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SUMMARY

The paper highlights the resource potential of the Volyn copper ore region. The main goal of
the study is to objectively assess the resource base of the region and the degree of investment
attractiveness of native copper mineralization objects in order to evaluate investment risks in
Cu prospecting and exploration. Recalculation of the resource potential of Volynska,
Kukhotsko-Volska, and Manevytska metallogenic areas was carried out. Borehole data was
reviewed, prospective intervals were selected, and Cu resources were recalculated. As a result
of the study, the insignificant investment attractiveness of most of the objects of the Volyn
copper ore region was confirmed. It was shown that its previous economic assessment during
the prospecting studies was overestimated by one order of magnitude. It has been established
that further development of its potential by possible investors is associated with significant
risks.
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Introduction

Copper is one of the critical metals for Ukrainian industry. Nowadays, more than 150 ore occurrences
of various geological and genetic types are known on its territory, among which native copper
formation in the Riphean trappean formations of the Volyn copper ore region are of most significant
interest (Mineral resources of Ukraine, 2020). 1t is a relatively rare geological and industrial type, the
most famous representatives of which are the Lake Superior deposits in the USA, widely described in
the scientific literature (Batsevych et al., 2016, Emetz et al., 2005, Laurel et al., 2020; Melnychuk et
al., 2011, Sazonets & Malanchuk, 2015).

Three metallogenic areas have been identified on the territory of the Volyn copper ore region, where
ore occurrences and ore fields with Cu mineralization are localized: Volynska in the west, Kukhotsko-
Volska in the northeast, and Manevytska in the southeast. Native copper mineralization is associated
with effusive-pyroclastic and sedimentary rocks of the Vendian Volynska series, where several
copper-bearing horizons are distinguished in the Zabolotivska, Babynska, and Ratnivska suites
(Figure 1). Mineralization occurs mainly in basalts, its tuffs and conglomerates, in the interbedding of
basalts and lava breccias.
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Figure 1 Location map of the main objects of the Volyn copper ore region.

One of the biggest problems is a lack of an objective geological and economic assessment and
evaluation of the investment attractiveness of the ore occurrences of native copper mineralization of
the Volyn ore region. It problematizes investors’ interest in their possible industrial use. Previous
studies, based on the example of the Zhyrychi ore occurrence, revealed that during the prospecting,
the resource indicators of this occurrence were overestimated, which doubts the accuracy of the
general assessment of Cu resources of the Volyn ore region and the prospects for its industrial
development (Mykhailov et al., 2023). Therefore, the main goal of this study is to objectively assess
the resource base of this ore region and the degree of investment attractiveness of native copper
mineralization objects in order to evaluate investment risks in copper prospecting and exploration.

Method and Theory
The methodology of the ore potential assessment of the studied region and its individual objects

involved determining the geological and industrial type of mineralization, establishing the spatial and
composition parameters of ore bodies, the scale of mineralization, reserves, probable and unproved
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resources of ore objects, and assessment of their mining efficiency. When calculating the resource
potential of this region, intervals of rock with a thickness of at least 1 m, Cu content of at least 0.2%,
and possible layers of waste rocks and substandard ores with a thickness of no more than 1 m will be
considered as “ore”.

Results

During the research, materials of exploration studies of the Volyn copper ore region were analyzed,
including data on 600 wells with a total length of over 91 000 m and an analysis of over 16 000
samples. As a result of the research, its resources were recalculated, and there was a significant (by

one order of magnitude) reduction in the resource potential of the region (Table 1).

Table 1 Copper resources of ore occurrences of the Volyn ore region (thousand tons of Cu).

Ore occurrence (ore field, site) According to the materials of Recalculated
geological prospecting of 1991-2008.
CG: [ P [ P | P PP | P | P
Volynska metallogenic area
Zhyrychi occurrence - 858.93 | 133.39 - 220.4 220.4 -
Zalisy-Shmenky occurrence - - 659.8 - 82.19 82.19
Pivnichno-Ratnivske site - - 1315.9 - 48.94 48.94
Ratnivske site - - - 662.0 28.36 28.36
Teklya site - - - 465.2 137.19 | 137.19
Katushske ore field - - - 899.8 - - -
Bronnytske ore field - - - 639.6 - - -
Ovadnivske ore field - - - 251.1 - - -
Total - 858.93 | 2109.09 | 2917.7 | 2204 | 517.08 | 296.68
Kukhotsko-Volska metallogenic area
Lubeshivske ore field - - - 2799.4 - - -
Vydertynske ore field - - - 1598.6 - - -
Total - - - 4398.0 - - -
Manevytska metallogenic area
Pivdenno-Rafalivskiy occurrence 161.17 | 512.79 - - 30.02 - -
Komarivske ore field - - - 2202.0 23.74 - -
Chudlynske ore field - - 460.0 - - -
Lyshnivske ore field - - - 962.4 - - -
Telcha site - - - 1713.8 - - -
Velyko-Midska site - - - 28.95 - - -
Total 161.17 | 512.79 - 4878.2 | 53.76 - -
Grand total 161.17 | 1371.72 | 2109.09 |12 193.9| 274.16 | 517.08 | 296.68
15 835.88 1087.92 |

The Volynska metallogenic area. Analysis of primary data sources of the geological prospecting of
the Zhyrychi ore occurrence shows the ambiguity of previous conclusions. In particular, the presence
of a significant horizontal extension (up to 4-5 km) of ore bodies is not confirmed by the primary data
sources, considering their small thickness (up to 1-3 m). Based on the drilling data, the cross sections
show that the ore bodies are lens-shaped and extend along the strike for a maximum of several
hundred meters. This led to a significant artificial overestimation of the parameters of the ore bodies
in the geological prospecting materials. In addition, there was a systematic violation of the calculation
conditions, such as the cut-off grade of Cu (0.2%), the minimum thickness of the ore body (1.0 m),
and the maximum thickness of the layers of barren rocks and substandard ores (1.0 m). According to
our calculations, the probable Cu resources of Py category of the Zhyrychi ore occurrence are 220.4
thousand tons, which is 4.5 times less than given in the corresponding materials of the geological
prospecting (Mykhailov et al., 2024, Searches for copper..., 2008).
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As a result of the analysis of the Zalisy-Shmenky occurrence, it was found that only 47 samples out of
504 (9.3%) contained Cu content of 0.2% or more. According to the results of the research,
12 sections of ore bodies corresponded and one conditionally corresponded to cut-off parameters.
They were used for the calculation of prospective Cu resources of the P, category.

The potential of the Pivnichno-Ratnivske site is limited to only 14761.32 thousand tons of ore and
48.94 thousand tons of Cu. The prospects for the industrial copper yield of the Teklya site are based
on the materials of only one borehole, where they were cut at a depth of 323.0-351.4 m. Within the
Ratnivske site, no sustained ore bodies have been recorded in all the proposed “ore-bearing” horizons,
and mineralization is represented by small ore accumulations in the form of lenses and nests. The
prospects of the Katushske, Bronnytske and Ovadnivske “ore fields” are not substantiated and should
be excluded from the list of P> resources.

The Kukhotsko-Volska metallogenic area. The Lubeshivske ore field was studied by 21 boreholes
with a total length of 3679.0 m, where 761 samples were taken for study. However, only six samples
showed Cu content of 0.2 % or more. The available materials are sufficient for a negative assessment
of this “ore field”. As for the Vydertynske “ore field”, there is no data on its ore-bearing potential.
Therefore, the unproved resources for the objects of the Kukhotsko-Volska metallogenic area are not
substantiated and should be excluded from its resource assessment.

The Manevytska metallogenic area. At the Pivdenno-Rafalivskiy occurrence (southern part of
Rafalivska area), reserves of copper of the C, category were previously calculated at 161.17 thousand
tons, and resources of the P, category in the amount of 512.79 thousand tons (Searches for copper...,
2008). However, these calculations were based exclusively on the data of neutron borehole logging
(436 boreholes with a total length of 42 121.2 m) without considering the chemical analysis data of
Cu from core samples (10 842 samples). However, only 70 individual samples (0.6 % of the total)
showed Cu content of 0.2% and higher. Moreover, calculations were based on the formula
y =2.1623x + 0.1465 (where x is the copper content according to chemical analysis data, and y is the
hypothetical Cu content with reference to the anomalies of the neutron borehole logging). Using this
formula, almost any data obtained analytically, even concentration Clark values, can be converted into
conditional copper contents, which the authors of the report did in the vast majority of cases.

For a reliable assessment of the resource base of the Rafalivska area, all the results of the analyses
were reviewed, and accurate ore intervals were identified. Ore bodies are represented by small lenses
and accumulations of copper, which were found in separate parts of the area and at different levels of
the stratigraphic section. According to our calculations, the prospective resources of the P; category of
the Pivdenno-Rafalivskiy occurrence can be estimated at 30.2 thousand tons of Cu. Taking into
account the significant degree of geological study of the area, there are no substantial grounds for
allocating both prospective resources of the P, and P; categories.

For the assessment of unproved resources of the P3; category of the so-called “ore fields”
(Lyubeshivske, Vydertynske, Komarivske, Lyshnivske) and sites (Telcha) of the Kukhotsko-Volska
and Manevytska metallogenic areas during the prospecting and assessment studies of 1991-2008, the
method of analogy was applied. The Pivdenno-Rafalivskiy ore occurrence was taken as the standard
with the introduction of a decreasing similarity coefficient, which was estimated for “ore fields” and
sections: Lyubeshivske — 0.76, Vydertynske — 0.78, Komarivske — 0.6, Lyshnivske — 0.72, Telcha —
0.84. As a result, significant unproved resources of category P; were calculated. However, they are
not confirmed by the available primary data sources. Moreover, as shown above, the prospective
resources of the Pivdenno-Rafalivskiy occurrence are also not substantiated. Therefore, the previously
estimated resources of these areas are subject to exclusion from the assessment of the resources of the
Volyn ore region.
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Conclusions

For the Volyn copper ore region, prospective and unproved resources were recalculated. As a result of
the assessment, the resource potential of the ore region was decreased by more than one order of
magnitude. The Kukhotsko-Volska metallogenic area is assessed as unpromising for discovering
copper reserves of industrial interest. The Manevytska metallogenic area also has insignificant
prospects. The Volynska metallogenic area is characterized by the greatest resource potential of the
Volyn ore region. The Zhyrychi deposit itself has the greatest prospects for development.
Nevertheless, while investing in this object, considering all risks and reviewing the assessment
parameters will be necessary. A group of ore occurrences on the western border of the Hirnytskiy
Horst (Zhyrychi, Zalisy-Shmenky) is of particular interest. However, the insignificant parameters of
the ore bodies, their dissemination over the area and along the section, the low copper content, and the
need for an underground mining method call into question the economic feasibility of their
development.
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