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SUMMARY 

Information is given on the ore content of the weathering crust, productive layer (Aptian-
Albian continental deposits) and the overburden of the Osynova area of the Mezhyrichne 
deposit of titanium ores, which is located in the northeastern part of the Volodarsk-Volyn 
massif of the Korosten pluton of the Ukrainian shield and is part of one of the most promising 
Volyn zirconium-titanium ore districts. A target database was created, which became the 
basis for constructing maps of the roof and sole of ore-bearing formations, their thickness, 
and the lateral distribution of their average ilmenite content. 
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Introduction 
 
Ukraine has significant reserves of high-quality zirconium-titanium ores, which are localized in 
magmatic formations, their weathering crusts and continental and coastal Mesozoic-Cenozoic placers, 
which were formed as a result of erosion and redeposition of the substance of crystalline rocks of the 
foundation, eluvium and intermediate collectors of continental and coastal genesis The main reserves 
of high-quality zirconium-titanium ores are concentrated in eight areas, which are characterized by 
certain types of mineralization (Semenenko, Veklich, 1967). The Volyn and Middle Dnieper regions 
are the most significant and most explored (Semenenko, Veklich, 1967; Figurа, Kovalchuk, 2022). 
Endogenous (apatite-ilmenite, apatite-ilmenite-titanomagnetite), eluvial (apatite-ilmenite, ilmenite) 
and placer deposits (zirconium-titanium minerals with apatite) of mostly continental origin are 
common within the Volyn zirconium-titanium-bearing region (Kostenko et al., 2001; Semenenko, 
Veklich, 1967). The largest and most explored deposits of endogenous genesis are Stremyhorodske 
and Kropyvenske; of hypergenic genesis - Stremyhorodske, placer genesis – Mezhyrichne, Irshinske, 
Lemnenske, Ushytske, etc. (Semenenko, Veklich, 1967). The placers of the Volyn region are 
characterized by a spatial connection with crystalline rocks and intermediate reservoirs (weathering 
crust) (Kostenko et al., 2001; Semenenko, Veklich, 1967). The problem of providing the domestic 
industry with titanium and zirconium raw materials remains one of the urgent mineral and raw 
materials problems of Ukraine. It is obvious that the primary task aimed at meeting the needs of our 
own zirconium-titanium raw materials is the earliest possible commissioning of placer deposits that 
have been studied in sufficient detail. Among such deposits is the Mezhyrichne placer deposit of 
titanium ores, which is located within the Volyn megablock, in the central part of the Korosten pluton, 
in the northeastern part of the Volodarsk-Volyn massif, in the Zhytomyr and Korosten districts of the 
Zhytomyr region, in the watershed of the Irsha River and its tributary, the Trostyanitsa River. The 
operation of the deposit began in 2001. The balance reserves of ilmenite of the Emilivska and 
Serednya areas have been worked out; at present, the Yurska area is partially developed; the ore 
reserves of the Bukinska and Osynova sections are reserved (Nesterenko, 2018). In this regard, the 
study of the ore-bearing potential of the Osynova area is relevant. 
 
Method and Theory 
 
The methodological and methodological basis of the research was the work of the authors on the 
structural and lithological modeling of placers of heavy minerals. The algorithm of structural and 
lithological modeling of placers was tested by the authors on gold-placers, ilmenite and zircon-
ilmenite placers of the Ukrainian shield, and the obtained scientific and practical results were made 
public at scientific conferences of various levels, in scientific articles and collective monographs 
(Khrushchev, Kovalchuk et al., 2017; Kovalchuk, 2019; Figurа, Kovalchuk, 2022). The actual 
material for the research of the Osynova placers was production report (Nesterenko, 2018) and 
scientific publications (Semenenko, Veklich, 1967; Figurа, Kovalchuk, 2022). For cartographic 
modeling of the structure (hypsometry of the roof and sole of ore-bearing deposits and their thickness) 
and qualitative indicators (distribution of ilmenite contents along the lateral and vertical cross sections 
of wells) of ore-bearing formations, a target database was created, which contains data on well 
coordinates, their description, and test results. Cartographic constructions were made using GIS 
technologies in the Software Surfer software. On the abscissa and ordinate axis, rectangular 
coordinates X and Y are indicated. The average content (kg/m3) in the wells was used to construct 
maps of the lateral distribution of ilmenite content of sediments. 
 
Results 
 
The Osynova area is located southeast of Irshansk, in the northern part of the Mezhyrichne deposit. 
The geological structure of the Osynova area includes crystalline basement rocks of different ages and 
genesis, their weathered crust, Mesozoic (Lower Cretaceous continental and Upper Cretaceous 
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coastal), Paleogene (marine and continental), Neogene and Quaternary continental deposits 
(Semenenko, Veklich, 1967; Nesterenko, 2018; Figurа, Kovalchuk, 2022). 
Ilmenite deposits in the crust of the weathering of the crystalline rocks of the foundation of the main 
composition, as well as in the continental (Aptian-Albian, Irshan suite) and coastal (Turonian, Moshn-
Rudnyan suite) deposits of the Cretaceous system are a useful mineral (Semenenko, Veklich, 1967; 
Nesterenko, 2018; Figurа, Kovalchuk, 2022). Practically the entire weathering crust contains ilmenite 
in industrial concentrations (Semenenko, Veklich, 1967). Fluctuations in the content of ilmenite in the 
weathering crust are caused by the petrographic composition of the crystalline rocks of the foundation 
due to which the eluvium was formed. The maximum content of ilmenite in the weathering crusts is 
721.8 kg/m3, and the highest content of ilmenite is contained in the eluvium formed as a result of the 
weathering of gabbro-peridotites and fine-grained gabbro; in the weathered crust of gabbro-
anorthosite and anorthosite, the content of ilmenite is up to 4.0% (Semenenko, Veklich, 1967; 
Nesterenko, 2018). 
 
The lateral distribution of the average ilmenite content in the weathering crust over a significant area 
of the site is uniform with local halos where the ilmenite content is significant. In the vertical section 
of eluvial kaolins, the ilmenite content is more or less uniform, sometimes with several enrichment 
horizons. The productive stratum of the area consists of continental Lower Cretaceous rocks of the 
Irshan suite. They fill buried paleodepressions. The thickness of the deposits varies from tens of 
centimeters to 23.0 meters. The productive stratum is composed of redeposited kaolins (often with 
sand) and multigrained sands, with a slight predominance of kaolins in the northeastern part of the 
area. The thickness is characterized by frequent facial changes. Horizons of enrichment of sands with 
ilmenite content up to 20 kg/m3 form several not clearly defined levels of enrichment. Horizons of 
enrichment of sands with an ilmenite content of more than 100 kg/m3 are located, as a rule, in the 
lower part of the section and lie directly on the weathering crust. Almost kaolin-free coarse-grained 
and gravelly sands that lie on the floes do not contain industrial contents of ilmenite. Thus, the 
significant content of the clay component in sandy deposits determines the significant content of 
ilmenite in them. The thickness of the layers of maximum ilmenite enrichment reaches 3.5 m or more. 
In some places, a significant amount of ilmenite is found in the middle part of the sand layer, but their 
thickness, as a rule, does not exceed 1.0-2.0 m. Sometimes the horizons of enrichment of sands with 
ilmenite are located at the contact with the sandy-siliceous rocks of Turonian. 
 
Redeposited kaolins lie on sands in the form of lenses and lenticular layers, in some cases – in the 
lower part of the section or fill the entire continental stratum (Figurа, Kovalchuk, 2022). The content 
of the clay component is 80% or more (Nesterenko, 2018). The maximum content of ilmenite in 
redeposited kaolins is 493.9 kg/m3 (Semenenko, Veklich, 1967; Nesterenko, 2018). The presence of a 
small amount of fine-grained sand in kaolins reduces their ilmenite content. Significant amounts of 
ilmenite in redeposited kaolins form a lateral series of local areas of sharp enrichment. In the vertical 
section of the wells, the content of ilmenite in redeposited kaolins is more or less uniform. Sometimes 
in different parts of kaolins there are layers with significant contents (over 100 kg/m3) of ilmenite. 
 
Overburden rocks within the Osynova area are represented mainly by Upper Cretaceous formations 
and Quaternary deposits (loams, sandy loams, sands). The sediments of the Turonian layer are 
represented by sand and flint rocks of the Moshno-Rudnyan suite, which has an almost continuous 
distribution (Nesterenko, 2018). Sand-silica rocks are composed of flints of different sizes (from 1.0 
cm to 0.5–1.0 m) and shapes, and multi-grained sand, in the lower part – kaolin. The ilmenite content 
in this horizon sometimes reaches 121.3 kg/m3. The maximum contents of ilmenite are confined to the 
lower part of the deposits; in some places horizons less enriched in ilmenite occur in the upper part. In 
Quaternary loams and sandy loams, the content of ilmenite is up to 15.0 kg/m3; in sand – up to 17 
kg/m3. 
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Figure 1 Lateral distribution of the average ilmenite content in eluvial kaolins 
 

 
Figure 2 Lateral distribution of the average ilmenite content in the productive horizon 
 

 
Figure 3 Lateral distribution of the average ilmenite content in overburden rocks 
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Conclusions 
 
The ore content of the weathering crust is determined by the ore content of the crystalline rocks of the 
foundation; the ore-bearing capacity of the productive horizon is determined by the ore-bearing 
capacity of the weathering crust and the facies conditions of the formation of continental deposits; the 
ore-bearing capacity of overburden rocks is due to the ore-bearing capacity of the rocks on which they 
lie with erosion. Productive deposits of the Irshan suite (Aptian-Albian) fill an ancient erosion-
tectonic paleo-depression. The crust of the weathering of the crystalline rocks of the foundation was a 
bottom surface for the alluvial Lower Cretaceous deposits of the Irshan suite. The lateral distribution 
of the average ilmenite content of the productive layer is subject to the contours of the paleo-
depression and is elongated from the southwest to the northeast. The distribution of ilmenite in 
overburden rocks has the same direction.  
 
Between the average content of ilmenite in eluvial kaolins and redeposited kaolins and eluvial kaolins 
and alluvial sands, there is a direct weak («+» 0.23) and very weak («+» 0.19) correlation. The direct 
correlation between the productive horizon and overburden rocks is very weak («+» 0.05). 
 
The obtained results indicate a complex relationship between ore-bearing formations of different ages 
and different genesis. Areas of ilmenite enrichment of deposits of different ages and genesis rarely 
coincide. The results of research can serve as an information base for supporting mining operations 
within the Osynova area. 
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