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SUMMARY 

Large titanium-zirconium placer deposits in the upper reaches of the Samotkany River were 
formed due to the coincidence of a number of favorable factors - geological structure, 
tectonic and neotectonic movements, paleoclimatic, paleogeomorphological, 
paleohydrological conditions. Important information regarding the genesis of Samotkansky 
titanium-zirconium placer deposits is provided by the study of their main constituent 
minerals, in particular a group of titanium minerals – ilmenite, leucoxene and rutile. The 
chemical composition and physical properties their minerals of placer deposits which with 
data on lithological composition, texture analysis, the nature of stratification of layers of 
productive bodies and containing placers were investigated. They allow us to draw 
conclusions about them a historical-genetic and paleogeographic nature, which have 
scientific and practical significance, were made.  
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Introduction 
The placer deposits of the Samotkani River basin are located within the Ukrainian subprovince of 
titanium and titanium-zirconium placer deposits (USTTZPD), which is part of the placer province of 
Eastern Europe (Komliev, Bortnyk, 2021). The elements and search units of  USTTZPD are zones, 
districts, fields, deposits, ore deposits and mineralization points. The most significant placer deposits 
are located within the Ukrainian shield (US). The complex geostructural position of the US was 
manifested in its heterogeneity, differentiation into tectonic blocks of different orders 
(Tectonics…,1972). Among them, the Middle-Dnieper tectonic block stands out in particular, where 
Samotkansky placer deposit is located. They were formed at the beginning of the stage of neotectonic 
activation in the Neogene (Komliev, Zhilkin, 2022). Formation factors and substance composition of 
the Samotkansky placer deposit considered in publications (Dudrovych, Mukhyn, 1977; Dyadchenko, 
Tsymbal, Zamorii, 1975; Komliev, 1988; Komliev,1995; Komliev, Remezova, etc, 2017; Ovcharenko, 
1977; Tsymbal, Polkanov, 1975; Vasylenko, 2015; Veklych et al., 1965). Minerals of the heavy 
fraction of the placers deposits for historical-genetic and paleodynamic reconstructions less studied.  
Their results are important for geology, paleogeography, geomorphology, paleogeomorphology, 
paleoclimatology, paleohydrology. 
Method and Theory 
The study of ilmenite and rutile from the productive sands of the Samotkansky placer deposit for the 
purpose of genetic reconstructions was based on the results of laboratory studies of samples taken 
from the cores of wells, pits, quarries, outcrops by production organizations (geological expeditions, 
mining plants), by the authors during their field work. The study of the mineral composition of 
deposits containing placers, monofractions of titanium minerals, the chemical composition and 
physical characteristics of the latter was carried out by traditional laboratory methods (granulometric, 
mineralogical, chemical, thermal, spectral, X-ray structural, pycnometric, Clerichi heavy liquid, 
electromagnetic separation, binocular magnifying glass). Their results present in tables, histograms, 
diagrams, distribution curves, special maps can be effectively used for genetic reconstructions, 
especially taking into account the geological and others factors that influenced the formation of 
Samotkansky placer deposit. 
Results 
The main factors that influenced the formation of Samotkansky placer deposits were geological 
structure, structurally-tectonic, neotectonic, geomorphosystemic, paleoclimatic, paleohydrodynamic. 
The geological structure of the territory of the Samotkansky deposits includes crystalline rocks of the 
precambrian basement and sedimentary rocks of the Cenozoic system - Paleogene (buchac, kyiv and 
kharkiv switas), Neogene (Poltava swita, Sarmatian layer, horizon of red-brown clays and loams), 
Quaternary.  
The rocks of the crystalline foundation are located at a depth of 80-160 m and do not reach the 
surface. Despite the high content of ilmenite and rutile in them, they are not considered as power 
sources of the placer, since they lie deep within the deposit. 
A necessary condition for the formation of ilmenite placers is a developed kaolin crust of weathering 
of certain crystalline rocks. During crust formation, ilmenite is released from crystalline rocks and 
enters sedimentary rocks. On the territory of the Samotkansky placer deposit, the weathered crust, 
including with a developed kaolin horizon, is found in the depressions of the foundation surface, 
places of development of basic and metamorphic rocks. In some cases, the thickness of the weathering 
kaolin crust reaches 80 m under the deposits of the buchac swita. Within the US, the main epochs of 
the formation of the kaolin (less laterite) crust of weathering occur in the Paleozoic-Mesozoic. From 
the Oligocene and especially in the Neogene, there was active erosion of ancient weathering crusts 
and accumulation of their destruction products (heavy minerals) in placers (Veklych et al.,1965). 
The neotectonic factor directly affected the formation of the Samotkansky deposit, since at the 
beginning of the neotectonic stage (late Oligocene-early Miocene) there were regimes and conditions 
of tectonic movements favorable for placer formation - sign-changing, moderate and weak (Palienko, 
1992). 
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Relief in placer geology is traditionally considered as a static factor. At the same time, the detailed 
comprehensive works carried out in promising areas of the USTTZPD and beyond, use in prospecting 
works of various minerals the concept of morpholithorudogenesis, where "relief" is a historical-
dynamic geomorphosystem. A geomorphosystem model was created, where the main structural 
elements are basin historical and dynamic geomorphosystems. In the model, the Samotkansky deposit 
is located within the Vilnogorsk basin historical-dynamic geomorphosystem (Komliev, 2005). 
The role of the paleoclimatic factor for the Samotkansky deposit consisted, first of all, in the fact that 
the weakened tropical climate in the Mesozoic and humid subtropical climate in the Paleogene and 
less humid in the Neogene contributed to the formation of kaolin weathering crust here, which was the 
main source of placer minerals (Dodatko, 1976; Veklych et al., 1965). 
Direct information about the paleohydrodynamic conditions of the formation of the Samotkansky 
placer deposit is provided by the data of petrography and lithology of the deposits of the Poltava swita 
and the Sarmatian layer, the peculiarities of the distribution of heavy minerals in them, their 
typomorphic features, textures in the sedimentary stratum, manifestations of the biosphere (plant 
remains, remains of living organisms and traces of their activity) in within the boundaries of the 
deposit. These data indicate that there were conditions in the area of the deposit that were favorable 
for the accumulation of heavy minerals and the removal of light ones. This could happen in the 
marine environment. 
Mineral composition of the ore sands of the Samotkansky placer deposit includes quartz, clay 
minerals, ilmenite, staurolite, tourmaline, disten, sillimanite, rutile, zircon, leucoxene, anatase, 
monazite, andalusite, viridin, spinel, magnetite, limonite, carbonates, micas (biotite and muscovite), 
manganese oxides, garnet, feldspars, pyrite (Tsymbal, Polkanov, 1975). 
Minerals of the heavy fraction are the main components of ore sands. The content of the light fraction 
is significantly different in ore sands, in which a different content of titanium minerals is observed. 
The fewest light minerals are in rich ores, the most in off-balance ones. On average, the sum of light 
and clay fractions in the Samotkansky deposit is 95%. Minerals of the heavy fraction are only 5%. 
Among the minerals of the heavy electromagnetic fraction, ilmenite, staurolite, tourmaline are the 
most common, chromite, magnetite, spinel, and monazite are less common. Among the minerals of 
the heavy non-electromagnetic fraction, the most characteristic are rutile, leucoxene, zircon, disten, 
and sillimanite. In general, the sands of the Sarmatian layer and the Poltava swita, to which titanium-
zirconium mineralization is confined, are similar in terms of mineral complexes.  
According to the granulometric composition, the largest fraction is dominated by quartz. Dissten, 
staurolite, sillimanite, tourmaline, ilmenite, rutile, zircon, and monazite follow in the smaller 
fractions. However, the grains of all minerals have the same weight.  
Ilmenite. Ilmenite is the most common titanium mineral of the Samotkansky deposit. In ore sands of 
Sarmatian and Poltava age, ilmenite is similar in chemical composition and physical properties, 
differing only in the degree of rolling and grain size. Ilmenite grains are strongly leucoxenized and 
their color is characterized by various shades of brown, from light to almost black. The main mass of 
ilmenite is concentrated in fractions with a specific gravity of 3.86 - 4.27. Ilmenite grains that have 
the correct crystal shape with clear faces are quite rare. 
Ilmenite from the the Sarmatian sands is well-rolled. Its grains have different sizes and are 
distinguished by a strong shine. Ilmenite is mainly found in granulometric fractions - 0.18+0.125 mm. 
In the sands of the Poltava swita, ilmenite is almost not rolled, has a fragmented appearance, and 
prevails in granulometric fractions 0.10 + 0.071 mm. 
According to chemical analyzes of ilmenite of monomineral fractions content of TiO2 from 59.2% to 
67.95%, which significantly exceeds its theoretical content. 
Samotkansky  ilmenite is the complete absence of oxidized iron. All the iron here is in the oxidized 
form. The content of Fe2O3 in ilmenite ranges from 21.7% to 29.79%. Instead, theoretically, the main 
mass of iron in ilmenite should be in an oxidized form (47.34%), and oxide iron should be no more 
than 6 %. The content of Fe2O3 in ilmenite is quite constant, which may indicate a complete transition 
of oxidized iron into oxidized iron. Fe2O3:TiO2 in ilmenite of the Samotkansky placer deposit is 1:5. 
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Chemical analyzes of ilmenite revealed the contents of SiO2 (0.89%), Al2O3 (3.5%), MnO (0.91%), 
MgO (0.83%), Nb2O5 (0.1%), Ta2O5 (0 .02%), V2O5 (0.13%). Also a high content of Cr203 is observed 
in an interval 0.28-3.36% and P2O5 in the amount of 0.05-0.28%. 
X-ray structural studies of Samotkansky ilmenite revealed that the brown ilmenite of some samples 
from the sands of the Poltava swita is characterized by an "incomplete rutile crystal structure", often 
not preserving the ilmenite structure at all. Ilmenites of the Sarmatian and Poltava sands are visually 
similar. Samotkansky ilmenites have no lines of hematite and ilmenite lines, but rutile lines are 
strengthened. 
Detailed studies of the ilmenite of the Samotkansky deposit indicate that it is not a typical ilmenite by 
most features, but a significantly altered ilmenite, which is characteristic of placer titanium deposits of 
coastal-marine genesis. The ilmenite of the Samotkan deposit is significantly different from the 
theoretical ilmenite. It is characterized by an extremely high content of TiO2, little iron oxide, low 
specific gravity and magnetism. It dissolves well in acid. 
Leucoxene is the final product of the alteration of ilmenite is which is constantly present in the ore-
bearing sands of the Sarmatian layer and the Poltava swita. Leucoxene from Sarmatian and Poltava 
sands are significantly different. Sarmatian leucoxene has larger grains, is well rolled. Leucoxene 
from the Poltava sands is much finer, has a rough surface and is slightly rolled. The color of 
leucoxene is yellow-brown of various shades, cream, gray, greenish-gray, white. It is opaque. 
Leucoxene is a hidden crystalline form of titanium dioxide. The specific gravity of leucoxen varies in 
the range of 3.71-4.1. Leucoxene is concentrated in the non-electromagnetic fraction together with 
rutile. X-ray structural data show that leucoxene is similar to rutile. According to chemical analysis, 
leucoxene contains 88.1-90.91% of titanium dioxide, oxidized and oxidized iron. Spectral analyses 
show presence chromium, vanadium, niobium, copper, lead, nickel, cobalt. It is possible that some 
leucoxene grains are formed from rutile. 
Rutile in the Neogene (Poltava swita) sands of the Samotkansky deposit is mainly concentrated in the 
granulometric fraction of 0.1-0.071 mm. In the rutile+leucoxene monofraction, the content of TiO2 in 
rutile is 81.81% - 97.85 %. In pure rutile, the TiO2 content is 94.24% - 99.87%. Oxidized and 
oxidized iron in rutile in averages 1.67 %. Chemical analyzes of black, red, and yellow rutile show 
that TiO2 is highest in black rutile (97.76 %) and lowest in red rutile (92.24 %). The most 
characteristic features of Samotkansky rutile are high content of TiO2, low iron oxide and lower 
specific gravity caused by their leucoxenization. 
Conclusions 
Data of the study of features ilmenite and others minerals from the Samotkansky placer deposit, 
which are supplemented by observations of the textures of sedimentary rocks containing placers, 
allow us to draw conclusions the paleogeomorphological and paleohydrodynamic conditions of their 
formation about. 
In the ore-bearing stratum of the Poltava swita, thin oblique layering in different directions is 
observed. Along the extension of the zone, layers of ore sands are wedged out, which is characteristic 
of the surf zone of the Oligocene sea, which has regressed. The Oligocene sea receded to the northeast 
and its coastline periodically stabilized. Here, in the surf zone, the sediments of the Kharkiv layers, 
which came from the land and islands, were washed away and heavy minerals accumulated. As the 
sea retreated, the land area increased, and aeolian differentiation of ore-bearing sands took place in the 
coastal dunes. 
The heavy minerals of the Sarmatian ore-bearing sands of the Samotkansky placer deposit came from 
the deposits of the Poltava swita and the Kharkiv layers, as well as the weathered crusts of crystalline 
slates and granites. Their industrial content is noted in separate sections of the sub-latitude zone, 
which stretches for a distance of 19 km and has a width of 2.5 km. In this zone, the accumulation of 
heavy minerals and the removal of light ones took place. Such conditions are typical for shallow sea 
basins. This is confirmed by the movements of silt-eating molluscs found in the sand, and in the 
sections, traces of wave ripples and oblique layering, which are especially characteristic of the lower 
part of the ore-bearing stratum.             
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A rather thick and uniform stratum of Sarmatian sands testifies to the long-term stability of the 
conditions of accumulation of the ore-bearing stratum. At the beginning of accumulation, the sea was 
not deep, and during storms and disturbances, the sediments were often eroded and redeposited. This 
confirms the oblique layering in them and is inconsistent with the deposition of separate series of 
layers. With the development of the transgression, the depth of the sea increased, and surface 
disturbances did not affect the accumulation of sands. The increase in the depth of the sea led to the 
accumulation of a uniform horizontally layered layer of sands with heavy minerals evenly scattered in 
them. Paleohydrodynamic conditions - the existence of a constant along-shore sea current led to the 
gravitational differentiation of terrigenous material that came from land. In the coastal zone, coarse 
material was deposited, and deeper, where the current speed was less than 1 m/s, quartz grains with a 
size of 0.2 mm and heavy minerals with a size of 0.12 mm were deposited. Most of the light minerals 
were carried outside the deposit. Clay minerals in the sands of the Sarmatian age probably have an 
epigenetic origin. 
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