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PECULIARITIES OF THE DISTRIBUTION OF THICKNESS
AND PALEO-SURFASE RELIEF OF BASALTS OF LUCHYCHI STRATA
(WESTERN VOLYN)

Purpose. The main purpose of this paper is to investigate the peculiarities of the spatial distribution of thickness and
paleorelief of continental flood basalts of Luchychi stratum of Ratne suite of the Ediacaran of the Ratne—Kamin-Kashyrskyi
Area in Western Volyn using maps of the thickness and relief of the paleosurface. The study also focuses on correlation
between the specified parameters of the stratum and the spatial change of concentrations of native mineralization and its
localization relative to the roof (sole) of the stratum. Method. The research applies a number of methods, including field
geological surveys; petrography of basalts, structural features (degree of crystallization of mesostasis, structural position of
minerals and, in particular, copper, ratio of globular formations and minerals that surround them, relationship between
globules), macro- and microtextural features of rocks; geochemical research: determination of the content of the main
chemical components of the rocks by the method of gross chemical analysis and copper content; geological and
morphostructural studies: construction of a map of paleorelief and thickness of continental flood basalt of the Luchichiv
stratum (according to the section of wells). Results. The constructed maps of the thickness and paleo surface of the Luchychi
stratum show the spatial variability of the basalt thickness and the reflection of the effective tectonic situation on its paleo
surface, which can be “read” by relief elements. It is established that high copper content in basalts is spatially confined to
areas of maximum thickness and shifted vertically to the near-roof and, partially, plantar parts of the basalt thickness, and the
degree of their crystallization increases in the direction of the inner parts of bodies. This situation with the spatial
arrangement of native mineralization indicates the existence within these areas of local isolated thermostated systems. They
evolved in their internal parts in conditions close to the intrusive ones (relatively slow decrease in melt temperature,
crystallization of rock differences almost devoid of volcanic glass — dolerite-basalts with the transition to dolerites in the
central part). Such physicochemical conditions caused long-term migration of gaseous, gaseous-liquid and liquid fluids,
providing concomitant extraction, concentration, transfer and deposition not only of native copper, but also a number of
petrogenic oxides (alkalis, iron, partially calcium, silicium). The latter subsequently formed a number of low-temperature
minerals, the most common of which are zeolites, calcite, and iron compounds. In areas with small and minimum thickness
of basalts, the above facts are observed in a reduced form, and in some places are virtually absent. The research has
established the complete absence of signs of hydrothermal copper ore mineralization. The latter indicates the lack of evidence
about the formation of native mineralization of the hydrothermal type. We provide the geological and petrogeochemical facts
that give grounds to consider the scenario of the process of formation of native copper mineralization in relation to the fluid-
liquidation hypothesis, earlier developed and proposed by the authors. Scientific novelty. For the first time, the study made it
possible to construct maps of the thickness and relief of the paleo surface of the basalts of the Luchychi strata of the Ratne—
Kamin-Kashyrskyi area of Western Volyn. Based on the actual material it is shown that the vertical distribution and
localization of native mineralization within basaltic bodies are naturally related to their thickness. The value of native copper
is directly related to body thickness, reaching a maximum in areas with maximum thickness and background values at the
minimum thickness. Practical significance. For the first time, geological, petrographic, geological and morphostructural data
were compared with the copper content in basalts of the Luchichi stratum. The proposed approach can be used by geological
production organizations in conducting exploration work to prepare promising areas for exploration of the North-Hirnyky
and Rafalivka ore fields (ore nodes) within the Ratne Horst anticline. The obtained original material can be distributed as a
new method of native mineralization search in other areas of the continental flood basalts distribution.

Key words: continental flood basalts, Ediacaran, thickness, paleorelief, Luchychi stratum, Ratne—Kamin-Kashyrskyi area,
Western Volyn.

Introduction European platform. As part of the series, the Gorbash
sedimentary volcanic-sedimentary and Zabolottya,

has increased the interest in the recent decades to the Baby.ne, and Ratne Volcamc.sulte have been identified
continental flood basalts of the Western Volyn as a  (Starting from the oldest sediments) [Volovnyk, 1975].
promising source of copper raw materials [Prikhodko Volcanogenic deposits are of the greatest interest and
et al., 1993, Prykhodko, 2005; Melnychuk, 2010]. possible prospects for the detection of industrially
Native-copper mineralization is associated with sedi-  significant native mineralization. We studied them
mentary-volcanic Volyn series of Ediacaran of the plat-  during 2006-2012 within the Ratne-Kamin-Kashyrskyi
form cover of the Volyn-Podillya plate of the Eastern area, which is a territorial part of the Volyn Copper

The constant growth of Ukraine's needs in copper
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Ore Province. The latter is located in the joint zone of
the Volyn Paleozoic uplift and the Volyn-Podillya
monocline (Fig. 1) Melnychuk, 2014]. Already known
North-Hirnyky and Rafalivka ore fields (ore nodes)
are located along with this area on the wings of Ratne
Horst-Anticline. [Melnychuk, 2018]. We believe
that our research and the results obtained can be
disseminated primarily for the successful conduct of
exploration work and the approbation of the proposed
method.

Purpose

A significant amount of geological materials was
collected during study of the basalt rocks of trapps.
The data were obtained from the study of the internal
structure of the suite and strata (establishment and
nature of boundaries between suites, strata and
individual flows within the latter, the thickness and
internal zonation of individual flows, the degree of
crystallization), thicknesses of individual stratigraphic
units and flows. Particular attention was paid to the
spatial distribution of copper mineralization within
stratigraphic units and individual flows. At the same
time, the study analyzed the materials on the copper
concentration distribution in wells that completely or
partially crossed one or another stratigraphic unit,
morphology of copper formations, their structural
position, and petrographic features of basaltic differences
[Fedoryshyn et al., 2010].

Empirically, high and maximum concentration of
copper was linked to the flows of medium and maximum
thickness for particular wells that crossed a certain
strata or suite., And copper mineralization in these
wells tended to the roof, partially plantar parts of the
flows.

Analysis of those results led toreasonable
questions Firstly, what is the relationship between the
thickness of the flow and the value of native copper?
Secondly, under what conditions is the completion
(completeness) of the extraction process, further
concentration and movement to the final localization
achieved?

Therefore, the purpose of our study is to find out
whether the empirically obtained results for individual
wells will be valid for the entire Ratne—Kamin-
Kashirskyi area. The research takes into account the
long tectonic events in the area (including the Hercynian
stage of tectonic activity), stratigraphic gaps in the
process of successive formation of continental flood
basalts and their overlying sedimentary stratum by the
Phanerozoic.

To achieve this purpose, for the first time, maps of
thicknesses and relief of paleo-surfaces for all
stratigraphic units were built. However, in this article
we confined the materials to those that relate to the
Luchychi strata of the Ratne suite. It is explained by
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the manifestation of the ore-volcanic activity processes
within it, which in our opinion, demonstrates maximum
completeness, and, therefore, the collected material is
the most comprehensive.

Actual material

The promising Ratne-Kamin-Kashyrskyi area
spatially covers the joint zone of the Volyn Paleozoic
uplift and the Volyn-Podillya monocline. Sediments
of the continental flood basalts of the Ediacaran are
usually recorded here at depths of 150-400 m.
More than 200 wells were drilled within the district.
We processed the core material that comprised 117
wells for the Luchychi stratum. This made it possible
to construct a map of thicknesses and paleorelief with
the maximum possible reliability. Data on these wells
included absolute marks of the surface and sole, and
the results of determining the copper content. The
completeness of the information from the well logs
allowed us to determine the number of flows for each
of them and to make a deep link between sampling for
copper content. Actually, the obtained material beca-
me the basis for the construction of maps of thick-
nesses and paleorelief, in this case, for the Luchichi
strata. In parallel, we studied the petrographic features
of basalts of the hardening zone, soles, roofs, internal
zones of flows of different thickness, structural posi-
tion of different morphological differences of copper
and magnetite formations, their structural position,
vertical distribution of copper content relative to
individual flows, and features of globular texture.

Methodology

1) field geological research: description of lump of
rocks and core, collection of samples for analytical
studies;

2) petrographic studies of the composition, texture
(degree of de-crystallization of mesostasis), macro-
and microstructural features of rocks;

3) geochemical research: determination of the
content of the main chemical components in rocks by
the method of gross chemical analysis (at the chemical
laboratory of the department of geochemistry of
sedimentary strata of oil and gas provinces of IGGCM
of the NAS of Ukraine, analysts L. K. Bilyk, V. L. Kryz-
hevych);

4) geological and morphostructural research:
construction of maps of thicknesses (based on the
available thickness marks in all wells in the studied
area, isolines of thickness are constructed and digitized
by means of the computer software MapInfo) and
paleo-surface relief maps (based on the absolute
marks of height, isolines of a surface are constructed
and digitized), their correlation with each other and
comparison with copper content.
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™
Fig. 1. A tectonic scheme of the Volyn Paleozoic Uplift and its framing,
according to [Melnychuk, 2014]:
1-4 — faults: 1 — main valid; 2 — main probable; 3 — end Secondary valid; 4 — end Secondary probable (the
numbers in the squares): 1 — Lagozhansk; 2 — Kortelsk; 3 — Ratne; 4 — West-Ratne; 5 — Schitinsk; 6 — Sirchansk,
7 — Katushsk; 8 — Bronnitsk; 9 — Kamin-Kashirsk; 10 — Politsk; 11 — Krimnivsk; 12 — Datinsk; 13 — Zamshansk;
14 — Novochervyschansk; 15 — Pulminetsk; 16 — Zabolottja; 17 — Teklinsk; 18 — Gransk; 19 — Smidinsk;
20 — Steblensk; 21 — Lyubomlsk; 22 — Kratsk; 23 — Tulichivsk; 24 — Volodymyr-Volinskiy; 25 — Krasnostav;
26 — Kuhotskovolsk; 27 — Bilsk) ; 5-7 — plicated structure: 5 — brachyanticlines (numbers in circles): 1 — Ratne;
2 — Hoteshiv; 3 — Katushsk; 4 — Shack; 5 — Teklinsk; 6 — Lyubomlsk; 7 — Turiysk; 8 — Ovadniv; 9 — Krychevets;
10 — Volodumiriv; 11 — Lokachiv); 6 — brachysinclines (figures in circles): 1 — Zalisnynsk; 2 — Doshnivsk;
3 — Holovnyansk; 4 — Ladin-Smidensk; 5 — Bilashivsk; 6 — Solovytsk; 7 — Podgorodna; 8 — Krylyvetsk;
9 — Bubno-Holobska); 7 — flexures (the numbers in the triangle: 1 — Mosyrsk; 2 — Ustylug-Holobska);
8 — tectonic blocks that bounded by major faults: I — Divynsk; II — Girnitsk; III — Postupelsk; IV — Richytsko-
Brodiv; V — Schedrohirsk; VI — Katusk; VII — Lyubeshov; VIII — Hoteshiv; IX — Veryhyn; X — Polytsk;
XI — Tomaszewsk; XII — Zalisyn; XIII — Nikolsk; XIV — Holovnyansk; XV — Chevelsk; XVI — Lyuboml;
XVII — Lukiv; XVIII — Kovel; XIX — Ovadniv; 9 — formation of clay-sandstonecoal-bearing (C; o/, vI us, pr, iv,
Is, bz, mr) structural storey of early Carboniferous; 10-15 — formation of structural storey of upper-middle
Devonian: 10 — carbonate-siliciclastic, in places molasa (C; ol, hr, kl; D3 v, zpb, It); 11 — carbonate (D; rt, mt, zI,
rm) ; 12 — terrigenous-sulfate-carbonate (D5 pb, D, bt, kr, pd, vm, pl, Ip); 13—15 — formation of structural storey
of Ordovician—lower Devonian: 13—14 — clay-carbonate (13 — under formation of grey graptolit-limestone-
argillites (D, sl, S,-Dy tm, S, g¢, ml, nv, ol, zb, tr, gr, S; kl); 14 — under formation of limestones (S, ks, rd, vt, Ig,
gr, tr, sb, Sy kr, 5g); 15 — conglomerate-sandstones-limestone (O, gr, O, sml), limestones (O, pé, Osm?2) ;
1-18 — formation of structural storey of upper Vendian—Cambrian: 16 — transgressive clay-sandstone (€; vr, €, gt, Ic,
€, or, dm, Ib, sv), clay-sandstone with glauconite (€, rv, st), 17 — siltstone-sandstone, variegated (V, zt, rk ), 18 —
volcanoclastic clay-conglomeratesandstone (V, kI, 1z, bz); 19-22 — formation of structural storey of lower Vendian—
Riphean: 19 — traps effusive (V; zb, bb, I¢, zr, jk); 20 — intrusive traps (vV| ht); 21 — clastogenic-clay-sandstone (V,
gb, br); 22 — by red clay-sandstone (R, 3 rm, R3 pc, zb); 23 — formations of basement of lower proterozoic: gneiss (PR
gn), orthoamphibolites (am PR; gr), gneissose granites (qgu-yo-y-ly-m PR, km); 24 — melange of sophisticated origin
(breccia manifestations); 25 — isolines of the premesozoic to the surface. Volyn Paleozoic Uplift displayed colors.
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Brief information about the geological structure
of Ratne—Kamin-Kashyrskyi area

Continental flood basalts on the territory of the
Eastern European platform are quite widespread.
Volcanic-sedimentary formations, which are a part
of the Volyn series, form a strip up to 150 km wide
along the Teiseire—Thornquist line (in the direction
from Lublin to Chisinau). Volyn volcanites are
located in the northern part of the region [Volovnik,
1975; Velikanov et al., 1983; Volovnik, 1990].

The platform cover consists of a strata that vary
in terms of facies affiliation, composition and age.
The Riphean red terrigenous formation — a thick
(up to 600 m) section of sandstones of the Polissya
series (Ry.3pl), overlapped by the formations of
the Volyn series, lies with a sharp angular and
stratigraphic unconformity on the Early Proterozoic
crystalline basement (Fig. 2).

The sedimentary-volcanic stratum of the Volyn
series of the Lower Ediacaran unites four suites
(from bottom to top). Gorbashi is basal coarse-
fragmentary-terrigenous suite(up to 50 m); Zabolottya,
Babyne and Ratne are exclusively volcanogenic
with a total thickness of more than 450 m [Prikhodko
et al., 1993; Melnychuk, 2010].

The Luchychi strata is stratigraphically part of
the Ratne suite and lies directly on the Babyne suite.
Up to 4 flows of toleite basalts can be distinguished
according to geological features in the wells that
open the most complete section of the Luchychi
strata. The volcanic-terrigenous stellar stratum is
above the section in the Ratne suite. The section of
the Ratne suite is completed by the Yakushi volcanic
stratum, which contains up to 7 flows, lavoclastic
breccias, and various tuffs. Volcanogenic formations
are grouped together under the name of trapps,
which are used for platforms. Rocks of intrusive
facies such as dolerites, gabbro-dolerites, and
dolerito-basalts can be found in the continental
flood basalts (and this is typical for Volyn continental
flood basalts). All these basaltoid rock deviations are
considered to be derivatives of poorly differentiated
basalt magma [Volovnik, 1975; Prykhodko, 2005].

Results and discussion

Below are the results of research on the Luchychi
strata, obtained on the basis of the above-mentioned
factual material. Partially obtained results have
been published in Ukraine and abroad [Batsevych
et al., 2018; Batsevych et al., 2019; Naumko et
al., 2020].

Ratne suite Vrt

Ratne suite conformally occurs over Babyne suite.
Basalt flows, lava-tuff-breccias, tuffs alternate in its
section. The works of recent years on Ratne-Kamin-
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Kashyrskyi Area allowed us to divide the Ratne suite
into three strata (from the sole to the roof): Luchychi,
Zoryane and Yakushiv. In this article, we focused on the
detailed study of the Luchychi stratum.

Luchychi stratum — V,I¢. Deposits of the Luchychi
stratum of the Ratne suite of the Volyn Ediacaran series
within Ratne—Kamin-Kashyrskyi Area are composed of
several (up to four) flows of toleite basalts, separated by
packs of lavoclastic breccias, sometimes with layers of
different fragments of pyroclastic rocks of basaltic
composition. Basalts are dark gray, with a greenish tinge,
fine crystalline, amygdaloide or aphanitic, occasionally
with cracks. The upper parts of the basalt flows are often
weathered.

We studied the peculiarities of their internal structure
on the example of the most powerful flows, as
L. Chetverikov once did on the natural outcrops of
Siberian trapps on the banks of the Vilyuy River
[Chetverikov, 1959], with the purpose of establishing an
actual number of poured on the surface flows. According
to the study, it was established [Fedoryshyn et al., 2012]
that the central zone of the flow is represented by rocks
of dolerite-diabase composition with typical structures.
At the same time, liquation-type structures (globular,
nest-globular, lenticular-globular) are widely developed
in this zone. These structures indicate the maximum
possible manifestation of the liquation for the flow. And
the crystallization conditions in this zone were similar to
those for a “closed system”. In the following zones of
flow (zone of Mandelstein, transition and hardening) the
degree of crystallinity of rocks naturally changes, the
size of globular formations decreases, a larger volume of
volcanic glass appears, and the degree of decrystallization
inside the globules changes. The presence of at least two
phases of preserved volcanic glass can be considered
indisputable and reliable evidence of liquation within
the flow. This condition is fulfilled in the studied rocks.
According to one of the most authoritative works of
recent decades [Drever, 1960], a number of petrographic
proofs of the liquation were established at the microscopic
level. However, it should be noted that they appear with
different completeness in the flow section.

In this context, it should be noted that there is the
highest copper content in the basalts of the Luchychi
strata, in which the liquation processes were most
clearly manifested at the maximum thickness. It reaches
1200 g/t in the roof (in the intervals from 16—18 to 20 m
distance from the roof) (well No. 8262). In addition,
there is a general trend of increasing the intensity of
copper mineralization up the section (Fig. 3) [Naumko,
Batsevych, 2016].

Analysis of the surface of the paleorelief (Fig. 4) and
the spatial distribution of the thickness of the deposits of
the Luchichi strata (Fig. 5) showed a vivid reflection of
the elements of block tectonics in the relief of this area.
This demonstrates the following.

The central latitudinal band of the studied area, its
southern and northern slopes are characterized by
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maximum absolute marks. We are able to observe a ~ main tectonic faults and their satellites. The latitudinal
noticeable decrease in relief to the north and south  direction of the main faults caused a handful of latitudinally
of this strip. The established relief pattern enables  oriented uplift, and the diagonal faults, which are traced
fairly accurate reproduction of the specified area by linear depressions, and are satellites of the main
block structure, as well as the spatial location of the  faults.
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Fig. 2. A schematic consolidated section of the continental flood basalts
of Volyn-Podillya (according to [Melnychuk, 2010]). Scale 1 : 10 000.
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Fig. 3. Variations of copper concentrations in the
section of the Luchychi stratum of the maximum
thickness (well No. 8262).

The variations in thickness of the basalts (Fig. 5)
demonstrates that the largest accumulations of lava
formations are characteristic of the lower parts of the
relief. They gradually decrease as the absolute marks
increase. The range of thickness changes varies from
3.3 m to 95.2 m (Fig. 5). All this corresponds to the
formation conditions of continental flood basalt rocks
of all provinces of this type without exception, taking
into account that trapps are formed by the active
manifestation of fractured volcanism.

In the method mentioned above, we established a
spatial combination of high concentrations of native
copper and volcanic eruptions [Batsevych et al., 2016].
Theompiled maps allow us to spatially track the
boundaries and configuration (scale) of potential
industrially significant native mineralization. The real
possibility of its formation due to liquation processes
was highlighted in earlier publications as a hypothesis
of fluid-liquation formation of native mineralization
[Naumko et al., 2016, 2017].

It should be noted that there are different views
among Ukrainian researchers on the nature of the
native mineralization in trapps. They are substantiated
differently and are based on different volumes of the
studied material.

The point of view of hydrothermal formation
of native mineralization is the most common and
discussed among geologists. Let us consider the
main features that are inherent in ore hydrothermal
systems. The most common forms of hydrothermal
bodies are veins, stockworks, layered and irregularly
shaped deposits. They reach a length of several
kilometers with a width of several centimeters to tens
of meters. Hydrothermal bodies are surrounded by a
scattering halo of the elements that form them (primary
scattering halos), and the adjacent rocks are
hydrothermally transformed. Among the processes of
hydrothermal changes in rocks, the most common are
quartzification, alkaline type transformations, which
are caused by the introduction of potassium and the
subsequent formation of muscovite, sericite and clay
minerals, and the introduction of sodium — the formation
of albite. According to the composition of the majority
of minerals, the following main types of hydrothermal
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ores are distinguished: 1) sulfide, which form deposits
of copper, lead, zinc, molybdenum, bismuth, nickel,
cobalt, antimony and mercury; 2) oxide, typical for
deposits of iron, tungsten, tantalum, niobium, tin,
uranium; 3) carbonate, characteristic of some deposits
of iron and manganese; 4) native, known for gold,
silver; 5) silicate, which form deposits of non-metallic
minerals (asbestos, mica) and some deposits of rare
metals (beryllium, lithium, thorium, rare earth elements).
Hydrothermal and other views on the origin of copper
in the trapps studied by us are systematized and set
forth in [Kvasnytsia et al., 2009].

Obviously, it is necessary to have conditions close
to intrusive to form and develop the ore-generating
system as part of the fluid molten physicochemical
system, i.e. to ensure the possibility of separating ore-
forming chalcophilic solutions from silicate magmatic
melt [Ovchinikov et al., 1982]. Such conditions are
achieved only at significant thicknesses of flows, when
a promising rock-ore complex is slowly cooled by a
natural drop in temperature. It has time to undergo
processes of liquation, extraction, transfer and
concentration of copper [Nesterovych, 2014].

This logically follows from our proposed new fluid-
liquation hypothesis of the native mineralization origin
[Naumko et al., 2016, 2017]. According to it, the process
begins with the actual liquation phenomena at the
magmatic stage and continues at the postmagmatic stage.
It is recorded by the transition from early high-
temperature inclusions melts [Bakumenko, Fedoryshyn,
2005] to the late, highly concentrated water-salt inclusions
in cooling cracks at the hydrothermal stage of
mineralogenesis [Nesterovych, 2014]. Thus, the liquation
process is multi-stage and is observed at different stages
of the evolution of the ore-rock system.

The revealed facts of fluid-liquation interaction at
different stages of formation of native copper deposits
indicate [Naumko et al., 2013] that copper in the form
of small droplets already existed in the melt at the time
of formation of continental flood basalts (raising
magmatic melt and spreading it on the day surface).
This is evidenced by small impregnations of native
copper in the first porphyry-like crystals of plagioclase.
Thus, copper droplets were actually formed before the
appearance of the first crystalline phases. This point
can be attributed to the first stage of liquidation of the
ore phase. It is fair to say that in the same way the
phase of native iron appeared, which was discovered by
many researchers. In the process of liquation, the
copper droplets separated from the silicate melt, then
were redistributed and transferred to the upper horizons
of lava flow. According to our data, the transfer of
copper droplets to the near-surface part of lava
flows began with gas bubbles (the presence of tuffs
and pysolites indicates a significant gas saturation
of the melt [Nesterovich et al., 2014]). The processes of
copper migration to the effluent surface could also be
intensified due to the presence in the melt of highly
thermobaric streams of liquid carbon dioxide
[Kvasnytsya et al., 2009]).
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Then, copper was transferred by chloride comp-
lexes, in particular, during its transportation in the
direction of the quenching zone of the flow. This
explains the positive correlation of chlorine and
copper contents and the “dumping” of the latter on the
corresponding geochemical barriers in the process of
lowering the temperature and supersaturation of
copper solutions. This is confirmed by the significant
contents of chlorine ion (CI) in water extracts from
basalt rocks of the study area, which reach 266.3—
568.0 mg/kg [Nesterovych, 2014].

The high ability of CI" to extract metals from
aluminosilicate melts has long been well known [Ma-
linin, Hitarov, 1984]. Experimental studies [Barsukov,
Ryabchikov, 1980] showed a virtually universal role
of CI' in metal transfer along with the constant
participation of chlorides in deep magmatic systems .
It involves considering the behavior of ore elements in
inseparable connection with the behavior of chlorine.
[Weihua, McPhail, 2005] provide the latest data on
the migration of copper in a fluid-saturated medium in
chloride complexes, such as CuClaqueous)y CuCly, CuCly*
and CuCl,’. In fact, such a course of the process of
formation of native mineralization is facilitated by the
considerable thickness of individual flows of basalts
and volcanic formations in general.

It should be noted that there is some inhomo-
geneity in the distribution of native mineralization. It
is due, on the one hand, to the uneven distribution of
gas-fluid flows (the paths of these flows are reflected
in the uneven distribution of low-temperature mineral
phases). On the other hand, cracks, primarily of the
contraction type, played not the last role in the
inhomogeneous distribution of copper ore. Cracks for
residual melt are a kind of “shock” medium. There is
an instantaneous change in physicochemical condit-
ions, which can sometimes lead to explosive pheno-
mena and instantaneous liquation and crystallization
of the residual melt. We observed similar phenomena,
in particular, in the formation of products of granitoid
composition or liquation veins with a clear division
into native and ferruginous phases. Zones with such
formations are most often confined to the roof parts of
the flow, less often closer to the sole.

Actually such and similar fluid-conducting zones,
according to our data [Naumko, 2006; Naumko et
al., 2013a, 2013b], could migrate fluids of magmato-
genic origin. The presence of these fluids is an important
prerequisite for new genetic and practical conclusions,
which, in the end, will help identify the migration
processes of the ore phase and detail the criteria for
predicting copper mineralization in the trapps of
Volyn [Melnychuk, 2018].

The study presented above, allows us to conclude
that the main part of copper was formed by fluid-
liquation interaction. D roplet-like release of copper,
which is characteristic of liquation processes. A nd
besides, the typical signs of hydrothermal ore formation
are not observed.
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Scientific novelty

For the first time, maps of the paleo-surface
thickness and relief of the Luchychi strata basalts
were constructed. Luchychi strata is an integral part of
the continental flood basalts of Ratne—Kamin-Ka-
shyrskyi area in Western Volyn, The study revealed
the role of the tectonic factor in the formation of the
block morphostructure of the surface of the Luchychi
stratum of Ratne—Kamin-Kashyrskyi area. It also
defined the ways of lava spreading and the area of its
maximum accumulation .

Based on the regular correlation between the
copper content and the basalts thickness of the Luchy-
chi stratum, it became possible to spatially delineate
potentially promising ore areas, where the ore-
producing process was most pronounced. Therefore,
the volume of exploration work can be significantly
reduced. The obtained original material can be offered
for testing not only within Western Volyn, but also in
other areas where continental flood basalt is wides-
pread.

Practical significance

The analysis of the original materials obtained by
us, will help to identify the temporal and spatial
relationships between the components of the Volyn
series and the lower- and upper-located sedimentary
strata. It will facilitate identification of fluid-conduc-
ting zones confined to the intervals of de-densification
(fracturing) or to angular and stratigraphic unconfor-
mity between the deposits — the main migration routes
of mineral-forming fluids, which were the source for
the formation of paragenesis with native copper. In
this context, it is planned to use them in search and
evaluation works in order to prepare promising ore
occurences (deposits) for exploration, in particular, of
the North-Hirnyky and Rafalivka ore fields (ore
nodes) within the Ratne Horst Anticline.

Conclusions

1. For the first time, the research resulted in
building maps of the thickness and paleorelief of
basaltic flows of the Luchychi strata of Ratne—Kamin-
Kashyrskyi area in Western Volyn. The study was
based on the data of the materials of wells drilled for
many years for mapping and exploration purposes.

2. According to the data on determining the copper
content in basalts and the vertical distribution of copper
concentrations, it was established that the values of
copper concentrations are spatially correlated with the
thickness of individual flows and the total thickness
of basaltic rocks of Luchychi stratum. At the same
time, it was found that there is a direct relationship
between the total copper content and the thickness
of the flows in specific wells, and the maximum
concentrations of copper mineralization are spatially
confined to the roof (rarely to the bottom) parts of
the flows. Instead, in the flows with a minimum



thickness, we usually observe copper content at the
level of Clark.

3. Tectonic rearrangements, which appeared after
the formation of continental flood basalts, somewhat
complicated the spatial picture of the spatial location
and integrity of the initially integral ore fields and,
possibly, individual ore bodies. This is eloquently
evidenced by the morphostructural map of the paleo-
surface, serving as a reliable reflection of paleotec-
tonic movements.

4. The basic principles of functioning of inextri-
cably linked physicochemical, magmatic and ore-
generating systems are established. Spatial features of
copper mineralization distribution, numerous petro-
graphic features (discovered for the first time) and
spatial-structural location of native copper in basalts
give grounds to claim that the basaltic magmatic
system and its ore-generating part correspond to the
principles set forth by us in the form of the fluid-
liquidation hypothesis of continental flood basalts and
native mineralization.

5. In the case of taking our research as a basis, the
data obtained can be used as a fundamentally new
method of exploration work for copper, as most of the
necessary and most costly work was carried out by
manufacturing companies in previous years.
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OCOBJIMBOCTI PO3IIOAULY TOBILMHU I PEJIbEDY ITAJIEOIIOBEPXHI BA3AJIBTIB
JIYUYNYIBCBHKOI TOBHLII (3AXI/THA BOJIMHb)

Mera. JJocniauta 0coOIMBOCTI IPOCTOPOBOrO PO3MOILTY TOBIIUHH 1 Hajeopenbedy 0a3anbTiB JIydnqiBChKOT
TOBIII PaTHIBCHKOI CBITH TpamoBoi ¢opmaii exiakapito PatHe-Kaminb-Kammpcebkoi miomi 3axignoi BonuHi 3a
JIOTIOMOT'OF0 KapT TOBIIMHH 1 penbedy MajJeonoBepXHi U IPOBEACHHS KOPEIIil MiJK BKa3aHUMH NTapaMeTpaMu
TOBIII Ta MPOCTOPOBOIO 3MIHOIO KOHIIEHTPAIliii CAMOPOAHOMITHOTO 3pYAEHIHHS 1 HOTO JIOKaJTi3alli€ro BiIHOCHO
nokpiBii (mizomBu) ToBIi. Meroauka. Bkirouae monbpoBi reosoriuHi AOCiKeHHs; nerporpadito 0a3anbTis,
CTPYKTYPHI OCOOJMBOCTI (CTYIiHB PO3KPHCTANi3allii ME30CTa3HuCy, CTPYKTYpHE IOJIOKCHHS MiHEpaliB Ta,
30KpeMa, Mijli, CIiBBiIHOIIEHHS TJI00YISPHUX YTBOPEHB i MiHEpaJIiB, SIKi IX OTOYYIOTh, B3a€MOBIIHOLICHHS MiX
TIIO0YJISIMH), MaKpO- Ta MiKPOTEKCTYPHI OCOOJIMBOCTI MOPIT; T€OXIMIYHI JOCIIIPKCHHS: BCTAHOBIICHHS BMICTY

46



Geology

OCHOBHMX XIMIUYHHX KOMIIOHCHTIB IIOpPiJl METOIOM BaJIOBOTO XIMIYHOTO aHaTi3y Ta BMICTY MiJi; I'€0Joro-
MOpGOCTPYKTYPHI JOCII/PKEHHS: TOOYI0Ba KapTH Majeopeiabedy 1 TOBIIUHM JIYYUUiBCHKOI TOBIII TPAItOBOI
¢dopmanii (3a gaHUMHU po3pi3y cBepaIoBUH). Pesynpratn. Ha ocHOBI moOymoBaHMX KapT TOBIIMHHU 1 Tajeo-
TIOBEPXHI JTYYUUiBCHKOI TOBIII IOKa3aHO NPOCTOPOBY MIHJIHMBICTH TOBUIMHU 0a3asbTiB Ta BiJOOpa)KeHHS
pe3yNbTaTUBHOI TEKTOHIYHOI CHTyalii Ha ii MmaJeonoBepXHi, SIKi MOXKHA “4UTaTH’ 3a €IEMEHTaMH DPEeNbedy.
BcranoBieHo, 1110 BUCOKI BMICTH Mifii B 0a3aibTaXx IPOCTOPOBO MIPUYPOUEHI 10 AUITHOK MaKCUMAaJIbHUX TOBIIUH
1 3Mill[EH]I 3a BEPTHKAJLUIIO /IO IIPUIIOKPIBEIBHOI Ta, YAaCTKOBO, ITPHUIIIOUIBEHHOI YaCTHH TOBINI 0a3aibTiB, a
CTYMiHb iXHBOI pO3KpHUCTAJII3alIl HAPOCTAE Y HANPSIMKY BHYTPIIIHIX YyacTHH TUI. Taka cuTyalist 3 IpOCTOPOBUM
pO3TallyBaHHSM CaMOPOIHOMIJHOTO 3pYyJACHIHHS BKa3ye Ha iCHYBaHHS B MeXaX BKa3aHUX JUISTHOK JIOKAIBHHX
130JIbOBaHUX TEPMOCTATOBAHUX CHCTEM, SIKi EBONIOLIOHYBAIN Y CBOIX BHYTPIIIHIX YaCTHHAX B YMOBaX, 10 OyiIH
HaOMKeH1 10 IHTPY3UBHUX (BiJHOCHO ITOBUJIbHE 3HIDKCHHS TEMIIEPAaTypH PO3IUIaBY, KpUCTali3allis TIOPOIHUX
BiIMiH TIPaKTUYHO TO30aBJIEHUX BYJIKAHIYHOIO CKJa — JIOJEPHUTO-0a3aibTiB 3 IIEPEXOJOM IO IOJIEPUTIB Y
LeHTpaNbHIH yactuni). Taxi (i3uKo-XiMiuHI YMOBU 3yMOBHJIM TPHUBAIY MIrpaliifo ra30BHX, ra30BO-PiIMHHHAX Ta
pianHHEUX (roiniB, 3a0e3MeUyr0Yr CYIYTHIO €KCTPaKIIil0, KOHIIEHTPAIli0, IEPEHECEHHS 1 BiIKIaJaHHs HE JIUIIe
CaMOpPOIHOI Mifi, ajie ¥ IIJIOro psay MeTPOreHHUX OKCHIIB (JIYTH, 3ai1i30, YaCTKOBO KaJbIlii, ciimiil). OctaHHi
YTBOPIOBAIM 3TOZIOM HU3KY HHM3BKOTEMIIEPATypHUX MiHEpasiB, HAMOUIBII IONIMPEHHUMHU 3 SKHX € IEONITH,
KaJbLUT, CIIONYKHU 3aimiza. Ha minsHKax 3 Major Ta MiHIMaJIbHOIO TOBIIMHOIO 0a3aibTiB BKa3aHi BUIlle (DakTH
CIOCTEPIraloThCsA B PEAYKOBAHOMY BUIIISAIL, a TONEKYAU MIPAKTUYHO BiJCYTHI. BCcTaHOBIEHO MOBHY BiJICYTHICTD
03HaK (OpMyBaHHS TiIpOTEpMANBHOI MiJHOPYAHOI MiHepamizauii. OcTaHHE MiATBEPPKYE TOH (akT, 1m0 Ha
CBOTOJIHI T'eoJIOTIuHIM Haylll HeBifioMi ()akTH YTBOPEHHS CaMOPOJHOMITHOI MiHepai3allii riZpoTepManbHOrO
TuIty. BUkiazieHi reosoriydi Ta neTporeoxiMivyHi (akTy JTOCTOBIPHO HAMH BCTAQHOBJIEHI i JAIOTh MiJICTAaBU PO3-
[JISIaTH  CLEHapid Tpollecy YTBOPEHHS CaMOpPOJHOMINHOI pyAHOI MiHepaiizauii CTOCOBHO 10 (iroinHO-
JIKBAIIWHOI TIOTE3H, po3po0IIeHOT 1 3aIIPONIOHOBAaHOI CBOr0 Yacy aBTopaMu. HaykoBa HoBH3HA. Brieprie mo0y-
JIOBAHO KapTH TOBIIUHU 1 penbedy naeonoBepxHi 0a3anbTiB Iydn4iBChKOI TOBIIII TPANoOBOI opMaliii exiakapito
Partne-Kaminp-Kammpcepkoi mnomi 3aximHoi Bomwmni. Bneprnie Ha migcraBi omparfoBaHHs (aKTUYHOTO Ma-
Tepiany MoKa3aHo, 10 BEPTUKAJIBLHAN PO3IO/LT 1 JIOKaTi3alisi CaMOPOIHOMIIHOI MiHepasti3allii B Mexax 0a3aiib-
TOBHX TLJI 3aKOHOMIPHO TOB’s13aHi 3 iXHBOIO TOBIIMHOI, a 3HAYCHHS BMICTY CAMOPOIHOI MiJli 3HAXOIUTHCS Y
NpsIMil 3aJIEKHOCTI 3 TOBIIMHOIO TiJla, JOCATAI0YM MaKCHMyMYy Ha JUISTHKaxX 3 MaKCUMaJbHOIO TOBIIUHOIO i
(OHOBUX 3HAuYeHb NPU MiHIMaNBHIA ToBIIMHI. [IpakThyHa 3HaumMicTs. Briepie reonoriuni, merporpadiusi,
reos1oro-MophOCTPYKTYPHI JTaHi 3iCTaBJICHO 13 BMICTOM Mifi y 6a3aiabTax JydUIiBCHKOI TOBIINI. 3aMpOOHOBaHUN
miaxig Moke OyTH BHKOPUCTaHO BHUPOOHMYMMH OpraHi3allisIMH TEOJOTiYHOro NpOo(diII0 IpU NPOBEACHHI
MTOITYKOBO-PO3BiIyBAJILHUX POOIT 3 METOIO MIATOTOBKU MEPCHEKTUBHUX ILIONI 10 Po3Biaky [liBHIYHOTIpHHIIE-
koro i PaganiBchkoro pyaoHOCHUX TOINIB (PYOHUX BY3JiB) y Mexax PaTHiBchkoi ropcr-aHTukiiHaimi. Otpuma-
HUH OpWTIHAJIBHUHA MaTepiajJ Mo)Ke OyTH IMOUIMPEHUH SK HOBa METOJMKA IMOUIYKIB CAMOPOAHOMIJHOIO 3pY-
JICHIHHS Ha 1HIKX IUTOIIAaX MOIIUPEHHS TParoBoi GopMarrii.

Kniouosi cnosa: tpanu, efiakapii, TOBIIMHA, MTaeopenbed, TydndiBcbka ToBua, ParHe—Kaminp-Kammpcerpka
mIoma, 3axijgHa BonmuHe.
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