picrite melt.

In the composition of tephrites, there is a small
amount of phenocrysts of kaersutite-barkevikite
amphibole, and mainly the late magmatic analcimes,
indicating oxidative conditions of crystallization.
Therefore, crystallization of the main plagioclase
was slowed, and therefore a certain share of alumina
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dissolves in the compound of moderately titanium
titanomagnetite, causing the latter to crystallize before
the clinopyroxene impregnations. This is indicated by
the presence of inclusions of distinctly cut depressions of
titanomagnetite in clinopyroxene (Fig. 4). Therefore the
temperature of crystallization of porphyry generations of
the minerals of tephrite melt somewhat decreases (760—
820 °C), while the partial pressure of oxygen increases
(Igfo,=—9.2-10). According to the calculated (Table 5,
7) and experimental values of Curie points, the depth
of crystallization of tephrite melt at intermediate site
somewhat decreases (6—12 km) (Fig. 5).
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Table 7. Chemical, crystal-chemical and minal composition of ilmenites of tephrite-teshenite and trachybasalt-trachydolerite complexes

of the Khojavand depression

Complexes tephrite-teshenite trachybasalt-trachydolerite
Ne samples 381 399 399a 370 379
components
TiO, 46.74 48.31 48.36 47.68 48.50
ALO, 0.75 0.23 0.32 0.52 0.56
V.0 0.28 n.d. n.d. n.d. n.d.
Cr,0, 0.36 n.d. n.d. 0.48 0.36
Fe O, 10.05 7.39 7.67 8.06 4.06
FeO 40.81 42.19 42.06 42.06 42.66
MnO 0.58 0.56 0.75 0.58 0.63
MgO 0.42 0.66 0.38 0.26 0.33
> 99.99 99.63 99.54 99.64 97.1
Ti 0.886 0.924 0.922 0.891 0.924
Al 0.022 0.007 0.009 0.016 0.016
Vv 0.006 0.000 0.000 0.000 0.000
Cr 0.007 0.000 0.000 0.010 0.007
Fe® 0.191 0.141 0.146 0.186 0.123
Fe™ 0.860 0.892 0.892 0.839 0.904
Mn 0.012 0.012 0.016 0.055 0.013
Mg 0.016 0.025 0.014 0.001 0.012
MnTiO, 1.1 1.1 1.5 1.1 1.1
MgTiO 1.4 2.3 1.3 0.9 1.2
FeTiO, 77 82.2 82.8 81.3 83.6
Fe,0, 20.5 14.4 14.4 16.7 14.1
00 00
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Fig. 4. Inclusions of moderately titanium and alumina
titanomagnetites (TiMgt) in salite pyroxene (Sal).

Teshenites, present as thin plate injection, which
are vertically composed of picroteshenite, melano-,
meso- and leucocratic teshenites, teshenite-syenite, are
to a sufficient degree differentiated. Those differentiates
are cut by light grey and whitish grey veins of analcime
syenites.

Iron-titan oxide minerals in the rocks of the complex
of the Azykh depression of the Goycha-Akeri zone are
represented by moderately and highly titanous magnetite
and singular ilmenites (Tables 8, 9).

Fig. 5. Dependence of the temperature of Curie ferromagnetic
minerals on the depth of Late Cretaceous volcanic complexes of
Khojavand (1), Azykh (2) and Gochas (3) depressions of the Lesser
Caucasus (Kawai, 1956).

In the rocks of basalt-andesibasalt complex,
moderately titanium magnetites crystallized almost
at the same time with the clinopyroxene phenocrysts
(Table 8, samp. 1, 2). In a number of cases, they
are concentrated around amphibole as drops. Along
with them, there are also seen shapeless, secondary
maghemite and bloody-red hematite. Content of
ulvospinel component varies 28 % to 33 %.

In the rocks of subalkaline of trachybasalt-
trachyandesibasalt complex, the content of titan in
the titanomagnetite significantly increases (Table 8,
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samp. 3, 4). Unlike the rocks of basalt-andesibasalt
complex, titanomagnetite in the rocks of this complex
is present as inclusions in clinopyroxenes, which leads
to the conclusion that titanomagnetite crystallizes before
clinopyroxene.

All determined peculiarities of titanomagnetites
indicate development of their impregnations within
the differentiates of basalt-andesibasalt complex
in moderately thermobaric conditions. However,
comparatively earlier crystallization of the phenocrysts
of titanomagnetite within the rocks of subalkaline of
trachybasalt-trachyandesibasalt complex suggests that
the development process took place in relatively deeper
and oxidative conditions.

The Miskhan-Kafan structural-formation zone.
This structural-formation zone, located in the northeast
outskirts of the Goycha-Garabagh zone, is limited by
the Lachin-Bashlybel faults in the northwest, and the
Girratagh fault in the east.

Structurally, the Gochas depression is confined
to the Miskhan-Kafan structural-formation zone. The
Late Cretaceous volcanites comprise differentiates of
the volcanic complexes confined to the axis zone of
this depression.

Unlike the Azykh depression, iron-titan oxide
minerals in the rocks of the Gochas depression consist
of chrome spinel, picotite, titanomagnetite, maghemite,
ilmenite and hematite.

Late Cretaceous volcanic complexes of the Gochas
depression fill the narrow long flat-bed structure that
strikes northwest. Most scientists (Ostroumova et al..,
1988, Karjakin, 1989) consider that the volcanism and

accumulation of sediments came about in the Late
Senonian period.

There, similarly to the Azykh depression, the rocks
of the basalt-andesibasalt complex were developing
during the early substage of volcanism in the Late
Senonian period. They are composed of highly titanium
olivine-plagioclases, olivine-plagioclase-pyroxene
basalts (Table 1). In those poorly differentiated basalts,
titanomagnetite in many phenocrysts is involved in
singular grains, and is somewhat enriched with titanium
(Table 8, samp. 4, 5). Moreover, melanobasalts were
determined to contain picotite (Ostroumova et al., 1988).
The rocks of trachybasalt-trachyandesibasalt complex,
which characterize the late substage of Late Senonian
volcanism, are composed of subalkaline trachybasalts,
trachyandesibasalts, even trachyandesibasalts, which
contain magnetite that is relatively more enriched with
titanium (Table 1).

In the most high-temperature conditions, there
occurred crystallization of olivine-pyroxene-plagioclase
basalts (1,050 °C), while for olivine-plagioclase
varieties of basalts, the temperature was calculated
as 820-920 °C (Table 7). The temperature of chrome
spinel-olivine equilibrium (Si0,=39.16, Fe0=22.30,
MgO=38.43; d, ,,,,=2.780-2.784A; Fo_, _ , ), present
in melanobasalts, was calculated as 1,100-1,150 °C.
Presence of homegenity, and also high content of
ulvospinel molecule involved in the composition
of titanomagnetites indicates that porphyry-like
phenocrysts of olivine dolerites and basalts crystallized
at the deepest intermediate sites (14—19 km) (Fig. 5).

Table 8. Chemical, crystal-chemical and minal analyses of magnetites of basalt-andesibasalt and trachybasalt-trachyandesibasalt

complexes of the Gochas and Azykh depressions.

Gochas depression Azykh depression
Complexes Basalt-andesibasalt Basalt-andesibasalt Trachybasalt-
trachyandesibasalt
Rocks basalts basalts trachyandesites
Nesample | 2 3 4 5 6 1 2 3 4
components
TiO, 0.60 4.16 12.16 15.36 14.21 7.88 0.41 2.16 12.20 12.14
AlLO 19.31 18.24 1.16 3.21 3.75 4.36 0.79 1.23 4.94 4.89
Cr,0, 9.34 21.00 0.38 n.d. 0.42 0.75 n.d. 0.21 0.43 0.28
Fe,O, 48.76 31.38 4521 43.39 43.55 36.42 67.36 63.20 41.38 41.21
FeO 7.84 13.25 38.24 36.90 36.42 47.65 30.80 32.21 36.46 36.51
MnO 0.38 0.56 1.30 0.63 0.63 0.82 0.31 0.38 0.75 0.61
MgO 13.30 10.40 1.24 0.42 1.10 1.78 0.33 0.61 3.48 3.91
CaO 0.10 0.06 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
> 99.63 99.05 99.69 99.91 100.08 | 99.66 100 100 99.64 99.55
Te n.d. 510 360 280 300 410 580 530 350 350
Ti 0.013 0.010 0.343 0.428 0.388 0.219 0.012 0.061 0.332 0.330
Al 1.603 0.713 0.051 0.140 0.163 0.190 0.035 0.055 0.211 0.210
Cr 0.206 0.550 0.011 0.000 0.016 0.004 0.000 0.006 0.012 0.008
Fe™ 0.165 0.331 1.275 1.346 1.189 1.327 1.939 1.809 1.126 1.120
Fe*™ 0.450 0.870 1.198 1.030 1.105 1.127 0.984 1.024 1.103 1.103
Mn 0.009 0.016 0.041 0.020 0.019 0.025 0.010 0.012 0.023 0.019
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Continuation of Table 5

Gochas depression Azykh depression
Complexes Basalt-andesibasalt Basalt-andesibasalt Trachybasalt-
trachyandesibasalt
Rocks basalts basalts trachyandesites
Nesample] 2 3 4 5 6 1 2 3 4
components
Mg 0.553 0.514 0.069 0.023 0.059 0.098 0.019 0.034 0.186 0.211
Ca 0.003 0.002 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Usp n.d. 0.6 17.3 37.0 40.7 n.d. 1.2 6.1 27.7 32.9
Mgt 8.1 41.0 70.9 5.55 49.9 62.7 96.7 90.0 56.5 56.3
11 1.2 6.2 9.8 52 3.7* 222 n.d. n.d. 8.3 n.d.
Sp 54.5 29.4 2.0 2.3 5.2 9.6 1.8 2.7 10.5 10.3
Hm n.d. n.d. n.d. n.d. n.d. 5.6 0.3 n.d. n.d. 0.5

Table 9. Chemical, crystal-chemical and minal compositions of the ilmenites of the basalt-andesibaslt complexes of the Gochas and

the Azykh depressions
Gochas depression Azykh depression

Ne samples 3 4 5 | )
components.
TiO, 49.36 48.68 48.72 48.82 48.80
AlLO, 1.10 0.64 0.73 0.46 0.58
V,0 0.18 0.44 0.38 0.82 0.94
Cr,0, 0.16 0.23 0.24 1.75 1.64
Fe,O 5.28 6.51 6.53 4.05 3.74
FeO 41.97 40.50 40.48 42.71 42.35
MnO 1.38 2.63 2.71 0.64 0.68
MgO 0.52 0.33 0.43 0.43 0.66
> 99.95 99.96 100.22 99.68 99.43
t°C 820 920 1050 870 900
fo, -12 -11.3 -9.2 -12.5 -11.8
Ti 0.931 0.922 0.920 0.928 0.927
Al 0.033 0.019 0.021 0.014 0.017
\4 0.003 0.009 0.008 0.017 0.019
Cr 0.003 0.004 0.005 0.035 0.033
Fe" 0.100 0.124 0.123 0.077 0.071
Fe* 0.880 0.853 0.851 0.903 0.895
Mn 0.029 0.056 0.057 0.010 0.015
Mg 0.019 0.012 0.016 0.016 0.024
MnTiO, 2.1 5.2 5.3 0.9 1.4
MgTiO 1.8 1.1 1.5 1.5 2.2
Fe TiO, 82.5 79.2 76.3 84.1 82.7
Fe O, 13.0 14.5 14.9 13.4 13.7

Therefore, iron-titanium oxide minerals in the
compound of highly titanium differentiates of the
Khojavand, Azykh and Gochas depression have in
general crystallized in an oxidative environment.
Thus, crystallization of moderately titanium magnetite
occurred before or at the same time with clinopyroxene.

Unlike the intrusive teshenites, the rocks of
trachybasalt-trachydolerite complex crystallized
in a comparatively reductive environment. At the
same time, impregnations of the main plagioclase
underwente crystallization either together or later than
titanomagnetite.

The calculated Curie points (Tc=230, 250) and
therefore ulvospinel molecules (Usp,, .,) in the

composition of the titanomagnetite indicate that
intrusive teshenites crystallized in relatively deeper
conditions, because of which the relatively titanium
magnetites are less enriched with alumina.

Phenocrysts of moderately titanium magnetites
in andesibasalts and andesites developed at deeper
intermediate sites.

Conclusions:

1. Based on calculated and experimental Curie
points and physical-chemical parameters (t, fo,, H u 1p.),
and also the determined variations of compositions, we
may state that crystallization of iron-titanium oxide
minerals occurred at intermediate sites of various
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depths. At the same time, during the Late Coniacian and
Early Santonian periods, in the Gazakh, Agjakand and
Agdara depressions, there continued stable depression,
which caused poorly differentiated portions of olivine
basalt melt to localize at deeper intermediate sites,
from which the highly titanous magnetite crystallized.
At the boundary of the Upper Santonian-Lower
Campanian periods, the activity of magma-providing
faults within the Gazakh Depression significantly
weakened. Therefore, within this fault, near-the-surface
intermediate sites formed, the presence of which may
be indicated by spatial division of volcanic centers,
composed of rhyodacites, perlite, andesite and dacite.

2. Unlike the Gazakh depression, within the
Agjakand and Agdara depressions, the process of
compression manifested more intensely, causing thermal
impact of hot basalt melt with above embedded arkose
containing sandstones. This caused those sandstones to
melt and led to generation of pallingenic rhyodacites
and dacites.

3. Within the Khojavand and Azykh depressions,
in the conditions of depression during the Early
Santonian Age, a poorly differentiated trachybasalt-
trachydolerite complex formed. The differentiates of this
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Received in revised form: 15.07.2021 rock aquifer system of the Vasishta sub basin, of the Vellar River Basin. Seventy nine
Accepted: 25.10.2021 representative groundwater samples were collected from dug and bore wells which are

intensively used for domestic and irrigational purposes. The physical parameters viz. P,
EC and TDS were estimated in the field using a portable multiparameter meter. The groundwater samples were transported to the
laboratory for measuring major ionic concentrations viz, Ca, Mg, Na, K, CO,, HCO,, Cl, SO4, F and NO,. The hydrochemical data
were graphically projected and spatial temporal thematic maps generated with reference to the World Health Organization (WHO)
and Bureau of Indian (BIS) Standards. The peoples living in the sub basin engage in agricultural activities where the groundwater
availability is sufficient. The groundwater is a major source for meeting their basic needs, such as for domestic, irrigational and
industrial purposes. Good correlation is exhibited between EC and TDS CI, SO,.Cl exhibits good correlation with Mg and Ca (0.817),
(0.751) indicating leaching of secondary salts. TDS and EC showed strong correlation with Cl, SO,. Clustering groundwater samples
based on their similarity is known as Q-mode type clustering method. Spatial and temporal maps of the water quality index reveal that
the majority of the groundwater samples fall under the categories excellent to good.

Keywords: groundwater quality, Vasishta sub basin, domestic and irrigational purposes, multiparameter, major ionic concentration,
WHO and BIS Standard, Correlation matrix.

Ouinka mapaMerpiB SIKOCTI MiI3eMHUX BOI /ISl MOOYTOBMX Ta ipuramiiHux mijieii y cucremi
BOJOHOCHHUX IOPH30HTIB TBepauXx nopia (Xapa pok) cyddaceitny Bacuinra, piuka Besuiap Tamiin Haxy

ITyuromi P., BenkarecBapan C., Croper P., Bimana P.
Iepiapcoxuit ynisepcumem, Canem, Tamin Haoy, Inois, poovijigeo@gmail.com, geosvenkat@gmail.com

AwnoTamnisi. [ 1aHOTO HOCITIKEHHS OYyII0 PO3IISIHYTO OLHKY SIKOCTI MiA3EMHHMX BOJ Y CHCTEMi BOJOHOCHOTO IIapy TBEPAMX MOPIJ
cybObaceiiny Bacuinta, piuka Bemnap. Cimzecst aeB’sTh nmpo0 miazeMHHX Boj Oyiu 3i0paHi 3 BUKOMAHUX i OypOBHX CBEPAJIOBHH,
SIKi IHTEHCUBHO BUKOPHCTOBYIOTBCS JJIsl MOOYTOBUX 1 ipurauniitnux wineir. @isuuni napamerpu: PH, EC ta TDS, omiHeHi B OJbOBHX
YMOBax 3a JONOMOTOI0 TOPTaTUBHOTO MYyJBTHIIapaMeTpa. 3pas3Kd MiA3€MHUX BOJ TPAHCIOPTYBAJIM A0 J1adopaTopii Ui OLIHKH
OCHOBHHX KOHIIEHTparii ionis, 30kpema Ca, Mg, Na, K, CO,, HCO,, CI, SO,, F ta NO,. Pesynbratn TinpoxiMiYHuX TOCIIUKEHb
rpadidHO CIIPOEKTOBaHI Ta NMPOCTOPOBO-YACOBI TEMAaTHUHI KapTH, cOpMOBaHi 3 mocwiIaHHSIM Ha CBITOBYy OpraHi3alilo OXOPOHH
310pos’st (BOO3) Ta bropo inaidicekux crangapris (BIS). Jlronu, siki xkuByTh y migbaceliHi, 3alifMalOTECs CTBCHKUM TOCHOIapPCTBOM
TaM, A JOCTaTHBO MiJ[3MHUX BOJ, I J3eMHI BOIM € OCHOBHUM JDKEPEIOM JUIS 33/I0BOJIEHHSI OCHOBHHX IOTPeD, TAKMX SK MMOOYTOBI,
3pouryBajbHi Ta pOMHCIOBi. Xopomia kopensiis Bussnserses Misk EC a TDS, Cl, SO,. Cl nemonctpye xopomry kopessiiio 3 Mg ta Ca
(0,817), (0,751), mo cBinuuTh Npo BUMHBaHHA BTopuHHKX cojiell. TDS ta EC nokasamu cunbry kopensuito 3 Cl, SO,. Knactepusartis
3pa3KiB MiJ3eMHHUX BOJ Ha OCHOBI iX MOAIOHOCTI Bigoma sk MeTos kiactepusanii Tuny Q-mode. ITpocTopoBi YacoBi KapTH iHACKCY
SIKOCTI BOAM TIOKA3YIOTh, IO OUTBIIICTS MPOO0 MiA3eMHHUX BOJ MiAMNAAAI0Th i KaTeropii Bix BIAMIHHOT 10 XOPOMIO].

Kouosi cnosa: sikicme niozemHux 600, cybbaceiin Bacuwima, nobymosi ma ipueayiini yini, Myismu napamemp, 0OCHOGHA [OHHA
Konyenmpayia, cmanoapm BOO3 ma bropo indiiicokux cmanoapmis, kopenrayitina Mampuys.

Introduction. Groundwater is the largest obtainable resource for fresh
water. Ground water is commonly referred as water
which lies below the surface of the earth occupying
the interstices and voids in various formations (7odd,

Water is often considered to be one of the most
important resources of our planet. It is the most abundant
physical substance and transparent liquid on the earth.
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1980).1t is the major readily available source of fresh
water on our earth (Ragunath, 1987). Nowadays ground
water resources are being continuously exploited from
the aquifers to meet industrial, agricultural and domestic
needs. Rapid urbanization, industrialization, frequent
failures in the monsoon and reduced surface water
resources have created a major threat to the groundwater
resource in terms of quantity and quality. Groundwater
is always an underwater movement and the flow takes
place from the higher potentiometric surface to the lower
potentiometric surface. Groundwater geochemistry is
a forensic tool which helps to understand the possible
processes that control groundwater chemistry as well as
helping with planning for efficient water management
(Subramani et al. 2010).Therefore chemical fluxes
in groundwater environment indicate the dynamic
movement and prolonged hydrochemical interactions
(Bernard et al. 2006). Sreedevi et al. (2001) have used
the remote sensing and GIS techniques to understand the
occurrence of groundwater in various geomorphological
units of the study area. Water resources play a vital role
in the growth and development of human civilization
on the surface of the earth and play a key role in the
economy of any country. Ground water resources in
the Vasishta sub-basin, Tamil Nadu, India are being
continuously exploited to meet the demand for the water
supply and irrigation because the water available in
surface water bodies such as wells, tanks and reservoirs
is not sufficient, and thus the resulting rapid decline in
the ground water head in many areas. Groundwater
quality is also affected in many places of the sub-basin
due to anthropogenic activities. In hard rock terrain

73“1]5‘0'E

with arid and semi-arid climatic conditions, all the
water requirements are met by sub-surface water due to
reduction in surface water resources. Changing climatic
conditions, growing population, industrialization, and
intensive agricultural and urbanization activities have
led to a high demand for groundwater especially in
countries experiencing economic growth like India
(Srinivasamoorthy et al. 2011). However, no systematic
work has been carried out in this sub-basin to understand
the ground water regime. Thus, it is essential to assess
the ground water quality for extraction and management
of the water resources, which is emerging as a great
public concern in this region.

Study Area.The Vasishta sub- basin of the Vellar
River Basin, in Tamilnadu covers in total an area of
1770.78 km?. The Vasishta is a major stream river
originating from the southern slope of the Kalrayan Hills
and flows through Kurichi, Belur, Pethanaikenpalaiyam,
Attur, Thalaivasal and Aragalur, habitations of Salem
and Perambalur districts of Tamilnadu. Major and
minor artificial recharge structures, constructed across
the streams significantly contribute to groundwater
recharge in the sub basin. Irrigation mainly depends
upon the groundwater resources from dug and bore
wells. Groundwater is the main source of water for
agricultural activities and is pumped through dug and
bore wells. (Poongodi and Venkateswarn 2018). The
important plants cultivated are finger millet, jasmine,
cucumbers, maize, groundnuts, celosia, betel trees,
tapioca tubers, cotton grass, sugar cane, turmeric,
coconuts, bananas and areca nut.The base map of the
study area is given in Fig.1
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Fig.1. Base map of the Vasishta sub basin
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Geology and hydrogeological settings. The
Vasistha sub- basin is mainly underlain by crystalline
rocks of Archean age, of gneissic rocks, charnockite,
pyroxenite, amphibole pyroxene granulite and
mylonite respectively. The geomorphological units are
structural hills and pediplain denudation hillspediments
and floodplain. The structural hill is located in the
northwestern parts of the study area whereas the
southwestern and eastern parts of the study area
are occupied by gently undulating and dotted relic
isolated hillocks underlain by a hard rock crystalline
aquifers system and groundwater phreatic condition.
The occurrence and movements of groundwater
through weathered zones is followed by occurrence
of fissures, joints and fractures, The availability of
groundwater in the sub- basin is greater in the river
courses of paleochannels, foothills of the Kalrayan
Hills, Bothumalai, and Sitheri Hills.

Materials and Methods.

A total of 79 groundwater samples was
systematically collected from sources intensively

utilized by farmers. Physical parameters such as colour,
odour, taste, turbidity, P" and EC were estimated in the
field itself. The samples were sent to the laboratory
for further ionic concentration analysis. The ionic
concentration was estimated using titration method,
spectrophotometer and flame photometer. Shown in
Fig.2.

Standardization of analytical data. The
hydochemical data were standardized graphically as
shown in Fig. 3. It shows the total sum of cations versus
the total sum of anions for groundwater samples, it also
indicates all the samples on or near the aquiline in the
graph. The quality of the analysis was documented
by standardization using blank, spike, and duplicate
water samples.

The hydrochemical data have been projected
graphically using Piper’s, Wilcox’s, Donnen’s and
Gibb’s plots for understanding the suitability of water
for domestic irrigation and industrial purposes. A set
up of spatio- temporal maps have been generated in
the GIS platform with reference to the WHO and BIS
Standards.

and analyzed

79 Groundwater samples collected

v
Inverse Distance Pearsor'l’s Piper’s diagram WQI
Weighted (IDW) correlation Gibb’s diagram v
l Wilcox’s diagram Assigning
l weightage
Spatial Distribution Dendrogram ¢
analysis
l Calculate Relative Weight
WHO and BIS v
Standard wise Quality Rating
Classification scale
] Summation of sub
v ' index of all the
parameters
—>»| Characterization and assessment of groundwater quality | |

A 4

For drinking and irrigation
purposes

Fig. 2. Flow chart for the Methodology
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Result and Discussion.

Water quality appraisal. The WHO standard was
followed for the physical and chemical parameters for
the groundwater samples of the study area. It was found
that PY limit varies from 6.74 to 8.41, which indicates
that groundwater is acidic, alkaline, and 5 % to 95 % of
the groundwater sample is of potable category, the P"
value within the maximum falls within the permissible
category. The groundwater through the quantity of
transmitting electrical current. WHO limit in EC 1500
us/cm?, The values varied from 190 us/cm?, to 5130 ps/
cm?. The high values of indicators of a huge quantity
of salt occur in groundwater. 22 samples show a low
amount of salt. Other samples covered high electric
conductivity. TDS ranges between 373.52 mg/l to
4669 mg/l. The TDS varied from 124 to 3335 mg/I,
which indicates rock water interaction in relation to
groundwater, the TDS depending upon variation process
such as domestic sewage and agricultural activities, The
most common source of calcium and magnesium in
groundwater concentration of Ca value varied from16
to 281 mg/l. 96 % of the sample was of allowable
category, 4 % of the sample only was not of potable
category, Mg content value varied from 7 to 153 mg/l,
94 % of the sample was of potable category,6 % of the
sample was not of potable category. The Na values
varied from 10 mg/I to 360 mg/l. It values Most of
the samples (96 %) were of potable category, 4 % of
the samples were not potable, K value varied from 0.5
to 43.9 mg/l .57 % of the samples were of allowable
category, 32 % of the groundwater samples were not of
potable category. WHO limit 200 mg/l of CO, HCO,,
The values varied from 50 mg/I to 622.4 mg/1. The
chloride range was 25 mg/l to 1110. The most desirable
was 250 mg/l. This is explained by the drainage
system and polluting environments of the study area.
The sulfate range was from 10 mg/l to 380 mg/l. All

samples were within the WHO allowable limit. Nitrogen
ions contaminating subsurface endogenic activities
originated in agricultural sources. The values varied
from 1.5 mg/l to 18 mg/l. This groundwater samples
of this study area all within desirable limits. Major ions
were as follows in abundance; Ca >K >Mg>Na and
CO,>CI>SO,> HCO,>NO, respectively. Multivariate
statistical analyses display good correlation. Quality
of groundwater for drinking purposes based on WHO
and BIS standards are given in Table.2.

Water quality Index (WQI) for domestic
purposes. Water Quality Index (WQI) has been utilized
as a tool to assess the spatial and temporal changes in
the quality of groundwater and its appropriateness for
drinking purposes, Ketata et al.(2012) and is a method
using individual water quality parameters on the overall
quality of the water. This calculation based on WHO
standards 2011 and BIS 1991. (Vasanthivigar et al
2010,) Shown in Table 1. Its computing followed the
physico- chemical parameters analysis of each of the
12 parameters, for major cations and anions

W, = w;/ Xt w; (1)

Where, W, is the relative weight,w; is the weight
of the each parameter and n is the number of parameter.
In the second step a quality rating scale q, for the each
parameter is assigned by dividing its concentration in
each water sample (WHO 2011).Shown in Table 2.

2)

Where g, quality rating, C; is the concentration of
each chemical parameter in mg/l, according to WHO
guidelines (2011).For computing the WQI, the sub
index of its parameter (SI) is first determined for each
physic- chemical parameter WQI as per the equation,
Shown in Table 4.

q; = C,/S, X 100

709



Poongodi R ., Venkateswaran S., Suresh R.,Vimala R.

Journ. Geol. Geograph. Geoecology, 30(4), 706—717

SIi =W, X g, A3)

WQl =X SIi “)

Where, S7i is the sub index of its parameter, g, the
rating based on concentration i th parameter, n number
of the parameter.

Categorization of groundwater quality according
to water quality index is as follows; <50 % Excellent
water, 50 %-100% good water, 100%-200% poor water,
200 %-300 % very poor water,> 300 % water unsuitable

for domestic purposes. The relative weight shown in
Table, 1 quality rating, a total of seventy nine samples
of groundwater samples was taken for water quality
index in the sub- basin. Spatial distribution maps for
water quality index showed 27.85 % of the sample as
belonging to the Excellent water category, 59.50 %
of the sample as belonging to the Good category and
12.65 % of the sample as belonging to the Poor water
category for domestic purposes respectively in the sub-
basin. The Water Quality Index spatial map is presented
in Fig.4

Table 1. Percentage of groundwater samples exceeding limits for drinking purposes based on WHO and BIS standard

SINo | Parameters | Minimum | Maximum Mean gg% (1]391981) De?;)e;ble AH(();: ;‘ ble | Not (};/oo;able
1 |PH 6.74 8.41 7.41 6.5-8.5 | 6.5-8.5 100 - -
2 | EC (uS/cm) 190 5130 2151.01 1500 - 2 60 38
3 | TDS (mg/l) 124 3335 1398.42 500 500 2 64 34
4 | Ca (mg/l) 16 281 110.53 75 75 18 78 4
5 |Mg (mg/l) 7 153 64.76 50 30 38 56 6
6 | Na (mg/l) 10 360 166.36 200 - 4 - 96
7 |K (mg/) 0.5 43.9 10.40 12 - 62 6 32
8 |HCO, (mg/l) 50 622.404 336.1 500 - 11 89 -
9 |Cl (mg/l) 25 1110 298.74 250 250 66 32 2
10 | F (mg/l) 0.2 1.9 0.89 1.5 1.5 61 30 9
11 |SO, (mg/l) 10 380 132.44 250 200 87.34 12.66 -
12 |NO, (mg/l) 1.5 18 9.93 45 45 100 - -

Table 2. Relative weightage of the chemical parameter for water quality index

. _ WHO Weightage Relative wei%htage
Physico- chemical
S1.No parameter Standers (w) W, =w, ‘;Z w,
(2011) L
1 pH 6.5-8.5 4 0.117647059
2 EC (uS/cm) 1500 3 0.147058824
3 TDS (mg/l) 500 4 0.117647059
4 Ca (mg/l) 75 2 0.058823529
5 Mg (mg/l) 50 1 0.029411765
6 Na (mg/l) 200 2 0.058823529
7 K (mg/l) 12 2 0.058823529
8 HCO, (mg/l) 500 3 0.088235294
9 Cl (mg/1) 250 3 0.088235294
10 F (mg/l) 1.5 2 0.058823529
11 SO, (mg/l) 250 3 0.088235294
12 NO, (mg/l) 45 5 0.088235294
Y wi =34 Y Wi=1.00
Table 3. Water Quality Index is the groundwater sample in the Vasishta su-b basin
S1.No | Water Quality types Groundwater sample No
1 Excellent water 2,4,8,10,13,16,22,23,24,26,35,43,47,51,53,57,58,63,
74,77,78 and 79
2 Good water 1,3,5,6,7,9,11,12,14,15,17,18,19,20,21,25,29,30,31,
32,33,34,36,38,39,41,44,46,48,49,52,54,55,56,59,61,
62,64,65,67,68,69,70,72,73,75 and 76
3 Poor water 27,28,37,40,42,45,50,60,66 and 71
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Fig. 4. Water Quality Index spatial map of the Vasishta sub- basin

Hydrogeochemical Facie. Piper’s diagram (1944)
includes two triangles, one for plotting cations and the
other for plotting anions. The cation and anion fields are
combined to show a single point in a diamond shaped
field from which inferences drawn on the basis of hydro-
geochemical facies concept are useful in bringing out
the chemical relationship among groundwater samples
in more definite terms rather than with other possible
plotting methods.

The following groundwater facies have been
identified in the sub basin; Na-K-C1-SO4 facies and Ca-
Mg-HCO3 type, cation ions fall under domain C-sodium
and potassium facies, domain A-Magnesium type, anion
such as, domain E-sulphate type, F-bicarbonate type.
The majority of the groundwater samples fall under
Ca-Mg-HCO3 groundwater facies presented in Fig.5

Piper's Diagram

v
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[
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Fig. 5 Piper’s hydrogeochemical facies of the Vasishta sub basin
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Groundwater and Soil relationships. The Wilcox’s
diagram plotted against specific conductance is used in
evaluating the irrigation waters Wilcox’s (1955). Sodium
is one of the important ions for irrigation and agriculture
purposes. Sodium is computed to relative proportions of
cations present in water. Percentage of Sodium greater
than 60 % may result in sodium accumulations that will
cause a breakdown in the soil’s physical properties.
Excess Na combining with carbonate leads to formation
of alkali soils, whereas with chloride, saline soils are
formed, and soil will not support plant growth Rao
(2005). The ions’ (Na%) values were obtained by the
following equation:

Table 4. Wilcox’s groundwater classifications

(NatK)

Na%=————"——
CatMg+Natk

100

Wilcox’s Diagram is used to classify the water
for irrigation, where EC plotted against Na% shows
that 96.21 % of the groundwater samples are good to
permissible and 3.79 % are in the not potable category.
Sodium concentration disperses soil and increasing
salinity flocculates soil (Hanson et al 1999). Wilcox’s
plot and groundwater classifications are presented in
Fig.6 and Table 4. It is clearly stated that the water
from the following villages is not of potable category;
Iddaiyapatti, Vellaiyur and Thiruvalanthurai villages.

S1.No Water class Groundwater sample No

1 Excellent to Good 48

2 Good to Permissible 1,2,4,6,8,10,11,17,13,16,19,20,21,27,28,30,33,35,37,39,
41,44,45,46,49,50,54,55,56,75 and 78

3 Permissible to Unsuitable 68 and79

4 Doubtful to unsuitable 7,9,12,23,29,31,32,34,36,42,47,51,52,53,59,60,62,65,
66,67,70,71,73,74,76 and 77

5 Unsuitable 43,38,64,58,15,25,2,69,35,57 and 40
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Fig.6. Wilcox diagram of the Vasishta sub- basin

Gibb’s diagram. Gibbs diagram is mainly used
to begin the affiliation of groundwater alignment
and aquifer lithological characters. There are three
domain fields, viz. precipitation dominance, evaporation
dominance and rock—water interaction dominance
domains in the Gibbs diagram (Gibbs, 1970). The
maximum number of groundwater samples fall within
the rock—water interaction domain and evaporation

712

domain.The rock—water interaction domain clearly
shows that the groundwater chemistry is controlled
by aquifer materials. Gibbs diagram is presented in
Fig. 7(a), (b)

Gibb’s ratio for cations = Na+K/Na+K+Ca

Gibb’s ratio for anions = CI/CI+HCO,

All values of ion concentration are stated in meq/1.



Poongodi R ., Venkateswaran S., Suresh R.,Vimala R.

Journ. Geol. Geograph. Geoecology, 30(4), 706—717

100000

10000

1000

TDS (Mg/1)

100

10

0.2 0.4

08 12

Na+k/Na+k+Ca

Fig.7. (a) Groundwater and rock interaction mechanism of Gibb’s plot -cations

100000

10000

1000

TDS (Mg/1)

100

10

0.2

0.4

. Rotk Domiirance

i T
=TS
- -

0.6 1.2
cl/Cl+HCO3

Fig.7. (b) Groundwater and rock interaction mechanism of Gibb’s plot -anions

Results of the Correlation Matrix.The correlation
analysis matrix involving statistical calculations was
devised by Pearson (1896). It is commonly used
to examine the degree of correlation between the
different chemical parameters which affect the quality
of groundwater. It is a simple measure to exhibit how
well one variable predicts the other (Kurumbein and
Greybill (1965).The Pearson correlation matrices (Swan
and Sandilands 1995) are used to find the relationships
between two or more variables. Coefficients (r=>0.7)
are considered to be strongly correlated where (r) values
between 0.5 and 0.7 show moderated correlation at
a significance level p=0.05 while r <0.3 is weak. It

also illustrates that EC and TDS show high positive
correlation with Cl, SO,, HCO,, Ca, Cl show very
high positive correlation with Ca (r=0.817). Good
correlation is exhibited between EC and TDS Cl, SO,
Cl exhibits good correlation with Mg and Ca (0.817),
(0.751) indicating leaching of secondary salts. TDS and
EC showed strong correlation with Cl, SO, moderate
correlation with Ca, Mg, K, F and Hardness indicating
that most of the ions are involved in physicochemical
reactions such as oxidation reduction and ion exchange
and also indicating that they are from the same source
Subba Rao, (2002). Difference in variation of major
cations and anions correlation is shown in Table 5.
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Cluster analyses.

Cluster analysis is a method for grouping individuals
or objects according to their distinct characters. This
method is used to group the groundwater chemical
data. Each cluster indicates a particular groundwater
character similarity. Clustering groundwater samples
based on their similarity is known as Q-mode type
clustering method. For the present study Q-mode
clustering has been attempted to group the samples
in terms of chemical characteristics. Ward’s linkage
uses the Pearson correlation method to produce the
most distinctive groups where each member within
the group is more similar to its fellow member than
outside groups. All the 14 hydro chemical variables
such as Electrical Conductivity (EC), Total Dissolved
Solids (TDS), P", Ca, Mg, Na, K, CI, SO,, NO,, HCO,
and F were utilized in this analysis.

Conclusions.

The sub- basin is mainly comprised of Archean
crystalline rocks such as gneisses, charnockite,
pyroxinite, amphibole granulite and myolinite.
Groundwater chemistry in the sub- basin is highly
variable in nature. Groundwater occurs and movements
in the sub basin are mainly in the weathered rocks,
fissures, fractures and joints. The TDS values varied
from 124 to 3335 mg/l. TDS depends upon the
groundwater interaction with different aquifer materials,
and anthropogenic activities such as application of
fertilizer, domestic sewage, and industrial effluent. The
groundwater ionic concentration sequences are Ca >K
>Mg>Na and CO >CI>SO > HCO >NO,. Groundwater
categories are fresh to brackish in nature, Ca and Mg
are mostly within the allowable category, NO, and
SO, are also within the allowable limit for domestic
purposes, The dominant water quality index falls into
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A comprehensive and detailed study of the Jurassic deposits of this zone during exploration drilling in the 1950s contributed to the
discovery of the Kokhanivske and Sudovovyshnianske oil deposits and Rudkivske gas deposit, as well as a number of oil and gas
manifestations. After that, the interest in the conditions of formation and stratification of Jurassic deposits increased. Researchers
have begun to treat them as the promising objects for oil and gas exploration. Jurassic deposits in the Pre-Carpathian Foredeep fill
a single depression — the Stryi Jurassic deflection, covered by a thick layer of Cretaceous and Neogene rocks. The study of their
geology and stratigraphy has acquired important applied and scientific significance, because stratigraphic research serves as a basis for
clarifying the history of geological development of the region, performing tectonic constructions, reconstruction of paleogeographic
and paleoecological conditions, comparison of productive horizons and specification of their stratigraphic position, search for new
objects promising for hydrocarbons. Extremely rare finds of paleontological remains (which are not always well preserved) do not
allow to unambiguously determining the age of the host rocks. It is still not always possible to clearly stratigraphically distinguish
and correlate these rocks due to weak paleontological study and partial uncertainty in the interpretation of the geological structure
of these strata. Despite the significant amount of research we have done, there are some debatable issues regarding the completeness
of the section of these rocks and the presence of separate stratigraphic units in them. For many years, we have studied in detail and
comprehensively bivalve mollusks found in the core of wells drilled in the Outer zone of the Pre-Carpathian Foredeep. As a result, the
age of the host strata was specified and confirmed, as well as the thickness of individual stratigraphic units.

Keywords: Pre-Carpathian Foredeep, Jurassic, fauna, paleostratigraphy, paleoecology.

Oco0auBocTi crpaturpaiyHoro NMOMMPEHHS Ta NAJE0eKO0JOris HPCbKUX BOCTYJIKOBHX
mouiockiB Ilepenkapnarcbkoro mpormuy

1. B. Ulattrnora, B.B. Kapaoun
Jlvsiscoruil HayioHanvHull yHisepcumem imeni Ieana @panka, Jlvsis, Vkpaina,e-mail: chigvos@ukr.net

Amnoranisi. [lepenxapnarTs — onuH 3 HaiigaBHIINX HadTOra3oM00yBHNX paifOHIB HAIIOI JIep)KaBH, KU II0pa3 OlblIe IPUBEPTAE
yBary HaykoBLiB. Y IlepenkapnaTcbkoMy NpOTHHI, B MeXaX HOro 30BHIIIHBOT 30HH, IOPCBHKI BiJKJIAJM 3aSraloTh Ha 3HAYHHX
rubunax (10 3000 M.) ToMy Maibke BCIO TeoIoTidHy iHPOPMALLIO PO HUX MU OTPUMYEMO BHHSTKOBO i/l 4aC BUBYCHHS KEPHOBOTO
Marepiaiay BimiOpaHoro mpu mpoBesieHHI OypoBux poOiT. BeebiuHe i geTanbHe BHBYCHHs IOPCHKHX BiJKJIAAIB 30BHINIHBOI 30HU
[lepenkapnarchkoro MpoOruHy IiJ] Yac MPOBEACHHS Fe0JI0r0-pO3BiayBaIbHOTO OypiHHA Y S0-X pOKax CIPHAIIO BiIKpHUTTIO KoxaHiBChKOTO
Ta CyZOBOBUIIHSHCHKOTO HAPTOBHX 1 PYIKiBCHKOTO Ta30BOTO POJOBUIIL, a TAKOXK BUSBUTU HU3KY HaTOra3omposBiB. [licist BIAKpUTTS
LMX BEJIMKUX MOKIAiB I[iKaBiCTh O YMOB YTBOPECHHS Ta CTPAaTUTpadidHOro po3MexyBaHHsS IOPCHKHX BIIKJIAIiB MOCHIMNACS.,
JlocniHUKY oYy cripuiiMary iX, sSIK MepCIeKTUBHUI 00’ €KT st po3nrykiB HaTH Ta rasy. Y IlepenkapmarchkoMy IpOTHHI BOHU
BUIIOBHIOIOTH €IMHUI TIPOTWH, KUl Mae Ha3By — CTPHHCHKHI IOPCHKHI IPOTHH, NEPEKPUTHH MOTY>KHOIO TOBIIEIO MOPIJ Kpeiau i
HeoreHy. [XHe reosoriuHe BUBUYCHHS Ta CTpaTurpadivHe po3MexyBaHHs HaOyJI0 BaXKJIMBOTO ITPUKIIAJHOTO i HAYKOBOTO 3HAYEHHS, aJKE
cTparurpadivdHi JOCTIPKEHHS CIyTyIOTh 023010 MPH 3’sICYBaHHI iCTOPIi 00T YHOr0 PO3BUTKY PETiOHY, JUIsl BUKOHAHHS TEKTOHIYHHX
mo0y/10B, pEKOHCTPYKIIT maneoreorpadivHux Ta MajeoeKoJIOTiYHIX YMOB, [UIS 31CTaBICHHS POIYKTHBHIX TOPH30HTIB Ta YTOYHEHHS
IXHBOTO CTPAaTHrPa(iuHOTO MOJOKEHHS, MOMIYKY HOBHX MEPCIEKTUBHHUX Ha BYIIEBOAHI 00’ekTiB. Haa3BuuaiiHO piAKicHI 3HAXiAKH
MAJICOHTOJIOTIYHUX PEHITOK HE 3aBKIH J00poi 30epekeHOCTI He Jal0Th 3MOTH OJHO3HAYHO TPaKTyBaTH BiK BMICHHX mopin. Uepes
ci1abKy MajJeoOHTONOT YHY BUBYCHICT Ta YACTKOBY HEBH3HAYCHICTh y TPAKTYBAaHHI I€0IIOr14HOT Oy/IOBH IIUX TOBII[ JOTENEP HE 3aBXK/IN
BJIAETHCS iTKO MPOBECTU CTpaTurpadivHe po3MeKyBaHHs Ta KOPEJIIOBATH Il yTBOpeHHs. He3Baxkatoun Ha 3HaYHHN 00CSIT BHKOHAHIX
HaMU JOCIIJDKeHb, TUCKYCITHUMH € JIesIKi MMTaHHS [I0JI0 TIOBHOTH IXHBOTO PO3pi3y Ta HAsBHOCTI B HUX OKPEMHUX CTPATHIrpadiqHIX
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mizpo3iiB. B pe3ynbrari eTanbHoro i BceOiYHOro BUBYEHHS HAMH YIIPOJOBXK 0araTboX POKiB JBOCTYJIKOBUX MOJIOCKIB, 3HAHICHHX
B KepHI CBEP/UIOBUH, IIPoOypeHux y 30BHimHIN 30HI [Ipenkapnarcbkoro mporuHy, yTouHEHO i MiATBEP/PKEHO BiK BMICHHMX TOBII, Ta

MOTY)KHOCTI OKPEMHX CTpaTUrpadiuHux Mmigpo3aiIiB.

Kmouoei cnosa: Ilepedkapnamcvkuii npocun, opa, ¢ayna, naieo, cmpamuepagis, naieoekoiozis.

Introduction

The Pre-Carpathian Foredeep is the complexly
built geotectonic structure of the first order which has
been formed in the Miocene during orogenesis of the
Carpathian geosyncline (on its north-eastern edge).
Jurassic deposits, developed in the territory of the
Ukrainian Pre-Carpathian region, form the independ-
ent structural element — the Stryi Jurassic deflection,
filled by the strata of terrigenous, terrigenous-carbonate
and carbonate rocks with the thickness of up to 1,000
m (Vyalov, 1950; Burov, Vishnyakov, 1985).

Information obtained during drilling operations in
the territory of the Pre-Carpathian Deflection in the
areas of Velyki Mosty, Pidluby, Stryi, Sokal, Sudova
Vyshnia, Pivnichni Medynychi, Pivnichna Kokhanivka,
Boniv, and others allowed others to interpret the spread
of Jurassic sediments in western Ukraine. The well re-
vealed a thick layer of Jurassic sediments, the age of
which was determined by the finds of foraminifera,
mollusks, spores and pollen. On this basis, conclusions
were drawn about the wider than expected Jurassic de-
posits within a single Jurassic depression.

The asymmetric structure of the Stryi Jurassic
deflection was determined. Its western and eastern sides
differ in thickness, lithological and facial features and
rocks’ dislocations. The south-western part is composed
of a thick layer of intensively dislocated rocks of the

Lower—Upper Jurassic, which are divided into blocks by
a system of faults. The north-western part is composed
of Oxford-Tithonian rocks, which lie monoclinally
and have small thickness. A characteristic feature of
the sediments is a gradual increase in the thickness
and completeness of the section in the western—south-
western directions. The maximal thickness of Jurassic
sediments was recorded near the Krakovetskyi fault
(Dulub, 1964; Leshchukh, 1978).

Conformable bedding of the Middle Jurassic depos-
its on the underlying Lower Jurassic strata has been de-
termined, and it is non-conformably covered by rocks
of the Upper Jurassic.

The performed studies (Gavrilishin and Karpenchuk,
1982) made it possible to improve the biostratigraphic
basis of the Pre-Carpathians Jurassic sediments, which
are generally poor in paleontological finds.

We have tried to investigate more fully and com-
prehensively some of the controversial issues related
to the completeness of the section and the stratigraphic
delimitation of the Jurassic strata in the Pre-Carpathian
Foredeep. To do this, we used new paleontological finds
discovered in the wells of Romanivska-1, Podiltsi-1,
Podiltsi-2, Yurivska-1, Yurivska-2 and others (Fig. 1).
As aresult of the performed researches quite interesting
changes in quantitative and species diversity of the re-
vealed and defined paleontological forms are recorded.

Fig. 1. Schematic map of well locations: I — Yurivska-1; 2 — Yurivska-2;
3 — Romanivska-1; 4 — Podiltsi-1; 5 — Podiltsi-2.
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The available geological and geophysical material
has been analyzed, which is important for the study of
the vertical distribution of macrofauna. This is of sci-
entific and applied importance for the study of the stra-
tigraphy of Jurassic (and not only) sediments. Particular
attention has been paid to the lithological composition
of the host rocks, the patterns of their occurrence and
the thickness of the various layers.

Materials and methods of research

Samples for research were selected during the study
of the core material. In total, more than 200 samples
with paleontological remains from more than 40 wells
were processed. The core material from the follow-
ing drilling areas was analized: Kokhanivska, Rudky,
Bortiatyn, Pivnichni Medynychi, Hrushiv, Lopushna,
Dashava, Verbizh, Paryshche, Verchany, Boniyv,
Karolina, and others (Slavin, Dobrynina, Efimova,

- —{L- —
W

1967; Leshchukh, Bubnyak, 1991). A significant amount
of published and fund geological and geophysical ma-
terial has been studied and analyzed in detail. The per-
formed researches are a fundamental part of the com-
plex estimation of prospects of oil and gas potential of
the Pre-Carpathian oil and gas region Jurassic depos-
its, a scientific basis for carrying out prospecting and
geological survey works. They can be used to dissect
and correlate well sections in promising areas, as well
as to determine or refine the age of stratigraphic inter-
vals and productive horizons (Shainoga, Leshchukh,
Hotsanyuk, 2001).

During the monographic study of paleontological
material, the terminology and systematics given in the
handbook “Fundamentals of Paleontology” (1960, in
Russian) edited by A. G. Eberzin have been taken as
a basis (Fig. 2).

AE — anterior edge; VM — ventral (abdominal) margin; PE — posterior edge;
HL — hinge line; W — wing; H — height; L — length; a — apical angle.

PE
AE

7

H

_/

=
B o e - &

L P_—  —=

H — height; L — length; ¢ — convexity; a — umbonal angle.

Fig. 2. Scheme of the bivalve mollusk shell structure.

During the research we comprehensively applied
lithological and biostratigraphic methods of studying
paleontological remains, which were slightly changed
and supplemented in accordance with the subject of
research, the main tasks and geological features of
the region.

We used the lithological method to dissect and com-
pare sediments according to a set of lithological features,
described rocks, and distinguished their lithogenetic
types. We performed these works taking into account
the recommendations set out in many methodological
works (Romanov, 1973, etc.). The relative and abso-
lute ages of rocks have been determined in the region,
sections have been compared, local lithostratigraphic
units have been sorted by age and position relative to
stratons of the general stratigraphic scale, and biostrati-
graphic characteristics of local and general stratigraph-
ic units have been improved.

The biostratigraphic method was used to dissect
and correlate sedimentary strata with the remains of
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paleoorganisms (fossils). We conducted biostratigraph-
ic studies at all stages of stratigraphic study, also clar-
ified the physical and geographical parameters of the
paleoenvironment, and supplemented the facial char-
acteristics of sediments (Merklin, 1949; Hecker, 1954).

The subject of research is the remains of paleoor-
ganisms and host sedimentary rocks. Fossils have been
studied in two directions that are closely related and
are the stages of biostratigraphic research. The core
and the interval location of the remains of bivalve mol-
luscs were described in detail at the first (field) stage.
At the second (laboratory) stage, we performed a mor-
phological description of the remains of paleoorgan-
isms, determined their species and genus composition
by the morphological-comparative method, and ana-
lyzed the distribution of the defined forms in the sed-
imentary strata.

The source material was information on the distri-
bution of fossils in section and laterally. The compo-
sition of fossil complexes reflects the structure of bio-
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cenoses and is determined by the degree of evolutionary
development of biota, ecological relations between or-
ganisms, abiotic environmental factors and taphonom-
ic conditions of burial and fossilization of fossil forms.

Results

The basis of the comprehensive research was the
study of the macrofauna of bivalve mollusks. Diagnosis
of shells was based on the study of their shape, size and
sculpture. During the species diagnostics, depending
on the quality of material preservation, it is not always
possible to find all the elements of the external and in-
ternal structure. Poor preservation of paleontological
material in many cases complicates its diagnosis. It is
difficult to determine one or more typical morpholog-
ical features for each species, because the degree of
preservation of the material in each case is very dif-
ferent (Shinoga, 2001).

Preservation of the material is diverse: the remains
of bivalve mollusks occur mainly in the form of imprints
of internal and external casts, occasionally — whole
skeletons. There is a mechanically destroyed materi-
al, the bulk of which is the imprints of the valves and
a large number of fragments, which is often observed
in the host rocks.

Imprints of sashes: Phaenodesmia cf. arzisiensis
Rom., — four specimens, Nucula eudorae Orb. — four,
N. subovalis Boriss. —three, Leda lacryma Sow. — two,
Leda mucronata Sow. —two, Leda acuminata Gold.,
—one; Cucullaea cucullata Gold. — one, Entolium
demissum Phill. — three, E. singulatum Gold. — one,
Anisocardia cf. minima Sow. — four, Goniomy rec-
ta Pcel. — three, Goniomya sp. — one, Parallelodon
sp. nov. — one, Posidonia buchi Roem. — eight, Lima
(Plagiostoma) subrigidula Schlippe. — one, Pleuromya
tenuistriata Gold. — one, Pleyromya caudata Terg
et Jourdy. — one, Nucula jagmanica Sibir. — one,
Nucula simetrica Boris. —one, Cucullaea subdecus-
sata Gold. — one, Oxytoma scarburgense Rollier. —
one, Laternula undulata Sow. — one, Leda acumina-
ta Gold. — one, Parallelodon elongatum Sow. — one.

Internal cores: Pholadomya murchisoni Sow. —
two, Pholadomya solitaria Mor. et Lyss. — one,
Goniomya baysunensis Gold. — three, Astarte cf. or-
bicularis Sow. — one, Pinna buchi Koech et Dunker.
—one, Pleyromya decurtata Phill. — one, Pleyromya
balkhanensis Pcel. — one.

Whole skeletons: Astarte pulla Roem. — four.

In most fossils the surface of the fossil is covered
with sculpture, in some forms it is clearly expressed, in
others the sculptural elements are less clear, they can be
clearly seen only under binoculars, on some imprints
sculpture is practically absent.

Radial sculpture: Cucullaea cucullata Gold.,
Goniomya baysunensis Gold., Pholadomya murchi-

soni Sow., Pholadomya solitaria Mor. et Lyss.,
Entolium demissum Phill., E. singulatum Gold., Lima
(Plagiostoma) subrigidula Schlippe., Pinna buchi
Koech et Dunker., Leda lacryma Sow., Leda mu-
cronata Sow.

Concentric sculpture: Pleuromya tenuistriata Gold.,
Pleyromya caudata Terg et Jourdy., Pleyromya de-
curtata Phill., Pleyromya balkhanensis Pcel., Nucula
eudorae Orb., N. subovalis Boriss., Astarte pulla
Roem., Anisocardia cf. minima Sow., Posidonia bu-
chi Roem., Leda acuminata Gold., Phaenodesmia
cf. arzisiensis Rom.

Radial-concentric: Parallelodon sp. indet.;
Divaricate: Goniomy recta P&el., Goniomya baysun-
ensis Gold., Goniomya sp.

Found remains of bivalve mollusks vary in shape
and size. In terms of shape, most specimens have an
oval-elongated shell. Oval: Pleyromya balkhanensis
Pcel., Pleuromya tenuistriata Gold., Nucula subova-
lis Boriss., Nucula eudorae Orb., Nucula jagmani-
ca Sibir., Nucula simetrica Boris. Round-rhombic:
Cucullaea cucullata Gold. Oval-elongated: Pleyromya
caudata Terg et Jourdy., Pleyromya decurtata Phill.,
Goniomya baysunensis Gold., Leda lacryma Sow.,
Leda mucronata Sow., Phaenodesmia cf. arzisiensis
Rom., Goniomya sp. Round: Lima (Plagiostoma) sub-
rigidula Schlippe., Goniomy recta Pcel., Posidonia
buchi Roem., Astarte pulla Roem., Anisocardia cf.
minima Sow. Round-triangular: Pholadomya murchi-
soni Sow., Pholadomya solitaria Mor. et Lyss.,
Parallelodon sp. indet., Leda acuminata Gold.,
Entolium demissum Phill., E. singulatum Gold. Cone-
shaped: Pinna buchi Koech et Dunker. (10 %).

Large: Cucullaea cucullata Gold., Entolium demis-
sum Phill., E. singulatum Gold., Pholadomya mur-
chisoni Sow., Pholadomya solitaria Mor. et Lyss.,
Goniomy recta Pcel., Goniomya baysunensis Gold.,
Goniomya sp., Leda acuminata Gold., Parallelodon sp.
indet., Posidonia buchi Roem., Pinna buchi Koech et
Dunker., Lima (Plagiostoma) subrigidula Schlippe.,
Pleuromya tenuistriata Gold., Pleyromya caudata Terg
et Jourdy., Pleyromya decurtata Phill., Pleyromya
balkhanensis Pcel., Oxytoma scarburgense Rollier.

Medium: Nucula eudorae Orb., Anisocardia cf.
minima Sow., Cucullaea subdecussata Gold.

Small: Astarte pulla Roem., Leda lacryma Sow.,
Leda mucronata Sow., Phaenodesmia cf. arzisiensis
Rom., Nucula subovalis Boriss. Nucula jagmanica
Sibir., Nucula simetrica Boris.

According to the degree of sashes convexity:

Very convex: Leda mucronata Sow., Cucullaea
cucullata Gold., Pholadomya murchisoni Sow.,
Pholadomya solitaria Mor. et Lyss., Goniomy rec-
ta Pcel., Goniomya baysunensis Gold., Goniomya sp.,
Pinna buchi Koech et Dunker., Lima (Plagiostoma)
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subrigidula Schlippe., Pleyromya caudata Terg et
Jourdy., Pleyromya decurtata Phill., Pleyromya
balkhanensis Pcel.

Anisocardia cf. minima Sow., Leda lacryma
Sow., Posidonia buchi Roem., Pleuromya tenuist-
riata Gold., Parallelodon sp. indet., Astarte pulla
Roem., Phaenodesmia cf. arzisiensis Rom., Nucula
eudorae Orb., N. subovalis Boriss., Nucula jagman-
ica Sibir., Nucula simetrica Boris., Cucullaea sub-
decussata Gold., Oxytoma scarburgense Rollier.

Flat: Entolium demissum Phill., E. singulatum
Gold.

The material is unsorted: there are shells of differ-
ent sizes in one interval. The forms are oriented hori-
zontally to the bedding plane, mainly convex upwards.
There are accumulations of sashes (well Romanivska-1)
or separate scattered sashes (Yurivska-1, Yurivska-2,
Podiltsi-1, Podiltsi-2). A large number of shell detritus
is represented by fragments of different sizes, which
are located in the rock in individual spots. Findings
of forms are confined to the middle part of interbeds
(Shaynoga, Leshchukh, 2002).

The largest number of specimens was found in the
lower part of the section, and in the middle and upper
ones only remains of individual forms are available.

Imprints of the right or left sashes and individual
cores predominate among the finds, with casts more
common in the upper part of the section and imprints
of the sashes — in the lower part. In most cases, these
are imprints of the left or right sashes, which lie con-
vex upwards.

Most of the fauna buried in aleurolites retains its
shape, because during diagenesis the volume of the
substance that fills the shell is almost not reduced, and
the shell is not deformed. Organic remains are better
preserved in more solid and denser rocks during me-
chanical deformations. An important factor for conser-
vation is also the rate of sedimentation.

Selected types of mollusk burial are typical for cer-
tain hydrodynamic conditions. They can be used as in-
dicators of changes in the aquatic environment during
sedimentogenesis, which is a major factor in the forma-
tion of taphocenoses and various forms of preservation.

Stenogaline forms have been identified among the
found fossils, in particular, the genus Leda, which was
studied by R. L. Merklin (Merklin, 1949). According
to him, it is a benthic form, the habitat of which was a
salt basin (salinity at least 28 %eo), the conditions were
calm, the soil was soft, representatives of this genus
could tolerate oxygen deficiency.

Representatives of the genus Nucula are seden-
tary; they are shallowly buried in the bottom sediment
and can move in it. These are mainly inhabitants of
the soft sandy-clay soils of the sublittoral, most pop-
ulations are observed at a depth of up to 90 m. These
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are fairly eurythermal organisms, living in warm tem-
perate and cold reservoirs.

Most of the found forms are stenogaline normal-ma-
rine individuals (70 %), some of them occur in desalinat-
ed areas of the basin, in particular Entolium demissum
Phill., Entolium singulatum Gold. (25 %), and sub-
saline water areas, such as Astarte pulla Roem. (5 %).

The temperature of the sea basin is important for
determining the paleoecological living conditions of
mollusks. The vast majority of forms are stenothermic
(tropical and subtropical): Posidonia buchi Roem.,
Pholadomya murchisoni Sow., Pholadomya solitaria
Moriss et Lycett. (50 %), part of mollusks — sten-
othermal boreal: Astarte pulla Roem. and stenother-
mal arctic: Nucula subovalis Gold., Nucula cf. eudo-
rae Orb., Nucula simmtrica Boriss., Nucula jagmani-
ca Sibir., Leda lacryma Sow., Leda mucronata Sow.,
Cucullaea cucullata Gold., Cucullaea subdecussata
Gold. (Quenstedt, 1858; Roemer, 1911).

We found the fauna in narrow intervals of the sec-
tion with the thickness from the first meters to 10 m.
The number of fossil remains is insignificant, and they
almost do not form mass accumulations. They are placed
unevenly in the vertical section.

The genus and species composition of the fauna of
bivalve molluscs defined by us is represented mainly by
representatives of the following orders: Desmodonta
(desmodonts) — genera: PHOLADOMYA (Pholadomya
cf. murchisoni Sowerby, 1827, Pholadomya soli-
taria Morris et Lycett, 1850, Goniomya recta
Péelincev, 1927, Goniomya baysunensis Borissjak,
1910, Goniomya sp.); PLEUROMYA (Pleuromya
balkhanensis P&elincev, 1928, Pleuromya decurta-
ta Phillips, 1829, Pleuromya coudata Terquem et
Jourdy, 1869, Pleuromya tenuistriata Goldfuss,
1836); LATERNULA (Laternula undulata Sow., 1819);
Anisomyaria (anisomyarian) — genera: OXYTOMA
(Oxytoma, Meek, 1864, Oxytoma scarburgense
Rollier, 1914), PINNA (Pinna buchi Koch et
Dunker, 1837), POSIDONIA (Posidonia(Bositra)
buchi Roemer, 1836), LIMA (Lima (Plagiostoma)
subrigidula Schlippe, 1888), ENTOLIUM (Entolium
demissum Goldfuss, 1834, Entolium singalatum
Goldfuss, 1836); Taxodonta (taxodonts) — gen-
era: PHAENODESMIA (Phaenodesmia arzisiensis
Romanov 1973), LEDA (Leda lacryma Sowerby,
1824, Leda mucronata Sowerby, 1824, Leda acum-
inata Gold., 1826), NUCULA (Nucula subovalis
Goldfuss, 1836, Nucula eudorae Orbigny, 1847,
Nucula jagmanica Sibir, 1960, Nucula simetrica
Borissjak, 1904), CUCULLAEA (Cucullaea cu-
cullata Goldfuss, 1837, Cucullaea subdecussata
Gold., 1838), PARALLELODON (Parallelodon sp
indet., Parallelodon elongatum Sow., 1824) 12 spe-
cies; Heterodonta (heterodont) — genera: ASTARTE
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(Astarte pulla Roemer, 1836, Astatre cf. orbicularis
Sow., 1812), ANISOCARDIA (4nisocardia ct. min-
ima Sowerby, 1837) (Table 1).

Taking into account the significance of each pale-
ontological find, as well as the fact that information on
the composition, number and degree of preservation
of mollusks was obtained during a detailed study of

the core, we compared our materials with lithogenet-
ic types and facies of potential oil and gas deposits of
other regions. This approach makes it possible to ob-
tain a comprehensive lithological-facial and paleonto-
logical characteristics of sediments — the main source
material for further research and constructions (Koch
et Dunker, 1837).

Table 1. Stratigraphic distribution of Jurassic bivalve mollusks within the Pre-Carpathian Foredeep

Geological age

Name of the species Bajocian

Images of

Bathonian Callovian

LIM|U

bivalves, x 2

LI{M[u|L|[M[U

Phaenodesmia cf. arzisiensis Rom.

Nucula subovalis Boriss.

Nucula eudorae Orb.

Nucula jagmanica Sibir.

Nucula simmetrica Boriss.

Leda lacrima Sow.

Leda mucronata Sow.

Leda acuminata Gold.

Cucullaea cucullata Gold.
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Continuation of Table 1

Geological age
Name of the species Bajocian Bathonian Callovian
LiM[u|L|[M[Uu|L|[M][U

Images of
bivalves, x 2

TR )

&

Cucullaea subdecussata Gold.

Parallelodon elongatum Sow.

Parallelodon sp. nov.

Oxytoma scarburgense Roll.

Pinna buchi Koech et Dunker.

Posidonia buchi Roem.

Lima (Plagiostoma) subrigidula Sch.

Astarte pulla Roem.

Astarte cf. orbicularis Sow.

Anisocardia cf. minima Sow.
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Continuation of Table 1

Geological age
Name of the species Bajocian Bathonian Callovian
LiM[u|L|[M[Uu|L|[M][U

Images of
bivalves, x 2

Laternula undulata Sow.

Pholadomya murchisoni Sow.

Pholadomya solitaria Mor. et Lyss.

Goniomy recta Pcel.

Goniomya baysunensis Gold.

Goniomya sp.

Pleyromya balkhanensis Pcel.

Pleyromya decurtata Phill.

Pleyromya caudata Terg
et Jourdy.

Pleuromya tenuistriata Gold.

Entolium demissum Phill.

Entolium singulatum Gold.
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The complex of rocks in which Jurassic macrofau-
na has been found most often is represented by grey to
black non-calcareous hard argillites and fine-grained
quartz sandstones. There are greenish-grey non-cal-
careous aleurolitess in some places, as well as grey
non-calcareous thin-layered mica quartz sandstones.
Sometimes one can find calcareous argillites with or-
ganogenic detritus. Small charred plant remains and
pyrite grains are found throughout the section (Fig. 3).

The results of our studies of bivalve mollusks from
Jurassic deposits of the Pre-Carpathian Foredeep Outer
zone indicate the following: the forms we found have
a relatively narrow range of stratigraphic distribution
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Fig. 3. Geological sections of the studied wells.
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(Bajocian—Bathonian, Callovian), so they reliably prove
the wide development of the Middle Jurassic deposits
in the zone and allow to perform their much more de-
tailed stratification and correlation. The species compo-
sition of the bivalve molluscs we have identified indi-
cates a direct or very close connection between the Pre-
Carpathian Jurassic and the Pre-Dobrogea sea basins.

The distribution of fauna in the Jurassic Sea was
mainly due to the presence of different facial zones.
The bionomic features of these zones contributed to
the formation of a complex of fauna that adapted to
certain conditions.
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Conclusions

On the basis of a comprehensive study of bivalve
molluscs, the biostratigraphic characteristics of the
Jurassic stratum of the Pre-Carpathian Foredeep Outer
zone have been significantly supplemented. The bi-
valve mollusks from Jurassic sediments were identi-
fied and monographically studied for the region first.
Peculiarities of their stratigraphic distribution in the re-
gion are revealed. There are two stratigraphic levels of
maximal distribution of mollusks, which differ in the
saturation of fauna, its species diversity and orienta-
tion in the section. Bivalve mollusks are in the lower
and upper parts of the section.

We paleontologically substantiated and confirmed
the allocation of Bajocian, Bathonian and Callovian
stages and defined their limits. The biostratigraphic
characteristics of the studied strata have been improved,
and it has also been proved that there was no significant
break in the sedimentation at the Bathonian—Callovian
boundary. The conditions of sedimentogenesis during
the Middle Jurassic have been reproduced.

The lithostratigraphic delimitation of the Jurassic
stratum with the allocation of two secondary lithostrati-
graphic subdivisions has been detailed, and their strati-
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Anthropogenic impact on the shores and the bottom of the Jebriyan bay in the Northwestern
part of the Black Sea

Yuriy D. Shuisky, Galina V. Vykhovanetz, Ludmila V. Organ, Mukete Theophilus N. Moto

Odessa I.1. Mechnikov National University, Odessa, Ukraine, physgeo onu@ukr.net, muketem2002@yahoo.com

Received: 14.01.2021 Abstract. The Jebriyan Bay is located in the northern part of the Kiliya Danube Delta,
Received in revised form: 25.10.2021 at a junction of the delta cone and the indigenous coast. This is a zone of very high
Accepted: 27.11.20221 anthropogenic impact on the Danube Biosphere Reserve. The two opposite shores of this bay

are fundamentally different. Along the northern shore, the Northwest coastal sand sediment
flows discharge from the Cape of the Great Fontanne to the Jebriyan Bay. That is why the northern coast of the bay is made up of
sandy forms of coastal topography (marine accumulative terrace and spit). The southern coast is deltaic; composed of a mixture of
muddy, siltstone and sandy sediments. The area of the bay is limited to isobaths —11 m and is about 80 km?. The bottom of the bay has
a gentle relief, made up of smooth outlines, with an average depth of 6.2 m. The shape of the transverse profile of the underwater slope
is mostly convex. The natural system of the bay was affected by fishing, recreation, shipping and industrial sand production on coastal
accumulative landforms. Coastal fishing uses a system of fixed bottom seines and small motorized floating equipment. Recreational
facilities are designed to serve about 350 thousand people during the warm period each year. The impact of shipping was expressed in
the construction and operation of the seaport of Ust-Dunaysk, together with suitable canal and the technical canal between the sea and
the branch of the delta breakthrough the system of the large Ochakov branch. The ladle port had an area of about 1.5 km?, a maximal
depth of 16 m, and an average depth of 13.7 m. The trough was connected to the Ochakov branch of the Danube Delta by a technical
canal with a depth of 4 m. Vessels could enter the harbor of Ust-Danube through an access navigation channel with a depth of 11-12
m and a bottom width of 125 m. The port was used for the transshipment of large containers, general forest cargo from ocean vessels
(displacement of 60—100 thousand tons) on regular sea lines from the countries of Southeast Asia to the Black Sea, to the Danube
and further to the countries of Central Europe and to the ports of the North and the Baltic Seas. But it was unfortunate that the port
construction site did not last as expected. Between 1980-2010 the harbor and approach canal of Ust-Dunaysk were filled with Danube
river sediments. The example of Jebriyan Bay has shown that when executing any type of sustainable nature management project, it is
very important to take into account the natural milieu.

Keywords: Northern Black Sea, Danube Mouth, Jebriyan bay, dynamic, sediment, economy significance.

BruiuB anTpomnoreHHoro ¢gaxkropy Ha Oeper i q1HO 7KeOpissHCHbKOI OyXTH B NMiBHIYHO-3aXiaHIil
yacTuHi YopHoro mops

HO0piit 1. Ulyiicekuit, 'amuaa B. Buxosaners, JIrommuna B. Opran, Myxkete Teodinyc H. Moto

Ooecwvrutl nayionanvrull yuieepcumem imei I. 1. Meunukosa, Odeca, Vkpaina, physgeo onu@ukr.net,
muketem2002@yahoo.com

Amnoramisi. )KeOpistHchKa OyxTa 3HaXOANTHCS B MiBHIUHIN yacTuHi Kinilicekoi nensru JlyHaro, Ha CTHKY JIEIBTOBOTO KOHYCa i KOPIHHOTO
MOPCBKOTO Oepera, B 30HI aHTPOIMOreHHOro BIUUBY JlyHalichbkoro 6iocgepHoro 3amoBigHuka. J[Ba mpoTHISKHUX Oepera AaHoi OyXTH
JIOKOPIHHO BIJIPi3HSIOTBCS. Y3[0BXK MIBHIYHOTO Oepera BigOyBaeThCsl po3BaHTaXEHHs I[liBHIYHO-3aXiZHOTO B3I0BXKOEPEroBOro
MOTOKY Mill[AHMX HAHOCIB, KU MOMINPIOEThCS Bif Mucy Bennkuit @onran i 10 XKebpistcpkoi Oyxtu. Tomy miBHIYHUI Oeper OyXTH
MpeACTaBIeHNH MiaHuMu GopmamMu OeperoBoro penbedy (MOPCHKOIO aKyMYJISTHBHOIO Tepacoro i kocoro). [liBmeHHmii Oeper €
JIETBTOBUM, BiH CKJIAJA€ThCS 3 CYMIlll MYJHCTHX, aJleBPUTOBHX 1 MIIaHuX HaHOCIB. [lmoma Oyxtn oOMexyeThes i300aroro —11 m
i cranoBuTh Om3bK0 80 kM. JTHO OYXTH Ma€ MOJNOTHI pelbed), 3 TIaIKUMU KOHTYpaMHU, cepeHs mmbuna 6,2 M, hopMa mornepeaHoro
IpoiTIo MiIBOAHOTO CXHMITY BOCHOBHOMY oItyKia. [Ipuposna ciuctema OyXTH ITinaa Imij BIDIMB pHOAIbCTBA, peKpearlil, CyHOIIaBCTBa,
TIPOMHCIIOBOTO BUI00YTKY MICKy Ha OeperoBHX aKyMYISITHBHHX (opmax penbedy. [Ipndepesxanii 10B prOH BUKOPUCTOBYE CHCTEMY
CTaBHHX 1 IOHHUX HEBOJIB, Maji MOTOPHI IUTaBydYi 3aco0u. Pekpealriiine rocnomapcTBo po3paxoBaHe Ha O0OCIYroByBaHHS OJM3bKO
350 THCs4 JoAed NpOTIroM TEMJIOro mepiofy B poli. Brume cyqHomiaBcTBa BUpa3swiiocs B OyAiBHHMITBI 1 eKCIUTyaTalii MOPCHKOTO
nopty Ycrb-JlyHalChbK, pa3oM 3 MiAXiTHUM KaHAIOM 1 TEXHIYHUM KaHaJIOM MK MOpeM i JAenbTOBUM pykaBoM IIpopsa, B cucTemi
Benmkoro OvakiBehKoro pykasa. [1opToBuii KiBIl MaB oty 01u3bko 1,5 kKM%, MakcuManbHy uOuny 16 M, cepennto 13,7 M. Kism
OyB 3’emHaHul 3 O4aKiBChKUM PYKaBOM JIeNbTH JlyHat0 TeXHIYHIM KaHaJIoM, ITHOMHOO 4 M. CynHa MOTJIM 3aXOIUTH B TaBaHb YCThb-
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JlyHaiicbka 1Mo MiZXiHOMY HaBiramiiHoro kanamy 3 rauOuHamu 11-12 M., mupuHO Mo AHy 125 M. [TopT BUKOPHCTOBYBABCS ISt
MepeBaJIKU BEIMKUX KOHTEIHEepiB, reHepalbHHX, JIICOBUX BAaHTAXIB 3 OKEAHIYHUX Cy/leH (BOAOTOHHaXHICTh 50-90 THCSY TOHH) Ha
perymsipuux JiHisix 3 kpain I[liBgenHo-cxinnoi Asii Ha Yopue mope, B [yHaii i gami B kpainu Llenrpanbnoi €Bponu i 10 mopriB
[liBuiunoro i banriiicbkoro mMopiB. Micuie OyaiBHHIITBa MOPTY BHUSABUIIOCS BKpail HeBmamuM, i B mepion 1980-2010 poku raBanb
1 miaxigauit kaHan Ycre-JlyHalicbka Oyny 3aroBHEH] JyHaCHKUME piukoBUMH HaHocaMu. [Ipukiman XKeOpisHCbKoi OyXTH MOKa3aB, siK
Ba)KJIMBO BPaXOBYBAaTH MPUPOIHE OOTPYHTYBAHHS Oy/b-SIKOTO BHIY PAI[iOHATEHOTO IPHPOJOKOPUCTYBAHHS.

Kniouosi cnosa: Iieniune [puuepnomop 'a, eupno [Jynaro, JKebpiancoka Oyxma, OUHAMIKa, 0cadosi nopoou, 20Cno0apcvke 3HA4eHHsL.

Introduction.

The Jebryan bay occupies a special geographical
place on the northern coast of the Black Sea. Its
formation is associated with the development of the
Kiliya part of the Danube Delta under the influence of
a strong wave-energy with a vector in the south-west
direction. During the Holocene era, giant sediments of
runoff from the Danube delta led to its rapid extension
into the open sea. The demolition of alluvium to the
south made the northern part of the delta to form
a concavity of the coastline in the form of a small bay
at the junction with the indigenous coast of the sea in
the Jebriyan section. The southern part of the bay is
made up of a delta coast which is composed of sandy-
silty and silty deposits washed by the alluvium of the
Danube River. It is connected by a canal with one of the
largest delta branches — Ochakovsky. Until the mid-90s
of the twentieth century, it remained the main shipping
port in the Kiliysky branch. Along the northern shores
a coastal sandy stream of terrigenous sediment of about
150 km long are deposited. This led to the formation
of the sandy embankment of the Sasyk estuary, the
accumulative terrace of Volchék and the Jebriyan spit
in the Southern part. The Danube silty and terrigenous
coastal deposits also fill the bottom of the bay which
forms a calm bottom relief with smooth outlines.

The aforementioned features created favourable
conditions for vigorous economic activity developed in
the bay and on its shores. Fishing remained traditional
(Zaitsev et al., 2006) until the end of the twentieth
century, 3 large fishing and processing points operated
on the shores of the bay with a system of coastal
fishing equipments. On the northern shore of the bay
the wide sandy beaches on the Volchek terrace began
to be massively used for recreational purposes. This
gave birth to a sea side resort village in Primorskiy.
In 2019 summer there were 123 boarding houses and
recreation centres for people with the appropriate
infrastructures (rescue station and boat rental, shops,
regular transport, pharmacy, bank branch, medical
centre, these are just a few of them). Over the past 5
years, about 350 thousand people have been using the
recreational services of the Primorsky Recreation Zone.
In the southern delta coast of the bay, the Lighter Fleet
Base began its work in the southern delta coast of the
bay in 1972, and in 1980 the seaport of Ust’-Dunaysk
became operational. Floating containers passing through
this port to the Danube cargo transported mostly from
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the ports of Saigon (Vietnam) and Calcutta (India) to the
European countries through the Danube water system
on regular navigation routes. A deep suitable canal for
ships with a displacement of up to 100 thousand tons
was built along the coastal shallow water to the port.
In the Danube, containers were carried along the delta
branch of the opening which was deep in the 70-80s
of the 20th century. It ensured the unhindered passage
of Black Sea containers to the Danube right up to the
port of Passau (Federal Republic of Deutschland).

Despite this huge economic potential, for several
decades now the Jebriyan Bay and its shores have been
experiencing high rate of anthropogenic pressures.
The natural system is subject to significant stress. It is,
therefore, very important to evaluate the natural state
of the bay in recent years as shown in the figure 1.
Moreover, since 1998 this bay has been included in the
zone of traditional permissible anthropogenic activity
of the local population. It is also the part of the Danube
Biosphere Reserve which requires the sustainable use
of natural resources in a fragile natural delta system.

The aim of this manuscript is to identify and study
the dynamics and morphological patterns of the Jebriyan
bay coasts (northern coast of the Black Sea) in order
to minimize the high rate of economic use of natural
resources. To achieve this goal, the study set out some
basic tasks: a) the physical and geographical conditions
for the formation of the bay coast; b) the main features
of dynamics of the bay coast; c) the lithodynamic
processes in the bay; d) an assessment of the mutual
influence of nature in the bay and the economic facilities
on the banks and bottom of the bay. This article is
prepared basing on the results of the field work carried
out in the Jebriyan bay (fig. 1).

Review of previous researches.

Previous researches have shown that within the past
decades there have been much concern on the degrading
nature of the Danube Delta which is considered to be
an economic hub and Europe’s largest delta. This study
highlights the contribution of some prominent authors
by tracing the history of studies already carried out in
this Delta. As far back as the ancient times, the Danube
Delta remains the economic hub and European largest
and most important river transport artery.

Although, in spite of this potential, it is unfortunate,
that scientific interest on this delta is usually counted
from the middle of the XIX century when scientific
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Fig. 1. The location of Jebriyan bay within the boundaries of
the Kiliya part of the Danube Delta: A — the arrow indicates the
location of the bay; B —the contours of the coast of the bay. Digits:
1 — Belgorodskiy branch; 2 — Soloniy bay; 3 — Polunochniy bay;
4 —Prorva branch. Hydrometeorological Stations: a — Primorske;
b — Ust’-Dunaysk; ¢ — Vilkove.

research began with the purpose of developing
a permanent shipping line through the Danube Delta
to the Black Sea (Nikiforov and Diaconu, 1963). Some
detailed research was carried out by the European
Danube Commission and the Russian Corps of Railway
Engineers as pointed out by Mikhailov & Morozov,
2004. In a similar manner, Lelyavsky, Lishin, Rummel,
Chekhovich and a host of other authors were cited in
the monograph.

The most famous studies of the Kiliya delta were
carried out by the European Danube Commission
(1922), the Hydrographic Service of Romania (1930
and 1943), the Hydrographic Service Navy of the USSR
(1940, 1956, 1986), the Ukrainian Navy (1998, 2018)
and the Danube expedition of the Black Sea Research
Institute of the USSR Marine Fleet (1957, 1976, 1989,
2002). In the end of the twentieth century and at the
beginning of the twenty-first century, biological and
hydrological surveys in the Jebriyan bay were conducted
by the Institute of Biology of the South Seas of the
National Academy of Sciences of Ukraine and Odessa
State Ecological University. A significant amount of
research has equally been carried out by Bondar and his
staff at the Delta Nature Reserve as cited by Munteianu
in 2002.

Zenkovich (1943) was the first to pay a close
attention to the nature of the Jebriyan bay. His findings
proved that the bay is a facility of close interaction of
natural systems in the delta and the adjacent coastal

indigenous systems in accordance with the theory
of coastal science (Fig. 1). This phenomenon made
it possible to establish finally the processes of the
Holocene evolution of the Danube Delta (Petrescu,
1963; Zenkovich, 1958). Its influence led to the
emergence and development of the Jebriyan bay. The
first research of sediment shore composition were
carried out in the early 60s by Shuisky, 1966 and an
article specially dedicated to the sediment shore was first
published in 1969 by Shuisky. A detailed analysis of the
morphology and dynamics was performed in this article
with the help of the wind-wave energy flows of sediment
distribution. Unfortunately, according to the Romanian
researchers (Petrescu, 1963; Gastescu, 1993) neither the
bay, nor its key litodynamic significance has been given
to the adequate attention it deserved from policy makers.
The relationship between the structure and dynamics
of the entire Danube Delta and its evolution during
natural history has been highlighted by (Andrianova et
al.,2011; Panin, Jipa, 2002). Researchers also obtained
numerical data on the velocities and signs of long-term
fluctuations in the Black Sea level over the past century.
The coast of the bay is shown in the Fig. 2.

—_——— 5 ]|

Fig. 2. The structure of the Jebriyan bay as part of the Danube
estuary. Secondary "delta bays": a— Durnoy; b — Zebriansky; ¢ —
Belgorod; d — Salty; e — Polunochniy; f— Ochakov Branch; g—the
mouth of the Prorva. Onshore facilities: 1 —location of coastal
surveying and ground tacks; 2 —the average long-term separation
point of the lithodynamic section of delta and beach sediments of
the root shore; 3 —bucket of the port of Ust’-Dunaysk; 4 — route
navigable approach channel; 5 and 10 — isobaths at the bottom of
the bay, in meters. North point 1 is still on the Volchek terrace, and

the south point is at the root of Jebriyan Spit.
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The exploration of the Danube Delta and its
environs including the Musura and Jebriyan bays
intensified in 2003. The main objective was to create
a natural waterway from the Danube to the Black Sea
and vice versa. The Institute of River Transport (Kiev),
the Institute of Ecological Problems (Kharkov), the
Institute of Hydrobiology of the Academy of Sciences of
Ukraine, the Institute of Marine Biology of the Academy
of Sciences of Ukraine and others participated in these
works. Various aspects of the issue were discussed at the
9™ scientific conferences under the program “Problems
of the Black Sea Ecology”. As a resolution from the
conference “The Black Sea— Danube River” waterway
along the Bystriy delta branch was chosen as the optimal
one. New information was obtained on the morphology
and dynamics of the coasts of the Jebriyan Bay and
the delta as a whole (Berlinskiy, 2012; Vykhovanets,
Organ, 2010; Shuisky, Organ, 2017, 2017a). After
several strong storms and intensive elaboration of the
shore’s relief and sediment new information regarding
the nature of the bay was received from (2007-2019).
This made it possible to find and understand the
exogenous mechanisms of the formation of the coasts of
the Jebriyan bay in particular and the Kiliysky Danube
delta as a whole. This made it easier to assess the nature
of anthropogenic impact on the natural coast and bottom
of the Jebriyan bay.

It is, therefore, evident that many authors have
carried out research on the natural coast and bottom
of the Jebriyan bay for many years. In this case, a wide
range of methods were used by previous authors; like the
field work methods of Vykhovanets, 2003; Zenkovich,
1958; Mikhailov, Morozov, 2004; Shuisky, 1969, 1984,
2003 and Gastescu, 1993. Stationary topographic
sections were studied on 13 typical coastal bay sections
for repeated Manuel surveys at a scale of 1: 1000; they
are shown by large dots in the Figure 2. The length of
each section is 500 m. A baseline is fixed along the
coast. It is used to capture the coastline and roughness
of the coast. Benchmarks are installed at the base of the
ground at every 100 m. The shore is leveled and the echo
sounder is measured from each reference point towards
the sea and at an angle of 90° to the baseline to the depth
of 6 m. The bottom samples were taken by the Peterson
bottom grab. The authors took the sediment samples
of the average width of the beach on the shore, one on
each profile. Then, the average value over the entire
stationary section was calculated (Shuisky et al., 2017).
On the underwater slope, sediment samples were taken
on average through each meter of depth. The sediment
samples were subjected to water and fractional analysis
(lithological method) in the Analytical Laboratory of the
Department of Physical Geography of Odessa National
University (Odessa, Ukraine). Then they were analyzed
using mathematical statistics methods.
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In order to determine the pattern of sediment
distribution along the coast of the Jebriyan Bay, Knaps
(1968), developed and verified the natural conditions of
the sandy and the pelitic shores of non-tidal seas with the
use of hydrometeorological method. For decades, this
method has been tested in areas of the North-Western
part of the Black Sea by comparing the results of the
study with different methods. Amongst the methods used
were the hydrometeorological, geomorphological and
lithological methods. These methods made it possible
to identify the direction and intensity of the coastal
movement of sediments (Fig. 4). The first calculations
according to the observations at the Primorske station
were made from 1950-1966 as shown in the Figure 4a
and later, for comparisons, during the period of 1984—
2016 (Fig. 4 b). Over the past half century, they have
shown qualitatively identical result: sediments continue
to fill the top of the bay (Vykhovanetz, Organ, 2010).
At the same time, at the site of convergence we noticed
a shift of sediments east wards, from the distal of the
Jebriyan spit to the top of the Polunochny ledge, that
is almost 4 km which is approximately 10 % of the
coastline of the bay, (analytical method).

Hundreds of researchers have carried out studies on
the Danube Delta, but very few scientific works have
attracted the attention of the Jebriyan Bay. The delta has
already been fully explored, but as concerns the Jebriyan
Bay is very little known. Materials concerning the bay
are rare and scarce. There is not enough information
about the impact of economic activity on the state
of nature of the coast and the bottom of the bay. We
hope that this article will improve and deepen our
knowledge and understanding of the bay and delta
as a whole and will serve as the platform to optimize
nature management.

Results and their analysis.

The Jebriyan Bay is located in the northwestern
coast of the Black Sea with a continuous extension of
the Danube Delta towards the sea. The length of the bay
along the center line became wider because of an active
filling with sediment from the top of the bay. This filling
led to the absorption of the Northwest coastal flow of
sand deposits which originated from the northeast near
the Cape Big-Fontanne as shown in the Figure 1a, which
ignited a new focus on the accumulation of alluvial
sediments of delta. The Kiliyskaya part of the Danube
Delta was formed in the upper Holocene. Its protrusion
created an obstacle for the long shore sediment flow
and led to the emergence of the Jebriyan Spit and
the Volchek Terrace by adjoining coastal bars to the
coast, leading to the formation of a system of rampant
storms and dividing the hollows separating them. Over
the past decades, they have attained large sizes and
represent a new “grindu”, which is called Jebriyan
grindu according to Zenkovich, 1943; Nikiforov &
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Diyakonu, 1963. The length of the bay along the center
line is about 9 km while the length of the coastline is
about 45 km if we take into account the Salt, Jebriyan
and Durnoy small delta bays. With such values and an
average long-term water level, the bay area does not
exceed 80 km?. In this area, the maximal depth is 11 m,
with an average depth of 6.2 m, and the water volume
is about 0.5 km®. Hydrometeorological regime along
the shores was studied by current period monitoring in
HM-stations “Primorske” and “Ust’-Dunaysk” on the
bay-coast (fig. 3), and special geographical literature
from (Andrianova et al., 2014; Vykhovanetz, 2003;
II’in, et al., 2012; Panin, Jipa, 2002).

The coasts of the Jebriyan Bay had such coordinates
at four points on the coastline: a) the northern point
on the adjacent shore of the Sasyk embankment is 45°
32730 N—-29°40" 18" E; b) the southern point on
the Belgorod bar is 45° 28" 44" N—-29° 36" 18" E;
c) the final target of the Delta Channel Prorva is 45°
30" 45" N—-29°45" 40" E; d) and the harbor bucket
of the seaport of Ust-Dunaysk is 45° 28" 06"" N —29°
42" 18" E. The difference between the values is small;
this confirms the small size of the bay. Coordinates
may be needed in the future for comparisons, in order
to determine the exact dynamics of the coast and the
bottom as shown in the Figure 2. The recreational site
in the bay is located in the northern sandy shore, about
8 km long between the middle part of the Sasyk Beach
barrier and the distal section of the Jebriyan Spit which is
based on the balneological resources of the regions. The
medicinal properties of sea water, sand cover of beaches,
a mixture of sea and steppe air, local mineral waters,
etc. are actively used. Food products are highly valued,
in particular, vegetables, fruits, grapes, dairy products,
and sea food. The duration of the swimming season is
from 130 to 145 days for different years. During fishing,
the bottom trawl methods are used often. This leads to
disruption of the structure of bottom sediments and the
physical destruction of soils, plants and animals. At the
same time, the turbidity of the water increases, and this
leads to a slowdown in photosynthesis and a decrease
in the oxygen content in the water.

The materials we have obtained from the physical
and geographical studies of the Jebriyan bay are much
more numerous than those presented in the article. This
is because we have applied the methods of preliminary
selection in accordance with the goals and objectives
of the article and used the most significant information
necessary for the presentation of the results and
conclusions.

The hydrodynamic elements of the near shore waters.

Firstly, we used original datum of direct monitoring
on hydrometeorological stations “Ust’-Dunaysk”
and “Primorskoye” from current work observation
diaries by direct separation. Continuous number of the

observation years were 1984-2015 and near Zmeiniy
Island in opened aquathory of the Northern Black Sea
(Il’in et al., 2012) (fig. 3). Secondly, for its elaboration
was used mathematical and statistics method and
hydrometeorological method by R. Knaps [1985], the
result shown in the fig. 4.

It is possible to see from the location and contours
of the shores of the bay, that its water area is open to
the action of winds and wind waves from the N, NE,
E and partially the SE, rhombuses (Fig. 2). With the
use of a wind rose for the gradation of wind speeds in
individual particular points (Fig. 3), the result clearly
shows that the coasts are significantly affected by strong
and gale winds with speeds of more than 10 m/s. Such
winds produce waves with a height of more than 1.5
m depending on the acceleration length and the depth
of the water aquatory. At the entrance to the bay, the
maximal height of the waves can reach 4-5 m as much
as possible, and this leads to a significant abnormal force
of the wave flows in different parts of the water area.
At the same time, a synoptic wind surge of at least 1.2
m above the ordinary is possible at the top of the bay
(Nikiforov and Djakonu, 1963; Mikhailov and Morozov,
2004). Such phenomena lead to the appearance of
a surge lens of water, its saturation with suspended
sediment, flooding of the low coast, and an increase
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Fig. 3. Wind rose, constructed according to observations in the
North-Western Black Sea hydrodistrict from 1923 to 2006. Wind
speeds: | —<1m/s;2-2-5m/s;3-6-10 m/s; 4-11-15m /s;
5—>16 m/s. The circle in the center of the rose is calm, 4.5 %.
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in the wave effect on it. At this time, the shore most
often erodes, but subsequent minor disturbances usually
restore the shore. Post-storm water level depletion is
accompanied by the removal of a water lens, and its
suspended sediment which is usually pelitic fractions.
This process can be very powerful, especially with fast
denivelation. An injection effect develops, which does
not allow sufficient amount of alluvium from Danube to
accumulate and fill the Jebriyan bay. Indeed, unusually
large sediment with an average size of 204 million tons
/ year flows from the Danube.

Its main part moves south wards along the sea edge,
and only about 6 % in suspension might fall into the bay
with the corresponding wind directions. However, this
quantity is also pumped out by driven currents. There is
enough sediment that fills the plains and shallow lakes
which lead to the formation of primary accumulative
forms, bars and streamers.

The wind regime, the presence of the Jebriyan Bay
and the interaction of the Danube and the adjacent part
of the sea led to a typical system of currents. The stock
stream from the Dnipro and Dniester flows into the
northern branch of the Circular current of the Black Sea.
On a beam traverse of 15 km from the coast, this branch
meets the stream of the Danube runoff. As a result, part
of the branch is pressed to the shore and invades the
bay, where it takes the form of a clockwise circulation.
Such a local Jebriyan circulation is not very stable;
its repeatability is about 55 %, although it can be up
to 85 % in some years. Together with the overtaking
effect, this circulation prevents strong shallowing and
helps to clean the bay from pollutants.

Furthermore, the wind regime, the contours of
the coast and depths in the bay led to a high degree
of mixing of water and its saturation with oxygen.
The mixing of fresh river water and salt water led
to the saturation of water with vital substances. All
this contributed to a high primary production with
a rich forage base. According to hydrobiological and
hydrochemical studies (Zaitsev et al., 2006; Mikhailov
and Morozov, 2004), the waters of the bay have
a high intensity of self-purification. At the same time,
the Danube water has a significant influence on the
hydrochemical regime of the Jebriyan Bay, which in
general is permanently polluted.

The distribution of mass sediment along the shore
flow paths is controlled by the wind-wave energy
flows (Zenkovich, 1958; Knaps, 1985; Shuisky and
Organ, 2017). Taking into consideration the advantage
of the natural relationship established between the
wind and wave regimes in the sea according to which
the dimensions of wind waves become larger, the
greater the speed and the duration of the wind, the
longer the acceleration of wavelength and the depth
of the water area and the lower the viscosity of the
water. This connection has a tangential regularity and
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makes it possible to calculate the elements of energy
triangles (Fig. 4). Integral alongshore nano-motive
force T shows the direction of effective sediment
movement to the top of the bay along both the northern
and the southern coasts (Fig. 4 4, B). This means that
the accumulation focus has moved to the Belgorod
bar, and wave shafts continue to adjoin the Jebriyan
spit. The process of coastal buildup in the Volchek
and sand spit areas continues, and the reformation of
the named bar has intensified. It occurs continuously,
intensifying or weakening, under the influence of
sediment accumulation from the coastal stream, which
begins in the northeast, closed to the Big Fontanne Cape.

The greater the 7', the greater the nanosized ability
of the wind-wave energy flow, the greater the amount of
sediment that moves along the coast to the accumulation
sites in the Jebriyan bay. Along the coastal route, the
ability of sediment to constantly change depends on the
exposure of the coast with respect to E, the slopes of
the underwater slope, the relief of the coastal bottom,
the strength of the storm, the shape of energy triangles
and the productivity of sediment sources for the coastal
zone, etc. Therefore, the change of each component of
the coastal zone immediately affects the value of the
T . According to the values of T_, it is possible to see
that earlier in the middle of the 20t" century (Fig. 4 A),
sediment freely passed along the Sasyk sandy bar, but
actually accumulated on the distal part of the Jebriyan
spit. Over the past decade, sediments supply to point
T, have increased (fig. 4 B), to the south on the distal
spit. These sediments accumulate and at the same time
they increase the size of grindu. The same scheme of
the natural process was developed during the Holocene
and earlier, when large grindu were formed: Krasnikol,
Sereturile, Karaorman, Letia.

The dynamics of the relief and sediments. Based
on the results of our field work and stationary studies,
the main features of the morphology and dynamics
of the coasts of the Jebriyan bay were identified. The
shores are generally low; they rise above the ordinary by
<3 m. The southern shore is bordered by low sand and
pelitic beaches, peculiar wave shafts that are underlain
by sandy-mud strata in the Wiirm and Holocene ages.
As arule, they are flooded during wind surges. The
back side of the coast is overgrown with cattail, a water
lily, reed sediment developing everywhere. Mud-silt
sediments are actively accumulating inside the delta
during floods and strong wind surges. Such conditions
are typical for the top of the bay. Wave bars are built
up by sediments from the underwater slope, and small
bays, which they fence off from the sea, turn into delta
lakes. These lakes can be preserved for a long time, but
their depth is rarely significant, and most often does
not exceed 1 m, hence, it turns into floodplains. Few
lakes dry off and their traces are preserved in the form
of overgrown clay-silty sections.
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Fig. 4. Wind-Energetic characteristics: 4 —by Yu.D. Shuisky (1969); B —average per 1 year by datum for the period of 1984-2016; E —
wave energy resultant; .~ alongshore nanomotive force; B —a component normal to the coast — “breaking force”; The Deltaic Small
Bays (local name is “Kuts”): 1 — Durnoy Kut; 2 — Soloniy Kut; 3 — Polunochniy kut.

The southern coast with its indigenous plot
overlooks the sea on a short stretch of about 2.5 km,
under the Volchek shore terrace. The extreme part of
the Sasyk sandy embankment to the north-east. Its
peculiar “continuation” is a sandy terrace adjoining
a clay root bank. The Jebriyan spit is to the south-west
of it (Fig. 2). All of them form a discharge area of the
Northwest alongshore sediment flow. Moreover, the
sediments that come to the bay are primarily deposited
on the underwater slope (Fig. 5 4 and B). This means
that (Fig. 5) during sedimentation drag-fault along the
detritus flows and accumulate near the edge. Here they
form up to 3—4 submarine shafts that look like a terrace
near the sandbank. From the sea, it ends with a dump
of depths in the range of 1-4 m and to the bottom of
the bay at depths of 4-7 m. During wind waves over
the near-sandy terrace, the waves increase the sediment
supply to the coastline and the beach.

This phenomenon is continuous, because it is
ensured by a continuous flow of sediments from the
sandy alongshore sediment flow. Due to the development
of wave transformation in the shallow water there is
an accelerated formation of submarine shafts which
are attached to the coast and influences the growth of
the coast and the increase in the width of the beaches.

This is an example of the high dynamics of sand
accumulation processes presented for two typical sites:
that is in the northern part of the Volchek terrace (Fig.
5 A4) and in the middle of Jebriyan Bay (Fig. 5 B). It
shows that shoreline can grow at very significant high
speeds which can reach 15 m during a year on the distal
section of the Jebriyan spit.

In general, along the northwestern coast, velocities
from 2 to 7 m / year are most often found. The average
long-term value according to field studies in 9 stationary
sites (Fig. 2) was 5.2 m / year during the period of
1982-2019. This trend is clearly traced by the increase
in the width of the Volchek sand terrace. Taking into
consideration the increment of sediments on the coast

and underwater slope, the average specific accumulation
value was 45 m? / m ¢ year in section A and 66 m* /
m e year in section B, which is 6.5 km to the south.
It is clear that with the advancement from the central
part of the Sasyk beach barrier to the Jebriyan Spit
distal, the amount of accumulation becomes larger. At
the same time, a simple wave sediment deposition is
replaced by a massive movement of bottom shafts to the
coast and their attachment to the beach. As a result of
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Fig. 5. A) — Dynamics of submarine slope profiles within the
western side of Jebriyan Bay in different dates: B) -Dynamics of
the transverse profile of the beach and the underwater slope in
the northwestern part of the Jebriyan bay in the Black Sea coast.
Repeated surveys of profiles: 4 —at the northern part of the Volchek
terrace in 1984, 1986 and 1996; — In the middle part of the Jebriyan
spit in 1982, 1984 and 1986. Height H and horizontal layering L,
in meters.
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this, the frontal outer coast of the Jebriyan spit extends
towards the sea, and the distal extremity becomes longer,
which we consider as the main dynamic feature of the
spit. Such phenomena form the values of the slopes of
the underwater tilt in the wave energy field. The most
common integral slope of the underwater tilt along the
central axis of the bay is 0.0011.

With such a slope, the effect of wind waves on the
top of the bay is very insignificant. However, at the
same time, on the northern (Jebriyan) flank of the bay,
slopes range from 0.0143 to 0.0227; and in the southern
(pro-Prinian) region, about 0.008-0.010, i.e. 1.5-2.9
times less to a depth of =7 m. This means that the north
coast is mainly affected by the wave (bottom stream),
and the south coast is mainly affected by the overtaking
processes and wave currents. There is a strong over
taking processes at the top of the bay, where today
the following delta lakes can be found: Jebriyan Kut,
Durnoy Kut, Soleniy Kut, Kut Shabosh. Therefore,
using the Jebriyan bay as an example, it is very easy
to determine the structure and patterns of formation of
sediment discharge areas.

The Beaches and Sediment composition. The
beaches of the northwestern coast of the Jebriyan
bay took their shapes from the prevailing historical
environmental conditions. Their sizes were determined
by the wind wave regime action, wave currents and
synoptic fluctuations of the sea level with a constant
supply of sand deposits from the coastal stream. The
usual width of the beach attained about 40-55 m with
a height of 1-2 m above the ordinary (Fig. 6, A, B, C).
Generally, in a tidal sea condition, it is a fairly large
beach, moderate influence of wind waves, a noticeable
effect of storm-surges and wind-driven fluctuations in
the water level and an abundance of coastal-marine
sediments. In addition, an accumulative formation of
Aeolian hummocks and rows (Fig. 6, C) takes place
from the beginning of the Volchek coastal accumulative
terrace and to the south of the distal of the Jebriyan spit.
The natural system of the Jebriyan bay is becoming
more diverse and requires a particularly careful attitude
on the part of human. All sediment datum made by
authors during many natural expeditions with direct
sampling and elaboration in the Department Laboratory,
have decimal enlistment of sieves.

The differences in the structure and development
of the southeastern and northwestern shores of the
Jebriyan bay gives rise to a different composition of
coastal sediments. The removal of the Danube alluvium
is accompanied by its hydrogenic separation towards
a certain increase in the size of coastal sediments.
Concerns to the Danube, since the leading fraction
are aleurite and pelitic, < 0.1 mm (Shuisky, Organ,
2017, 2017a), as the authors reported. Its content in
pioneer coastal shafts ranges from 79.42 % to 91.45 %.
Although, unlike channel deposits in these forms, there
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Fig. 6. The different types of transverse profiles of sandy beaches
relative to the mean long-term sea level on the northern shore of
the Jebriyan bay: A —the southwestern part of the Sasyk liman;
B —the central part of the Volchek terrace; C — the middle part of
the Jebriyan spit in the area of active accumulation of sediments
and the formation of coastal dunes.

is a much larger fraction of 0.1-0.25 mm (from 6.05 %
to 13.97%). The 0.25-0.5 mm fraction even increased
by 2.5 times — from 1.67 % to 2.62 %. Such indicators
of the separation of the river sedimentary materials
are typical for the conditions of the delta of a large
river flowing into the non-tidal sea and delta coast. The
presented ratio of the concentration of fractions remains
during the past 50 years of our different observations
and measurements in natural conditions.

The study of coastal sediments along the
northwestern coast of the Jebriyan Bay showed their
significant changes over the same past 50 years.
Therefore, on the adjacent part of the Sasyk creek and
on the Volchek terrace, the sediments were larger (>
10 mm and 7-5 mm) than today, mainly due to the
high content of shell and shell detritus (CaCO3 up to
70%). At the same time, in general, the content of large
particles (> 1.0 mm) decreased almost 2-fold over the
entire northwestern coast of the bay, but along the Sasyk
cess, the size of the sediments decreased by 55 %. At the
same time, on the beaches (Fig. 6 A, B, C), the content
of the fraction 0.25-0.5 mm increased from 28.87 %
to 56.72%. On all sandy form coasts, the amount of
the 0.1-0.25 mm fraction decreased from 35 % to 22 %
on average, and the 0.25-0.5 mm fraction remains the
leading fraction on the spit and on the terrace, but to
the north, on the census Sasyk its amount is 0.1-0.25
mm (up to 57 %). All these changes indicate a high



Shuisky Y. D., Vykhovanetz G. V., Organ L. V., Mukete T.N. Moto

Journ. Geol. Geograph. Geoecology, 30(4), 718-740

dynamism not only of the topography, but also of the
sediment composition in the system of the Jebriyan
bay, which is far not always taken into account in the
economic practice of nature management. It is necessary
to take into account the complexity of the physical and
geographical conditions which includes the hydrogenic
river and marine, morphological and morphometric,
lithogenic and lithodynamical, hydrobiological, in
their close genetic and very fast interaction. Original
information on beaches and shore sediment was received
along the southern deltaic and northern sandy shores
of Jebriyan bay within Danube river region.

The Main Impact and Peculiarities of
Anthropogenic Activities on the Shores of the Bay

The anthropogenic impact on the nature of the
bay. Despite the relatively small size of the Jebriyan
bay (Fig. 1, 2), as per its surface area, there are equally
centers of significant influence of anthropogenic impact.
As it is noted earlier in this article, anthropogenic
impacts can be traced from the structures of fisheries,
sand production for construction, recreation bases,
navigation and most especially the seaport of Ust’-
Dunaysk (Fig. 7, 8). These figures are drawn by
Yu. Shuisky with the use of the navigation base
map with the scale of 1: 50.000. Fisheries structures
comprises of three points where fishing boats are

7

R
. =T

A=

Fig. 7. Scheme of the port harbor of Ust-Danube
and the approach channel to it. A dark fill indicates
the Danube Delta; 1—the beginning of the technical
channel.

located, rooms for storing and initial processing of fish,
warehouses for storing nets, equipment, fuel, rigging,
spare parts, and a fisherman’s rest house. Fishermen
use fixed nets and hooks. These activities do not cause
significant harm to the Danube Delta and the shores of
the Jebriyan Bay because it is a traditional economy for
a small number of indigenous local people.

As postulated by Nikiforov, Diyakonu, 1963;
Petrescu, 1963; Shuisky, 1966, 2003, is due to the
formation of the “grindu” that large accumulations of
sand deposits were created. The new accumulations
created the Jebriyan spit, while the old accumulations
created the deltaic sand ridge. Moreover, the old ridge of
the Jebriyan grindu is used for industrial sand extraction,
while it is assigned to the most valuable part of the
Danube Biosphere Reserve (according to the conclusions
of Ramsar experts). We believe that the active use of
grindu sands also violates the European Charter of the
ESPOO. Access here by any road transport is free. But
modern cars, for the most part, are SUVs and often
move along the surface of a rare natural landscape, and,
therefore, seriously violate the structure of a unique
natural system of various levels of organization. They
destroy the protective vegetation cover, intensify the
destruction of the Acolian and coastal-marine relief,
and destroy the living conditions of vegetation and
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Fig. 8. Curves of transverse profiles on the approach channel of Ust-Danube,
located at the bottom of the bay relative to mean sea level.
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animals, including those from the Red Book of Europe.
The physical and geographical conditions described in
this article cannot prevent the negative impact of the
anthropogenic factor.

Over the past 25-30 years, a large recreational
complex, called Kiliysky was formed on the
northwestern coast of the Jebriyan bay. In 2019, 123
large and small recreational facilities were created. In
2017-2019, during each summer, up to 350 thousand
people visited it, about 20 % of which were on their own
off-road vehicles. On the Volchek section, between the
residential buildings and the sea, a distance of about
600—800 m is maintained, which is equally tampered by
pedestrians on foot or on off-road vehicles. Therefore,
the surface of the Volchek terrace is destroyed
continuously, and most of the plants and animals died.
In addition, our calculations in July 2017, 2018 and
2019 showed that each pedestrian carries along sand
with their shoes from the beach, in clothes or in cars
in an amount of 5 to 68 grams, an average of 41.6
grams each. Taking into consideration the fact that
during 110 days of the swimming season 1 pedestrian
takes an average of 4.6 kg of sand from the beach,
then the total number of pedestrians estimated at (350
thousand people) directly takes from 1.5% to 3.5% of
beach sediments from the terrace and braids (as a). It is
important to note that the violation of the structure of
the sand surface activates the acolian removal of sand
in the sea or in the floodplains. The size of the surface
beach reduces to a much greater extent and slows down
the extension of the coastline towards the Jebriyan bay.

The most powerful anthropogenic influence on
the the Jebriyan bay shores was the construction of
a port. It was caused by the need to build a new port
harbor, with a depth of 15 m and an access channel
with a depth of 10—12 m. Until late 90s of the XX
century, the ships from Ukraine entered the Danube
along Bratul (branch: in Romanian) Prorva (Fig. 1).
However, its considerable channel extension 40—45
years ago led almost to the complete mudding of this
Bratul, and it became clear that it was necessary to
build a new port and connect it with the deep sleeve
of the Danube. Therefore, at first, a technical channel
was dug from the deep part of the Breakthrough into
the bay and a deep harbor bucket was dug at the exit.
This was very sufficient for a large container ship (draft
up to 10—11 m). An access navigable canal was built
from the bucket in the sea to a depth of 12 m (Fig. 7).
Thus, a powerful artificial influence was exerted on the
banks and bottom of the Jebriyan Bay which changed
the mode of action of the sea waves and wave currents,
as well as the movement and accumulation of sediment
from the Danube River. As a result of this, the state
of plants and animals in the bay, especially benthos
were seriously affected. The constant movement of
cargo and auxiliary vessels, regular cleansing of the
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bottom of the port water area, approach and technical
channels from the mass of sediment violates the bottom
layer as a living environment for mollusks, arthropods,
worms and others, which are food for game animals.
Sedimentation work increases the concentration of
suspended sediment, which increases the scattering of
light in water, reduces the intensity of photosynthesis
and the concentration of oxygen in water, and reduces
the self-purification of water, especially when water
comes from the Danube.

The construction of the port harbor and two

channels (technical and approach) created another
problem. It includes the storage of mass sediment that is
released during excavation. Before designing in the 60—
70s of the twentieth century, the researchers predicted
that the influence of winds from the northern and
northwestern sectors would almost completely carry out
the river alluvium from (Prorva) Prorva, (Potapovsky)
Potapov and (Gneushev) Gneushev branches to the
South towards the southern part of this delta. They
did not take into account the long-term changes in the
wind regime under the influence of modern climate
changes at the end of the 20" century, the frequency
of east and south winds (especially storms) over
the north-western Black Sea that have increased
significantly, in the conditional squares 4, 5, 10, 11
(Andrianova et al., 2014; II’yin et al., 2012). This led
to incorrect long-standing forecasts of the movement
of Danube sediments. Calculations of the structure of
energy triangles (Fig. 4) showed that about 10 % of
the alluvium of the Ochakov branch both directly and
through the technical channel is carried to the top of
the Jebriyan bay.
The consequences of anthropogenic impact.
The presented human actions on the nature of
Zhebriyanskaya Bay are characterized by a certain
variety. All types of influence, except for transport
influence from road and sea transport, are within the
permissible limits. Therefore, we made estimates of
anthropogenic influence for two reasons.

The sandy natural systems composed of
accumulative forms are unique in structure, dynamics,
and the ratio between the individual components. These
systems are very fragile, able to collapse quickly,
but recover very slowly. All over the World they are
under protection and are part of national parks and
reserves, such as on the coasts of Lietuva, Denmark,
the Netherlands, Belgium, and the western shores of
France. However, in the north of the Jebriyan bay,
sandy beaches are not protected; they are subject to
constant violation especially when sand is extracted for
construction, during continuous development by road.
This activity leads to continuous degradation, loss of
landscape diversity, extinction of species from the Red
Book of Ukraine and the entire European continent.

Of course, such violations of coastal systems are
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seasonal in nature. Since the end of September to the
beginning of May, sand forms within the boundaries
of the Kiliysk resort zone are partially restored.
However, every year they come to a second violation.
Based on similar experience on the sandy shores of
Latvia, Lithuania and Poland, the aeolian and beach
topography is experiencing a reduction of up to 3—5%
per year. Only after special protective wooden dams,
levees and pavements were arranged that the gradual
artificial destruction of the coastal relief forms ceased.
It is precisely such ameliorative actions that are also
needed on the northwestern shores of the Jebriyan bay
of the Black Sea coast.

During the design of the Ust’-Dunaysk port,
scientists of Odessa State University named after
I.I. Mechnikov (Department of Physical Geography
in 1995), led by Prof. Yuriy Shuisky, made a forecast
for the port’s operating hours. Taking into account the
influence of alluvial sediments from the Danube and
the mode of their distribution in the Jebriyan Bay, the
regularities of the evolution of the Ochakov branch
deltaic system, the period of duration of this is port is
limited to 25-30 years. Such a short period is caused
by the action of extremely dense saturation with river
and delta sediments, in which not only artificial, but
also natural negative forms of relief are impossible.
Even according to research studies of the 60s in the
XX century (Shuisky, 1969), including the works of
I. Petrescu (1963), the final movement of the Danube
sediment along the southeastern coast of the Jebriyan
bay towards its peak was clearly established. This trend
was confirmed at the beginning of the XXI century
(Shuisky, 2003), and also today with the example of Fig
4. However, sufficient funding and powerful dredging
equipment in the USSR made it possible to cope with
the introduction of negative landforms.

In fact, since the advent of the technical channel, the
port bucket and the approach channel, initially for the
container terminal in 1972, have started experiencing
great difficulties with the insertion of artificial negative
landforms (Fig. 7). During the initial period of the
creation of artificial negative relief forms, the drift was
small, which made it possible to cope with a dredging
technique. Although, after the creation of design depths,
the fight against alienation became so difficult that it
was economically unprofitable. In the USSR, this was
not an obstacle, since the issue was political. In the
early 90s of the twentieth century, Ukraine abandoned
the port of Ust’-Dunaysk, and in order to get out of
an unfavorable situation, the port’s leadership ordered
to extract sand on an ancient grind and sell it to other
countries. Nevertheless, by the end of the twentieth
century, the excavation was 4.5 million tons / year. All
artificial negative landforms, except for the technical
channel (Fig. 7, 1), were filled with sediments.

Today and since 2015, the approach channel and

most of the port bucket (depth 4 m) are filled with
sediments. The authors used a marine navigational
chart with a scale of 1: 25000 and with a bathymetric
image of the approach channel. Five typical profiles
a—e were chosen with an equidistance of 1 km (Fig.
8). According to the construction of the curves of the
transverse profiles, sediment volumes were collected
on each segment of the channel. At a distance of 1 km
from the port bucket, the excavation was the deepest,
and therefore the specific amount of sediment entering
it amounted to about 950 thousand m’. In the second
1-km section (Fig. 8, b), 870 thousand m* of materials
have already entered the excavation and in the third
segment — about 810 thousand m?, etc. In total, the
approach channel was filled with about 4.2 million
m® of sedimentary materials; such is its “sedimentary
capacity”. This size of introduction even in the time of
the former USSR was not justified from an economic
point of view, and even more so during the deliberate
destruction of Ukraine’s industry and transport. For
Ukraine, the port of Ust’-Dunaysk was “too expensive”.
The question was raised about the search for another
waterway through the Ukrainian part of the Danube
Delta. In this difficult struggle, the natural forces of
Jebriyan Bay won.

Conclusion.

The creation of a small Jebriyan bay depends on
the development of the Kiliya part of the Danube
Delta. Today, it is determined by the peculiarities of
the location, the influence of the Black Sea, Danube
sediments, sediments from the alongshore sediment
flow and the underlying delta substrate. Significant
anthropogenic impact is expressed in the form of:
a) unsystematic creation of a recreational zone;
b) incomplete design and construction of the port of
Ust-Dunaysk.

According to the structure of the Jebriyan bay, two
banks can be clearly distinguished from their dynamics
of the waters, their topography and their sediments:
a) low, flooded, silty southeast; b) low sand. Their
physical and geographical sphere is influenced by a large
river that flows into the non-tidal sea. These features
determine the types of economic development and the
use of natural resources. The main activities include
fisheries, the extraction of building sand in the vicinity
of the port and the aeolian ridge of the Jebriyan grindu,
and recreational activities.

The seaport of Ust-Dunaysk was built to transport
river containers from the sea to the ports of the Danube
and to load containers from the Danube ports to the
sea container ship. Its creation was facilitated by the
active influence of many million tons of alluvium,
the rapid growth of the size of the Danube Delta and
wide coastal shallow water. Although, experts feared
its “short life span”, it was still built. After 25 years,
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serious difficulties arose to maintain the necessary depths in the harbor and access to the navigation channel.
The occupancy of the harbor bucket and the approach channel to the port exceeded the capabilities of Ukraine

to ensure a normal navigational situation.

Almost 50 years after the existence of the seaport of Ust’-Dunaysk in the Jebriyan bay, the correctness and
reality of forecast made in late 60s, which stated that the port will be sustainable for duration of 25-35 years,
became a reality. Approximately 90 % of the scientific materials in the article belong to the authors, including

the analysis, discussion and results.
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sediments and the materials of the authors are summarized according to the results of spore-
pollen analysis of Mesozoic and Cenozoic sediments within the main tectonic structures of Ukraine. It has been established that the
genus Pinus (Pinaceae) is an integral part of the Meso-Cenozoic flora of Ukraine. Although, the participation in the flora and vegetation
of the genus Pinus and its species diversity in different periods of geological time were different. Despite the long history and significant
achievements of palynological research of Meso-Cenozoic sediments of Ukraine, no attention has been paid to the historical aspect
of Pinus development in the Meso-Cenozoic flora. This work is presented as the first stem to fill this gap. The genus Pinus has a large
stratigraphic range, but its species diversity and quantitative changes in the composition of Mesozoic and Cenozoic flora of different
ages are markedly different. The analysis of these changes made it possible to trace the emergence and main levels at which the species
composition was renewed and the role of Pinus in flora increased during the Mesozoic and Cenozoic. According to the results of the
research, 5 levels of increasing the participation of the genus Pinus and changes in its species affiliation in the Mesozoic flora were
established: Aalenian period of the Middle Jurassic (appearance of the first representatives of Pinus); Oxfordian time of the Late
Jurassic; Valanginian — Early Barremian times of the Early Cretaceous; Albian time of the Early Cretaceous; Late Campanian time of
the Late Cretaceous. 5 levels of increasing the role of Pinus and its species diversity for the flora and vegetation of the Cenozoic were
also established: Oligocene time of the Paleogene, Konkian-early Sarmatian time of the Middle Miocene; early Pontian (Ivankov) time
of the Late Miocene; early Kimmerian time (early Sevastopol) of the Early Pliocene and Martonosha time of the Early Neopleistocene.
Certain levels have been traced for the similar age of Cenozoic flora of Belarus and Russia.

Keywords: spore-pollen analysis, Mesozoic, Cenozoic, flora, vegetation, Ukraine.

PiBui 3min poay Pinus Linné y ckiaaai me3o0-kaiiH030ichbK0i (UiOpH Ta POCIAMHHOCTI SIK
AOAATKOBHI KPUTEPIiil po34/IeHYBaHHS BiAKJIAiB Me303010 Ta KaliHO3010 YKpaiHH

O.A. Cipenko', O.A. llleuyx®

nemumym 2eonoeiunux nayx HAH Yipainu, Kuis, Ykpaina, o_sirenko@ukr.net
2Inemumym eeonociunux nayk HAH Yxpainu, Kuis, Yxpaina, hshevchuk@ukr.net

AHoTamisi. Y CTaTTi NpEeACTAaBIEHO aHaJi3 BEIMKOrO MAcCHBY pe3yIbTaTiB MaJiHOJIOTIYHUX JOCIHI/DKEHb Me3030HChKUX Ta
KaifHO30MChKHUX BigKIAAIB YKpaiHM 1 cyMDKHHX perioHiB bimopyci Ta Pocii. VY3arajabHeHO sK 4YHCIICHHI JIiTepaTypHi HaHi
3 MaJIiHOJOTIYHOI XapaKTePUCTUKU Me30-KaifHO30MChKIX BiJKJIa/iB, TaK i MaTepiajy aBTOPIB 3a pe3yJbTaTaMU CHOPOBO-IIMIKOBOTO
aHai3y MEe3030MChKHX Ta KaHO30MCHKUX BIAKIAIIB B MeXaX OCHOBHHUX TEKTOHIUHHMX CTPYKTyp YKpaiHu. BcraHoBieHo, 1o pix
Pinus (Pinaceae) € HeBil’€MHOIO CKIaJ0BOIO Me30-KaiHO30MCHhKHUX (op YKpaiHu. Ane ydyacTe y cKiafi (iopu Ta POCIMHHOCTI
MPEACTABHUKIB poxy Pinus Ta HOTO BUIOBE PI3HOMAHITTS y Pi3HI BiPi3KH T€0JIOTIYHOTO Yacy Oyna pi3Ho. He3Bakarouu Ha TpUBaIy
ICTOpit0 Ta 3HAYHI 3M00yTKH MAJIHOJOTIYHHX OCTIHKEHb Me30-KaiHO30MCHKHX BiAKIAAiB YKpaiHH JOHWHI HE aKICHTYBaJlach
yBara Ha iCTOPHYHOMY acCleKTi PO3BUTKY Pinus y Ckiaji Me30-KaiiHO30Mcbkux (uop. IIpencrapieHa poboTa € nepiuM KPOKOM JI0
3alOBHEHH 11i€l nporanuau. Pix Pinus Mae BelMnKuid crpaTturpadiqHuii giarma3oH, aje Horo BUOBE Pi3HOMAHITTS Ta KUIBKICHI 3MiHH
y CKJIaJli pi3HOBIKOBUX M€30-KaliHO30MChKUX (IIOP MOMITHO BIAPI3HSIIOTHCSA. AHAII3 3a3HAYCHHX 3MiH HAIa€ MOXKIUBICT MPOCTEIKUTH
MOSIBY Ta OCHOBHI PiBHI, Ha SKUX BiZ0yBaJIOCh OHOBJICHHS BUIOBOTO CKJIaay Ta 301IbIeHHS poii Pinus y dopax Ha MPOTsI3i ME303010
Ta KaifHO3010. 3a pe3y/nbTaTaMy IPOBEICHHUX I0CIIKEHb BCTAHOBJICHO 5 PiBHIB 301IbIIEHHS y4acTi poay Pinus Ta 3MiH HOTO BHIOBOI
MPUHAIEKHOCTI Y CKIIaIi Me3030iChKUX (IIOp: aaeHChKHI Yac cepeiHbo1 FopH (I0sIBa MEPIINX MPEACTaBHUKIB Pinus); okcopachkuit
Yac Mi3HbO1 I0PH; BAJTAHKUH-PaHHb00APEMCHKIIN Yac paHHbO1 KPEHI; anbOChKHI Yac paHHbO1 KPEHIH; Mi3HOKAMITAHCHKHI Yac Mi3HBO1
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kpeiiau. s Gpraopu Ta poCIMHHOCTI KAWHO3010 TAKOK BCTAHOBIICHO 5 PIBHIB 301IbIICHHS POl Pinus 1 1OT0 BUAOBOTO PI3HOMAHITTS:
OJIIrOIIEHOBHI Yac MaJeoreHy, KOHKChKO-PaHHbOCAPMATCHKUI Yac CepeHbOr0 MiOlleHy; PAaHHBONOHTHYHMI (iBaHKIBCHKHIA) dac
Mi3HBOTO MIOLIEHY; PaHHBOKIMEPINCHKUH (PaHHBOCEBACTONOIBCHKHI) Yac PAHHBOTO ILTIONEHY Ta MApTOHOCBKMI Yac pPaHHBOTO
HeoluteiicToneHy. BusHaueHi piBHI IPOCTEKEHO 1 U1 OTHOBIKOBUX KaifHO30HChKHX (itop binopyci Ta Pocii.

Knrouosi cnosa: cnoposo-nuikosuii anais, Me3030i, KaiHo3ou, (ropa, pociunnicms, Ykpaina.

Introduction

Pinus is an integral part of the coniferous and mixed
forests of the Northern Hemisphere. An important role
in the modern vegetation of Ukraine also belongs to the
genus Pinus, which refers mainly to Pinus sylvestris
L. The forests of the western part of Ukraine (Carpathian
region) also include Pinus cembra L. and Pinus mugo
Turra.

Palynological studies of Mesozoic and Cenozoic
sediments of Ukraine have a long history. First of all,
these are the works of E. V. Semenova, G.V. Shramkova,
G.G. Yanovska, N. A. Orlova-Turchyna,
M. A. Voronova, M. E. Ohorodnik, O.A. Shevchuk
on the study of Mesozoic sediments of Ukraine; as
well as R.N. Rothman, N.O. Shchekina A. A. Michelis,
O.B. Stotland — Paleogene-Neogene sediments;
V. Yu. Ochakovskiy concerning Paleogene sediments;
O.P. Ahulov, I.B. Maslova, V.S. Sopina, S.V. Syabryaj
on Neogene sediments, S.I. Parishkury-Turlo,
N.P. Gerasimenko — continental Pliocene — Quaternary
sediments; O. A. Sirenko on various facies Upper
Miocene-Pliocene sediments; O.T. Artyushenko,
G. O. Pashkevich, R. Ya. Arap, L. G. Bezusko,
E.T. Lomaeva, T.F. Christoforova, M. S. Komar,
O.A. Sirenko, N. Kalynovych — continental Pleistocene
sediments. According to research, the genus Pinus
(Pinaceae) is an integral part of the Mesozoic and
Cenozoic flora of Ukraine. However, the participation
in the composition of flora and vegetation of the genus
Pinus and its species diversity in different periods of
geological time was different. Despite the long history
and significant achievements of palynological research
of Mesozoic and Cenozoic sediments of Ukraine, no
attention has been paid to the historical aspect of Pinus
development in the Mesozoic and Cenozoic flora. In
this regard, the proposed work is pioneering.

The purpose of this study is to analyze and
summarize a large array of literature materials and
personal data of authors on palynological studies of
Jurassic, Cretaceous, Paleogene, Neogene and Lower
Quaternary sediments of Ukraine to identify levels
of increasing role and species diversity of Pinus in
Mesozoic and Cenozoic flora and the use of these levels
for stratigraphic and correlation constructions.

The purpose of this study is to analyze and
summarize a large array of literary materials and
personal data of authors on palynological studies of
Jurassic, Cretaceous, Paleogene, Neogene and Lower
Quaternary sediments of Ukraine to identify levels
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of increasing role and species diversity of Pinus in
Mesozoic and Cenozoic stratigraphic and correlation
constructions.

Materials and methods of research

During the study, materials on the palynological
characteristics of various Jurassic and Cretaceous
rocks obtained by O.A. Shevchuk for sections of
Mesozoic sediments located within almost all major
tectonic structures of Ukraine (Fig. 1) (Shevchuk
2004-2013, 2016, 2018, 2020; Dorotyak et al., 2009;
Stratigraphy, 2013; Shevchuk et all., 2018), literature
data on the results of palynological studies of the most
representative sections of Paleogene and Neogene
sediments of the northern and southern parts of Ukraine
(Fig. 1) (Zosimovich, Savron, Rothman, 1980; Stotland,
1984, 1985; Michelis, 1976; Syabryaj, Shchekina, 1986;
Korallova, 1962, 1968; Sopina, 1974; Shchekina 1964a,
b, 1974; Shchekina, 1975, 1979), as well as the results
of palynological research by O.A. Sirenko of Oligocene,
various-facies Miocene and Pliocene, subaerial
Eopleistocene and Lower Neopleistocene sediments
of platform Ukraine (Fig. 1) (Sirenko, 2000 a, b, 2003
a, b, 2004, 2006, 2007 a, b, 2009 a, b, 2016, 2017 a-c,
2019 a, b, 2021). In order to reconstruct the Meso-
Cenozoic flora and perform interregional correlations,
the materials of M. A. Voronova, G.G. Yanovska,
G.A. Orlova-Turchyna, D. Rekhakova and others
according to the results of the study of Jurassic and
Cretaceous deposits of Ukraine (Orlova-Turchyna,
1966; Voronova, Yanovska 1973, 1982, 1991; Yanovska,
1973; Shramkova, 1982; Voronova, 1994; Ogorodnik,
2006; Rehakova et all., 2011), as well as results of
palynological studies of Paleogene, Neogene and
Pleistocene sediments of adjacent regions of Belarus and
Russia (Ananova, 1974; Linkina, 2006; Rylova, 1996,
2001, 2002; Tregub, Starodubtseva, 2005; Filippova,
2002; Shpul, 1990, 2004, 2005).

The main research method was palynological:
spore-pollen analysis. Stratigraphic, paleoecological
and morphological methods are also used in the work.

The main problem in studying the flora of the
Mesophyte is that there is currently no generally
accepted classification for fossil spores and pollen
of the Mesozoic. The issue of systematization and
nomenclature of spores and pollen is one of the most
relevant, unresolved in Mesophyte palynology. There
are a large number of artificial systems that prevail
today in the literature on the Mesozoic. As a result, the
same taxa in different authors are listed under different
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Fig. 1. Map scheme of the studied area. The map of the actual material is made according to the results of palynological researches of
the Mesozoic —O. A. Shevchuk, Paleogene — O.B. Stotland, N.O. Shchekina, A.A. Michelis, O.A. Sirenko, Neogene —N.O. Shchekina,
V.V. Korallova, A.A. Michelis, O.A. Sirenko and Quaternary —O.A. Sirenko.

generic and species names, and many already known
species are described as new. An example of this
is the genus Pinus. As an example, established and
described by N. A. Bolkhovitina species Pinus divulgata
subsequently described in the artificial classification as
Pinuspollenites divulgatus. And there are many such
examples. In this article, we used primary sources when
the species is not re-described by artificial classification.

It is necessary to emphasize a number of important
points regarding the reconstructions of the participation
of the genus Pinus in the Cenozoic flora. The following
factors were taken into account during the reconstruction
of flora and paleovegetation. The high content of pine
pollen in the spectra of certain sections of marine
and continental sediments does not always provide
an opportunity to reconstruct the level of increase of
this genus in the vegetation within the entire region.
In particular, it is necessary to take into account in
which part of the marine paleobasin the section is
located. Since the general increase in tree pollen is
characteristic of deep-water sediments (Malyasova,
1976) and, accordingly, the most diverse composition
of the spectra is characteristic of sediments of the
central part of sea basins and the slope of the shelf.
The spectra of shallow sediments are markedly depleted,

and their composition is dominated by 1-2 components.
A characteristic feature of these spectra is the significant
presence of pollen from aquatic and coastal aquatic
plants, which may change the ratio of the main groups
of pollen in the spectra. Thus, some decrease in the
role of pine pollen in the spectra of the Late Oligocene
complex, which characterizes the Berekian deposits of
some areas of northern Ukraine, is associated with an
increase in the role of Taxodiaceae, which are usually
markers of local conditions. N.O. Shchekina (1983)
found that fossil spectra from Upper Oligocene —
Miocene sediments of the southern part of Ukraine
well reflect the distance of the section from the sea
shore. The farther from the shore to the depths of the
sea, the more gymnosperms with air sacs and the less
pollen of angiosperms and gymnosperms without air
sacs. When studying subaerial sediments, it is important
to take into account the geomorphological location of
sections, because in the composition of spore-pollen
spectra from section sediments located on river terraces
and steep coasts there is always an increased content
of Pinus pollen (Sirenko, 2017 c). Therefore, during
the reconstruction of the levels of Pinus changes in the
Cenozoic flora, materials were analyzed from sections of
age-old sediments located in different parts of Ukraine
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and in different geomorphological conditions. Emphasis
was made on changes in the species diversity of pines
and the ratios in the composition of the pollen spectra
of Pinus spp. subg. Haploxylon Koexne. and Pinus spp.
subg. Diploxylon Koexne. Materials of palynological
researches of Cenozoic deposits of adjacent regions
of Belarus and Russia were taken into account for the
purpose of establishment of levels which would be
traced also in the specified territories.

Main results and discussion
Mesozoic

Representatives of the genus Pinus originated in
the Middle Jurassic period and are clearly recorded
according to O.A. Shevchuk is a part of flora of all
regions of Ukraine (Carpathians, Dnipro-Donetsk
depression, Ukrainian shield — Bajocian, Mountain
Crimea — Aalenia).

Ancient representatives of pine Pseudopinus spp.,
Protopinus spp. studied in the territory of Ukraine by
G.G. Yanovska (Jurassic), S.B. Kuvaeva, H. A. Orlova-
Turchyna, M. A. Voronova (Cretaceous) et all. (Orlova-
Turchyna, 1966; Voronova, Yanovska 1973, 1982, 1991;
Yanovska, 1973; Kuvaeva et all., 1973). A systematic

description of species Pseudopinus spp., Protopinus
spp- is given in the works of N. A. Bolkhovitina
(Bolkhovitina, 1953). The results of palynological
studies of Mesozoic sediments of Ukraine are compared
with the materials of the study of similar age sediments
of Russia and Sweden. (Chlonova, 1974; Vajda, 2001;
Rostovtseva, 2014).

Aalenian to Bathonian time is famous due to
a large number of ancestral forms of Pseudopinus spp.
and Protopinus spp. The most common species are
Pseudopinus pectinella Bolch., Pseudopinus pergrandis
Bolch., Pseudopinus contigua Bolch., Pseudopinus
oblatinoides (Mal.) Bolch., Protopinus subluteus Bolch.,
Protopinus vastus Bolch., Protopinus scanicus Nilsson.
At the border of Barremian and Aptian times, some
single representatives of the ancestral forms of Pinus
are noted, and then in the time range starting from the
Cenomanian, they are not established (Fig. 2).

Pinuspollenites similis (Balme) M. Petr., P. minimus
(Couper) Kemp., P. divulgatus Bolch. and Pinus
pernobilis Bolch were noticed in the Middle Jurassic
flora. Thus, as the first level of Pinus participation in the
Mesozoic flora, it is possible to determine the Aalenian
time.

Bajocian

7 10 pm

9

Valanginian 1] “

Callovian border of Jurassic and Cretaceous

Fig. 2. Ancestral forms of the genus Pinus from the Mesozoic. Photos by O.A. Shevchuk. /. Protopinus sp.1, Dnipro-Donetsk depression,
well 8561, 191.75 m; 3. Protopinus sp.2, Dnipro-Donetsk depression, well 8561, 191.75 m; 2. Pseudopinus oblatinoides (Mal.) Bolch.,
Dnipro-Donetsk depression, well 8561, 191.75 m; 4. Pseudopinus sp., North-western outskirts of Donbas, Shevchenko hamlet, Seversky
Donets river, sample 0 (1); 5. Protopinus subluteus Bolch., North-western outskirts of Donbas, Shevchenko hamlet, Seversky Donets
river, sample 1(B)1; 6, 7. Pseudopinus contigua Bolch., North-western outskirts of Donbas, Shevchenko hamlet, Seversky Donets river,
sample 0 (1); 8. Protopinus sp.3, Ukrainian Shield, Maryanyn Yar, Kaniv, Cherkasy Region, sample 08; 9. Pseudopinus pergrandis
Bolch., Carpathians, Pryborzhavsky quarry, sample 5; /0. Protopinus sp.4, Mountain Crimea, Krasnoselivka township, Kuchuk-Uzen
river, pack 7, sample 3; /1. Pseudopinus sp., Mountain Crimea, Kuibyshev town, sample 5k; /2. Protopinus scanicus Nilsson, Mountain
Crimea, Verkhorichchya village, sample 1.

Pinus pernobilis Bolch and Pinuspollenites
divulgatus Bolch. played a significant role in the
composition of the Late Jurassic flora of Ukraine (Fig.
3). The species composition of pines mostly remained
unchanged from Oxfordian to Tithonian, except for
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some new species Pinuspollenites verrucosus Zhang.,
Pinuspollenites spp. It is possible to establish the second
level of increase in participation of Pinus by emergence
of new types of pine as a part of flora of Oxfordian.



Sirenko O.A., Shevchuk O.A. Journ. Geol. Geograph. Geoecology, 30(4), 741-753

12

Fig. 3. Typical species of Pinus pollen of the Middle-Late Jurassic: Photos by O.A. Shevchuk. 1, 4. Pinuspollenites similis (Balme)
M. Petr., Dnipro-Donetsk depression, well 8561, 191.75 m, Bajocian; 2, 5. Pinuspollenites sp.1, Dnipro-Donetsk depression, well
8561, 191.75 m, Bajocian; 3. Pinuspollenites sp., North-western outskirts of Donbas, village of Kamyanka, sample 3k (2), Tithonian; 6.
Pinuspollenites sp.2, Dnipro-Donetsk depression, well 8561, 191.75 m, Bajocian; 7. Pinuspollenites divulgatus Bolch., North-western
outskirts of Donbas, Shevchenko hamlet, Seversky Donets river, sample 5a(1), Bathonian; 8. Pinuspollenites sp.3, Dnipro-Donetsk
depression, well 24673, sample 2016, Bajocian; 9. Pinuspollenites verrucosus Levet-Carette, North-western outskirts of Donbas, village
of Kamyanka, sample 3k (2), Tithonian; 10, 12. Pinuspollenites sp.4, well. 8562, depth. 145,25 m, Callovian; /1. Pinus pernobilis Bolch.,

North-western outskirts of Donbas, Shevchenko hamlet, Seversky Donets river, sample 1a (1), Bathonian.

At the turn of the Jurassic and Cretaceous periods,
there was a decrease in the role of pine.

During the Cretaceous, the role of Pinus in the
flora grew from Valanginian to Barremian. The flora
of this time is characterized by the greatest species
diversity and number of pines: Pinus spp., Pinus
incrassate Boch., P. vulgaris Boch., P. exeguus Boch.,
P, vulandjensis (Naum.) Bolch. P. exilioides Boch.,
P insiguis (Naum.) Bolch., P. subcohcinua (Naum.)
Bolch., Pinuspollenites divulgatus Bolch. Therefore, this
interval can be considered a surge in the development
of Pinus and attributed to the third level.

The timing of pine diversification coincides
with the evolution of angiosperms, and it is likely
that competition between flowering plants and
gymnosperms played a role in adaptation, which reduced
species diversity and pine participation in the Late
Barremian — Aptian period. In the Aptian period there
was also a decrease in the participation and the role

medem Pinus strobus

pellen Pinus from the Early Cretaceous A

of the genus Pinus due to their displacement by other
important members of the group of gymnosperms —in
particular Cedrus.

By the middle of the Cretaceous period,
morphological features identified two subgenera Pinus:
Haploxylon and Diploxylon (Millar, 1998). Pines of
two subgenera have also been reconstructed for the
Albian flora of Ukraine (Fig. 4). Increasing the role
of Pinus spp. as part of the flora, especially due to the
representatives of the subgenus Diploxylon can be traced
in the Albian period of the Volyn-Podilska plate, the
Ukrainian Shield, the Dnipro-Donetsk basin and the
Mountainous Crimea. According to M. A. Voronova,
in the Albian period there are representatives of a new
species Pinus aequalis (Naum.) Bolch. (Voronova,
1994). Therefore, the Albian period can be attributed to
the fourth level of Pinus participation in the Mesozoic
flora.

o Sl
madearn Pinus feffreyi

pollen Pinus
from the Cenomanian B

Fig. 4. Two subgenera of Pinus: A — Haploxylon, B — Diploxylon (photos by Shevchuk O.A.).

No significant increase of the role of Pinus in the
flora and vegetation composition of the Cenomanian-
Santonian interval was recorded. The following species
are characteristic of the Cenomanian flora of Donbas:
Pinus concessa (Naum.) Bolch, P. trivialis Naum.,
P. subconcinua (Naum.) Bolch., P. minutula Chl.,

P. vulgaris Naum., P. pernobilis Bolch.; Turonian and
Santonian flora of the Volyn-Podilska plate: Pinus
trivialis Naum., P. vulgaris Naum., P. nigraeformis
Bolch., P. exequus Bolch. (Fig. 5).
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Fig. 5. Typical species of Pinus pollen of the Cretaceous: Photos by O.A. Shevchuk. /. Pinuspollenites sp., Ukrainian Shield, Melanchine
Stream, Vyrzhykivsky layers, sample 6, Albian; 2. Pinus concessa (Naum.) Bolch., Ukrainian Shield, Kholodnyy ravine, sample 07,
Albian; 3, 5. Pinuspollenites sp., Volyn-Podilska plate, well 42, sample 9, Turonian; 4. Pinus exequus Bolch., Volyn-Podilska plate,
well 42, sample 9, Turonian; 6. Pinus vulgaris Naum, Donbas, Glafirovka village, Luhansk region, sample 2, Cenomanian; 7. Pinus
subconcinua (Naum.) Bolch., Volyn-Podilska plate, well 4606, sample 1, Santonian.

The fifth level of increase in the composition of
pines in the Mesozoic flora, as well as a slight change
in their species composition is timed to the end of the
Campanian. The flora of the Late Cretaceous period
is characterized by a significant participation of Pinus
vulgaris Boch., P. subconcinua (Naum.) Bolch., P
concessa (Naum.) Bolch. Representatives of Pinus
cf. minor Loudon appeared during the Campanian —
Maastrichtian times.

At the boundary of the Cretaceous and Paleogene
both the number and the species of pines decreased.

Cenozoic

Studies show that that a significant place in the
composition of the Cenozoic flora belonged to the
genus Pinus, especially in the Late Oligocene, Early
and Middle Miocene flora.

The role of Pinus in the flora grew from the Early to
the Late Paleogene (Stotland, 1974). The beginning of
the dominance of this genus corresponds to the Eocene-
Oligocene boundary. However, the largest species
diversity of Pinus is typical for the Oligocene. The
flora of this period is characterized by a significant
participation of Pinus spp. subg. Haploxylon, and among
them — Pinus sect. Mirabilis. Anan. At the same time,
it should be noted that the dominant role in the pine
forests of Ukraine belonged to the subgenus Diploxylon.
However, according to N.O. Schekina (1986), the
number of representatives of this subgenus increased
from the Oligocene by the end of the Pliocene, and
the presence of Pinus subg. Haploxylon decreased
accordingly in this direction. According to the study
of Paleogene and Neogene sediments of the north-
western part of the Dnipro-Donetsk depression, as the
part of the Late Oligocene flora Pinus subg. Haploxylon
recorded a significant involvement (Sirenko, 2003 b).
The dominance of pines in the Late Oligocene flora
of the south-eastern slope of the Voronezh anteclisis
is indicated by V.G. Shpul (2005). According to
T.B. Rylova (2001) in the Late Oligocene flora of
Belarus is also dominated by various species of Pinus,
but they belong largely to the subgenus Haploxylon.
Analyzing the materials regarding the increasing role
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of representatives of thermophilic species Pinus subg.
Haploxylon in the Oligocene flora of the north-western
part of the Dnipro-Donetsk depression (Sirenko, 2003
b) and Belarus in comparison with other regions of
Ukraine, it is possible to assume that the number of
representatives of this subgenus in the composition of
the same age flora increases in the western direction
and may be associated with an increase in humidity.
We have observed the same pattern for the Pliocene
and Early Neopleistocene flora of Ukraine and Belarus
(Sirenko, 2017 c).

Thus, the Oligocene time can be determined as
the first significant level of Pinus participation in the
Cenozoic flora. This level is clearly visible, both for
the flora of different parts of Ukraine and for adjacent
regions. The following representatives of Pinus are
typical for the Oligocene flora: Pinus cembraeformis
Zakl., P. cf. protocembrae Zakl., P. cf. sibirica Mayr.
P. cf. singularts Mayr., P cf. koraiensis Sieb. at Succ.,
P. cf. cristata Panova, Pinus sect. Mirabilis Anan.,
that according to the classification of O.A. Ananova
(1974) and T.B. Rilova (1980) includes Pinus mirabilis
(Rudolph.) Anan., Pinus tertiaria (Moreva) Anan. and
Pinus pusillus Rilov. Dendroflora were also components
P. sp. sect. Cembrae Spach, P. sp. sect. Strobus Shaw.,
P. sp. sect. Taeda Spach.; Pinus spp. subg. Haploxylon
Koehne., Pinus spp. subg. Diploxylon Koehne.

Pinus also played a significant role in the flora of
the Early and Middle Miocene. The species composition
of pines has largely remained unchanged since the
Oligocene, with the exception of some species (for
example, Pinus cf. koraiensis Sieb. at Succ. was
practically absent in the Miocene flora, and P. cf.
cristata Panova after the Karaganian time of the
Middle Miocene, was only a single representative of
the dendroflora of the middle Sarmatian time).

The second level of significant increase in the
composition of pines in the Cenozoic flora, as well
as a marked change in their species composition is
timed to the end of the Middle Miocene (Konkian and,
especially, early Sarmatian times). Pinus baileyana
Trav., P. veronica Anan., P. gigantea Anan. appear at
the Konkian time. The flora of early Sarmatian times has
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Fig. 6. Typical species of Pinus pollen of the Oligocene deposits. Photos by O.B. Stotland: /. Pinus cf. mirabilis (Rudolf.) Anan. Dnipro-
Donetsk depression, Oligocene; 2. Pinus cf. protocembra Zakl., Dnipro-Donetsk depression, Oligocene; photos by N.O. Shekina: 3.
Pinus cf. sibirica (Pall) Mayr., South Ukrainian Monocline, Oligocene.

the greatest species diversity and number of pines: Pinus
mirabilis (Rudolf.) Anan, P. baileyana, P. Ruthenica,
P. veronica Anan., P. minutus Zakl. (Korallova,
1962; Syabryaj, Shchekina, 1983; Shchekina, 1979).
According to N.O. Shchekina in the early Sarmatian
pine forests of the subgenus Diploxylon belonged to
the Sula, Banksia, Taeda sections (Shchekina, 1979).
Similar patterns of flora have been observed for the
territory of the North-Eastern Priazovye and the Lower
Don (Ananova, 1974). According to V.G. Shpul (1990),
the flora of the late Ivlinsky and early Gurivsky times
of Middle Miocene of the Volga-Hopper interfluve,
which correspond to the Konkian and early Sarmatian
in Ukraine, is dominated by various Pinus, similar in
composition to the Konkian and early Sarmatian of
Ukraine. This level can also be traced for the Miocene
flora of Belarus (late Burnosky time) (Palinozone brns5)
(Rylova, 2001, 2002), which corresponds to the early
Sarmatian in Russia. Regarding the participation of
Haploxylon and Diploxylon in the flora, the materials
of different researchers differ slightly. In particular,

N.O. Shchekina (1979) in the characterization of spore-
pollen complexes corresponding to the lower Sarmatian
sediments of Ukraine indicated the predominance of
pollen of the subgenus Diploxylon (which was up to
40%), as well as a slightly lower content of pollen Pinus
subg Haploxylon (without specifying its percentage).
Instead, O.M. Ananova (1974), in characterizing
the similar age complexes of the southern part of
the Russian plain, noted the predominance of pollen
Pinus subg. Haploxylon, which belonged to 5 species
(including Pinus mirabilis and Pinus tertiaria) in
contrast to the three species Pinus subg Diploxylon. This
conclusion is confirmed by the materials of V.G. Shpul
according to the characteristics of the Lamkinska series
of the Oka-Don plain (spore-pollen complex II1, which
corresponds to the Lower Sarmatian deposits of Russia
and Ukraine) (Shpul, 2004). The common thing to all
analyzed materials is that the flora of early Sarmatian
times differed significantly in the number of pine and
their species diversity.

Fig. 7. Typical species of Pinus pollen of the Middle Miocene deposits (Konkian-lower Sarmatian). Photos by N.O. Shekina: /. Pinus cf.
rutenica Anan., Ukrainian shield, lower Sarmatian; 2. Pinus cf. tertiaria (Moreva) Anan., South Ukrainian Monocline, lower Sarmatian;
3. Pinus cf. veronica Anan., South Ukrainian Monocline, lower Sarmatian; 4. Pinus cf. mirabilis (Rudolph). Anan., South Ukrainian
Monocline, lower Sarmatian; 5. Pinus cf. banksiana Lamb., Ukrainian shield, lower Sarmatian.

The next level of increase in the role of Pinus was
traced at the end of the Miocene (Novorossiysk time of
the Pontian of the southern part of Ukraine and Ivankiv
time —in Northern Ukraine). This period is characterized
by the dominance of pines in the flora, as well as their
significant species diversity. It should be noted that the
species of pines typical for the flora of the Konkian
and early Sarmatian times, namely: P. baileyana, P.
ruthenica, P. veronica, are no longer typical for the

early Pontian flora. Pinus mirabilis Anan. is singly noted
only in the dendroflora of the Kerch Peninsula (Sirenko,
2003 a). The flora of these stages was dominated by
representatives of the subgenus Diploxylon: Pinus sp.
sect. Eupitys Spach (dominated) P. sp. sect. Sula Mayr.,
P sp. sect. Taeda, P. sp. sect. Pseudostrobus., P. sp. sect.
Banksia Mayr., P. longifoliaformis Zakl., but the role
of Pinus spp. subg. Haploxylon. in the composition of
forests was still quite significant: P. pusillus., P. sp. sect.
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Fig. 8. Typical species of Pinus pollen of the Upper Miocene (lower Pontian (Novorossiysk), (Ivankiv)) and Lower Pliocene deposits
(lower Kimmerian (early Sevastopol)). Photos by O.A. Sirenko: /. Pinus minutus Zakl., Dnipro-Donetsk depression, Upper Miocene;
2. Pinus sp. subg. Diploxylon Koehne., Dnipro-Donetsk depression, Upper Miocene; 3. Pinus cf. longifoliaformis Zakl., Folded Donbas,
Upper Miocene; 4. Pinus sp. subg. Haploxylon Koehne., Dnipro-Donetsk depression, Upper Miocene; 5. Pinus sp. sect. Cembrae Spach.,
Folded Donbas, Lower Pliocene; 6. Pinus sp. sect. Strobus Shaw., Folded Donbas, Upper Miocene; 7. Pinus sp. sect. Sula Mayr., Dnipro-
Donetsk depression, Upper Miocene; 8. Pinus sp. sect. Taeda Spach., Dnipro-Donetsk depression, Upper Miocene; 9. Pinus sp. sect.

Cembrae Spach., Dnipro-Donetsk depression, Lower Pliocene.

Cembrae., P. sp. sect. Strobus. This level is well traced
both within Ukraine (Shchekina, 1979) and Russia
(Taman Peninsula) (Ananova, Volkova, Zubakov, etc.,
1985).

The next level of increase in the participation and
species diversity of Pinus in the flora corresponds to the
early Kimmerian Pliocene of southern Ukraine and the
early Sevastopolsky time of northern Ukraine. Within
the southern and northern parts of platform Ukraine
and within the Kerch Peninsula at this time the forest
type of vegetation prevailed, the dominant role in the
forests belonged to pines, in species composition close
to the forests of early Pontian time: Pinus spp. subg.
Diploxylon, P. sp. sect. Banksia, P. sp. sect. Eupitys, P.
sp. sect. Taeda, P. sp. sect. Sula, P. longifoliaformis, P
minutus Zakl., P. sp. sect. Cembrae, P. sp. sect. Strobus.
It should be noted that P. sp. sect. Taeda, P. minutus are
no longer typical for the flora of the Late Pliocene and
Pleistocene of Ukraine. This level is also observed for
the early Kimmerian flora of Russia (Taman Peninsula)
(Filippova, 2002).

Increasing of the role of Pinus spp. as a part of
flora, especially at the expense of representatives of the
subgenus Diploxylon is traced in the early Kuyalnik time
of the Late Pliocene of the southern part of Ukraine and
the Kyzylyar and early Bogdanivka time of its northern
and northeastern parts. It should be noted that analogues
of the spore-pollen complex from Kyzylyar sediments
have not been established among the complexes that
characterize the lagoon-marine sediments of Ukraine.
In the Neogene section of the Trans Asov massif, there
is a break in sedimentation between the Kimmerian and
Kuyalnik deposits (Semenenko, 1987). The composition
of the dendroflora changed dramatically during the
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Kuyalnik time. The main component of forests was
Pinus spp. subg. Diploxylon, heat-loving species of the
subgenus Haploxylon were almost completely absent.
This level correlates well with the level of dominance
of pine and the general impoverishment of the flora
of the early Sokolsky time (SPC VII) of the Middle
Volga region. (Linkina, 2006). In the early Bogdanivka
time, there was also an increase in the role of pines
in the dendroflora, but in the forests dominated by
Pinus spp. subg. Diploxylon, a few members of the
subgenus Haploxylon already appear. A similar pattern
is inherent in the dendroflora of the early Kuyalnik time
of southern Ukraine, as well as the middle Sokolsky
time (SPC VIII) of the Middle Volga region (Linkina,
2006) and the early Sukhodolsky time of the Volga-
Hopper interfluve (SPC X) (Shpul, 1991). Thus, the
established regularity of significant impoverishment
of the dendroflora of the Late Pliocene of Ukraine,
which also concerns its main component — the genus
Pinus, is well compared with that for the European part
of Russia. According to A.O. Velichko and co-authors
(2011) in the landscape of the territory of the European
part of Russia clearly records the cooling at the turn of
3.4 million years, which is probably traced in Ukraine
in the Kyzylyar time. Although, given the lack of
analogues of Kyzylyar sediments in the marine context
of the Pliocene of Ukraine at this stage of research, we
consider it appropriate to identify a combined Kyzylyar
early- Bogdanivka level of changes in the role of Pinus
in the dendroflora, which generally corresponds to the
early Kuyalnik stage of the Black Sea region of Ukraine
and the early Akchagylian stage of the Caspian region
of Russia.
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Fig. 9. Typical species of Pinus pollen of the Upper Pliocene and Lower Pleistocene deposits. Photos by O.A. Sirenko: /. Pinus sp. sect.
Eupitys Spach., Dnipro-Donetsk depression, Upper Pliocene; 2. Pinus aff. sylvestris L., Folded Donbas, Upper Pliocene; 3. Pinus sp.
sect. Eupitys Spach., Folded Donbas, Upper Pliocene; 4. Pinus aff. sylvestris L. Folded Donbas, Lower Pleistocene; 5. Pinus sp. sect.
Strobus Shaw., Folded Donbas, Upper Pliocene; 6. Pinus sp. sect. Cembrae Spach., Folded Donbas, Upper Pliocene.

A significant increase in the role of Pinus in the
composition of flora and vegetation is also recorded in
the Kryzhanivka time of the Eopleistocene. However,
due to the fact that in Kryzhanivka time there was
a fairly pronounced zonation of plant cover and the
established pattern was not observed for all regions of
Ukraine, we consider it acceptable not to allocate this
level as a benchmark.

The next level of increasing the role of Pinus in the
dendroflora is timed to the first warm stage of the Early
Neopleistocene (Martonosha). The vegetation type of the
central, north-eastern and western parts of Ukraine was
dominated by forest vegetation. Pines played a dominant
role in the dendroflora of all, without exception, regions
of Ukraine: Pinus spp. subg. Diploxylon (prevailed),
P. spp. sect Eupitys, P. longifoliaformis, P. spp. sect.
Strobus, P. spp. sect. Cembrae. This level is well
traced both for the territory of Ukraine and adjacent
regions of Russia (Tregub, Starodubtseva, 2005) and
is characterized by the most significant representation
of the genus Pinus in the Early Neopleistocene flora,
its diversity and noticeable presence of Haploxylon.

Conclusions

The genus Pinus has a large stratigraphic range,
but its species diversity and quantitative changes in the
composition of different ages of Mesozoic and Cenozoic
flora differ markedly. The analysis of these changes
makes it possible to trace the emergence and the main
levels at which the species composition was renewed
and its role in the flora increased during the Mesozoic
and Cenozoic.

The Mesozoic flora has 5 levels, which characterize
the increase in the participation of the genus Pinus
at different ages, among which the two levels are
most pronounced. In particular, the appearance of
the first representatives of Pinus, the Aalenian time
(Middle Jurassic), is clearly recorded in the flora of
the territory of Ukraine. Also, an important moment in
the development of Mesozoic flora — the Albian time
(Early Cretaceous), when the representatives of Pinus
split into two generic groups — subgenus Haploxylon
and Diploxylon.

5 levels of increasing the role of Pinus and its
species diversity for the flora and vegetation of the
Cenozoic were also established: Oligocene time of
the Paleogene, Konkian-early Sarmatian time of the
Middle Miocene; early Pontian (Ivankiv) time of the
Late Miocene; early Kimmerian time (early Sevastopol)
of the Early Pliocene and Martonosha time of the Early
Neopleistocene.

Participation of representatives of Pinus spp. subg.
Haploxylon and Pinus spp. subg. Diploxylon in the
composition of the Cenozoic flora was different. In
general, the tendency to reduce the role of pines of
the subgenus Haploxylon in the composition of flora
from the Paleogene to the Pliocene, established by
N.O. Schekina (1986) is traced, but at certain stages of
nature development (early Sarmatian and early Pontian
of Miocene, early Kimmerian of Pliocene) recorded
an increase in the number of representatives of this
subgenus and its species diversity compared to the
older flora.

A comparison of the composition of the Cenozoic
flora of Ukraine and the adjacent regions of Belarus and
Russia indicates the existence of a pattern of growth
of the role of Pinus in the composition of forests from
southwest to east and northeast.

The determined levels of changes in the composition
of Pinus in the development of Mesozoic and Cenozoic
flora are well traced not only within different regions
of Ukraine, but also typical for the flora of adjacent
regions of Belarus and Russia.

The traced levels can be used as benchmarks
for stratigraphic divided of Mesozoic and Cenozoic
sediments of Ukraine and their correlation with the
similar sediments of other regions.
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Received: 09.08.2020 Abstract. A new species of green paleosiphonocladal algae Kamaena gigantea from the
Received in revised form: 05.09.2021 Lower—lowermost Middle Mississippian sediments of the Donbas has been described. This
Accepted: 01.10.2021 species was distinguished from other representatives of the genus Kamaena Antropov by

its extremely large size, tortuous shape of the thallus and convex partitions. The species
belongs to an artificial taxonomic unit of the Kamaenae Shuysky tribe, 1985 , of the family Palaecoberesellaceae Mamet et Roux ,
a systematic grouping which is still controversial. The attribution of this family to green siphonocladal algae is controversial and
quite conditional, the opinions of different authors being based on personal vision, and varying in range from the plant to the animal
kingdom. A characteristic feature of the family is the tubular shape , the segments of which are connected by partitions with a large
central pore, sometimes with additional small pores. The thallus wall (fossilized remains of the body) is porous or non-porous and
has simple or branched pores. It has been emphasized that study of Paleoberezellides in thin sections, the sometimes fuzzy images of
the typical material in publications and ignorance of other researchers’ publications have caused confusion and led to the selection
of an unreasonably large number of genera and species within the family. It has been noted that in previous works, representatives
of this species were mistakenly identified as Anthracoporellopsis Maslov, a genus characteristic of the Lower—Middle Pennsylvanian
sediments. This erroneous definition was based mainly on general external similarity, a poorly illustrated description of the type species,
and did not take into account the morphological features that were characteristic for the genus. It has been found that representatives of
the new species had a rather limited stratigraphic distribution: the Upper Tournaisian (Dokuchaevskian horizon) and the Lower Visean
(Hlybokian—Sukhinskian horizons), and the most similar specimens found in the Ural region in underlying Tournaisian sediments
were, unfortunately, poorly illustrated and smaller in size and had a narrower thallus. It has been noted that a characteristic feature of
the tribe Kamaenae Shuysky, 1985 was the tubular shape, its inter-segmental partitions were perpendicular to the walls and were at
the approximately same interval from each other. It has been pointed out that representatives of the new species were found mainly
in grainstones, packstones, and wackstones — organogenic-detrital limestones along with such groups of microfauna as echinoderms
and ostracods, isolated spicules of sponges and remains of worms. The material for illustrations was mainly taken from the borehole
74 (near the village of Rodnikove, Starobeshiv district, Donetsk region) , which most fully revealed the Lower—Middle Pennsylvanian
deposits of the southern part of the Donbas. The knowledge of the systematic composition of the Early Carboniferous algoflora has
been expanded. This has helped us to conclude that the tribe Kamaeneae Shuysky, 1985 ,includes 6 genera and at least 22 species that
were found in the layers from the Early Devonian to the Early Visean of the Lower Carboniferous.

Keywords: Lower—lowermost Middle Mississippian, Upper Tournaisian—Lower Visean, Donbas, green algae, new species.

Hosuii Bua naneocuoHoks1anoBoi Bogopocti Kamaena gigantea 3 BepXHbOTYPHEHCBKHUX—
HHMKHbOBI3elCbKUXB BiIK/IaliB HIZKHBOT0—CAMUX HU3IB cepeIHboro Miccicimio Jdonbacy

O.A. CyxosB

ITnemumym eeonoeiunux nayxk HAH Yxpainu, eyn. O. Tonuapa, Kuis, Ykpaina, 01601 osukhov74@ukr.net
osukhow7480@gmail.com.

AHoTanisi. 3 BepXHBOTYPHEHCHKHX—HIDKHBOBI3CHCHKNAX BiIKIANiB HMKHBOTO—CAaMHX HH3IB CEpelHBOT0 TEHCHIbBaHil0 JloHOacy
OITMCAHO HOBWIl BHJ 3eJICHOI mayieocu(poHOKIAN0BOI BojopocTi Kamaena gigantea. Bin iHIMX mnpencTaBHUKIB pony Kamaena
Antropov, 1967 nmaumit Bux Bifpi3HSAEThCA HAA3BHYANHO KPYIHHMH PO3MipaMH, 3BHBHUCTOIO ()OPMOIO TaJUTiTa Ta BUITYKIMMH
neperopopkamy. IIpoBeneHO IiCTOPHYHHMH EKCKypc Ta pO3IISHYTO 3arajbHi IHTaHHS CHUCTEMaTHYHOI HAJIEXKHOCTI POIMHU
Palacoberesellaccae Mamet et Roux. 3a3HaueHo, 1110 CHCTEMATHYHA HAJICKHICTH Ii€] POIUHU € TUCKYCIHHOO 1 TOCUTh YMOBHOIO,
a IyMKH Pi3HHX aBTOPIB Jy’Ke Pi3HATHCS B 3aJI€KHOCTI BiJl 0COOMCTOr0 GaueHHs i BapilOIOTh BiJl POCIMHHOIO JI0 TBAPHHHOIO 1IapCTBa.
Harosorieso, 1o BUBUSHHS maneobepesenis B TOHKHX nuridax, iHOAI morani 300pakeHHs: TUIIOBOTO MaTepiany B MyOmiKallisx Ta
HE3HAHHS CaMuX MyOmiKaliil iHIIKUX AOCHITHMKIB CTAJ0 MPUYUHOIO IUTyTAHWHH Ta MPU3BENO 0 BUAUICHHS HEBHUIIPABIAHO BEIUKOI
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KIJIBKOCTI POJIIB Ta BUJIIB BCEPEANHI POJUHU. BCTaHOBIICHO, 1110 IIPe/ICTaBHUKA HOBOTO BH/IY MAIOTh JOCHTH 0OOMexeHe cTpaTurpadidne
HOIIUPEHHSL: MMi3Hiil TypHe (10Ky4aeBChKUIl TOPU30HT) Ta PaHHIH Bize (NTMOOKUHCHKUH—CYXUHCHKHI FTOPH30HTH), @ HAWO1IbII TO/i10HI
eK3eMIULIPH 3yCTPIHYTI B YpalbChbKOMY PErioHi y HIDKUE3aIAralourx BiKiIagax TypHe, IPOTe BOHH MOraHO MPOLTIOCTPOBaHI, MalOTh
BIJYyTHO MEHII PO3MIpH Ta ByX4Hi TamiT. [louaTkoBe MOMMIIKOBE BH3HAUCHHS BHIY 0a3yeThcs TOJOBHMM YMHOM Ha 3arajbHid
30BHIIIHIA CXOKOCTI, IOTAHO MPOLTIOCTPOBAHOMY OIIHCY THIIOBOTO BHAY Ta HE Oepe 10 yBaru MOp(oJoriyHUX O3HAK, AKi XapaKTepHi
it pony Anthracoporellopsis Maslov, 1956 3 BinkmaniB cepelHbOro Ta Mi3HHOro KapOoHy. BkazaHo Ha Te, IO NpPEICTaBHUKU
HOBOTO BUJIy BHSIBJICHI IIEPEBAKHO y TPEHHCTOyHaX, MAKCTOYHAaX, BAKCTOyHaX. PO3IIMPEHO IMi3HAHHS MPO CHCTEMATHYHUH CKIaf
paHHBOKaM THOBYTLIEHOT asibrogopu. Bkazano, mo Ha crorozHi 1o Tpiou Kamaeneae Shuysky, 1985 BxonsaTh 6 poaiB i moHaiiMeHIIe
22 BuaHM, NPEJCTAaBHUKH SIKUX 3yCTPIYalOTHCs BiJl BEPXHBOTO JICBOHY 10 BEPXHBOIO Bi3e CEPEAHBOIO MiCCiCiMito.

Knrouoei cnosa: micciciniil, 6epxuiil mypHe—HudIcHill 6ize, [Jonbac, seneni 6000pocmi, HOBuil 8uUO.

Introduction.

The family Palaeoberesellaceaec Mamet et Roux
are microorganisms that have the form of perforated
calcareous tubes segmented inside the partitions in thin
sections. These organisms were an important biotic
component of the shallow areas of the Late Devonian
and the Early Carboniferous seas, and sometimes
they had rock-forming importance along with other
organisms.

The history of study of Paleoberezellides dates
back to the 19-th century when they were identified as
foraminifera Nodosinella (Brady, 1876). In the process
of further study, the group was attributed to both plant
and animal kingdoms (Maslov, 1956; Antropov, 1968;
Termier, Vachard, 1977; Bassoulet, 1979; Berger,
Kaever, 1992).

Paleoberezellides were first revised by B. Mamet and
A. Roux (Mamet et Roux, 1974). Based on the existing
genera — Kamaena Antropov 1967 Pseudokamaena
Mamet (in Petryk et Mamet 1972), Exvotarisella Elliot
1970,? Anthracoporellopsis Maslov 1956 and three new
genera Kamaenella, Palaeoberesella and Parakamaena,
they classified this tribe as Palacobereselleae. The tribe,
with some doubt, was included in the Dasycladales
order. According to these authors, the taxonomy of
the proposed Palacobereselleae tribe was based mainly
on the general appearance of “cells” and transverse
partitions, the type of wall porosity and their size
(Fig. 1).

Based on the method of studying Paleoberezellides
in thin sections, sometimes poor images of typical
material and ignorance of the publications of
other researchers caused confusion and led to the
establishment of an unreasonably large number of
genera and species within the family. Among such
examples was the genus Exvotarisella Elliot originally
described as the foraminifera Nodosinella index (Brady,
1876). G. Elliott (Elliott, 1970) described a new species
of Exvotarisella maponi from the Visean sediments
of England, referring it to the family Dasycladaceae
(Kiitzing, 1843). The species was well illustrated and
among its characteristic features was branching of the
pores of the first and second order. B. Mamet and A.
Roux (Mamet, Roux, 1974) re-described the genus,
making the species E. index the type species and

introducing the species E. maponi into the synonym.
Moreover, among numerous images only the Figure 24
from the Table 5 has porosity of the wall and branching
of the first order.

Currently, the family includes 15 genera and about
42 species (Chuvashov, Luchinina, Shuisky, 1987),
some of which are obviously synonymous.

The issue was well covered by P. Brenckle
(Brenckle, 1985) who supported combining
Paleoberezelides and their descendants Berezellides
into a new family or group of higher taxonomic rank
inside the green algae as long as their true taxonomic
status remained to be discovered.

Research materials and methods.

The material of the study was several dozen
specimens of Paleoberezellides previously identified
as Anthracoporellopsis Maslov and mostly satisfactorily
preserved. They were found in thin sections of bore-
holes and outcrops in the Donbas. Samples for the study
were taken from the following locations: boreholes 9,
74, quarry near Dokuchaevsk — Central; Stylsk quar-
ry in Volnovakha and Starobeshiv districts in Donetsk
region. Based on this material, the biological diversi-
ty of the family Palaecoberesellaceaec Mamet et Roux
in the Visean sediments of the Donbas has been stud-
ied for the first time, and their vertical distribution and
taxonomic diversity have been analyzed.

Considering the degree of preservation of the
material, only specimens from the borehole 74 have
been presented in this paper (Fig. 2).

The main research methods were
micropaleontological and biostratigraphical. The
calcareous algae have been studied in thin sections
under the MBI-3 microscope.

Results and their analysis

As a result of the study of the Late Tournaisian-
Early Visean algae in the southern part of the Donbas,
calcified remains of tubular algae previously mistaken-
ly identified as Anthracoporellopsis machaevi Maslov
were found. This initial judgment was based on their
large size, massive oblique walls and uneven partitions
separating the inner cavity. The stratigraphic distribution
of these forms includes the deposits of Dokuchaevskian
horizon of the Lower Tournaisian to Sukhinskian hori-

755



Sukhov O.A. Journ. Geol. Geograph. Geoecology, 30(4), 754-761

1-3, 6a, 11, 12 - internal partitions
4, 5, 8a, 9a - belts

6, 7 - bifurcation branching
8-10 - dichotomous branching
1a, 3a, 10 a - fruiting organs?
13-14 - examples for mesh structure of chloroplast

Fig. 1. Some examples of morphological elements (features) of the family Palaecoberesellaceac Mamet et Roux
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of the algae of the family Palaeoberesellaceae Mamet
et Roux showed that such judgements were wrong ac-
cording to the latest ideas about the taxonomic belong-
ing of the family and its individual genera. In addi-
tion, a discrepancy was revealed between our and oth-
er specimens and the underlying sediments with typ-
ical specimens.

The genus Anthracoporellopsis described by Maslov
(Maslov, 1956) apparently taken from Bashkirian
deposits of the Donbas is characterized as a tubular
organism with partitions and channels, with a double
dichotomous branching of pores in the walls. Typical
material had channels in the partitions which were of
curved shape, often with protuberances going into the
internal cavity of the body (Fig. 3). Their important
additional characteristic was walls made of light calcite
and pores-channels filled with dark carbonate. The
author also described a thin, light carbonate crust on
the outside of the walls that brought the genus closer
to the Beresellaceae family Maslov et Kulik, 1956,
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and indicated the likelihood of their close phylogenetic
links. However, the description of the typical species
was poorly illustrated by photographs, and has more
hypothetical sketches that later led to confusion and
erroneous definitions.

Our material is a large tubular alga with partitions.
The wall is composed mainly of light calcite and has no
additional layer. Pseudopores are thin and composed
of light carbonate with dichotomous branching on
some specimens. Such features gave grounds to re-
describe the existing specimens and refer them to the
genus Kamaena Antropov , which is very similar to
them. The stratigraphic distribution of the taxon in
the Donbas is quite limited: the Upper Tournaisian
(Dokuchaevskian horizon) — the Lower Visean
(Hlybokinskian and Sukhinskian horizons). Moreover,
the most widespread representatives of the taxon are in
the deposits of Hlybokinskian horizon. The specimens of
this taxon are found mainly in packstones, wackstones,
rarely grainstones — organogenic limestones with
predominance of foraminifera, tubular green algae with
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02 mMm

Fig. 3 Schematic representation of the genus Anthracoporellopsis (Maslov, 1956)

septa, occasionally there are remains of echinoderms
and ostracods and isolated spicules of sponges and
remains of worms.

Family PALAEOBERESELLACEAE Mamet et
Roux, 1974

Intersegmental partitions with large central pore,
sometimes with additional small pores; thallus wall is
porous or non-porous, its pores are simple or branched.

Tribe KAMAENAE Shuysky, 1985

Intersegmental partitions are perpendicular to
the wall and are at approximately the same distance
from each other. The pores in the wall are straight,
unbranched.

Representatives of the Kamaenae Shuysky tribe are
widely represented in the limestone strata of the Visean
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deposits of the Donbas. The systematic position of this
tribe, as well as the whole family Palacoberesellaceae,
still remains uncertain. This group includes calcareous
tubular microorganisms having an internal cavity
divided by transverse partitions into chambers. Today,
the tribe Kamaeneae Antropov includes 6 genera and at
least 22 species, representatives of which are found from
the Lower Devonian to the Upper Visean (Serpukhov?)
of the Mississippian— Lower Pennsylvanian?

Genus Kamaena Antropov, 1967

Type species: Kamaena delicata Antropov, 1967;
Tournaisian, the Zavolgian horizon of the Tatar AR.
Diagnosis. Thallus is cylindrical, tortuous, in the cross
section it is rounded, dichotomously and alternately
branched. Its inner partitions in the longitudinal section
are straight and placed perpendicular to the wall.
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Species composition and distribution.

The genus has 10 species:

Kamaena delicata Antropov was found in upper
part of Famennian stage of the Devonian and the
Mississippian of the Eastern European Platform, of the
Tournaisian and Visean stages of the Donbas, Western
Europe, Poland, North America;

K. awirsi Mamet et Roux was found in the
Tournaisian and Visean stages of the Donbas, Urals,
Siberia and Northeastern Russia, the Visean stage of
the Eastern slope of the Urals, Western Europe, Poland;

K. itkillikensis Mamet et Rudloff was found in the
Upper Famennian of Russia, the Tournaisian and Visean
deposits of Western Europe, Donbas, North America,
Visean of the Urals;

K. maclareni Memet et Rudloff was found in the
Tournaisian deposits of the North America (Keokuk
Formation);

K. minuta R. Ivanova was found in the Upper
Famennian-Lower Tournaisian of North-Eastern Russia;

K. lata R. Ivanova was found in the Lower
Touraisian of the Urals and the Kolyma Massif of
North-Eastern Russia, in the Upper Famennian—Lower
Tournaisian of the Momsky Ridge and the Omolon
Massif, Upper Tournaisian of the Siberian Platform,
the Lower Visean of Ukraine;

K. omolonica R. Ivanova was found in the Visean
stage of the Omolon Massif (Russia), the Lower Visean
of Donbas (Ukraine);

K. magna R. Ivanova was found in the Visean
sediments of the Kolyma Massif, the Urals, the Eastern
European Platform (Russia), Ireland, Morocco; the
Tournaisian of Ukraine and the Ural-Kazakh depression
(Russia); the Famennian and Tournaisian of France;

K. tobolensis R. Ivanova was found in the Lower
Tournaisian of the Ural-Kazakh depression (Russia);

K. maclareni Mamet et Rudloff was found in the

Tournaisian sediments of North America.

Kamaena gigantea sp. nov.
Plate 1, Fig. 1-8; Plate 2, Fig.1-4

Derivatio nominis. From gigantea (lat.) — huge.

Holotype: IGS NAS of Ukraine, brh. 74, area near
village Rodnikove, Starobeshiv districts in Donetsk
region, dth. 231-233.7 ™, sample. 98, Dokuchaevskian
horizon, zone C " ..

Anthacoporellopsis machaevi Maslov: Ol
Berchenko, 1981, Table. 28 Figure 1 Anthacoporellopsis
machaevi Maslov: O.1. Berchenko, O.A. Sukhov, table.
13, Fig. 1 1-3,5-7, 11

Name derivation: from the gigantea (lat.) — huge.

Description. The thallus is large, tubular, curved,
its shape varies from subcylindrical, subconical and
subrectangular depending on the cross section. Its wall
is quite thick, uneven, “porous”, sometimes with pro-
tuberances, mostly on the outside, and has irregular

“pores”. “Pores” are mostly straight, not branched and
not all specimens have them. Pores are located perpen-
dicular to the wall. Partitions are infrequent, straight
or curved to the central part of the thallus. They are
placed at approximately the same distance from each
other and perpendicularly or at an angle to the wall
and have approximately the same thickness. Their in-
ner cavity is wide.

Dimensions in microns. The thallus diameter is
270-630, wall thickness is 30 - 70, thickness of parti-
tions is 25-70, distance between partitions is 110-420,
diameter of the “pores” is 3-10, diameter of the inner
cavity is 100-600.

Comparison. Our specimens are most similar to the
species Kamaena lata R. Ivanova and Kamaena mag-
na R. Ivanova from the Tournaisian sediments of the
Urals, but they differ from Tournaisian ones by great-
er width of the inner cavity and much greater distance
between partitions and larger size of all elements of the
thallus. In addition, unfortunately, R. Ivanova’s mate-
rial is poorly illustrated: K. /ata has two specimens, K.
magna has three specimens that make it impossible to
clearly identify them.

Distribution. The Late Tournaisian—Early Visean
stage of Donbas (Ukraine).

Location and material. Donbas, Dokuchaevskian-
Sukhinskian horizons, area near village Rodnikove,
74, dth. 231-233 m, 216.6-218.0 m, 206.8-209.0 m,
203.9-205.6 m, 188.5 m, 144.4-148.2 m, 142.4-144 .4
m, 139.2-142.4 m, 138.0 m, 133.5 m, 124 m, 55.8-
58.2 m, Dokuchaevskian — Hlybokianskian horizons
(zones C\Y, C, , C"); near village of Styla, bore-
hole. 30, dth. 229.3 m, 228.8 m, 226.0 m, 224.8 m,
Dokuchaevskian horizon (zone C "), the area of the
town of Novotroitske, borehole 9, dth. 294.5 m, 292.5
m, 291.6 m, Dokuchaevskian horizon (zone C ")), the
area of the town of Dokuchaevsk, quarry Central zone,
Dokuchaevskian—Hlybokianskian horizons (zones C*, ,
C,",). More than 40 specimens in longitudinal and
Ccross sections.

Conclusion.

This article presents a revision of the systematic
position and a description of a new species of
Palaeosiphonocladal algae Kamaena gigantea from
the Lower Carboniferous deposits of the Donbas .
We established that its stratigraphic distribution is
limited to the deposits of the Dokuchaevskian or Late
Tournaisian and Sukhinskian horizons of the Early
Visean .We analysed previous publications from the
history of study and gave an explanation why the new
species was identified .We made a comparison of similar
species in other territories and carried out a revision.
We widened the knowledge on the palaeoalgal flora of
the Donetsk Seas of the Carboniferous and established
the facies position of the new species.
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PL 1

800 mkm

PL1

Fig. 7, 8 depth 144.4 m, Hlybokinsky horizon, zone
Cy,
1 C’Fig. 1, 4 depth 203.9-205.6 m, Hlybokinsky hori-
zon, zone C ", ,

Fig.3 depth 231-233.7 m, Dokuchaevskian hori-
zon, zone Clva,

Fig. 2 depth 138 m, Hlybokinsky horizon, zone C*,,

Fig. 6 depth 139.2 -142.4 m, Hlybokinsky hori-
zon, zone C ",

Fig 5 depth 188.5 m, zone C",.
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Received: 23.02.2021 Abstract. The article presents an overview of modern directions and approaches to
Received in revised form: 23.04.2021 systematics of recreational resources (goods). The purpose of our study is to develop
Accepted: 08.09.2021 methodological principles of systematics of recreational goods, taking into account their

subject specificity and modern research approaches to the systematics of natural, historical,
cultural and socio-economic conditions and resources. The article has been used development by domestic and foreign scientists, as
well as preliminary author’s studies. Working-out of a scheme of recreational goods systematics took place on the basis of a dialectical
approach, which requires all phenomena and processes in their development, interconnection, and interdependence. The article presents
an overview of modern directions and approaches to the systematics of recreational goods and provides a general methodological
scheme of systematics of recreational goods. The proposed scheme includes the division of recreational goods to natural, cultural and
historical and socio-economic, as well as directions of use by recreational goods — public, collective and personality. The intersections
of these categories are marked by the main methodological approaches to the evaluation of recreational conditions and recreational
resources. For each direction of the classification and systematics of recreational goods, it is necessary to develop methodological
principles and methodological means of inventory and assessing the corresponding combination of recreational conditions and resources
with forms of use by recreation goods. Such justification also requires enclosed blocks of recreational conditions and resources and
social varieties of use. Recreational conditions and resources of public usage are available for all users without restrictions of property
rights; they are considered as global civilization goods as the “property” of the world community; they do not have the content of the
goods and do not form appropriate market relations, as a rule, a global or regional spatial scale. Recreational conditions and resources
of collective usage form natural and geographical objects and phenomena with different forms of ownership (state, corporate) and
collective (group) use. They can be shared by common goods, do not have a form of commodity and not take part in market commodity-
money circulation. Recreational conditions and resources of individual usage are private or group property of vacationers. They remain
outside the economic assessment, but can also form their market environments with competitive relations and be objects of commodity-
money circulation.

Keywords: recreational resources, recreational conditions, systematics of recreational goods, natural environment, recreational and
tourist potential.

MeTo10/10Ti4YHI NPUHUMIIA CUCTEMATHKH PeKpeaniiHux 0Jar

O.T. Tonuies!, B.A. Cuu" B.B. fBopcekal, K. B. Konomierns!, O.B. I'purop’es!, 1. B. T'eBko?

'0O0ecvruil nayionanohuil ynieepcumem imeni I. 1. Meunukosa, yavorskaya@onu.edu.ua
?Teproninbcokuil Hayionanvbhull nedazo2iunuil yrnieepcumem imeni Borooumupa I'namioxa

AHoTauisi. Y cTaTTi HaBeICHO OIS CYYaCHUX HAPSMIB 1 TIIXOAIB 0 CUCTEMAaTHKH peKpeamiiHux pecypceis (0mar). MeToro Hamoro
JOCTIDKEHHS € PO3p0o0Ka METONOIOTIYHUX PUHIIUITB CHCTEMATHKH PEeKpealliifHuX Onar 3 ypaxyBaHHSIM IX NMPEIMETHOI criennuiku
Ta CyYaCHHX IOIIYKOBHX PO3pPOOOK 1 MIIXOMIB MO CHCTEMAaTHKH IPHPOIHHX, ICTOPHKO-KYJIBTYPHHX Ta COIiaIbHO-EKOHOMIYHHX
yMoB i pecypciB. [Ipy HanmcanHi cTaTTi BAKOPHCTAHO PO3POOKH BITUM3HSIHMX Ta 3apyODKHHX BUCHHX, @ TAKOXK MOIIEPEIHI aBTOPCHKI
JociipkeHHs. Po3poOka cxeMH CHCTEMATHKH peKpeamiiHux Onar BinOyBajacs Ha OCHOBI JIIAJICKTHYHOTO IiIXOAdY, KUl BUMarae
PO3IIsiIATH BCi SIBUIIA 1 MPOLIECH B X PO3BUTKY, B3a€MO3B 513Ky, B3aEMO3AJICKHOCTI 1 B3AEMO3YMOBJICHOCTI. Y CTATTi HABEJCHO OIS
CyJacHUX HAIPSMIB i MiJXOIB 10 CUCTEMaTHKH peKpealiifHix Onar Ta npecTapieHa 3arajbHa METOJO0JIOTYHa CXeMa CUCTEMATHKU
pexpeaniiinux Omar. [IponoHoBaHa cxema BKIIIOYAE MOALT peKpeaumiiHuX Onar Ha MPUPOAHI, KyJABTYPHO-ICTOPHYHI Ta COLIaJIbHO-
CKOHOMIYHi, @ TaKOXX HANpsIMH KOPUCTYBaHHS peKpeallifHUMu OaraMu — rpoOMaJIChbKe, KOJICKTUBHE, 1HIUBiAyanpHe. Ha mepetnHax
3a3HauCHHUX PYOpHKaLiil TTO3HAYCHI TOJIOBHI METOMOJIOTIUHI MIIXOAH O OLIHKK PEKPEaliifHUX YMOB Ta peKpeamiinux pecypcis. s
KO>KHOTO HANpsiMy KJIacu(iKarii Ta CHCTeMaTHKH peKpeaniifHux 6ar HeoOXiTHO po3poOIsATH METOONIOT U HI IIPHHIAIH Ta METOANYHI
3aco0u iHBeHTapu3alii Ta OIIHKU BiANOBIHOTO ITOEIHAHHS PEKPEaIifHIX YMOB 1 pecypciB 3 (hopMaMu KOPUCTYBaHHS peKpeariiHIMI
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omaramu. [loni6Horo oOrpyHTyBaHHs MOTpPeOyIOTH 1 YKpyIHEHI OJIOKM peKpeamifHuX yMOB i PecypciB Ta COLiaibHi PI3HOBHIH
KOPHUCTYBaHHs HUMU. PekpealtiiiHi yMOBH Ta pecypcH CyCIiIbHOTO KOPUCTYBaHHsI JOCTYITHI BCIM KOPHCTyBauaM 0e3 00MexeHb paBaMu
BJIACHOCTI; 1X PO3MNIAAAIOTH SIK [I00aNbHI IMBLMI3AIiNHI OJara, sk «BJIACHICTB)» CBITOBOTO CIIIBTOBapHCTBA; BOHM HE MAIOTh 3MiCTy
ToBapy 1 He (OPMYIOTH BIAMOBIIHUX PUHKOBUX BiZHOCHH; SIK MPABHIIO, IIOOATBHOTO YU PEriOHAIBHOTO MPOCTOPOBOTO MacuITady.
Pexpeartiitai yMOBH Ta pecypcH KOJEKTUBHOTO KOPUCTYBaHHS (OPMYIOTH MIPUPOTHO-TeorpadidHi 00’ €KTH 1 SBUIIA, IO MAIOTH Pi3HI
(hopmu BIacHOCTI (iepKaBHA, KOPIOPATHBHA) Ta KOJIEKTUBHE (IPYIIOBE) BUKOPUCTAHHS. BOHM MOXYTh JIUIIATUCS CITIIBHAM OJIaroM,
He MaTH (OpMH TOBapy 1 He OpaTH ydacTi y pHHKOBOMY TOBapHO-TPOIIOBOMY 00iry. PekpeariiiiHi yMOBH Ta pecypcH iHIUBITyaTIbHOTO
KOPHCTYBaHHS Ilepe0yBaroTh y MPpUBaTHii a00 rpyNOBii BIACHOCTI pEeKpPeaHTiB; 3aJINIIAIOThHCS 11032 EKOHOMIYHOIO OI[IHKOIO, aJIe TAKOXK
MOXYTh (POPMYBATH CBOT PHHKOBI CEPEIOBHIIA 3 KOHKYPEHTHHMH BiTHOCHHAMH 1 OyTH 00’ €KTaMK TOBapHO-TPOLIOBOTO 00IrYy.

Kniouogi cnosa: pexpeayiiini pecypcu, pekpeayitini ymosu, cucmemMamura pekpeayiiinux oiae, npupoone cepeoosuue, peKpeayiino-

MypuUCmudHUuLl NOMeHyia.

Introduction

The problem of taxonomy and classification of
recreational goods remains complicated and actual.
Traditionally recreational goods are divided into
recreational conditions and recreational resources. It
becomes necessary to develop a general systematic
of conditions and resources of recreation and tourism
activity (RTA) and relevant classifications of conditions
of RTA and resources of RTA. The new approach in the
taxonomy of recreational conditions and recreational
resources is their distribution by socio-economic types
of usage —individual, group (public), social (national).
The first developments in this direction certify its
complexity, content and relevance.

The general trend in the development of RTA is the
unconscious and consistent expansion of the content
and forms of recreational conditions and recreational
resources. Until recently, they were divided into natural,
historical and cultural varieties. Today, a peculiar
standard of recreational and tourist potential (RTP)
became its rubrication on natural and geographical,
historical and cultural, and socio-economic components
(Horyn, 2014; Gudkovskih, 2012; Dashhuk, 2012;
Pokolodna, 2012, etc.).

It is necessary to note enough attentive and
purposeful development of taxonomy problems and
resource assessment of natural, historical and cultural
potential in domestic tourism science (Bejdyk,
2001; Horun, 2013; Kuzyk, 2011; Hrodzyns’kyy,
2014; Onufriv, 2015; Polyvach, 2012; Alyeshuhina,
Baranovs’ka & Baranovs’kyy, 2015, etc.). Comparative
analysis of cultural heritage assessment techniques
(Polyvach, 2012; Kuzyk, 2011) certifies their general
orientation on the number and density of placement
of cultural and historical objects, which in terms of
significance are divided into international, state, regional
and local ones. The simplest score assessments of
historical and cultural potential (3- or 5-point scale)
are also common. The estimates of recreational and
tourist objects at the frequency of their encyclopedia
(Kuskov, 2011) are offered. The assessment of natural
recreational resources is a reflection of the relationship
between human and elements of the surrounding
environment or the environment as a whole, as well

as reflecting the links between them in recreational
activities. Consequently, the assessment always has
an element of subjectivity, since reflects the attitude
of the subject (person) to recreational conditions and
resources. The boundary between what is good and that
bad for one or another subject are determined not by
the properties of the object, but the needs of the subject.
Noticeable development of principles and methods for
establishing esthetic and psycho-emotional value of
natural and natural-anthropogenic landscapes are among
the search and latest directions of assessment of natural
recreational resources. Vacationers and tourists enjoy
their own estimates of natural and cultural landscapes.
At the same time, geographical science does not have
sufficiently clear and methodically developed principles
and methods of such assessments, and this is one of the
topical tasks of recreational geography.

The main difficulties in systematics and evaluation
of recreational conditions and recreational resources are
due to their progressive expansion and complication.
The list of recreational goods is increasing, and their
rating orderliness is updated again. On the one hand, the
nomenclature of recreational conditions and resources
was developed in detail, and from the other — there are
all new varieties of recreational goods that significantly
change their traditional lists. The purpose of our study
is to develop methodological principles of systematics
of recreational goods, taking into account their subject
specificity and modern search direction and approaches
to the systematics of natural, historical and cultural, and
socio-economic conditions and resources.

Materials and methods of research

The methodological basis of the study is the
fundamental provisions of the theory of social
geography in the field of recreation and tourism. The
development of domestic and foreign scholars set out in
scientific works (Bejdyk, 2001; Horyn, 2014; Kuskov,
2011; Ljubiceva, Mal’s’ka & Zin’ko, 2011; Muska,
2018; Barriere, 2019; Hall & Page, 2014; Ostrom,
2010; Stamboulis & Skayannis, 2003; Pokolodna, 2012;
Polyvach, 2012, etc.) were used while writing articles,
as well as previous author’s developments (Topchijev,
Sych, Javors’ka & Dolyns’ka, 2019; Topchijev,
Kolomijec’, Sych & Javorska, 2020; Topchijev, Sych
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& Javorska, 2020a; Topchijev, Sych & Javorska,
2020b). The development of a scheme for systematics of
recreational goods took place on the basis of dialectical
and system-structural methods focused on consideration
of all phenomena and processes in their development,
interconnection, and interdependence. The methods used
in the study caused by the interdisciplinary status of the
chosen topic, the need to use the methodical arsenal of
social geography, tourism nature, economics, sociology.

Results and their analysis

Resource potential of RTA is traditionally
determined by combining recreational conditions and
recreational resources (Kuzyk, 2011; Kushniruk, 2012;
Pokolodna, 2012; Fomenko, 2007; Muska, 2018).
According to the subject, the conditions and resources
are distinguished by their role and functions in the
formation of RTA. Recreational resources are defined as
components of the environment of RTAs that are used
by vacationers and tourists. In this case, the usage of
recreational resources can be direct when the resource
is used by each vacationer individually, or indirect, if
the resource is used impersonally, collectively. It is
distinguished the recreational resources of individual,
group (collective) and public usage (Pahomova, Rihter
& Rumjanceva, 2000). Recreational resources have
qualitative and quantitative characteristics.

Recreational conditions are not used. They provide
the possibility of the RTA functioning, create more or
less favorable circumstances to use existing recreational
resources. Recreational conditions determine the best-
worse opportunities for the use of recreational goods.
They can have qualitative and quantitative assessments
of its role in forming of the general recreation potential.

Recently, the characteristic and evaluation as the
recreational goods of the natural environment are
launched. Naturalists traditionally consider the natural
environment as a source of all kinds of natural goods
in the form of natural conditions and natural resources,
but its understanding as a global recreational resource
is still in the stage of formation. In relation to society,
nature has functions of the life environment that “gives”
it air, water, land, mineral raw materials, biological
resources, natural landscapes, territories and water
areas. Such “supplement functions” of the natural
environment were also traditionally considered and
studied. Significantly later the environment has been
considered as a man’s waste collector, as a compensator
of various anthropogenic-technogenic loads on the
environment. The assimilation resource of the natural
environment is characterized by such a function.
Researchers are already considering and evaluating
the assimilation potential of the environment in its
ability to accept and neutralize various waste of life
and its economic activity.
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A relatively new variety of recreational resources is
the quality of the environment. According to traditional
environmental approaches, it was characterized by
its various components with the relevant estimates of
their contributions to the quality of the environment.
The problem of the general (integral) assessment of
environmental quality for recreational and tourism
activities became actual. The world science researchers
actively develop a concept of natural capital. The
environment is considered as natural capital of
society among other basic means of economic activity.
Natural capital includes natural resources and natural
conditions and carry out such social functions:
1) resource — provides production of goods and
services; 2) ecological (ecosystem) — preservation of
the environment; 3) cognitive-cultural functions. In the
mid-1990s, the World Bank has developed an updated
concept of national wealth with three forms of capital —
reproductive, natural and human.

The assessment of natural territorial complexes
was marked insufficiently in the systematics of
natural resources, and at the same time only marked
the estimation of landscapes as typical and peculiar
natural complexes. The landscape direction must
also be distributed on the systematics of recreational
conditions and resources: along with the widespread
estimates of personal natural components that form
the recreation potential of territories and water areas,
integral recreational estimates of territorial natural
complexes in general should be developed. This is
a relatively new variety of assessment of recreational
potential, which is already called landscape assessment
(Hrodzyns’kyy, 2014; Hrodzyns’ka, Nezdoyminov &
Husyeva, 2014; Onufriv, 2015). The level of scientific
and methodological development of natural complexes
assessment (landscapes) as a whole is still searched. It
is about a less or more esthetical and psycho-emotional
value of landscapes, a typical combination of certain
recreational conditions and resources in various
complexes, etc.

Along with the natural, social and economic
estimates of recreational goods, the ecological
assessment of recreational conditions and recreational
resources attracts considerable attention. Researchers
emphasize the complexity of evaluation of
environmental goods and call the main methodological
problems of ecological and economic estimates:

— physiological, social and economic functions of
nature are invaluable and can not be in principle worth
of valuation: any kind of money can replace them;

—natural factors providing these functions can not
be economically reproduced;

—such functions can not be compensated by other
goods: they are unmatched;

—a significant part of natural factors that perform
these functions is not subject to appropriation and can
not participate in commodity exchange.
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Environmental resources are defined as a set of
environmental elements that provide environmental
balance in the biosphere, and therefore and the normal
environment of vital activities. Most of such resources
provide public goods as having a public (compatible) use.

Peculiar characteristics of recreational goods of
public and compatible use attract peculiar attention of
researchers. In particular, social environmental goods
have the following properties (Pahomova, Rihter &
Rumjanceva, 2000):

—they are relatively inexhaustible (according to
modern views);

—are in state or collective ownership;

—do not have a form of classical goods and do not
form appropriate markets;

— can mark potential (future) rental ratios due to
different quality and different locations of environmental
goods.

We emphasize that environmental conditions and
resources are considered as one of the main factors that
form recreational potential. The environmental situation
contributes or limits the use of existing recreational
conditions and resources.

In a market economy, the importance of socio-
economic factors in the formation of general
potential is intensified. Researchers note that recently,
two traditional groups of recreational and tourist
resources —natural and historical and cultural, adding
another group —socio-economic resources of RTA.

The understanding of participation in the
formation of recreational goods of the so-called
“quasi nature” —an artificial material world created
by man is deepening. Geographers consider it as one
of the earth’s shells —a Technosphere that has global
distribution and produces a variety of impacts of
social life on a natural environment, which is called
anthropogenic-technogenic load (ATL). In relation to
the RTA, it is considered as recreational “anti-resource”,
which limits recreational potential and limits the use of
recreational goods, at the same time, the technosphere
forms recreational infrastructure, which is considered
among the main factors of development of RTA and
the use of recreational potential. The artificial material
world has its own nomenclature of recreational goods
that grows rapidly. It is about industrial, port-logistics,
engineering, architectural and construction facilities,
complexes, systems and landscapes that became objects
of RTA. It is also about artificial (unnatural) objects
of recreation and tourism, such as Disneyland, water
parks, amusement attractions, etc., whose share in RTA
is tirelessly increases.

Recently, the attention of researchers attracts
the problem of social recreational goods mentioned
by the authors of this article in the characteristic of
environmental resources. It has been established that

a significant part of recreational goods has no form of
individual usage and use as conditions and resources
of compatible and social usage. Resources of public
(compatible) use are also free (uneconomic) goods.
Researchers emphasize the economic paradox associated
with the use of such resources as: mass and free use
of public goods exacerbates the problem of relevant
compensation and protection of compensatory resources
from exhaustion, this is the so-called “tragedy of
collective”: common goods are accelerated, and the
problems of their preservation or recovery remains
out of sight. In the economy of nature use (Pahomova,
Rihter & Rumjanceva, 2000), natural resources for their
availability and properties of competition (competitive
exception) are ranking to: free access goods; resources
of compatible usage; natural resources of compatible
usage.

In a market economy, the significance of socio-
economic factors in the classifications and systematics
of recreational goods is intensified. In domestic
resource science, recently recreational and tourist
potential was evaluated by recreational conditions
and recreational resources. Currently, it has become
necessary to characterize it under property relations
and the possibilities of using it as a public, collective
or community goods. According to modern approaches,
the assessment of recreational goods should take into
account their possible participation in the formation of
market relations. The realization of market relations may
be direct if the recreational resource has the status of
a sales object or mediated (indirect), if the purchase and
sale object is not a resource, but its action (impact) —
the so-called resource function.

It should be noted that in modern developments,
the attention is increasingly paid to the physiological
and social functions of the natural environment as
opposed to traditional economic functions. Given the
global ecological crisis in any strategies and concepts of
socio-economic development criteria for environmental
safety — the so-called “ecological imperative” becomes
the main one. In relation to the problem of systematics
of recreational goods, the ecological imperative is
indicated by numerous developments of environmental
goods, which are considered as the main recreational
resource (Topchijev, Sych, Javors’ka & Dolyns’ka,
2019).

The authors of the article have developed a general
methodological scheme of systematics of recreational
goods (Table 1), which includes the division of
recreational goods to natural, cultural, historical
and socio-economic, as well as forms of usage by
recreational goods —public (society), collective (group,
community), individual (private). The intersections of
these headings are marked by the main.
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methodological directions of evaluation of
recreational conditions (I) and recreational resources
(IT). The directions of classification and systematics of
recreational goods are presented in the Table 1, marked
with symbolic codes. It is worth to consider briefly
such headings, emphasizing the special features of each
direction and its orientation.

The first group of recreational goods in the
above systematics (block I.1.A) forms natural
recreational conditions of public (society) use. Such
recreational conditions have a global or planetary
scale of their manifestations. They are considered
as global civilization goods as the “property” of the
world community, which has exclusively public and
compatible use. Such recreational goods can not be
privatized or restricted by individuals and societies
in favour of others. Natural recreational conditions
of social (public) use cannot be a commodity — the
object of purchase and sale and do not take direct
participation in the formation of market relations. The
Earth’s atmosphere, the World’s ocean, ozoneosphere,
Space are the examples of such recreational goods.
Natural recreational conditions of the planetary level
are the biosphere —a shell of life, a landscape membrane
of the Earth, which forms a natural environment of
mankind life.

The second group (block 1.1.B) forms natural
recreational conditions of collective (group, community)
use. Such recreational goods form natural and
geographical objects and phenomena used by various
forms of ownership (state, corporate) and collective
(group). Examples of such goods may be the territories
and aquaria used for recreational and tourist activities
of limited social groups. Among them there are the
land of fishing and hunting, the use of which are issued
by membership in the relevant unions, areas of water
recreation with limited and regulated use, objects and
territories of the natural reserve fund, areas of mass
unorganized rest with established regulations and
standards of use. Natural recreational conditions of
collective (group) use can be shared, do not have a form
of goods and not participate in market commodity-
money circulations. However, a significant part of
such recreational goods is already included in market
turnover, has the status of purchase and sale objects,
forms appropriate rental relations due to better-worse
qualities and locations, acquires competitive properties
and possibilities of alienation to use some of the
consumers.

The next group of recreational goods (block I.1.C)
constitute natural recreational conditions for individual
(private) use. Such recreational goods are characterized
by natural geographical objects and sites in private
ownership of vacationers. But the real list of such
goods is much wider. It covers natural conditions of

recreational and tourist activity in all its varieties. In
particular, this is one of the main characteristics of
household recreation and mass self-recreation and
recreation of the population. Natural recreational
conditions of individual use are currently combining
the properties of social economic goods and private
goods. Geographical resource research pays more
attention to the natural conditions that have private
ownership status and require appropriate economic
estimates. Natural conditions of individual use that
retain the status of common property remain outside
the economic assessment.

Unlike the natural conditions of RTA, historical
and cultural recreational conditions were investigated
in domestic recreational geography. The first group
of such recreational goods constitute historical and
cultural recreational conditions of public (society) use
(block I.2.A). These are recreational goods available to
all users without restrictions rights. They do not have
the content of the goods and do not form appropriate
market relations. Consequently, historical and cultural
recreational conditions can not be subject to resource
evaluation, although they retain cognitive and perception
(sensual) value. Examples of such recreational goods
can serve as regional world civilization, historical,
geographical and geopolitical regions, area of the
distribution of different confession and ethno-national
cultures.

Recreational historical and cultural conditions
of collective (group, community) use (block 1.2.B)
have a form of corporate, collective ownership.
By affiliation, they may be associated with various
companies and firms, with political, confessional
and public organizations and structures. Recreational
conditions form historical and cultural facilities,
monuments and artefacts belonging to such owners.
The nomenclature of historical and cultural objects and
monuments is quite known. It should be remembered
only that characteristics and evaluation of recreational
historical and cultural conditions of collective use
require not only individual objects and events, but
also a spatial combination of such recreational goods
that forms a recreational environment. Recreational
historical and cultural conditions of collective use
predominantly in the form of goods, take part in the
creation of relevant markets serving objects of sale.
Currently, this direction of evaluation of recreational
goods is not enough developed.

If historical monuments and artefacts have private
affiliation, then this situation is represented by the
following group of recreational goods — historical
and cultural conditions of individual (private) use
(block 1.2.C). Such recreational goods usually have an
appropriate economic assessment in the value of existing
historical and cultural objects and artefacts. It is about
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cultural artefacts that have museum value, as well as
various collections and libraries of manuscripts, books,
maps. It should be remembered that the assessment
is not the same objects, but their perceptual impact
(impression, evaluation), as well as the conditions and
capabilities of using other individuals. As already were
emphasized, socio-economic conditions of recreation
and tourism activity also require classification and
evaluation. It is indicative that until recently socio-
economic factors were considered as components of
recreational potential. Presently, this barrier has been
overcome, but the general level of development of
economic assessment of resource potential according
to its socio-economic components remains extremely
insufficient.

Recreational socio-economic conditions of public
(society) use (block 1.3.A) are represented by the global
economic system and national economies. The general
level of the world economy, the farms of particular
countries and their regional integration largely determine
the conditions and possibilities of functioning of
recreational and tourist activities. Sustainable socio-
economic development of countries and regions is one
of the main conditions for dynamic growth of recreation
and tourism. Socio-economic conditions of public use
are not of cost assessments as a recreational resource.
Possible relative (ranked) assessments of socio-
economic conditions by comparison of the relevant
indicators of the levels of development of recreational
regions and countries with the global economy and
among themselves.

Recreational socio-economic conditions of
collective (group, community) use (block 1.3.B) mainly
have the status of collective property, can form relevant
market relations and be objects of sale. In this case,
they do not have direct cost estimation as a resource,
but can be evaluated by a larger less promotion of
recreation and tourism activities. Recreational socio-
economic conditions of collective use may have
qualitative and semi-ranking (serial, rating) evaluation
as factors for forming RTP. In the first case, the
evaluation characterizes a greater-less perception of
socio-economic conditions of the RTA functioning,
and such assessments are ordered only qualitatively in
relation to more than less. For example, according to the
characteristic of the personal safety of recreation and
tourists, the region A has a relatively better condition
than regions B and C. Or the city among other tourist
cities is highlighted by a higher quality of the population
life, which enhances its functions as a tourist centre.

According to the second approach, the
characteristics of socio-economic conditions can be
compared and collate according to certain indicators
that are quantified them. In this case, we have a certain
“reference point” (for regions —the average level in the
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country, for the centres of RTA —an average level for
the cities of this group), which allows to arrange and
rank the socio-economic conditions for their relative
estimates. Such an assessment has a quantitative
character of the ratio to the point of reference, but the
quantitative indicators do not have metric relations: they
can not be added, to compile, to minus. In mathematical
statistics, they are called “inoperative”, such that are
not subject to transactions.

A group of recreational socio-economic conditions
of individual (private) use (block 1.3.C) is substantially
close to the previous group (I.3.B) and retains its
main properties. The main difference between the
recreational goods of this group is a clear private
affiliation. It is about the resource assessment of the
socio-economic conditions of particular recreational
users. The privatized socio-economic conditions of RTA
in many situations have a commodity form and form
relevant markets for recreational services. Examples
of such markets can be renting a cottage and areas for
recreation, a newly-known hostel, designed for “cheap
tourists” and others.

The above review represents the grouping of
recreational conditions. In such principles, there These
principles were also used to systematize recreational
resources (Table 3.1). A group of natural recreational
resources of public (society) use (block I1.1.A)
components and phenomena (processes) of the natural
environment directly or indirectly used in recreational
and tourist activities as its resources. Such recreation
goods are usually a global or regional spatial scale. They
are available for public use without any restrictions,
without exception from such use of individuals and
societies in favour of others. Natural recreational
resources of public use can not be a commodity. They do
not form relevant markets and do not have its valuation.
They can be evaluated only by general influence on
the better-worse functioning of the RTA. And in this
context, they are similar to the natural conditions that
we have already considered. The natural resources
themselves as well as their spatial scale approaches
“natural conditions” are yet subject to assessment.

Examples of recreational natural resources of
public use may be the resources of the atmosphere — air,
precipitation, solar and wind energy, climatic potential.
Resource functions and capabilities of the oceans can
be submitted in the same way. The resource potential of
the public use of biosphere covers not only recreational
components of the plant and animal world, but also
their territorial combinations in the form of biocenoses
of ecosystems that have recreational value. Landscape
member as a natural recreational resource is represented
by natural and natural-anthropogenic complexes, as
well as the environment of society life, which is already
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considered as a global ecological and recreational
resource.

The following group allocated natural recreational
resources of collective (group) use (block I1.1.B). This is
the common variant of recreational nature management,
according to which natural recreational resources have
a collective form of ownership and respectively group
them. Currently, natural recreational resources have
establishments of sanatorium, recreation and sports
profile, numerous summer and garden societies and
cooperatives. Ownership of separate recreational
resources transferred to local governments — oblast,
district and city councils, local communities.

Accounting and evaluation of natural recreational
resources remains the most developed direction in
recreational geography and resource, and the main
methodological problem of its further development
is the methodical searches of general and integral
estimates of the natural resource potential of recreational
objects and territories. In most cases, the indicators
of the recreational value of natural components are
established, developed methodological approaches to
their economic assessment.

Natural recreational resources of collective use
have the form of goods served as objects of purchase
and sale and form relevant markets of recreational
resources. Natural resources that have established
market value create peculiar rental relations that fix
their various qualities and cancellations. Such a status
of natural recreational resources generates competition
and leads to the right to exclude the use of them for
some vacationers at the expense of other — winners in
competitive competitions.

Natural recreational resources of individual
(private) use (block II.1.C) are distributed at the level of
households in rural areas, as well as domestic recreation
of urban population on the cottage settlement and garden
activities. Private property and non-consumer form
of recreational goods are typical for them. However,
it increases the use of individual natural recreational
resources as buying objects. Commodity forms have
land spots, summer cottage (“dacha”), garden areas,
aquatic berths and so-called “chalet” by the sea. It
was noted that the economic assessment of natural
recreational resources is one of the most developed
areas of resource studies. At the level of individual use
of natural recreational goods, mainly market methods
of assessment are widespread.

Historical and cultural (socio-historical)
recreational resources are sufficiently developed by
their nomenclature and intermediate taxonomies. It is
about historical and cultural attractions and objects,
archaeological monuments of material culture (artifacts),
architecture and construction, events and memorable
places vital activity of cultural figures and politicians.

Insignificant and rather conditional separation
of recreational historical and cultural resources of
public (block I1.2.A) and collective (group) use (block
I1.2.B.). Methodologically, they are distinguished by
levels of culturally historical events and monuments —
international and national. Such delimitation is not easy
in reality. Since a significant part of cultural-historical
resources is represented by objects (artefacts), which, as
arule, have a form of collective or private property, then
such recreational goods form the relevant markets of
historical and cultural resources. They can be involved
in the processes of buying and selling, renting, etc.
Historical and cultural resources do not have a direct
economic assessment. The value of such resources
is determined by their civilizational and historical
and cultural “weight” and significance with the use
of perceptual assessment techniques — evaluations for
“impressions.”

Historical and cultural recreational resources
of individual use (block II1.2.C) have the form of
private collections. Such recreational goods have
material values and subject to economic assessment
as recreational resources. The practice of collective use
of such resources on thematic seminars and congresses,
exhibitions and festivals wide spread. In this case, the
delimitation of historical and cultural recreational
resources by the level of use is relatively blurred.

Completes the systematics of recreational goods
(Table 1) A grouping of socio-economic resources
completes the systematics of recreational goods (Table
1). It was emphasized that socio-economic factors of
resource potential in the vast majority are considered
as the conditions of RTA. However, they perform and
important resource functions — functions of direct usage
by vacationers and tourists. Once again we emphasize
that such a direction for evaluating the resource potential
of the RTA has not yet long history and needs further
development.

Recreational socio-economic resources of public
use (block I1.3.A) are represented mainly by global
transport networks serving international tourism
activities. It is about the global system of waterways and
communications, a global network of air combinations,
on continental systems of railway and motor transport.
World transport infrastructure has its economic
assessment — differentiated by continents, ocean basins,
countries, and integral. It has been formed powerful
markets for international and global transport services,
developed relevant competitive relationships. We
emphasize that the global transport and logistics system
is considered as a global recreational resource (in terms
of infrastructure), and as a condition for recreational
and tourist activities (for providing transport services).

The second group of recreational socio-economic
resources of collective (group, community) use
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(block I1.3.B) forms the socio-economic factors of
the RTP of different levels — the international, national
(country) and regional. Recreational socio-economic
resources have a major component — recreational
and tourist infrastructure, which includes institutions
and systems of placement and service of recreation
and tourists. All infrastructure objects, complexes,
systems have a collective private property with
a certain value. There are formed powerful markets
for recreational infrastructure with a developed
competitive environment. A rent approach is actively
involved in the economic assessment of recreational
infrastructure: complexes and systems of recreational
infrastructure have significant amplitude of recreational
estimates, depending on the qualitative characteristics
of infrastructure and location. Like all material benefits,
recreational infrastructure is evaluated as a component
of resource potential (at its cost), as well as a component
of recreation and tourism activity (according to its
perceptual influence and consequences).

Recreational socio-economic resources of individual
use (block 11.3.C) are allocated to a separate group. In
its composition material components and factors of
household recreation and short-term recreation, as well
as the material and technical base of individual and
family forms of recreation including cottage and garden
activities, mass unorganized recreation, amateur tourism.
Recreational socio-economic resources of individual use
are the objects of private property and have appropriate
economic assessments. Such recreational goods form
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their market environments with competitive relations
and may be objects of commodity-money circulation.

Conclusions

The above review of the directions and
approaches to the systematics of recreational goods
gives an opportunity to extend the classical division
of recreational goods to conditions and resources
designed for natural components, to other components
of recreational potential — to historical and cultural and
socio-economic blocks. The invented systematics takes
into account the substantive peculiarity of cultural,
historical and socio-economic conditions and resources,
compared with the traditional natural bloc. In many
developments, the principles of classification of natural
conditions and resources will automatically transfer to
historical, cultural and socio-economic components
without taking into account their substantive specificity.
In developing systematics of recreational goods,
modern theoretical and methodological developments
of socio-economic goods are taken into account with
the distribution of property relations (public), collective
(group) and private use. The combination of these
features presents the main directions of assessment
of recreational conditions and recreational resources.
For each of the 18 directions it is necessary to develop
methodological principles and methodological tools of
inventory and assessing the corresponding combination
of recreational conditions and resources with the forms
of use by recreational goods.
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the desired goal, the following research methods were used: analysis and synthesis (for
determining theoretical and practical aspects of ensuring the life quality); statistical (for determining standardized indicators and a European
Quality of Life Index for Sweden and Ukraine); abstract-logical (for theoretical summarization and conclusion). As a result, the authors
created the European Quality of Life Index based on the comparison of the characteristics of international life quality assessment systems
(calculation principle, number and composition of indicators, number of countries covered for calculation), as well as systematization
of research by Ukrainian and foreign authors. Therefore, the authors selected twelve main indicators. The indicators are divided into
two groups: stimulants (prosperity index, basic human needs index, welfare bases, availability of nutrition and basic health care, GDP
per capita, population, global competitiveness index, personal security, access to basic knowledge, ecosystem status) and disincentive
(government debt, unemployment). To determine the “European life quality index”, the authors used the formula for calculating the
arithmetic mean, as all selected indicators can be considered equivalent as a result of standardization by the method of “minimum-
maximum”. In addition, for in-depth analysis, the authors calculated the growth rates of indicators, as well as coefficients of variation.
The authors made calculations based on data of 2013-2019 for two countries, namely Sweden and Ukraine. Sweden occupies a much
better position in achieving the Sustainable Development Goals, so studying the impact of life quality on sustainable development in
this country will suggest ways to achieve the chosen strategic priorities for Ukraine.
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SIKicTDh JKUTTH AK iH)]I/IKaTop CTAJIOr0 PO3BUTKY: Mi)KHaPOZIHe CTAaTUCTUYHE lIOCJIi)])KeHHﬂ

I.M. Tpynina?, 1.B. Xopak', K. A. [Ipsxina?, O.I1. Ycanosa?

! leporcasnuit nooamxosuil ynieepcumem, Ipninw, Ykpaina, inna.khovrak@ukr.net
’Kpemenuyyokuii nayionanvrutl yHisepcumem imeni Muxaiina Ocmpozpadcvkoeo, Kpemenuyx, Vipaina

AHoTauisi. MeToro cTaTTi € OOTpYHTYBaHHS METOIOJIOTi] BU3HAYCHHS €BPOIMEHCHKOTO iHACKCY SKOCTI KHUTTS. TeopeTuyHoIo Ta
METOOJIOTIYHOI0 OCHOBOIO JOCIIPKEHHS € 1711 B3a€EMO3JICKHOCTI SKOCT1 JKUTTS Ta CTAIOTr0 pOo3BUTKY. s nocsarHeHHs OakaHo1
METH BUKOPHCTOBYBAJINCh HACTYIHI METOAU JOCIIPKEHHS: aHaIIi3 Ta CHHTE3 (JUIS BUSHAYCHHS TEOPETUYHMX Ta MPAKTHYHHUX aCICKTiB
3a0e3MeYeHHs SIKOCTI KUTTS); CTATUCTUYHI (JUIS1 BU3HAYCHHS CTAaHAAPTH30BAaHHUX IIOKA3HUKIB Ta €BPONEHCHKOTO 1HJEKCY SKOCTI XKUTTS
qutst HIBernii Ta Ykpainn); abcTpakTHO-TOTTYHHHN (JUISl TEOPETHYHOTO y3arajlbHEHHs Ta BUCHOBKIB). B pe3ynbTaTi Ha OCHOBI MOPIBHSHHS
XapaKTePUCTHK MIKHAPOIHHUX CUCTEM OL[IHIOBAHHS SIKOCTI JKUTTS (IPUHIMII PO3PaxyHKY, KUIBKICTh Ta CKJIAJ IHIUKATOPIB, KIJIbKICTh
OXOIUICHUX KpaiH JUIsl pO3paxyHKy), a TAKOXK CHCTeMaTH3aLlil OCIi/KeHb YKPaTHChKUX Ta 3aKOPJOHHUX aBTOPIB 01710 po3pobiieHO
BJIACHY METOIMKY OOUHCIICHHS €BPONEHCHKOTO 1HACKCY SIKOCTI )KUTTA. [[0Ka3HUKH PO3MiICHO HA ABI IPyNu: CTUMYIATOPH (1HIEKC
MPOLBITaHHS, iHAEKC OCHOBHHUX MOTPEO JIOAMHU, OCHOBH AOOPOOYTY, TOCTYIHICTh XapuyBaHHs Ta 6a30B0i Mean4HoOi fonomoru, BBII
HA JIyIIy HACEJICHHS, YUCEIbHICTh HACENCHHS, 1HACKC TI00aTbHOT KOHKYPEHTOCIIPOMOXKHOCTI, 0COOMCTa Oe3reka; JOCTYI 10 0a30BUX
3HaHb, CTaH EKOCUCTEMH) Ta ACCTUMYIATOPH (Iep KaBHUI O0pr, piBeHb 0e3po0iTTs). {1t BU3HAYEHHS y3arajJbHIOIOUOT0 OKa3HHUKa
«€EBPOIIEHCHKHHN TH/IEKC SKOCTI KUTTSH» OyJI0 BUKOPHCTAHO (pOpMyIy pO3paxyHKy CEepeHBOr0 apu(h)METHIHOTO 3HAYECHHS, OCKIIBKHI
Bci 00paHi IHIMKAaTOPH MOXKHA BBA)KATH PIBHO3HAYHUMU MK COOOIO B pe3ynbTaTi CTaHJapTH3aLlil 32 METOJOM «MiHIMyM-MaKCHMyM.
JlonaTkoBo Juis ONTMOICHOTO aHali3y aBTOPU pO3paxyBaJii TEMIIH IPUPOCTY IHIUKATOPIB, a TAKOX KoediuienTH Bapiauii. PozpaxyHkn
HPOBE/ICHO 3 ypaxyBaHHsIM fAanux 3a 2013-2019 poku s aBox kpaiH, a came IlIBerii ta Ykpainu. [1IBeris 3aiimae nabararo kpari
MO3HMIIIT 32 iHAEKCOM JocsrHeHHs L{ineit cranoro po3BUTKY, TOMY BUBYCHHSI BIUIMBY SIKOCTI )KUTTSI Ha CTaJIMH PO3BUTOK Y I KpaiHi
JIO3BOJIUTH 3aIPOIIOHYBATH IIISIXH JOCATHEHHS OOpaHHUX CTPATEriyHMUX MPIOPUTETIB I YKpaiHH.

Kniouosi cnosa: sixicme srcummsi, cmanuii po3eumox, inoukamopu, Yxpaina, lllseyis
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Introduction.

Quality of life can be defined in many ways, that
is why it is the center of sociological, economic and
political research. For the vast majority of countries,
quality of life is a key indicator of sustainable
development being «as a desired outcome of service
delivery in mainstream and special needs education,
health care, social services (particularly for disabled
and elderly people) and, increasingly, for cross-
cutting public sector partnership policy at all levels»
(Galloway, 2005). In addition, the UN Sustainable
Development Goals (UN, 2020) also work in a spirit
of partnership and pragmatism, and aim at the right
choice in order to steadily improve the quality of life
for future generations.

According to scientists, measuring the life quality
in a behavioral economy is much more complicated
(Glonti, 2020; Nenkov, 2017). In the context of
globalization and digitalization, the priorities of
countries’ development and the tools to achieve them
continue changing. That is why much attention is
paid to the social, cultural and environmental living
conditions of the population of European countries
(Chernega, 2019; Gorina, 2019; Khomenko, 2019;
Sushchenko, 2019). At the same time, the existence
of democratic mechanisms for the transformation of
society (Calinescu, 2018), social dialogue (Calinescu,
2017), a sufficient level of education of the population
(Sitnicki, 2018; Trunina, 2019), a developed and
powerful education system contribute to the processes
of improving the quality of life of the population
(Kasych, 2018; Sitnicki, 2020). At the same time,
economic factors do not lose their relevance, in
particular innovation (Kasych, 2017; Khovrak, 2013),
and financial stability of enterprises (Polinkevych,
2016). The economic growth of the state is closely
linked to the population life quality (Kaigorodova,
2018). It is also worth remembering that “interpersonal
sensitivity and social support satisfaction predicted
quality of life” (Wedgeworth, 2017). The empirical
studies prove a direct correlation between starting
a business and quality of life for late-career individuals
(Kautonen, 2017). At that time, workspace design and
environmental features effects on an employee’s morale
and productivity, which, in turn, affects the Quality
of Life (Vischer, 2017). The concept of Quality of

Life is significantly impacting research and service
delivery in the field related developmental disabilities
(Schalock, 2016). Therefore, all the factors that
affect the level and Quality of Life of the population
should be divided into groups depending on the level
of influence: internal (personal characteristics of
a person; the desire to work, the level of education,
qualifications and income), family (material resources
and social status of the family) and external (influence
of society, market and state regulatory mechanisms:
natural, economic, state managerial mechanism, social,
medical prerequisites, etc.). As a result of these changes,
society needs to strengthen social responsibility
(Glonti, 2020), awareness of the transformation of
development priorities of countries (Calinescu, 2018;
Onyshchenko, 2020), as well as an effective system of
strategic management (Buzko, 2019; Maslak, 2018) and
training of highly qualified professionals (Pochtovyuk,
2017; Polishchuk, 2019). The purpose of the article
is to substantiate the methodology for determining the
European life quality index.

Materials and methods of research.

Research methods: analysis and synthesis (for
determining theoretical and practical aspects of
ensuring the quality of life); statistical (for determining
standardized indicators and a European Life Quality
Index for Sweden and Ukraine); abstract-logical
(for theoretical summarization and conclusion). The
importance of this paper is confirmed by the review
and analysis of scientific publications.

Quality of life can be measured by a set of
features that can be weighted by some metric that
reflect “well-being”, “social welfare” or “sustainable
development” (Slottje, 2019). At the same time, the
vast majority of scientific publications closely link
such concepts as Health, Health-Related Quality of
Life, and Quality of Life (Karimi, 2016). The main
quality of life assessment systems and indices are
the EIU Life Quality Index, the methodology of the
European Statistical System Committee, the Better Life
Initiative, the International Living Life Quality Index,
and the general methodological concept of standards
and quality of life (Table 1 (Measuring the life quality
in Ukraine, 2013)).
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Table 1. Characteristics of international quality assessment systems (compiled by the authors)

the European Statistical
System Committee

quantitative and subjective
indicators

System Calculation principle Indicators
EIU Life Quality Index Equal consideration of Health, family, social life, financial well-being, political stability and
(Economic Intelligence quantitative and subjective security, climate, employment guarantee, political freedom, gender
Unit) indicators equality
Financial and living conditions, productive or basic activity,
The methodology of Equal consideration of health, education, leisure (recreation) and social communications

(interaction), economic and physical security, public administration
(power) and fundamental rights, nature and environment, general
perception of life

Better Life Initiative

(OECD) Integral parameter estimation

Living conditions, income, employment, education, ecology, health,
management efficiency, social life, safety, satisfaction with living
conditions, work-life balance

Equal consideration of
quantitative and subjective
indicators

The International Living
Life Quality Index

Cost of living, culture, economy, environment, freedom, health,
infrastructure, security and risk, climate

Differentiation of macroeconomic
indicators and sociological
indicators

The general methodological
concept of standards and
quality of life

GDP per capita, consumer price index, consumer basket, household
expenditures, GFK basket, poverty rate, income inequality, life and
happiness satisfaction, deprivation, optimism about the future, etc.

The systems shown in Table 1, have different
indicators, index calculation methods and the number of
covered countries. Therefore, we selected twelve main
indicators, which were used to obtain a standardized
assessment of each indicator and to calculate the life
quality index in 2013-2019 for the two countries,
namely Sweden and Ukraine. Sweden occupies
a much better position in achieving the Sustainable
Development Goals, so studying the impact of life
quality on sustainable development in this country
will suggest the ways to achieve the chosen strategical
priorities for Ukraine.

The calculation of indicators according to the
proposed methodology was based on open statistics on
the socio-economic development of countries (Global
Competitiveness Index, 2019; Social Progress Index,
2019; Statistics of the countries of the world, 2019).

To calculate the European Quality of Life Index,
we have chosen a method based on the magnitude of
variation. The indicators are divided into two groups:
stimulants (prosperity index, basic human needs
index, welfare bases, availability of nutrition and
basic health care, GDP per capita, population, global
competitiveness index, personal security, access to
basic knowledge, ecosystem status) and disincentive
(government debt, unemployment). “The prosperity
index” is marked as I, “basic human needs index” —
as la, “welfare bases” —as Wy, “availability of nutrition
and basic medical care” —as Ay, “GDP per capita” —
as G¢, “population” —as P, “global competitiveness
index” —with Iz, “personal security” —as 5p, “access
to basic knowledge” —as Apg, “ecosystem status” —as
E; “government debt” —as D¢, “unemployment” — as
Ry. “European quality of life index” is marked as E;.

The standardized evaluation procedure (X") was
performed using the following formulas:

for stimulants:
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max X — X
- max X — min X (1)
for disincentive:
max X — X
- max X —min X @)

where X —is the indicator value, min X and max X —are
the minimal and maximal values of the sample indicator
respectively.

In order to bring standardized estimates of
indicators into a generalized European index (Ei), the
arithmetic mean formula was used based on the fact
that all selected indicators can be considered equivalent
to each other:

Y x;

Eo= - 3)

where 1 is the number of indicators taken into account,

i is the segment of the study period and is equal {2013—
2019}.

The following synthetic indicators were used for the
analysis of indicators of stimulation and disincentive of
life quality: “chain growth rate of prosperity index” —
Tﬁp, “chain growth rate of basic human needs index” —
TZ", “chain growth rate of welfare bases” — T;rﬁ , “chain

growth ratgl of availability of nutrition and basic health

33

care” — T2™ “chain growth rate of GDP per capita” —

= )

T;F , “chain growth rate of population” — T%, “chain
I

growth rate of global competitiveness index” — Ter E,

. . s .
“chain growth rate of personal security” — Tgrp, “chain
. A
growth rate of access to basic knowledge” — T;'K,
“chain growth rate of ecosystem status” — T2, “chain

Dg .
growth rate of government debt” — Ter', “chain growth
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R .
rate of unemployment” — Tgru, “chain growth rate of

European quality of life index” — Ty

Results and their analysis.

As a result of the application of the proposed
methodology, standardized values of indicators and
the European Quality of Life Index for Sweden (Table
2-3) and Ukraine (Table 4-5) were calculated.

Table 2. Quality level indicators in Sweden, 2013-2019 (developed by the authors)

Indicators 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | min | max | o
¥ 7762 | 7761 | 7743 | 7743 | 7920 | 7915 | 7900 | 7943 | 792 | 177
o, ; 001 | =023 | 000 | 229 | —006 | -0.06 ;

I 6361 | 9459 | 9483 | 9542 | 9536 | 9634 | 9639 | 6361 | 9639 | 3278

v o - 4870 | 025 0.62 ~0.06 1.03 0.05 -

W, 6173 | 8471 | 8643 | ss.61 | 9040 | 8831 | 8988 | 6173 | 9040 | 2867
W

Ty, ; 3723 | 203 | 252 | 202 | -231 1.78 -

A% 6152 | 9826 | 99.42 | 9943 | 9946 | 9857 | 8584 | 6152 | 99.46 | 37.94
At

Tk, ; 5972 | 118 | o0.o01 003 | -089 | —12.91 ;

Ge. 44907 | 46408 | 48310 | 49836 | s1180 | 52984 | 47193 | 44907 | 52984 | 8077
G

5, ; 334 | 410 | 316 | 270 352 | ~10.93 -

D5.9 of GDP 308 | 446 | 429 | 417 | 407 | 388 | 377 | 377 | 446 | 69
b’

T, ; 1206 | 381 | 280 | —240 | —467 | 284 ;

P, min 9645 | 9.747 | 9.851 | 9.995 | 10.120 | 10.230 | 10.330 | 9.645 | 10.33 | 0.685
=, ) 106 | 107 | 146 125 1.09 0.98 ;

Ry, 8.0 7.9 7.4 7.0 6.7 6.3 6.8 63 | 80 | 17
B

T, ; 125 | —633 | —541 | 429 | 597 | 794 ;

Ioc sag | sar | sa3 | ss3 | oss2 | ss0 | sso | sar | ssy | o
Ig

Ty, ; 128 | 037 | 184 | —018 | —036 | 0.0 ;
¥ 7028 | 9335 | 9348 | 9404 | 9402 | 8875 | 8891 | 7028 | 9404 | 23.76
¥, ; 328 | 014 | 060 | —002 | -s61 | 018 ;

A 63.68 | 98.16 | 9889 | 9568 | 95.04 | 9282 | 9237 | 6368 | 9889 | 3521
Ay

T, ; 5415 | 074 | —325 | —067 | —234 | 049 ;

E 4561 | 6042 | 7154 | 9268 | 9281 | 8429 | 84.55 | 4561 | 92.81 | 47.20
=, ; 3247 | 1840 | 2955 | 014 | -9.18 | 031 ;

According to the Table 2 the value of indicator
I; 5 in 2013 was 77.62, it had the trend of increasing
and in 2017 gained maximal value, in 2018 it was
79.15, in 2019-79.10.The same pattern can be found
in the change of other indicators: ¥}, increased from
61.73 in 2013 to 90.40 in 2017, in 2018 indicator

T;r‘" was equal —2.31, in 2019 was equal 1.78; T,iw

reached a significant value 54.15 %, but since 2016
it ranged —3.25 to —0.49; Sp in 2013 was equal to
70.28, then gained maximal value 94.04 in 2016, and
decreased in 2018 to 88.75, and increased to 0.18 in
2019.

The indicator A}, has changed most significantly:

in 2013 it was 61.52, in 2014-98.28, and indicator Tnf“
was 59.72, and during 2014-2017 remained almost
unchanged, gaining a value 0f—0.89 in 2018, and12.91
in 2019.

These indicators have affected the value of indicator
P, Despite some reductions in previous indicators, the
indicator ng constantly increased and in 2016 has
gained maximal value — 1.46 %, that indicator P in 2013
was 9.645 million people, and in 2019-10.330 million
people.
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The positive dynamics can be seen in the growth
of the indicator G from 44907 USD in 2013 to 52984
USD in 2018 (the value of indicator TEEE has reached
the maximal value in 2015-4.10), but the value of the
indicator G¢ in 2019 was 47193 USD and it affected
the indicators T;E =-10.93. The indicator Dz changed
as follows: in 2013-39.8 % to GDP, in 2014 has gained
maximal value 44.6 % to GDP, in 2019 decreased by
37.7% to GDP, which contributed to a decrease in
the score of indicator Ry to 1.7 % and increasing I
(maximal value in 2016-5.53, in 2018 and 2019-5.50).

In this regard, the increase in the indicator I» was
explained: in 2013 it was 63.61, in 2014-94.59, and in
2019 has gained maximal value — 96.39.

According to the Table 3 indicators are defined,
summarized by a standardized value E;, show dynamics
to improve life quality index from 0.48 in 2013 to 0.89
in 2017 due to rising socioeconomic indicators, which
indicates a better quality of life. Although, in 2019 the
value of the indicator £i=0.83 which indicates a slight

decrease in the life quality in Sweden.

Table 3. Standardized values of living quality indicators in Sweden, 2013-2019 (developed by the authors)

Indicators 2013 2014 2015 2016 2017 2018 2019
Ip 0.94 0.94 0.93 0.93 1.00 1.00 1.00
Iy 0.38 0.97 0.97 0.98 0.98 1.00 1.00
Wh 0.41 0.88 0.92 0.96 1.00 0.96 0.99
A 0.14 0.97 1.00 1.00 1.00 0.98 0.69
Gc 0.82 0.85 0.90 0.93 0.96 1.00 0.87
Dg 0.95 0.84 0.88 0.91 0.93 0.97 1.00
P 0.00 0.00 0.01 0.01 0.01 0.02 0.02
By 0.50 0.53 0.68 0.79 0.88 1.00 0.85
Iec 0.97 0.92 0.93 1.00 0.99 0.98 0.98
Sp 0.41 0.98 0.99 1.00 1.00 0.87 0.87

ApK 0.10 0.98 1.00 0.92 0.90 0.84 0.83
E 0.16 0.42 0.62 1.00 1.00 0.85 0.85
Ej 0.48 0.77 0.82 0.87 0.89 0.87 0.83

According to the calculations given in the Table
4, the value of the indicator P during 2013-2019 has
a tendency to a constant decline: Tgﬂ in 2014 it was
5.49%, in 2019 —0.75 %. The reason for this was the

instability of values 2p (in 2014 was 57.48, in 2016~
61.05, in 2019-58.83) and indicator Azg: the value
of indicator TaZ® in 2014 was 63.03 %, in 2016 —
—0.81 %, in 2018 indicator was —8.46 %). Educational

reforms implemented during 2013-2019 negatively
affected the quality of educational services and caused

dissatisfaction among the population, but the results
of the study period indicate that education in Ukraine
remains at a fairly high level.

An equally important indicator, which affects the
decrease of P is Ru: the level of value of this indicator
ranges 7.2-9.7%. The reduction of the number of
industrial enterprises, and as a consequence — the
reduction of jobs, the inability to maintain their own
families — all this has led to a decrease in fertility and
labor migration of young people.

Table 4. Quality level indicators in Ukraine, 2013-2019 (developed by the authors)

Indicators 2013 2014 2015 2016 2017 2018 2019 min max max-min
Iis 54.08 53.53 52.74 52.59 53.65 53.96 53.90 52.59 54.08 1.49
ip
Tz % - -1.02 -1.48 -0.28 2.02 0.58 —0.11 -

Iy 43.65 77.98 78.28 81.23 79.91 81.93 81.92 43.65 | 81.93 | 38.28
A

Tﬁ.’% - 78.65 0.38 3.77 -1.63 2.53 -0.01 -

Wy 41.93 61.42 61.74 64.29 68.62 64.03 64.22 41.93 68.62 26.69
W,
Tg,”,% - 46.48 0.52 4.13 6.74 -6.69 0.30
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Indicators

2013 2014 2015 2016 2017 2018 2019 min max max-min
AT 5547 | 9511 | 9784 | 9799 | 9847 | 9287 | 5556 | 5547 | 9847 | 43.00
Atk
T8k, ; 71.46 287 0.15 0.49 569 | —40.17 )
Ge 8676 8733 7996 8305 8754 9283 7906 | 7906 | 9283 | 1377
G
T, ; 0.66 _8.44 3.86 5.41 6.04 | —1483 ;
DevyorGpp | 40.50 | 7003 | 7930 | 8120 | 7190 | 63.90 | 4950 | 40.50 | 81.20 | 40.70
Fi'sl
T*,, ; 7291 | 1324 240 | 1145 | —11.13 | —22.54 )
P. min 45246 | 42760 | 42.591 | 42.501 | 42217 | 42.047 | 41.733 | 41.733 | 45246 | 3513
29, ) 549 | —040 | -021 | —067 | —040 | -075 ;
Ry 7.20 9.30 9.10 8.80 9.70 9.00 8.50 7.20 | 9.70 | 250
Arr
A, ; 2017 | =215 | 330 | 1023 | 722 | -556 ;
Ie 4.05 4.14 403 4.00 411 410 400 | 400 | 414 | 014
Iz
T, ; 222 266 | —0.74 2.75 024 | 244 ;
& 5392 | 5748 | 5796 | 6105 | 5732 | 5768 | 5883 | s3.092 | 61.05 | 7.13
5
T, ; 6.60 0.84 533 611 0.63 1.99 ;
Apg 5989 | 97.64 | 9776 | 9697 | 9752 | 8927 | 8925 | 59.89 | 97.76 | 37.87
Ap
Taw ; 63.03 0.12 081 0.57 846 | -0.02 ;
E 4463 | 39.13 | 3673 | 4444 | 5037 | 3948 | 4046 | 36.73 | 5037 | 13.64
TE o, - 1232 | -613 | 2099 | 1334 | 2162 | 248 ]

E
The low level of the indicator E: T in 2014

was—12.32%, in 2016 was 20.99 %, in 2018 ——21.62 %,
in 2019 was 2.48. It indicates to a negative impact on the
health of the population and also leads to a decrease in
value P, even at a sufficiently high level of the indicator
AR till 2018 there was an increase in values, and in
2017 the metric reached its maximal value —98.47, in
2018 —decreased to 92.87, in 2019 — decreased to 55.56.
Decreasing the indicator 4m was due to the poor-quality
reforms of the Ministry of Health of Ukraine and low
qualification of medical personnel.

Despite the fact that there is an increase in the

: . o T5C
index Gc: only in 2015 the indicator {ne was—8.44 %,

compared to Sweden in Ukraine the indicator G¢
remains at the low level, but a decrease of the indicator
D¢ from 2017 (in 2013 the indicator was 40.50 % to
GDP, in 2016 it has gained maximal value —81.20 %
to GDP, in 2017-71.90 % to GDP, in 2019-49.50% to

GDP) was probably caused by the devaluation of the

national currency.

Thus, against the background of an indicator /a that
had grown (only in 2017 the indicator T.E‘?', was—1.63 %,
in 2018 it was equal to its maximum during the study
period—81.93, but in 2019 there was a slight decrease

of indicator to 81.92), but in 2018 the indicator Ws
Wh
declined sharply (Tnp in 2014-46.48 %, in 2018 —

—6.69 %, in 2019-0.30), the indicator /zz almost didn’t

change (during the study period, the minimal value is
4.00, and maximal —4.14).

All previous indicators affected the value of
indicator e, the values of which also, as in the previous

LP

indicators, decline, increasing only by 2017 (TE’ in
2015--1.48%, in 2017 — 2.02 %), which is likely to
be associated with a small recovery in values Asx and

A% The value of the indicator Am critically decreased
from 92.87 in 2018 to 55.56 in 2019.
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Table 5. Standardized values of living quality indicators in Ukraine, 20132019 (developed by the authors)

Indicators 2013 2014 2015 2016 2017 2018 2019
Ip 0.06 0.04 0.01 0.00 0.04 0.05 0.05
Iy 0.00 0.65 0.66 0.71 0.69 0.73 0.73
W 0.00 0.40 0.41 0.46 0.55 0.46 0.46
A 0.00 0.90 0.96 0.97 0.98 0.85 0.00
Gg 0.02 0.02 0.00 0.01 0.02 0.03 0.00
Dg 0.94 0.26 0.04 0.00 0.21 0.40 0.73
P 1.00 0.93 0.93 0.92 0.91 0.91 0.90
Ry 0.74 0.12 0.18 0.26 0.00 0.21 0.35
Iec 0.03 0.09 0.02 0.00 0.07 0.07 0.00
Sp 0.00 0.09 0.10 0.18 0.08 0.09 0.12

A 0.00 0.97 0.97 0.95 0.96 0.75 0.75
E 0.14 0.04 0.00 0.14 0.24 0.05 0.07
Ej 0.24 0.38 0.36 0.38 0.40 0.38 0.35

The data given in the Table 5, show the main
problems of Ukraine in recent years, such as a decline
in the prosperity index of the country, a decline in GDP
per capita, a decrease in population, and deteriorating
ecosystem status. The reasons for this decline in the
social and economic life of the country were the unstable
political situation in eastern Ukraine, the worsening of
foreign relations with Russia and the loss of markets,
the weakening of the country’s position in the world

0.9 0.82

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.77

2013 2014 2015

market. However, the negative factors have given
impetus to raising the level of basic human needs and
availability of nutrition and basic medical care, which
shows the E; indicator, which during 2013-2019 showed
both negative and positive dynamics of the country’s
development. As of 2019, the value of indicator £;
was 0.35 (Fig. 1). The results of statistical evaluation
of indicators in 2013-2019 are shown in the Table 6.

87 0.89 87
0.8 0.8 P
Ig | IS k

2016

2017 2018 2019

= Sweden = Ukraine

Fig. 1. Dynamics of the standardized values of European life quality index, 2013-2019 (developed by the authors)
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Table 6. The results of statistical evaluation of indicators of Sweden and Ukraine for 2013-2019 (developed by the authors)

Indicators min max max-min coefficient of variation
ILp 52.59 79.20 26.61 19.51
Iy 43.65 96.39 52.74 18.08
Wy 41.93 90.40 48.47 20.88
Am 55.47 99.46 43.99 19.38
Gg 7906 52984 45078 73.18
Dg 37.70 81.20 43.50 30.86
P 9.645 45.246 35.601 64.52
Ry 6.30 9.70 3.40 13.78
Iec 4.00 5.53 1.53 15.48
Sp 53.92 94.04 40.12 23.55

Apg 59.89 98.89 39.00 13.86
E 36.73 92.81 56.08 36.41
Ej 0.24 0.89 0.65 43.28

The results of a statistical study show that the biggest
differences between the two countries are observed in
such indicators as “GDP per capita”, “population”,
“ecosystem status”. Given the relatively high correlation
between the index of sustainable development goals
and the proposed index (>0.7), it should be argued that
there is a close interaction. Considerable attention in
Ukraine should be paid, accordingly, to the issue of
restoring the country’s economic potential, as well as

the protection of the natural environment.
Conclusion.

The proposed methodology is universal and
provides an opportunity to determine the life quality
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From paleontological collections to the Paleontological Museum of Lviv University as an object
of historical, cultural and natural values
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Received: 02.10.2021 Abstract. The creation of the Paleontological Museum of Lviv University is the
. . implementation of one of many projects of scientists of geologists and paleontologists in
Received in revised form: 26.10.2021 thepterritory of first Eastern EuZoI;))e,Jand later modern Wegstern %kraine. %he founda%ion of
Accepted: 09.11.2021 the «temple of £ ocological sci . . .
ple of muses» of geological sciences (natural sciences, Earth sciences) and their
component of paleontology in the West of Ukraine is the stage of formation of geological (paleontological) research and the Lviv
geological (paleontological-stratigraphic) school at the Lviv University. The beginning and development of natural sciences — geology
and paleontology on a global scale became the basis for the creation of the Geological Faculty and the Department of Historical Geology
and Paleontology (1945) at the Lviv University, and the Geological/Paleontological Museum acquired importance in the study, collection,
conservation, protection, and popularization of Earth Sciences among various segments of the population. The history of the foundation
and the development of the Geological/Paleontological Museum of Ivan Franko National University of Lviv is covered. Prerequisites that
contributed to the foundation of the Paleontological Museum are given, the scientific and theoretical concept based on it, the directions
of research and the results of achievements of each stage are substantiated. The museum place in the «spectrumy of historical, cultural
and natural values has been clarified. The scientific research works of different generations of geologists and paleontologists over the
200-year history and their contribution to the development of Earth Sciences were analyzed. Its significance as a cultural and spiritual
center for the development of society is highlighted. The description of the activity of the scientific goals of various political systems
in which the territories of the West of Ukraine were located and their contribution to the development of the Paleontological Museum
is given. The structure and classification of natural objects (fossils, naturals) of museum collections and foundations by purpose and
significance have been determined. Modern and further trends in the development of the Paleontological Museum have been clarified.
Fundamental, research, educational and informative, cultural, propaganda aspects of the Paleontologic Museum are shown.

Keywords: Paleontological Museum of Lviv University, fossils, naturalia, museum collections, expositions, foundations.

Bin naneonrosioriunnx kosekuiii 10 I[aseonrtosoriunoro myserw JIbBiBCbKOro YHiBepcutery
SIK 00’ €KTA ICTOPUYHMX, KYJbTYPHHUX I NIPUPOAHUX HIHHOCTEH

S. M. Tyssik, A. B. Ianina, . I. [onantok, 1. B. [llaiinora, A. Uephsik
Jvsiscoxuil Hayionanvrull yHieepcumem imeni leana @panka, Jlvsis, Ykpaina, yarynatuzyak@gmail.com

Amnorauis. CtBopenHs [laneontonorignoro myseto JIbBiIBCHKOT0 YHIBEPCHTETY — LI€ BTUICHHS B )KUTTSA OJHOTO 13 0araTbox MpPOEKTiB
HAyKOBIIIB TEOJIOTIB 1 MAJCOHTONOTIB HA TepeHax crmodyarky CximHoi €Bpomm, a 3romoM cydacHoi 3aximHoi YkpaiHu. 3acHyBaHHS
«XpaMy My3» TEOJOTIYHHX HayK (MPUPOIHMYUX Hayk, Hayk mpo 3emitro) i iX ckiamoBoi majaeoHToorii Ha 3axomi Ykpainu — e eran
CTaHOBIICHHS TCOJIOTIYHUX (TIAJICOHTONOTIYHUX) MOCTIKEHb Ta JIBBIBCHKOI TeONOTiYHOI (T1aJ€OHTOIOTO-CTPATUTPadidHOT) KON
y JIbBiBCEKOMY YHiBepcHTETi. 3amoYaTKyBaHHS i PO3BUTOK MPUPOIHUYHMX HAYK — TeoJIoTii # MaJeoHToNorii y cBiTOBOMY MacmTabi
CTaJIo MATPYHTSM UL cTBOpeHH: ['eonoriuHoro pakynsrety i Kadenpu icropudanoi reosorii Ta majgeontonorii (1945) y JIbBiBcbkoMy
VuiBepcurerti, a ['eonoriunumit/ITaneonronoriuanii My3eil HaOyB BaskJIMBOTO 3HAYCHHS 3 BHBUCHHS, KOJCKIIOHYBAHHS, 30epekKeHH,
oxopoHH, 1 momymspm3anii Hayk mpo 3emurio cepex pi3HHX BepCTB HaceleHHs. BHCBITIICHO iCTOpi0 3aCHYBaHHS 1 PO3BHUTKY
I'eonoriunoro/ITaneonTtonoriyaoro My3ero JIbBIBCEKOTO HaIiOHAIBHOTO yHiBepcHTeTy iMeHi [Bana ®panka. HaBexeno nmepemymosy,
SIKI CIIPHSUTH 3aKiiaieHHIo [laseoHTONIOr YHOTO My3€ro, OOIpyHTOBAHO HAyKOBO-TEOPETHUYHY KOHIIEMIIIIO, ITOKJIAJeHy B HOr0 OCHOBY,
HaIpsIMH JOCIIIJUKEHB 1 pe3yJIbTaTH I0CATHEHb KOXKHOTO0 eTaIty. 3 sICOBaHO MiCIIe My3€I0 y «CHEKTPi» iICTOPUKO-KYJIBTYPHUX 1 IPUPOIHIX
ninHocTei. [IpoaHanizoBaHO HAyKOBO-IOCIIIHHIA TOPOOOK Pi3HUX IMOKOJIiHB T'€0JI0TiB i maneonTonoris 3a 200-piuHy icTopiro Ta iXHil
BHECOK y po3BHTOK Hayk npo 3emitto. BucBiTiIeHO 1HOT0 3HAUSHHS SIK KYJIBTYpPHOTO i [yXOBHOTO LIEHTPY AJIsl PO3BUTKY CYCITIJIbCTBA.
CxapaKkTepu30BaHO JisIBHICT HAYKOBHX OCEPEIKIiB PI3HHMX JEp)KaBHUX YCTPOIB, B SKHUX IepeOyBain TepeHH 3axomy YKpaiHH, Ta
IXHIi BHECOK y po3BUTOK [laneoHTonoriuHoro mysero. BusHaueHo cTpykTypy ¥ Kiacudikamio mpupomHux o0’ekTiB ((pocuitii,
HATypasiit) My3eWHHX KOJCKIiH 1 (OHIIB 32 MPU3HAYCHHSAM Ta 3HAYUMICTIO. 3’SCOBAHO CYYacHI W MOAAIbII TEHACHINI PO3BUTKY
[TaneonTosnoriunoro Mysero. IlokasaHo ¢yHnaMeHTaIbHHI, HayKOBO-AOCIIAHHMH, HaBYAIbHO-NI3HABAIBHMI, KyJIBTYPHO-OCBITHIH,
MIPOCBITHUIbKUIA, TPOMAraHIuCTChKUI acrieKTn [1aneoHToNnorivHoro My3ero.

Kniouosi crnosa: Ianeonmonoeiunuii myseti JIvgiscokoeo Yuisepcumemy, gocunii, hamypanii, my3eini Konexkyii, ekcnosuyii, (poHou.
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The Nature has taken care of everything, that
everywhere you find something to learn.
Leonardo da Vinci
We are becoming less university museums and more
universities in museums.
M. King
The highest value of human knowledge is to
understand the Creator s purpose.
Ya. Tuzyak

Introduction

Museums are a treasury of historical, natural and
cultural heritage, and museum exhibits are carriers of
invaluable information about the history, nature and
culture of the region. The main task of museums of
a new type or «third generation museumsy is to fulfill
not only the traditional function of being scientific and
spiritual centers, but also museums that offer a new
vision, a new understanding, new acknowledgement of
a particular problem, museums that develop, produce
and promote new ideas.

The Paleontological Museum of Lviv University
is the «Temple of Muses» of the Earth Sciences,
collecting, storing, exhibiting the remains of flora and
fauna (95 %) — the creations of Nature, most of which
are preserved in stone. They represent a value as an
evidence of life existing on the planet Earth hundreds,
millions and billions of years ago, are reliable indicators
of habitats, tools for reconstructing paleoecosystems
of past geological eras and their position in space and
time, tools for determining the relative geological age
of rocks. In addition, well-preserved fossils create
an idea of the morphological features of organisms
that lived in the distant past, their way of life. They
also play a major role in elucidating the «biography»
of the Earth — a sequence of events reproduced by
scientists in the completeness of the geological and
paleontological record. And at the present stage, biotic
events occupy an important place (out of 100 stages of
the International chronostratigraphic chart (ICC) in 77,
the geological boundary is determined by biotic criteria,
most of which are primary, and in other cases, when the
primary marker is abiotic, paleoorganisms have the role
of secondary markers). Sedimentary rocks of biogenic
origin (organogenic limestones, marbles) are a unique
natural decorative stone that has been widely used later
in architecture and construction (lining, decoration,
paving, construction, carving sculptures, interior
objects, etc.). Historical and architectural monuments
have been erected from this material that belong to
the historical and cultural heritage of the national
and world importance (UNESCO). In particular, the
ensemble of the historical center of Lviv was included
into the the UNESCO World Heritage Register in 1998.
A significant part of the city’s engineering structure
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has been erected or has a natural decorative stone in
its interiors. Fragments (samples) of these stones form
a separate exposition in the Paleontological Museum
of the Lviv University.

Today, as a result of the temporarily occupied
territories (in particular, the annexation of the
Autonomous Republic of Crimea by the Russian
Federation) and the introduction of quarantine restrictions
due to the spreading of the COVID-19 pandemic, visiting
and studying the natural eco-morphodynamic systems of
certain regions of Ukraine during training practices (field
stage) and research expeditions has become limited or
impossible. Also, the territories of the Nature Reserve
Fund of Ukraine become difficult to study and select
individual paleontological objects. Active business
development and excessive use of the Earth’s subsoil
in order to seize the natural resources of various origins
for the growth and strengthening of the mineral resource
base of Ukraine led to the destruction, and in some cases
complete extinction, of unique and unrepeatable natural
eco-morphodynamic systems that cannot be recreated.
All this increases the importance of museum collections
as the sources of information and natural monuments.
In addition, Paleontological museums store unique and
rare fossil forms that exist on planet Earth in a single
copy, or are known only in a few places. And this, in
turn, makes it possible to consider museum collections
and museums in general, not only as a national scientific
asset (historical, memorial), but also as a separate type
of geological property objects — paleontological natural
monuments.

In the process of analyzing published sources,
it was found that the emergence of the Geological/
Paleontological Museum, first in Eastern Europe, and
subsequently in the West of Ukraine at Lviv University,
has a long history, is closely connected with the stage of
formation of geology and its component of paleontology
on a global scale (Bilonizhka, Matkovsky, Pavlun’,
Slyvko, 2010; Bilonizhka, Matkovsky, Pavlun’, Slyvko,
Ivanina, 2020; Vyalov, Venglinsky, Golev, Goretsky,
Gorbach, Kudrin, 1956; Leschukh, Ivanina, Hotsanyuk,
Shainoha, Tuzyak, 2006; Tuzyak, 2021; Tuzyak,
2021a; Tuzyak, 2021b, etc.). An outstanding role in
the establishment of these studies belongs to the city of
Lviv — the main cell where the institutions involved in
the geological study of the territory of Eastern Europe,
the creation of the Geological Atlas of Galicia (“Atlas
geologiczny Galicyi”. 1884—1911. Scale 1:75000), the
first finds and collections of fossils are concentrated
(19th century, 1825-1850).

The aim of the study.

The purpose of the article is to highlight the
foundation first of the Geological and later the
Paleontological Museum of Lviv University in Western
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Ukraine, the history of the formation and development
of the «temple of muses» of geological/paleontological
sciences, the contribution of researchers in geology and
paleontology of different generations and periods in the
development of Earth sciences, modern trends and the
place of the Paleontological Museum in the system of
historical, cultural and natural values.

The article states:

1. Prerequisites for the emergence of the Geological
and later Paleontological Museum of Lviv University.

2. Stages of formation and development of the
Geological/Paleontological Museum in the West of
Ukraine.

3. Directions of development and activity of the
Geological/Paleontological Museum of Lviv University
for 200-year period.

4. Analysis of published works using museum funds
(collections) as research objects.

5. The results of research on fossils in the West of
Ukraine and beyond.

6. Contribution of researchers in geology and
paleontology of different generations and periods
in the process of formation and development of the
Geological/Paleontological Museum.

7. Classification of museum collections and
foundations by purpose and significance.

8. Substantiation of the uniqueness, rarity and value
of museum exhibitions and collections.

9. Modern and further trends in the development
of the Paleontological Museum.

10. The place of the Paleontological Museum of
Lviv University in the system of historical, cultural
and natural values.

Materials and methods

The material for writing the article was
a review and analysis of the collections and funds
of the Paleontological Museum of Lviv University,
publications on these topics, regulatory acts, laws and
regulations.

In the study of the history of systematization of fees
and funds of the Paleontological Museum, classification
of exhibition and exhibition collections, determination
of their significance and justification as the objects of
National and Natural (Geological) Heritage, the main
methods were statistical, comparative-historical,
regulatory, modern information technologies.

Over the almost 200-year history of the formation
of the Geological/Paleontological Museum of Lviv
University, information about it was published in
the form of short messages — theses of conferences
(Voloshynovska, Hotsanyuk, Ivanina, Leschukh,
Maryash, 2015; Voloshynovska, Hotsanyuk, Leschukh,
Ivanina, 2004; Tuzyak, 2021; Tuzyak, 2021a; Tuzyak,

2021Db, etc.), articles in periodicals and reference
publications (Bilonizhka, Matkovsky, Pavlun’, Slyvko,
2010; Bilonizhka, Matkovsky, Pavlun’, Slyvko, Ivanina,
2020; Leschukh, Ivanina, Hotsanyuk, Shainoha,
Tuzyak, 2006, etc.), guides (Vyalov, Venglinsky, Golev,
Goretsky, Gorbach, Kudrin, 1956), popular scienticif
publications. However, there is insufficient information
about museum collections and funds among the
published materials, which are replenished annually
due to the field stages of training practices, research
expeditions, geological excursions, gifts, etc., the issue
of assessing their value is not adequately covered. At the
present stage, the disclosure of various areas of activity
of the Paleontological Museum is relevant in order to
clarify its place in the system of historical, cultural
and natural values to justify the granting of the status
of the National Heritage. The priority in this direction
is to highlight the importance of museum funds and
collections at the national level, for universities and
various segments of the population. At the national
level, these are unique fees and territories, unique in
their kind. Each individual Paleontological Museum
(or paleontological department in the Natural Museum)
has its own history of formation and development, the
number and value of collections, consisting in their
uniqueness, and its own research work with outstanding
figures. For higher education institutions — this
institution which should be stored and protected for the
real and future generations for the purpose of carrying
out research, educational and informative, educational
and cultural, popularizing activity. Museums are one
of the means of combating the deculturation of the
population — an understanding of the culture of their
people, natural wealth and historical values, outstanding
figures of a particular field of sciences.

At the present stage, the cultural and creative function
of higher education institutions (including museums
as their components) is to combine three elements:
technology (widespread introduction of innovative
technologies), talent (attracting creative personalities
who can produce new knowledge) and tolerance
(perception of new ideas and concepts). It is gaining
active development in those regions that are the cells of
universities where the so-called concept of «Three T»
by Richard Florida is present (Muravska, 2018). The
creation of a creative personality is possible provided
that the development of an innovative infrastructure
is ensured as a means of transmitting research, ideas
and approaches. Such centers are institutions of higher
education (including museums), which accumulate
monuments and treasures of nature, human culture, etc.,
promote knowledge not only for their community, but
also for various segments of the population, innovative
means. Such institutions support local communities
with their experience and knowledge, promote scientific
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knowledge, contribute to the development of academic
values, and revive urban life, in particular by organizing
exhibitions and events. These projects, in turn, contribute
to the development of cultural tourism. And the greater
the share of university representatives in the demographic
structure of the city, the greater the role the institution
will play in outlining its cultural image. It should be
added that the Paleontological Museum, on a limited
area, presents such a variety of fossils «in space and
timey that is impossible in a natural environment. This
helps to attract museum collections to the educational
process.

Results

Milestones of the history of formation and stages
of development of the Paleontological Museum of
Lviv University. The Paleontological Museum of Lviv
University is one of the oldest museums in Eastern
Europe, the foundations of which were laid in the
first half of the 19" century, and the only institution in
Ukraine with the largest number of exhibits (in other
Natural Museums of Ukraine, collections of fossils
form separate departments or exhibitions). Museum
funds and collections count more than 18 thousand
units of rare, valuable and unique paleontological and
geological samples found in different-age sediments of
all continents. They reflect the research developments
of more than one generation of geologists and
paleontologists working at Lviv University from the
time of its foundation until today and can be considered
as the scientific, cultural and memorial Heritage of
Ukraine.

Four prerequisites contributed to the emergence
of the Paleontological Museum — as an independent
structural unit of Lviv University: 1) the first
paleontological collections begun in the first half of
the 19" century, related to the geological study of the
territory of Eastern Europe and the creation in the
second half of the 19" century. Geological Atlas of
Galicia, the accumulation of the first actual (geological
and paleontological) material; 2) replenishment of
museum funds with collections of famous geologists
and paleontologists of various periods, creation
of new expositions; 3) the formation of geology
and its component of paleontology as a science
at Lviv University; 4) the foundation of the Lviv
Paleontological and Stratigraphic School, the Lviv
branch of the Paleontological Society (1951), the
beginning of the publishing house «Paleontological
Collection» (1961) in the West of Ukraine.

The prerequisites for the development of Natural
Museums in general and the Geological/Paleontological
Museum in particular, in the world and domestic
dimension, laid the foundation for the first educational
centers with the awareness of the museum as an
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educational institution and the promotion of natural
values and natural sciences. Today, the activities of the
Paleontological Museum can be outlined by a model:
science — education — popularization.

The formation of the Geological/Paleontological
Museum covers a 200-year development period and
has the following characteristics:

A long (almost 200 years) and complex history of
formation and development. According to state devices
political systems in the region (Austro-Hungarian —
1772-1918, Polish—1918-1939, Soviet— 19391991,
and modern, Ukrainian — since 1991 until now), the
collection and study of fossils were carried out by
researchers of different generations and nationalities —
Austro-Hungarians, Poles, Russians, Ukrainians, etc.
Among them are Z. Pazdro, V. Zych, V. Rogala, R. Zuber,
Ya. Charnotsky, B. Kokoshynska, L. Gorbach, V. Kudrin,
V. Sheremeta, O. Vyalov, V. Goretsky, Ya. Kulchitsky,
R. Leshchukh, A. Ivanina, V. Uziyuk, etc.

A significant stratigraphic range of deposits in
which paleoorganisms (macro- and microfossls) are
found. Museum collections and works published over
200 years contain information about fossils floras and
faunas, the age-old interval of which covers almost
the entire Phanerozoic part and the upper part of the
Precambrian (Vendian/Ediacaran) and ranges from 670—
540 Ma ago to this day.

Research and identification of remains in various
structural-tectonic elements of the sedimentary cover of
Ukraine and the World (platform and complex areas).

Significant geography of paleontological remains —
come not only from the territory of Ukraine, but also
from regions of other continents.

Use of museum exhibits for research, educational
and popularization purposes.

Since foundation until present time, three stages in
the history of the Geological/Paleontological Museum
can be distinguished.

1. Austro-Hungarian-Polish (early 19" centuries —
1939). The basis of museum foundation at that time
was the collection of remains of paleoorganisms,
founded in the first half of the 19" century (in 1825).
The collections of the ancient fauna of the famous
Austrian geologist Ludwig Zeischner were the first
paleontological foundations, first (since 1852) exhibited
in the Mineralogical Museum, and subsequently in the
newly created Geological Museum. In 1905, on the
basis of paleontological and geological collections,
the foundation of the «temple of muses» of natural
(geological) sciences was laid and an independent
structural unit was created — the Geological Museum,
initiated by Professor R. Zuber (the first head of the
Department of Geology). During this period, museum
collections were replenished with samples originating
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from the expanses of Western and Eastern Europe and
other continents.

2. Soviet (1939-1991). Museum funds were
replenished as a result of educational and production
practices, conferences, symposia, colloquiums and
monographic collections of research works. At the
same time, the museum’s collections and exhibitions
are used for research, educational and popularization
purposes. Thanks to the events of this period, museum
funds were replenished with exhibits originating from
the regions of the former USSR.

3. Modern, Ukrainian (since 1991 until now). In
2004, by decision of the Academic Council of the
University, the Geological Museum was renamed to
the Paleontological Museum, since 95 % of its museum
exhibits are diverse remains of micro- and macrofossils
of different age ranges. Collections of paleontological

objects collected in the territory of Ukraine in the
process of research, field stages of educational practices,
conferences and gifts continue to be replenished. New
expositions are decorated — «Routes of educational
practices», «Fossils of the Neogene of Lviv and its
environsy». Every year, the museum is visited by more
than 4 000 visitors — students of various educational
institutions, students of schools, lyceums, colleges,
tourists and guests of the city, Lviv residents.

Geological, and subsequently Paleontological
Museum in different years was headed by (Fig. 1):
R. Zuber (1905-1924), J. Siemiradzki (1924-1933),
J. Samsonowicz (1935-1939), B. Kokoshynska (1939—
1946), V. Goretsky (1946-1949), 1. Venglinsky (1949—
1953), Z. Khmilevsky (1953-1977), L. Kosarchyn
(1979-1986), O. Voloshynovska (1986-2015),
A. Danyliv (2015-2021).

Rudolf ZUBER
(1905-1924)

Jézef SIEMIRADZKI
(1924-1933)

Vasil GORETSKY
(1946-1949)

Ivan VENGLINSKY
(1947-1953)

ol Wy

Andriy DANYLIV
(2016-2021)

Olga VOLOSHYNOVSKA
(1986-2016)

Bronistawa
KOKOSZYNSKA
(1939-1946)

Jan SAMSONOWICZ
(1935-1939)

Ludmila KOSARCHYN
(1980-1985)

Zinovy HMILEVSKY
(1958-1978)

Oxana KIRCHANOVA
leading custodian of funds
(since 1986)

Hrystyna MEDVEDYEVA
senior laboratory assistant
(1962-1999)

Fig. 1. Heads and support staff of the Geological/Paleontological Museum of Lviv University.
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The funds of the Paleontological Museum number
more than 18 thousand exhibits from different parts of
the world, the age range is from more than 600-540 Ma
to modern representatives of fauna and flora.

Collections are exhibited in 6 halls (Departments of
Systematic Paleontology, Historical Geology, Regional

Paleontology, Anthropogen Biota, Paleoecology,
Monographic Department, and new expositions are
being prepared) (Fig. 2-7). The total area is 300 m?, 72
windows and 16 stock cabinets are involved.

Fig. 2. Department of Systematic Paleontology. The exposition demonstrates the organization of life from the simplest (unicellular)

forms to more complex (multicellular chord).

Fig. 3. Department of Historical Geology or Earth History. The exposition demonstrates the variety of forms and morphological features
of the fossil of the corresponding geological era from Vendian (Ediacaran), Cambrian to Anthropogen.
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Fig. 4. Anthropogenic Biota Department. The exposition demonstrates the variety of forms and morphological features of representatives
of the modern world.
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Fig. 5. Department of Paleoecology. The exposition demonstrates the variety of traces of vital activity (bioglyphs) and traces of the
activity of physical factors of the environment (mechanoglyphs).
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Fig. 6. Department of Regional Paleontology. The exposition demonstrates the fauna and flora complexes of the corresponding period
of time of a single territory of Ukraine.

Fig. 7. Monographic department. The exposition shows collections gathered and studied in the process of research by geologists and
paleontologists of different generations and periods.
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At the present stage, the Paleontological Museum
with a long history, unique exhibits and their number,
attractions constitutes a system of material culture, the
key elements of which are cultural (historical, memorial)
and Natural Heritage. In addition, the Paleontological
Museum can be considered as a component of museum
studies (or museology). This is an interdisciplinary
science that studies the laws of the development and
functioning of museums, or a science that forms at
the intersection of social and humanitarian knowledge
and studies the laws of the genesis and functioning of
the museum, its interaction with cultural and natural
heritage, as well as society. One of the priority areas of
research of the Paleontological Museum as a scientific
and educational-cultural institution is the generalization
of accumulated empirical material, the systematization
of conclusions, the formation of the ideology of the
modern museum. As R. Man’kovska (Man’kovska,
2009) notes today, the approach to understanding the
subject of the museum has changed. Previously, the
museum’s significance of the subject was predetermined
by its rarity, aesthetic value, memoriality, informativity,
and the museum became more important for the subject.
Today, a significant part of museologists believes
that the museum should not be based on objects that
belong to it, but on ideas that he wants to convey to
the visitor. Therefore, recently, museology has more
and more decisively brought to the fore the issues of
the museum’s content as an educational institution, its
prospects, the influence on society and on the formation
of public consciousness.

Paleontological Museum of Lviv University as
an object of historical, cultural and natural values.

Museum collections formed in the walls of
universities in different countries of the world have
often become and become the basis of great modern
national museums, that is, they first arose in universities
and thanks to universities.

L. Samoylenko

Cultural heritage. In this context, the
Paleontological Museum reflects the aspect of the
formation of natural sciences at Lviv University and
in the West of Ukraine, the contribution of a single
generation of geologists to the development of
geological and paleontological sciences. Museum
funds document the processes and phenomena that
occurred in the natural environment at different
periods of geological time and had an influence on
living organisms. The use of a materialistic worldview
and a systemic approach in the knowledge of the
Universe and planet Earth as a component of macro-
and microspase contributed to the study of its structure,

composition, processes and phenomena, and also
influenced the formation of the main scientific concept
of the Paleontological Museum, which consists in
understanding and presenting:

1. Patterns of origin, organization, accumulation and
localization of matter in space and time.

2. Patterns of emergence, development, functioning
and interaction of modern and fossil ecosystems of
various levels of organization and subordination.

3. Patterns of evolution of the biosphere and the
biotic development on the Earth (in particular,
morphology, lifestyle and environments of ancient
organisms, their appearance and disappearance).

4. General patterns of the influence of environmental
factors on living organisms, including humans.
Knowledge and understanding of these patterns,

identification and assessment of threatening factors
are the key to the conservation of natural resources and
the health of the population with the prediction of their
development and negative consequences.

Today, the collections of the Paleontological
Museum can be classified by purpose into monographic,
exposition, exhibition and educational ones; in
importance — unique, rare and valuable.

Monographic paleontological collections (Fig.
7) are collections that have become the basis for
paleontological studies of various scientific areas of
natural disciplines (in particular, Earth Sciences) and
are covered in publications (articles, review works,
regional paleontological reports, monographs, atlases,
directories, as well as manuscripts and reports) of
scientists. Their uniqueness is determined by the
presence of reference specimens of international
importance — holotypes, lectotypes, neotypes, paratypes
of fossil species, first discovered and described from
the territory of Ukraine. The scientific and practical
significance of monographic paleontological collections
is the use of new paleontological collections in
determining residues, substantiating the age of
sediments, in further studying and comparing with
them, and building models of sedimentary basins of
different ranks.

Exposition and exhibition — collections that
correspond to the thematic departments of the
Paleontological Museum. For example, the department
of systematic paleontology demonstrates the
organization of life from the simplest (unicellular)
forms to the more complex (multicellular chord) (Fig.
2). Department of Historical Geology — the exposition
demonstrates the variety of forms and morphological
features of the corresponding geological era from
Vendian (Ediacaran), Cambrian to Anthropogen (Fig.
3). Department of Anthropogen Biota — the exposition
demonstrates the variety of forms and morphological
features of representatives of the modern world (Fig.
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4). Department of Paleoecology —the exposition shows
a variety of traces of vital activity (bioglyphs) and traces
of the activity of physical factors of the environment
(mechanoglyphs) (Fig. 5). Department of Regional
Paleontology — the exposition demonstrates the fauna
and flora complexes of the corresponding period of time
of a single territory of Ukraine (local level) (Fig. 6).
Educational collections — individual fossils or
their associations, which are used for independent
(creative) work by students. The study of fossils
complexes is of fundamental and applied importance.
The fundamental is the justification of the allocation of
local and regional stratigraphic units of various ranks
and subordination, the determination of biostratigraphic
criteria when comparing with the units of the ICC and
the construction of models of sedimentary basins.
It is applied in search of mineral deposits. In this
context, fossils and geological sections (stratotypes)
are a reference material that serves as an object for
comparison with other analogues of the regions of
Ukraine and the world, and forms a scientific and
theoretical base for stratons allocation by stratigraphic
methods, accumulation and localization of industrial
mineral deposits in the lithosphere. This aspect
determines the value and uniqueness of collections of
regional paleontology. Such sections with a complex of
fossils remains should have natural conservation status
directly in the natural environment, presentation, and
preservation in the Paleontological Museum for study,
comparison and refinement in future studies.
Educational collections are individual fossils or
their associations, which are the objects of study in
the process of independent (creative) work of students.
The collections of fossil remains of the Paleontological
Museum are used in the educational process by students
of geological, biological, geographical faculties and
the Natural College of Lviv University, pedagogical
specialties of other educational institutions. The
structure and subjects of the Paleontological Museum
are consistent with the training programs of courses
on the basis of paleontology, systematic paleontology,
historical geology, evolution of the biosphere,
interesting paleontology, stratigraphy, biostratigraphy,
paleoecology, sedimentology, paleogeography, methods
of paleontological research, geoecology. The museum
funds are constantly used in the educational process and
during scientific work at the Geology Faculty.
Historical and memorial heritage. Paleontological
(geological) objects are actual material or objects of
scientific research, studied with the subsequent publication
of the results in the field of natural sciences (in particular
Earth Sciences) rightly form a scientific, historical
and memorial heritage. Museum funds (collections,
research works, old printed books) and other objects
of the Paleontological Museum form the cultural and
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national treasure. They reflect not only the foundations
of the foundation of the «temple of muses» of geological
sciences in Eastern Europe, but also, starting from the 19®
century, keep scientific research improvements (more
than 250 scientific works) of more than one generation
of world-class geologists (paleontologists) working at
Lviv University for 200 years.

The publications can be classified according to the
content as follows: 1) paleontological, devoted to the
systematics and classification of fossil organisms, the
description and illustration of new taxa (holotypes,
neotypes, lectotypes, paratypes), the creation of atlases
of taxa with their comparison with analogues of other
regions; 2) stratigraphic, highlighting the problems
of dismemberment and correlation of formations
by fossils complexes, substantiation of rock age by
comparison with ICC, determination of biostratigraphic
value of fossil groups for the corresponding segment
of geological time; 3) litho-facial, paleoecological
and paleogeographic, the purpose of which is to
clarify the habitat conditions of paleoorganisms,
reproduce sedimentation and reconstruct the situation
of continents and oceans; 4) climatic, dedicated to
determining the distribution and position of climatic
zones in space and time; 5) works of geological
content clarifying the idea of structural-tectonic units
of the territory of Ukraine and adjacent regions, an
understanding of the processes and mechanisms of their
formation; 6) works revealing the problems of nature
conservation maintenance of the territory of Ukraine.
These are, in particular, publications on geotouristic
objects of natural origin (paleontological, stratigraphic)
and historical and architectural monuments erected
from natural decorative stones that form or can claim
the status of a National or World Heritage. 7) Works
of biographical content that illuminate the life and
creative path of prominent figures, famous scientific
researchers who have made a significant contribution
to the development of the Earth Sciences; 8) popular
science articles, the main purpose of which is the
promotion of the university and museum.

At the present stage, the scientific and cultural
refinement of the Paleontological Museum consists of
more than 250 scientific (monographs, atlases, articles)
(Vyalov, 1966; Goretsky, Venglinsky, 1979; Venglinsky,
1975; Leschukch, 1982; 1987; 1992; 1999; 2020;
Sheremeta, 1969, etc.), educational and methodological
(determinants, manuals), information and reference
publications, guides, biographical messages. All this
together reproduces the history of the formation and
periods of development of natural sciences in the West
of Ukraine, which should be preserved for the next
generations, each time replenishing with new artifacts.

Nature-conservation heritage. In this context, the
paleontological collections of Natural (Paleontological)
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museums as natural monuments have a significant
advantage (Anfimova, 2011). The museum, on a limited
area, presents such a variety of fossil remains «in space
and time» that it is not possible to detect in a natural
environment. This contributes to the involvement
of museum collections in research, educational and
cognitive processes and the popularization of the
scientific direction of paleontology among various
segments of the population. The nature-conservation
significance of the paleontological collections of the
Paleontological Museum of LNU is that they: 1) contain
objects not only discovered on the territory of Ukraine,
but also beyond its borders — significant geography of
the remains distribution; 2) cover a significant age
(stratigraphic) interval — from billions of years to
modern representatives of fauna and flora; 3) found in
various structural-tectonic elements of the sedimentary
cover of Ukraine and the World (platform and complex
areas); 4) retain representatives of the organic world
of those territories that are impossible to access at
the present stage as they are destroyed (natural or
artificial) outcrops, reforming the coal industry and
creating industrial parks based on them (The concept
of reforming the coal industry..., 2020), features of
the geological structure — «closeness» of the territory
(deposits at significant depths and opened exclusively
with the help of wells), limited access to the territories
of the nature reserve fund, the location of sections
from which fossils were selected, in the territories of
other countries; 5) constitute the scientific-theoretical
(fundamental) and applied base of geological sciences
(Earth sciences).

The Paleontological Museum stores reference
samples (holotypes) — first discovered and described
from the territory of Ukraine, which are of the world
importance. Among them there is the collection of
traces of the life of O.S. Vyalov, the objects discovered
and described come from the Miocene molasses of the
Pre-Carpathian region (Vyalov, 1966, etc.). Today, only
a few of such places are known — these are Hungary,
Death Valley (USA), Kazakhstan). The remains of
the mammoth (teeth, tusks, blades, ribs, feet, cervical
vertebrae, parts of the spine, front and hind limbs),
found in the vicinity of Lviv and in the quarry with
Alekseevka, Mykolayiv region; the variety of fossils
from Silurian of the Volyn-Podillya, the sections
of which are considered the reference for the East
European platform and the best in the world, and can
claim world recognition; a collection of fossils from
Jurassic lithographic shales, Zolengofen (Germany), an
exhibit of one of which is stored in the Paleontological
Museum of LNU; fossils from the global stratotype
of Devonian deposits of the Czech Republic in the
exposition of the Paleontological Museum of the LNU;
collections of Mesozoic and Cenozoic invertebrates
from the Paris basin, Western and Eastern Carpathians

(Leschukch, 1982; 1992), Mountain and Plain Crimea
(Leschukch, 1987; 1992; 1999; 2020); a collection
of flora samples from coal deposits in the Czech
Republic, England, USA, Canada; a collection of fish
from deposits from different countries of the World
(remains of shellfish from the lower Devonian of
Scotland, a cemetery of Devonian primitive fishes from
Volyno-Podillya; a collection of fish remains from the
menilite shales of the Carpathians a collection the tools
of an ancient man (flint nuclei, pointed arrows, knives,
scrapers, sickles, incisors, hammers). etc.) found in
different places in Western Ukraine, etc.

Conclusions

In the modern sense, the Paleontological Museum
is a structural unit of Ivan Franko National University
of Lviv — a special socio-cultural multifunctional
institution in the natural science field, which collects,
explores, studies, exhibits and preserves natural
monuments (paleontological exhibits) — collections of
fossils (fossils of biogenic origin) (the vast majority)
and other natural objects (geological and mineralogical),
etc. for the purpose of implementation research,
educational and informative, cultural and educational,
popularization and propaganda (advertising) and
environmental activities, as well as it can be considered
as a center of innovative technologies.

Over the almost 200-year history of the existence
of the Paleontological Museum of Lviv University, its
museum funds and collections have been significantly
replenished. Every year, the museum receives
interesting, unique and rare exhibits that deserve the
attention not only of scientists as the objects of research,
but also of ordinary visitors as evidence of life. In recent
years, Natural Museums (including Paleontological
ones) have become relevant as various segments of the
population familiarize themselves with the creations of
Nature and evidence of life. In a limited area (several
hundred square meters), an incredibly rich variety of
fossils (naturals) are concentrated — natural objects of
various degrees of the matter organization (life). Given
this, museums can be considered as a separate category
of natural monuments as a part of the Geological
Heritage of Ukraine (Anfimova, 2011) or, even, the
World Heritage.

According to all criteria — the long history of
formation and development, the scientific and
theoretical concept underlying the functioning of the
museum, the uniqueness, rarity and value of museum
collections and foundations, research potential,
significance for society and science, the Paleontological
Museum deserves an honorary place in the Historical,
Cultural and Natural Heritage of Ukraine. The loss of
such an object will have negative consequences for the
development of science and society.
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Received: 28.01.2021 Abstract. The article analyzes the distribution and ethnolinguistic processes in the
Received in revised form: 08.02.2021 environment of the Ukrainian diaspora in Belarus. Because of the fact that the part of
Accepted: 11.02.2021 Ukrainian ethnic territory (currently Brest region) is located in Belarus, not all Ukrainians

living in the country can be correctly named a diaspora. To avoiding terminology-related
complications, in the article we use the general term Ukrainian diaspora. The study is based on the results of censuses conducted in
Belarus after 1991. The article analyzes the ethnic environment of residence of the Ukrainian diaspora based on the ethnocultural and
ethnolinguistic criteria of the censuses. In particular, using mathematical and statistical methods of analysis of the ethnic composition
of the country’s population, we estimated such indicators as the index of ethnic diversity, ethnic mosaic, socio-ethnic density, etc.
These indicators were estimated for districts and the largest cities of Belarus, taking into account the largest ethnic groups living in the
country. The result of these estimations was the creation of a number of thematic maps that complement the article. The study highlights
the areas of compact residence of Ukrainians, identifies districts and cities where the number of Ukrainians changed the most and the
least during the inter-census periods of 1999-2009 and 2009-2019. The dynamics of the number and settlement of Ukrainians in the
Ukrainian ethnic territories is analyzed. In this context, it was found that in addition to the Brest region, there is a dense concentration
of Ukrainians in the capital, major cities of the country, a number of district centers in the southwestern part of the country. It was
determined that the share of Ukrainians living in cities is growing. The growth rate of the number of Ukrainians for the period between
2009 and 2019 in the largest cities of the country ranges from + 7% (Mogilev) to 77.45% (Novopolotsk). It was found that the country
is monoethnic in its ethnic composition based on the analysis of a number of indicators related to the ethnic composition of the
population of Belarus. A more diverse ethnic composition of the population and therefore higher rates were recorded in large cities
and areas densely populated with individual ethnic groups (Russians, Poles and Ukrainians). The Ukrainian diaspora in the country is
undergoing processes of Russification, the share of Ukrainians who indicate Ukrainian as their mother tongue is declining. The share of
Ukrainians whose native language is Belarusian is also declining. That is, it can be argued that Russification affects not only Ukrainians
in Belarus, but also the Belarusians themselves. The research also revealed that villagers are more resistant to language assimilation,
and Ukrainians in cities most often indicate Russian as their native language.

Keywords: Ukrainian diaspora, census of population, distribution, nationality, assimilation, ethnolinguistic processes.

Ykpainui B bisiopyci: po3cejieHHsI Ta eTHOMOBHI Ipouecu

3youk A. L.
Jlvsiscokuil Hayionanvhuil yHieepcumem imeni leana @panxa, Jlvsie, Yrpaina, andriy.zubyk@Ilnu.edu.ua

Anoranisi. CTaTTs IpUCBIUCHA JOCIIKEHHIO PO3CETIECHHS Ta eTHOMOBHHUX IPOIECiB B yKpaiHCHKil miacmopi bimopyci. Buxignmmu
JIAHVIMH JUTS Ii€T CTaTTi € pe3yNbTaTh IIePEeNrCiB HaceIeHHs KpalHu, POBEIeHUX Micis po3nany Pansacskoro Coro3y. AHai3 30iHCHEHO
3a TAKMMH KPUTEPISIMU TIEPENNCY HACEIeHHS, SIK «HALlIOHAJIBHICTBY, «PiHA MOBa» Ta «MOBA, SIKOI0 PO3MOBIIIOTH yioMay. laHi mpo
HAI[lOHAJIPHUN CKJIaJl HACEJICHHS B PO3pi3i pailoHiB Ta HaiOinpmmx mict Bimopyci namu 3Mory oOumciuTi Ta 3akaprorpadyBaru
IH/IEKC €THIYHOTO PI3HOMAHITTS, CTHIYHOI MO3ai4YHOCTI, MOKA3HUKA COMIOCTHIYHOI IIIJIBHOCTI, KOoe(illieHTa eTHIYHOI CMiIBHOCTI Ta
€THIYHOT KOMIIAKTHOCTI. Y MpOLeci JOCIiKeHHs BCTAHOBIICHO, 10 HOIPH TEH/ICHIIT CKOPOUCHHSI YUCETbHOCTI YKPAiHCHKOT Aiaciopu
y KpaiHax KonumHboro Pamsacekoro Coro3y, uncenbHICTh YKpaiHiB y binmopyci 3pocna. [IpoananizoBaHo BiTHOCHI Ta aOCOMIOTHI
3MIiHH B PO3CENICHHI YKPAaiHI[B y pO3pi3i paiioHIB Ta HAMOUIBIIMX MICT KpaiHH, BHIUIEHO TEpPHUTOPii, A€ 3adikcoBaHO HAWOLTBIII
Ta HallMEHII MOKa3HUKH. Bmanmocs Bu3HaumTH, M0 mopiBHSHO 3 2009 p. 3pocia 4acTka yKpaiHINB, SKi MPOXKHABAIOTH y MICTax.
BusiBneno, 1o HaitbinbIIe YacTka yKpaiHIlB, sSKi IPOXKUBAIOTE y MicTax, 3pOcTajia Ha MiBHOUI kpaiHu Ta B MiHCEKY. Lle moB’s13an0 3
TIOIIYKOM POOOTH Ta HAaBYAHHSAM, TOMY OCEpPe/IKaMH IPHUTITaHHs € 00JacHI EHTPH Ta CTOJIMIS KpaiHH, pianie — palioHHi neHTpu. B
KOHTEKCTI JIOCII/PKeHHsI €THIYHOTO CKJIaly 3’sICOBaHO, 1110 biopych — MOHOETHIUHA KpaiHa, IMOBIPHICTB TOTO, 10 Y JIBOX BHIIaJKOBO
obpaHux stofeil Oyae pi3Ha eTHIUHA HaJeXKHICTh y OUTBIIOCTI paifoniB He mepesuirye 30%. Y mpoueci HOCITiKEHHSI €THOMOBHHX
KpuTepiiB nepenucy (piHa MOBa Ta MOBA, SIKOI0 PO3MOBIISIOTH YZOMa) BHUSBICHO, 1[0 BiAOyBalOTHCS 3HAYHI aCHMULILIHHI TPOIECcH
B cepenoBuIli ykpaiHChKoi miacmopu. [lepemyciM Iie BTIIOETBCS B TOMY, IO YacTKa YKpaiHIB, sIKi BBAKAIOTh YKPAiHCHKY MOBY
P1AHOIO, 3MEHIITY€ThCS, HATOMICTB MTO3HIIiT POCICHKO MOBH SIK PiTHOT Ta MOBH JOMAIIHBOTO CITITKYBaHHS JIUIIE TIOCHITIOIOThCA. Takoxk
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BCTAHOBJICHO BiJIMIHHOCTI I110JI0 €THOMOBHHX KPUTEPIiB 3a CTATTIO Ta TEPUTOPIEIO TIPOKUBAHHS. 30KpeMa yKPaTHChKY PiJJHOI0 MOBOIO
JacTille Ha3MBAIOTh JKIHKH, a YKPATHIL, SIKi IPOXKUBAIOTH Y MICTax, € OiIbII PyCH(iKOBAHUMH MOPIBHSHO i3 CIIbCHKUMH KUTEISIMU.

Kniouosi crnosa: ykpaincoka diacnopa, nepenuc Hacenenis, pO3ceiettsl, HaylOHATbHICMb, ACUMITAYIs, eMHOMOGHI NPOYeCl.

Introduction.

The Ukrainian Diaspora - as a phenomenon and
integral part of the Ukrainian population - began
emerging in the late XIX century when the first migrants
from Ukraine started to seek a better life abroad. Two
world wars, emigration because of fear of repression
for political views and participation in armed struggle
for independence only strengthened the emigration. It
has not stopped even following the the declaration of
independence, because Ukrainians had to emigrate due
to economic problems. These processes have resulted
in development of communities of Ukrainian migrants
in Italy, Spain, Portugal and other countries. Modern
migration of Ukrainians was at first illegal, complicating
provision of legal help for them in the countries where
they resided. Liberalization of immigration legislation
in the recipient countries for Ukrainians has brought
Ukrainian guest workers out of the shadows and
provided them with legal status.

Communities of Ukrainian guest workers are
beginning to transfer from marginal groups to diaspora.
They obtained legal status and started receiving working
or residency permits in the countries where they were
staying, and soon afterwards — official employment.
Those steps have increased the protection of their access
to social services: legal and medical help, paid vacation,
insurance of health and life, possibility of receiving
pensions in the future.

Some Ukrainians became a diaspora as a result
of ill-conceived processes of border division, when
political interests of countries led to some ethnic
territories of Ukraine being outside the Ukrainian border.
Such communities were called “accidental diasporas”
by American scientist R. Brubaker, who opposed those
communities to labour migrants and “classic’ diasporas”.

One of the countries with numerous Ukrainian
diasporas is Belarus. Despite the factors of a common
border and old historical relationships between Ukraine
and Belarus, the problems of distribution of Ukrainians
in this country have not been studied sufficiently.

As a result of the processes of division between
the countries which came about in the XX century,
modern-day Belarus includes Berestia (currently Brest
Oblast), which was incorporated into the country after a
number of territories had been assigned to the Russian
Federation. The issue of the Ukraine-Belarus border
in the southwest and south parts of the country is still
complex and not solved completely.

In view of the autochthonous Ukrainian population
in Belarus, a pertinent question is also whether or not
to consider the Ukrainians in this country a diaspora.

To avoid confusion in naming groups of Ukrainians
which live in Belarus, hereinafter we shall use term
“Ukrainian diaspora” to indicate people who called
themselves Ukrainians during the census.

Materials and methods.

The paper was based on the analyses of censuses of
the population carried out in the 2020s round (Results
of population census 1999, Results of population cen-
sus 2009, Results of population census 2019), where,
contrary to the tendencies toward decrease in the pop-
ulations of Ukrainians in all the countries of the former
Soviet Union, the number of Ukrainians in Belarus has
gradually increased compared with the previous cen-
sus. Such a tendency led us to analyze the results of the
recent census in more detail and determine the factors
that could influence this result.

Ethnicity is a characteristic of population which is
difficult to measure statistically. This may be explained
by the fact that ethnic identification depends on a num-
ber of external factors (state policy, prejudice toward
certain nationalities, etc). Another aspect of this prob-
lem is the fact that ethnic identification is not a priori-
ty to many people, they do not think about whether or
not they easily can unequivocally identify themselves
(this concerns children born in mixed marriages).

Ukrainian sociologist and ethnologist Yevtukh V. B.
gives the following definition of this term: ethnicity
(Greek ethnos — people, tribe) is a term that indicates
qualitative characteristics of a person or a group of peo-
ple related to their ethnic origin, which manifest in ev-
eryday life, culture, behaviour, and mentality in gen-
eral, confirming their origin and distinguishing them
from among others. The term is often used to define
an ethnic community, language and culture identity of
a group of people (Yevtukh, 2012).

Tools that would be useful for such research are the
methods of data analysis which can provide the index
of ethnic diversity, indicator of socioethnic density, in-
dex of ethnic mosaic, coefficient of ethnic similarity,
etc. Using ethnic diversity index (EDI) as a mean of
researching racial and ethnic diversity in the USA was
proposed by researchers P. Meyer and S. Mclntosh.
Unlike the indicator of the share of one or the other eth-
nicity in the population of a certain territory, this index
allows a researcher to most efficiently use and interpret
the results of censuses. This indicator shows the pos-
sibility of two randomly selected people in one city,
region or country having different ethnic belongings.
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Methods of estimating this index are based on two
fundamental principles of probability theory: first, the
likelihood of simultaneous occurrence of two inde-
pendent events equals the derivative of possibilities of
those events: P(AB)=P(A)*P(B); secondly, the prob-
ability that at least one of the two independent events
will take place equals the sum of those probabilities:
P(A+B)=P(A)+P(B). That is, based on those principles,
the index of ethnic diversity is determined.

The index itself is calculated in several stages. The
first is determining the share of each ethnic group in the
population of the territory. The second is to the square
this share. This parameter characterizes the probabili-
ty that two randomly selected people would be of the
same nationality. The third stage is summing the squared
probabilities for each nationality and obtaining the fi-
nal probability that two randomly selected people are
of one and the same nationality.

The last stage is subtracting the previous stage from
1. The obtained parameter will be the probability that
two selected people are the representatives of differ-
ent ethnicities. If this value is multiplied by 100, inte-
gers can be used for convenience of further analysis:

EDI=(1-E, P;;2)*100 (1)

where j — region, i — ethnic group in the region, E —
overall number of ethnic groups in the regions.

Ethnic diversity index (EDI) may vary 0 (ethnical-
ly homogenous region) to 100 (complete diversity).
Specifically, 0 value means that only one ethnic group
is represented in the region, whereas an index equal-
ing 100 may be interpreted as follows: the probability
that two randomly selected people will be of the same
ethnicity is zero. This index is often used to study the
ethnic structure of a population and is usually consid-
ered as a statistical characteristic, because the analy-
sis of the dynamics of ethnic groups requires addition-
al estimations. It has to be noted that it is the simplest
for estimation, but at the same time the least perfect,
and therefore must be used in combination with oth-
er indicators.

The simplest statistical method of assessing
component and territorial structures of a country’s
population is estimation and evaluation of absolute
values and relative shares of ethno-national groups
or groups of population according to mother tongue
within the framework of country and regions, and also
indices of their quantitative ratios. For this purpose,
one may also use more complex indicators, which are
based on ratio of specific weight of different subjects
of ethnogeographic relations, specifically B. Eckel’s
index of ethnic mosaic, which is calculated using the
following formula:

PjZI*Ef:1(W}2> (2)
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where P— index of ethnic mosaic, m — share of j eth-
nic group in the region’s population, k — number of
ethnic groups.

The advantage of Eckel's index is its unambigu-
ousness. Every settlement and administrative unit has
a particular value of mosaic index regardless of com-
plexes they are analyzed in. Eckel’s index is interest-
ing for comparing whether it is the dynamics of pa-
rameter or comparison of separate territories or settle-
ments. It takes into account all ethnicities that live in
this territory, but its value is affected only by the most
numerous ones. This index is one of modifications of
ethnic diversity index.

Similar methodological tasks may be solved using
the index of socioethnic density:

=T, n? /N)*100, (3)

where [ is value of socioethnic density; n — number of
population of an ethnic group in the country (region);
k — number of ethnic groups; N — overall population
of country (region).

Unlike the index of ethnic diversity that estimates
the probability of contacts and takes into account rel-
ative indicators, the absolute indicators are used to es-
timate the indicator of socioethnic density. The closer
this indicator is to 100, the more ethnically homoge-
nous is the researched territory. This indicator of socio-
economic density is more useful than using the share
of one or another ethnicity in the population, because it
takes into account the number of other ethnicities and
population of the entire country.

To study the compactness of distribution of eth-
no-national communities and groups, especially mi-
norities, it would be efficient to use the coefficient of
ethnic similarity which was proposed by Y. Lipiets:

K=K *K,, 4

where K is share of population of a certain ethnic group
in the population of the entire region; K, — share of an
ethnic group that lives in this region in the total num-
ber of this group in the country.

Differentiation of this indicator allows districts to be
distinguished with high and low concentrations of the
population of an ethnic group (Dnistrjans kyj, 2008).
Its application in researching the diaspora is more ef-
fective than using the share of Ukrainians in the overall
population or share of Ukrainians living in the territo-
ry of a certain administrative unit in the overall num-
ber of Ukrainians in this country. That is, the coeffi-
cient of ethnic similarity depends on what share in the
population one or the other ethnicity makes and what
share of the entire population of this ethnicity is liv-
ing in the territory.

A clear picture of distribution of Ukrainians in an-
other country may be obtained using the coefficient of
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ethnic compactness (K ). It complements the shares
of Ukrainians in the overall population or share of
Ukrainians in a certain region of the overall number
of Ukrainians in the country, which we estimated. This
coefficient is a modification of the previous formula:

K =K /K, (5)

where K| is the share of a certain ethnicity in a region’s
population; K, — share of representatives of this ethnic-
ity in the region’s population. If K _<0.5 — ethnic com-
pactness is expressed indistinctly; if 0.5<K_<I — com-
pactness is expressed quite distinctly; if 1<K <2 — eth-
nic compactness is expressed distinctly.

Using the share of representatives of a certain eth-
nicity in the region’s population, in our opinion, is more
practical than using this indicator for a country, because
it somewhat alters the ultimate results.

Results and their analysis.

After declaring independence, three censuses were
carried out in the country — in 1999, 2009 and 2019.
Belarus is one of the few countries of the former USSR
which follows the recommendations of the Eurostat
(European Statistical Office) regarding the methods
and time of conducting censuses. According to the re-
sults, 237,014, 158,723 and 159,656 Ukrainians were
living in the country, respectively. Compared with the
census of 1999, the number of Ukrainians in 1989 de-
creased by 18.6%, and in the inter-census period of
1999-2009, this parameter reached 33% (Results of
population census 1999, Results of population census
2009, Results of population census 2019). However,
the next period between the censuses, 2009-2019, in-
dicated 0.6% increase in the Ukrainian diaspora.
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The number of Ukrainians among the population of
the country has been gradually decreasing since 1999
(according to the results of 1999 census, Ukrainians ac-
counted for 2.36% of the overall population of Belarus).
According to the results of the recent censuses, the share
of Ukrainians was 1.67 and 1.7%, respectively. It has
to be noted that the population of Belarus decreased
from 10.045 M to 9.413 M people over the period from
1999 to 2019.

Despite living in ethnic Ukrainian territories, the
share of Ukrainians in the population is stably low, as
indicated by the results of censuses carried out in the
Soviet Union. According to 1959 census, 133.1 thou
Ukrainians were living in the country (1.6% of the over-
all population), 190.8 thou (2.1%) in 1970, 231 thou
(2.4%) in 1979, 291 thou (2.9%) in 1989 (Zubyk, 2019).

That is, according to the most recent census, per-
formed in 2019, the number of Ukrainians and their
share in the population are similar to such of 1959. The
population of Belarus in 1959 was 8.055 M people. Over
the 60 years that passed between the censuses of 1959
and 2019, the country’s population increased by 1.358
M people in absolute values, the number of Ukrainians
— by 26.5 thou people. Taking into account the long pe-
riod between those censuses, such an increase is insig-
nificant. According to the results of the recent census,
Ukrainians are the fourth ethnic group by number, af-
ter Belarusians, Russians and Poles (Ethnic composi-
tion...to the 1999 census, Ethnic composition...to the
2009 census, Ethnic composition...to the 2019 census).
Ukrainians mostly live in Brest and Gomel Oblasts and
Minsk, comprising 61% of all Ukrainians in the coun-
try (according to 2009 census, this parameter equaled
62%) (Fig. 1-3).
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Fig. 1. Distribution of Ukrainians in the oblasts of Belarus according to the censuses of 1999, 2009, and 2019.
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The areas of dense concentrations of Ukrainians
are the southwest part of the country (districts of Brest
Oblast which border with Ukraine), a strip of districts
between cities of Minsk and Gomel with ramifica-
tion to cities of Salihorsk and Mazyr. Also, there are
concentrations of Ukrainians in the cities of Grodno,
Lida, Barysaw, Vitebsk, Orsha and Polotsk, which are
the centers of districts of the same names, where num-
bers of Ukrainians are large as well. In the largest cit-
ies — Brest, Baranovichy, Pinsk, Vitebsk, Novopolotsk,
Orsha, Polotsk, Gomel, Grodno, Mogilev, Babbruysk
and Minsk — 83,376 Ukrainians live, accounting for 68%
of the overall number of Ukrainians who live in cities.
According to the 2019 census, 90,418 Ukrainians were
living in 11 cities, i.e. 72.5% of the overall Ukrainian
population in cities (Zubyk, 2019).

According to the 2009 census, the urbanization of
the Ukrainian diaspora was 77.2% (78.1% in 2019).
In 51 districts, majority of the Ukrainians were liv-
ing in villages, particularly 12 of 16 districts of Brest
Oblast (12), 15 of 21 districts of Vitebsk (13), 7 of 21
districts of Gomel (7), 9 of 17 districts of Grodno (9),
7 of 22 districts of Minsk (12) and 8 of 21 districts of
Mogilev oblasts (8), where 64.3% of the overall num-
ber of the Ukrainian rural population was living (ac-
cording to the 2009 census).

Brest and Minsk oblasts qualitatively differ among
the structures of the oblasts. In Brest Oblast, Ukrainians

live in ethnic Ukrainian lands. The lowest level of ur-
banization of Ukrainians in Minsk Oblast is explained
by the fact that most Ukrainians live in Minsk, which
as the capital attracts people not only from the Oblast
but from the whole country. Application of the similar-
ity factor to Minsk or any other large city of the coun-
try shows that people prefer travelling to these places
for study, work, services, etc.

Compared with the results of the 2009 census, the
urbanization level manifested to a different extent across
the districts. Increase in the share of Ukrainians liv-
ing in cities was observed in the north of the country.
In Brest Oblast and districts that border with Ukraine,
the share of the Ukrainian urban population decreased.
Across the largest cities of the country, the number
of Ukrainians increased in Novopolotsk (+77.45%
compared with 2009), Polotsk (+53.8), Orsha (+42.2),
Zhodzina (+39.4), Minsk (+26.7), Vitebsk (+26), Brest
(+16) and Mogilev (+7). The Ukrainian populations de-
creased in the cities Baranovichy (-10.1%), Babbruysk
(-11.6), Pinsk (-11.9), Gomel (-22.4) and Grodno (-32.9)
(Fig. 4).

Large oblast centers and the capital remain the
centers of attraction for Ukrainians: Minsk, Vitebsk,
Polotsk, Novopolotsk, Orsha. In ethnic territories and
the Belarus-Ukraine border, such a city is Brest — the
oblast center and the heart of the ethnic Ukrainian ter-
ritory.
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Fig. 2. Distribution of Ukrainians in districts of Belarus according to the censuses of 1999 and 2009 (Zubyk, 2019).
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Ukrainians living in the oblasts that include eth-  the territories that are influenced by the Belarusian lan-
nic Ukrainian lands within Belarus, and distribution of ~ guage, as well as weak integration into Ukrainian cul-
Ukrainians and territories of Gomel Oblast which bor-  tural and political life, have caused insignificant level
der Ukraine. Ukrainians are autochtonous inhabitants of Ukrainian self-awareness. After Beresteishyna and
of Brest Oblast. The specifics of life of Ukrainians in  Pinshchyna had been incorporated into the Belarus SSR,
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the Ukrainians began to be identified as Belarusians in
legal documents (Dnistrjans kyj, 2008).

If in 2009, 25.2% of the country’s overall Ukrainian
population were living in Brest Oblast, in 2019, this fig-
ure had fallen to 23.6. The share of Ukrainians in the
population according to the 2019 census was 2.79%,
whereas in the previous period it was 2.86%. Over a
half of Ukrainians of Brest Oblast (53.1%) were living
in cities of Brest, Baranovichy and Pinsk, as compared
with 46.3% according to the 2009 census.

Across the districts, the share of Ukrainians de-
creases from southwest to northeast, i.e. the further
from Belarus-Ukrainian border ,the lower the number of
Ukrainians . By share of Ukrainians in the population,
districts of Brest Oblast may be conditionally divided
into 5 groups: 1. Brest, Kamenets, Malaryta districts
(share of Ukrainians in the population equals over 5%,
i.e. on average each 20" resident in those districts iden-
tifies him or herself as Ukrainian); 2. Zhabinka, Kobryn
and Pruzhany districts (share of Ukrainians in the popu-
lation equals 2.51 to 5%); 3. Drahichyn, Ivanava, Pinsk
and Stolin districts (2 to 2.5%); 4. Berezivka district
(1.67%); 5. Baranavichy, Ivatsevichy, Lyakhavichy,
Hantsavichy, Luninets (up to 1%, i.e. less than one in
a hundred considers him or herself as Ukrainian).

Across the largest cities of the Oblast — Brest,
Baranavichy and Pinska — shares of Ukrainians in the
populations equal 4.41, 1.37 and 2.09% respectively.
While the shares of Ukrainians in the entire popula-
tions of Pinsk and Pinsk district are approximately the
same — 2.09 and 2.12% respectively, the parameters
for Brest and Baranavichy vary. The smaller share of
Ukrainians in Brest, compared with Brest District, may
be explained by the fact that, as the Oblast center, Brest
has a more diverse ethnic composition, a larger popu-
lation. Instead, Baranavichy as a district center attracts
population from the villages.

Tempos of decrease in the number of Ukrainians
in Brest Oblast were not as intense as in the rest of the
country, though the number of Ukrainians decreased
almost by a third (29.9%) over 1999-2009. In most dis-
tricts of the oblast, the decline in the Ukrainian popu-
lation was lower than the average decrease across the
country. The share of the Ukrainian rural population
in Brest Oblast is almost twice larger than the average
value in the country — 40.2 and 22.8% respectively.

Over the period between the censuses of 2009 and
2019, the number of Ukrainians living in Brest Oblast
decreased by 6%. Compared with the previous peri-
od, the tempos of decrease in the Ukrainian popula-
tion have slowed by 5 times. In a number of districts,
the dynamics of decrease in the Ukrainian population
corresponded to the tendency across the country or
was better. Over 2009-2019, the share of Ukrainians
living in cities increased: 67.8% compared with 59.8
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in 2009. Increase in the share of the urban Ukrainian
population in the oblast is associated with the cities
Brest, Baranovichy and Pinsk. Across the districts of
the oblast, there are 3 of 16 where most Ukrainians live
in cities: Berezivka, Luninets and Stolin.

Of all the districts and cities of Brest Oblast, the
positive dynamics of increase in the Ukrainian popu-
lation was seen in Hantsavichy district and Brest. The
absolute changes in the population of Ukrainians over
20092019 ranged +2,059 Ukrainians (city of Brest) to
-804 Ukrainian (Kamenets district). The relative val-
ues for this same period ranged +16% (city of Brest) to
-20 (Kobryn district), -22 (Lyakhavichy district), -28
(Kamenets district), -30.9 (Pinsk district) and -46.1
(Baranovichy) (Fig. 5).

Ukraine borders with Lyelchytsy, Yel sk, Naroulia,
Khoiniki, Brahin, Loyew, Gomel and Dobrush dis-
tricts of Gomel Oblast. According to the 2009 census,
4,513 Ukrainians were living (14.6% of the overall
number of Ukrainians who were living in the Oblast)
in those districts. Relative changes in the number of
Ukrainians in those territories over the period of 1999—
2009 ranged -32.42% (Naraulianski district) to -65.6%
(Brahinski district).

In 2019, 3,261 Ukrainians were living in those ter-
ritories (13%). Over 2009-2019, the absolute values of
Ukrainians decreased by 1,252 people, relative values
— by -27%. While the city of Brest is a “magnet” that
attracts Ukrainians from the oblast, in 2009-2019, the
Ukrainian population in Gomel and cities of the oblast
became smaller (see Fig. 4). Ukrainians live in villages,
the share of rural Ukrainian population is three times
larger than in the oblast on average (Results of popu-
lation census 1999, Results of population census 2009,
Results of population census 2019).

The analysis of decrease in the number of Ukrainians
in districts and the largest cities (Fig. 6-7) suggests that
the lowest values were observed in the ethnic Ukrainian
territories, partly fewer relative changes in the number
of Ukrainians were determined for the districts that
border with Ukraine. Such processes may be explained
by the fact that the level of urbanization of Ukrainians
in Brest Oblast is lower than the average parameter
for the country. Living in rural areas somewhat slows
the processes of ethnic assimilation, unlike life in the
cities, where ethnic compositions are more diverse.

Decrease in the Ukrainian population in the largest
cities is lower compared with the mean parameter for
the country. The cities face internal migration due to
education, search for work, etc. A bright example is the
city of Minsk. In districts that border with the capital,
the tempos of decrease in population of Ukrainians
over the inter-census period of 2009-2019 between the
censuses were also lower.
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As indicated in Fig. 7, more relative changes in
the number of Ukrainians occur in the center and in
the north of Belarus, particularly the strip of districts
between the capital and cities Novopolotsk and Polotsk
with ramification toward Mogilev. The strip comprises
Dzyarzhynsk, Valozhyn, Maladzyechna, Vileyka,
Lahoysk, Smalyavichy, Minsk, Chervyen, Klichaw,
Byerazino and other districts. In this group, the share of
Ukrainians living in cities increased (see Fig. 4). During
the period between the 2009 and 2019 censuses, the
greatest relative changes in the population of Ukrainians
were determined across the entire Grodno oblast; though
taking place more slowly, the number of Ukrainians
living in ethnic Ukrainian territories and in the Belarus-
Ukraine border zone has been decreasing.

Despite the insignificant increase in the number of
Ukrainians in several districts of Gomel Oblast, districts
near the Belarus-Russia border were observed to have
negative tendencies in the dynamics of Ukrainians.
In the context of relative changes in the size of the
Ukrainian population over 2009-2019, we can state
that Ukrainians move out of border, oftentimes poorly
developed, districts to the center of the country, to which
the location of the capital contributes.

It should be noted that determining the share of
Ukrainians in the overall population, share of Ukrainians
who live in a certain district or city in the overall num-
ber of Ukrainians in the country, analysis of absolute
and relative values and their number during the period
between the censuses do not provide objective under-
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standing of such a complex notion as ethnic assimilation
and its influence on the ethnic population in the future.

For detailed analysis of ethnic composition of the
country’s population, we calculated several mathemat-
ical-statistical parameters, namely: index of ethnic di-
versity, index of socioethnic density, coefficients of eth-
nic community and ethnic compactness in the largest
cities and districts. The first two parameters were de-
termined for five nationalities: Belarusians, Russians,
Poles, Ukrainians and other. Such an approach was cho-
sen because of the significant quantitative difference
between the four most numerous ethnicities, therefore
the remaining ethnicities were identified to the “oth-
er” category.

Fig. 8 demonstrates that Belarus is a monoethnic
country, and the probability that both of two randomly
chosen people would have different ethnicity is quite
low — in the majority of districts it does not exceed 30%.
Ethnic diversity of the population of the country’s larg-
est cities does not exceed the mean value for the coun-
try. Large cities and the capital should be “magnets” at-
tracting not only representatives of the titular ethnicity,
but also the representatives of ethnic minorities. Most
border districts are not ethnically diverse. In most of
those districts, Belarusians dominate in the structure of
the population. Also, such parameters may be explained
by the prevalence of the rural population, whereas rep-
resentatives of ethnic minorities are more “urbanized”
compared with the titular ethnicity, except for the au-
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Fig. 8. Index of ethnic diversity in districts of Belarus according to the results of 2019 census.

tochtonous population that prefers living in its own eth-
nic territory (for example, Ukrainians in Brest Oblast).

Across the largest Belarusian cities, the most di-
verse ethnic composition is in Grodno. The parameter
of ethnic diversity in this city means that the proba-
bility of different ethnicities of two randomly selected
people in Grodno equals over 50%.

The highest index of ethnic diversity was deter-
mined for districts of Grodno Oblast (Grodno, Lida
and Shchuchyn districts); such parameters may be ex-
plained by the border with Poland and Lithuania and
higher share of Poles in the district’s population com-
pared with the rest of the districts. The most ethnical-
ly diverse districts of Belarus are in the southwest part
of the country (already mentioned districts of Grodno
Oblast and some districts of Brest Oblast). In the rest
of the country’s territory, the index of ethnic diversity
does not exceed 20%. An eloquent example is decrease
in the value of ethnic diversity in Brest Oblast orient-
ed “west-east”, i.e. the following is seen: lower share
of Ukrainians in the population means lower parame-
ter of ethnic diversity. Greater ethnic diversity often-
times is related to the factor of oblast center or district
center, for example the city of Gomel and the district
of the same name, Novopolotsk and Polotsk district,
Vitebsk and Vitebsk district.

Calculation of the socioethnic density index also
confirmed that Belarus is a monoethnic country; in most
districts and large cities, this parameter is higher than

70 (the closer the parameter is to 100, the more ethni-
cally homogenous is the territory). As with previous
parameter, lower socioethnic density is seen in some
districts of Brest and Grodno Oblasts and large cities
of the country. This is because Ukrainians and Poles
densely live there, while ethnic composition in large
cities is more diverse compared with rural areas, - this
affects the value of this parameter. Having determined
this parameter, we can see that the country’s territory is
actually homogenous in its ethnic composition (Fig. 9).

Dense inhabitation in the ethnic Ukrainian territo-
ries and large cities of the country led to comparative-
ly low coefficient of ethnic similarity in most regions
(Fig. 10). This is also due to the insignificant presence
of Ukrainians, which had contributed to their share in
the overall population, and larger population in a dis-
trict or city. Another factor this parameter depends upon
is the presence of one or several centers where a large
part of representatives of one ethnicity lives (for exam-
ple, autochthonous population, attraction of migrants to
labour markets, etc). The highest values of this param-
eter were determined in the ethnic Ukrainian territories
(Brest, Kamenets, Kobryn, Malaryta districts and the
city of Brest). Also, this category includes the capital
and Minsk district, cities Gomel and Zhodzina. In the
majority of territories with high coefficient of ethnic
similarity, this fact is explained by attraction of popu-
lation to large cities or oblast centers.
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Fig. 10. Coefficient of ethnic similarity in districts of Belarus according to results of 2019 census.
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Fig. 11. Coefficient of ethnic compactness of Ukrainians in districts of Belarus according to results of 2019 census.

According to the coefficient of ethnic density which
we obtained for districts and large cities, we determined
that most of districts are characterized by correspondence
of share of Ukrainians in the district population to share
of Ukrainians in the Oblast population. In many districts
of the country, ethnic density of Ukrainians is quite dis-
tinct (Fig. 11). This parameter is best expressed in the
ethnic Ukrainians territories and large cities of Belarus.
Also, to this category, we can classify districts around
the closest cities and several border districts.

Among the ethnolinguistic parameters that are be-
ing collected during the censuses of the Belarus popu-

—
]

lation, there are mother tongue and the language the re-
spondent speaks at home (home language). According
to the 1989 census, ethnolinguistic correspondence of
Ukrainians accounted for 45.4%, whereas 48.7% named
the Russian language as their native tongue. The lan-
guage of the titular ethnicity was named by 5.9% of
all Ukrainians. The highest ethnolinguistic correspon-
dence of Ukrainians was in Brest Oblast — 55.6% of the
overall population of Ukrainians named Ukrainian as
their mother tongue (Fig. 12) (Zubyk, 2019).

80
70
60 ® Ukrainian 1989
5 Ukrainian 2009
° - B Russian 1989
g 40 ® Russian 2009
[ B Belarussian 1989
30 B Belarussian 2009
20
T T T TR

Belatus Brest O.

Oblast

Vitebsk O. Gomel O. Grondo O.

the city of Minsk O. Mogilev O.
Minsk

Fig. 12. Ethnolinguistic correspondence of Ukrainians in oblasts of Belarus according to 1989 and 2009 censuses.
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At the time of writing this, the Statistical Committee
of Republic of Belarus has not presented the data on eth-
nolinguistic criteria of the 2019 census for the Oblasts.
The research is also complicated by the fact that no re-
sults of ethnolinguistic criteria of censuses are avail-
able for districts.

As we see in Fig 12, during 1989-2009, language
assimilation of Ukrainians occurred. First of all, this
meant decrease in the share of Ukrainians who con-
sidered the Ukrainian language their mother tongue,
—-16.2% across the country. By oblasts, changes in
the share vary -9% (city of Minsk) to -22.8% (Gomel
Oblast). As a result of mixed marriages and ethnic as-
similation, Ukrainians in Belarus become Russianized —
over 1989-2009, the share of Ukrainians that consider
the Russian language as their own increased by 12.5%.
Across the oblasts, Russianization had the greatest im-
pact on Ukrainians who live in Minsk Oblast — com-
pared with the 1989 census, the share of Ukrainians who
consider the Russian language their mother tongue in-
creased by 19.3%. The language of the titular nation was
considered mother tongue by 2.05% more Ukrainians
than during 1989 census. This parameter has increased
the most in Gomel Oblast — 3.2%.

According to the results of the 1999 census,
Ukrainian was named as mother tongue by 42.9% of the
Ukrainians, Belarusian — by 14.3% and 42.8 namedthe
Russian language as their mother tongue. Languages
spoken at home were Russian — 83.6%, Belarusian —
10.2 and other — 6.2% (Tables 1-2).

In 2009, Ukrainian was mother tongue for almost
every third Ukrainian (29.3%). The highest parame-
ter of ethnic language correspondence of Ukrainians
was in Brest oblast (39.3%), in the remaining oblasts

— 23.4% (Grodno oblast) to 28.7% (Minsk oblast). The
Russian language was considered mother tongue by
61.2% of Ukrainians, the highest this parameter being
in Minsk — 67.9%, the lowest — in Brest Oblast (51.9%).
Belarusian was considered mother tongue by 7.9% of
Ukrainians. This parameter was the highest in Grodno
Oblast — 11.2%. In rural areas, the proportion of people
speaking Ukrainian remained higher than in the cities
(Results of population census 1999, Results of popula-
tion census 2009, Results of population census 2019).

Women named Ukrainian as their mother tongue
more often — 30.2%, men — 28%. The share of men for
whom the mother tongue was the Russian language
equaled 47.5% among the rural Ukrainian rural popula-
tion and up to 66.9% among the urban population, where-
as among women this parameter was 44.2% and 64.8%
respectively. A similar situation exists with Belarusian
language: in cities it was mother tongue for 6.7% of
the Ukrainians. Over 3% of the Ukrainians named the
Ukrainian as the language of home communication.
This parameter was the highest in Brest Oblast — 7.7%,
the lowest — 1.6% — in the city of Minsk. Almost half of
the Ukrainians did not speak other languages — 48.4%.
Among fluently spoken languages, Ukrainians most of-
ten mentioned Ukrainian (14.4%) and Belarusian (18%).
The Russian language was named as a fluently spoken
language by 5.62% of the Ukrainians.

The most recent census of the country’s population
in 2019 indicated significant language assimilation of
the Ukrainians (dynamics of ethnic language correspon-
dence of Ukrainians by mother tongue and home lan-
guage according to censuses carried out in 1999, 2009
and 2019 are given in Tables 1-2).

Table 1. Dynamics of ethnolinguistic correspondence of Ukrainians (mother tongue) according

to censuses of 1999, 2009 and 2019

Year of census Numbe.r of Mother tongue
Ukrainians Ukrainian Russian Belarusian
1999 237,014 42.8 42.8 14.3
2009 158,723 29.2 61.2 7.9
2019 159,656 29.1 62.4 8.2

Table 2. Dynamics of ethnolinguistic correspondence of Ukrainians (language they speak at
home) according to censuses of 1999, 2009 and 2019.

Y £ Number of Home language
car of census Ukrainians Ukrainian Russian Belarusian
1999 237,014 6.2 83.5 10.2
2009 158,723 3.5 88.4 6.1
2019 159,656 4.0 89.1 6.5

Tables 1 and 2 indicate that changes and ethnic
language criteria throughout the period of 2009-2019
were smaller compared with the period 1999-2009.
This may to some extent be explained by the change
in the generations and types of areas where Ukrainians
were living at the moment of census. Increase in the ur-
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banization level in Belarus in general and in the envi-
ronment of the Ukrainians in particular leads to faster
transfer of Ukrainians to other languages in large cities,
and mixed marriages and staying in a setting where an-
other language is spoken only accelerate this process.
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Similar is the situation with the criterion “Language
spoken at home”.

Conclusions.

Despite the insignificant increase in the number of
Ukrainians which was recorded by the 2019 census,
the overall populationof Belarus and the Ukrainian di-
aspora correspond to the parameters of 1959. Despite
the fact that Belarus includes ethnic Ukrainian territo-
ries, the share of Ukrainians in the country’s population
is stably low and does not exceed 2%. Areas densely
inhabited by Ukrainians are the southwest part of the
country, oblast centers and a number of district centers
outside the ethnic Ukrainian territories. Compared with
2009, the level of urbanization of the Ukrainian diaspo-
ra has increased (to the highest degree in districts north
of Minsk), though in over 50 districts the Ukrainians
predominantly live in villages. The Ukrainian diaspo-
ra in Belarus experiences outflow of Ukrainians from
the border districts to the center of the country. Most
often, the centers of “attraction” of Ukrainians are the
capital, some oblast centers, more rarely district cen-
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