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SUMMARY 

The article considers the technogenic resources of the Kryvyi Rih iron ore basin (Kryvbas). 
Over the 50 years of operation of mining and processing plants, significant volumes of 
overburdens and tailings have been formed on the territory of enterprises, which have 
accumulated in dumps and iron tailings. In addition, non-metallic minerals have been found in 
the walls of existing quarries that can be used in industry. The priority technogenic resources 
are proposed to include the following minerals: muscovite shales, underlying the productive 
iron ore strata of deposits, chlorite and garnet-bearing shales, constituting shale horizons of 
the productive iron ore stratum; amphibolite, granite, diabase. From the listed raw materials 
under laboratory conditions, non-traditional industrial products for mining iron ore enterprises 
were obtained. Iron tailings is suitable for obtaining iron ore concentrate and fractions 
enriched in rare earth metals and biogenic elements can be used as additives to improve the 
fertility of podzolic soils. 
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Introduction 

Iron ore deposits are the basis of the mineral and raw materials base of ferrous metallurgy of Ukraine. 
Most of them have been in operation for over 50 years. Firstly, during this time, significant volumes of 
overburden and iron tailings were accumulated in dumps and tailings storage facilities. Secondly, other 
minerals have been exposed in the in the sides of quarries that can be used in industry. 

A feature of technogenic mineral resources is their easy availability and low processing costs due to 
their being on the daytime surface and in the form already disintegrated mass of fragmental particles 
of minerals. 

We have calculated that the reserves of technogenic iron accumulated in the Kryvbas iron tailings are 
about 400 million tons. This quantity is comparable to the reserves of rich iron ores in the project 
contours of mining enterprises. Moreover, in addition to iron, iron ore mining and tailings contain rare, 
rare-earth, non-ferrous and noble metals. 

Method and Theory 

The work based on the analysis of the mineral composition, physicochemical properties of 
accompanying and host rocks of ferrous magnetite quartzite and mineral processing waste of the 
Kryvyi Rih Basin identifies the priority technogenic non-metal mineral resources of iron ore mining 
and mineral processing plants. 

In addition to substandard iron-containing raw materials, Mining and Mineral Processing Plants 
(MMPPs) continue to store a significant amount of accompanying non-metallic minerals in mixed 
dumps. This is due to the fact that the existing mining transport systems do not provide selective 
storage of various types of overburdens. But, at the same time, almost all crystalline rocks of 
magnetite quartzite deposits were tested on the possibility of their use as crushed stone (Kudelya, 
1984). In the work (Evtekhov et al., 1999) information on the alternative mineral and raw material 
base of Kryvbas is summarized. 

Results 

The results of studying the geological and mineralogical factors of the localization of non-metallic 
mineral raw materials in the iron ore deposits of the Kryvyi Rih basin and the technological 
foundations for obtaining industrial products from them, as well as the tailings of mining and 
processing plants, showed ways to expand the mineral resource base of the developed deposits. 

The priority types of non-metallic minerals that are simultaneously quarried of iron ore deposits or 
exposed in the sides of working quarries, we consider the following: 

– talc shales, with the production of talc and chlorite-talc concentrates from them, which, according to 
their physical and chemical properties, can be used in industries that do not require very high-quality 
fillers, for example, in roofing, electrode, foundry, asphalt concrete and other industries. The most 
complete qualitative and quantitative features of talc as minerals have been researched for the 
Inguletsky deposit (Meddahi, 1996, Paran’ko et al., 1993). The relative stability of the composition 
and the structure of the horizon along the extension of the Kryvyi Rih structure allows, with a certain 
degree of convention, to consider other talc manifestations perspective for transferring them to the 
rank of deposits; 

– muscovite shales, with subsequent production of muscovite concentrate for use in the production of 
roofing felt, roofing material, mica cardboard, refractory materials and paints, etc. The largest 
accumulations of muscovite, especially its fine-scale variety, are confined to the lower part of the 
Kryvyi Rih series of rocks (Skelevatska suite) (Stetsenko, Evtekhov, 2001). The maximum content of 
muscovite was found in the rocks of the northern part of the Hannivsky rock strip. Topomineralogical 
feature of metaclastolite strata of the Skelevatska suite is a gradual increase in the content of 
muscovite and sericite from the suite sole up to its section. Quartz-muscovite shales of the Skelevatska 
suite, composed of the main muscovite (35-65 vol. %) and quartz (30-60 vol. %) can be used as raw 
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materials for obtaining fine-scale muscovite. Also, it is possible to obtain intermediate products -- for 
example, monomineral quartz which, according to its indicators, complies with the requirements for 
sand, which can be used to make glass. Other intermediate products can be used in the construction 
industry for the production of concrete solutions. 

• garnet-bearing shales, with obtaining a garnet concentrate that can be used for the production of low 
hardness abrasives. It is cheaper than the production of artificial abrasive materials. 95-97% by 
volume garnet is concentrated in rocks of the Saksaganska suite of the Kryvyi Rih series. The highest 
garnet content is characteristic of shale horizons, where garnet is a rock-forming mineral of shales of 
the Pivnychny, Central, Inguletsky MMPPs. The content of garnet in the shales of these horizons 
ranges from 3-5 to 25-30 volume percent, averaging close to 12-15 volume percent (Kovalchuk, 
Khartanovich, 2001). The optimal ratio of sedimentation and metamorphic conditions for the 
formation of garnet-bearing shales occurred during the formation of the iron ore stratum of the 
Hannivsky deposit. Garnet-bearing shales form the strata of the first and third-fifth shale horizons. The 
strata of the third-fifth garnet-bearing shale horizon (PR1sx3-5s) lies directly below the productive 
fifth iron-bearing horizon (PR1sx5f), in its lying side, as a result of which it is completely exposed in 
the eastern side of the quarry. The average thickness of the first-second shale horizon is 31.6 m, the 
third-fifth shale horizon are 49.8 m. For the first time, a technological scheme for obtaining garnet 
concentrate from garnet-bearing shales of the Hannivsky deposit was proposed at the Kryvyi Rih 
Technical University (Byzov et al., 1996); 

• chlorite shales, from which expanded clay and shale porite can be produced by firing in furnaces. 
Quartz-chlorite, quartz-biotite-chlorite shales are characteristic of the shale horizons of the 
Saksaganska suite of iron ore deposits of the Saksagansky region of the Kryvyi Rih Basin. The 
quarrying of chlorite shales for the production of shale porite was carried out by the Central MMPP 
(Evtekhov et al., 1999); 

• mineral pigments. Traditionally, two mineral pigments are extracted from the depths of the Kryvyi 
Rih Basin: ocher (yellow color) and surik (red one). It is proposed to include martite (dark red color), 
goethite (brown one), chlorite (dark green one), riebeckite (blue one), celadonite (green one) as 
mineral pigments. Most of the mineral pigments and coloring minerals are found in the sides of 
working quarries [Mumryak, 2000). 

• some igneous rocks, namely migmatite, granite, diabase, are suitable for their use as building and 
decorative stone, facing tiles. The raw materials which were studied for the possibility of using them 
as natural stone and facing products: Archean migmatite of the Inguletsky deposit, amphibolite of the 
Novokryvorizka suite of the Inguletsky, Pivnychny, Central, and Poltavsky MMPPs, granite, diabase 
of the Novokryvorizky deposit, marbled dolomites of the Velyka Gleyuvatka deposit; 

• decorative and collectible stones, namely brushes of rock crystal, morion, amethyst, citrine, radial-
radiant aggregates of needle-like bright green aegirin crystals ("aegirin sun"), tiger's eye, cat's eye, 
hawk's eye, crystals of garnet (almandine) up to 15 cm in diameter, crystals of bright blue transparent 
cordierite (ray-sapphire), monomineral aggregates of pyrrhotite, red-striped ferruginous quartzite that 
store chaotically into the dumps of MMPPs (Bloha, 2007). 

In order not to lose forever the minerals available in the iron ore deposits, their selective mining and 
separate storage is necessary. When they get into mixed dumps, they are only suitable for use as 
crushed stone. 

The separate storage of overburdens of the iron ore deposits that are prepared for quarrying is 
especially actual. 

Iron tailings are the most prepared raw material for secondary use. 

The annual generation of iron tailings is more than 70 million tons. Magnetite concentrate was 
produced from iron tailings only at the Central MMPP from 2004 to 2015. Other MMPPs use iron 
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tailings for building tailings storage damps and roads. Annually 30 million tons of iron tailings are 
used for these aims. 

The amount of iron tailings accumulated in the tailings storage facilities of the MMPPs is shown in the 
diagram (Fig. 1).  

 

Figure 1 The amount of iron tailings accumulated in the tailings storage facilities of the MMPPs (as 
of 2017) 

As a result of the work carried out at the tailings storage facilities of the Pivnychny and Inguletsky 
MMPPs, it was established that coarse-grained material (particles from 0.2-0.3 mm to 3-4 mm), 
growths of magnetite and hematite with non-ore minerals accumulate in the near dam of the tailings 
storage facilities (directly near the tailings discharge pipes). Small monomineral particles of magnetite 
and hematite also concentrate here. 

In the near-dam part of the Pivnychny MMPP, mass fraction of magnetite in the tailings storage is up 
to 12-15 volume percent, hematite - up to 15-20 volume percent; in the near-dam part of the 
Inguletsky MMPP the mass fraction of magnetite in the tailings storage is up to 10-15 volume percent, 
hematite – up to 7-10 volume percent. It was established that ore minerals in fractions with a size 
smaller than 0.16 mm are found mainly in disintegrated state. In the fraction smaller than 0.05 mm, 
98.7 volume percent of magnetite and 98.9 volume percent of hematite are present in the disintegrated 
state (Evtekhov et al., 2004, Evtekhov, Fedorova, 2001). 

The analysis of the iron distribution in the Central MMPP tailings storage capacity showed that along 
the location of the central dam slurry pipeline, the mass fraction of iron decreases during the test point 
moves away from the primary position of the slurry pipeline, whereas across the location of the dam - 
a decrease in the mass fraction of iron with distance from the dam is not observed, but on the contrary 
in at some sampling points, the mass fraction of iron increases, that can be explained by the removal of 
iron, which is concentrated in small fractions, as well as by the technological modes of enrichment 
factories operation (Hubina, 1998).  

Thus, iron tailings deposited in the near-dam areas of tailings are high-quality iron ore raw materials, 
ready for re-enrichmtnt. The largest amount of iron is present in the smallest fraction (-0.071 mm) in 
the mineral processing waste of the Central and Pivnychny MMPPs (14.0-14.5 wt. %, respectively). In 
the large fraction (+0.25 mm) at the Inguletsky and Pivnychny plants, there is no iron at all. 

Using the method of electromagnetic separation, we separated fractions from the iron tailings of the 
Pivnychny and Central MMPPs in which rare earth metals (Ce, La, Y, Yb) are concentrated (Hubina, 
Zaborovsky, 2015). That is, these rare earth metals arrive at the MMPPs as part of the ore and in the 
process of the mineral processing they are stored in the the mineral processing waste. The weighted 
average content of the sum of REM at the Pivnychny and Central MMPPs is 339 and 271 g/t, Mn – 
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412 and 329 g/t, copper – 25 and 15 g/t, phosphorus – 398 and 650 g/t, respectively. The mineral 
processing waste contains a small amount of heavy metals (Pb and Zn), and dangerous content of Cd 
and Mo was not detected. It is advisable to use this fraction as microfertilizers to increase the 
productivity of podzolic soils. 

In addition, utilization of iron tailings by obtaining iron concentrate and construction sand will free up 
0.4 million m3 of tailings storage capacities. 

Conclusions 

Priority technogenic mineral resources of Kryvyi Rih MMPPs include: 

• non-metal minerals: talc shales of the Inguletsky deposit, muscovite shales of the Skelevatska suite 
and garnet-bearing shales of the Saksaganska suite of the Hannivsky deposit, chlorite shales of the 
Velyka Gleyuvatka deposit, Archean migmatite of the Inguletsky deposit, amphibolite of the 
Novokryvska suite, granite and diabase of the Novokryvorizky deposit, marbled dolomite of the 
Velyka Gleyuvatka deposit. In order for them not to be lost through dilution, it is necessary to carry 
out geological and reconnaissance work in mixed dumps to calculate their reserves, put them on the 
balance sheet as mineral deposits and take them into account when issuing licenses for subsoil 
development. This is especially relevant for similar deposits of magnetite quartzite, which are not yet 
developed, but are on the balance sheet of the state subsurface fund of Ukraine. 

• iron tailings from the mineral processing of ferrous quartzite, primarily from the Central and 
Pivnychny MMPPs, which can be used to obtain iron ore concentrate from them. The material that 
settles in the near-dam areas of the tailings impoundments and along the slurry pipeline can be 
considered as high-quality iron ore raw materials, ready for re-enrichment. Additional studies are 
required to determine the distribution of rare and trace elements in the iron tailings of the MMPPs. 
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