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Abstract
The development of iron-ore deposits is accompanied by the excavation formation of considerable dimensions in the 
underground space and to ensure high technical and economic indicators of extraction, especially when developing 
high-grade iron ore, it is necessary to take into account the nature of the geological structure of the massif on the indica-
tors of their dilution. It is established that when the chambers are worked out on a junction with hanging wall waste, the 
indices of ore dilution with the adjacent strata are 1.7 times higher than on a junction with the foot wall of the deposit. 
The tendencies and causes of variability of volume of extracted ore dilution with the adjacent strata in di  erent geologi-
cal structure parts of the ore deposits are revealed, the ore basin across the pitch is characterized by a general evolving 
trend of the rock strength of the hanging wall and ore basin angle of incidence decreasing and increasing the thickness 
of the deposit from the northern side to the southern one. It has been established that the concentration of hanging 
rocks caving and extracted ore dilution indices is enhanced by changing their morphological composition, reducing the 
strength and stability of these rocks, reducing the ore basin angle of incidence, and increasing the ore deposit thickness. 
The obtained results allow us to lay the foundations for optimizing the parameters of the development system and the 
rational procedure for breaking up ore reserves in the chambers under the changing mining and geological conditions of 
 eld development.
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1. Introduction
Underground mining is complicated by the in  uence 

on the technology of a complex of mining-geological 
factors (Snihur et al., 2016). Especially geological fac-
tors are important in the excavation’s formation of con-
siderable dimensions in the underground space (Sotskov 
and Saleev, 2013; Pivnyak and Shashenko, 2015), 
which is characteristic for the development of iron-ore 
deposits, which are worked out with extraction cham-
bers in the established order. Such a property as rock 
mass staying during underground development is impor-
tant, since it primarily depends on the mining opera-
tions’ safety and the economic indices of mining as a 
result of mine destruction or rock caving, especially in 
the development of high-grade ores with high content of 

useful components (Falaknaz et al., 2015; Basarir et 
al., 2018; Lozynskyi et al., 2018). For underground ores 
mining technology, factors such as the angle of inci-
dence and ore deposit capacity, strength and fracture of 
the array, as well as the main indicators of output such as 
loss and dilution of ores, which testify to the ef  ciency 
of the accepted development system, are of great im-
portance.

Mining in areas with increased rock fracturing is con-
siderably complicated due to the decrease of their 
strength characteristics (Lozynskyi et al., 2018; Dych-
kovskyi et al., 2018, a), the angle of deposit incidence 
in  uences the pressure of the hanging rocks, with its in-
crease, the pressure decreases (Chistyakov et al., 2012), 
and the power of the deposit on baring distance of stopes 
increases (Tsarikovskiy and Sirotyuk, 2012). In such 
conditions, stopping operations is organized in two or 
more steps. Broken ore is dumped using feeders or slop-
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ing the bottom of mine cars on the haulage horizon 
(Dychkovskyi et al., 2018, b).

Annually in the Ukraine, about 75 – 80 million tons of 
iron-ore are extracted, moreover about 15.0 million tons 
are extracted by 9th mines through the underground 
method (Khomenko et al., 2017). A signi  cant part of 
underground mining (25%) is occupied by PJSC “Za-
porizhzhia Iron-ore Plant”, which develops high-grade 
iron ore (iron content more than 60%) in the Belozerskyi 
iron ore region. For working ores, a highly-ef  cient de-
veloping chamber system is used in these conditions 
with the subsequent of  lling mined-out space with con-
solidating stowing (Kuzmenko and Petlovanyi, 2015; 
Kuz’menko et al., 2013; Kuz’menko et al., 2010), 
where stopes alternate in time with stowages in complex 
geological conditions. Complex conditions are deter-
mined by the aquifers’ occurrence in ore-crystalline area 
in the roof, unstable hanging rocks in the southern part 
of the bank with a coef  cient of strength on the scale of 
prof. M.M. Protodiakonov f = 7 – 9, the depth of devel-
opment (640 – 940 m), fracture of the array. In such cir-
cumstances, mining technology requires continuous im-
provement under the in  uence of changing natural and 
man-made environment.

The in  uence of geological factors on the rock massif 
stability is noted in a number of scienti  c works (For-
ster et al., 2007; Barba and Nordlund, 2013; Suglo 
and Opoku, 2012). However, studies of the simultane-
ous in  uence of complex geological factors of the ore 
deposits occurrence on the rock massif stability in liter-
ary sources have not been adequately considered. Thus, 
the determination of the ore deposit geological environ-
ment in  uence on the rock massif stability is always a 
topical issue for mining science and production.

2.  Technological features 
of the Southern-Bilozerka 
deposit development

Studies of the geological environment degree of in  u-
ence on the baring stability and the quality of mined ore 
were carried out for the Southern-Bilozerka iron-ore de-
posit. Currently, iron-ore reserves with an iron content 
of more than 60% are being developed in the depth inter-
val 305 – 940 m. The ore reserve excavation is carried 
out with high stopes with the subsequent  lling of 
mined-out space with a consolidating mixture of man-
made waste. The height of the chamber is 100 – 200 m, 
and the width is 30 m. Depending on the power  uctua-
tions, 2 – 3 chambers are located in the transverse of the 
pitch, and the reserves are drilled from the hanging side 
to the foot and vice versa. Thus, in the development of 
pitch-dipping ore deposits with stowing, the rock massif 
is directly an ore deposit that is being developed, adja-
cent strata of the hanging and foot walls, as well as con-
crete block (Russkikh et al., 2012; Russkikh et al., 
2013).

With this mining technology of high-grade iron ore 
excavating, the natural massif is replaced with concrete 
blocks as time passes. The peculiarities of the develop-
ment technology are that according to the “chamber-
pillar” scheme,  rst-stage chamber reserves are extract-
ed at  rst in the ore massif.

After they have been worked out (Stage I), the cham-
bers are  lled with a consolidating mixture and, after the 
required strength is set, the ore reserves are mined be-
tween the concrete blocks, while  lling mass of former 
 rst-stage chambers.

Stopes, depending on the order of the work, can con-
tact the ore massif, adjacent strata of the hanging and 
foot walls, a concrete block or a system of junctions. The 
greatest damage to the quality of mined ore is caused by 
a junction with the concrete block, since in case of its 
caving, the  lling material does not contain a useful 
component and signi  cantly reduces the average content 
of iron in the ore mined from the chamber. The junction 
of the stope with the adjacent strata also has a negative 
effect, but to a lesser extent, which is explained by their 
iron content of 25 – 30%. The junction of the stope with 
the ore massif, in principle, does not have a negative ef-
fect, since in the case of ore caving from the neighboring 
chamber with an iron content of 55 – 60%, the content of 
the useful component will not decrease, but this will 
change the shape of the chamber and make it dif  cult to 
develop its reserves in the future.

The stability of the natural rock massif barings in the 
ore extraction from the stopes, and, consequently, its 
quality depends primarily on the geological factors such 
as the structure and strength of the rocks, the fracture of 
the rocks, the angle of incidence and thickness of ore 
deposit, and the stability of concrete blocks depends to a 
greater extent on  lling the massif formation technology 
and its strength properties (Streltsov et al., 2017; Rudy, 
2017).

3.  Detection of stopes with increased 
extracted ore dilution with adjacent 
strata

Mined ore dilution occurs in the event of trouble in the 
actual contour of the stopes due to adjacent strata or con-
crete block caving. As a rule, in all mines, the cases of 
adjacent strata, ores and stowages caving in the work out 
chambers are  xed by the surveying service. It should be 
noted that even in the  rst-stage chambers, a concrete 
block from the bottoms of worked out chambers can cave 
from above (Petlovanyi, 2015), and major cavings are 
also recorded in special inspection certi  cates.

The degree of geological factor in  uence can be char-
acterized by comparing and scienti  cally analyzing the 
amount of ore dilution in the used-up chambers (with 
adjacent strata or concrete block) with the geological 
factors of these chambers’ occurrence, while excluding 
the facts of concrete block caving.
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To study the in  uence of geological factors on the 
massif stability and ore dilution, a deck of 640 – 740 m 
was adopted, the reserves of which have been developed 
at the present time by more than 80%. A detailed analy-
sis of the deck development history in the period 2000 
– 2013 made it possible to identify 42 chambers worked 
out in junction with the hanging (22 pcs.) and foot walls 
(20 pcs). Of the 22 chambers worked out on junction 
with the hangingwall rocks, in 6 chambers large con-
crete block caves were noted, with the largest ore dilu-
tion reaching 5%. While developing 20 chambers on 
junction with the footwall rocks, in 12 chambers large 
concrete block caves were marked, and the ore dilution 
with stowage reached 8% in some cases. From this it 
follows that when working out 16 chambers of hanging-
wall and 8 chambers of footwall, the key factor of ore 
dilution is the in  uence of the ore deposits geological 
structure.

Analysis of the average amount of dilution in 16 
chambers, worked out on junction with the hangingwall 
and 8 chambers with footwalls in 640 – 740 m level 
deck, revealed an exaggeration of ore dilution developed 
in the chamber on hangingwall side over the chambers 
of the footwall by 1.7 (see Fig. 1). Used-up chambers in 
which dilution occurred with concrete block are exclud-
ed from analyses.

The increased chambers dilution in the hangingwall 
of the deposit (see Fig. 1) is explained by the fact that 

the chambers on the hangingwall side are subjected to 
the pressure of the whole rock column to the earth’s sur-
face. Strengthening the pressure of the hangingwall 
rocks as the chambers were worked out was also repeat-
edly noted in work (Chistyakov et al., 2012).

The breaking up ore reserves in the chambers is car-
ried out successively from the centre of the deposit in the 
direction of the rocks of the hangingwall (Fig. 2,a), 
gradually exposing them to the formation of goaf while 
they are being extracted. The seismic impact of explo-
sive blasting also affects the condition of the rocks of the 
hangingwall, especially if the rocks are characterized by 
low strength and stability. The combination of all these 
factors leads to the destruction of the rock mass of the 
hangingside, which leads to dilution of the extracted ore 
(Fig. 2,b).

The chambers of the footwall side of the deposit are 
located in reduced stress zone due to the protective (un-
loading) effect of above worked out and  lled stopes 
stowage, as a result of which their structural elements 
are in the zone of reduced stresses and possess better 
stability. Therefore, in the chambers at the footwall side 
of the ore deposit, the dilution with rocks was observed 
less often or there were dumps of the stowage from the 
bottom of the above worked out and  lled stopes. From 
this, it follows that the geological factors of the adjacent 
strata have a larger effect on chambers’ dilution that are 
worked out on junction with hangingwall rocks than in 

Figure 2: Schematic diagram of ore dilution with hangingwall rocks in the chamber: (a) the order of ore extraction 
in the chamber; (b) ore dilution from the chamber on junction with hangingwall; 1 – 8 numerical order

Figure 1: The average amount of ore dilution in the chambers worked out on junction 
with the hangingwall and footwall rocks.
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the footwall. Therefore, later on, the geological structure 
of the ore deposit and hangingwall rocks was studied.

Analysis of ore dilution amount in 16 chambers 
worked out on junction with hangingwall rocks made it 
possible to reveal the minimum and maximum interval 
of its values – 0.89 – 8.02%. The chambers were grouped 
according to the amount of ore dilution in intervals of 
0.0 – 2.0; 2.0 – 4.0; 4.0% and (see Table 1) for the con-
venience of further determination of the degree of the 
geological environment in  uence on dilution.

with the hangingwall sides, are plotted on the horizon of 
740 m and marked with a palette of colors according to 
the degree of dilution, and according to grouping (see 
Fig. 3).

Hangingwall chamber distribution across the pitch of 
the ore deposit in the deck of 640 – 740 m (see Fig. 3)., 
according to the ore dilution amount, shows ore deposit 
areas where the rock massif tends to cave, but detailed 
analysis of its geological structure will identify and for-
mulate causes of increased ore dilution in these chambers.

4.  Analysis of the rock massif geological 
structure across the pitch of ore deposit

The high-grade haematinic martite ores of the South-
ern-Bilozerka deposit (Fe > 60% content) occur in com-
plex geological and hydrogeological conditions. Com-
plex conditions are characterized by the occurrence of 
aquifers in the roof of the ore-crystalline massif, as well 
as by water content of massif, partial instability of hang-
ingwall rocks, and the fracturing of the massif. The main 
deposit size across the pitch on the horizon 740 m is 
about 1500 meters and down dip ore reserves have been 
explored up to 1500 m. The fall of ferruginous quartzite, 
shale and ore is pitch-dipping: North East and East in the 
southern part of the deposit and the South East in the 
northern part. The angle of incidence increases from 
south to north – from 60 – 65° to 80 – 85°.

Mining and geological conditions of “Holovna” ore 
deposit occurrence are characterized by signi  cant vari-
ability across its pitch. The northern, central and south-
ern parts differ in the composition of ores and adjacent 
strata, the content of iron in the ore, the hardness, the 

Figure 3: Distribution of hangingwall chambers by the dilution amount in the deck of 640 – 740 m. 
The amount of ore dilution in the chambers:  <2.0%;  2.0-4.0%;  >4.0%

Table 1: Grouping of stopes by amount of ore dilution 
with the hangingwall rocks

Amount of dilution Areas with ore dilution
0.0 – 2.0 10n, 7n, 4n, 1n, 0, 11s
2.0 – 4.0 26n, 17n, 2s, 3s, 9s

4.0% and > 3n, 2n, 6s, 8s, 20s

To visualize the stopes worked out from the hanging-
wall side (see Table 1), it is proposed to isolate them on 
the horizon plan 740 m, where the pitch of the ore de-
posit is represented and note the groups of chambers in 
terms of dilution with special lines. The ore deposit “Ho-
lovna” across the pitch is divided into 3 sections: the 
northern part, the central part and the southern part. For 
effective planning of mining development, the ore de-
posit from the centre to the  anks is conditionally di-
vided into the mine surveyor axis every 30 m with the 
notation “n” – north, “0” – centre, “s” – south. Mining 
unit – stopes are also numbered in the ranking, accord-
ing to the mine surveying axis and the development 
 order (for example, 1/3n, 2/3n). The parts of the ore 
 deposit, where chambers are worked out on junction 
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fracture, the thickness of the deposit and the angle of its 
incidence. Furthermore, the characteristic geological 
features for each part of the deposit are considered.

The northern part of the deposit according to the ore 
bodies morphology and the adjacent strata composition 
differs considerably from the southern and central part 
of the deposit and extends 650 m from the mine surveyor 
axis 30n to 8n. The thickness of the ore deposit varies 
from 20 to 60 m. The average ore hardness is f = 9.5. The 
ore deposit of the northern part is cleaved into several 
dykes, they are separated by quartzites, mainly haema-
tinic martite composition with a thickness of 7 – 15 m 
with reduced iron content. The adjacent strata of the 
footwall is mainly quartzites of haematinic martite com-
position with hardness f = 14 – 15. From the hanging-
wall, the adjacent strata are also quartzites, mainly of 
haematinic martite composition with hardness f = 14 – 
15, medium stability and fracturing. There are areas of 
strong fracturing of the rocks of the hanging wall, cracks 
of the I-III order, multidirectional, intersecting, forming 
a block structure. The contact of the ore body with the 
enclosing rocks has a folded shape, interlayering of ore 
and rocks is observed that reduces stability.

The central part of the deposit extends 400 m and is 
located between the axes of 8n and 5s. The ore body 
thickness in this part is quite high and  uctuates within 
100 – 120 m, the average ore hardness decreases and 
reaches f = 7.0. In the hangingwall and footwall overlie 
quartzite f = 14 – 15, give way as they approach the 
southern part to shales quartz-chlorite-sericite, quartz, 
chlorite, sericite, quartz and hematite-chlorite composi-
tion with hardness f = 7 – 9 to 8 – 10 of medium stability 
and fracturing.

The southern part of the deposit extends 450 m and is 
located between the axes of 5s and 20s. The ore body 
occupies almost the entire iron ore horizon, here the 
thickness of the deposit increases from the centre to the 
south from 60 m to 150 m, and the ore hardness is f = 
6.5. As in the hangingwall and in the footwall adjacent 
strata is quartz-chlorite schists; sericite, quartz, chlorite; 
sericite, quartz and haematinic martite composition with 
hardness f = 7 – 9 to 8 – 10 and medium stability and 
fracturing. With depth of ore body occurrence, an in-
crease in semi-stable quartz-chlorite-sericite schists of 
low hardness f = 6-9 in the scope of distribution of the 
hangingwall rocks in the southern part of the deposit is 
observed, which is 60 m at a depth of 400 m; 150 m at a 
depth of 640 m; 330 m at a depth of 740 m; and 600 m at 
a depth of 840 m.

It should be noted anomalously high and developed 
fracturing, which occurs locally in the northern and the 
southern part of the deposit and forms areas of low sta-
bility of the array, breaking it into blocks. The ore de-
posit junction with adjacent strata is rugous, which also 
contributes to ore dilution.

Such signi  cant changes in the geological structure of 
the ore deposit are also responsible for changes in min-

ing technology. Thus, for example, in the northern part 
of the deposit, due to the insigni  cant thickness of the 
deposit (30 – 50 m), there is one stope transverse of the 
pitch at its thickness, and 2 – 3 stopes are located in the 
central and southern parts, where the thickness reaches 
more than 100 m transverse of the pitch. When working 
out the chambers of the last stage, this leads to an in-
crease in the number of junctions with the concrete 
block, which, when diluted, causes more damage to the 
quality of the mined ore.

With increasing development depth, the useful ore 
area of the deposit is also reduced. Thus, the ore area of 
the southern  ank at a depth of 253 m is 95 thousand m2, 
which is reduced by 5 thousand m2 with a deepening for 
every 100 m. On the northern  ank, the degree of miner-
alization is much less than in the southern  ank, but with 
depth it will increase. This circumstance makes it possi-
ble to compensate for the decreasing power of the south-
ern  ank with an increase in the development depth 
(URL, 2018).

Thus, the heterogeneous geological structure of the 
deposit and rock massif determines the different amount 
of ore dilution when extracting it from the stopes as the 
extraction works developing in the area of the ore de-
posit.

5.  The nature of geological structure 
in  uence and ore deposit occurrence 
conditions on the extracted ore 
dilution

Due to the increased extracted ore dilution on junc-
tions with adjacent strata of the hangingwall, a detailed 
analysis of changes in their hardness, the angle of inci-
dence and thickness of the ore deposit was made for 
each mine surveying axis (30 m) across the pitch of the 
ore deposit at 1500 m. As a result, graphs of geological 
factors variance were obtained (see Figure 4). It can be 
noted that the distribution of the deposit is characterized 
by a general evolving trend of decreasing hangingwall 
rocks hardness and the angle of incidence of the ore de-
posit and increasing the thickness of the deposit from 
north to south.

Analysis of the graph in Figure 4 allows us to estab-
lish trends and causes of extracted ore dilution, amount 
changes in different geological structure ore deposits. It 
was revealed that for the examined timeframe of 16 
chambers working in the hangingwall of the deposit, the 
main intensity of cavings and dilution of ore with the 
adjacent strata of the hangingwall is con  ned to the cen-
tral and southern part of the ore deposit “Holovna” from 
the mine surveying axis 7n to 11s in length 550 m, where 
there were 70% cases of ore dilution with rocks.

The smallest ore dilution with caved ground at the 
level of 0.0 – 2.0% is observed when the quartzite, espe-
cially of haematinic martite composition, is predominant 
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in the hangingwall, with equal hardness of f = 14, with an 
insigni  cantly  uctuating angle of incidence of the ore 
deposit 68 – 70° and in 65% cases comparatively incon-
siderable horizontal thickness of deposit up to 60 m.

Ore dilution at the level of 2.0 – 4.0% is noted in the 
northern, central and lesser in southern part of the deposit. 
In the northern part in the axes 26n and 17n, we assume 
that the increased dilution is caused by the presence of an 
ore deposit with adjacent strata (quartzites) of rugous 
form on the junction, and also that, due to the pressure of 
the roof strata weight, it contributes to ore dilution. There 
is high rock fracturing in the northern-most sections of the 
deposit, which reduces the strength and stability of rocks. 
Dilution is also facilitated by the splitting of the deposit 
into a number of thin veins and the presence between 
them of quartzite interlayers with a reduced content of 

iron. In the central and early southern part of the deposit, 
dilution occurred in comparison with the conditions at 0.0 
– 2.0 with the replacement of quartzites of haematinic 
martite composition at hardness f = 12 with quartz-chlo-
rite-sericite schists of reduced hardness f = 8 – 10 and 
stability, reducing of angle of incidence of deposit to 65 
– 68° and increasing of the ore deposit horizontal thick-
ness from 80 to 100 m.

The greatest dilution at the level of 4.0 – 8.0% is ob-
served in the central and southern part of the deposit in 
80% cases when quartzite of haematinic martite compo-
sition with hardness f = 14 is replaced with quartz-chlo-
rite-sericite schists of reduced hardness f = 8 and stabil-
ity, reducing of angle of incidence to 70 to 65° and in-
creasing of the ore deposit horizontal thickness from 70 
to 100 m.

Figure 4: Nature of geological parameters variance across the pitch of the ore deposit: 
hangingwall rock hardness (a), the angle of incidence of the ore deposit (b), 

and ore deposit thickness (c)
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It should be noted that the dilution intensity in the 
chambers increases markedly with an increase in the 
horizontal thickness of the deposit. So in the northern 
part, it varies from 20 to 60 m, averaging 35 – 40 m. In 
such cases, one stope by the thickness of the deposit is 
located transverse of the pitch. In the southern part, the 
power varies from 80 to 150 m, averaging 100 – 120 m. 
In this case, the deposit has two, sometimes three, stopes. 
Under such conditions, it is necessary to increase the av-
erage length of the chamber, which involves an increase 
in the horizontal span of the chamber, which in turn in-
creases the possibility of hangingwall rock caving and 
spalling. The northern part is characterized by the length 
of stopes 25 – 40 m, for the central and southern parts – 
40 – 60 m.

Thus, tendencies and reasons for the change in the 
amount of extracted ore dilution on junction with adja-
cent strata in heterogeneous geological structure of the 
ore deposit are revealed. To increase the probability of 
the ore deposits geological environment in  uence on the 
degree of ore dilution, it is recommended to investigate 
a larger number of chambers and the conditions for their 
working out.

6. Conclusions

Sections of the ore deposit with increased ore dilution 
with adjacent strata are identi  ed by scienti  c and tech-
nical analysis. The average amount of dilution in 16 
chambers worked out on junction with the hangingwall 
and 8 chambers with a footwall in deck of 640 – 740 m 
revealed the exaggeration of the ore dilution in the 
chambers from the hangingwall by the chambers of the 
footwall by 1.7 times.

It was revealed that for the examined timeframe of 16 
chambers working in the hangingwall of the deposit, the 
main intensity of cavings and dilution of ore with the 
adjacent strata of the hangingwall is con  ned to the cen-
tral and southern part of the ore deposit “Holovna” from 
the mine surveying axes 7n to 11s in length 550 m, 
where there were 70% cases of ore dilution with rocks.

Tendencies and reasons for the change in the amount 
of extracted ore dilution on junction with adjacent strata 
in heterogeneous geological structure of the ore deposit 
are revealed. Across the pitch of the ore deposit, it is 
characterized by a general evolving trend of decreasing 
hangingwall rock hardness and the angle of incidence of 
the ore deposit and increasing the thickness of the de-
posit from the northern  ank to the southern one. Com-
paring zones of dumps, hangingwall rock dilution and 
geological factors change along the ore deposit length. It 
was established that the concentration of rock caving 
is enhanced by replacing ferruginous quartzites with 
quartz-chlorite-sericite schists, reducing hardness from f 
= 12 – 14 to f = 8 – 11 and the stability of adjacent strata 
of the hangingwall, reducing the angles of incidence of 
the ore deposit from 73 – 69 to 68 – 62 degrees, a two-

threefold increase in the ore deposit thickness from 30 
– 60 to 80 – 100 m, and the dilution parameters vary 
within 2.0 – 8.0 %.

In the local parts of the deposit, predominantly in the 
northern part, higher levels of ore dilution with adjacent 
strata have been identi  ed under the high rock strength, 
which is explained by the abnormally high and devel-
oped fracturing of the hangingwall rocks, which forms 
low stability of the massifs, breaking it into blocks, and 
junctioning the ore deposit with the adjacent strata has a 
rugous form, and the presence of intercalations of 
quartzites with a lower iron content also contributes to 
the ore dilution.

The obtained results allow us to lay the foundations 
for optimizing the parameters of the development sys-
tem and the rational order for the ore reserves, cutting in 
the chambers under the changing mining and geological 
conditions of deposit development.
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SAŽETAK

Utjecaj geologije na pojave opadanja koncentracija u rudnim ležištima

Rudarenje ležišta željezne rude povezano je s iskapanjem vrlo velikih koli ina stijena iz podzemlja. Na taj na in osigu rava 
se ruda za daljnju ekstrakciju. Nadalje, kod bogatih ruda željeza posebno su važni geološki odnosi rudnoga tijela i okol-
nih stijena, a koji utje u i na smanjenje koncentracije u prostoru. U radu je prikazano kako je u slu aju kada se rudarske 
komore usmjeravaju prema krovinskomu sloju s jalovinom opadanje koncentracije rude 1,7 puta ve e nego kada se isti 
postupak radi prema podini. Takve pojave zabilježene su u razli itim geološkim strukturama te su uglavnom posljedica 
razlike u vrsto i stijena te nagibu i debljini slojeva (u analiziranome slu aju smjerom od sjevera prema jugu). Nadalje, 
dokazano je kako su pojave pukotina i opadanje koncentracije rude u krovini dodatno potaknute promjenom morfolo-
gije, smanjenjem vrsto e, nagibom slojeva te op enito debljinom rudnoga ležišta. Na temelju rezultata bilo je mogu e 
utvrditi vrijednosti optimizacije rudarskih radnji te iskapanje što ve ih koli ina rezervi.
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željezna ruda, rudarenje, opadanje koncentracije, geološke strukture
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