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Physical properties of minerals represent a function of their chemical composition, features of morphology and anatomy. Their
variability is influenced by geological syngenetic and epigenetic processes that occur within the iron ore deposits of Kryvyi Rih basin.
The latter is represented by nine deposits, which are exploited by five ore mining and enrichment works (GZKs). The Northern region of
Kryvyi Rih basin includes Hannivske and Pervomayske deposits. The productive strata of both deposits consist of low-grade magnetite
ores of the fifth and sixth ferruginous horizons. They are characterized by the authigenic-metamorphogenic mineralogical zonation.

The purpose of the work is conditioned by the need for a detailed study of the laws of variability of chemical composition and physical
properties of rock-forming minerals (magnetite and quartz), taking into account their position within zonal ore deposits.

The study of the physical properties of rock-forming minerals was carried out according to standard methods using a microhardness
tester, the chemical composition was investigated by segregating monomineral fractions of magnetite and quartz from ores of
metamorphic or metasomatic origins of various mineral composition using a magnetic separator. The chemical analyzes were carried out
in a standardized chemical laboratory. Statistical studies were performed using Excel software and Corel Draw.

Result of the researches showed the nature of variability of the chemical composition, physical properties of magnetite and quartz in
the sections of metamorphogenic and metasomatically altered ore strata of iron ore deposits.

Practical significance is conditioned by the necessity of conducting detailed topomineralogical study of the productive strata of iron
ore deposits of Kryvyi Rih basin in relation to the work on updating the mineralogical and technological map of the deposit, compiling an
optimal scheme for ore blending in order to increase efficiency of the use of natural technological potential of magnetite quartzites on the

basis of studying physical and chemical properties of the main rock-forming minerals of ferruginous quartzite.
Keywords: Ukrainian Shield, banded-iron formation, Kryvyi Rih basin, ferruginous quartzites, magnetite, quartz.

Challenge problem. The Northern region of Kryvyi Rih
basin is represented by two deposits - Hannivka and
Pervomaiske, which are exploited by similary named open-
pits of the Northern Ore Mining and Beneficiating Works
(PivnGZK) (Glazunov, 2009). Productive strata of these
deposits are composed of low-grade magnetite quartzites of
the fifth and sixth ferruginous horizons.

Syngenetic processes occurrence has caused the
forming of an authentically metamorphogenic mineralogical
zonation within the productive strata of Hannivka and
Pervomayske deposits (Belevtsev, 1970; Chubarov and
Evtekhov, 1996), where it is manifested the most fully.
Generally, in the sections of the fifth and sixth horizons in the
direction from the hanging and foot walls to their central zones,
there is a natural change in the layers represented by
ferruginous quartzite of the following mineral composition:
magnetite-cummingtonite  quartzites —  cummingtonite-
magnetite quartzites - magnetite quartzites — micaceous
hematite-magnetite quartzites (Eviekhov, 2009; Karpenko,
2008). In the sections of the sixth ferruginous horizon, the latter
are relatively thin or absent.

Ores of the deposits have also undergone epigenetic
processes (Paranko, 1997), which influenced the qualitative
parameters of magnetite quartzites such as: tectonogenesis,
sodium metasomatosis, hypergenesis (Tikhlivets, 2017), and
others. The influence of these processes has led to the
formation of a modern topomineralogical variability of the
productive strata of both Hannivka and Pervomaiske
deposits. Based on the above, the author decided to conduct
research within the productive strata of Hannivka deposit.

In accordance with the mineralogical zoning of iron ore
deposits, there is not only a natural change in the content of
ore-forming, secondary and accessory minerals in
ferruginous quartzites, but also a variability of the chemical
composition and physical properties of the minerals. The
latter determines the versatility of technological parameters
of the ferruginous quartzites, which needs a detailed study
of the properties of rock-forming minerals.

Research analysis. The issue of dependence of the
chemical and physical characteristics of minerals on the
mineral composition of ferruginous quartzites, their position
in the sections of deposits was studied by many preceding

researchers (Belevtzev, 1970; Bespoyasko, 2004; Evtekhov
and Dotsenko, 1979; PrusSinskiené, 2017; Rakovich, 1983;
Tikhlivets, 2017). The authors concluded that there are
general patterns of variation of most parameters in sections
of ore deposits of different genesis.

The physical, chemical and technological parameters of
the ores of the deposit were studied in the 50s-70s of the
20th century in connection with the design and start of work
of the Northern Ore Mining and Beneficiating Works. The
tests were carried out in the course of preliminary, detailed,
operational exploration of Hannivka and Pervomaiske
deposits, in connection with the implementation of research
works (Evtekhov and Dotsenko, 1979). The questions of
research analysis about sodium metasomatites of the
Pervomaiske deposit are disclosed in Tikhlivets's work
(Tikhlivets and  Filenko, 2017). The variability of
morphological characteristics of ore minerals, taking into
account their position within zonal ore deposits, is shown in
work (Tikhlivets, 2019). In this work, the author reveals the
need to study the physical and chemical properties of main
ore minerals, depending on their location in the productive
strata of the deposit.

Objective of the research consisted in a more detailed
determining of the laws of variability of minerals chemical
composition, taking into account their position within zonal ore
deposits. The main attention was paid to studying the laws of
change in the chemical composition and physical properties
of the main ore-forming minerals in the zones of ferruginous
horizons and bodies of sodium metasomatites of the
productive strata of Hannivka deposit. The microhardess of
magnetite and quarts was taken as the main characteristic of
the physical properties of rock-forming minerals.

The purpose of the research conducted is due to the need
for continuous monitoring of mineral composition, structure,
texture of ores and, as a consequence, physical properties
and chemical composition of the main rock-forming minerals
of ferruginous quartzite for further improvement of the
technological parameters of iron concentrate.

Research methodology. In the process of studying the
physical properties of magnetite and quartz, standard
techniques were used. Determining of microhardness was
carried out using a microhardness tester MP-1. 200-300
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measurements were performed for magnetite and quartz
from each zone.

To perform a detailed study of the chemical composition
of magnetite the author identified its 87 monomineral
fractions from ores of metamorphic and metasomatic origin.
The samples represented all the mineralogical zones of the
ore deposits of both genetic varieties. The content
determining of chemical components in the magnetite was
conducted using the method of complete silicate chemical
analysis in the laboratories of PivnGZK and Kryvyi Rih
integrated geological party. To study the content of chemical
components in quartz, its monomineral fractions were used,
which served for conducting semiquantitative spectral
analyzes. The latter were carried out in the chemical
laboratory of Kryvyi Rih integrated party.

Laying out the main material. Physical properties of
minerals represent the function of their chemical
composition, the structure of the crystalline lattice, the
features of morphology and anatomy (Pavlyshyn et al, 2003;
Bespoyasko, 2004, Matkovskyi et al., 2006; Tikhlivets and
Filenko, 2018). The close connection between these
properties of the minerals of the banded-iron formation was

Pavlyshyn, 1984). In the works of V.D. Evtekhov (Evtekhov,
1992) the data concerning connection of physical properties
of the minerals with their positions in the sections of iron ores
bodies of various deposits of Kryvyi Rih basin of different
origins (metamorphites, metasomatites) were given.

Microhardness is one of physical properties of minerals.
The author of this article investigated the character of the
variability of this indicator in magnetite and quartz for the
sections of the ferruginous horizons and bodies of sodium
metasomatites. Samples of sodium metasomatites were
selected from layers of micaceous hematite-magnetite and
magnetite quartzites. The metasomatic bodies of the central
zones of the ferruginous horizons, represented by
ferruginous quartzite of this composition, are characterized
by the most complete and clear manifestations of
metasomatic zonation. The latter is represented by the
following zones: the aegirinization zone (central), the zone
of riebeckitization (intermediate), the zone of silicification
(peripheral zone) (Tikhlivets and Filenko, 2017).

The nature of the variability of the hardness of magnetite
in the zones of stratigraphic horizons and metasomatic
bodies is shown in the Table 1-2.

mentioned in the previous works (Evtekhov, 1992;
Table 1

The hardness of magnetite from unaltered ferruginous quartzites of the productive strata of Hannivka deposit
Ne Mineral varieties of ferruginous quartzites n The hardniss H., MPa s
1 Micaceous-hematite-magnetite quartzites 18 5236 738
2 Magnetite quartzites 16 5147 751
3 Cummingtonite-magnetite quartzites 17 5123 763
4 Magnetite-cummingtonite quartzites 15 5014 782

Note: n - number of definitions; x is the average value of the indicators; Sx - standard deviation.
Table 2
The hardness of magnetite from sodium metasomatites of the productive strata of Hannivka deposit
Ne Mineral varieties of metasomatites, which were formed in n 'll'he hardniss H., MPT s
micaceous-hematite-magnetite quartzites
1 Riebeckite- magnetite-aegirine metasomatites 25 5146 805
2 Micaceous-hematite-riebeckite-magnetite quartzites 23 5421 776
3 Micaceous-hematite-magnetite quartzites silificate 15 5523 798
magnetite quartzites

4 Riebeckite- magnetite-aegirine metasomatites 25 5146 805
5 Riebeckite-magnetite quartzites 17 5396 717
6 Magnetite quartzites silificate 16 5425 825

Note: n - number of definitions; x is the average value of the indicators; Sx - standard deviation.

The magnetite hardness (Fig. 1, a) naturally and
gradually decreases from the central zones of the
ferruginous horizons, composed of micaceous hematite-
magnetite quartzite, to the peripheral ones, composed of
magnetite-cummingtonite quartzites. In the same direction,
the value of the mean square deviation of this indicator is
gradually increasing. The latter can be explained by an
increase in the variability of the chemical composition of
magnetite. The decrease of the mean values of
microhardness might be due to the decrease in hematite
minals in it (Fe203 content), which is characterized by higher
microhardness (Evtekhov and Dotsenko, 1979).

The hardness of magnetite in the zones of the bodies of
sodium metasomatites (Fig. 1, b) also varies. From the central
zones of aegirinization to the peripheral zones of silicification
of ferruginous quartzites, the value of this indicator is
gradually increasing. According to the author, this can be
explained by recrystallization, improvement in the process of
metasomatic changes in the internal structure of individuals of
magnetite. The regularities of the change in the mean square
deviation of hardness have not been detected.

In a detailed study of chemical composition of magnetite,
which was determined by the method described above, the
results of chemical analyzes of metamorphogenic magnetite
(Table 3, Fig. 2) and then of magnetite from metasomatic
zones (Table 4, Fig. 3) were the first to be analyzed.
Chemical analyzes were carried out for quartzites from each
zone of autigenic-metamorphogenic (micaceous hematite-
magnetite, magnetite, cummingtonite-magnetite, magnetite-
cummingtonite) and metasomatic (zones of aegirinization,
riebeckitization and silicification) zoning.

The chemical composition of metamorphogenic
(magnetite, quartz, cummingtonite etc.) and metasomatic
(aegirine, riebeckite, albite, etc.) minerals, according to
previous researchers (PruSinskiené et al., 2017; Belik, 1984;
Evtekhov, 1992; Karpenko and Evtekhov, 2006), is
characterized by considerable variability both within the
productive strata and in the iron ore deposits as a whole.
The obove-mentioned authors emphasized the dependence
of the chemical composition of minerals on the composition
of the enclosing rocks, the thermodynamic conditions of their
metasomatic transformations, weathering, and the like.
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Fig. 1. Variability of the hardness of magnetite from productive strata of deposit:
a — magnetite from unaltered ferruginous quartzites; b — magnetite from sodium metasomatites;
5000-5500 — average value of the hardness.
Mineral varieties of ferruginous quartzites: | — micaceous-hematite-magnetite quartzites; Il — magnetite quartzites;
Il — cummingtonite-magnetite quartzites; VI — magnetite-cummingtonite quartzites.
Zone of sodium metasomatites: E — aegirinization, P — riebeckitization; O — silicification

Table 3
Chemical composition (mas. %) magnetite from unaltered ferruginous quartzites of the productive strata
Mineral varieties of ferruginous quartzites
Chemi . . . . magnetite-
emical components micaceous-hematite- . . cummingtonite- . .
magnetite quartzites magnetite quartzites magnetite quartzites cummmqtomte
quartzites
SiO, 0,87 1,15 1,19 1,26
TiO, 0,013 0,013 0,015 0,017
AlL,O3 0,06 0,08 0,10 0,19
Fe,03 69,23 68,35 67,57 66,97
FeO 29,53 29,91 29,98 30,11
MnO 0,011 0,013 0,015 0,019
MgO 0,16 0,22 0,66 0,88
Ca0 0,08 0,16 0,19 0,26
Na,O 0,01 0,00 0,00 0,00
K20 0,00 0,00 0,00 0,00
P2Os 0,00 0,00 0,00 0,00
CO, 0,01 0,02 0,03 0,05
S 0,00 0,00 0,00 0,00
H,O* 0,00 0,00 0,00 0,00
H.O 0,01 0,03 0,04 0,06
Total 99,984 99,946 99,671 99,789
Quantity of determinations 10 13 10 14
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Fig. 2. Variability of ferruginous (a) and aluminum (b) chemical components
of magnetite from mineral varieties of ferruginous quartzites of the productive strata.
1-Fe;03; 2 - FeO, 3 — Al,O3; 4 — MgO; 5 — CaO. b — intermedial content of components.

Mineral varieties of ferruginous quartzites: see Fig. 1

According to the data obtained, it is evident that the
chemical composition of magnetite in the central zones of
the fifth and sixth ferruginous horizons is close to
stoichiometric one, which confirms the data of the previous
researchers (Rakovych, 1983). In the direction towards
peripheral zones there is a significant redistribution of iron
between Fe203 and FeO. The increase in the content of the
latter against the reduction of the content of oxidized iron,
may be explained by a gradual decrease in the oxygen
fugacity in metamorphogenic solutions with the approaching
to the contact zones of the ferruginous horizons. The growth

of Al203, MnO, MgO, CaO in this direction has also been
observed, which can be explained by the isomorphic
inclusion of these components into the crystalline lattice of
magnetite due to their high quantity in the enclosing
cummingtonite-magnetite and magnetite-cummingtonite
quartzites. SiOz2 is present in the monomineral fractions of
magnetite as a mechanical impurity.

Sodium metasomatosis also greatly affected the chemical
composition of magnetite. In the Table 4, the results of chemical
analysis in metasomatic zones formed by micaceous hematite-
magnetite and magnetite quartzites are presented.
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Table 4

Chemical composition (mas.%) magnetite from sodium metasomatites of the productive strata

metasomatites, which were formed metasomatites, which were formed
Chemical components in micaceous-hematite-magnetite quartzites in magnetite quartzites
1 2 3 1 2 3
SiO, 0,83 0,89 0,95 0,89 1,08 1,19
TiO, 0,00 0,014 0,012 0,00 0,019 0,007
AlLO; 0,21 0,18 0,10 0,21 0,14 0,15
Fe 03 69,07 68,49 68,54 68,94 68,49 67,85
FeO 29,81 30,05 30,14 29,81 30,15 29,79
MnO 0,008 0,016 0,014 0,008 0,013 0,015
MgO 0,27 0,13 0,17 0,27 0,21 0,23
CaO 0,11 0,05 0,14 0,11 0,13 0,16
Na,O 0,05 0,01 0,01 0,05 0,04 0,01
K,0 0,01 0,00 0,01 0,01 0,01 0,01
P20s 0,00 0,00 0,00 0,00 0,00 0,00
CO, 0,01 0,01 0,02 0,01 0,01 0,01
S 0,00 0,00 0,00 0,00 0,00 0,00
H,O* 0,01 0,01 0,01 0,01 0,01 0,00
H,O" 0,03 0,03 0,02 0,03 0,03 0,03
Total 99,868 100,46 100,136 99,898 100,782 99,452
Quantity of determinations 6 10 4 6 11 6

Note: zone of sodium metasomatites: 1 — aegirinization, 2 — riebeckitization; 3 — silicification.

The analysis of the data shows that the composition
of the magnetite, which had undergone metasomatic
transformations, had an influence on the composition of the
enclosing rocks, as well as the composition of
metasomatizing solutions. The influence of the content of
the enclosing rocks is noticeable when comparing the
contents of Al203, MgO, MnO, CaO, K20 in magnetite from
metasomatically altered micaceous hematite-magnetite and
magnetite quartzites. Higher content of these components is
observed for magnetite from sodium metasomatites in
magnetite quartzites. The higher content of these
components is typical for magnetite from the latter ones.

For magnetite from the zones of aegirinization high
content of chemical components, which were carried by
metasomatizing solutions — Al203, MgO, is typical. Reducing
the fugacity of oxygen in the metamorphosed solutions in

the direction from the central to the peripheral zones of the
metasomatic bodies caused an increase in the content of
FeO in the magnetite in this direction.

Quartz is another rock-forming mineral in ferruginous
quartzites of the productive strata of Hannivka deposit. The
results the microhardness of quartz measuring in various
mineralogical zones of the productive strata of the deposit
are given in the Tables 5 and 6. Microhardness of quartz in
the direction from the central zone of the productive strata to
the peripheral ones revealed its decrease (Fig. 3, a). This is
likely to be explained by an increase in the number of gas-
liquid inclusions in quartz individuals in this direction. At the
same time, the mean square deviation of the microhardness
of quartz is also decreasing, which indicates an increase in
homogeneity of its individuals after anatomical and
micromorphological indexes.

Tables 5
The hardness of quartz from unaltered ferruginous quartzites of the productive strata of Hannivka deposit
Ne Mineral varieties of ferruginous quartzites n Hardnes)s( H., MPa S

1 Micaceous-hematite-magnetite quartzites 30 11798 867

2 | Magnetite quartzites 17 11627 764

3 | Cummingtonite-magnetite quartzites 12 11578 745

4 Magnetite-cummingtonite quartzites 15 11436 698
Table 6

The hardness of quartz from sodium metasomatites of the productive strata of Hannivka deposit
. L. . . . Hardness H,, MPa
Ne Mineral varieties of metasomatites, which were formed in n X s
micaceous-hematite-magnetite quartzites

1 Riebeckite- magnetite-aegirine metasomatites 20 10846 945

2 | Micaceous-hematite-riebeckite-magnetite quartzites 25 11978 736

3 | Micaceous-hematite-magnetite quartzites silificate 23 11904 827

magnetite quartzites

4 | Riebeckite- magnetite-aegirine metasomatites 20 10846 945

5 | Riebeckite-magnetite quartzites 21 11996 699

6 | Magnetite quartzites silificate 25 11644 920

Note: n - number of determinations (analysed samples); x is the average value of the indicators; Sx - standard deviation.

The quartz from sodium metasomatites (Fig. 3, b) is Regarding the chemical composition, quartz is

characterized by maximum hardness for the areas of
riebeckitization. In one of previous works (Tikhlivets, 2019)
the author mentioned that crystals of quartz of this zone are
more perfect in comparison with crystals of other zones in
terms of micromorphological and anatomical parameters.
The minimum hardness is characteristic of quartz from the
zones of aegirinization.

characterized by an extreme stability. Structural impurities in
its crystalline lattice are present in the amount that does not
exceed 0.001-0.1mass %. It is also noted that numerous and
varied solids and liquid-gas constituents are present in quartz,
which largely determines the presence and content of the
impurity elements in its composition. The very presence of
these inclusions affects the physical properties of quartz, as
described above.
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Fig. 3. Variability of the hardness of quartz from productive strata of deposit:
a — quartz from unaltered ferruginous quartzites; b — quartz from sodium metasomatites; 11000—-12000 — average value of the hardness.
Mineral varieties of ferruginous quartzites: see Fig. 1. Zone of sodium metasomatites: see Fig. 1

From this perspective, the author investigated the
variability of contents of impurity elements in quartz from
various mineral zones of the productive strata of the deposit
using the method of quantitative spectral analysis. The
minimum size of mechanical inclusions in crystals of quartz,
taking into account the results of microscopic studies, was
determined to be 0,001 mm. Quartz-containing ferruginous

rocks were grounded to a grain size of 0,04 mm. This
provided almost complete release of quartz attachments to
magnetite, micaceous hematite, silicates, carbonates. Using
the methods of magnetic and gravitational beneficiation,
monomineral fractions of quartz were obtained. The latter
were subjected to semi-quantitative spectral analyzes. The
results are shown in Fig. 4 (Table 7-8).
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Fig. 4. Variability of the average content (0-0,4) of the admixture elements
in quartz from unaltered ferruginous quartzites (a) and from sodium metasomatites (b).
1-Cu;2-Mn; 3-12Zn;4-Pb.
Mineral varieties of ferruginous quartzites: see Fig. 1. Zone of sodium metasomatites: see Fig. 1

Table 7

The intermedial content of the admixture elements in quartz from unaltered ferruginous quartzites of the productive strata

Ne Mineral varieties n Content of the admixture elements
Al Fe Mn Mg Ca Na K Cu Pb Zn
1 |ReacEoushematifes 3 | 0,0178 | 0,1127 | 0,00007 | 0,0058 |0,00047 | 0,0074 |0,00114 | 0,00102 | 0,00004 | 0,00004
magnetite quartzites
Magnetite quartzites 5 | 0,0203 | 0,0831 | 0,00019 | 0,0115 | 0,00064 | 0,0035 | 0,00132 | 0,00201 | 0,00006 | 0,00009
3 gj::{:i'tg%t°”'te'magnet'te 4 | 0,0328 | 0,0586 | 0,00025 | 0,0249 |0,00097 | 0,0021 |0,00147 | 0,00306 | 0,00008 | 0,00011
Note: n — number of determinations (analysed samples).
The content of elements (V, Bi, Ga, Co, e. a.) was also studied, but their presence was not detected.
Table 8
The intermedial content of the admixture elements in quartz from from sodium metasomatites, which were formed in
Ne Mineral varieties n Content of the admixture elements
- Al [ Fe | Mn | Mg | ca | Na | K | cu [ Pb | Zn
micaceous-hematite-magnetite quartzites
1 |Riebeckite- magnetite-aegirine | ¢ | ¢ 4503 | 0,0382 | 0,00007 | 0,0108 0,00123| 0,0237 |0,00742 | 0,00138 |0,00011 | 0,00007
metasomatites
o |Micaceous-hematite-riebeckite- | 5| 4553 10,0403 | 0,00010 | 0,0102 |0,00082 | 0,0324 |0,00578| 0,00102 |0,00007 | 0,00004
magnetite quartzites
3 |Micaceous-hematite-magnetite | , |4 151800423 | 0,00013 | 0,0100 [0,00061| 0,0098 |0,00234| 0,0064 |0,00004 | 0,00002
quartzites silificate
magnetite quartzites
Riebeckite-magnetite-aegirine | ¢ |4 4503 [ 0,0382 | 0,00013 | 0,0108 |0,00123| 0,0237 |0,00742| 0,00138 |0,00011|0,00011
metasomatites
6 | Riebeckite-magnetite quartzites | 5 | 0,0274 | 0,0274 | 0,00016 | 0,0197 |0,00128] 0,0273 |0,00321| 0,00103 [0,00007 | 0,00009
7 |Magnetite quartzites silificate 4 [0,02380,0323|0,00024 | 0,0246 |0,00304 | 0,0115 |0,00236 | 0,00083 |0,00007 | 0,00007

Note: n — number of determinations (analysed samples).
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Variability of the content of Al, Mg, Fe, Ca, Na, Kin Fig. 4
are not shown, because their presence in the quartz was
due to the presence of very small (up to 0,01 mm) inclusions
of magnetite, micaceous hematite, silicates and carbonates.

The data obtained show the content of all elements (Cu,
Mn, Zn, Pb) in quartz from the ferruginous quartzites to
increase significantly from the central zones of micaceous
hematite-magnetite of the fifth ferruginous horizon to
peripheral cummingtonite-magnetite ones. This s
supposed to be due to the peculiarities of the chemical
composition of the enclosing rocks. As a result, the
possibility of their entering into a crystalline lattice of quartz
or into the smallest mechanical mineral inclusions in its
crystals and aggregates increases.

Variations in the content of impurity elements in quartz
from sodium metasomatites are characterized by more
complicated regularities. The number of chalcophylic
elements (Cu, Zn, Pb) significantly decreases in the
direction from the central zones of aegirinization to the
peripheral zones of silicification. In the author's opinion, this
is explained by the inwash of these elements by
metasomatizing solutions and their maximum deposition in
the immediate vicinity of the supply channels. The content
of Mn in the indicated direction increases. Perhaps, this is
due to its low activity in the metasomatizing solution and,
consequently to its transition from the original rock to the
solution in the process of metasomatosis.

Conclusions. The productive strata of the Northern
region of the Kryvyi Rih basin is characterized by the
manifestation of various geological processes such as
sedimentation, diagenesis, tectonogenesis, metasomatosis
and others. The manifestation of the autogenic-
metamorphogenic zonation within the productive strata of
the Pervomayske and Hannivka deposits determines the
variability of both physical and chemical properties of the
main rock-forming minerals of ferruginous quartzites.

The microhardness of magnetite and quartz naturally
decreases in sections of metamorphic deposits of magnetite
ores. This index for magnetite from metasomatic zones is
gradually increasing, which is due to the improvement in the
process of metasomatic changes in the internal structure of its
individuals. The maximum microhardness of quartz is typical for
the riebeckitization zones. The minimum hardness is
characteristic of quartz from the zones of aegirinization.

The value of microhardness of minerals can be used as
a mineralogical property of magnetite quartzites of different
geological locations and different genesis.

The variability of the chemical composition of magnetite
varies depending on the manifestation of the geological
processes (syngenetic and epigenetic) and the position of
the main ore mineral in the section of the productive strata.
The influence of the content of the enclosing rocks is
noticeable when comparing the contents of Al203, MgO,
MnO, CaO, K20 in magnetite from metasomatically altered
micaceous hematite - magnetite and magnetite quartzites.

Variations in the content of impurities in quartz from
sodium metasomatites are characterized by more
complicated laws, compared with the composition of quartz
from unaltered ferruginous quartzites. The number of
chalcophylic elements decreases from the zones of
aegirinization to the zones of silicification due to the inwash
of these elements by metasomatizing solutions and their
maximum deposition in the immediate proximity to the
supply channels.

The results of the variation of the chemical composition
and physical properties of the main rock-forming minerals in
the sections of deposits of ores of various origins must be
taken into account in the practical work of the geological and

technological services of the Northern Ore Mining and
Beneficiating Works.
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Hapinwna ao peaakuii 04.06.2020

BAPIATUBHICTb ®I3UYHUX | XIMIYHUX BNACTUBOCTEN MAFHETUTY TA KBAPLlY
NIBHIYHOIO PAUOHY KPUBOPI3bKOIO BACENHY

®i3uyHi enacmueocmi miHeparnie € ¢pyHKuji€ero iXHbO20 XiMiYHO20 ckady, ocobiueocmeli Mopgbosiozii i aHamomii. Ha ixHro eapiamueHicms ennusaroms
2eor102i4Hi cuHeeHemuYHi U enizeHemMuyYHi npoyecu, siki ausienieHi @ Mexax 3anizopydHux podoesuuwy Kpueopizbkozo b6aceliHy. OcmaHHil npedcmaeneHutli
Odee'ssimbma podosuwamu, siki po3pobnsrombCs N'smbMa 2ipHu4o36azayyeanbHUMU kom6iHamamu. Y lMieHiyHoMy patioHi Kpueopisbkozo 6aceliHy po3ma-
woeaHi aHHieckKe i [epeomalicbke podosuwja. [MpodykmueHa mosuja 060x podosuwa npedcmassieHa 6i0HUMU MacHemMuUMo8uUMU pydamu n’amoeo i wo-
C©mMoe2o 3asi3ucmux 20pU3oHMis, Onsi SIKUX XapaKmepHull Mposie aymu2eHHO-MemamMopgho2eHHOI MiHepasio2iyHoi 30HasIbLHOCMI.

Mema po6omu o6ymoesieHa Heo6xiOHicmio demasibHO20 8U84YeHHs1 3aKOHOMIpHOcmel eapiamueHocmi xiMi4yHo20 cknady i ¢pizuyHux enacmu-
socmeli nopodomeipHux MiHepasnie (MazHemum i k8apy) 3 ypaxyeaHHsIM iXHbOI NO3uyii 8 MeXax 30HasbHUX pyOHUX noknadis.

BueueHHs1 hisu4HUX ennacmueocmeli nopodomeipHux MiHepanie npoeodusiocsi 3a cmaHGapmHUMU MemooOuKaMu 3 UKOPUCMaHHSIM Mikpomee-
poomipy, ximiyHux cknad docnidxyeaecs wnsixom eudineHHs1 MOHOMIHepanbHUX hpakyili MaecHemumy i k8apyy 3 pi3HUX 3a MiHepanbHUM CK1a0oM
pyod memamopgiyHo20 i MemacoMamu4HO20 MoxodKeHHs1 3a A0MOMO20t0 Ma2HiImMHo20 cenapamopa. Ximi4Hi aHanizu nposodunuck y cmaHdapmu-
30eaHill ximiyHili nabopamopii. Cmamucmu4Hi docnidxeHHs1 UKOHy8anucsi 3a 0romMo20t0 KoMmn'tomepHux npozpam Excel ma Corel Draw.

Haykoea Hoeu3Ha. Y pe3ynbmami npoeedeHux AocidxeHb eusiesieHo xapakmep eapiamueHocmi xiMiyHo20 cknady, pisudHuUx enacmueocmedi
MazHemumy ma Keapuy e po3pizax Memamopgho2eHHUX i MemacoMamu4Ho 3MiHeHHUX pyOHUX rnoknadie 3anizopydHux podosuwy.

lMpakmuyHa 3Ha4umicmb 06yMoesieHa HeobxiGHicmio nNpoeedeHHs], Ha OCHOBI 8UBYEHHS hi3UKO-XiMiYHUX 8lacmueocmeli 20/108HUX nopodomeip-
Hux miHepanie 3anisucmux keapyumie, demasnbH0O20 mornomiHepanoziyHo2o docnidxeHHs1 NpodykmueHoi moeuwi 3anizopydHux podosuu; Kpueopisb-
Ko20 6aceliHy y 38'A3Ky 3 npoeedeHHsIM pobim w000 ymo4YHeHHsI MiHepaslo20-mexHOoJsI02i4HOI kapmu podoeuwia, ckladaHHs onMuMasibHOI cxemu
ycepedHeHHs1 pyd 3 Memoto nideuuwieHHs1 eheKmueHOCcmi eUKOpUCMaHHs NPUPOGHO20 MeXHO/102i4HO020 MoMeHyjiany MaecHemumosux Keapyumis.

Knroyoei cnoea: Ykpaincbkull uyum, 3anisucmo-kpemHucma ¢gpopmayisi, Kpueopisbkuti 6acelH, 3anizucmi keapyumu, MaecHemum, Keapy.
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BAPUATUBHOCTb ®U3UYECKUX U XUMUYECKUX CBONCTB MAMHETUTA U KBAPLIA
CEBEPHOIO PAMOHA KPUBOPOXXCKOIO BACCEMNHA

Qdusuveckue ceolicimea MUHepasos sienisiromcsi hyHKyuel ux Xumu4eckKoao cocmasa, ocobeHHocmel Mmopgosnoz2uu u aHamomuu. Ha ux eapua-
mueHoCcmb es1UsIFoM 2e0s102UYeCcKUe CUH2eHemuYecKue U 3ru2eHemuy4yecKue rnpoyecchl, KOmopbie rnposiesieHb! 8 rnpedesiax xese3opyoHbIX Mecmo-
poxdeHuli Kpueopoxckozo 6acceliHa. [locnedHuli npedcmaesieH 0ee8simbi0 MeCMOPOXOEHUsIMU, Komopble pa3pabambiealomcsi Msimbio
2o0pHoo602amumenbHbIMU KoM6uHamamu. B CesepeHom palioHe Kpueopoxckoz2o 6acceHa Haxodsimesi AHHoeckoe u [lepeomalickoe Mmecmopoxoe-
Husi. [podykmueHasi monuwja o6oux MecmopoxoeHuli npedcmaessieHa 6e0HbLIMU MaHemMuUMoe8bIMU pydaMu MsiIMO20 U Wecmoz20 )esie3ucmux 20pu-
30HMO8, 07151 KOMOPbIX XapaKMepPHO MposiesieHUe aymuz2eHHo-MemamMopgho2eHHOU MuHepanio2u4eckoli 30HaslbHOCMU.

Lenb pabomsl o6ycnoeneHa Heo6xodumMocmbto demasibHO20 U3y4YeHUsi 3aKOHOMepHOocmeli apuamueHOCMU XUMUYeCKo20 cocmasa u ¢husu-
4yeckux ceolicme nopodoobpa3syrouwjux MuHepanoe (MacHemum u Keapuy) ¢ y4emom ux rno3uyuu e npedeniax 30HabHbIX PYOHbIX 3anexel.

WN3yyeHue ghusuyeckux ceolicme MUHepasioe rMPoeoousIoCk Mo cMaHAapmMHbLIM MemoduKaM C UCMOosIb308aHUEM MUKpomeepdoMepa, XUMU4ecKuli coc-
mae uccnedoearsicsi mymem ebiOesieHUsi MOHOMUHePasbHbIX (hpakyuli MazHemuma u Kkeapuya U3 pasHbIX 10 MUHepasibHoMy cocmaesy pyd memamopgbuye-
CKO20 U MemacoMamu4ecKo20 MPOUCXOXOEHUsI C MOMOWbLI0 Ma2HUMHO20 cenapamopa. Xumuyveckue aHasiu3bl NPoeodusiucL € cmaHAapmu3upoeaHHoU
xumuyeckoli nabopamopuu. Cmamucmu4eckue uccsiedo8aHusi 8bINMOJHAIUCHL C MOMOWLIO KOMITLIOMEPHbIX npozpamm Excel u Corel Draw.

B pesynbmame npoeedeHHbIx uccriedoeaHull onpedesieH xapakmep eapuamueHOCmuU XUMU4YeCKO20 cocmaea, (husuvyecKkux ceolicme mazHe-
muma u Kkeapya e pa3pe3ax Memamopgo2eHHbIX U C uYyecKu usmet 1eHHbIX PYOHbIX 3anexel xese30pyOHbIX MECMOpPOXOeHUU.

lMpakmuyeckas 3Ha4uMocmsb o6ycrioesieHa He06x00UMOCMbIO NPoeedeHUs], Ha OCHOBe U3yYeHUs1 (hU3UKO-XUMUYECKUX ceolicme 2/1aeHbIX ro-
podoobpa3yrouux MUHepasios Xxese3ucmsix keapyumoes, demasbHO20 MOMOMUHEpPano2u4ecko2o uccredosaHusi MPOOyKMuUeHol mosuju Mmecmo-
poxdeHuii Kpueopoxckozo 6acceliHa 8 cesi3u ¢ nposedeHueM pabom Mo YmMoOYHEHUI0 UX MUHEePasio2o-mexHO/1I02u4ecKuX Kapm, cOCmaesieHulo
onmumMarsbHbIX cXeM ycpeOHeHUsi py0d € UeslbIo MoebiWeHUs 3¢hheKmueHOCMU UCMOoIb308aHUsI MPUPOGHO20 MEXHOI02UYECKO20 MomeHyuana mMa-
2HemumosebIX Keapyumos.

Knroyeenle crioea: YkpauHckull wyum, xxene3ucmo-kpemMHucmasi ghopmayusi, Kpueoposckuli 6acceliH, xenesucmsbie K8apyumbl, MaaHemum, Keapy.




