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GENERAL CHARACTERISTIC OF THE WORK
Actuality and level of research on the topic. Dashkasan and
Gadabay administrative districts located on the northeastern slope
of the Lesser Caucasus are one of the regions with fertile mineral
deposits in the Republic of Azerbaijan. This zone is factored in
being subject to a wide range of technogenic impacts as a result of
the development of the mining industry. From the geological–
geomorphological point of view, exploitation of mineral deposits in
the Dashkasan and Gadabay administrative districts is implemented
in the middle and high mountainous areas The dense fragmentation
of the area with a river network and the formation of minerals in
complex relief conditions further complicate the recultivation
process.
Numerous anthropogenic terraces have been built on the slopes
and large amounts of loose rock have been dumped into the
surrounding area since the exploitation work in the mining is carried
out open pit (surface) method. As a consequence of this, the natural
geosystem of the area was completely destroyed and a derivative
anthropogenic geosystem was formed. In recent years, the adoption
of the Law of the Republic of Azerbaijan "On Environmental
Protection" and the "National Program for Environmentally
Sustainable Socioeconomic Development in the Republic of
Azerbaijan" on the protection of natural ecosystems in our country
has created the need for scientific research in this direction. In this
respect, it is fairly substantial to conduct research to study the
current state of natural landscapes to protect them from the
hazardous effects of human activities, and to restore the natural
environment in the areas inhabited by wildlife.
R.N. Panas (1969), Q.A. Ordjanikidzen (1977), N.M. Jernova
(1985), L.P. Karelnikov (1993), Q.V. Dobrovolski, F.R. Zaydelman
(2008) among foreign scientists, and Sh.Y. Goychayli (1975), T.A.
Khalilov (1976), K.R. Mammadov (1978), G.Sh. Mammadov
(2002), A.D. Babayeva (2004), G.Sh. Yagubov (2011–2015), Z.R.
Mammadov (2014) and others among Azerbaijani scientists have a
special role in the direction of the research of the technogenic
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mountain geosystems.
Purpose and missions of the investigation. The essential
purpose of the research is to develop a scientific and practical basis
for their solution to determine the ecological challenges arising
from the development of the mining industry in the Dashkasan and
Gadabay administrative regions (northeastern slope of the Lesser
Caucasus) and to identify expedients to optimise mountain
geosystems. In order to achieve this purpose, the following missions
were put forward:
- Ecological evaluations of geosystems which have been
exposed to the technogenic impact;
- Study of the agro–ecological characteristics of soils in the
adjacent areas that have been exposed to the technogenic impact;
- Analysis of the process of transformation in technogenic
landscapes in connection with mining;
- Analysis of physical and chemical properties of waste rocks
generated by the exploitation of non–ferrous and ferrous metal ore
deposits;
- Preparation of proposals and recommendations for the
restoration of the soil and plant system of technogenic degraded
areas;
- Application of methods for optimisation of agro–cultural
geosystems to be considered to create in the technogenic landscape.
Methods of investigation. In order to conduct the research, the
cartographic (Geographical Information Systems), historicalgeographical,
mathematical-statistical,
comparison-analysis,
observation, systematic analysis and other methods were used in the
research. The amount of macro and microelements and heavy
metals in the collected rock, soil and water samples was based on
appropriate laboratory chemical analysis methods. Under the
laboratory conditions, chemical elements were analysed in rock
samples taken from wastes of the Dashkasan and Gadabay
administrative districts. The samples taken from downstream rivers
in the areas where mines are spread from chemical elements Na2O,
MgO, Al2O3, SO2, P2O5, SO3, K2O, CaO, TiO2, MnO, F2O3, BO and
heavy metals such as Co, Hg, Cd, Cr, Pb in rock wastes were
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determined. (Zrekio–Pipe PNDF) 14.1:2:4.135–98 branded atomic
emission spectrometer gadget was used in the determination of
chemical elements in waste rocks and water samples. In addition to
this, the spectrometric composition of the following common
minerals involved in waste rocks and soil formation was
investigated: 2–quartz, feldspar, calcite, gypsum, montmorillonite,
illite, kaolinite, hematite, alunite, indialite, clinochlorine.
Hygroscopic moisture, granulometric composition, absorbed bases
(Ca+Mg), absorbed hydrogen, absorbed Na, carbonate, humus, and
pH were determined using E.V.Arinushkina's method in normally
developed zonal soils.
The primary provision of the defence:
1. Designating the technogenic factors and their degree of
impact affecting geosystems.
2. Analysis of geochemical analysis of technogenic
geosystems.
3. Identify expedients to optimise technogenic degraded
mountain geosystems.
Scientific innovation of investigation:
- Specific features of soil formation on waste rocks in the
territory of both administrative districts were identified.
- For the first time, a typological classification of morphogenetic
forms of technogenic relief created by the exploitation of non–ferrous
and ferrous metal ore deposits was carried out.
- Effective expedients of land reclamation for the purpose of
biological assimilation of waste rocks of the research area were
developed.
- Agrophysical features, which are taken into consideration
important soil–ground properties in the biological treatment of
waste rocks, which act as a key element of technogenic geosystems
in the area, classification of types of methods to be used to achieve
effective results on soil restoration were assessed.
- The impact of technogenic wastes on the environment was
studied in a stratigraphic manner, the physical and chemical
properties of waste rocks were analyzed, and macro and
microelements, which play a special role in the restoration of
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fertility, were analyzed analytically to determine their impact on the
environment.
The theoretical and practical significance of the
research. The results obtained are of practical importance for the
implementation of measures aimed at ensuring the sustainable
development of the regions. From this point of view, the results of
the dissertation can be used in the future in the implementation of
project work on the restoration of technogenic degraded areas in our
country.
Approbation of the research. The primary provisions of the
dissertation work were heard and discussed in the materials of the
international scientific-practical conferences on "The role of
environmental assessment of agricultural lands in the development
of regions and protection of ecological balance" organised by the
Azerbaijan Society of Soil Scientists – (Baku, 2015), Academic
Science Week (Baku, 2015), "Materials of the scientific conference
on human and environmental relations" (Baku, 2017), conference
on the “Azerbaijan Mountain Geosystems; Problems and
Perspectives” (Baku, 2017), “The theory and practice of science and
education in the XXI century (Kars, 2020) dedicated to the 150th
anniversary of A. Hagverdiyev. The results of the research can be
applied to the protection of the environment in mining enterprises.
14 scientific articles and conference materials related to the
research were published.
The name of the organisation where the dissertation was
implemented. The dissertation work was carried out in the
"Ecogeography" department of the Institute of Geography named
after academician H.A.Aliyev of the Azerbaijan National Academy
of Sciences.
The volume, structure and primary content of the
dissertation. The dissertation consists of an introduction, 4
chapters, a conclusion and references. The total volume of the work
is 150 pages. The work is made up of 7 maps, 22 pictures, 16 tables,
and 129 bibliographies. The introduction consists of 3 pages, I
chapter – 31 pages, II chapter – 61 pages, III chapter – 24 pages, IV
chapter – 15 pages, and the bibliography – 12 pages. The
dissertation work consists of 180150 characters without tables,
graphs, pictures and bibliography.
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PRIMARY CONTENT OF THE RESEARCH
The introduction defines the actuality of the topic, the
investigation level of study, purpose and missions, theoretical and
methodological bases, information base, scientific innovations, and
practical significance.
The first chapter of the dissertation is devoted to “The impact
of technogenic processes on the physical and geographical
conditions of the northeastern slope of the Lesser Caucasus”.
The fundamental methodological purpose in the formation of the
state-of-the-art classification of the Montology (mountain research)
is the complex development of mineral resources and the
establishment of interaction between different disciplines in their
effective expedient.
Each component of the geographical layer consists of several
elements (subsystems) and is a system that interacts to achieve a
common goal. Thus, within the world system, the natural geosystem
is perceived as a complete set of interconnected components of the
geographical layer. It is a known fact that in terms of the
exploitation of the subsoil resources of the geosystem, one of the
most important components is the massifs consisting of mountain
rocks.
It is obvious that the upper active layer of the lithosphere (up to
a depth of 10 kilometres) is more associated with human economic
activity1.
The exploitation of minerals has paved the way for the creation
of mining centres. Since the earth's crust is exploited, the
technogenic system formed by it interacts with all the components
of the geographical layer. During the interaction of systems, novel
connections are formed, as a result of which, naturally, a brand–new
form of the system has emerged. As a result of this, 3 types of
technogenic disturbances were prominent in the area.
1. Adaptive – this type of technogenic disturbance occurs
during mining operations and the emerging technogenic relief form
1

Goychayli, Sh.Y. Geography and problems of geographical ecology /
Sh.Y.Goychayli - Baku: Ulu, - 2004, - 268 p. (In Aze.)
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regains naturally its original shape over a period of time without
interference. Soil–vegetation cover corresponding to local zoning is
formed on the waste rocks.
2. Constructive – this type of relief emerges as a result of
anthropogenic impact and differs from the natural landscape. In this
case, the mining companies try to keep a close eye on the changes.
3. Destructive – the deterioration of the natural geosystems and
decrease in the productivity have been experienced as a
consequence of the anthropogenic impact. All elements of the
landscape (relief, vegetation, land cover) with a decrease in the
integrity and productivity of the natural geosystem as a result of
anthropogenic impacts. This type of technogenic disturbance is
widespread in the mining areas of both districts (Figure).
In the studied area, as a result of technogenic disturbances 1276
hectares of the area are adaptive, 1500 hectares are constructive,
and 842 hectares are destructive.
Within the territory of the Dashkasan district, 643 ha adaptive,
558 ha adaptive, and 891 ha constructive relief forms were
determined within the landscape type of the meadow–steppe plants
after the forest with various species, such as alfalfa, foxtail,
transformed into seliteb–garden and plantation eco–landscapes in
the mountain–meadow lands of weakly fragmented slopes and
levelled watersheds. However, these figures for the Gadabay district
were 633 ha for adaptive, 609 ha for constructive and 284 ha for
destructive within the landscape type covered with foxtail, clover,
three-leaf clover and various plants in the grassy mountain–meadow
soils of moderately fragmented, moderately sloping mountain
slopes.
The exploitation of deposits in the Dashkasan and Gadabay
mining complexes has been and continues to be carried out by the
open pit (surface) method on the sloping slopes with various
expositions. Due to the fact that the minerals are located in the
upper part of the lithosphere, the exploitation operation is carried
out by the method of terracing. Thus, in a short period of time, a
large number of terraces were created on a large scale on the
mountain slopes, and a large amount of waste rock was formed.
8
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Figure. Map of the technogenic landscapes formed within the natural landscape zones in the territory of the Dashkasan
and Gadabay administrative districts

Loose rock waste flows in a solid-state along the slopes under
the influence of atmospheric precipitation, and as a result, the waste
is subject to severe displacement as a result of erosion and
hydration processes. That is, in consequence, this set of rocks is
constantly changing and often creates destructive landforms in the
landscape layer. The work resulting in the destruction of the
accumulative humus layer due to mining and extraction of mineral
resources is widespread in China, Germany, Ukraine, Russia,
Belarus and other countries, and their restoration work has begun as
well2. Looking at the history of mining, the German scientist
Wilhelm Knabe was the first to provide information about
reclamation. In 1784, by order of the King of Saxony, the
afforestation was implemented in the areas covered with the loose
waste rocks and fertility was disturbed by the formation of quarry
cavities and waste rocks in coal mines. In Azerbaijan, K.R.
Mammadov (1978), G.Sh. Yagubov (1982), G.A. Aliyev (1981),
and A.M. Dadashov (1982) conducted research on the reclamation
of mining waste.
The emergence of technogenic geosystems has resulted in
changes in the existing soil and vegetation. Mountain–grass
meadow, meadow soils looking like mountain black soils,
meadowed mountain–brown forest lands, mountain–meadow
steppe, mountain black, mountain–meadow brown forest and
mountain–brown soils move out the forest within the territory of the
Dashkasan district, mountain typical brown forest lands in Gadabay
district were exposed to more technogenic pollution.
The area differs from other analogical regions of the country
due to the density of the river network (Shamkirchay, Goshgarchay,
Zayamchay and their tributaries) and most of them are under the
influence of technogenic geosystems. Thus, the Goshgarchay river
in the Dashkasan district crosses the Dashkesan ore mines, and the
Missu and Arigdam rivers cross the Gadabay gold mines. This is the
reason for the tense ecological situation in these rivers. Provided
2

Gusev, A.P. Features of the initial stages of restoration succession in the
anthropogenic landscape (on the example of the southeast of Belarus) / A.P.
Gusev - Moscow: - Ecology - 2009. - №3, pp. 174-179. (In Russ.)
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that we take into account the development of agriculture in the
region, It can be enunciated that polluted water sources also have a
negative impact on it. The abundance of phosphorus, nitrogen and
carbon in the water is also reflected in the colour of the water. Thus,
the dark blue and green colour of these rivers is a clear example of
how polluted they are. It is not advisable to use the water of these
rivers, not only in everyday life but also in agriculture.
The waste rocks emerging the operation of the exploitation
works in the mines located in the teritory of the Dashkasan and
Gadabay administrative districts while entering the water of the
river with precipitation water change fresh water ecosystems.
Samples were taken from rivers and other runoff water sources to
determine the extent of adverse effects on the freshwater ecosystem
caused by the entry of waste rock into the river water during the
operation of mines in the Gadabay and Dashkasan administrative
districts, and the amount of a number of elements and compounds
has been appointed. Based on the results of the water samples we
took, it can be enunciated that the amount of Mn and Cl in all
samples is 100 times less than the AL (allowable limit). The
primary reason behind this is that chlorine has a stronger ability to
migrate in all cases whereas ferrous minerals formed by the
combination of iron have a weaker ability to migrate. It was also
found that the amount of Na, K, and SO4 in these rivers is 2–50
times less than AL. Notwithstanding, the amount of SO4 in the part
of the Goshgarchay and Missu rivers flowing near the mine wastes
was determined to be 0,3–2 times higher, which means that the
indicator was 537,7–940,7 mg / l. The amount of Mg and Ca in
these points is 1,5–3 times higher than the AL. Only in the part of
Goshgarchay entering the mine and in samples taken from
Arigdamchay, their amount is 4–7 times lower than AL. Based on
the results of the analysis, it can be enunciated that the amount of
Fe, Cu, and Zn in these rivers are 100–600 times higher than in the
AL, and in the Missu and Arigdamchay rivers the amount of Fe is
within the norm.
The second chapter of the dissertation work entitled “The
contemporary situation of the technogenic geosystems in the
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northeastern slope of the Lesser Caucasus and geoinformation
analysis” investigates the physical states (granulometric
composition), the number of chemicals as well as heavy and
radioactive elements in the areas where waste rocks are located.
Samples were taken from the landfills polygon of “Dashkasan
Filizsaflidirma (ore-dressing)” OJSC in Dashkesan administrative
district and in the territory of Gadabay gold-copper processing plant
within Gadabay administrative district. Exploitation works have
been carried out at the Dashkasan ore-dressing mines since 1954,
and at the Gadabay copper-gold processing plant since 1997.
Generally, since 1864, the German company “Siemens” has been
engaged in the extraction of copper and precious metals in the
Gadabay region.
According to the results of chemical analysis in the waste
polygon in the Dashkasan, the ratio of SiO2 to Al2O3 was
comparatively lower changing between 1,02 and 3,91%, and the
ratio to Fe2O3 was slightly higher, with the exception of areas II and
III of the northeastern mines, changing between 1,04 and 5,52. The
reason for the high value of Al2O3 is the predominance of
aluminosilicate minerals (alunite, pyrophyllite, quartz, kaolinite,
hematite, limonite porphyry, etc.) in the waste rock. The high index
of Fe2O3 – the combination is the distribution of magnetite and
getite minerals. We used the method of spectral analysis to
determine the heavy and radioactive elements (Rb, Sr, Y, Zn, Tb,
As, Cd, Pb) in the rocks. The amount of these elements is lower in
the 30 cm and sometimes 100 cm layer of waste rocks. Particularly,
the amount of lead from these elements is 0,46–0,52%, approaching
a unit in the northeastern ore deposits. The amount of other
elements (Rb–7·10–9–2·10–2, Sr–3·10–3–25·10–2, Y–3·10–4–7·10–4,
Zn–2·10–3–2.5·10–2, As–1·10–4– 5·10–4) is reduced to one in ten
thousand units. The fact that the amount of these elements in the
waste rock is within the specified limits were noted in the works of
many researchers3.
Yagubov G.Sh Investigation of technogenic disturbed lands of the Republic of
Azerbaijan, genetic features and their reclamation expedient / G.Sh.Yagubov. Baku: Vatan - 2003, - 203 p. (In Aze.)
3
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The results of the analytical indicator indicate that the amount
of physical sand (>0,01 mm.) in the granulometric composition of
waste rocks in the northeastern mine area is more than the amount
of physical clay (<0,01 mm.) fluctuating between 60,28% and
77,60%, respectively by the investigated areas. The amount of
physical clay was determined at 22,4–39,72% in those areas. The
lowest rate of physical clay was observed in the K–2 areas with
22,4%. This indicates that the waste rocks collected at the landfills
were not physically and physicochemically eroded and dispersed
(graphic 1).
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Graphic 1. Analysis results of granulometric composition in rock samples
taken from waste landfills in Dashkasan mines (The analysis was performed by
Kaczynski's “pipette method”. The size of particles with mm., the number of
fractions with %).

Fe, Ti and Cu are the most abundant elements in the waste rock
as their quantities. In all samples, the amount of iron is 0,406–
1,123%, only the highest value was recorded in the northeastern
mines. The amount of Ti (titanium) and Cu (copper) fluctuates
between 0,19%–0,451% and 0,014%–0,047%, respectively. The
high content of iron in the waste is related to the leading role of iron
13

ore as a raw material in mining. The amount of other micronutrients
is negligible, either equal to or less than one per cent per thousand.
In some cases, it is slightly higher than this figure.
In addition to iron ore, large amounts of waste generated after
the refining process contain elements such as cobalt, copper, zinc
and sulfur. The content of Co–Cu–Zn–S of the mentioned chemical
elements in the ore prepared for processing by weight of 100 g was
0,009; 0,10%; 0,14%; 0,17%, respectively. The amount of Co, Cu,
Zn and S in the dry magnetic separation after the purification
operation was less than in the wet magnetic separation method.
After the iron ore refining operation, the amount of the above–
mentioned industrially important elements in the waste rock
contains 90 grams of cobalt, 1000 grams of copper, 1400 grams of
zinc and 1700 grams of sulfur per ton of waste.
Oxygen compounds of elements common in the lithosphere
(SiO2, Na2O, MgO, Al2O3, P2O5, SO3, K2O, CaO, TiO2, Fe2O3, MnO,
BaO, Cl), as well as in the Earth’s crust, have been determined in
order to determine the general chemical composition of waste rocks,
its mineralogical properties and genesis in the territory of Gadabay
administrative region. Samples were taken in the form of mixed
samples from 4 points at a depth of 50 cm at a distance of 100–150
metres in the diagonal direction on 4 waste dumps. As can be seen
from the analytical analysis, SiO2, Al2O3, CaO və Fe2O3 predominate
among the compounds of the above chemical elements. Their
amount fluctuates between 30,04–61,81%, 14,88–19,78%, 0,01–
11,69% and 2,29–8,41% per 100 grams of absolute weight,
respectively. However, the amount of CaO at landfill III is one per
cent of the unit. This is explained by the fact that the minerals
belonging to the group of calcites (wild spatula, Iceland spatula,
dolomites, carbonates) did not form in sufficient quantities in the
waste rocks of the mines. SiO2 occupies the essential place among
the chemical elements at the mentioned point, the primary reason
for which is the abundance of minerals belonging to the silicate
group (zircon, granite, sillimanite, titanite). Looking at other
elements, it is clear that their content is negligible in the igneous
14

rocks as a result of analytical analysis of the composition of
magmatic, metamorphic and sedimentary rocks.
The molecular ratios of SiO2 to Al2O3 and Fe2O3, which
predominate among the general chemical elements, have also been
studied. As a result of the analysis, it was found that the ratio of
SiO2 to Al2O3 was not significantly different in the landfills. The
ratio of SiO2 to Al2O3 fluctuates between 1,34% and 1,85% at the
points. Thus, it can be said that the amount of Al2O3 in the analysed
waste rocks is relatively high. The ratio of SiO2 to Fe2O3 varies
between 1,75% and 10,13% and is not uniformly distributed across
the waste dumps. The essential reason for this is the uneven
distribution of Fe2O3 in the waste rock.
No significant attractiveness was observed in the ratio of SiO2
to R2O3, in a word Al2O3+Fe2O3 (0,76%–1,56%). This is explained
by the fact that, with the exception of landfill II, this ratio fluctuates
in the short-range at the remaining sites due to the predominance of
Al2O3 and Fe2O3 in the landfill. This is the fundamental reason for
the acidity of the reaction in the rocks (pH<6,0) as well. Having this
indicator of pH is necessarily taken into account in the reclamation
of rock deposits. This is because, in the implementation of a system
of agro-phytomeliorative measures, the environmental reaction
plays a pivotal role in regulating the exchange processes between
nutrients and the root system of plants.
Among the heavy metals Rb (rubidum), Sr (stronsium), Y
(ittium), Zn (sirkonium), Tb (terbium), As (arsen) Cd (cadmium),
and Pb (lead) were determined. The amount of the rubidium among
heavy metals is 0,62%-1,42% whereas the amount of the stronsium
is many times higher than that of rubidium changing between
3,08% and 3,62%. The share of the terbium is 14,36% in the
research centre numbered 4. The amount of the lead in the waste
rock of a half metric layer changes between 0,01% and 0,15%. It
can be enunciated that cadium element was not experienced in the
region. In is known that having a higher indocator of the heavy
metals than fon indicators declines the productivity of the plans, as
well as, it paves the way for the emergence of the endocrinological
diseases among seniors.
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Ti, Cu, Fe and partially Mn occupy the essential place in the
composition of waste rocks. Their amount fluctuates between
0,191%–0,553%, 0,015%–1,121%, 0,368%–0,532% and 0,009%–
0,231%, respectively, in the half-metre layer of waste rocks. The
amount of other microelements is slightly higher than onethousandth of a unit.
As a result of the extraction of ferrous and non–ferrous metals
in the areas where these have high productivity, terraced slopes with
different morphometric sizes, quarry pits and technogenic
landscapes deprived of soil and vegetation in the surrounding areas
were created (table 1).
In the Gadabay and Dashkasan administrative districts, a
number of sections with an average depth of 0–50 cm were
excavated and samples were taken from the waste rocks in the
mines, which were decommissioned long ago (50 years ago), and
analyses reflecting their agrochemical properties were carried out.
In these samples, analyses were carried out in the following
compositions that create a sign of soil fertility: granulometric
composition, humus, total nitrogen, carbonate, absorbed bases (Ca +
Mg + H) and pH of the reaction of the environment.
As can be seen from the analytical analysis, the process of soil
formation on the waste rocks in the mines as a result of the
interaction of natural factors has already taken place. A loose soil
layer has been formed on the rock waste, albeit in a primitive form.
Thus, the formation of a relatively greyish-brown soil layer was
observed in the waste rocks, which did not reach the stage of full
formation. As the morphological and genetic features of the formed
layer, it is difficult to say exactly what type of soil it belongs to.
However, it can be enunciated that the degree of dispersion of the
system (fractions smaller than 0,11 and 0,001 mm, respectively) as
physical clay and silt in granulometric resolution is weak. The
amount of the same fractions are lower and by layers and cut pieces,
these figures are 12,97% and 4,33%–11,23%, respectively.
According to these figures, it can be enunciated that the soil
formation is still in the initial stage of formation.
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Table 1.
Typological classification of morphogenetic forms of technogenic relief
created by the exploitation of non–ferrous and ferrous metal deposits
Morphometric characteristics
Characteristics Characteristics of
Technogenic
of the elements suitability for use
Occupied
As the
relief type Technogenic area (with sloping of of technogenic in convenient
relief form
relief
conditions
ha.)
slopes
Levelling of
Cast slopes of
terrace bed
Myriad
Large area Terraces with terraces with platforms, creation
Vertical
terraced on
along the medium steep very complex
of a fertile soil
terraces on
the mountain
entire slope cliffs (200–
shapes and
layer and
the slopes
slopes
>100 ha.
250)
various inclined fortification of cast
rock waste
slope rocks by
germination
Medium- Slopes around Landscaping by
Quarry with
sloping slopes the quarry with
technical
internal Boat-shaped Small area with nonmoderately
reclamation on
smooth
pit
<50 ha.
standardsloping bare slopes by creating
platform
sized rock coarse gravel small lakes in the
crumbs
piles
quarry field
The quarry pit
Low-altitude
Dammed
should be filled
coarseheights around
Saucer– Small area
with rock
Quarry pit
grained
the quarry.
shaped
<30 ha.
fragments and
weakly
Coarse-grained
landscaping with
sloping slopes bare slopes
tree-bush species
Slopes of
Rehabilitation of
domed stacks Shorter domed the surface with
Dome-shaped
Internal
Small area with different
stacks
the use of potential
waste with
waste quarry
<0–10 ha. exposition consisting of loose rocks with
random waste
and
waste rocks
thorough
inclinations
smoothing
Trenches
Coarse-grained Consolidation of
similar to a CanyonSmall
Slopes with
rocks on the
the slopes with
narrow shaped valley ditches
steep cliffs
cliff surface
germination
passage
Subsurface can be
Dams around Shallow pits
Shallow
Pits with
created by
Pit–shaped
weak sloping
scattered
depressions small area
thorough levelling
pits
randomly
and grounding
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The total amount of the humus and nitrogen has a lower
indicator because it depends on the accumulation amount of the
organic sediments in the newly formed soil-like layer. Due to the
low concentration of carbonate–dolomite and marly compounds in
rock wastes, their content in the soil–like layer does not exceed a
maximum of 4,79%. The amount of absorbed bases is formed
depending on the amount of accumulation of biogenic elements in
waste rocks, which can be exchanged as a result of erosion.
As can be seen from the general chemical analysis of the waste
rocks, they indicated their minimal effect on the amount of Ca and
Mg cations absorbed by the low CaO and MgO. The amount of H
cation in the absorbed bases is more than one unit, which plays an
important role in the formation of the environmental reaction of
primitive soils. The amount of pH in these soils varies between 5,2–
6,5 and creates an acidic, slightly acidic and partially neutral
environment.
According to the analysis, it can be enunciated that the
radiation balance, hydro-technical coefficient, water balance and
dryness index play the most important role in the dynamics of
transformative changes in the soil and ecological condition of the
technogenic landscape. When the coefficient of dryness in soil
formation is equal to the unit, the zonal course of soil–ecological
dynamics is effective. For this purpose, attention was paid to the
dryness index (1,0÷≤2) and water balance from a number of local
factors that play a creative role in the process of soil formation on
the surface of waste rocks. The following equation was used to
determine the water balance in the technogenic landscape of the
area4.
ΔWB=W–WN=(IN–I)+(Bpn–Bp)+( P–PN)+( ON–O)
- W, WN– the thickness of water entering the surface of
technogenic soils before and after anthropogenic impact, mm;
- I, IN– the amount of water evaporating from the surface of
the soil, mm;
Golovanov A.I., Recultivation of disturbed lands / A.I. Golovanov, F.M. Zitin,
V.I. Cmetanin, - Moscow: Kolosk, -2009.- 325 p. (In Russ.)
4
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- Bp, Bpn– the amount of water absorbed into the soil, mm;
- P, PN– the amount of water entering the surface, mm;
- O, ON– the amount of water flowing from the surface, mm;
ΔWB=792=792.
It is fairly obvious from the calculations that the average
amount of precipitation before and after the anthropogenic impact
on the technogenic area was 792 mm. The amount of precipitation
in the area was equal to the amount of water leaving the area.
Nonetheless, depending on the arid climate, the amount of water
entering the area may exceed the amount of water leaving the area.
Owing to precipitation and water entering the area from outside, the
water reserve in the soil may be higher than the amount of water
leaving the area. In this case, the index of hydro-technical
coefficient is higher than the drought index, which increases the
dynamics of the process of formation of primitive plants on the
surface of waste rocks.
Using the data of meteorological stations in the studied area,
both the land index and the water balance entering the area were
determined using the mentioned equation. In addition to this, the
effect of a positive indicator of water balance on the state of the
dynamic course of soil formation on the surface of rocks was
researched.
The third chapter of the dissertation work is dedicated to the
“Assessment of lost soil and vegetation potential on the
northeastern slope of the Lesser Caucasus”. In this chapter, the
potential of soils and vegetation that have lost their original
condition as a result of technogenic impacts in the studied areas was
investigated, as well as reclamation works specifically to the known
area for their restoration were studied.
It is conspicuous that the limiting processes in the soil and
vegetation of the natural ecosystem occur mostly as a result of the
people's economic activities. The reason for the limitations created
by humans in the natural ecosystem is their irregular use. The
humus is taken into account as the most important indicator of bio–
productivity of soil–vegetation system and emerging in the soil
formation. While studying their resources, the resources are
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relatively higher changing between 168,5 and 358,5 tonnes/hectares
in the crop layers of the soils distributed in the area. For example,
the reserve of humus matter was calculated in the top humus layer
of soils in the Dashkasan and Gadabay Mining Enterprises and in
their adjacent areas of influence. It was found out that the humus
reserves in the upper plowing layer of mountain meadow–steppe
soils are 358,5 t/ha., mountain brown–forest 257,3 t/ha. and
mountain black soils 168,5 t/ha. These indicators of humus are
present in technogenic areas covered with waste rocks. In addition
to humus, other indicators of fertility in areas with lost biopotential
were calculated5.
The collapse of the humus layer and the loss of humus occurred
in two directions as a result of mining operations. In the first case,
the ore extraction operation is carried out by the open pit (surface)
method, and in the second case, the waste rock masses generated
during processing are spread around the mines.
Table 2.
Thickness and reserve of accumulative humus layer of soils within mines in the
Gadabay and Dashkasan administrative districts
Lost biomass
Mass
of
Humidified
Total
Soils
Humus,
forage
accumulative
nitrogen,
tonne/ha.
grasses,
layer, cm.
tonne/ha.
kg./ha.
Mountain–meadow
15
207,1
13,5
510
steppe
Mountain–brown
21
156,0
7,1
–
forest
Mountain black
25
163,0
3,1
550
1 ha (on average)
20
175,3
7,9
530

A plethora of natural factors is involved in the formation of
humus accumulative layer and the humus (≥1,0%) in that layer. The
occurrence of these processes is characterized by zonal features and
Aliyev, S.А. Ecology and energetics of the bio-chemical processes in the
formation of the natural compounds // S.А.Aliyev. ̶ Baku, - 1978. -–253 p. (In
Russ.)
5
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requires geological time for their formation. A characteristic feature
of soil formation consists of the formation of a humus layer and the
formation of humus in that layer. The emergence of a layer with
humus and the formation of the humus in that layer takes centuries
(200-250 years).
By burying the accumulative humus layer per hectare of the
research object in this volume, on average, 175,3 t/ha of humus, 7,9
t/ha of total nitrogen, 530 kg/ha of fodder grass biopotential was
lost due to the plowing layer. Provided that we calculate by years of
exploitation (per 100 years), we can calculate the amount of
biopotential lost in degraded and sedimentary areas (17500 t/ha
humus, 790 t/ha total nitrogen, 53 t/ha forage crop) (table 2).
At the present moment, 65 million tons of waste are collected
in ore mines and cover a large area. Generally speaking, 1526 ha. of
potentially fertile lands in the mining areas of Gadabay and 2092
ha. in the Dashkasan mines were buried in violation of the above
methods. Provided that the subsoil areas were not subject to
disturbances, assuming that it would be obtained 35–40 centner/ha
of dry grass mass per hectare of hayfields, 15–20 c/ha of wet grass
(5–7 c/ha of dry mass) in the subterranean areas, 350–450 c/ha of
potatoes, 450–600 c/ha of cabbage, it could be possible to obtain
fodder, food and food products in the area with 3618 ha.
Provided that we calculate the grazing rate of one head of
livestock per 1 hectare of natural fodder area in terms of the above–
mentioned productivity, we can obtain the following result. This is
calculated by the following formula6:
N= Ufp/nT
There:
Uf – productivity of edible grass mass (in dry mass) kg/ha;
p – share of eaten mass (0,8–0,9 for cattle, 0,4–0,5 for small
cattle);
n – norm of pasture fodder (in dry mass) kg/ha (10 kg for
cattle, 2 kg for small cattle);
6

Mammadov G.Sh. Guidance on large-scale geobotanical research of natural forage
areas of the Republic of Azerbaijan / G.Sh.Mammadov, G.Sh.Yagubov, Baku:
Maairf, -2002, -142 p. (In Aze.)
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T– duration of grazing season during the day.
As a result of the calculation, it was ascertained that the natural
fodder for cattle is 1,4 head/ha per hectare during the season and 2,5
head/ha for small cattle. Provided that we carry out these
calculations hypothetically in the areas under the waste rocks, and
quarry pits, thousands of cattle and small cattle are provided with
fodder during the season, and the vegetation in the forage areas is
protected.
As a result of the research, we studied the lost potential of
phytocenoses under the waste and in the surrounding areas in
different soil–climatic conditions as a result of the activities of the
Dashkasan and Gadabay mines. In this case, the plant formations,
ecological group, abundance, height, density and productivity of the
studied technogenic geosystems and their surrounding areas were
determined. Thus, the abundance of these plants fluctuates between
1–4 points, height 20–200 cm, density 30%–100% and productivity
6–15 c/ha.
As a consequence of the observations, we witnessed the
restoration of plant species that are well adapted to local conditions
after the technical stage of reclamation on the site of a technogenic
geosystem in the study area.
The following has been observed in a small area (150 ha) in the
exploited and suspended area of the Gadabay ore mine:
1. As a result of ore extraction, processing and transportation
processes, the soil–vegetation system has been completely
destroyed in some places, covered with characteristic vegetation. In
decommissioned (> 5 years) mines, the environmental reaction of
the soil was acidic (<5.5), no vegetation was formed due to lack of
physical and chemical erosion in the rocks and lack of biological
structure, and as a result, the process of humus formation was not
initiated.
2. Due to the fact that the essential physicochemical erosion in
the waste rocks of the decommissioned mines (> 25 years) is
partially gone, intensively covered by characteristic plants and the
formation of soil-forming biogenic components in the waste rocks,
a 5–8 cm. humus layer has formed.
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3. Due to the completion of mining operations in the mines 25–
50 years ago and the creation of favourable hydrothermal
conditions, as well as the formation of clayey granulometric
composition, a sparsely covered vegetation has formed.
4. In the mines, the operation of which was stopped 50 and
more years ago, soils, at least in part, under zonal grasses, have
been formed, resembling mountain–meadow soils.
The fourth of the dissertation is entitled “Restoration
expedient of the technogenic geosystems on the northeastern
slope of the Lesser Caucasus”. All of the above should be
considered before reclamation work is carried out in the area. Thus,
the development of a system of basic measures to protect the
surface of waste rock from the threat of erosion and deflation has
been put forward as a major issue. In order to discuss this problem,
first of all, the agrophysical and agrochemical properties of
technogenic soils (granulometric composition, water properties,
thermal and electrical properties, structural and air properties)
should be studied and recommendations for technical reclamation
should be developed taking into account these properties. However,
it is important to find more effective methods of land reclamation in
technogenic areas.
The following rules are required to be pursued during
reclamation works in the area:
1. The management of the excavation company should first
remove and store the topsoil (0,7–1,0 m) on the surface before
starting work.
2. It is then transferred to the reclaimed area by applying a
hydrolysed solution by hydro method to the stored soil mass.
3. Thus, biological, biochemical and microbiological processes
in soil formation are intensified in a short period of time in the
reclamation layer consisting of coarse crumbling rocks.
4. When siltation is carried out by this method in areas levelled
at the technical stage, the activity of soil-forming factors in the
reclamation layer is accelerated. Thus, there is no need to transfer
fertile soil over the technically created layer.
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5. Carrying out works in this sequence is likely to lead to the
creation of forests and agro–landscapes in the area.
For the purpose of biological assimilation of waste rocks,
effective expedients of land reclamation were developed by us and
five suitability groups were selected and optimisation proposals
were put forward (graphic 2, table 3).
Agro and technogenic landscapes distributed in the area were
distinguished by the photometry method in the selected area sample
within the Dashkasan administrative district. Thus, within
technogenic landscapes, the cross-section of the terrace, berma of
the terrace, and the cast chest of the terrace (within them, weak,
medium, densely covered with vegetation) are separated.
Thus, the work to be done on the proposed suitability groups
for optimisation is described in detail in Table 3. Effective ways to
increase biological productivity by suitability groups were
identified based on the agrochemical properties of the soil or waste
rock. Thus, the creation of a cultural layer with soil on groups I and
II, the construction of anti-erosion fences within group III, the
creation of artificial terraces consisting of large rock fragments
within group IV and the implementation of landscaping measures
with reclamation improvement, the establishment of forest strips
with the planting of tree and shrub species is considered optimal.
These mentioned above are the fundamental optimisation works.
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Graphic 2. Scheme of proposed reclamation and optimisation of the decommissioned iron ore extraction field in the territory
of the Dashkasan district.
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Humus
%

Table 3.

Agrochemical properties of soil-ground or waste rocks
Effective methods to increase
biological productivity
Granulomet Environmental Carbonate,%
Dry residue,
ric composition,
reaction,
The total amount of as salinity,%
Physical clay,
pH
absorbed bases,
<
(in water
mg/ekv
optium,%
suspension)
Absorbed
H%
I Group beneficial Fertile soil mass
>1,0
30–40
5,9–7,1
<5,0
21,5–30,5
<2,0
<0,5
It is possible to create a
(fertile)
cultural layer by landfilling
waste in favourable relief
conditions.
II Group potential Rock waste rich 0,5–1
30–65
5,9–8,0
<5,5
25,0–30,5
<1,5
<0,5
Waste rocks with a
fertile
in nutritious
granulometric composition of
elementsreguire
different mechanical
d for the plant
fractions are smoothed and
ground with potentially
fertile rocks.
III Group low
Slippery rock Not exist
<20
<5,1
>8,5
<15,0
>2,0
>0,5
The surface should be
fertile (as their
waste on
levelled and erosion-resistant
physical
terraced slopes
fences made of large rock
properties)
fragments should be
constructed
IV Group
Dusty rocks Not exist
<20
<5 and >8
>15–20
<15,0
>2,5
>0,5
Levelling, reclamation and
conditionally
with slippery
20–75
landscaping measures by
useless (as their
rocks on steep
creating artificial terraces
chemical
slopes with
consisting of large rock
properties)
terraces
fragments
V Group useless
Dusty, coarse- Not exist
>70
<5 və >8,5
>10,5
<15,0
>2,5
>0,7
If possible, create a forest by
grained waste
20–30
sowing the seeds of trees and
on steep slopes
shrubs by a hydro method

Groups suitable for Name of the
biological adoption soil ground or
waste rock

Effective expedients of land reclamation for the purpose of biological assimilation in waste rocks

By carrying out optimisation work in these areas, it is possible
to create large stadiums on the surface of waste rocks, to plant parks
by planting trees on terraces. Construction of roads along the
terraces facilitates the development of mountain sports and the
development of high mountainous areas. It is also feasible to
develop water sports by creating artificial ponds in empty rock pits.
The establishment of base camps for the development of tourism
makes high mountainous areas accessible. Thus, in some areas there
are deposits that have been exploited for a long time, and they are in
a form of interest to tourists.
RESULTS
1. For the first time, three types of technogenic relief forms
were identified in the area – adaptive, constructive and destructive.
2. The areas being subjected to the transformation were
determined within the lan
dscape type covered by the meadow-steppe plants after the
forest changed to seliteb-garden and plantation eco-landscapes in
mountain-meadow lands with various plants such as three-leaf
clover, foxtail in the weakly fragmented slopes and smoothed
watersheds within the Dashkasan administrative district and within
the landscape type covered by thyme, clover, three-leaf clover and
various plants on the grassy mountain-meadow lands of moderately
fragmented, medium-slope mountain slopes in the Gadabay
administrative district, and these data described in the landscape
map.
3. In the Gadabay district, some of the elements found in the
samples taken from the Missu and Arigdam rivers passing through
the mines were much more than the AL, and some were relatively
lower. Thus, the amount of Na is 5,4-4,6 times less, and the amount
of K is many times less than AL. Among the sulfate compounds
(537,7-940,7 mg/l), copper (1,8-121,6 mg/l) and calcium (380,5569,1 mg/l) are slightly higher than AL whereas the zinc element is
a hundred times more than the AL. Ca and SO4 were more abundant
in the samples taken from the waters of the Dashkasan district.
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4. After the iron ore refining operation, it was brought to light
that the waste rocks contained 90 grams of cobalt, 1000 grams of
copper, 1400 grams of zinc and 1700 grams of sulfur per ton of
waste.
5. For the first time, a typological classification of
morphogenetic forms of technogenic relief created by the
exploitation of non-ferrous and ferrous metal ore deposits was
implemented. Thus, 6 technogenic relief types were identified in the
area: multi-terraced mountain slopes, quarry with an internally
smooth platform, quarry pit, quarry with internal waste, narrow
passage-shaped and pit-shaped quarry.
6. Among the general chemical elements Na2O, MgO, Al2O3,
SO2, P2O5, SO3, K2O, CaO, TiO2, MnO, F2O3, and BO are spread in
rock samples taken from ore treatment wastes and in samples taken
from downstream rivers in areas where mines whereas heavy metals
such as Co, Hg, Cd, Cr, Pb were identified in rock waste, and on the
basis of this, the degree of pollution of natural landscapes were
determined and recovery expedients were suggested.
7. For the first time, the groups suitable for development were
allocated, and effective expedients of carrying out soil restoration
work on the basis of agrochemical properties of soil-ground or
waste rocks were developed.
SUGGESTIONS
1. Adaptation of the mining industry to world standards using the
international experience and the most state-of-the-art equipment and
technology in the mining industry.
2. Ensuring the accumulation and preservation of the topsoil and
ensuring the uninterrupted restoration of technogenic mountain
geosystems.
3. Implementation of reclamation measures, especially
phytomelioration measures, taking into account the biological
characteristics of the reclaimed lands and ensuring the planting of
trees in accordance with local conditions.
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4. Development of a comprehensive action plan to handicap
exodynamic processes such as landslides, avalanches, rockfalls and
others that may occur in technogenic mountain geosystems.
5. Regular monitoring of wastes, sources of pollution, their
utilization and neutralization of pollution.
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