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SUMMARY

The results of the study of the lateral distribution of the weighted average content of ilmenite
and zircon and the wvertical distribution of the content of ilmenite, zircon, rutile,
disten+sillimanite in the ore-bearing sands of the Malyshevsky placer deposit of titanium-
zirconium ores are presented. The results of the correlation analysis between the average
mineral content along the lateral and the mineral content in the vertical section of ore-bearing
sands are presented.
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Introduction

The subsoil of Ukraine contains significant industrial concentrations of titanium and zirconium. A
powerful raw material base has been created in Ukraine, deposits of titanium and titanium-zirconium
complex ores with significant total reserves and resources have been explored and prepared for
exploration. These are primary deposits in the rocks of the crystalline basement, hypergenic deposits
of the weathering crust, placer continental and coastal marine placers of monomineralic and
polymineral composition. Titanium and zirconium mining It is carried out only from placer deposits.
The most productive complex ilmenite-rutile-zircon placers are the coastal-marine facies of the
Miocene and Oligocene seas, the sandy-clayey sediments of which form the main one — the Dnieper
placer zone. The largest deposit of this mineral type and genesis is Malyshivske. The development of
the deposit began in 1959, and in subsequent years, work was repeatedly carried out on the additional
study of the geological structure and ore-bearing of deposits; assessment and revaluation of the
reserves of the deposit and its separate sections. A significant contribution to the study of the
structure, conditions of formation and material composition of the Malyshevske deposit was made by
M.T. Vadimov, LI. Malyshev, A.M. Zherdieva, V.K. Abulevych, M.G. Dyadchenko, S.M. Cymbal,
V.I. Pyatnova, Y.A. Polkanova and others.

Active development and additional exploration of the deposit over decades have led to changes in the
reserves of the deposit and information on the lateral and vertical distribution of placer minerals in ore
sands. As the deposit continues to be developed, information about the real distribution of placer
minerals within the deposit is relevant. It was this fact that prompted us to conduct research based on
data from the latest reassessment of the reserves of the Western, Central and Eastern sections of the
Malyszewske field, which was carried out in 2020.

Method and Theory

The methodological basis of the research was the developments of the Department of Lithology of the
Institute of Geological Sciences of the National Academy of Sciences of Ukraine on structural and
lithological modeling of heavy mineral placers, which were tested on noble metal, monazite, ilmenite
and zircon-ilmenite placers of the Ukrainian Shield and its slopes (Khrushchev et al., 2017; Figura,
Kovalchuk, 2022). The actual material for the study was production reports: Yarovyi V.D. Report
"Geological and Economic Assessment of Ore Sands Reserves of the Eastern Section of the
Malyshevske Placer Titanium-Zirconium Deposit", 2009; Didenko Y.A., Mayboroda E.I. Report
"Geological and Economic Assessment of the Western, Central and Eastern Areas of the Malyshevske
Deposit of Titanium-Zirconium Placer Ores", 2015; Nesterenko T. Report "Repeated Detailed
Geological and Economic Assessment of the Reserves of the Western, Central and Eastern Areas of
the Malyszewske Field", 2020.

To model ore-bearing, a target database was created, which contains data on the coordinates of 1157
wells, their description, and sampling results. Cartographic constructions were carried out using GIS
technologies in the software Golden Software Strater, Golden Software Surfer. To build maps of the
lateral distribution of the sediments' ilmenitic content, its average content in the well was used.
Correlations between certain parameters of ore-bearing sediments were investigated in Microsoft
Excell.

Results
The Malyshevske deposit of placer titanium-zirconium ores is located on the territory of the

Kamyansky district of the Dnipropetrovsk region, on the northern outskirts of the city of Vilnohirsk.
The deposit is confined to the coastal-marine sand sediments of the Sarmatian stage of the Lower
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Neogene and the sand sediments of the Poltava series of the Lower Neogene — Upper Paleogene
(Semenenko, Veklich, 1967).

Within the boundaries of the field, 3 areas are distinguished: Western, Central and Eastern. The main
ore minerals are ilmenite, zircon, leucoxene, rutile, distene-sillimanite, staurolite. Ore sands occur on
sandy-clayey deposits of the Oligocene, weathering crust of crystalline basement rocks and crystalline
rocks; They are overlain by greenish-gray clays of the Sarmatian, red-brown clays, loess loams of the
Quaternary system and soil-vegetative layer.

The sediments of the Poltava series are divided into 3 horizons: the lower horizon is represented by
very fine-grained sands with glauconite of greenish-yellow and yellowish-gray color, 5-8 m thick;
medium — very fine-grained and fine-grained yellowish-gray sands up to 15 m thick; the upper one is
covered with very fine-grained sands with a thickness of 3—7 m (Semenenko, Veklich, 1967). The
upper horizon is the most productive.

Quartz, fine-grained ore-bearing sands of the Sarmatian stage lie on the sands of the Poltava series
and consist of two horizons: the lower one is oreless with a thickness of 1.0—8.0 m and the upper ore
one with a thickness of 3—14 m. The percentage of sands is fine-grained 3.0-5.0%. The content of the
clay fraction ranges from 6.0% to 50% and increases from the bottom to the roof of ore-bearing
deposits. In the sands of the Sarmatian stage Grains of 0.1-0.25 mm in size predominate, while in the
sands of the Poltava series — 0.05-0.1 mm. The grain size of ilmenite, rutile, leucoxene is 0.04-
0.3 mm; zircon — 0.04-0.1 mm; staurolite, tourmaline and disthene + sillimanite — 0.06-0.3 mm. In the
sands of the Sarmatian stage, the grain size of ilmenite is mainly 0.12-0.18 mm; zircon — 0.07-
0.12 mm; rutile — 0.1-0.18 mm.

Using the data of coordinates, description and sampling of 1157 wells, we have created a target
database, on the basis of which we have studied the lateral distribution of the weighted average
content of ilmenite, zircon, rutile, distene + sillimanite in ore-bearing sands. The results of
cartographic modeling of the lateral distribution of the weighted average content of placer minerals
are presented in Figure 1.

It was found that the average content of placer minerals is as follows (kg/m3): ilmenite — 1.93-122.96;
zircon — 0.18-33.78; rutile — 0.61-42.08; distene + sillimanite — 1.27-56.74.

It was found that the areas of high average ilmenite content are spatially mostly combined with areas
of increased average content of rutile, disthene + sillimanite. The spatial combination of areas of high
average content of ilmenite, rutile, distene + sillimanite with areas of increased average content of
zircon is less pronounced and is present only within the Central area.

Correlation analysis revealed the direction and strength of correlations between the average content of
ilmenite, zircon, rutile and disten+sillimanite. It was found that the correlations between minerals are
direct, mostly strong ("+" 0.77-0.92). Only between zircon and disten-+silimanite is the correlation
moderate ("+" 0.63). The strongest correlation is between ilmenite and rutile.

A more complex nature of the direction and strength of correlations has been established between the
content of these minerals in the vertical section of productive sands. In particular, there is a direct
strong correlation between the mineral content within the Central area (0.94-0.99); mostly in the
Eastern and Western sections (0.79-1.0 and 0.77-1.0, respectively). However, within the Eastern area,
there is a direct moderate and medium correlation between the mineral content (most often between
the content of zircon and disten + sillimanite), and within the Western area there are even very weak
direct and inverse correlations.
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Figure 1 Lateral distribution of the average ilmenite (a), zircon (b), rutile (c), disten+sillimanite
(d) content in ore-bearing sands
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Conclusions

The obtained results give an idea of the lateral distribution of the average content of ilmenite, zircon,
rutile, distene + sillimanite within the Malyshevske deposit and individual areas within its boundaries
in particular, as well as the direction and strength of correlations between placer minerals. The
obtained results are the information base for supporting production operations works at the deposit.
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