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This study examines the occurrence, composition, and origin of native metals and some other highly
reduced mineral phases in kimberlite-lamproite magmatic systems, with particular emphasis on the Mriya
pipe (Azov Block, the Ukrainian Shield). Native metals are extremely rare in crustal rocks due to rela-
tively high oxygen fugacity, but are more typical of deep mantle environments. Their presence therefore,
provides important insights into reduced conditions and deep geodynamic processes. SEM/EDS investiga-
tions reveal a diverse assemblage of native metals, including Pb, Sb—Pb, Sn—Pb, Cu—Zn, Fe, and Si-Ti-Fe
phases. These occur both as individual grains with spherical, fluidal, and irregular morphologies, and as
inclusions within titanium—manganese—iron—silicate (TMIS) spherules and Ti**-bearing corundum.

Textural features and phase relationships indicate crystallization from melts under highly reducing
conditions, most likely during rapid adiabatic cooling in gas-charged flows associated with explosive
volcanic activity. Integration of new data with previously published results demonstrates that certain
components of the highly reduced mantle mineral association (HRMMA), such as TMIS spherules,
Pb-dominated and Cu—Zn particles, are characteristic of kimberlite-like formations. The identifica-
tion of similar mineral assemblages in some sedimentary deposits on the Ukraine, lacking evidence
of weathering, supports their interpretation as primary pyroclastic material capable of scattering over
a considerable distance.
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Possible genetic models are considered, including deep mantle sources, plume-related transport,
and formation under the influence of reduced CH,—H; fluids, with some hypotheses suggesting origins in
the lower mantle or near the core—mantle boundary. The results underscore the significance of HRMMA
minerals as potential indicators in diamond exploration and contribute to a better understanding of the for-
mation and preservation of highly reduced mineral systems in the Earth’s interior.

Key words: native metals, metallic alloys, highly reduced phases, spherules, mantle, corundum, dia-
mond, kimberlites, the Ukrainian Shield.
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Statement of the problem. Native metals are extremely rare in the rocks of the Earth’s crust
that are accessible for study. In contrast, native phases are very common in extraterrestrial mate-
rial. Native phases of Fe, Ni-Fe, Co—Fe, Cu, Mo, Nb, Pt, and platinum group elements (PGE),
as well as highly reduced oxygen-free minerals (phosphides, nitrides, carbides, and diamond)
have been found in various types of meteorites [10]. Native metals, including Ni—Fe, Ni, Cu,
Cu-Zn, Cu-Ni-Zn-Fe, FeC, (Fe,Ni),P, and (Fe,Ni,Co),P, have been identified in samples
of Lunar basalts and regolith delivered by the Apollo missions [4].

The geological processes associated with the formation of the Earth’s lithosphere are charac-
terised by high oxygen activity (oxygen fugacity — fO,), which is inconsistent with the stability
of native elements. Thus, the majority of known sedimentary, metamorphic, and igneous rocks
are devoid of metallic phases, with the exception of the highly stable metals Au, Ag, and PGE.
In the Earth’s mantle, oxygen fugacity is thought to decrease with depth down to the iron-wiistite
(IW) buffer and below [7]. This change in oxygen fugacity with depth likely explains the fact
that known occurrences of native metals on Earth are associated with ultramafic and mafic rocks
of mantle origin, including chromites, picrites, and kimberlites [1; 5; 7; 9; 13—18], and occasion-
ally with basalts [2; 19].

Traditionally, in kimberlite geology, the main focus has been on typical kimberlite miner-
als, known as kimberlite indicator minerals (KIMs). Exotic native phases from kimberlites, on
the other hand, were studied only in an episodic manner. However, the discovery of inclusions
of ferropericlase, native metals (Pb, Ni, Fe), carbides, and nitrides in certain varieties of dia-
monds has provided new data to advance kimberlite geology [7; 8; 11]. Several researchers have
suggested that the presence of inclusions of highly reduced phases implies a deep origin for these
diamonds (the base of the upper mantle and lower mantle), known as super-deep diamonds.
A deeper origin for kimberlites has also been proposed. A model for the formation of proto-kim-
berlite melt at the base of the lower mantle was presented by S. E. Haggerty [6]. Thin films,
including 15 native metals dominated by Fe, Ni, Pd, Au, Ag, Pb, Sn, Sb, and their intermetallic
alloys, have been discovered on the surface of diamond crystals from various kimberlite prov-
inces, which is another confirmation of the syngenetic relationship between diamonds and native
metals [9]. These observations highlight the importance of studying native metals and oxy-
gen-free minerals for a better understanding of the nature of kimberlites and the diamonds they
contain.

We have previously reported on the discovery of native metals in kimberlites and lamproites
of the Ukrainian Shield, and in kimberlites of the Arkhangelsk and Yakutsk provinces [15; 21;
22]. The metals occur as individual aggregates of Fe, Cu, Zn, Cu—Zn, Pb, Sb—Pb, Sn—Pb, and Au
phases, and also as inclusions of Fe® in titanium-manganese-iron-silicate (TMIS) spherules,
Mn-Fe in calcium-silicate (CS) spherules, and Si-Ti—Fe in Ti**-bearing corundum (Fig. 1).
All highly reduced mineral objects, including native metals, spherules, as well as associated
moissanite SiC and qusongite WC, were termed as a highly reduced mantle mineral association
(HRMMA). In this article, we present new results from the study of native metals from the Mriya



NATIVE ELEMENTS AND METALLIC ALLOYS IN THE MRIYA PIPE, AZOV BLOCK...

ISSN 2078-6220. MiHepanoriyHuii 36ipHuk. 2026. Ne 76 >

pipe (Azov Block of the Ukrainian Shield), as this is the most representative occurrence with
a complete suite of HRMMA [22].

Analysis of previous research. There are only a few reports of native metal discoveries in
kimberlites. J. B. Dawson [3] provided information on the discovery of Ni-Fe, Fe’ (in SiC),
PGE, Ag, and Cu in kimberlites from various diamond provinces around the world.

0,5 mm

Fig. 1. Association of highly reduced mineral formations from the Mriya pipe: a — native lead (Pb);
b — Zn—Cu alloy; ¢ — titanium-manganese-iron-silicate (TMIS) spherule; d — Ti**-bearing corundum;
e — moissanite; f— qusongite

V. K. Marshyntsev first described TMIS, CS, and magnetite-wustite-iron (MW-I) spherules
with Fe? inclusions in the Mir, Udachnaya, and Aikhal pipes. The same suite of spherules, as
well as Sb—Pb spherules, was discovered in the Catoca and Thiuzo pipe, Angola-Congo diamond
province.

Findings of TMIS, MW-I spherules containing Fe°, grains of native Cu, and corundum with
Si—Cr—Fe inclusions from the kimberlites of the Karpinskogo-1 pipe in the Arkhangelsk Prov-
ince have been reported in previous studies [22].

Spherules of pure gold have been discovered in Tertiary lamproites in Spain and in the lam-
proites of the Mriya pipe in the Ukrainian Shield.

Native metals, including Sb—Pb, Cu, Au, and Al, were discovered in the Ukrainian Shield by
O. L. Tishchenko in the Pivdenna and Nadiya pipes, Azov Block [20]. In our previous studies,
we reported on native metals discovered in another explosive volcanic structure of the Ukrainian
Shield [15; 22]: TMIS spherules with Fe’, grains of native Fe, and Cu-Zn alloy in the Zelenyi
Hai pipe; TMIS spherules with Fe® and particles of Cu-Zn alloy in the Gruz’ka-Pivnichna pipes;
TMIS lapilli with Fe® in the Shchors kimberlite dyke; TMIS spherules with Fe, CS spherules
with Fe’ or Mn-Fe inclusions, MW-I spherules, native Cu, and native Zn in the Pivdenna kim-
berlite pipe.
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It is also worth mentioning other well-known occurrences of native metals and associat-
ed ultra-reduced phases associated with ultramafic and mafic rocks. HRMMA discovered in
podiform chromitites of the Luobusa ophiolite, southern Tibet, includes PGE metal alloys
(Os—Ir, Os—Ir—Ru, Pt-Fe, and Ir-Ni—Fe), base-metal alloys (Fe—Ni—Cr, and Fe—Co), native
elements (Fe, Ni, Cr, Au, Cu and Si), diamond, moissanite, and iron silicide (Fe—Si) [1].
Ti**-bearing corundum with a number of highly reduced phases including native Ti, Fe—Cr,
Fe-Si, Ti-Si-P, Ti-B-N-C phases, as well as zamboite FeTiSi,, osbornite TiN, khamrabae-
vite TiC, jingsuiite TiB,, badengzhuite TiP, zhiqginite TiSi, and qusongite WC are also pres-
ent [13; 14].

W. L. Griffin and co-authors carried out detailed studies of highly reduced minerals
from Cretaceous pyroclastic rocks on Mt. Carmel, Northern Israel. This mineral assemblage
includes diamond, wustite FeO, MW-I spherules, native V, and Ti**-bearing corundum with
entrapped ultra-reduced phases TiC, TiN, SiC, CrSi,, and various Fe-Ti-Zr—(Si, P) melt
derivatives [5].

Zhang Z. and co-authors reported the discovery of native gold, native copper, native zinc
and moissanite grains in a picrite lava in the Lijiang area within the Emeishan large igneous prov-
ince, SW China. The authors suggest that this is xenogenic material introduced into the picrite
melt from the mantle with a rising plume [18].

Native metals are found in basalts from various regions. For example, Paleocene basalts from
Disko Island, Greenland, contain native Fe [2]; native Fe and Cu are found in Vendian (Ediaca-
ran) flood-basalts of Volyn, Ukraine [19].

The research purpose was to study individual particles of native metals and inclusions
of native metal phases in TMIS spherules and Ti**-bearing corundum from the volcaniclastic
facies of the Mriya pipe, as well as to summarise published information on native metal finds
from kimberlites.

Presentation of the main material. The Mriya pipe is one of a series of lamproite volca-
nic bodies located in the western part of the Azov Block of the Ukrainian Shield. The Mriya
pipe dates back to the Paleoproterozoic and is emplaced in the plagiogneisses and amphibo-
lites of the Drahunsk Unit (4R,). It is oval in plan, with dimensions of 350 x 500 m, and cup-
shaped in cross-section. The main body of the pipe is filled with intrusive lamproites, with
an olivine-hornblende-phlogopite composition. The upper part is made up of altered clay-
ey-carbonate volcaniclastic rocks with xenoliths of granites, micaceous hornblendites, oliv-
ineites, and dunites with a size of 5—7 cm. The thickness of the volcaniclastic facies deposits
is approximately 30 m.

A 500 kg sample of volcaniclastic rock was picked from a depth of 20 m in borehole
No. 189A, which has a diameter of 1300 mm. Metal grains were hand-picked from the heavy
mineral concentrates using a binocular microscope.

Microanalytical studies were undertaken to examine the compositions and textural charac-
teristics of the metallic phases and the mineral aggregates in which they are hosted.

The inner textures of the spherules were observed using a REMMA-102-02 scanning
electron microscope (SEM) at the Ivan Franko National University of Lviv. SEM equipped
with a W-cathode. Images were taken using back-scattered electron (BSE) mode. Chemical
compositions were obtained using an EDAR energy-dispersive spectrometer (EDS) equipped
in the SEM. The optimum operating conditions were an acceleration voltage of 20 kV, a sam-
ple current of 1 nA, and a beam diameter of 0.1 pm. The instrument was calibrated in accord-
ance with the NERMA.GEO1.25.10.74GT mineralogy standards. Additionally, at the start
of the measurements, the system was fine-calibrated using Cu. Magallanes 3.2 software was
used to analyse the spectra.
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The HRMMA particles recovered from the Mriya pipe volcanoclastic rocks (see Fig. 1)
include spherule-like metal particles, TMIS spherules, Ti**-bearing corundum aggregates,
qusongite WC, and moissanite SiC.

Native metals found in the Mriya pipe can be divided into two groups. Some of them form
individual grains (Pb, Pb—Sb, Cu—Zn), whereas others are incorporated into the glass matrix as
inclusions in TMIS spherules (Fe?) and Ti**-bearing corundum aggregates (Si—Ti—Fe).

Native Pb and Pb-dominated alloys occur as spherule-like particles with plastic and flu-
idal forms (Fig. 1, a; Fig. 2, a—d). Some particles are heterophase, with Pb and Sb—Pb phases
(Fig. 3, @) or Sn and Pb phases (Table 1). Others consist solely of Pb (Fig. 3, »). The metal
of some particles may contain fine angular fragments of rutile, corundum, and undetermined
carbon (see Fig. 3, b). These angular carbon fragments exhibit positive relief on the polished sur-
face. It is therefore more likely that this is a diamond rather than graphite or amorphous carbon.

Cu—Zn alloy particles with variable composition (Table 2) form individual grains demon-
strating a variety of shapes: spherical, cylindrical, lamellar, irregular, and so on (see Fig. 1, b
and Fig. 2, e, f).

Fe? inclusions in the TMIS glass spherules are spherical in shape. The size of the inclusions
varies greatly, ranging from a few micrometres to hundreds of micrometres, forming the metallic
core of the spherules (Fig. 3, ¢; Fig. 4; Table 3). The glass of the spherules may also contain
a phase of skeletal crystals of titanium-manganese-iron oxides [3].

Si—-Ti—Fe inclusions in corundum usually form a shape close to spherical. The inclusions
typically consist of two—three phases with different proportions of components (see Fig. 3, d;
Fig. 5; Table 3).

Carbides and nitrides, like native metals, carbides and nitrides can form individual grains or
occur as inclusions within the corundum aggregate.

f

0,5 mm

Fig. 2. Particles of native metals from the Mriya pipe: a—d — Sb—Pb alloy; e, f— Zn—Cu alloy
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Fig. 3. Characteristic textures of individual metallic particles and inclusions of native metals, BSE-image:
a — Sb—Pb ground mass with Pb segregations; b — Sb—Pb ground mass with inclusions of rutile (Rt),
corundum (Crn), and unidentified carbon phase (C) — graphite (?), diamond (?); ¢ — spherule composed
of titanium-manganese-iron-silicate (glass with spherical aggregates of native iron (Fe); d — Ti**-bearing
corundum with inclusions of the Si-Ti—Fe phases

Table 1
Composition of Pb, Sb-Pb, and Sn-Pb particles from the Mriya pipe, wt. %*
Sample | Spot| 1y | ge | cu|Ag| Sn | As | Sb | Pb | Cd | S | Total
Lab.No | No g
1 - - - — | 100.00 - - - - - 100.00
FZ2-46
2 - - - - - - - 1100.00| - - 100.00
3 - - - - - - - |100.00| - - 100.00
FZ2-51
4 - - - - - - | 82.08| 17.92 - - 100.00
FZ2-52 1 - - - - - - - |100.00| - - 100.00
28 - - - - - - 3.29 | 96.71 - - 100.00
VG-12m
31 - - - - - - 12,67 | 87.33 - - 100.00
33 - - - - - - - 1100.00| - - 100.00
VG-13m 34 - - - - - - - |100.00| - - 100.00
35 - - - - - - - 1100.00| - - 100.00
VG-14 36 - - - - - - - |100.00| - - 100.00
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Continuation of table 1

K09-11 1 - - — 10.03| 81.94 | 6.21 | 0.00 | 11.82 - — | 100.00
K09-14 1 - - - 1081| 0.17 |24.28 | 0.00 | 74.74 - — | 100.00
PUT101 1 - - - - - — 2201 7342 | 1.25 | 3.32 | 100.00

2 - - - - - - | 21.28| 7747 | 1.25 - | 100.00
KR3-34 3 - - - - - - - |100.00| - — | 100.00

5 - - - - 1100.00 | - - - - — | 100.00
KR3-36 6 - - - - | 28.56 - - 71.44 - — | 100.00

7 - [3042| - - | 69.58 - - - - — | 100.00
KR3-37 8 - - - - - - - |100.00| - — | 100.00
MRA.S 4 295|313 |3.59| - - - 7.25 | 83.08 - — | 100.00

5 - - - - - - - |100.00| - — | 100.00
MR-12 1 - - - - - - - |100.00| - — | 100.00
MR-16 1 - - - - - - - |100.00| - — | 100.00
MR-17 3 - - - - - - 7.87 | 92.13 - — | 100.00
MR-30 1 - - | 152 - - - 5027 | 48.22 - — | 100.00

*Here and below in tables 2 and 3 — analyses by SEM/EDS; «—» (dash) — means beyond of the detection
limit.

Qusongite and moissanite occur as individual angular grains. Qusongite is metallic grey in
colour, transparent moissanite is coloured in shades of blue and green (see Fig. 1, e, f).

Osbornite TiN and khamrabaevite TiC are phases trapped within corundum and form near-
spherical inclusions. These phases usually form individual inclusions, although khamrabaevite
can also occur as a separate phase within Si—Ti—Fe inclusions.

Table 2
Composition of Cu-Zn particles from the Mriya pipe, wt. %

Sample Lab. No Si Ti Fe Cu Zn Sn Total
KAR2-7 - - 0.87 | 64.25 34.88 - 100.00
IYMR-19 — — — 87.84 7.87 4.29 100.00
[YMR-21 0.76 | 2.23 - 85.22 11.79 — 100.00
IYMR-23 — - - 65.97 34.03 - 100.00
IYMR-25 — — — 84.60 15.40 — 100.00
IYMR-31 — — - 66.33 33.67 — 100.00
IYMR-32 - - - 91.28 8.72 - 100.00
IYMR-33 — — — 56.93 43.07 — 100.00

HRMMA from kimberlite-lamproite formations exhibits distinctive features when compared
to those from known non-kimberlite-type magmatic occurrences. Some highly reduced miner-
al formations are common to the majority of known occurrences represented by various types
of igneous rocks: diamond, moissanite, Ti**-bearing corundum, MW-I spherules with Fe®, Fe®
grains, and wustite [1; 2; 5; 13; 14; 17].
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0,5 mm

Fig. 4. Micrographs of titanium-manganese-iron-silicate (TMIS) spherules

Table 3
Composition of Fe’ and Si-Ti-Fe inclusions from the Mriya pipe, wt.%

Jypeof | Sample | g | i | Al [ Cr | Fe |Mn| Mg | Ca| K | P |Total
Inclusion in | FP-8 — ] 105029 | - |9850]| - - - — 1015 | 100.00
SEhMe[riles 8SH12 076 | 0.19 | 082 | 023 | 9718 | — | 066 | 003 | 0.12 | — | 100.00
SP3-1-2 2134 (2595 | — | 265 | 4802 | 204 | - - - - | 100.00

1537 | 433 | — | 175 | 7850 | 005 | - - - - | 100.00

1599 | 503 | - | 181 |7717 | - - - - — | 100.00

2031 | 2941 | — | 1.87 | 4802 | 039 | - - - — | 100.00

Inclusions in SP3-1-3 2001 [ 2838 | — | 209 4917 ] 035 | - - - — | 100.00
corundum 2302 | 690 | — | 224 | 6755|029 | - - - - | 100.00
249 652 | - | 231 | 6842 | 026 | - - - — | 100.00

1628 | 400 | — | 153 [ 7819 | - - - - — | 100.00

SP3-1-4 1925 | 2941 | - 112 | 4895 | - - - — 127 ] 100.00

KR2-16 2139 | 722 | - | 127 | 6906 | 107 | - - - — | 100.00

0,5 mm

Fig. 5. Micrographs of Ti**-bearing corundum

However, others, including TMIS spherules, CS spherules, and Sb—Pb spherule-like particles,
are found only in kimberlite-lampoite explosive structures [15; 20; 21]. Finds of Cu—Zn alloys
and possibly native Au, Cu, and Zn also appear to be associated with kimberlite rocks in general
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and with diamonds in particular. Native Pb, Sb, Cu—Zn, and Au on the surface of diamonds and as
inclusions within diamonds from kimberlites are also consistent with these observations [9].

Surprisingly, kimberlite-associated varieties of HRMMA, including diamond, TMIS spher-
ules, CS spherules, MW-I spherules, moissanite, Ti**-bearing corundum, Pb, Sb-Pb, and Au,
have been found in sediments of the Vendian (Ediacaran), Cretaceous, Palacogene, and Neogene
sediments in some regions of the Ukraine [22]. It is important to note that these particles show
no signs of mechanical or chemical weathering, taking into account that some of them are highly
unstable to weathering (CS spherules, Pb, Sb—Pb).

These highly reduced particles may be pyroclastic rather than epiclastic. It is considered
that, with rare exceptions, kimberlite pyroclastic deposits are absent beyond the crater rim [12].
It is possible that the explosive stages carrying HRMMA were relatively more energetic, which
allowed them to be scattered by air over considerable distances. If this assumption is correct,
then a new approach to searching for diamond deposits based on primary pyroclastic HRMMA
aurcoles may be viable.

The origin of native metals and other components of the HRMMA from kimberlite-lam-
proite rocks is an open question. Glassy TMIS spherules and spherule-like metal particles can
be considered as similar objects belonging to the same class, representing droplets of solidified
melt. It is likely that the fine-crystalline aggregate of Ti**-bearing corundum, which was formed
not as a rock constituent but as a hardened fragment of an Al-supersaturated melt, can also be
attributed to this class [5]. The shape of the mineral particles and the presence of skeletal crys-
talline phases imply the formation of glassy and metallic spherules, and likely corundum, from
melts in gaseous flows undergoing rapid adiabatic cooling [15].

Furthermore, this flow must be sufficiently free of fragmented material. Thus, the hypothet-
ical spherule-bearing flow and the catastrophic process of intrusion of fragmentary kimberlite
material carrying ash, macro- and microcrystals, peletal lapilli, xenoliths, and other inciden-
tal material must have substantial differences. Another question is how to reconcile the dif-
fering chemistry, redox, and temperature conditions of the formation of the initial kimberlite
melt and the parent melts for the glass spherules and Ti**-bearing corundum [15]. The survival
of highly reduced melts within a relatively oxidised kimberlite melt seems problematic also. In
essence, we must acknowledge the existence of isolated reservoirs containing metal-, TMIS-,
and Al-enriched melts. The question is: where might these form, and how are they related to
kimberlite-lamproite volcanism?

Previous models have proposed that native metals were formed in magmatic rocks as a result
of interaction with carbonaceous deposits at shallow depths. In most recent publications, highly
reduced minerals are interpreted as xenogenic mantle material introduced by rising plumes [1;
2; 11; 13—-15; 17; 18]. Zhang R. Y. and co-authors suggest that some super-reducing and ultra-
high-pressure phases were transported by mantle convection from the base of the upper mantle
and the mantle transition zone [17]. F. V. Kaminsky claims that super-deep diamonds containing
inclusions of metals, carbides, nitrides, and ultrahigh-pressure phases were formed in the lower
mantle and thus allows for the possibility of migration of highly reduced material from the man-
tle basement to shallow levels [7].

According to the concept developed by V. L. Griffin and his co-authors, CH4-H, fluids ris-
ing into the upper mantle are responsible for the formation of ultra-reduced phases in magmas
of mantle origin. This phenomenon is regarded as a fundamental process [5].

In our previous studies, we adopted a working hypothesis in which HRMMA were formed
at the core-mantle boundary [22]. A theoretical model for the formation of TMIS melts (with
Fe%) in the ultra-low-velocity zone (D” layer), as a result of thermochemical interaction, was
proposed [15].
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Conclusions and prospects for further research. The study has shown that the volcaniclastic
rocks filling the upper part of the Mriya pipe contain native metal phases, including Pb, Sb—Pb,
Sn—Pb, As—Pb, Cu—Zn, Au, Fe, and Si-Ti—Fe. Pb-bearing, Cu—Zn alloys and Au occur as individual
grains of spherical, plastic, and fluidal shapes. Native Fe forms spherical phases within the glass
of titanium-manganese-iron-silicate (TMIS) spherules. Si—Ti—Fe phases occur as spherical aggre-
gates trapped in Ti**-bearing corundum. An assemblage of highly reduced minerals, including dia-
mond, qusongite, moissanite, osbornite, and khamrabaevite, has also been recognized.

A comparison of the highly reduced minerals studied from the Mriya pipe and other kimber-
lite-lamproitic structures with known occurrences of highly reduced minerals from various mag-
matic rocks around the world has shown that components such as TMIS spherules, Pb-dominat-
ed and Cu—Zn spherule-like particles are typical exclusively for kimberlite-like formations. The
same assemblage of highly reduced minerals, supplemented by CS spherules, MW-I spherules,
Ti**-bearing corundum, and moissanite, was also found in sedimentary deposits from various
locations in the Ukraine. All these minerals can be interpreted as pyroclastic particles produced
by kimberlite explosions. If this hypothesis is correct, the highly reduced minerals could be used
as indicator minerals for the search for primary diamond deposits.

Acknowledgments. Authors would like to acknowledge the staff of Ivan Franko National
University of Lvivfor providing a collection of samples and R. Serkiz for assistance
in analytical research.
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CAMOPOOHI ENIEMEHTW | METAJIEBI CIJIABU I3 TPYBKU
«MPISl», MIPUA3OBCbKNI BNTOK YKPATHCbKOIO LUTA:
3AMMUBNEHHSA B MIHEPATNOTIIO MAHTIT 3EMAI

leaH SAuyeHko’, OkcaHa Cmynka’, IpuHa By4uHcbka', Bikmop SueHko?
yatsenko.ivan1000@gmail.com

"lHemumym 2eornoaii i 2eoximii 2oproqux konanuH HAH YkpaiHu,

syn. Haykoea, 3a, Jlbsie, YkpaiHa, 79060

2[1Y «IHcmumym eeoximii HagkonuwHbo20 cepedosuwa HAH YkpaiHu»,
npocn. akad. lNannadiHa, 34a, Kuis, Ykpaixa, 03142

CxapakTepH30BaHO MOIIUPEHHS, CKJIAJ I MOXOKEHHSI CAaMOPOHUX METaJliB Ta BHCOKOBITHOBICHHX
MiHepaJlbHUX (pa3 y KiMOEpIiT-JIaMIIPOITOBUX MarMaTHYHUX CHCTEMaX 3 aKIEHTOM Ha TpyOmi «Mpis»
(ITpuazoBcekuii Onox YkpaiHcekoro mmra). CaMOpogHI MeTaau HaA3BHYAHHO PiAKiCHI B 3eMHIH Kopi
4yepe3 BiJHOCHO BUCOKY (yTiITHBHICTH KHCHIO, HATOMICTh BOHM OUIBINE XapaKTepHi Al yMOB IIIHOOKOT
MaHTii. ToMy iXHS HasBHICTb y MarMaTH4HUX IIOPOAAX € CBIJUCHHSM BIJHOBHHX YMOB 1 HEBHHUX
reoJMHAMIYHHX [IPOLECiB Y MaHTii 3eMiIi. 3a JOIOMOT0I0 METO/1iB CKaHYBAJILHOI €IeKTPOHHOT MiKPOCKOIi{
i eHeprogucnepciiiHoi peHTreHiBcpkoi cnekrpockomnii (SEM/EDS) BusiBieHo pisHOMaHiTHHIT Habip
MIPUPOTHHUX METalB, y TiM uucii dpa3u Pb, Sb—Pb, Sn—Pb, Cu—Zn, Fe ta Si-Ti-Fe. Boun npexcrasieni sik
OKPEMHMH 3epHAMHU 31 CEepHIHOI0, chepyronoaiOHoI0 Ta GIroinanbHOI0 MOP(HOIOTIEI0, TaK 1y BUNISAL
c(hepnuHNX BKIIOYEHb Y THTaH-MaHTraH-3aii3o0-cuiaikataux (TM3C) cdepynax i KopyHZi, MO MICTUTH
nomitiky Ti** 1 BHCOKOBITHOBIICHI MiHepau.

TexcTypHi ocobmuBocTi 1 pa30Bi B3a€MOBIIHOIIEHHS Y BUCOKOBITHOBJICHHX YaCTHHKAaX € JJOKA30M
KpHCcTamizanii 3 po3IIIaBiB 32 BHCOKOBIJIHOBIIOBAJIHHUX YMOB, HaliMOBIpHIIIE, IiJ 9ac IIBUIKOTO
a1iabaTHYHOTO OXOJIO/KEHHS B TAa30HAIIOBHEHUX IMOTOKAaX, IOB’S3aHUX i3 BHOYXOBOIO BYJIKAHIYHOIO
aKTHBHICTIO. [HTerpaIiss HOBUX JaHMX 3 paHille OMyOIiKOBAaHMMHU pPEe3yJIbTaTaMU 3acBiIUye, IO MEBHI
KOMIIOHEHTH BHCOKOBIIHOBJIEHOI MaHTiiHOT MiHepanbpHoi acomianii (BBMMA) — TM3C cepymnu ta Pb,
Sb-Pb 1 Cu—Zn cdepynononiOHi YaCTUHKH — XapaKTEpHI BHHATKOBO ISl KIMOEpIIiTONOAIOHNX MOPiz.
BusiBneHHsI TaKuX MiHEpaJlbHUX acolliaimiil B 0CaJ0BUX BiAKIAAax 03 O3HAK 3BITPIOBAHHS B JCSIKHX
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perioHax VYkpaiHH CBIOYUTH NMPO Te, LIO 1€ YAaCTUHKHU MiPOKIACTUYHOTO IOXOKEHHS, SIKI MAaroTh
3IATHICTh PO3CIIOBATHUCS HA 3HAYHIN TUIOIII.

[IpoananizoBaHo BiporinHi Mozeni noxomkeHHs BBMMA, siki 0XOIUTIOIOTE IEPEHECEHH S MAHTIHHIMHU
MJTFOMaMH, (POpMYBaHHS MiJ BIUTUBOM BiJHOBIIOBATBHUX CHrH2 MaHTiHUX (m0iniB; AedKi rinore3u
MoB’s13aHi 3 MOXKJIMBICTIO POPMYBaHHS B HI)KHIN MaHTIii a00 Ha MEXi SAPO—MaHTIsI.

Minepamu BBMMA, 6e3 cyMmHIBY, € NOTEHIIMHUMHU 1HIMKATOpaMH IiJ 4ac TMOUIYKiB JiaMaHTiB.
BoHu cnpusioTh Kpamomy po3yMiHHIO reofnHaMiku (GopMyBaHHS 1 30€peKeHHS BHCOKOBIIHOBICHHX
MiHEpaJbHUX CHCTEM Y HaJapax 3eMiIi.

Kniouosi crosa: camopoaHi MeTasH, MeTalleBi CIUIaBU, BUCOKOBIIHOBICHI (ha3u, cepyan, MaHTisl,
KOPYH], JiaMaHT, KiMOepJiTH, YKpaiHCHbKHUI LIHT.
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