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The development of mineral deposits has strong transformative effect on the geological environment. At the
same time, all the components of geotechnical conditions (relief, structure of rock massifs, hydrogeological and
geocryological conditions etc.), formed over a long geological time, are actively changing. Geological processes
are activated and new mining-geological processes are formed. New strata are formed on the Earth's surface
along with the technogenic formations and technogenic deposits. Today, the scale of technogenesis in mining is
comparable to the results of geological activities that have been going on for many millions of years. The reaction of the geological environment is immediate and is expressed in the development of large-scale engineering
and geological processes, which often do not allow the further development of mineral resources and threaten the
human life. Therefore, even at the early stages of prospecting and/or exploration, it is necessary to understand
the dynamics of changes in surrounding medium in order to develop methods for proper managing of the ore extraction. By the example of a number of objects, all the stages of study of engineering-geological conditions are
considered, the dynamics of their change, which led to the formation of engineering-geological processes affecting the further development of mineral resource, is estimated.
Key words: mineral deposits; geological environment; geotechnical processes; engineering-geological conditions; engineering-geological model; dynamics of engineering-geological processes; stability of quarry walls;
physical and mechanical properties; fracturing.
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Introduction

Research methodology
Geotechnical (engineering-geological) conditions (EGC) are an integral system of interreThe study of the engineering-geological
lated components that determine the complexity conditions formed in the geological time at the
of the field development, the nature and scale of deposits should be carried out in stages correschanges in the geological environment under the ponding to the regulations for the study of mininfluence of mining processes (Abaturova, 2017; eral deposits.
Gang etc., 2013).
The first stage is the search and exploration
The active influence of mining into the up- of mineral resources. The stage is responsible
per layers of the earth's crust disrupts the natural for studying the conditions of the EGC formabalance that has developed over millions of tion and includes physical-geographical, geologyears. As a result, a number of changes, both of ical-structural, lithological-petrographic, permathe geological nature (activation of exogenous frost-hydrogeological, and geodynamic paramegeological processes) and technogenic (devel- ters.
opment of engineering and geological
The data obtained are analyzed and systemaprocesses) arise that, in turn, complicate the tized. The main factors influencing the conditechnology of mining, threaten human life and tions for commissioning the deposit are estabhealth, and harm the environment (Radwanek- lished, and the patterns of their change are reBąk etc., 2020).
vealed. Consequently, a database is formed and
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a basic geological engineering model of the
field is built. On the basis of the obtained regularities, variants of models for the change in the
EGC at the opening of the field are developed
(McLean, Gribble, 2005).
The second and third stages are the opening
and exploitation of deposits. The stages are responsible for obtaining information about the
state of the rock mass and the dynamics of the
development of geotechnical processes. The obtained data supplement the basic model of EGC,
and the options for the development of EGC are
played again that allows you clarifying the fore-
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cast of changes in the EGC to make management decisions (Waltham, 2014).
During opening and exploiting mineral resources, the impact on the geological environment is manifested in the form (Fig. 1):

dewatering;

changes in the terrain;

changes in temperature conditions;

changes in physical and mechanical
properties;

changes in the stress-strain state;

development of engineering and geological processes.

Fig. 1. Changes in engineering and geological conditions at the stage of study and development

Results
Let's consider the dynamics of changes in
engineering and geological conditions at a number of objects.
Chromite deposit Central (Polar Urals). The
study of EGC at the first stage showed that the
rock massif bearing the deposit is composed of
strong and medium-strength dunites and weakly
fractured harzburgites. The rocks are classified
as frosty with temperatures (-1.5) - (-2.0) ° С.
Hydrogeological conditions are determined by

the presence of a thin, seasonally existing horizon of suprapermafrost waters. The main factors
of the geotechnical conditions of the field, providing the possibility of the development of
geotechnical processes, are the presence of
zones of weakening of two types. Systemic fracturing represents the first type. The orientation
of the fracture systems coincides with the directions of the fall of the western, southwestern and
northwestern pit walls. The surfaces of such
cracks are covered with crusts of serpentinite,
talc, and kemmerretite. They are characterized
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by low specific cohesion, which drops to "0" at
water saturation.
The second type is presented by zones of
fragmented rocks with a blockage of 2 to 5 cm.
Such zones are confined
ed to zones of tectonic
faults (Zvonarev, 2020).
Commercial development of the deposit's rreserves began in 2004 and completed in 2017 at a
depth of more than 200 m. At the first stages of
the opening of the deposit, engineering and ge
geological processes began to form in the sides of
the quarry – the collapse of blocks along slip
planes, according to the principle of overturning
and a tectonic wedge, which led to the «stratification» of the ledges and the formation of a

non-working ledge of 45 m high. Changes in
permafrost conditions around the open pit are
manifested in an increase in the depth of the
seasonal thawing
hawing layer. The
T
mark increased
from a depth of 3.5 m to 6.0 m due to the openope
ing of cracks and the formation of new ones.
After the end of the
he operation of an open pit at a
depth of 200 m, in an area of 0.5 km2, an edge
zone was created with a width of up to 120 m,
where the degree of fracturing of rocks ini
creased, and nagging cracks are formed. The
T
walls of thee open pit are actively damped. The
engineering and geological
ical processes began to
develop scale and affected all sides (Fig. 2).

Fig. 2. Sliding mirror, after shifting ledges

Thus,
us, the construction of a quarry led to following changes in EGC:
 an increase in the degree of fracturing of
the rock mass, due to blasting and a change in
the stress-strain
strain state, activation of frost we
weathering;
 changes in the depth of the layer of se
seasonal thawing;
 development of large-scal
scale engineering
and geological processes.
The development of the Kurosan deposit
deposit, located in the South Urals, is carried out in an
open pit. At the stages of exploration, it was eestablished:
1. two-storey
storey structure of the rock massif:
the lower structural level is composed of eff
effusive rocks and their pyroclastic differences quartz and felsitic albitophyres, which are inte
interbedded with diabase, and the rocks are altered

by dynamometamorphism and metasomatism
processes to the state of quartz-sericite
quartz
schists,
quartz-chlorite-sericite
sericite schists;
2. rocks are characterized by varying ded
grees of strength from medium to low, intensely
fractured and sheared;
3. the rocks of the lower level are intensely
sheared and fractured;
a
4. as a result of weathering processes, ancient eluvial formations were formed - loams,
variegated clays, overlapped from above by clay
formations of the Svetlinskaya suite (Bobrov
etc., 2018).
Zones of crust sheathing and weathering
formed zones of weakening. During the period
of development of the deposit, in the zones of
weakening established at the stages of exploraexplor
tion, the formation of significant-scale
signif
landslide
movements begins, which currently affected the
road and the power line (Fig. 3). The depth of
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the quarry is 70-100 m, and the near-edge zone,
in which the back-hole cracks are formed and
the landslide develops, increased the diameter of
the quarry by 50 m. The dumps located directly
on the side of the quarry also contribute to the
activation of landslide movements.
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Thus, the dynamics of EGC is clearly expressed in a change in the natural and formation
of technogenic relief, a change in the stressstrain state (SSS) of rocks, a change in the composition, state and properties of rocks, and the
development of geotechnical processes (IGP).

Fig. 3. Formation of catenary cracks and landslide body

Deposits Kaban I, II, III, V, VII are located
within the Kabanskaya ore-bearing strip (Northern Urals). Their development was completed in
1964. The project envisaged a combined method
of mining at Kaban V and I and an underground
method at Kaban II, and Kaban V. It was supposed to build independent mine complexes. In
fact, the construction of the shaft was not carried out. As a result, at present, there is an exploration mine at the Kaban II deposit and a
complex of underground mine workings connecting Kaban V, which has been practically completely worked out in a combined way to a depth
of 90 m, and the currently worked Kaban I.
In the immediate vicinity of the open pits,
there are dumps in which substandard copperpyrite ores are found in large quantities. Because of their hypsometric position, the quarries
are a receiver of underground, surface and dump
waters. In modern conditions, a dynamic balance has developed between the inflow of water
into the quarry and the outflow of acidic (pH =
2-3) mine water. The outflow of water from the
quarries occurs along three logs in the northeastern direction. Here, along the entire length of
the stream of unloading quarry waters, forest
vegetation has been significantly destroyed.
From an engineering-geological standpoint,
the rock massif of the deposits has a two-story
structure. The lower floor is composed of

quartz-sericite schists and albitophyres of medium strength and strong upper eluvial formations.
Eluvial formations are represented by loams
and clays with inclusions of strongly weathered
debris. Above the ore zone, quartz and pyrite
granules and cavernous semi-rocky brown iron
ore rocks stand out.
For the period of 2011, the survey of the
Kaban V open pit showed the development of
engineering and geological processes. The intensification of all types of collapse is associated with surface and groundwater entering
the quarry, as well as modern weathering
processes (Pisetsky etc., 2016).
The performed geotechnical survey of the
open pit showed the development of geotechnical processes, and deformations are characteristic of the upper benches. The main types of
deformations are (Bell, 2013):
Muds cover landslides - the sliding surface
looks like a smooth curve in the lower and middle parts, and at the top it ends with a vertical
separation crack. Such landslides are caused by
surface waters, which increase the water saturation of the rocks.
Gullies – the formation of which is associated with the erosional activity of surface waters. Both single and entire systems of parallel
gullies are noted (Fig. 4).
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Fig. 4. Gullies (left) and landslide (right) in the side of the quarry. Kaban
Kaban-V deposit

The analysis of the dynamics of changes in
hydrogeological and engineering
engineering-geological
conditions showed: a change in the chemical
composition of water due to the active influx of
dump waters and oxidation processes in the
quarry, the development of engineering
engineeringgeological processes that increase the size of the
quarry due to sliding processes, a change in the
composition
osition of soil and vegetation (Mokhtari,
2019).
Drazhnoe deposit.. The deposit territory is
located within the Oymyakonsky ulus of the
Republic of Sakha (Yakutia). The relief is low
lowmountainous, gently sloping with absolute el
elevations from 740 to 1250 m. The deposit is llocated in the zone of continuous
nuous permafrost, with
a thickness of more than 300 m and rock te
temperatures (-6 °) - (-99 °). In the geological stru
structure of the field, there are two structural levels:
the upper one, composed of dispersed rocks of
varying degrees of ice content and ice. Th
Their
complex facies replacement, both in depth and
laterally, the impossibility of their dissection
was the reason to call them «ice
ice com
complex» (Kalabin, 1960).
The lower layer is represented by siltstones
of the Upper Triassic, silicified, low
low-strength,
medium-strength
strength and strong, frosty.
The structural features of the lower structu
structural floor have pronounced features of anisotropy
and heterogeneity due to the degree of fractu
fracturing, fragmentation, shearing of rocks, the pre
presence of unfavorably oriented zones and surfaces
of weakening, and the morphology of the walls
of cracks.

The structural-tectonic
tectonic structure of the field
is characterized as mosaic, in which structurally
heterogeneous areas are separated by zones of
crumplingg or areas of increased fracturing and
fragmentation. Against the background of the
general northwestern strike of rocks with mom
noclinal bedding, areas of steep submeridional
submeridi
strike, folding with undulating
undula
hinges are distinguished. Steeply dipping brittle-plastic
brittl
zones
and zones of weakening complicate the folded
bedding. Displacements of small fractures are
interspersed with areas of shearing of rocks
ground to thin tectonic clays and are accompaaccomp
nied by zones of brecciation and cataclasis with
a thicknesss of 0.5 to 1.0 m. Zones of shear are
a
often confined to the crest parts of small anticlinal folds,
lds, where siltstones are transformed to
clay (Nugmanova, 2019).
The complex geological and structural features of the field rock mass at the stage of geoge
logical exploration indicated the need to take it
into account when choosing the slope angles of
the pit walls.
Since 2014, the rock massif
massi of the deposit
has been mined by an open pit.
pit At the moment,
the depth of the open pit is 100 m, and the occupied area is 0.7 km2.
Dumps with an area of 5.2 km2 and a height
of up to 40.0 m are accumulated on the surface.
The survey of the open pit in 2019 showed
the dynamics
ynamics of the change in the EGC,
EGC expressed in the intensive development of signifisignif
cant talus, which in the upper
upp zone of the open
pit almost completely cover the safety berms,
the presence of systemic fracturing accompanied by slip mirrors and coinciding with the fall
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of the pit walls, leads to the formation of falls
(Fig. 5), sliding blocks making the operation of
mining equipment and people unsafe (Shinkaryuk, 2013).
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Around the quarry, a near-tip zone with a
width of up to 50 m has been formed, where the
natural stress-strain state of the rocks is changed
and back-hole cracks develop.

Fig. 5. Formation of collapse of sides along the surface of cracks (left) and debris in the side parts of the
Drazhny open-pit mine (right)

The opening of existing cracks and the formation of new ones led in the spring-summer
period to a change in the permafrosthydrogeological situation and the accumulation
of surface waters in the quarry.
Ice aggregation occurs in the accumulated
dump masses, which changes the physical and
mechanical properties of rocks and can contribute to deformation of the dumps.

processes. Therefore, even at the early stages of
the study of mineral resources (prospecting and
exploration stages), it is necessary to obtain information about the EGC of the field, develop
options for the behavior of the models of EGC
during their operation in order to minimize the
manifestation of negative situations.

Conclusions
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Динамика инженерно-геологических условий
месторождений полезных ископаемых
(от разведки до эксплуатации)
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Разработка месторождений полезных ископаемых (МПИ) оказывает сильное преобразующее воздействие
на геологическую среду. При этом активно изменяются все составляющие инженерно-геологических условий (ИГУ), сформировавшиеся в течение длительного геологического времени: рельеф, структура массивов горных пород, гидрогеологические и геокриологические условия, активизируются геологические
процессы и формируются горно-геологические, при этом на поверхности Земли образуются новые толщи
техногенных образований, а зачастую и техногенные месторождения. Масштабы техногенеза в горном
деле на сегодняшний день соизмеримы с результатами геологической деятельности, протекавшей на
протяжении многих миллионов лет. Реакция геологической среды не заставляет себя ждать и выражается
в развитии масштабных инженерно-геологических процессов, которые зачастую не позволяют производить дальнейшую отработку МПИ и угрожают жизни людей. Поэтому еще на ранних этапах изучения
ИГУ МПИ (поиски, разведка и разработка) необходимо понимание динамики изменения ИГУ с целью
прогнозирования мероприятий по управлению устойчивостью бортов карьеров. В данной работе на примере ряда объектов обозначены все этапы изучения ИГУ, рассмотрена динамика их изменения, которые
привели к формированию инженерно-геологических процессов, неблагоприятно влияющих на дальнейшую отработку МПИ.
Ключевые слова: месторождения полезных ископаемых, геологическая среда, инженерно-геологические
условия, инженерно-геологические процессы, динамика инженерно-геологических процессов, инженерногеологическая модель, устойчивость бортов, физико-механические свойства, трещиноватость.

