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Currently, the main task for the geological service of Hannivka deposit of the Northern Ore Mining and Processing Works is to ensure
the Ore Mining and Processing Works with raw materials, which allows receiving high-quality iron ore concentrate that meets the
requirements of the world market. It is only possible to meet this challenge taking into account the morphological features of the main
rock-forming minerals, and as a consequence, the natural capabilities of the ores, their dressability by increasing the efficiency of the
blending ores of various mineral varieties and of different technological potential, in order to achieve the optimal composition of the ore
mixture, which is fed to the beneficiation plant.

Morphological studies of the main minerals in unchanged and metasomatically altered ferruginous quartzites were performed according
to the standard method. Measurement of the magnetite and quartz grain sizes was carried out using an eyepiece micrometer mounted on a
mineralographic microscope. The determining of their average indexes was carried out with the use of mathematical methods.

The results of the study of the main morphological characteristics of iron ore-bearing minerals and their variations, depending on the
location within the unchanged and metasomatically altered ferruginous quartz of Hannivka deposits at Northern region are represented.
The results of the study of the dihedral angles of magnetite and quartz crystals, changes in the particle size distribution of these minerals,
depending on the imposed geological processes on the banded-iron formation of Kryvyi Rig basin are shown.

The scientific novelty consists in detailed conducting of mineralogical researches of the magnetite and quartz morphological features
depending on their location in the section of the banded-iron formation of the Kryvyi Rih basin and in the further utilization of these results
in topominerological mapping of the Northern region.

The obtained variability of the main minerals’ morphology of the ore-bearing strata must be taken into account in the mineral mapping
of the deposit and the Northern region of the Kryvyi Rih basin in general, when specifying the mineral-technological classification of ores
and the blended mineral varieties of ores before feeding to the beneficiation plant.
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quartz morphology.

Challenge problem. Iron ore deposits of the Kryvyi Rih
basin have been developed since 1881. Extraction and ben-
eficiation of low-grade magnetite ores started in the middle
of the twentieth century. At the current time, mining opera-
tions are carried out by five iron ore beneficiation plants at
nine deposits. One of these deposits is that of Hannivka. At
Hannivka, it is mined open-pit located in the Northern iron
ore region. Its raw material base is composed of the fifth and
sixth ferriginous horizons of the Saksagan series. In the sec-
tion of the series there are ten stratigraphic horizons. All of
them are composed of non-economic magnetite-silicate
quartzites and quartz-silicate schists.

The main task for the geological services of the mining
enterprises of Kryvyi Rih basin is to supply the Ore Mining
and Processing Works with raw materials, which makes it
possible to obtain high-quality iron ore concentrate that
meets the requirements of the world market. The solution of
this task is only possible taking into account the morpholog-
ical features of the main rock-forming minerals. As a result,
the natural capabilities of the ores, their dressability, in-
crease in the efficiency of blending ores of various mineral
varieties with different technological potential in order to
achieve the optimal composition of the ore material, which
is fed to the beneficiation plants.

One of the main directions of solving this task is the miner-
alogical study of the morphology of minerals, the allocation of
mineral varieties and the mineralogical mapping of the deposit.
It will allow outlining the deposits of ores with different mineral
composition and different technological parameters.

Research analysis. The issue of dependence of the
morphological, chemical, physical and other characteristics
of minerals on the mineral composition of ferruginous
quartzites, their position in the sections of deposits was
studied by many preceding researchers (Belevtzev et al,
1962), (Gramenitskiy et.al, 2000), (Chernovskyi and
Evtekhov, 1983), (Domarev, 1955), (Evtekhov and
Poltavets, 1980), (Evtekhov et al., 1988), (Petrovskaya and
Chuhrov, 1983), (Lepp, 1987), (Morris, 1983). The authors

concluded that there are general patterns of variation of
most mineralogical parameters in sections of ore deposits of
different genesis (Tikhlivets and Filenko, 2017).

In Evtekhov's (Evtekhov, 1992) and Karpenko's works
(Karpenko, 2010) it was noted that all geological processes
(sedimentogenesis, metamorphism, weathering, metaso-
matism, etc.) influenced the morphological features of min-
erals in different ways. These processes occurred within the
banded-iron formation of the Kryvyi Rih basin. In some au-
thors' works (llnitskaya,1969), (Pavlishin et al., 2003),
(Pavlishin, 1984), (Tikhlivets and Filenko, (2018) the infor-
mation is given about the composition and morphology of
minerals of unaltered iron ore strata. In other authors' works
(Belevtsev, 1986), (Domarev, 1955) the influence of sodium
metasomatism on the morphology of minerals is mentioned.
Namely, under conditions of metasomatic changes in the
rocks of the banded-iron formation, metasomatic zoning is
superimposed on the primary autigene-metamorphogenic
zoning and inherits largely its features. As a result, polygenic
formations having complex structures and variable mineral
and chemical composition (sedimentation + metamorphism
+ metasomatism) are often observed in these zones. The
detection of a metasomatic component in the process of
their genesis is often complicated. The generalization of the
results of studies on the change in the morphology of the
main rock-forming minerals of the banded-iron formation of
the Northern region in dependence on their location has not
been carried out.

Objective of research. The objective of the research is
grounded on the need for mineralogical mapping of iron ore
deposits of Kryvyi Rih basin. The research was conducted
at the example of Hannivka deposit, which represents man-
ifestations of all major varieties of the autigene-metamor-
phogenic zoning and superimposed secondary processes.

In the process of the mineralogical mapping of
ferruginous siliceous formation of the deposit carried out by
the authors, numerous signs of the variability of
morphological and anatomical characteristics of the
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ore-forming, secondary and accessory minerals of
ferruginous quartzites were recorded. Therefore, it was
decided to study in detail the changes in morphology and
dihedral angles of magnetite and quartz crystals that are the
main rock-forming minerals of the iron ore strata. This will
solve the task settled for geological services to increase the
ore blending, and, as a consequence, to improve the quality
of iron ore concentrate and its ratio.

Laying out the main material.

The autigene-metamorphogenic mineralogical zoning of
the fifth and sixth ferruginous horizons of Hannivka deposit
is due to a change of the quantitative correlation of ore-form-
ing minerals (quartz, magnetite, micaceous-hematite and
cummingtonite) in their sections, as well as the size and
shape of their crystals. The author researched the ferrugi-
nous quartzites of all mineral varieties of both ferruginous
horizons of the productive strata in order to detect possible
patterns of variation of minerals' morphological parameters
and to establish quantitative estimates of these parameters.

248 samples of ores were selected, 236 transparent and 278
polished microsections were made from their material. Min-
erals' quantification of morphological features was carried
out using proved mineralogical and petrographic methods.

Magnetite and quartz form ore layers of unchanged
magnetite quartzite, magnetite occasionally occurs in the
form of small inclusions in non-ore layers, as well as in ore
and non-ore layers of metasomatically changed ferruginous
quartzites.

The results of microscopic studies have shown that the
character of the aggregation of magnetite individuals natu-
rally changes in the horizon section. Ribbon-shaped, more
rarely block-shaped, dendrite aggregates of magnetite
(fig. 1) are typical for the central zone of the fifth ferruginous
horizon, which is represented by micaceous hematite
quartzite; ribbon-shaped aggregates are less typical for
magnetite and cummingtonite-magnetite quartzites in inter-
mediate zones, they're dominated by the block-shaped and
dendrite ones.

d

Fig. 1. The variability of magnetite aggregation in the mineral zones of the productive strata of Hannivka deposit:
a — ribbon-shaped aggregates of magnetite in micaceous-hematite-magnetite quartzites; b — block-shaped aggregates of magnetite
in magnetite quartzites; ¢ — dendrite aggregates of magnetite from cummingtonite-quartzites; d — subautomorphic individuals of magnetite
from magnetite-cummingtonite quartzites. Microscopic observations in translucent light.
Nicol prism Il. Magnification — 30%; b-d — 50%. Light grey colour — magnetite; dark grey colour — quartz

Larger individuals of magnetite are more typical for cum-
mingtonite-magnetite quartzites. Large block aggregates
and single large, subautomorphic individuals of magnetite
are typical for the peripheral zones of magnetite-cumming-
tonite quartzites.

The change in the morphology of aggregates in miner-
alogical zones was also revealed for magnetite from sodium
metasomatites bodies. Monomineral aggregates (ribbon-
shaped, block-shaped) are typical for zones of riebeckitiza-
tion. The aggregates of more complex morphology are typi-
cal for zones of aegirinization and silification of ferruginous
quartzites, they are dendrite-block shaped, dendrite, and

also impregnated ones (fig. 2). In the author's opinion, the
reason for this is an active replacement of individuals and
aggregates of magnetite with newly formed aegirine (alka-
line metasomatizing solutions) and quartz (acidic solutions).

The zones of riebeckitization were formed by the influ-
ence of neutral solutions. These solutions contributed to the
recrystallization of magnetite, which was accompanied by
consolidation of its crystals and formation of aggregates.
These aggregates were close in composition to the
monomineral ones (fig. 2, b).

The tendency towards simplification of crystal form,
approaching it to the crystallographically perfect form, can
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be illustrated by a decrease of the dihedral angles diver-
gence from 120° at triple points of the magnetite aggregates
(Zhabin, 1979).

The dihedral angle measurements were performed by
the author with the use of mineragrafical microscopes in pol-
ished sections after pickling them for a short-time (30-
40 sec.) in the hydrochloric acid steam. Measurements of
three dihedral edges around triple points of contacts of mag-
netite crystals were performed for each microsection. The
calculations were made for magnetite from unchanged and

metasomatically changed ferruginous quartzites. The ob-
tained results in the generalized form are given in the table
1and 2.

According to the data obtained, the divergence of the di-
hedral angle from the ideal (120°) naturally and gradually
decreases from micaceous-hematite-magnetite to magnet-
ite-cummingtonite quartzites, that is to say, from the central
to the peripheral productive strata zones of ferruginous ho-
rizons. The index of the mean square deviation of the dihe-
dral angles is also reduced in this direction.

Fig. 2. Magnetitemorphologyby mineral zones of sodium metasomatites of Hannivka deposit:
a — inclusions of magnetite crystals in the zones of aegirinization; b — monomineral aggregates of magnetite in zones of riebeckitization;
Microscopic observations in translucent light. Nicol prism |l. Magnification of 50%. Legend: white colour — quartz; black colour — magnetite;
blue colour- riebeckite; green colour— aegirine; brown colour- tetraferrousbiotite

Table 1

Morphological characteristics of magnetite from unchanged ferruginous quartzites of the productive strata of Hannivka deposit

- - - o
Ne Mineral varieties of ferruginous quartzites Dlhe:ral angles aroumitrlple points * (120°-q)
1 micaceous-hematite-magnetite quartzites 18 10,1 6,1
2 | magnetite quartzites 13 9,7 55
3 | cummingtonite-magnetite quartzites 10 9,3 5,6
4 | magnetite-cummingtonite quartzites 7 8,6 4,5

Studying the same indexes for mineralogical zones of
metasomatic formations showed that in the zones of
riebeckitization the growth of magnetite individuals is the closest
to the ideal one (120°) comparing tothe zones of aegirinization

and silification. This is confirmed by the above mentioned
conclusion about the active dissolution and substitution of the
magnetite crystals in the zones of aegirinization and silification,
which determined their xenomorphism (fig. 2, a).

Table 2

Morphological characteristics of magnetite from sodium metasomatites of the productive strata of Hannivka deposit

Dihedral angles around triple points * (120°-a)

Ne Mineral varieties of metasomatites, formed in n | X 5
micaceous-hematite-magnetite quartzites
1 Coarse-crystallin eriebeckite-magnetite-aegirine metasomatites 15 74 3,7
2 | Micaceous-hematite-riebeckite-magnetitequartzites 13 6,7 21
3 | micaceous-hematite-magnetite quartzites silicified 13 8,2 3,5
magnetite quartzites
4 | Coarse-crystallineriebeckite-magnetite-aegirine metasomatites 15 7,8 3,7
5 | Riebeckite-magnetite quartzites 7 74 1,8
6 | Magnetite quartzites silicified 14 8,2 2,7

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

According to the study of magnetiteparticle size
distribution, because of the mineralogical zoning of the fifth
and sixth ferruginous horizons, the size of its crystals also
naturally changes. Measurement was made with an
eyepiece micrometer installed on a mineralographic
microscope. Polished microsections were pretreated with
concentrated HCI for determining individuals' boundaries in
magnetite aggregates (lInitskaya et al., 1969). Measurements
of the magnetite crystals' size were carried out in two
directions (along and across lamination of magnetite
quartzites).The average size of the crystals was determined
as the arithmetical mean of these two indexes. Accuracy of

determination is 0,001 mm. About 150 determinations of the
crystals' size were made for each polished section. The
average value corresponded to the average size of the
magnetite crystals of the corresponding sample. The
research was carried out in polished sections of 27-38
samples of each mineral variety of ferruginous quartzites.
The results are shown in fig. 3.

For more detailed analysis of the variability of the
magnetite crystals size in sections of the ferruginous
horizons, the recalculation of the obtained data (table 3) was
also carried out after five granulometric classes of crystals
(-0,02; +0,02-0,05; +0,05-0,1; +0,1-0,2; +0,2 mm).
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Fig. 3. Change in the average size of magnetite (L, mm) by mineral varieties of ferruginous quartzites
in the productive strata of the deposit:
Mineral varieties of quartzite: 1 — micaceous-hematite-magnetite; 2 — magnetite; 3 — cummingtonite-magnetite;
4 — magnetite-cummingtonite
Table 3
Particle size distributionof magnetite from the initial unaltered ferruginous quartzites of Hannivka deposit productive strata
Content (vol. %) of individuals and aggregates NUI:nI:‘)?I‘
Ne Mineral varieties of magnetite in size, mm average of definitions
- ’ (thin sections)
less 0,02 | 0,02-0,05 | 0,05-0,1 | 0,1-0,2 | more 0,2
1 micaceous-hematite-magnetite quartzites 19,2 33,7 26,1 15,3 57 0,062 26
2 | magnetite quartzites 21,8 31,1 26,0 14,6 6,5 0,061 27
3 | cummingtonite-magnetite quartzites 27,7 25,7 24,2 13,4 9,0 0,059 24
4 | magnetite-cummingtonite quartzites 29,2 21,9 23,6 9,7 10,1 0,053 21

There was a persistent tendency of increase in
number of magnetite crystals that are less than 0.02 mm
in size and more than 0.1 mm in size(the smallest and
largest of them) in the direction from the central to the
peripheral zones of both ferruginous horizons. The
formation of the large crystals, in the author's view, can
be explained by the magnetite accumulative
recrystallization during cummingtonization of ferruginous
quartzites in the contact areas of the horizons. This
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recrystallization was accompanied by the bimetasomatic
phenomena at the progressive stage of dinamothermal
metamorphism of ferruginous rocks. Bimetasomatosis
was also accompanied by the active substitution of fine-
grained magnetite with cummingthonite. This process
resulted in the presence of a large number of small relict
magnetite aggregates of the size up to 0.02 mm
in the composition of magnetite-cummingtonite and
cumingtonite-magnetite quartzites.
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Fig. 4. The change in the average size of magnetite crystals (L, mm) in mineralogical zones of sodium metasomatites bodies,
formed in micaceous-hematite-magnetite (a) and magnetite (b) quartzites of the fifth ferruginous horizon:
Mineralzones: 1 — zone of aegirinization; 2 — zone of riebeckitization; 3 —zone of silification

A different tendency is typicalfor other bodies of sodium
metasomatites (table 4): the number of crystals of the size
of more than 0,1 mm increases in the zones of
riebeckitization; individuals of less than 0,05 mm are
dominant in the central and peripheral areas. Therefore, the
magnetite from the riebeckitized zones has larger average
size than that from the zones of aegrinization and silification.

Beingore-forming mineral, quartz is present in the
ferruginous quartzite of all mineral varieties of both stratigraphic
horizons of the productive strata. This mineral forms the main
volume of non-metallic layers (85-99 vol. %) and as a minor
mineral it is present (10—40 vol. %) in the ore layers.

In order to establish the laws for changing the morphology
of individuals of quartz, their particle size distribution, the author
conducted mass determinations of the corresponding indexes

in 466 polished microsection using petrographic microscopes
and methods. These methods are similar to those used for
morphological investigations of magnetite. The ferruginous
quartzites, which form the autogenic zonation of ferruginous
horizons and zonation of bodies of sodium metasomatites,
were studied.

There exists a clear tendency towards simplifying the
shape of quartz crystals in the sections of the ferruginous
horizons in the direction from their central zones, consisting
ofmicaceous-hematite-magnetite quartzites, through the
intermediate ones, composed of magnetite and cumintonite-
magnetite quartzites, to the peripheral zonesrepresented by
magnetite-cummingtonite quartzites. This is manifested the
most clearly in non-ore layers of ferruginous quartzites.
Fine-grained aggregates of quartz with complex boundaries



~ 32~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

of individualsgrowth, numerous poikiloblasts of small
(0,001-0,01 mm) scale crystals of micaceous-hematite are
typical for micaceous-hematite-magnetite  quartzites
(fig. 5,a). In non-ore layers of magnetite quartzite,
xenomorphic porphyroblastic quartz is rare. Aggregates of
quartz without poikiloblasts of micaceous-hematite are quite
common.The polymodality of quartz individuals is more

characteristic for non-ore layers of cummingtonite-magnetite
and magnetite-cummingtonite quartzites (fig. 5, b). This can
be explained by the accumulative recrystallization of quartz
aggregates which accompanied the synmetamorphic
bimetasomatic processes in the contact zones of the
ferruginous and schistose horizons (Evtekhov, 1992).

Table 4
Particle size distributionofmagnetitefrom sodium metasomatites of the productive strata of Hannivka deposit
Content (vol.%) of individuals and Nur_nk_x_er
aggregates of magnetite of size, mm average | of definitions
Ne Mineralvarietiesof metasomatites, whichwere formedin ’ (thin section)
less | 0,02- | 0,05- | 0,1- | more
0,02 | 0,05 0,1 0,2 0,2
micaceous-hematite-magnetite quartzites
1 | Coarse-crystalline riebeckite-magnetite-aegirine metasomatites | 21,3 28,2 32,9 11,0 6,6 0,060 23
2 | Micaceous-hematite-riebeckite-magnetite quartzites 19,5 28,5 29,1 13,7 9,2 0,063 29
3 | Micaceous-hematite-magnetite quartzites silificate 28,2 31,7 26,6 10,8 2,7 0,053 23
magnetite quartzites
4 | Coarse-crystalline riebeckite-magnetite-aegirine metasomatites | 21,8 27,9 33,1 10,9 6,3 0,059 24
5 | Riebeckite-magnetite quartzites 21,5 25,7 31,3 15,1 6,4 0,064 32
6 | Magnetite quartzites silificate 28,8 31,8 25,9 9,8 3,7 0,052 25

Fig. 5. Morphology of quartz in non-ore layersof the ferruginous quartzites of Hannivka deposit:
a — small crystals of quartz in micaceous-hematite-magnetite quartzites; b — crystals of quartzinnon-orelayers of the cummingtonite-
magnetite quartzites; ¢, d — quartz in sodium metasomatites. Microscopic observations in translucent light. Nicol prism X. Magnification 50.
Colour from white to black — quartz; brown colour — tetraferrousbiotite; yellow colour-cummingtonite

The inverse character of the evolution of the morphology
of quartz individuals is determined for bodies of sodium
metasomatites. The most perfect polygonal forms are
characteristic for the central metasomatic zones,
represented by aegirine metasomatites. The increased
alkalinity of metasomatizing solutions caused here not only
the substitution of quartz by aegirine and accumulating
recrystallization of its crystals from polygonal aggregates
formation (fig. 5, c) but also, this process was active in the
intermediate zones of riebeckitization. In the peripheral
zones of silification, quartz is represented by fine-grained
aggregates of xenomorphic individuals (fig. 5, d).

The values of the dihedral angles at triple points of quartz
aggregates (table 5 and 6) are closely related to the
morphology of its individuals.

In the general case, the value of deviation of this index
from 120° decreases significantly from polygonal
aggregates to xenomorphic crystal ones. As a result, this
tendency can be observed in the zones of the authigenic
rhythms in the direction from the central to the peripheral
zones of the ferruginous horizons and in the zones of
metasomatic bodies in the opposite direction — from the
peripheral to the central zones.
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Morphological characteristics of quartz from unchanged ferru

Table 5
inous quartzites of the productive strata of Hannivka deposit

- - Py o
Ne Mineral varieties of ferruginous quartzites D'h?]dral angles a;ound triple pomtss_ (120°-q)
1 micaceous-hematite-magnetite quartzites 27 12,7 7,2
2 magnetite quartzites 24 12,3 71
3 cummingtonite-magnetite quartzites 21 11,8 6,9
4 magnetite-cummingtonite quartzites 18 11,4 6,7

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

Table 6

Morphological characteristics of quartz from sodium metasomatites of the productive strata of Hannivka deposit

Ne Mineral varieties of metasomatites, which were formed in

Dihedral angles around triple points * (120°-a)
n | X | S

micaceous-hematite-magnetite quartzites

1 | Coarse-crystalline riebeckite-magnetite-aegirine metasomatites 43 6,4 1,7

2 | Micaceous-hematite-riebeckite-magnetite quartzites 67 53 1,0

3 | micaceous-hematite-magnetite quartzites silificate 36 6,1 1,9
magnetite quartzites

4 | Coarse-crystalline riebeckite-magnetite-aegirine metasomatites 43 6,4 1,7

5 Riebeckite-magnetite quartzites 35 4.8 1,1

6 | Magnetite quartzites silificate 29 6,3 2,4

From the data of table 5 and table 6 it is clear that
metasomatic quartz is characterized by a more significant
approximation to the equilibrium shape of crystals. This is likely
to be due to a more active effect ofalkaline solutionson the
morphology of quartz in comparison with metamorphogenic one.

The particle size distributionof quartz was determined
according to the method described above for the magnetite.
100-150 determinations of the size of quartz crystals were
made for each thin rock section. For each mineral variety of

ferruginous quartzites (table 7) and metasomatites (table 8),
measurements were fulfilled in transparent thin sections
made from material of 27—38 samples.

Recalculating of the obtained data for a more detailed
analysis of the variability of the size of quartz crystals in the
sections of the ferruginous horizons, similar to that for the
magnetite, was made for five granulometric classes of crystals
(-0,02; + 0,02-0,05; + 0,05 - 0,1; + 0,1 — 0,2; + 0,2 mm).
The results of calculations are shown in fig. 6.

Table 7

Particle size distribution of quartz from the initial nonchanged ferruginous quartzites of the productive strata of Hannivka deposit

Content (vol. %) of individuals and aggregates Number
Ne Mineral varieties of magnetite in size, mm average of definitions
less 0,02 | 0,02—-0,05 | 0,05-0,1 0,1-0,2 | more 0,2 (thin sections)
1 | micaceous-hematite-magnetite quartzites 36,2 37,9 22,8 2,9 0,2 0,039 26
2 | magnetite quartzites 30,1 40,8 24.8 3,9 0,4 0,042 27
3 | cummingtonite-magnetite quartzites 28,4 41,5 25,3 4,3 0,5 0,043 24
4 | magnetite-cummingtonite quartzites 25,3 42,2 26,5 4,8 1,2 0,046 21
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Fig. 6. Change in the average size of quartz crystals (L, mm) by mineral varieties of ferruginous quartzites
in the fifth ferruginous horizon:
mineral varieties of quartzites are as follows: 1 — micaceous-hematite-magnetite; 2 — magnetite;
3 — cummingtonite-magnetite; 4 — magnetite-cummingtonite

According to the data obtained, the number of the smallest
crystals of metamorphogenic quartz (to 0,02 mm) is noticeably
reducedin the direction from the center to the periphery of the
ferruginous horizons. In the same direction, the number of its
individuals of other granulometric classes (more than 0,02 mm)
increases. This can be explained by the manifestation of quartz
accumulating recrystallization, which accompanied
bimetasomatic cummingtonization of ferruginous quartzites in
the contact zones of the ferruginous horizons.

The reverse tendency is typical for quartz from
metasomatic zones: the number of the smallest individuals

(granulometric fractions up to 0,02 and 0,02-0,05 mm)
increases in the direction from the central zone of
aegirinization to the peripheral zone of silification. The
number of larger individuals (more than 0,05 mm in size)
decreases in this direction. This can also be explained by
the fact that along with replacement of quartz with the newly-
formed minerals (aegirine, riebeckite) in alkaline medium of
metasomatic  solution, relict quartz accumulating
recrystallizationtook place, which was accompanied by
consolidation of its crystals.
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Table 8
Particle size distribution of quartz from sodium metasomatites of the productive strata of Hannivka deposit
. L . Content (vol.%) of individuals and aggregates Number
Mineral varieties of metasomatite PR R
Ne bodies. whichwere formedin of magnetite in size, mm average of definitions
’ less 0,02 [ 0,02-0,05 | 0,05-0,1 [0,1-0,2 | more 0,2 (thin sections)
micaceous-hematite-magnetite quartzites
1 Coa_rfse-crystall|ner|§beck|te-magnet|te- 19.4 19,7 394 11,2 10,3 0,065 23
aegirine metasomatites
9 M|cace(_)us-hema_tlte-r|ebecklte- 213 26.4 354 85 6.4 0,057 29
magnetite quartzites
3 | Micacsonshematicimagheits 24.9 32,1 34,1 7.4 27 0,053 23
quartzites silificate
magnetite quartzites
4 Coa_r_se-crystallmene_}becklte-magnetlte- 20,1 20,7 39.2 10,9 9.1 0,064 24
aegirine metasomatites
5 | Riebeckite-magnetite quartzites 22,6 23,9 36,6 8,3 4,6 0,056 32
6 | Magnetite quartzites silificate 19,2 36,8 35,2 7,2 1,6 0,054 25
A A
L, L
0.064 = 0,064 <
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Fig. 7. The change in the average size of quartz crystals (L, mm) in mineralogical zones of bodies of sodium metasomatites,
formed in micaceous-hematite-magnetite (a) and magnetite (b) quartzites of the fifth ferruginous horizon:
mineralzones: 1 — zone of aegirinization; 2 — zone of riebeckitization; 3 — one of silification

The index of idiomorphism of crystals of rock forming
minerals (magnetite and quartz) increasesin the direction
from the central to the peripheral zones of the autigene
mineralogical zoning of the productive strata, the size of the
magnetite crystals decreases (from 0,062 to 0,053 mm), and
that of the quartz increases (from 0,039 to 0,046 mm). The
regularity of variability of morphological indices is also typical
for bodies of epigenetic formations: rock-forming minerals
from intermediate zones, which are composed of
riebeckitizedvarieties of ferruginous quartzites, have the most
ideal growth patterns and the maximum sizes of crystals.

Conclusions. Research of the morphological features of
magnetite showed that it forms ribbon-shaped, rarely block-
shaped, dendriteaggregatesin  unchanged ferruginous
quartzites,depending on its location in the section of the
productive strata. In metasomatically changed rocks, an ore
mineral forms monomineral aggregates (ribbon-shaped,
block-shaped) that are typical for the riebeckitization zones,
and those of more complex morphology (dendrite-block-
shaped, dendrite) aggregates that are more typical forzones
of aegirinezation and silification of the ferruginous quartzites.

Regularities were also observed when quartz was
studied. For unchanged ferruginous quartzites, the change
in quartz aggregates from fine-grained with complex
boundaries of individuals' growth to medium-grained ones,
is typical. Inverse evolution character of morphology of
quartz individuals was determined for bodies of sodium
metasomatites. Their most perfectpolygonal forms are
typical for the central metasomatic zones represented by
aegirine metasomatites. In the peripheral zones of
ferruginous quartzites silification, quartz is represented by
fine-grained aggregates of xenomorphic individuals.

The values of dihedral angles at triple points of
magnetite aggregates and quartz are closely related to the

morphology of their individuals. The results of studying the
angles confirm the conclusions about the variability of
morphological features of the main minerals in the
productive strata of the deposit.

The results of studying the particle size distributionof
magnetite and quartz have shown that for unchanged
quartzites, the average size of magnetite and quartz is,
accordingly, 0,059 and 0,043 mm, for metasomatically
changed ones it is 0,059 and 0,058 mm. The obtained data
ought to be used in the compilation of mineralogical
recommendations when selecting the methods for preparing
ore for beneficiation.

The obtained results are the basis for topominerological
studies of banded-iron formations of the Kryvyi Rih basin.
The results of topomineralogical and technological studies
were the basisfor compiling mineralogical and technological
maps of the deposit and the Northern region in general,
which are used for operational and long-term mining
planning, in the development of flowsheet for optimal iron
ores blending before being sent to beneficiation plants, for
constant monitoring of ore mining sectionsaccording to their
mineralogical and technological parameters. The
implementingof these measures will contribute to improving
thequality of iron ore concentrate, increasing the
concentrate yield and reducing the iron losses in the
beneficiation waste.
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MOP®ONOIYHI OCOBNMBOCTI MAFHETUTY TA KBAPLY MPOOYKTUBHOI TOBLL|
NIBHIYHOIO PAMOHY KPUBOPI3bKOIO BACENAHY

Ha cbo200HiwHili deHb neped 2eosnozidHoro cnyx6oro MaHHiecbko20 podosuwa lMieHiyHo20 F'3Ky cmoimb 3aedaHHs 3abe3neyeHHs1 2ipHU4036a-
2ayyeasnibHUx komMbiHamie cupoeuHoIo, sika 0380/1UMb OMPUMy8amu 8UCOKOsIKicHUUl 3ani3opydHuli KOHUeHmpam, wo eionoeidae eumozam ceimo-
8020 PUHKY. BupiweHHs1 yb20 3a80aHHSI MOXI/IUBO 3 ypaxyeaHHSIM MOpgosio2iyHux ocobriueocmeli 20/108HUX MOPOAOMEIPHUX MiHepanie, i K
Hacnidok, npupodHux Moxnueocmel py0d, 36inbweHHs1 egpekmueHocmi ycepedHeHHs1 py0 pi3HUX MiHepanbHUX pi3Hoeudie, siki Maromb pi3HUll mex-
Hoso2ivyHull nomeHyiasl, 3 Memor ompumaHHsi pyOHOI CUPOBUHU, W0 Nodaembcsi Ha 36a2ayvyearnbHi gpabpuku.

HocnidxeHHs MopghbonozidHux ocobnueocmeli 20/108HUX MiHeparie y He3MiHeHUX | MemacoMamuyYyHO 3MiHeHUX 3ani3ucmux Keapyumax rnpoeo-
dunuck 3a cmaHdapmHoro Memodukoro. BumiprogaHHsi po3mipie 3epeH MazHemumy ma keapuyy npoeodusiockb 3a GOMoOMO20H0 OKy/sip-Mikpomempa,
KUl eCmaHoeIremMbCsl Ha MiHepazpaghidHomy mikpockoni. [pu eu3Ha4yeHi IXHiX cepedHix 3Ha4YeHb 8UKOPUCMOBY8aluCbL MameMamu4Hi Memoou.

HaeedeHo pe3ynbmamu susyeHHsi MopghosioziyHux ocobnugocmeli 20/108HUX MiHepaslie 3ani3opydHOi moswi, IXHIO eapiamugHicmb 3anexHo
8i0 po3mauwiyeaHHs1 8 Mexax He3MiHeHUX i oMamu4Ho ux 3anizucmux keapyumie aHHiecbko20 podosuwa llieHiuHo20 palioHy. [Moka-
3aHo pe3ynibmamu sus4eHHs dizedpanibHUX Kymie Kpucmarsie MazHemumy ma Keapuy, 3MiHa 2paHy/ioMempuYyHo20 cknady Yux miHepaslie 3anexHo
8i0 HaknadeHux 2eosi02i4HUX Npoyecie Ha 3aniaucmo-kpemeHucmy gpopmauito Kpueopizbkoz2o 6aceliHy.

Haykoea Hosu3Ha o6ymoenieHa demanbHUM NpPoeedeHHsIM MiHepasoziyHux docnidxeHb Mopgosnozii MaeHemumy ma Keapuy 3asieXxHo eid ix-
HbO20 po3malwyeaHHs1 8 po3pi3i 3anizaucmo-kpemeHucmoi ¢gpopmayii Kpueopizbkoz2o b6aceliHy, a maKox y nodasbuwomMy 8 UKOPUCMaHHI Yux pe3ysb-
mamie npu monomiHepasnoai4HoMy kapmyeaHHi [lieHi4yHo20 palioHy.

OmpumaHi pesynbmamu Heob6xiOHO epaxyeamu npu MiHepasno2iYyHOMy KapmyeaHHi podoeuwa i llieHi4YHo20 palioHy Kpueopizbko20 6aceliHy
3a2asiom, npu ymoYHeHHi MiHepanbHO-mexHono2iyHoi knacudgikayii pyd i ycepedHeHHi MiHepanbHuUXx pizHoeudie pyd neped nodayero Ha 36a2ayyea-
NbHI ghabpuku.

Knroyoei cnoea: YkpaiHcbkuli wyum, Kpueopisbkuli 6aceliH, [aHHiecbke podoeuuje, 3anisucmo-kpemMeHucma ¢gpopmayisi, 3anizucmi keapyumu,
mopgbonoeziss MacHemumy, Mopghosiozisi Keapuyy.
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MOP®OJIOMYECKUE OCOBEHHOCTU MAFHETUTA U KBAPLIA MPOOYKTUBHOW TONLLMU
CEBEPHOIO PAMOHA KPUBOPOXXCKOIO BACCEMHA

Ha cezodHsiwHull OeHb neped 2eosio2uyeckoli ciyx6oli AHHO8CKO20 MecmopoxdeHusi CegepHoao TOKa cmoum 3adaya obecrieyeHusi 20pHOO-
602amumernbHbIX KOM6UHaMoOe8 CbiPbeM, KOMopPoe M0380J/19em MoJly4amb 8bICOKOKa4YecmeeHHbIl xene30pyOoHbIli KOHYUeHmpam, coomeemcmeyio-
wuli mpe6ogaHusIM MUPOB020 PbiHKa. PeweHue amoli 3adayu 803MOXHO MOJIbKO C y4emoM Mopghosio2uyeckux ocobeHHocmel 2r1agHbIX
nopodoobpa3yrowux MUHepasos u, Kak criedcmeue, MPUPOOHbIX 803MOXXHOCMel pyd, ux o6o2amumesibHbIX ceolicme, noebiweHue 3¢hgheKmueHo-
cmu ycpedHeHusi py0 pa3HbiX MUHePaslbHbIX pa3Ho8udGHocmel, UMeroWux passiuYyHbIl MexXHo102u4ecKull momeHyuarsl, ¢ Uesbio rnoJiy4yeHus onmu-
ManbHoO20 cocmaea pydHol cmecu, nodaroujelicsi Ha o60o2amumesbHbie ¢habpuKu.

WN3yqeHuss mopghonoauyeckux ocobeHHocmel ar1agHbIX MUHEPa/io8 8 HEUZMEHEHHbIX U MemacoMamuyecku U3MEHEHHbIX JXesle3ucmbiX Keapyumax
npoeodunuck no cmaHdapmHol Memoduke. M3mepeHuUs1 pa3mepoe 3epeH MazHemuma u keapya rnpoeoousiock ¢ MOMOU,bIO OKY/IsIp-MUuKpomMempa, ycma-
HOBJIEHHO20 Ha MUuHepazpaghuyeckoM Mukpockone. [lpu onpedeneHuu ux cpedHUX 3Ha4YeHUl UCMob308aslUCL MameMamu4yeckue Memoohl.

lMpueedeHbl pe3ynbmambl usyyeHusi MOpghosio2u4eckux ocob6eHHocmeli MUHepasoe xene3opyOHol monuu, ux eapuamueHOCMb 8 3a8UCUMOCMU
om pacrosnoxeHusi 8 npedesiax HeU3MEHHbIX U OMamu4ecKu U3MEeHeHHbIX Kefle3ucmbix Keapyumoe AHHOBCKO20 MecmopoxdeHusi CeeepHO20
patioHa. lMoka3aHbl pe3ynbmambl U3y4eHusi duzedpasibHbIX y2/108 KpUCmasnioe MacHemuma u Keapya, U3MeHeHUs1 2paHy/IoMempu4Yecko20 cocmasa
3mux MUHepasio8 8 3a8UCUMOCITIU OM HaJlIOXKEeHHbIX 2€0/102UYECKUX MPOYECCo8 Ha )Kesie3ucmo-kpemHucmyto gpopmayuto Kpueoposxckoeo 6acceliHa.

Hay4Hasi HoeusHa cocmoum e demasnibHOM nNpoeedeHUU MUHepPao2uYyecKux ucciedoeaHulli MaeHemuma U Keapuya € 3aeucuMoCcmu om ux pac-
rnosioxeHusl 8 paspese xenesucmo-kpemMmHucmol ¢popmayuu Kpueopoxckozo 6acceliHa. A makxe e OasibHeliwieM Ucnosib308aHUU 3Mux pe3ynbma-
moe npu monomuHepasio2u4ecKkom kapmuposgaHuu CegepHoz2o palioHa.

IMonyyeHHble daHHbIe N0 8apuamueHOCcmMU MOpPgHoI02UU 2/1a8HbIX MUHEPAal08 ee30pyOHol moauju Heo6xo0UMOo yyumsbieams NpuU MuHepa-
J102u4eCKOM KapmupoeaHuu MecmopoxdeHusi u CeeepHoz2o patlioHa Kpueopoxckozo b6acceliHa € UesloM, a makxe npu ymoYyHeHUU MuHepasbHo-
mexHosio2u4eckol knaccugukayuu pyd u ycpedHeHUU MUHepasnbHbIX pa3HoeudHocmel pyd neped nodayveli Ha o6o2amumesibHbie ¢habpuKu.

Knroyeenie cnoea: YkpauHckuii wyum, Kpueopoxckuli 6acceliH, AHHOBCKOe MeCmopoXOeHue, Xesle3ucmo-KpeMHucmas ¢gopmayusi, xerse-
3ucmsle Kkeapyumbl, MOpghos102usi MazHemuma, Mopgosioz2usi Keapua.




