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PETROGRAPHIC COMPOSITION AND ORE POTENTIAL OF LOW-
TEMPERATURE METASOMATITES OF THE MIDDLE-DNIPREAN MEGA-
BLOCK OF THE UKRAINIAN SHIELD

Purpose. To substantiate the formation conditions, distribution patterns and metallogenic specialization of low-temperature
metasomatites of the Middle Dnipro megablock of the Ukrainian Shield based on the research results obtained.

Methodology. The authors used a set of field and laboratory methods. Petrographic, mineragraphic, petrochemical studies
were carried out. Interpretation of the results of chemical, laser microspectral, X-ray diffraction, scintillation spectral, thermal
analyses is carried out.

Findings. A generalized petrological description of low-temperature metasomatites of the Middle Dnipro megablock of the Ukrai-
nian Shield is carried out, taking into account the composition of the original rocks, characteristics of newly formed mineral parageneses,
metallogenic specialization and patterns of distribution of metasomatic formations. The study on occurrences of vertical and horizontal
metasomatic zoning within the greenstone structures of the Middle-Dniprean region was carried out. The composition of telescoped
metasomatites spatially related to the intersection of deep faults is characterized. The metallogenic specialization of low-temperature
metasomatic formations is determined and the process of formation of ore concentrations of complex composition in the nodes of inter-
section of deep faults has been characterized. Based on the results of studies on the composition and ore content of metasomatites, an
insignificant level of erosional truncation of vertical ore-metasomatic columns within greenstone structures is substantiated.

Originality. The aspects of petrology and ore content of the group of low-temperature metasomatic formations of the Middle
Dnipro megablock of the Ukrainian Shield have been revealed. The spatial relationship of the metasomatic areas with the systems
of deep faults has been substantiated, which justifies using the identified metasomatic formations as geological indicators of deep
fault zones. The features of ore content of low-temperature metasomatic formations of the Middle Dnipro megablock are charac-
terized. It is shown that formations of telescoped metasomatites with a complex composition of mineralization are spatially associ-
ated with the intersection of deep faults.

Practical value. The metallogenic specialization of low-temperature metasomatic formations has been determined, which can

be used as a search criterion for various types of deposits of metallic and non-metallic minerals within the Ukrainian shield.
Keywords: metasomatites, deep faults, formations, petrology, ore content, erosional truncation

Introduction and literature review. The Middle Dnipro
megablock is located in the southeastern part of the Ukrainian
Crystalline Shield (UkH). According to the chronostrati-
graphic scheme (2003), there are six structural-tectonic units
within the Ukrainian shield, defined as megablocks: Azovian,
Middle-Dniprean, Inhul-Inhuletskyi, Ros’-Tykych, Dnies-
ter-Buh and Volynian. Moreover, according that scheme,
three suture zones are also marked out, which are natural geo-
logical boundaries between adjacent megablocks: Orekhiv—
Pavlohrad, Kryvyi Rih-Kremenchuk and Holovanivsk. In the
west, the Middle Dnipro megablock is bounded by the Kryvyi
Rih-Kremenchuk and West-Inhulets deep faults, between
which the Kryvyi Rih suture zone is located, separating the
Middle Dnipro megablock from the Inhul-Inhuletskyi mega-
block. The eastern border of the Middle Dnipro megablock is
represented by the Orekhiv-Pavlohrad suture zone. Within the
Middle Dnipro megablock, the thickness of the earth’s crust
varies from 36 to 50 km. The southern and northern boundar-
ies of the megablock are determined by hypsometry of the
same name slopes of the Ukrainian Shield (Fig. 1).

Tectonically, the Middle Dnipro granite-greenstone area
most closely corresponds to the dome-depression type, which
is expressed in the synformal, rarely monoclinal nature of dis-
connected greenstone structures (GSS), which are separated
by granite domes and swells and are limited by higher-order
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faults. A.A.Sivoronov & A.B.Bobrov (1996) distinguishes
three morphostructural types of GSS in the Middle Dnipro
megablock: linear (Konkska), brachial (Sofiyivska, Surska,
Chortomlykska), and amoeboid one (Verkhivtsevska). Bilozer-
ska GSS occupies an intermediate position in this series, since
it combines the features of each of the three types of structures.

Seventeen types of polychronous metasomatic formations of
pneumatolytic-hydrothermal, metamorphogenic-hydrother-
mal, plutonogenic and volcanogenic-hydrothermal genesis have
been marked out within the Middle Dnipro megablock [1].

Purpose is to substantiate the formation conditions, distri-
bution patterns and metallogenic specialization of low-tem-
perature metasomatites of the Middle Dnipro megablock of
the Ukrainian Shield.

The group of low-temperature metasomatites of the Middle
Dnipro megablock unites three main formations: epidote-chlo-
rite-quartz-albite (propylites), sericite-carbonate (listvenites
and beresites), and albite-carbonate (eisites).

Epidote-chlorite-quartz-albite formation (propylites) is one
of the most widespread in the Middle Dnipro megablock.

These formations are described in the Surska, Verkhivt-
sevska, Chortomlykska, Bilozerska, Konkska and Sofiivska
greenstone structures of the Middle Dnipro megablock of the
Ukrainian shield.

In accordance with the Petrographic Code of Ukraine
(1999), propylites belong to low-temperature formations (t°
below 350 °C) of the subclass of acid metasomatites (pH = 3—7)
[2]. The most stable mineral paragenesis of propylitization
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Fig. 1. Geological scheme of the Middle Dnipro mega-block ([1] as amended and supplemented by V. V. Sukach & L. V. Isakov):

1 — numbers in circles — greenstone structures: I — Surska, Il — Sofiyivska, I1I — Chortomlytska, IV — Verkhivtsevska, V — Deryzuvatska, VI —
Konkska, VII — Bilozerska, VIII — Kryvyi Rih; 2 — the formation of Aulska structural-facial complex (SFC); 3 — greenstone rocks of the Middle
Dnipro SFC; 4 — plagiogranites of the surska complex; 5 — post-greenstone two-feldspar granites; 6 — metasedimentary formations; 7 — faults;

& — geological boundaries; 9 — state border

zones is represented by a combination of epidote + quartz +
+ chlorite + albite. Relatively permanent mineral components
of propylites are potassium hydromica, pyrite, calcite, actino-
lite. Propylitization is usually followed by sericitization, ka-
olinization, and silicification, and then ore deposition is fol-
lowed. In contrast to the processes of greenstone regional
metamorphism, propylitization is genetically associated with
acid leaching of rocks and ore deposition, the development of
potassium metasomatism, and the absence of a transition from
propylitization products to ones of a higher degree of meta-
morphism (amphibolite facies). Hydrothermal solutions par-
ticipating in the propylitization process contain carbon diox-
ide and sulfur in significant amounts and are formed by mixing
postmagmatic solutions in the stage of ascending acidity with
flows of vadose waters. The propylitization process is charac-
terized by the transformation of mafic minerals into chlorite,
epidote, and calcite with simultaneous albitization (or adular-
ization) of plagioclase. The source rocks undergoing propyliti-
zation are mainly represented by acidic or intermediate effu-
sive rocks and their tuffs. Propylites are found within the Mid-
dle Dnipro megablock in the Sofiivska and Bilozerska GSSs.

The propylites actually include metasomatites consisting
of quartz (25—35 %), epidote and zoisite (30—40 %), carbon-
ate and albite (up to 10 %), admixtures of actinolite, chlorite,
leucoxene (up to 10 %), as well as residual minerals — blue-
green hornblende, biotite and ilmenite (up to 10 %) (Fig. 2).
The propylitized formations also include metabasites with the
following composition: actinolytic hornblende — 25—30 %,
zoisite and epidote — 30—40 %, albite — 10 %, carbonate —
10 %, chlorite — 5—10 %, chlorite — 5—10 %, biotite, sulfides,
ilmenite, leucoxene (together — 5—10 %).

Monakhov V.S. (1986) studied propylites in the Surska
GSS in detail. A thorough description of such formations is
given on the example of propylitization sites in the Surska GSS
(eastern flank of the structure). Within these areas, in the zone
of development of dark green, weakly epidotized plagioclase-
hornblende amphibolites, thin zones of carbonate-quartz epi-
dosites are observed, with which quartz, carbonate-quartz with
dissemination of sulfides, bunches and veinlets are spatially as-
sociated. Zones of quartz epidosites are bordered by carbon-
ate-quartz zones, and then transition zones of epidote-horn-
blende, albite-epidote-hornblende composition are observed.

When comparing the chemical composition of the initial
amphibolites with the propylitization products (quartz epi-

dosites), it was found that in the metasomatites of the inner
zones there is an increase in the content of calcium, ferric iron,
alumina and a decrease in the concentrations of alkalis, ferrous
iron, magnesium and, less often, silicon. These data probably
indicate a weakly alkaline reaction of metasomatizing solutions,
gradually deoxidizing as the degree of metasomatic processing
of rocks increases, and their relatively high oxidizing ability.

In the Verkhivtsevska GSS, propylites are mainly products
of transformation of volcanic rocks of mafic composition. The
most stable newly formed mineral paragenesis is quartz + albite
+ epidote + carbonate + chlorite. Propylitization is confined to
weak tectonic areas in volcanic strata of mafic composition. The
propylitization process in the Verkhivtsevska GSS is character-
ized by the concentrations of copper, cobalt, nickel, and gold.

Within the Konkska GSS, propylitization processes are
exposed in the southern section of the Konkskyi region. The
propylitization process took place under the influence of calci-
um-magnesian-silicate metasomatism, which led to the for-
mation of concentrations of cobalt and gold.

Within the Sofiivska GSS, the mineral composition of pro-
pylites is represented by the paragenesis hornblende + albite
+ epidote + actinolite + chlorite. The thickness of the propyliti-
zation zones is 1—3 m. The ratio of minerals is as follows (in %):
brown hornblende (relics) — 10—12, dark green hornblende —
5—10, amphibole of the tremolite-actinolite series — 15—40,
main plagioclase — 20—30, albite — 2—3, epidote — up to 15,

Fig. 2. Epydot-chlorite-albite propyllite. 90x zoom. Cross-po-
larized light
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quartz — 40, chlorite — 2—40, biotite, garnet — single grains.
Accessory minerals are represented by apatite, sphene, leucox-
enized ilmenite, and zircon. Ore minerals are represented by
pyrite, chalcopyrite, pyrrhotite, and magnetite. The source
rocks are represented by apogabbro amphibolites and gab-
bronorites. The formation of low-temperature propylites of this
type was facilitated by metamorphic and metasomatic process-
es, as a result of which, at the initial stage of transformation,
pyroxene and hornblende of unaltered gabbro and gabbronorites
underwent uralization with the formation of amphibole of the
tremolite-actinolite series. Then, the formation of blue-green
hornblende occurred, bordering the relics of primary brown
and uralized hornblende. The basic plagioclase was deoxidized
to form albite along the grain periphery and along cleavage
cracks. The removal of calcium contributed to the formation of
epidote and carbonate. Thus, the original gabbros and gab-
bronorites were transformed into propylitized amphibolites.

When comparing the chemical analyses of propylites, am-
phibolites and gabbro-amphibolites of the Sofiivska GSS, a de-
crease in the content of SiO, and CaO was found at a rather high
content of Fe,O; + FeO, MgO, CO,, as well as impurity elements
— Cu, Au. Thus, it is likely that when amphibolite and gabbro-
amphibolite were exposed to carbonic solutions containing sul-
fur and chlorine, a redistribution of elements occurred, in which
calcium was removed from hornblende, pyroxenes, and plagio-
clases with its redeposition in the form of carbonate and epidote.
Hornblende became more magnesian and less ferrous and was
transformed into actinolite and chlorite. The released iron was
concentrated in the form of magnetite. Sulfur input led to the
formation of pyrite and chalcopyrite. In addition, plagioclase was
deanortized with the formation of oligoclase-albite varieties. In
the zone of contact of greenstone strata with granitoids, occur-
rences of propylitization were also traced. They are characterized
by the development of zones of silicification, chloritization, epi-
dotization, feldsparization of amphibolites and gabbro-amphib-
olites. In such zones, sulfide mineralization is not found, but re-
crystallization and enlargement of amphibole crystals, the ap-
pearance of new mineral phases are observed. At the same time,
the preservation of relict gabbro structures is noted. In such
zones of activation, depending on the predominant type of pro-
cess, the following types of rocks are observed:

1) epidote-hornblende-albite (%): albite — 30, horn-
blende — 25, epidote — 15, chlorite — 6, biotite, apatite, titano-
magnetite — single grains;

2) epidote-hornblende-biotite-quartz-chlorite (%): epi-
dote — 8, hornblende — 7—15, biotite — 10—25, quartz — 20—
30, plagioclase — 30—40, chlorite — 3, apatite — single grains,
magnetite — single grains;

3) chlorite-epidote-quartz (%): quartz — 20—75, epidote —
7—20, chlorite — 10—60, sphene — up to 10, — drill hole 824,
depth 148.0 m and 160.4 m;

4) epidote-quartz (%): quartz — 45—85, epidote — 15—55.

Occurrences of epidosites are spatially associated with these
zones. The mineral composition of epidosites is represented by
epidote (up to 50 %), hornblende (up to 45 %), quartz (7—10 %),
chlorite and leucoxene — single grains. Sometimes there is an
increase in the content of epidote to 95 %. In addition to epidote,
such zones contain albite, quartz, and hematite (up to 15 %).

In the gabbro-amphibolites of the Sofiivska GSS, the pro-
pylitization zones are spatially associated with zones of shear,
sheeted zones, crushing and fracturing zones with hydrother-
mal-secretory occurrences of silicification and feldsparization.
The increased sulfide content in propylitization zones, spatial
coincidence with quartz and quartz-feldspar veins (including
those containing gold ore mineralization), and connection
with fault zones within the Sofiiivska GSS suggests that propy-
litization is a pre-ore hydrothermal process and, at the same
time, there is a genetic connection between propylization pro-
cess and acid leaching.

Metasomatites of the sericite-carbonate formation (listvenites
and beresites). Metasomatites of this formation type are the

most studied formations both in the history of studies of meta-
somatic processes and in the Middle Dnipro megablock. They
were first observed and described as aposerpentinite quartz-
carbonate rocks (listvenite) and apogranite quartz-carbonate-
sericite (beresite).

Currently, by listvenitization is meant the process of trans-
formation of serpentinite, mafic and intermediate rocks, as
well as tuffs, calcareous shales, sandstones, conglomerates and
carbonate rocks into listvenites under the influence of acidic,
carbonic, hydrogen sulfide-containing solutions as a result of
hydrothermal auto- and allometamorphic processes [3].

Listvenite is the carbonate rock (breinerite, magnesite)
with the quartz composition and an admixture of talc, chlo-
rite, epidote, actinolite, fuchsite, magnetite, rutile, actinolite.

The main difference between listvenite and beresite is the
presence of carbonate. According to the Petrographic Code of
Ukraine (1999), listvenites belong to the subclass of acidic
metasomatites (pH = 3—7) of the group of low-temperature
metasomatites (the formation temperature is below 350 °C).

Beresites are hydrothermally altered vein rocks consisting
of quartz and sericite with an admixture of pyrite and rutile.
Formed due to the transformation of acidic aluminosilicate
rocks, as well as secondary quartzites, greisens and propylites,
refer to the products of low-temperature metasomatism and
arise during the transition of an alkaline medium of propylite
formation to an acidic medium — secondary quartzites. The
leading mobile components of the listvenitization and beresiti-
zation processes are K*, CO,, H,S.

Within the Middle Dnipro megablock, in addition to the
listvenite and beresites, there are metasomatites of a mixed
type: listvenite-beresite and listvenite-propylite.

Listvenite-beresites are rocks consisting of carbonate,
chlorite, sericite, albite, talc and quartz with an admixture of
pyrite, rutile, and magnetite. They rarely contain biotite, chal-
copyrite and ilmenite. Thus, mineral assemblages of listvenites
and beresites represent the composition of such metasoma-
tites. The formation of this type of metasomatites can be ex-
plained by the multistage influx of hydrothermal solutions of
various compositions into joint weak tectonic zones.

Listvenite-propylites are rocks of carbonate-quartz com-
position with zoisite-clinozoisite and admixture of chlorite,
biotite and ore minerals. Regarding the combined listvenite-
propylite metasomatites, it should be noted that a number of
researchers refer the listvenite to the advanced propylite facies.
This allows us to consider the origin of such metasomatites as
a completely natural phenomenon.

In the Middle Dnipro megablock, metasomatites of the
sericite-carbonate formation are found in almost all green-
stone structures and often accompany gold ore occurrences.

Within the Bilozerska GSS of the Middle Dnipro mega-
block, listvenites are one of the most common metasomatic
formations, which is confirmed by their development over
serpentinites, metabasites, and even some varieties of ferrugi-
nous quartzites and rich magnetite ores. It has now been reli-
ably established that the listvenitization process was most in-
tensely revealed in serpentinites and metabasites in the West-
ern section of the Bilozerska GSS, as well as within the sill of
serpentinites with gabbro-dolerite dikes of the Pivdenno-Bi-
lozerske and Pereverzivske iron ore deposits. The main form
of structural control of listvenites is faults and schistosity
zones, and interboudinaged reduced thickness of ferruginous
quartzites in the Pereverzivska flexure area is for rich talc-
magnesite ores.

The composition of listvenites and associated alterations
depends on the composition of the source rocks. Within the
Bilozerska GSS, listvenized metabasites are represented by
zoisite-quartz-carbonate, chlorite-quartz-carbonate forma-
tions with admixtures of amphibole, biotite (relics), leucoxene,
sulfides, ilmenite (with leucoxene margins). In this case, rocks
close to the listvenite have the following composition: quartz —
20—-25 %, carbonate — 30—40 %, chlorite — 5—15 %, zoisite-
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clinozoisite — 5—10 %, hornblende — 5—10 %, biotite — 3—5 %,
albite —up to 5 %, sulfides — up to 5 %, rutile — 2 %.

Listvenized rocks of mafic composition show the following
mineral associations: hornblende of two generations — 40—45 %,
chlorite — 10 %, carbonate — 10—20 %, quartz — 10—20 %, zois-
ite — 5—10 %, leucoxene, ilmenite, rutile, apatite (up to 5 %).

The listvenitization of ultramafic rocks, revealed in the ser-
pentinite of the Bilozerska GSS, is represented by intensely talc-
ose and carbonatized serpentinites with an admixture of chlorite
and ore minerals. The mineral composition of these rocks is as
follows: talc — 15—35 %, carbonate — 20—40 %, tremolite-ac-
tinolite — 5—10 %, serpentine (antigorite, lizardite) — 30—40 %,
chlorite — 10—15 %, magnetite, chrome spinel — up to 2 %.

Listvenites include talc-carbonate rocks with serpentinite
relics. The main carbonate is magnesite; calcite is found in the
veinlets. Ore minerals are mainly inherited from the source rocks.
At the same time, almost complete replacement of chromes-
pinelide with newly formed magnetite with the formation of lim-
bate, sheath-like, “remnants of replacement” structures is char-
acteristic. The quartz zone of listvenites is usually absent in ultra-
mafic rocks, but in isolated anomalies it is presented in the form
of quartz veinlets in listvenite. Tremolite schists are spatially con-
jugated with serpentinites; tourmaline occurs in isolated cases.

Along with the characterized metasomatites, there are fre-
quent formations of the combined type, which can be called
listvenite-propylites in composition. For example, carbonate-
quartz rocks with veins of biotite-zoisite composition. Their
texture is banded, the mineral composition is combined:
quartz — 40—45 %, carbonate — 20—25 %, zoisite — 10—15 %,
ilmenite, rutile, leucoxene, pyrite (3—5 %).

Changes in the chemical composition are determined by
the intense input of magnesium and carbon dioxide, and si-
licic acid in the silicification zone. This led to a close to neutral
reaction of the medium with pH = 6—8 and the formation tem-
perature at the level of 200 °C.

Beresites within the Bilozerska GSS are relatively rare meta-
somatites that were formed in zones of crushing and schistosity
of acidic metavolcanics, partly also of metaterrigenous rocks. In
the zones of beresitization, massive metavolcanics with a por-
phyry structure, composed of tabular phenocrysts of albite-oli-
goclase and rounded quartz (10—30 % of the volume of rocks),
which are surrounded by the micro-grained mass of quartz-al-
bite-chlorite-carbonate composition with an admixture of ore
minerals, acquire the foliaceous structure and preform into fine-
flaked quartz-sericite schists with a relict-porphyry structure.
Sericite in them is often composed in lenticular aggregates sub-
concordant with schistosity. At the current its massive texture,
sericite develops in the form of a fine net of veinlets, sometimes
forming a lattice pattern of beresitization, due to the mutually
orthogonal arrangement of sericite aggregates (Fig. 3). Scattered
dissemination of pyrite grains (1—3 %) is present almost every-
where in beresites. Listvenite-beresites are often spatially com-
bined with beresites, in which, in addition to quartz, sericite,
and pyrite, carbonate appears in large quantities.

In terrigenous rocks, especially in phyllitic schists, bere-
sitization is poorly noticeable due to the generality of their
mineral composition with beresites. However, its presence can
be assumed by the lightening of the gray color of the schists
and the appearance of an admixture of a fine-flaked talc-like
mineral (presumably pyrophyllite).

This phenomenon is most clearly presented in the zones of
rock alteration of black schists, which in the zones of transfor-
mations acquire an ash-gray, almost white color due to the
complete oxidation of an admixture of organic matter.

In addition to the alterations described above, the sericiti-
zation of cement in schistous quartz metasandstones of the
Eastern section of the structure should also be attributed to
beresitization in the Bilozerska GSS. The detrital part in them
isup to 75 % of the rock volume and is represented by semi-
rounded and rounded quartz grains, 0.5—0.8 mm in diameter.
Pore cement occupies 25 % of the volume of the rock, respec-

Fig. 3. Listvenite-berezite through rhyolite. 90x zoom. Cross-
polarized light

tively, and consists of sericite, quartz and chlorite with an ad-
mixture of ore minerals and zircon. It is characteristic that
newly formed cement minerals have an “oriented” appearance
due to the arrangement of sericite aggregates according to
schistosity. The main changes in rocks are caused by active be-
havior and the addition of silicic acid and hydrogen sulfide
with an insignificant participation of carbon dioxide, which
determined a close to neutral, but definitely acidic reaction of
the medium with pH = 6—7, with a slight decrease in tempera-
ture compared to listvenitization (about 200 °C).

Within the Verkhivtsevska GSS, the listvenitization process
is shown up mainly in ultramafic rocks, less often in phyllites
overlying ultramafic rocks and in rocks of mafic composition.

Listvenitization occurrences are confined to the upper ho-
rizons of ultramafic strata, where listvenites proper are formed,
consisting of quartz, carbonate (breinerite) and micas (talc,
fuchsite).

Ankerite, quartz, talc, chlorite, biotite, sericite, albite, and
sulfide minerals also represent the mineral composition of the
listvenites through ultrabasites.

The most typical areas of listvenitization occurrences within
the Verkhivtsevska GSS are folded areas of the upper horizons of
ultramafic strata. At the same time, the bodies of listvenites are
confined to the crest parts of the secondary folds, to deep faults
and have a thickness of 1—30 m with a length of 100—200 m. The
richest zones of sulfide mineralization have a thickness of up to
1 m with a nickel content of 0.6—0.9 %, cobalt — 0.1-0.2 %,
copper — 0.3 %, zinc — 0.1 %, gold — 0.3—1 g/t.

As a result of listvenitization of phyllites, albite-quartz-
fuchsite-ankerite and chlorite-biotite-ankerite-albite-quartz
varieties of rocks with pyrrhotite and pyrite-chalcopyrite min-
eralization are formed. Listvenites, formed by replacing mafic
rocks, consist of quartz, dolomite, chlorite, sericite, and pyrite.

Beresites in the Verkhivtsevska GSS are developed mainly
through quartz keratophyres and, less often, through granites.
According to mineral composition, these are quartz-sericite-
carbonate rocks with an admixture of pyrite, albite, chlorite,
and biotite. Sericite was formed when silicates of the source
rock were replaced.

The geochemical difference between the beresites of the
Verkhivtsevska structure and listvenites is that the listvenites,
in contrast to the beresites, contain nickel and cobalt, and such
ore mineralization has not been found in the beresites. In ad-
dition, listvenites contain talc and fuchsite, while beresites
contain sericite [3].

Beresites, replacing keratophyres, are mainly confined to
deep faults. The process of beresitization of keratophyres of the
Verkhivtsevska GSS is characterized by a high mobility of com-
ponents — the subtraction of silicon, the addition of iron and
sulfur that make up sulfides, the addition of carbon, magnesium,
calcium and carbon dioxide, as well as an increase in the content
of potassium, which is traced in sericite and potassium feldspar.

Beresites contain ore mineralization (up to 10 %), repre-
sented by pyrite, chalcopyrite, magnetite, as well as galena
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found in the composition of feldspar-carbonate-quartz vein-
lets intersecting the beresites.

Structurally, the occurrences of beresites are confined to
contacts of lithological varieties of rocks, contacts of sedimen-
tary-volcanogenic strata with granitoids, as well as to faults,
cataclase sites, fractured, shear, and sheeted zones.

In the Surska GSS, listvenite-beresites have been revealed
through mafic, intermediate and felsic rocks, ferruginous quartz-
ites and paraschists. The source rocks of mafic and intermediate
composition belong to the spilite-keratophyric formation and are
represented by apodiabases, apoporphyrites, their tuffs, and tuff
schists. The zones of listvenite-beresitization of these rocks are
spatially associated with occurrences of epidotization and propy-
litization. At the same time, a clear zoning was established ac-
cording to the degree of metasomatic transformation of the
source rocks and the composition of newly formed minerals in
the listvenite-beresitization process (V.S. Monakhov, 1986):

1) the outer zone of metasomatism characterized by a
change in the association of relict epidote + chlorite (pennine-
clinochlore) + calcite + magnetite + biotite to mineral paragen-
esis — ankerite + ferruginous chlorite at the current magnetite
and the complete disappearance of biotite and epidote;

2) the middle zone characterized by the development of a
newly formed mineral paragenesis ferrous chlorite + anker-
ite + pyrite + sericite;

3) the inner zone — the main newly formed minerals are
represented by the paragenesis of ankerite + sericite + pyrite +
+ quartz. It should be noted that metacrystals of pyrite, with
the general development of cubic forms in the inner zone, are
modified by the faces of the octahedron, rhombic dodecahe-
dron, and pentagondodecahedron.

Similar changes in the morphology of pyrite crystals in dif-
ferent zones of listvenite-beresitization are described in a num-
ber of works [4, 5]. When studying typomorphic features of py-
rites from gold deposits, A. F. Korobeynikov found that the most
informative features of pyrites are crystal morphology, chemical
composition and thermoelectric properties of pyrites. At the
same time, the zonal distribution of morphological types of py-
rite crystals in the space of endogenous deposits is distinguished.
Towards the ore bodies in metasomatites and ore columns, the
variety of crystals increases due to the appearance on them of
weakly developed facets (111), (210), (321), (211), i.e. the crys-
tallomorphology of pyrite in ore bodies is sharply complicated.

In the Surska GSS, according to V.S. Monakhov, and in
the Bilozerska and Konkska GSS, according to the authors’
observations, listvenite-beresites with a peculiar, lattice pattern
of sericitization, developed through rocks of felsic composi-
tion, were established. Initial felsic volcanites are represented
by keratophyres, feldspar gelleflints through quartz apopor-
phyres, felsite porphyries, apodacites and their tuffs. The com-
position of phenocrysts is represented by polysynthetically
twinned tabular grains of plagioclase (oligoclase-albite) and
quartz (round and idiomorphic grains, often with melted edg-
es). The size of the phenocrysts is from 0.3 mm to 1-2 mm
(Fig. 4). The main substance of the rock is represented by a
hornfels-like mass of quartz-albite composition. The grain size
of the main fine-grained mass is 0.01 mm or less.

In zones of metasomatic transformations, mashing of albite
phenocrysts is observed with their transformation into a fine-
grained aggregate of quartz-albite composition. Quartz pheno-
crysts are more resistant to destruction and are preserved in
relict porphyry segregations. In massive varieties of listvenite-
beresite, sericite develops in mutually perpendicular directions
in the form of a peculiar lattice along the main rock-forming
substance of quartz-albite composition. Along with newly
formed sericite, the presence of calcite and pyrite is noted. The
described type of alteration is very widespread, often covering
the entire volume of substituted felsic rocks and refers to altera-
tions characteristic of external beresitization halos.

In the transitional middle zone, albite relics are preserved,
while in the inner zone, albite and chlorite are completely re-

placed by sericite, ankerite, and pyrite. The development of
quartz of two generations is observed: initial, rock-forming
and leached, redeposited in pressure shadows around carbon-
ate and pyrite. Thus, the paragenesis of sericite + ankerite +
+ pyrite + quartz (of two generations) can be considered typo-
morphic for the inner zones of listvenite-beresite after felsic
rocks in a number of GSS of the Middle Dnipro megablock
(Surska, Konkska, and Bilozerska ones).

Metasomatites of the listvenite and beresite formations are
widespread in low-temperature deposits of Au, Ag, As, Hg, Pb,
Zn, formed at the final stages of the formation of fold belts and
(or) stages of tectonomagmatic activation. This type of altera-
tion is associated with tonalite-granodiorite or gabbro-granite
formations, granite-porphyry dikes, and felsic subvolcanic for-
mations. The temperature of the hydrothermal solutions aver-
aged 250—300 °C, the pressure 0.6—1.8 kbar, the solutions had
a chloride composition and were enriched with CO,, K, S [3].
In general, the process of beresitization-listvenitization is char-
acterized by the addition of CO,, K, S, the subtraction of Na
(for the muscovite subformation), and sometimes silicon, the
general differentiation of Al, Ca, Mg, Crand a number of other
elements in the volume of the ore-metasomatic system.

The depth of formation of ore deposits associated with
zones of beresitization-listvenitization is 2.5—4 km.

The formation of metasomatic halos occurred in two stag-
es: 1) acid leaching; 2) deposition of leached elements in sul-
fide form.

Dawson K. R. first described metasomatites of the albite-
carbonate formation (eisites) in 1956 at the uranium deposits
Ace and Rae (Saskatchewan province, Canada) [6, 7]. Later,
metasomatites of this formation type were discovered and
studied in Northern Kazakhstan associated with the occur-
rence of uranium ores, in Western Uzbekistan associated with
the occurrence of non-ferrous metals [8]. In the Middle Dni-
pro megablock, metasomatites of the eisite formation were
found within the Bilozerska GSS (Ruzina, M. V., 2008).

The eisite formation combines metasomatic rocks of the
low-temperature stage of the postmagmatic process associated
with granitoids of moderate depths with the composition: al-
bite, quartz, carbonate, and apatite. In contrast to the high-
temperature metasomatites of the albitite formation, there are
no alkaline amphiboles and pyroxenes in the eisites, and a
stable albite + carbonate association is noted.

There is a subdivision of eisites into two facies: albite-car-
bonate and albite-chlorite. These metasomatites develop over
metariolites, granites, diabases, sandstones and limestones.
The most important, very characteristic sign of eysitization is
the appearance of a red, brownish-red color due to the pres-
ence of finely dispersed hematite, and in some zones — an ap-
ple-green color due to the presence of hydromica and chlorite.

Within the Middle Dnipro megablock, metasomatites of
the eisite formation were established in the Bilozerska GSS

Fig. 4. Listvenite-berezite through rhyolite with relict porphyry
structure of quartz-plagioclase phenocrysts. Bilozerska
GSS. 90x zoom. Cross-polarized light
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from metaryodacites. The following combinations represent
newly formed mineral parageneses: quartz + carbonate + al-
bite, quartz + carbonate + albite + hematite; quartz + carbon-
ate + albite + hydromica, sometimes pyrite and sericite are
present. The main difference between the metasomatites of
this formation from similar listvenite-beresites is the presence
of albite, hematite, and hydromica in their composition. These
metasomatites are well detected in the field due to the cherry
color characteristic of the most transformed rocks, due to the
presence of finely dispersed hematite.

Eisites complete the metasomatic process and are formed
later than greisens and beresites, and, thus, can serve as a kind
of indicator during investigation the sequence of formation of
metasomatites.

In relation to the acidization process summarizing the
above, it should be noted that the chemistry of this process as
a whole is characterized by the subtraction of potassium and
the addition of sodium, calcium, carbon dioxide. The stability
of the association of calcite and albite makes it possible to clas-
sify them as low-temperature formations.

Low-temperature metasomatites are distributed mainly
within the greenstone structures of the Middle Dnipro mega-
block. The ore content of the metasomatic formations of the
low-temperature group is unequal.

In the Sofiivska GSS, sulfide mineralization is confined to
the areas of propylitization of gabbro-amphibolites and apo-
dolerite amphibolites. Propylites are characterized by pyrrho-
tite-pyrite (sometimes with sphalerite) mineralization. Pyrrho-
tite is the predominant ore mineral (Fig. 5), forming inclusions
of irregular-shaped grains, ranging in size from 0.03 x 0.01 to
0.3 x 0.6 mm. Sometimes vein precipitates are noted.

Pyrrhotite contains an admixture of Ni and Co in an
amount of up to 0.2 %, and, sometimes, insignificant amounts
of Cuand Se.

Pyrite is less common in the propylitized rocks of the Sofi-
ivska GSS and occurs in the form of independent segregations
of xenomorphic grains with a size 0of 0.09 x 0.1—0.45 x 0.9 mm.
It contains impurities of Co (up to 0.7 %) and, rarely, Se.
Chalcopyrite, melonite, magnetite, titanomagnetite are ob-
served as accompanying minerals in the propylitization zones
of greenstone rocks of the Sofiivska GSS.

Within the Verkhivtsevska GSS, the propylitization pro-
cess is represented by two types of end products: propylites and
prazinites [9]. The propylites of the Verkhivtsevo region are
mainly confined to weak tectonic zones in volcanic strata of
the mafic composition. This process, like listvenitization,
leads to the release of ore components from silicates with sub-
sequent concentration in the sulfide form under favorable
structural and lithological conditions. Cobalt-nickel-copper
mineralization is spatially and genetically associated with the
propylitization zones in the Verkhivtsevska GSS. Such miner-
alization with a high cobalt content is confined to the stratum

Fig. 5. Metasomatic dissemination of pyrrhotite and pyrite in
propylite through gabbro-dolerite. Reflected light, nicols ||,
90x zoom. Sofiivska GSS

of greenschists, occurring among talc-carbonate rocks. The
cobalt and nickel contained in these zones are likely to have
come from ultramafic rocks. The process of propylitization in
general is characterized by more significant concentrations of
copper, since in the mafic rocks its content significantly ex-
ceeds the content of cobalt. Along with the concentration of
cobalt, nickel and copper, in the process of propylitization, the
formation of increased concentrations of gold occurs.

Ore mineralization is represented by cobaltine, cobalt py-
rite, chalcopyrite, sphalerite, pyrrhotite and pyrite, which form
scattered dissemination, veinlets and sulphide interlayers.

In the Bilozerska GSS, the propylitization process oc-
curred in the stratum of metabasites of the Western site. In the
propylitized metabasites, low complex anomalies of precious
metals were recorded. In the Surska GSS, areas of the propyl-
itization process are associated with increased concentrations
of molybdenum. Molybdenum mineralization is confined to
quartz veins and veinlets, which occupy a central place in pro-
pylitization halos.

Molybdenum mineralization of the Vasylivska site of the
Surska GSS was found in the zone of the eastern contact of
amphibolites with framing granitoids. The thickness of the
quartz zones containing molybdenum mineralization is not
more than 1 cm. According to the results of V. S. Monakhov’s
research, it has been established that the formation of molyb-
denum-bearing epidosites of the Vasylivskyi area, like ordinary
propylites, is caused by moderately alkaline solutions with a
relatively high oxidizing potential, but proceeding in the stage
decreasing alkalinity. The molybdenum-bearing solutions are
probably derivatives of moderately acidic granitoid magmas.

In Konkska GSS, increased concentrations of cobalt and
gold are spatially associated with propylitization zones. There
is also a spatial combination of areas of propylitization, silicifi-
cation and carbonatization.

When studying ore deposits of different composition, the
formation of which is associated with different stages of tectono-
magmatic and metallogenic development of mobile regions, it
was found that the endogenous concentration of metals mainly
occurs after regional propylitization. Ore bodies are found in al-
ready propylitized rocks or in metasomatites associated with
them, and mineralization is accompanied by wallrock alteration
of pre-ore hydrothermally altered rocks. In general, this fact
makes it possible to classify propylites as pre-ore metasomatites.

However, it has been established that a number of metals
(iron, copper) are capable of forming increased concentra-
tions precisely in the process of propylitization. In this regard,
endogenous ore concentrations are subdivided into two types:
epimetasomatic (epipropylitic) and synmetasomatic (synchro-
nous with the propylitization process).

Metasomatites of the listvenite formation are mainly charac-
terized by gold ore specialization. As, Co, Ni, Hg are present as
accompanying ore elements. At a number of deposits in Moroc-
co, Saudi Arabia, and France, the gold content in the zones of
listvenization of hyperbasites is 5—20 times higher than in the
associated ultramafic rocks. Mineable grades range from 1 to
10 g/t. The highest concentrations are observed in pyritization
zones, with which Co-As mineralization is spatially associated.
Listvenite zones are confined to large faults, with which quartz
veins are also combined. Listvenitization of ultramafic rocks, like
serpentinization, was the result of medium-low-temperature hy-
drothermal alteration with Na and CI brines. Gold was leached
from amorphous minerals of serpentinized ultramafic rocks.
During the development of the hydrothermal system, gold was
transported by fluids enriched in CO,-S-As-Cl-Na-K-B along
the rock contacts and was deposited by quartz, sulfides, arsenides
when the fluids were reduced under alkalinity conditions of car-
bonated rocks. Listvenization zones in these regions are consid-
ered as objects of prospecting for gold mineralization.

Listvenites are widespread in almost all greenstone struc-
tures of the Middle Dnipro megablock. The most studied in
terms of composition and ore content are currently listvenites
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based on ultramafic rocks. In the Surska GSS, ultramafic list-
venites are mainly represented by two varieties: quartz-actino-
lite and quartz-carbonate. The typical ore minerals of quartz-
carbonate listvenites are pyrite and chalcopyrite. More com-
mon are listvenites with gersdorfite-cobaltine mineralization,
confined to ultramafic strata.

Copper concentrations of 0.30—1.2 % were found in list-
venites of all types. The zones of listvenite of ultramafic mas-
sifs are spatially associated with areas of occurrences of sulfu-
ric acid metasomatism, leading to dolomitization of strata.
The highest concentrations of nickel and cobalt were found
within such zones.

Along with the formation of their own mineral forms,
nickel and cobalt in the form of impurities were found in the
composition of magnetite, pyrite, pyrrhotite and chalcopyrite.
Their amount in listvenite pyrite reaches 0.4 % (according to
microspectral laser analysis).

In the listvenites of the ultrabasites of the Verkhivtsevska
GSS, gold mineralization was found in combination with
nickel, cobalt, copper and zinc sulfides. The main types of ore
mineralization associated with listvenite zones are represented
by three main varieties:

1) nickel-cobalt mineralization with gold, copper and zinc
in listvenite along ultramafic rocks;

2) arsenic-antimony-zinc mineralization in listvenite-like
rocks;

3) mineralization of copper and gold in listvenites and po-
tassium metasomatites (listvenites of the external contact zone).

The first type of ore mineralization is concentrated within
the upper horizons of ultramafic rocks of the Varvarovsky rock
mass, altered during the listvenitization (the so-called list-
venites of internal contact). Ore minerals are mainly observed
in the form of scattered dissemination, sometimes there are
veinlets and sulphide interlayers.

The most typical ore minerals are cobalt- and nickel-con-
taining pyrites, pyrrhotite, gersdorfite, pentlandite, chalcopy-
rite, sphalerite, millerite, cobaltite, berthierite, and ulmanite
(Stulchikov V. A., 1991). The accompanying mineralization is
represented by gold and platinum. The association of nickel-
cobalt parageneses with gold is explained by the superposition
of alater gold ore mineralization on an early nickel-cobalt one.

The arsenic-antimony-zinc association represents the sec-
ond type of ore mineralization associated with the listvenites
of the Verkhivtsevska GSS. This occurrence was found in a
deep fault zone (western contact of the Varvarovsky ultramafic
deposit) and is confined to metasomatically altered rocks. Ore
minerals include arsenopyrite, berthierite, sphalerite, chalco-
pyrite, pyrrhotite, pyrite, galena, and boulangerite.

The third type of ore mineralization associated with list-
venites and potassium metasomatites (listvenites of the outer
contact zone) is represented by occurrences of copper with
gold. This type, in contrast to the mineralization of listvenites
of the internal contact, is represented by pyrite-pyrrhotite
mineralization with an admixture of chalcopyrite, sphalerite
and gold, sometimes changing to pyrite-chalcopyrite mineral-
ization.

Results. It was established that the process of listvenitiza-
tion in ultrabasites of the Verkhivtsevska GSS leads to a concen-
tration of platinum, which is probably associated with the de-
struction of chromespinelides. As a result of the process, nickel-
cobalt with gold, antimony-sulfur-arsenic mineralization of a
very complex composition is formed. The main minerals are
gersdorfite, corinite, villiamite, and violarite. Zinc-antimony-
arsenic mineralization is also associated with the listvenites of
the Verkhivtsevska GSS, represented by berthierite, sphalerite,
arsenopyrite, corynite, boulangerite, antimonite.

In the Bilozerska GSS, the listvenitization process was oc-
curred within the Western area, where listvenites were found
through serpentinites and metabasites of the Konska series, as
well as in the sill of serpentinites of the Pivdenno-Bilozerske and
Pereverzivske deposits and adjacent sections of the upper shist

and iron ore horizons of the Bilozerska series. A large number of
precious metal anomalies are associated with the listvenite zones
ofthe Bilozerska GSS. Some varieties of listvenite in serpentinite
are of inherent value as talc-magnesite mineral raw materials.

In the Konkska GSS, chromium anomalies have been re-
vealed in talc-carbonate metasomatites and talc-serpentine-
magnesite rocks of the Veselyanskyi area. Zones of nickel-co-
balt mineralization are found in talc-carbonate rocks within
the Central Konkska syncline. Ore mineralization is repre-
sented by pyrite, pyrrhotite, chalcopyrite, cobaltine.

Beresites are found in almost all greenstone structures of
the Middle Dnipro megablock, showing a stable metallogenic
specialization.

As a result of studies on the relationship between systems of
deep faults with occurrences and precious metals, it was found
that the high ore content of the greenstone structures of the
Middle Dnipro region is explained by their combination with
the intersection nodes of the faults (Surska, Chortomlytska, Bi-
lozerska, Konkska GSSs), or by overlapping the area of green-
stone structures by the most productive subsystems in terms of
gold content faults (Verkhivtsevska GSS) [10—12]. Such regula-
tions are explained by the spatial overlapping and repeated acti-
vation of faults of different systems, accompanied by the renew-
al of magmatogenic and metamorphogenic hydrothermal activ-
ity, as a result of which polychronous, complex in composition
occurrences of rare and precious metals are formed, spatially
associated with zones of telescoped metasomatic formations.

At the same time, the composition of metasomatic forma-
tions, in particular, the presence of low-temperature metasoma-
tites (listvenites and beresites) practically in all greenstone struc-
tures of the Middle Dnipro megablock [12], makes it possible to
substantiate a small level of erosional truncation of greenstone
structures in accordance with the scheme of ore-metasomatic
zoning of gold fields by A. F. Korobeynikov [13—15] (Fig. 6).

Conclusions. Analysis of the ore content of the metaso-
matic formations of the Middle Dnipro megablock reveals a
number of regularities in relation to the connection between
metasomatic processes and mineralization:

1. Each metasomatic formation of the group of low-tem-
perature metasomatites of the Middle Dnipro megablock is
characterized by a certain metallogenic specialization, which
makes it possible to use metasomatites as search criteria for a
number of minerals in the Middle Dnipro megablock: propyl-
ites — Ni, Co, Cu; listvenites and beresites — Au, Ag, Pb, Zn,
Cu; eisites — U, Pb, Zn, amphibole metasomatites — Cu, Au.

2. Telescopic metasomatite formations with a complex com-
position of mineralization are spatially associated with the inter-
section nodes of deep faults in the Middle Dnipro megablock.
The prospect of deposits of a complex composition rises with an
increase in the number of deep faults intersecting at a node,
which can acquire the role of an ore cluster, concentrating de-
posits of precious metals and other minerals of different age and
composition, including non-metallic mineral raw materials.

3. Spatial alignment (telescoping) of different types of
metasomatic processes in the nodes of deep faults in the Mid-
dle Dnipro megablock has a dual meaning for ore formation:

- for some ore formations, it causes the appearance of use-
ful mineralization of a complex composition and contributes
to the formation of secondary concentrations of useful com-
ponents (mineralization of precious metals);

- for other ore formations, it leads to dilution of concentra-
tions and a decrease in the quality of minerals associated with
earlier stages of metasomatic processes (replacement of chro-
mite with magnetite and removal of platinoids during serpen-
tinization of ultrabasites, destruction of chrysotile asbestos in
the process of epigenetic talcation).

4. Ore bodies are mainly confined to the central (inner)
zones of metasomatic halos; the largest ore bodies are accom-
panied by the most significant alteration halos.

5. The most promising are metasomatites with a full set of
zones, including internal ones, since this determines the in-
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Fig. 6. Distribution of gold mineralization zones of hydrother-
mal genesis of the Middle Dnipro GSSs in the scheme of
ore-metasomatic zonation by A. F. Korobeynikov [14]

tensity and duration of the manifestation of the hydrothermal-
metasomatic process.

6. The ore content of metasomatic rocks is associated with
the facies composition of the replaced rocks, which deter-
mines the nature of mineralization, metallogenic specializa-
tion, the scale of occurrence, the mode of occurrence and the
prospects for distribution.
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Mera. Ha mifcraBi oTpuMaHUX pe3yJbTaTiB AOCTiIKEHb
OOTpYHTYBaTH YMOBU (hOPMYBaHHS, 3aKOHOMIPHOCTI pO3Mi-
LLIEHHS ¥ MeTaJIoreHIYHYy CIielliajtizalilo HU3bKoTeMIlepaTyp-
HUX MeTacoMaTtuTiB CepemHbOIPUIHITPOBCHKOTO Merabjio-
Ky YKpaiHCBKOTO IIMTA.

MeTtoauka. ABTOpaMU BUKOPHMCTaHO KOMITJIEKC TMOJIbO-
BUX i JiaboparopHux MertoniB. [IpoBeneHi metporpadiuHi,
MiHeparpadiyHi, TeTpoxiMiuHi mocmimkeHHs. [IpoBemeHa
iHTeprpeTalliss pe3y/abTaTiB XiMiYHOTO, JIa3€PHOTO MiKpO-
CIIEKTPAJIbHOTO, PEHTTEHOCTPYKTYPHOTO, CIIUHTUIISILIIHHOTO
CMEKTPaAJIbHOTO, TEPMiUHOTO aHaJli3iB.

Pesyabratn. BukoHaHO y3arajJbHEHUI NETPOJOTIUHUIA
ONMC HU3BbKOTEMITepaTypHUX MeTtacoMatuTiB CepeaHbo-
MPUIHITPOBCHKOTO META0JIOKY YKPaiHCHKOTO IIIUTA 3 Ypaxy-
BaHHSIM CKJIaIy BUXIITHMX TIOPill, XapaKTePUCTUKA HOBOYT-
BOpPEHUX MiHepaJIbHUX MapareHe31ciB, METAJIOTEHIYHOI CIle-
Liajizalii # 3aKOHOMipHOCTE TMOIIMPEHHSI METacoMaThUy-
Hux ¢opmMaiiiii. [IpoBeneHO BUBUEHHS MPOSIBIB BEPTUKAJIb-
HOI Ta FTOPU30HTAJIBHOI METACOMATUYHOI 30HAIBHOCTI B MEX-
ax 3eJleHokaM stHUX cTpykTyp CepemHboro [IpuaHinmpoB’s.
OxapakTepu30BaHO CKJIaJ TeJECKOMOBAHUX METACOMATUTIB,
MPOCTOPOBO TOB’SI3aHUX i3 By3/laMU MEPETUHY TIMOMHHUX
posniomiB. BuzHaueHa MeTajoreHiuHa crieuiajizauiss HU3b-
KOTEeMIIEpaTypHUX METaCOMaTUYHUX (hopMalliiif Ta oXapakTe-
pu30BaHO Tipoliec (OPMYBaHHSI PYOHUX KOHIIGHTpaIliit
KOMIUIEKCHOTO CKJIa[y y By3JlaX MEePeTUHY IMUOMHHUX PO3-
JIOMiB. 3a pe3yJbTaTaMu JOCJiIXXEeHb CKJIay i pyTOHOCHOCTI
MeTacoMaTUTOB OOIPYHTOBAHO HE3HAYHUI PiBEHb €pO3iitHO-
ro 3pi3y BepTUKAIBHMUX PYTHO-METACOMATUYHUX KOJIOH Y
MeXax 3eJIeHOKaM STHUX CTPYKTYP.

Hayxosa noBusHa. BusiBiieHi 0cobIMBOCTI METPOJIOTIi Ta
PYIOHOCHOCTI TPy HU3bKOTEMIIEPaTypPHUX METaCOMaThU4-
Hux dopmMmaiiit CepeaHbONPUIHIIPOBCHKOTO MEraboKy
YkpaiHcekoro 1mmuTa. OOTrpyHTOBAaHO MPOCTOPOBUI 3B’SI30K
MUITHOK METacoMaro3y 3 cUcTeMaMi TIIMOMHHUX PO3JIOMIB,
IO MiATBEPIKYE MPABOMipHICTh BUKOPUCTAHHS BUSBICHUX
MeTacoMaTUYHUX (GopMaliil SK TeOJIOTIYHUX iHAMKATOpiB
30H NIMOMHHMX po3JioMiB. OxapaKTepu3oBaHi 0COOJIUBOCTI
DPYIOHOCHOCTI ~ HU3BKOTEMITEPaTypHUX METaCOMAaTUIHUX
dopmartiiii CepenHbOIIPUIHIMPOBCHKOTO Merabioky. IToka-
3aHO, 1110 3 By3JIaMU MTePETUHY NIMOMHHUX PO3JIOMiB ITPOCTO-
POBO TIOB’s13aHi (hopMmallii TeJIeCKOMOBaHUX METAaCOMATHTIB i3
KOMIUTEKCHUM CKJIaJIOM 3pYIEHiHHS.

IIpakTiyna 3HaunMicTh. Bu3HaueHa MeTajoreHiyHa cre-
1Liajtizallisi HU3bKOTEeMIepaTypHUX METACOMAaTUYHUX hopma-
1ii1, 1110 MOXe OYyTH BUKOPUCTaHA B IKOCTi IMMOLTYKOBOTO KpH-
Tepil0 Pi3HUX BUIIB METAJeBUX i HeMETaJeBUX KOPUCHUX
KOIAJIMH Y MeXaxX YKpaiHChbKOIO LIUTA.

KumouoBi ciioBa: memacomamumu, enubunti poznomu, ghop-
Mayii, nempoaoeis, pyo0oHoCHiCmb, epo3iiHull 3pi3
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