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PROSPECTS FOR THE DEVELOPMENT OF LIGHT 
AND HEAVY RARE EARTH ELEMENTS 

FROM ZIRCON-ILMENITE DEPOSITS IN UKRAINE

Purpose. To identify the most promising mineral deposits in Ukraine containing light and heavy rare earth ele-
ments (REE) in accordance with the assessment criteria of the European Commission, considering the global de-
mand for critical raw materials and the cost of their sale.

Methodology. The work used a set of research methods: generalization – systematization of information on world 
production and demand for light and heavy rare earth elements; analogy and comparison – generalization of experi-
ence in determining the distribution of rare earth elements in placer and core deposits; analysis and synthesis – to 
substantiate the feasibility of involving existing deposits of critical raw materials in development; empirical – to com-
pare existing information on deposits of rare earth elements in Ukraine with the classification of the European Com-
mission, in which they are divided into light and heavy materials.

Findings. The most promising primary and placer deposits of light and heavy rare earth elements in Ukraine have
been identified, according to an assessment by the European Commission. It has been established that the leading 

light rare earth elements found in zircon-ilmenite deposits of Ukraine are lanthanum, cerium, praseodymium, and 
neodymium, while the heavy ones are represented by terbium, dysprosium, erbium, and ytterbium. The potential 
content of light and heavy REE in primary deposits of Ukraine has been determined, according to which the main 
concentrations were found for light elements. Of the total content of light REE in ore, the largest share is represented 
by cerium (up to 28 % of the total quantity of deposits), lanthanum (up to 21 % of deposits) and neodymium (up to 
18 % of deposits). In the same deposits, the yttrium content of the total share of REE does not exceed 3 %, and the 
remaining elements require additional study. It has been established that in placer deposits, the largest share of the 
total content of light REE in the ore is represented by cerium (up to 16 % of deposits), lanthanum (up to 14 %) and 
neodymium (up to 11 %), and the yttrium content does not exceed 3 %.

Originality. For the first time, the division of rare earth elements contained in zircon-ilmenite deposits in Ukraine 
into light and heavy elements, according to the European Commission’s classification, was carried out. Deposits of 
critical mineral raw materials in Ukraine have been identified, from which light and heavy rare earth elements can be 
extracted. The need for further study of mineral deposits in the Azov, Volyn, and Polissia regions, as well as the Dni-
propetrovsk and Zhytomyr regions, was substantiated to identify new locations of light and heavy rare earth elements 
and expand their existing list.

Practical value. It has been determined that Ukraine has sufficient potential for the development of light and heavy 
rare earth elements from zircon-ilmenite deposits, as classified by the European Commission. However, for their effec-
tive exploitation, it is necessary to create a modern geological database, develop and implement the latest enrichment 
technologies, attract investments with the development of a transparent market, and organize a closed production cycle.
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Introduction. The development of high-tech indus-
tries of the 21 st century is impossible to imagine without 
the use of light (LREE) and heavy (HREE) rare-earth 
elements. That is why they belong to the category of 
critical mineral raw materials, which play a crucial role 
in ensuring global supply chains; their shortage, even for 
a short time, can lead to the shutdown of entire econom-
ic sectors [1].

The existing experience of manufacturing and pro-
viding consumers with these materials shows that until 
2010, their production was not attractive due to low prof-
itability, and almost all REE in the world was manufac-
tured in China. A significant reduction in supply from 

Chinese companies led to a tenfold increase in global 
prices for REE in 2011, arousing interest in other coun-
tries in developing new or preserving mineral deposits.

The search for new deposits around the world led to 
the entry of REO producers from the USA, Australia, 
Myanmar, Thailand, Malaysia, and other countries into 
the market in 2018 [2]. This allowed for partial diversifi-
cation of securing global supply chain risks and stabili-
zation of the cost of rare earth elements.

The primary consumer of REE is the military-in-
dustrial complex (MIC), which utilizes materials with 
high strength characteristics, including special glass, ce-
ramics, and various alloys, for the development of avia-
tion. An integral part of aluminum alloys is ultralight 
scandium, which is used in the construction of aircraft. 
Aerospace, modern gadgets, nuclear energy, photo and 
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computer technology – all of these are impossible with-
out the use of REE [3].

The use of light rare-earth elements, such as neo-
dymium and praseodymium, is indispensable in energy 
and electrical engineering technologies. Their proper-
ties allow the creation of powerful permanent magnets 
used in electric car engines, portable electronic devices, 
and wind turbines.

In the chemical industry, lanthanum and cerium are 
utilized as catalysts, particularly in the oil cracking pro-
cess. Car exhaust gas purification systems are effective 
due to the action of catalysts that include cerium. In the 
production of optical lenses and displays, cerium is used 
as a polishing material [4]. In metallurgy, lanthanum is 
used as an alloying agent for cast iron and steel to en-
hance mechanical properties and corrosion resistance. 
Thanks to cerium, glass acquires different colors, which is 
essential for optical filters and laser systems technologies.

The use of heavy REE has become widespread in var-
ious industries, especially in high-tech processes. For ex-
ample, terbium and dysprosium are part of high-temper-
ature neodymium-based magnets [5]. The presence of 
these REE increases the stability of magnets when heated, 
which is significant for aircraft and automotive engines.

From the general group of heavy REE, gadolinium is 
worth highlighting, since, due to its neutron absorption 
properties, it can be used as a material for control rods of 
nuclear reactors [6]. It is also used in medicine as a com-
ponent of contrast agents for magnetic resonance imag-
ing (MRI), in the manufacture of diagnostic equipment, 
and in medical lasers.

Europium is used in the production of phosphors for 
LEDs and television screens, while thulium, erbium, 
and holmium are used in lasers and fiber-optic commu-
nication systems [7].

Of particular note is ultralight scandium, which, ac-
cording to the European Commission classification, does 
not belong to light or heavy REE. It is widely used as an 
alloying element to produce aluminum-based alloys. Due 
to its unique physicochemical properties, the addition of 
this material to alloys reduces the weight of materials while 
increasing their corrosion resistance and strength [8]. It is 
ideal for producing alloys used in aircraft, spacecraft, and 
missiles. Scandium is also used in high-tech alloys for 3D 
printing (additive manufacturing). This enables the print-
ing of robust and lightweight structures for military and 
industrial applications. This REE has promising applica-
tions in next-generation batteries and fuel cells, increasing 
their service life and improving energy efficiency.

Thus, it can be argued that the development of the 
raw material base for obtaining light and heavy REE is 
one of the key areas of providing high-tech industries 
with critical materials [9, 10], and countries with exist-
ing reserves of these minerals are becoming essential 
players in the world market. Participation in the diversi-
fication of risks in the functioning of REE supply chains 
to consumers from leading economies worldwide will 
enable Ukraine to receive additional security guarantees 
and economic benefits. In this regard, the country faces 
an essential task of exploring, evaluating, and develop-
ing REE deposits as a critical resource for the function-
ing of the technological industries of the economy [11].

Literature review. In the work [12], three primary 
sources of rare earth elements in Ukraine are identified, 

which include primary apatite-ilmenite deposits and ex-
ogenous deposits formed because of weathering. Atten-
tion is also paid to complex ilmenite-rutile and ilmenite-
zirconium deposits, in which rare earth elements occur 
as associated raw materials. It is determined that the 
content of these elements in titanium ores can vary de-
pending on the specific deposit and geological condi-
tions, which emphasizes the need for analysis of each 
selected area. It is worth noting that the primary research 
in this work focuses on titanium-bearing minerals within 
the Ukrainian Crystalline Shield, which does not allow 
for coverage of their entire geography within the country.

In the conducted studies [13], the authors propose 
distinguishing four groups of critical raw materials, 
which have varying degrees of geological certainty, de-
termining their further potential for commercial devel-
opment. Rare earth element deposits are often com-
bined with lithium deposits into a single group, which is 
characterized as being mostly explored and having sig-
nificant reserves. According to the information provid-
ed, these deposits are currently not in commercial pro-
duction but can be brought into production after an ap-
propriate geological and economic assessment. Thus, 
the results of the above studies suggest that there is an 
insufficient level of certainty regarding the prospects for 
the development of rare earth material deposits, consid-
ering their classification into light and heavy elements.

In the studies [14], a general description of the me-
tallic mineral deposits of Ukraine is provided, from 
which the largest Kryvyi Rih iron ore basin is distin-
guished, which is connected to the base of the Ukraini-
an crystalline shield. Also, general information is given 
on the location of complex primary deposits of ilmen-
ite-apatite ores and deposits of precious and rare-earth 
metals. However, during the studies, insufficient atten-
tion was paid to promising deposits of critical raw mate-
rials, which include light and heavy rare-earth elements.

The paper [15] examines the impact of the war in 
Ukraine on global trade in rare earth elements and related 
critical metals (Nb, Ta, Sc, Co, Pd), as these events pose 
a risk to the production of key technologies. Disruptions 
to global supply chains for critical raw materials have led 
the United States and the European Union to intensifying 
the efforts to diversify their sources of supply and reduce 
dependence on Beijing. The results of the paper empha-
size the importance of the emergence of new players in 
the global rare earth elements market; therefore, the role 
of Ukraine, a country with significant mineral reserves, 
should be reassessed to attract potential investors.

The research conducted in [16] highlights the crucial 
role of rare earth elements in achieving the United Na-
tions’ Sustainable Development Goals. They play a key 
role in implementing energy transition through renew-
able programs in various countries. The factors contrib-
uting to the global shortage of rare earth metals have 
been identified. One of the primary challenges for the 
functioning of rare earth metal supply chains, from pro-
ducers to consumers, is the increasing growth of geopo-
litical risks and the intensification of international com-
petition. Thus, the presented analysis of works in the 
field of research enables us to determine the relevance of 
involving Ukraine in the development of new rare earth 
element deposits. This will partially diversify the risks 
associated with supplying critical raw materials on the 
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global market. The classification of these deposits into 
light and heavy rare earth elements, as assessed by the 
EU, will enable us to unify our existing raw material base 
in accordance with European Commission legislation.

In 2024, the world reserves of rare earth elements are 
estimated at 90 million tons [17], while according to the 
United States Geological Survey (USGS), almost half 
of the estimated oxides of these metals are in China 
(44  million tons). Brazil and India are in second and 
third places with 21.0 and 6.9 million tons, respectively. 
The presence of significant reserves of rare earth ores in 
China enables it to play a dominant role in providing 
global supply chains with critical raw materials. Table 1 
presents the distribution of the leading global producers 
of light and heavy rare earth elements, as classified by 
the European Commission in 2023 [18].

The analysis of the distribution of REE production by 
country worldwide in 2023 (Table 1) confirms that Chi-
na’s share ranges from 66.7 to 84.4 %, depending on the 
specific critical element. At the same time, the produc-
tion of REOs (Rare earth oxides) in Australia and the 
United States reaches 19 % for all aspects except terbium, 
dysprosium, and scandium. The largest share of produc-
tion in China is for terbium and dysprosium, accounting 
for 84.4 % of the total, while the share of scandium oxide 
production is the smallest among the others, at 66.7 %.

According to the results of the assessment of the 
United States Geological Survey (USGS), the global 
production of REE oxides in 2024 amounted to 390 
thousand tons [19], excluding the scandium processing 
portion. Compared to 2023, REOs production increased 
by 9 % due to the introduction of new plants in China, 
Nigeria, and Thailand into the global market.

The most significant difficulty associated with ob-
taining REE lies in the process of their extraction from 
ore deposits, since they are usually found in a dispersed 
state. Even though rare earth metals are on average 
200  times more common than gold, their concentra-
tions are, in most cases, economically infeasible for ex-
traction under existing technologies.

The total number of rare earth elements is 17, but it is 
worth noting that promethium is the only one among 
them that is a radioactive and unstable metal with a de-

fined half-life. Because of this, its use in industry is mini-
mal and it does not belong to the critical raw materials ac-
cording to the European Commission 2023 classification.

According to the results of research [20], in the pro-
duction of REE oxides, their ratio among themselves in 
descending order is as follows: cerium 43.2 %; lantha-
num 24.9 %; neodymium 16.2 %; yttrium 4.9 %; pra-
seodymium 4.6 %; samarium 2.2 %; gadolinium 1.4 %; 
dysprosium 0.9 %; erbium 0.5 %; ytterbium 0.4 %; euro-
pium 0.3 %; holmium 0.2 %; terbium 0.2 %; thulium 
0.1 %; lutetium 0.1 %. According to the source [21], the 
annual production of scandium oxide is approximately 
40 t, or 0.01 % of the total production of REE oxides in 
the world. The obtained data enable us to roughly esti-
mate the annual production volumes of REE oxides in 
2024 for each element, considering the total production 
volume of 390 thousand tons (Fig. 1).

According to the established indicators (Fig. 1), the 
global production of REOs ranges from 40 tons of scan-
dium to 168,500 tons of cerium. At the same time, al-
most 92 % of the total production volume of all REOs 
falls on light oxides of LREE. Among HREE, the most 
produced oxides are yttrium, gadolinium, dysprosium, 
erbium, europium, and ytterbium. The production of 
other REE oxides does not exceed 1,000 tons per year.

Since the production of REE oxides is extremely ex-
pensive, and the cost of extraction increases depending 
on the complexity of the technological processes and 

Table 1
Central producing countries of rare earth oxides 

in 2023, %

REE Share of production by country, %
China Australia USA Myanmar

Light REE:     
- lanthanum, cerium,
praseodymium, 
neodymium, 
samarium

68.3 9.9 9.2 ‒

Heavy REE:
- yttrium, europium, 
gadolinium, 
holmium, erbium, 
thulium, ytterbium, 
lutetium

68.3 9.9 9.2 ‒

- terbium,
dysprosium

84.4 ‒ ‒ 9.3

Scandium: 66.7 ‒ ‒ ‒

Fig. 1. Annual production volume of rare earth oxides 
(REOs) in 2024:
a – by atomic number; b – by production volume, tons

a

b
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the share of each element in the raw material, their value 
on the world market will vary significantly. To establish 
general indicators of the financial value of the oxides of 
each REE, they were ranked according to the current 
value on world markets, according to open source data 
[22, 23] (Fig. 2).

The ranking of REE oxides by cost (Fig. 2) allows us to 
state that terbium oxide is the most expensive, with a price 
of 758.6 USD/kg in 2025 [22]. The lowest costs are ob-
served for the production of cerium oxide, 1.4 USD/kg. 
It has also been determined that the most expensive pro-
duction is that of heavy REOs: lutetium at 646.9 USD/kg, 
thulium at 261 USD/kg [23], and dysprosium at 
168 USD/kg. The cost of the remaining REE oxides does 
not exceed 80 USD/kg. These values correlate with the 
production volumes of REO oxides (Fig. 1), as metals 
produced in minimal volumes have the highest cost.

A similar relationship is observed for the rare earth 
element scandium, which, according to the EU classifi-
cation, does not belong to either the light or heavy REE 
group. The production of its oxide is limited to 40 tons 
per year, while the cost reaches 615.40 USD/kg [22].

Analysis of the established production volumes of 
light and heavy REE oxides and scandium, and their 
market value in 2025, allows us to determine the total 
cost of manufactured raw materials in the world, as well 
as to rank the cost of fabricating individual rare earth 

metals by atomic number of chemical elements and 
market value of raw materials (Fig. 3).

The obtained results of ranking REE oxides by the to-
tal cost of manufactured raw materials (Fig. 3, b) enable 
us to establish that the most significant value in the raw 
materials market is 4.78 USD billion for neodymium ox-
ide. This is due to its wide application in electric vehicles, 
turbines, laser glass, and electronics, as well as its lower 
cost of $ 75.6 USD/kg compared to terbium 
($ 758.6 USD/kg) or dysprosium ($ 168.3 USD/kg). The 
following three positions are occupied by praseodymium 
(1.37 billion USD), terbium (591.7 million USD), and 
dysprosium (590.1 million USD). The lowest value of the 
raw material market is recorded for samarium, at 18 mil-
lion USD. The market for scandium oxides is 24.6 mil-
lion USD, with the smallest annual production volume 
(40 tons) compared to other REE oxides. The estimated 
total global market volume for REE oxides in 2025 is 
$  8,573.2 million, which correlates with the 2024 data, 
which estimated the total at $ 8.7 billion [24].

To compare the technical and economic indicators 
of rare earth element extraction, a comparison of the 
cost and volumes of their production in relative terms 
was performed (Fig. 4).

The obtained generalized research results (Fig. 4) al-
low us to determine that the most expensive oxides are 
heavy REOs – terbium and lutetium, as well as scandi-

Fig. 2. The cost of rare earth metal oxides on the world 
market in 2025:
a – by atomic number; b – by product cost, USD/kg

a

b

Fig. 3. Total cost of rare earth raw materials in 2025:
a – by atomic number; b – by total market value of raw 
materials, Million USD

a

b
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um; oxides of neodymium and praseodymium occupy 
the most significant sales market; the largest production 
volume is occupied by light REOs – cerium, lantha-
num, and neodymium.

The established indicators enable further assessment of 
the attractiveness of new rare earth metal deposits through 
a feasibility study. The obtained cost indicators and world 
production volumes of each rare earth metal are necessary 
to determine the feasibility of organizing mining and en-
richment operations at new mineral deposits that can po-
tentially be involved in development in Ukraine.

To establish practical methods for developing depos-
its of light and heavy rare earth elements in Ukraine, an 
analysis of the mining and geological conditions of these 
deposits worldwide was conducted.

Today, more than 70 native rare earth minerals have 
been identified worldwide, belonging to the classes of 
phosphates, carbonates, oxides, fluorides, silicates, sul-
fides, and borates. A special group is composed of rare 
earth tungstates – yttrotungsite and arsenates – retscha-
nite, which are very rare and have been practically un-
studied. Most native REE minerals are found in pegma-
tites, hydrothermal veins, and weathering crusts. Addi-
tionally, rare earth elements are found as impurities in 
more than 280 minerals. By composition, REE minerals 
are divided into groups (the main minerals are given in 
brackets): cerium (bastnaesite, knoptite, loparite, mon-
azite, parisite); gadolinium (samarskite); yttrium (eux-
enite, xenotime, yttrialite); yttrium-ytterbium (fergu-
sonite). A group of complex minerals (apatite, orthite, 
gadolinite, pyrochlore, sphene) has also been identified. 
The accumulation of light lanthanides often occurs in 
feldspars, and heavy ones in dark-colored minerals.

The REE minerals themselves include (in brackets 
are examples of the most essential minerals for industry 
with the maximum possible content): phosphates (mo-
nacite, rhabdophanite, xenotime), carbonates (bastnae-
site, parisite), oxides (fergusonite, loparite, euxenite), 
fluorides (yttrofluorite, yttrosynchysite), silicates (gad-
olinite, yttrialite), sulfates, borates, and tungstates. 
REEs can also be isomorphic impurities in other rock-

forming and accompany minerals in deposit [25, 26].
The geochemical behavior of rare earth elements is 

shaped by their characteristics, namely crystallochemi-
cal bonds, ionic radii, changes in valence, tendency to 
complex formation, sorption properties, thermodynam-
ic conditions of mineral formation, etc. [27, 28]. During 
the solidification of magmatic melt, there is a diffuse ac-
cumulation of REE, which is associated with their high 
solubility in fluoride systems. At the same time, during 
the post-magmatic stage, in pegmatites and carbon-
atites, their concentration increases due to the forma-
tion of their own minerals or isomorphic inclusion in 
other mineral phases. The probability of the formation 
of hydrothermal REE deposits, for example, at Bayan-
Obo (China) and Wuke Hill (Tanzania), has also been 
proven. Similar deposits are also found in Ukraine. The 
mechanisms of salt melt separation can explain this at 
the final stages of magmatic system evolution. Accord-
ing to experimental data, REEs under equilibrium melt 
conditions with a fluid can disperse in the form of com-
plex fluoride, phosphate, and halide forms, sometimes 
even at atmospheric pressure [25, 27]. At the same time, 
such complexes are not detected with chlorine; howev-
er, under conditions of chloride-sulfide separation, the 
elements can concentrate in silicate melts with signifi-
cant distribution coefficients. Under such conditions, 
high-temperature salt solutions with high concentra-
tions of rare-earth elements can form, which facilitates 
the development of their industrial clusters.

In the processes of hypergenesis, the nature of the 
distribution of rare earth elements is largely determined 
by their initial mineral form, susceptibility to hydrolysis, 
ability to form complexes, and the possibility of chang-
ing the valence state [25]. In mineral associations resis-
tant to weathering, REEs can form eluvial placers. When 
combined with unstable components, they can be car-
ried away or, conversely, accumulate in the weathering 
zone in the form of kaolinites, iron hydroxides, or newly 
formed mineral phases, serving as impurities. Under 
such conditions, it is possible to detect industrially sig-
nificant concentrations of REEs even with a low content 
of elements in bedrock, which makes their development 
practical. The search and study of such objects in Ukraine 
have acquired particular importance in the context of 
growing global demand for rare earth raw materials.

According to available data [27, 28], the process of 
element accumulation in weathering crusts occurs dur-
ing the early alkaline phase, primarily due to light lan-
thanides. In contrast, heavy elements and yttrium are 
partially removed. In the late acidic stage, on the con-
trary, light lanthanides, in particular lanthanum, are 
partially removed from rocks. In contrast, medium and 
heavy lanthanides, yttrium, are preserved in the form of 
sediments. This explains the broader distribution of light 
lanthanides in the upper part of the weathering crust.

Lanthanides are of critical geochemical importance 
due to their ability to isomorphically substitute both 
among themselves and with other elements with similar 
ionic radii. In the process of magmatic differentiation, 
their concentration increases from minimal in ultramafic 
and mafic rocks to the formation of their own minerals, 
such as orthite, monazite, and kainosite in granites, sy-
enites, and nepheline syenites. Alkaline granites are 
characterized by an increased content of rare earth ele-

Fig. 4. Comparison of the cost and production volumes 
of rare earth materials in relative values:
REOs (USD/kg) – market value of rare earth oxides, ter-
bium is taken as 100 % (758.6 USD/kg); REOs (t) – total 
production volume of rare earth oxides, cerium is taken as 
100 % (168,000  t); REOs Market (MUSD) – total cost 
of manufactured critical mineral in 2025, neodymium ox-
ide is taken as 100 % (USD $4 776M)
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ments and are associated with the formation of bastnae-
site, monazite, and sphene deposits. Pegmatites enriched 
in gadolinite, keelhautite, talenite, brytholite are associ-
ated with arfedsonite alkaline granites, and in pyrochlo-
re- and columbite-bearing granites, fergusonite, xeno-
time, gagarinite, monazite are present as accessory com-
ponents [27, 29]. The maximum concentrations of lan-
thanides are observed in nepheline and alkali syenites, 
which is due to the presence of their own minerals in 
significant amounts, mainly from the cerium subgroup.

Pegmatites are distinguished by the most incredible di-
versity and richness of rare earth mineralization among 
magmatic formations, including both their own REE min-
erals and apatite, sphene, garnet, etc. enriched with them.

During the process of bedrock exogenous destruc-
tion, some rare earth minerals, primarily oxides and an-
hydrous phosphates (such as monazite, xenotime, lo-
parite, euxenite, samarskite, and orthite), are preserved 
and accumulate in placers. At the same time, the vast 
majority of REE-containing minerals, in particular sili-
cates, anhydrous carbonates, and fluorides, are chemi-
cally unstable under weathering conditions and turn 
into hydrous carbonates and phosphates, rare earth col-
loidal forms (woodavrite), or hydrated compounds. In 
weathering crusts, REE are often concentrated in both 
their own minerals (rhabdophanite, bastnaesite, etc.) 
and as part of other hypergenic formations.

Unlike the lanthanides, yttrium is concentrated only in 
granitoids and related deposits, with its concentration in-
creasing from ultramafic and basic rocks to acidic ones. In 
granitoids, yttrium is usually found in apatite, sphene, zir-
con, epidote, and also forms its own minerals (fergusonite, 
xenotime, gadolinite, kainosite). Yttrium mineralization 
typically accompanies the final stages of intrusive massif 
formation and aplite dike development. When weathering, 
most yttrium minerals are resistant to destruction and 
form placers, but the same fluorides and yttrium silicates, 
as a result of chemical weathering, pass into the form of 
unstable hydrous carbonates and phosphates [29].

According to the genesis of REE, three types of de-
posits are distinguished: endogenous, exogenous, and 
metamorphic [25], which are also characterized by their 
geographical features, connection with the correspond-
ing groups of rocks, and other characteristics. In 
Ukraine, there are so-called traditional REE deposits 
associated with carbonatites (Novopoltavske) and Mari-
upolites (Mazurivske), as well as unconventional, en-
riched zirconium and rare-earth-zirconium ores formed 
in nepheline-free syenites (Azov and Yastrebetske de-
posits). In addition, within the Azov region, the Petro-
vo-Hnutivka occurrence of cerium group ores, repre-
sented mainly by parisite, calcite, and fluorite, was dis-
covered, which is comparable to the Mountain Pass 
(USA) and Bayan-Obo (China) occurrences. The arti-
cle then focuses on the characteristics of more promis-
ing REE deposits within Ukraine.

Purpose. The purpose of this work is to systematize 
the mineral deposits of Ukraine that contain light and 
heavy rare earth elements (REE) in accordance with the 
European Commission’s assessment criteria, consider-
ing global demand for critical raw materials, the cost of 
realization, and sales volumes. This will enable unified 
approaches to categorizing 16 elements as light or heavy, 
thereby preventing further inconsistencies in assessing 

mineral raw materials within the context of Ukraine’s 
European integration processes.

Setting the task. To achieve the set goal, the follow-
ing tasks are planned: determining the annual volume of 
rare earth oxides (REOs) production with the establish-
ment of their cost; comparing the price and production 
volumes of rare earth materials in relative values, which 
makes it possible to determine the most valuable and 
scarce among them; analyzing general information on 
the conditions of occurrence of light and heavy rare 
earth metal deposits, which allows investigating the 
most common conditions of their occurrence for further 
assessment; systematizing promising primary and placer 
deposits of Ukraine, in which light and heavy rare earth 
elements are concentrated.

Methods. The work used a set of research methods: 
generalization – systematization of information on 
world production and demand for light and heavy rare 
earth elements; analogy and comparison – generaliza-
tion of experience in determining the distribution of rare 
earth elements in placer and root deposits; analysis and 
synthesis – to substantiate the feasibility of involving ex-
isting deposits of critical raw materials in development; 
empirical methods – to compare existing information 
on deposits of rare earth elements in Ukraine with the 
classification of the European Commission, in which 
they are divided into light and heavy materials.

Results. Analysis of open sources allows us to estab-
lish the distribution of REE in the rocks of the Ukrai-
nian Shield. The accumulation of light lanthanides here 
is primarily associated with carbonate metasomatism 
[29]. In contrast, yttrium and heavy lanthanides are 
concentrated because of potassic metasomatism and 
greisenization processes. Of considerable interest are 
the carbonatite complexes of the Novopoltava, Maloter-
syanskyi, and Mazurivskyi massifs, as well as alkaline 
metasomatites. The Sushchano-Perzhanska zone, 
where intensive post-magmatic processes were record-
ed, contributed to the formation of secondary minerals 
that serve as carriers of rare earth elements (Fig. 5).

Depending on the type of host rocks, several main 
genetic types of endogenous mineralization are distin-
guished: zirconium-thorium-rare-earth type (in gran-
ites, syenites and pegmatites), represented by the Myko-
laivske and Sabarivske deposits (Prydniprovske), Yastre-
betske (Polissia) and the Uspenskyi manifestation in the 
Azov region; yttrium-rare-earth-zirconium and cerium-
lanthanum type (in alkaline syenites), which include the 
Azov, Anadolske and Petrovo-Hnutivske deposits in the 
Azov region; uranium-thorium-yttrium-rare-earth type 
(in potassium and sodium metasomatites), characteristic 
of the Lozuvatske, Kalynivske and Pivdenne deposits of 
the Kirovohrad uranium-ore district, as well as for the 
Balka Korabelna manifestation [30].

A lot of the listed deposits’ ores belong to the low-en-
riched category, which complicates their industrial devel-
opment and requires improvement of enrichment methods.

Based on this, four primary areas of endogenous ra-
re-earth mineralization development are distinguished – 
Podilskyi (Berdychivskyi, Zhytomyrskyi and Zveny-
horodskyi complexes), Perzhanskyi ore cluster (Yastre-
betske deposit), Kryvyi Rih uranium-ore region (Kor-
sun-Novomyrhorodskyi complex), and Pryazovskyi dis-
trict (Novopoltavskyi, Azovskyi, etc.). Manifestations of 
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the massif of nepheline syenites, characterized by pyro-
chlore-zirconium ores in albitites and mariupolites. Ore 
minerals in this massif include pyrochlore, zircon, fer-
rioxonite, monazite, and brytholite, among others. The 
REE content in the ores varies from 0.2 to 65 %. The 
comprehensive development of the deposit as a source 
of alumina raw materials, along with the parallel extrac-
tion of REE, is promising.

Thus, the Novopoltavske and Mazurivske deposits 
are of considerable interest as sources of light and heavy 
REE within the limits of endogenous mineralization, 
with prospects for comprehensive development in the 
strategic resource balance of Ukraine. It should be noted 
that the industrial concentration of scandium has been 
found within several alkaline and ultrabasic complexes 
of the Ukrainian Shield. The highest values (up to 91 g/t) 
have been found in peridotites, pyroxenites, and gabbros. 
Oktiabrskyi massif, gabbro-norites Devladivka zone (up 
to 56 g/t), individual granites and their minerals. Special 
attention should be paid to pegmatites of the Ukrainian 
Shield, especially Saltychansk granites, where the scan-
dium content in biotites reaches 90‒120 g/t, in garnets – 
up to 300 g/t, and in zircons up to 200 g/t (there are data 
about 1,000 g/t in Berdychiv granites) [32].

A potential source of raw materials is also bauxite 
from deposits in Dnipropetrovsk and Mykolaiv regions 
(Vysokopilske, Pivdennonikopolske, Smilianske), 
where average scandium concentrations of 44.6 g/t in 
raw materials and up to 100 g/t in aluminum production 
waste have been detected.

Among the promising objects, deposits associated 
with alkaline and metasomatic formations also play an 
essential role. In particular, the Azov deposit (Fig. 5) 
represents a new industrial-genetic type, with no ana-
logues in world practice. It is located in the northeastern 
part of the Azov block, composed of intrusive rocks of 
the Paleoproterozoic South Kalchytsia complex. Ore 
bodies are associated with a series of syenite stocks. 
Within the Azov block, nine ore bodies of varying thick-
ness have been discovered, each containing rare earth 

rare-earth mineralization associated with weathering 
crusts and placers containing monazite are also distin-
guished (Volyn-Podilskyi and Pryazovskyi districts).

The Azov region comprises granites and pegmatites 
of the Saltychanskyi, Anadolskyi, and Kamennomohyl-
skyi complexes, as well as carbonatites of the Chernihiv 
and syenites of the South-Kalchytskyi complex. The 
rare-metal apatite Novopoltavske deposit is part of the 
carbonatites within the Chernihiv complex, located on 
the Orikhovo-Pavlohradskyi deep fault. The rocks of the 
deposit are represented by calcite and calcite-dolomite 
carbonatite ores, which form dike-like and rod-shaped 
bodies with sharply defined boundaries relative to the 
host phenites, nepheline syenites, and iolite-melteigites. 
The main ore component is apatite; associated minerals 
include monazite, pyrochlore, cerium fergusonite, co-
lumbite, zircon, and orthite, among others. The princi-
pal rare earth mineral is monazite, in which the REE 
content reaches 65 %. It is characterized by a low thori-
um content (0.1–0.3 %), which increases the techno-
logical value of its concentrate. Apattites of this deposit 
contain a significant amount of REE, with a content of 
up to 11 %. They are represented by cerium and lantha-
num, and yttrium, samarium, europium, terbium, yt-
terbium, and lutetium are also present [27].

Within the deposit, a linear weathering crust is de-
veloped, the thickness of which in the central part of the 
fault zone reaches 370 m. There is a dependence on the 
increase in the concentrations of components in the 
weathering zone by several times. The average apatite 
content in carbonatites is 10 %, with small phosphate 
bodies reaching 50 %. According to forecast estimates, 
the extraction of REE from apatite alone can be promis-
ing for development. The resources of the deposit are 
estimated at 1 million tons of monazite and 200 million 
tons of apatite to a depth of up to 500 m [31], which al-
lows us to consider the deposit relevant for the extrac-
tion of critical elements.

The Mazurivske deposit is a typical example of a 
zirconium-rare-earth-niobium complex, located within 

Fig. 5. Mineral deposits of Ukraine containing rare earth elements:
1 – Irshanske; 2 – Malyshevske; 3 – Fedorivske; 4 – Stremyhorodske; 5 – Azovske; 6 – Anadolske; 7 – Petrovo-Hnutivske 
manifestation; 8 – Yastrebetske; 9 – Zhovtorichenske; 10 – Novopoltavske (Muzykivska area); 11 – Mazurivske; 12 – Perzhan-
ske; 13 – Sushchanske; 14 – Polokhivske; 15 – Lozuvatske; 16 – Smilianske; 17 – Motronivske
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elements at a content of up to 30 %. The ores are inter-
spersed, polymineralic in composition, and are repre-
sented by brytholite, bastnaesite, orthite, zircon, mona-
zite, chovkinite, ytrialite, magnetite, and fluorite [32].

The main rare-earth mineral is brytholite, represented 
by inclusions, intergrowths, and aggregates of prismatic 
crystals within pegmatoid areas, and is in paragenesis with 
zircon, orthite, and rare chevkite. Brytholite has a com-
plex composition, with a predominance of cerium variet-
ies, although yttrium forms are also present. A significant 
proportion of yttrium (up to 6–10 % of the total amount 
of REE) increases the industrial value of the raw material. 
It should be noted that brytholite is inferior to monazite in 
its properties and REE content, which determines its low 
extraction rates. According to preliminary estimates, the 
resources of the Azov deposit (to a depth of 300 m) are 
about 56 million tons of ore with an average content of 
rare-earth oxides from 0.4 to 1.27 %, as well as zirconium 
oxides of 1.5 %. Total forecast reserves are estimated at 
710 thousand tons of TR2O3, of which approximately 
20 % is in the yttrium-lanthanide group, and 840 thou-
sand tons of Zr2O3 [25, 32]. In fact, within this deposit, 
weathering crusts are developed, formed in the disinte-
gration and kaolinite-hydromica zones, where ore bodies 
of residual genesis, enriched in REE, are localized.

The geological analogue of the Azov deposit is the 
Yastrebetske deposit of zirconium ores (located in the 
southwestern part of the Perzhanskyi ore cluster). Still, 
at present, no industrial reserves of rare earth elements 
have been discovered here, although a similar mineral 
composition is observed in alkaline syenites, in particu-
lar, brytholite, orthite, and bastnaesite. Within the de-
posit, there are several crescent-shaped ore-bearing 
zones enriched in zircon. Their thickness ranges from 5 
to 120 m with a maximum length of up to 2 km. The ores 
also contain ilmenite, apatite, bastnaesite, brytholite, 
magnetite, orthite, parisite, fluorite, and other minerals. 
The main ore minerals are brytholite and zircon. The to-
tal content of rare earth elements in individual ore bodies 
varies from 0.07 to 1.24 % [32]. Although the deposit is 
considered to be powerful, the depth of the ore bodies 
exceeding 500 m significantly complicates its prospects 
for development. It could be a source of alumina raw 
materials, accompanied by the concomitant release of 
rare earth elements, zircon, feldspars, and fluorite.

In the west of the Azov Sea is the Uspenivskyi occur-
rence, which refers to pegmatites and pegmatoid gran-
ites of albitized marginal areas of intrusive massifs. The 
thickness of the ore bodies varies from several centime-
ters to 59 m, while the depth of occurrence can reach up 
to 300 m. The ore occurrence is characterized by xeno-
time, cyrtolite, and uraninite associations in terms of 
mineral composition. The weathering crust at depths of 
up to 100 m contains up to 34 g/t of monazite and up to 
5.45 kg/t of xenotime, but has increased radioactivity 
[25]. This occurrence is promising due to the presence 
of several elements, including yttrium, cerium, and neo-
dymium. The presence of uraninite and cyrtolite indi-
cates the concomitant content of uranium and thorium, 
which increases the strategic value of the object for the 
complex extraction of critical raw materials.

The ore zone, which cuts through metamorphic 
rocks and Anatolian granites to the southeast of the Ma-
zurivske deposit, forms the Anatolian deposit. The 

structure of the zone is characterized by vein-vein min-
eralization of fluorite, apatite, orthite, in which the aver-
age TR2O3 content is 9.23 %. Among the rare earth min-
erals found are apatite, fluorite, orthite, and cerite [33]. 
The first two elements form thin layers with orthite in 
banded ores and belong to cerium varieties in chemical 
composition. According to geological and economic 
characteristics, this deposit can be attributed to promis-
ing objects with high resource availability.

The Petrovo-Hnutivskyi manifestation is located in 
the valley of the Kalmius River (northeast of Mariupol) 
and is associated with a fluorite-rare-earth-carbonate 
vein up to 3 m thick, which occurs in fenitized granosy-
enites of the Kalmius massif. The vein has a steep dip, 
composed of aggregates of calcite, bastnaesite, parisite 
and fluorite. The main ore minerals are bastnaesite and 
parisite, which form intergrowths with calcite in the 
form of nests and blocks (0.6–0.8 m). The content of 
fluorocarbonates of rare earth elements reaches 
15–20  %, TR2O3 reaches 62.6 % in bastnaesite and 
52.3 % in parisite [27].

Rare earth mineralization associated with feldspar 
metasomatites was discovered in the Kirovohrad urani-
um-ore district, particularly within the Lozuvatske, 
Kalynivske, and Pivdenne deposits. Here, both albitite 
and sodium-phosphorus metasomatites with uranium-
thorium-yttrium-rare-earth mineralization were 
formed, represented by malacone, tsyrtolite, monazite, 
orthite, xenotime, and apatite [32]. It is necessary to 
separately note the scandium reserves; historically, its 
development began with the development of the Zhov-
torichenske deposit within the Kryvyi Rih iron ore ba-
sin. Scandium reserves within it are estimated at 900 t 
(with an average content of 105 g/t) and are concentrat-
ed in aegirine and alkaline amphiboles, which are con-
centrated in fault zones. Vanadium, yttrium, zirconium, 
etc. are also present in industrial concentrations. In the 
same northern part of the Kryvyi Rih iron ore basin, a 
more homogeneous (unlike the Zhovtorichenske de-
posit) vanadium-scandium mineralization was discov-
ered within the Pershotravneve deposit of ferruginous 
quartzites with the main mineral-concentrator aegirine 
and the content of scandium in ores up to 83 g/t, vana-
dium – 742 g/t. By genesis, both deposits are hydrother-
mal-metasomatic. Similarly to the Pershotravneve de-
posit, at the Hannivske deposit, scandium ores are as-
sociated with zonal bodies of sodium metasomatites, 
where the average content of scandium is 79 g/t, and 
vanadium is 701 g/t [25, 32].

Among rare earth and yttrium objects, the occurrence 
at Balka Korabelna (Ostapivske, Pobuzke) is of particular 
interest  –  a uranium ore region within the Ukrainian 
Shield, which falls within the field of granitoid develop-
ment. Ore bodies are represented by granites and pegma-
tites. The deposit measures 70 m in length, 40 m in width, 
and ranges from 3.5 to 20.2 m in thickness, extending to a 
depth of up to 50 m. The ore mass is formed by fine-
grained inclusions and accumulations of monazite, xe-
notime, and apatite in a rock represented by biotite, feld-
spar, and quartz with secondary almandine and magne-
tite. The main ore minerals are monazite and xenotime, 
with secondary minerals including zircon, apatite, and 
uraninite. The TR2O3 content in the ore bodies varies 
from 0.22 to 1.51 % [30]. REE phosphates are concen-
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trated in biotite areas of rocks that have undergone mi-
croclinization. They form granular aggregates and vein-
lets localized near cracks or at contacts with microcline.

In connection with the carbonate and alkaline com-
plexes of the Ukrainian Shield, it is also worth noting sev-
eral deposits and objects of potential sources of rare earth 
elements in the Pridniprivia and Pobuzhzhia regions: the 
Malotersyanske pyrochlore-gatchetolite deposit, the 
Perzhanske beryllium deposit with rare earth mineraliza-
tion, and the Proskurivsky and Antonivskyi massifs.

In addition to the primary deposits, significant titani-
um-zircon-ilmenite placers are also known in Ukraine, 
in particular within the Zhytomyr region and the Azov 
region, which can be considered as an additional source 
of rare earth raw materials. The average monazite con-
tent in these objects ranges from 120–144 g/t (for Volyn) 
to 450–900 g/t (in the Azov region).

It is worth noting that the Fedorivske deposit (Zhy-
tomyr region) of titanium ores (Fig. 5), which are repre-
sented by ilmenite and rutile with impurities of vanadi-
um, apatite, and rare earth elements (cerium, lantha-
num, neodymium, praseodymium, etc.), belongs to the 
strategic objects of the mineral raw material base of 
Ukraine. This enables the extraction of related, valuable 
raw materials in parallel with titanium products. Pre-
liminary geological and economic assessments (record-
ed ore reserves of about 171 million tons) provide 
grounds to attribute the Fedorivske deposit to potential 
objects of complex development of REE [34].

Additionally, the Malyshevske (in some sources, 
Muzykivske) deposit in the Dnipropetrovsk region is one 
of the largest deposits of ilmenite-rutile-zirconium sands 
in Ukraine, which serves as a source of titanium, zirconi-
um, as well as potentially rare earth elements (tantalum, 
niobium, yttrium, cerium, neodymium, etc.). In particu-
lar, the deposit has been found to have an increased con-
tent of hafnium and related elements, such as phospho-
rus, yttrium, lanthanides, uranium, and thorium [25, 32].

The ilmenite-apatite and titanomagnetite Stremy-
horodske, Torchynske deposits (Zhytomyr region), with 
an average scandium content of up to 0.015 %, the il-
menite and rutile-zircon-ilmenite alluvial deposits 
Zlobychske, Malyshevske and Irshanske, with a scandi-
um content of up to 0.01 %, whose resources are capable 
of ensuring the production of scandium-containing 
concentrates, are considered promising.

Scandium has been found in coal mine ash in Lu-
hansk Oblast, with an average content of 74‒90 g/t, and 
total reserves of 18.7 thousand tons (excluding other ele-
ments). In addition, scandium has been found in hydro-
goethite-ferrimontmorillonite oolite iron ores of Kerch 

with a content of 7‒11 g/t, as well as in martite and 
goethite-hydrogoethite quartzites of Kryvyi Rih with an 
average content of 1‒3 g/t [25].

When developing a systematization of light and 
heavy rare earth elements deposits in Ukraine, the most 
promising of the listed ones were considered, based on 
the European Commission’s assessment (Table 2).

It is worth emphasizing that rare earth elements are 
concentrated in the primary and sedimentary (placer) de-
posits of light (lanthanum, cerium, praseodymium, neo-
dymium) and heavy REE (terbium, dysprosium, erbium, 
and ytterbium). They are located directly within the Azov, 
Volyn, and Polissia regions, as well as in the Dnipropetro-
vsk and Zhytomyr regions. They are presented in the form 
of isomorphic impurities, which are components of il-
menite-apatite and titanium-zirconium ores.

In the Azov block, large deposits of rare and rare-
earth metals have been discovered (Mazurivske and 
Azovske zircon-rare-metal deposits). The Zhov-
torichenske scandium-vanadium, Novopoltavske apa-
tite-rare-earth, Yastrebetske fluorite-zircon-rare-earth, 
Fedorivske, Stremyhorodske, Krapyvenkivske, and Vy-
dyborzke apatite-titanomagnetite-rare-metal deposits 
should be highlighted as particularly promising.

Rare earth deposits do not form their own minerals, 
but are present as impurities in known ores. To extract 
REE from the main ores, it is necessary to extract and 
process significant volumes of rock. A feature of the 
above deposits is their complexity, which is evident in the 
fact that, along with the main mineral, associated miner-
als represented by REE are also extracted. The economic 
feasibility of comprehensively developing such deposits 
with the right approach increases significantly.

Within Ukraine, there are significant deposits of na-
tive ores, the extraction of REE from which involves the 
implementation of complex technological processes: 
loosening the rock massif, crushing, obtaining valuable 
elements. According to open sources of information, the 
content of light REEs cerium, lanthanum, neodymium, 
praseodymium, and samarium has been established, 
and only one heavy REE – yttrium (Fig. 6).

According to the analysis of the light and heavy REE 
distribution in primary deposits of Ukraine (Fig. 6), the 
largest share of their total content is represented by light 
elements – cerium (up to 28 % of deposits), lanthanum 
(up to 21 % of deposits), and neodymium (up to 18 % of 
deposits). In the same deposits, the content of yttrium 
(heavy REE) from the total share of elements does not 
exceed 3 %, and the remaining elements require addi-
tional study. The primary deposits with the largest re-
serves are Muzykivske and Stremyhorodske. It is worth 

Table 2
Presence of deposits of light and heavy rare earth elements in sedimentary 

and primary zircon-ilmenite deposits of Ukraine

No. Region Name of the 
deposit REE type Main elements Type of ore

1 Zhytomyr region Irshanske Light Cerium, lanthanum, neodymium Titanium-zirconium
2 Dnipropetrovsk region Malyshevske Light Neodymium, praseodymium Ilmenite-apatite
3 Azov region Azovske Heavy Dysprosium, terbium Rare metal
4 Polissia Sushanske Heavy Erbium, ytterbium Mineralogically complex deposits
5 Cherkasy region Smilianske Light; heavy Cerium, neodymium, ytterbium Loose titanium-zirconium
6 Dnipropetrovsk region Motronivske Light; heavy Lanthanum, dysprosium High potential, untapped
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noting that the extraction of light and heavy REE re-
quires multi-stage enrichment processes: flotation, 
sorption, and ion exchange.

The Stremyhorodske native deposit of rare earth ele-
ments in Ukraine is one of the largest in Europe and the 
world. Its mineralization extends to a depth of 1.5 km, uti-
lizing a combined open-pit and underground mining 
method. This approach involves open-pit mining of the 
upper part of the deposit using a system of tranches, while 
the lower, deeper part is mined underground. High capital 
costs for developing this deposit can be offset by signifi-
cant volumes of minerals, comprehensive development of 
the main and associated raw materials, and a long life for 
the quarry. At the same time, a substantial problem for the 
extensive development of native and sedimentary deposits 
of rare earth ores is the insufficient study of the deposits 
and inadequate geological exploration. That is, at the 
stage of obtaining a license for a specific site, the investor 
currently lacks a strategic vision for developing these criti-
cal deposits. Solving this problem will further ensure the 
creation of new jobs, filling budgets at all levels, and the 
development of strategic sectors of the economy.

Promising placer deposits include Motronivske, 
Malyshevske, Irshanske, and Smilianske, in the deposits 
of which previous studies have established the presence 
of several light and heavy REE (Fig. 7).

According to the analysis of the distribution of REE 
in placer deposits (Fig. 7), it was found that of the total 
content of light REE in the ore, the largest share is rep-
resented by cerium (up to 16 %), lanthanum (up to 

14 %) and neodymium (up to 11 %), and the content of 
yttrium does not exceed 3 %. The placer deposits with 
the largest reserves include Motronivske and Irshanske.

As in the case of the development of primary depos-
its of rare earth elements, the development of placer de-
posits should be based on an integrated approach to the 
extraction of the main titanium-zirconium raw materi-
als, as well as associated REE elements in the ore. Such 
an approach will significantly enhance the technical and 
economic indicators of placer deposit development, and 
will also reduce production waste and increase the level 
of circularity in development technologies.

Since scandium, according to the European Com-
mission, does not belong to light or heavy REE and is 
positioned separately, deposits containing it are consid-
ered independently.

The significant scandium anomaly includes two 
powerful titanium structures: the Korostenskyi and Kor-
sun-Novomyrhorodskyi plutons. Technological solu-
tions for developing such deposits are known, but there is 
no industrial infrastructure in Ukraine for the effective 
extraction of scandium from ores. One of the main rea-
sons is the low content of the element in ores and the 
high cost of the technological process, which makes the 
extraction of scandium economically unfeasible.

The analysis of Ukraine’s REE resource base, com-
bined with the high global demand for this critical raw ma-
terial, necessitates the application of best global practices 
and advanced development technologies. Together with 
additional geological exploration, these actions will expand 

Fig. 6. Distribution of the main rare earth elements in ores of primary deposits of Ukraine

Fig. 7. Distribution of the main rare earth elements in ores of placer deposits of Ukraine
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the supply chains of raw materials and the markets for fin-
ished products, ensuring diversification in global markets.

In Ukraine, scientific and technological solutions 
are currently being developed for the application of low-
waste methods for the extraction of REE. Among the 
promising techniques, the use of membrane technolo-
gies and biosorbents should be highlighted, which lead 
to a reduction in reagent consumption and a negative 
impact on the environment.

Thus, Ukraine possesses light and heavy REE re-
sources; however, to begin industrial development, it is 
necessary to go a significant way, which consists of creat-
ing a modern geological database, developing and imple-
menting the latest enrichment technologies, attracting 
investments with the development of a transparent mar-
ket, and organizing a closed production cycle mining-
processing-production. The implementation of these 
measures will enable Ukraine to become a significant 
player in the global REE market and stimulate the devel-
opment of knowledge-intensive sectors of the economy.

Conclusions. It was found that the highest value on 
the world market is held by oxides of heavy REOs – ter-
bium and lutetium, as well as scandium. At the same 
time, the largest sales market is held by gadolinium, 
neodymium, and praseodymium, and the most signifi-
cant production volume is held by light REOs – cerium, 
lanthanum, and neodymium. The obtained cost indica-
tors and volumes of world production of each rare earth 
element allow us to determine the attractiveness of de-
veloping new mineral deposits in Ukraine.

It has been established that today, 280 REE minerals 
from the classes of phosphates, carbonates, oxides, fluo-
rides, silicates, sulfides, and borates have been identified 
worldwide. A special group is composed of rare earth 
tungstates – ytrotungsite and arsenates – retschanite, 
which are very rare and have been practically unstudied.

Four main areas of endogenous rare earth mineral-
ization development in Ukraine have been identified, 
and 17 mineral deposits, the ores of which have a poten-
tial content of light and heavy REE.

A systematization of light and heavy rare earth ele-
ment deposits in Ukraine has been developed in accor-
dance with the European Commission’s assessment of 
the most promising primary and placer deposits. It has 
been established that the main light rare earth elements 
found in Ukrainian deposits are lanthanum, cerium, 
praseodymium, and neodymium. In contrast, the heavy 
ones are represented by terbium, dysprosium, erbium, 
and ytterbium.

It was determined that the core deposits with the largest 
reserves include Muzykivske and Stremyhorodske, in 
which the largest content of light REE in the ore is repre-
sented by cerium, lanthanum, and neodymium. The placer 
deposits with the largest reserves include Motronivske and 
Irshanske, in which the largest share of the total content of 
light REE in the ore is represented by cerium, lanthanum, 
and neodymium. In core and placer deposits, the content 
of yttrium from the total share of REE does not exceed 
3 %, and the remaining elements require further study.

It has been determined that Ukraine has sufficient 
potential in the development of light and heavy REE; 
however, for their practical use, it is necessary to create 
a modern geological database, develop and implement 
the latest enrichment technologies, attract investments 

with the development of a transparent market, and orga-
nize a closed production cycle.

Acknowledgments. Funded by the European Union. 
Views and opinions expressed are, however, those of the 
author(s) only and do not necessarily reflect those of the 
European Union or the European Education and Culture 
Executive Agency (EACEA). Neither the European Union 
nor the granting authority can be held responsible for them.

References.
1.	 Guyonnet, D., Planchon, M., & Rollat, A. (2015). Material flow 
analysis applied to rare earth elements in Europe. Journal of Cleaner 
Production, 107, 215-228. https://doi.org/10.1016/j.jclepro.2015.04.123
2.	 Jowitt, S. M., Werner, T. T., Weng, Z., & Mudd, G. M. (2018). Re-
cycling of the rare earth elements. Current Opinion in Green and Sustain-
able Chemistry, 13, 1-7. https://doi.org/10.1016/j.cogsc.2018.02.008
3.	 Suli, L. M., Ibrahim, W. H. W., Aziz, B. A., Deraman, M. R., & 
Ismail, N. A. (2017). A review of rare earth mineral processing technol-
ogy. Chemical Engineering Research Bulletin, 20-35. https://doi.org/ 
10.3329/cerb.v19i0.33773
4.	 Sims, Z. C., Kesler, M. S., & Henderson, H. B. (2022). How ce-
rium and lanthanum as coproducts promote stable rare earth produc-
tion and new alloys. Journal of Sustainable Metallurgy, 8(3), 1225-
1234. https://doi.org/10.1007/s40831-022-00562-4
5.	 Mariscal-Becerra, L., Acosta-Najarro, D., Falcony-Guajardo, C., 
& Murrieta Sanchez, H. (2018). Luminescent and structural analysis of 
yttrium oxide doped with different percentages of terbium and dyspro-
sium, to obtain different shades of green to yellow. Journal of Nanopho-
tonics, 12(2), 026018-026018. https://doi.org/10.1117/1.JNP.12.026018 
6.	 Zhao, G., Geng, Y., Wei, W., Bleischwitz, R., & Ge, Z. (2023). As-
sessing gadolinium resource efficiency and criticality in China. Resourc-
es Policy, 80. https://doi.org/103137.10.1016/j.resourpol.2022.103137
7.	 Rice, P., & Somani, B. K. (2021). A systematic review of thulium 
fiber laser: applications and advantages of laser technology in the field 
of urology. Research and Reports in Urology, 519-527. https://doi.org/ 
10.2147/RRU.S233979
8.	 Wang, W., & Cheng, C. Y. (2011). Separation and purification of 
scandium by solvent extraction and related technologies: a review. 
Journal of Chemical Technology & Biotechnology, 86(10), 1237-1246. 
https://doi.org/10.1002/jctb.2655
9.	 Lozhnikov, O., Pavlychenko, A., Shustov, O., & Dereviahina, N. 
(2024). Prospects for the lithium deposits development in Ukraine. 
Mineral Resources & Energy Congress (SEP 2024). E3S Web Confer-
ence, 526, 2024, 01001. https://doi.org/10.1051/e3sconf/202452601001
10.	Lozhnikov, O., Pavlychenko, A., Shustov, O., & Dereviahina, N. 
(2024). The current state and development prospects of the graphite 
industry of Ukraine. IOP Conference Series: Earth and Environmen-
tal Science, 1415, 012122.  https://doi.org/10.1088/1755-
1315/1415/1/012122
11.	Vasylenko, A. P., & Isakov, L. V. (2018). Pegmatites as a source of 
rare-metal and rare-earth mineralization within the central and west-
ern parts of the Ukrainian Shield. Mineral resources of Ukraine, 4, 8-11. 
https://doi.org/10.31996/mru.2018.4.8-11
12.	Naumenko, U., Matsui, V., & Naumenko, O. (2024). Research and 
application of unique and rare earth elements in Ukraine: the way to in-
novation and sustainable development. https://doi.org/10.15407/gb2607
13.	Mykhailov, V. A., Hrinchenko, O. V., & Malyuk, B. I. (2023). Ex-
ploration and mining perspectives of the critical elements for green tech-
nologies in Ukraine. https://doi.org/10.1144/SP526-2021-133
14.	Liventseva, H. (2022). The mineral resources of Ukraine. Tierra y 
Tecnología. https://doi.org/10.21028/hl.2022.05.17
15.	Sanglier-Contreras, G., Iglesias-Sanz, C. M., Gonzalez-Lezca-
no, R. A., & López Fernández, E. J. (2025). Rare earths and interna-
tional politics: the impact of the war in Ukraine on the global trade of 
critical minerals. Mineral Economics, 1-11. https://doi.org/10.1007/
s13563-025-00566-y
16.	Maslak, O., Hlazunova, O., Maslak, M., Grishko, N., Pochto
viuk,  K., & Szabolcs, N. (2023). Balance of the Rare-Earth Ele-
ments Market: Prospects for the Development of Green Energy. 
2023 IEEE 5 th International Conference on Modern Electrical and 
Energy System (MEES), (pp. 1-5). IEEE. https://doi.org/10.1109/
MEES61502.2023.10402447
17.	Cuadros-Muñoz, J. R., Jimber-del-Río, J. A., Sorhegui-Orte-
ga, R., Zea-De la Torre, M., & Vergara-Romero, A. (2024). Contri-
bution of rare earth elements is key to the economy of the future. 
Land, 13(8), 1220. https://doi.org/10.3390/land13081220



24	 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2026, № 1

18.	Taglieri, L., & Fratocchi, L. (2025). Made in Europe Recovery of 
Rare Earth Elements: Is a Circular and Sustainable Value Chain Re-
ally Possible?  IFAC-PapersOnLine,  59(10), 1510-1515. 
https://doi.org/10.1016/j.ifacol.2025.09.254
19.	U.S. Rare Earths Industry in 2024: Growth, Challenges, and Global 
Context (2024). Retrieved from https://rareearthexchanges.com/
news/rare-earth-supply-chain-18/
20.	Zhou, B., Li, Z., Zhao, Y., Zhang, C., & Wei, Y. (2016). Rare 
Earth Elements supply vs. clean energy technologies: new problems to 
be solve. Gospodarka Surowcami Mineralnymi, 32(4), 29-44. 
https://doi.org/10.1515/gospo-2016-0039
21.	Mineral Commodity Summaries (2025). U.S. Geological Survey, 
156-156. https://doi.org/10.3133/mcs2025
22.	Rare Earth prices (2025). Retrieved from https://www.metal.com/
prices/Rare-Earth
23.	Thulium(III) oxide (2025). Retrieved from 
https://www.sigmaaldrich.com/UA/en/product/aldrich/204676
24.	Rare Earth Oxides Market (2024). Retrieved from https://dataho-
rizzonresearch.com/rare-earth-oxides-market-42661
25.	Rudko, G. I., Lytvynuk, S. F., Karly, V. E., & Bala, G. R. (2021). 
Deposits of critical mineral raw materials of Ukraine. State and prospects. 
Kyiv-Chernivtsi: Burek. ISBN 978-966-997-074-9.
26.	Rudko, G. I., & Bala, G. R. (2021). Mineral raw materials and 
their prospects in Ukraine. Mineral resources of Ukraine, (2), 3-14. 
https://doi.org/10.31996/mru.2021.2.3-14
27.	Mykhaylov, V., Kurylo, M., & Kosharna, S. (2021). Geological 
and industrial assessment and ranking of promising objects of the do-
mestic base of rare earth elements. Bulletin of the Taras Shevchenko 
National University of Kyiv, Geology, (2), 32-40. https://doi.org/ 
10.17721/1728-2713.93.04
28.	Kurylo, M., & Kosharna, S. (2024). The strategic importance of 
rare earth elements for modern technologies and the prospects of do-
mestic deposits. Bulletin of the Taras Shevchenko National University of 
Kyiv, Geology, (1), 63-69. https://doi.org/10.17721/1728-2713.104.08
29.	Kulchytska, H. O., Ponomarenko, O. M., Pavlyshyn, V. I., & 
Chernysh, D. S. (2025). Rare earth minerals in the bowels of Ukraine 
as a component of investment attractiveness for the European Union. 
Reports of the National Academy of Sciences of Ukraine, (3), 71-82. 
https://doi.org/10.15407/dopovidi2025.03.071%20
30.	Karly, Z. V., Bondarenko, S. M., Somka, V. O., Stepaniuk, L. M., 
& Somka, L. V. (2019). Mykolaivske Ore Occurrence of REE-U-Th 
Mineralization in the Bug Uranium Ore Region of Ukrainian Shield. 
Mineralogical journal, 41(3), 65-81.
31.	Hulai, O., Shemet, V., & Furs, T. (2022). Rare Earth Metals as 
Critical Raw Materials. A Brief Overview. Proceedings of the National 
Academy of Sciences of Ukraine. Chemical Sciences, LXX, 79-89. 
https://doi.org/10.37827/ntsh.chem.2022.70.079
32.	Babiy, K. V., Bubnova, O. A., Maleev, E. V., Ryumina, D. M., 
Levchenko, K. S., & Ikol, O. O. (2024). Strategic Mineral Resources of 
Ukraine: monograph. ISBN 978-966-2637-81-6.
33.	Sheremet, E. M., Kryvdik, S. G., & Strekozov, S. M. (2017). Pros-
pects for the Discovery of Rare Earth Deposits of the “Anatolian 
Type” in the Azov Region (Ukraine). Mineralogical Journal, 39(3), 
85-101. https://doi.org/10.15407/mineraljournal.39.03.085
34.	Okholina, T., Kuzmanenko, G., & Merezhko, M. (2025). Pros-
pects of Ukraine in the field of critical minerals: geological character-
istics of the Vydibirsk and Fedorivsk deposits of apatite-ilmenite ores. 
Collection of materials of the twelfth scientific-practical conference, Min-
eral resources of Ukraine: ways of optimal use, 75-79. https://doi.org/ 
10.59911/978-617-95457-7-1.2025.12

Перспективи освоєння легких і важких 
рідкісноземельних елементів із циркон-
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Мета. Визначити найбільш перспективні родо-
вища корисних копалин України, що містять легкі 
й важкі рідкісноземельні елементи (РЗЕ) у відпо-
відності до критеріїв оцінки Європейської комісії 

з урахуванням світового попиту на критичну сиро-
вину та вартості її реалізації.

Методика. У роботі використано комплекс ме-
тодів досліджень: узагальнення – систематизація 
відомостей про світовий видобуток і попит на легкі 
й важкі рідкісноземельні елементи; аналогія й по-
рівняння – узагальнення досвіду щодо визначення 
розподілу рідкісноземельних елементів розсипних 
і корінних родовищах; аналіз і синтез – для обґрун-
тування доцільності залучення існуючих родовищ 
критичної сировини у розробку; емпіричні – для 
порівняння існуючих відомостей про поклади ро-
довищ рідкісноземельних елементів України із кла-
сифікацією Європейської комісії, в якій вони поді-
ляються на легкі й важкі матеріали.

Результати. Встановлені найбільш перспективні 
корінні й розсипні родовища легких і важких рід-
кісноземельних елементів України відповідно до 
оцінки Європейської комісії. Встановлено, що 
основними легкими рідкісноземельними елемента-
ми, що виявлені у циркон-ільменітових родовищах 
України, виступають лантан, церій, празеодим, не-
одим. У той же час важкі представлені тербієм, дис-
прозієм, ербієм й ітербієм. Визначено потенційний 
вміст легких і важких РЗЕ у корінних родовищах 
України, відповідно до якого основні концентрації 
виявлено для легких елементів. Із загального вмісту 
легких РЗЕ у руді найбільша частка представлена 
церієм (до 28 % від загальної кількості родовищ), 
лантаном (до 21 % родовищ) і неодимом (до 18 % 
родовищ). У тих же родовищах із загальної частки 
РЗЕ вміст ітрію не перевищує 3 %, а решта елемен-
тів потребує додаткового вивчення. Встановлено, 
що у розсипних родовищах із загального вмісту лег-
ких РЗЕ у руді найбільша частка представлена цері-
єм (до 16 % родовищ), лантаном (до 14 %) і неоди-
мом (до 11 %), а вміст ітрію не перевищує 3 %.

Наукова новизна. Уперше виконано поділ рідкіс-
ноземельних елементів, що містяться у циркон-іль-
менітових родовищах України, на легкі й важкі еле-
менти за класифікацією Європейської комісії. Ви-
ділені родовища критичної мінеральної сировини 
України, в яких можуть видобуватися легкі й важкі 
рідкісноземельні елементи. Обґрунтована необхід-
ність подальшого вивчення родовищ корисних ко-
палин Приазовського, Волинського й Поліського 
регіонів, а також Дніпропетровської та Житомир-
ської областей для виявлення нових місць розташу-
вання легких і важких рідкісноземельних елементів 
і розширення вже встановленого їх переліку.

Практична значимість. Визначено, що Україна має 
достатній потенціал в освоєнні легких і важких рід-
кісноземельних елементів із циркон-ільменітових ро-
довищ згідно із класифікацією Європейської комісії. 
Проте для ефективного залучення їх в експлуатацію 
необхідне створення сучасної геологічної бази даних, 
розробка й впровадження новітніх технологій збага-
чення, залучення інвестицій із розвитком прозорого 
ринку та організація замкнутого виробничого циклу.

Ключові слова: критична мінеральна сировина, 
рідкісноземельні елементи, корисні копалини, видобу-
ток, ресурсозабезпечення
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