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ON THE STATUS OF IMPLEMENTATION
OF PLANNED AND STARTED BY YEVHEN LAZARENKO
SCIENTIFIC WORKS ON MINERALOGY OF UKRAINE
AND THE CARPATHIAN-BALKAN MOUNTAIN SYSTEM
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The state of implementation of the conceived and initiated by Yevhen Lazarenko
scientific works on mineralogy of Ukraine and the Carpathian-Balkan mountain system
has been analysed. The results of research on the topic “Mineralogy of the Ukrainian
SSR (1978) are presented, as well as the following regional mineralogical works on the
territory of the country. The plans of the scientist concerning mineralogical reports on
mineralogy of Ukraine have been partially implemented during long work on the prepa-
ration of “Mineralogical Encyclopaedia of Ukraine”. The work on the summary of min-
eralogy of the Carpathian region has been completed — during 1990-2014 five books of
the series “The Minerals of the Ukrainian Carpathians” have been published. And the
book “Minerals of the Carpathians” has been published in 2002 in Prague. It contains
the first published synthesis description of the minerals discovered in the Carpathian re-
gion as well as the features of the major mineral objects of individual countries partici-
pating in the Carpathian-Balkan Geological Association. This work confirms a partial
implementation of Yevhen Lazarenko's plans regarding the creation of the mineralogical
encyclopaedia of Carpathian-Balkan mountain system.

Key words: Yevhen Lazarenko, mineralogy of Ukraine, mineralogy of the Ukrainian
Carpathians, the encyclopaedia of mineralogy, mineralogical dictionary.

Yevhen Lazarenko planned the creation of a monographic summary on mineralogy
of Ukraine and mineralogical dictionary-digest of Carpathian-Balkan mountain system
in the second half of the twentieth century during the Lviv period of life and creativ-
ity. The idea first appeared after the appearance of three monographs on mineralogy of
the three Ukrainian regions — igneous complexes of the Western Volyn [29], sedimen-
tary rocks of the Precarpathians [11] and different geological rocks of the Transcarpa-
thians [19]. These books have been highly appreciated by the geological community.
They confirmed the importance of the regional mineralogical investigations of both
theoretical and applied view. These works showed the following: regional mineralogi-
cal studies provide the key to decrypt the geological history and the physical and
chemical changes of minerals and mineral associations, due to which this history can
be restored. Such studies are one of the main preconditions for forecasting, prospect-
ing and evaluation of mineral deposits; they are the source of comprehensive informa-
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tion on minerals on the basis of which the scientists develop mineralogical theories
and laws.

Regional mineralogical researches are closely related to the doctrine of typomor-
phism of minerals, which plays an important role in clarifying the context of the con-
stitution and properties of minerals with the conditions of their formation and in the
solution of some applied problems. At that time, particularly regional mineralogical
researches and study of typomorphism of minerals started to purchase special value
for Ukraine, because the almost complete section of the Earth's crust presents on its
territory, almost all the major geological structures of the European continent are
available as well as rocks and mineral deposits, diverse in age and composition. By
that time, there were many scientific papers devoted to the geology of Ukraine. How-
ever, many aspects of the geological structure, magmatism, lithogenesis, metamor-
phism, ore genesis and prospects of ore content were unresolved or controversial. The
results of the first synthesis regional mineralogical studies of the three regions of
Ukraine showed that mineralogical data are of great importance in order to solve these
issues. That's why Ukrainian mineralogists started at the end of 1960-ies the imple-
mentation of important long-term research topics of national importance “Mineralogy
of Ukraine”.

Initially it was assumed that the main purpose of this theme will be the creation of
a monographic mineralogical description of the mineral deposits and rocks of Ukraine.
However, in 1969, the initiator of the theme and its first supervisor Yevhen Lazarenko
moved to Kiev, and two performers of the theme — Oksana Vynar and Pavlo Vovk —
switched in 1970-ies from the University to another job, so the scope of research was
limited. The main focus was on (a) detailed study of individual rock-forming, acces-
sory and ore-forming minerals, (») mineralogy of some practically interesting geologi-
cal objects, and (c) mineralogy of celestial objects — meteorites.

Mineralogists of the Lviv University performed work in close collaboration with a
number of industrial geological organizations (Zakarpatska, Lvivska, Pravoberezhna,
Voroshylovhradska Exploration Expeditions and mine “Volynskyi”, on the basis of
which the Unity “Zahidkvartssamotsvity” (“West-Quartz-Gems”) was created) and
research institutions of the Academy of Sciences of the Ukrainian SSR (Institute of
Geological Sciences, Institute of Geochemistry and Physics of Minerals, Institute of
Geology and Geochemistry of Combustible Minerals) and the Ministry of Geology of
the Ukrainian SSR (Institute of Mineral Resources).

The main research results during the first five years (with guidance and participa-
tion of Yevhen Lazarenko) is described in numerous scientific articles and summa-
rized in five monographs, devoted to the mineralogy of Podillya [10], mineralogy and
petrography of the Chyvchyny Mountains in the Ukrainian Carpathians [17], mineral-
forming fluids and parageneses of minerals in the pegmatites of so-called pocket type
[31], lithogenesis of the Precarpathians sulphur deposits [12] and mineralogy and
genesis of Volynian chamber pegmatites [20].

The research results of the following five years are presented in numerous papers
and summarized in today forgotten scientific report on the theme “Mineralogy of the
Ukrainian SSR” (Lviv, 1978), which is stored in the collections of the Mineralogy
Department and the scientific library of Lviv University. Top performers of the theme
and writing the report: Professor, head of Mineralogy Department Orest Matkovskyi
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(scientific supervisor), senior researcher Ulyana Fenoshyn (executive in charge of the
research), Professor, head of the Petrography Department Oleksandr Bobriyevych,
Associate Professors of the Mineralogy Department Zbigniew Bartoszynski and An-
helina Yasynska, Associate Professor of the Petrography Department Vitaliy Khme-
livskyi, senior researcher Eduard Yanchuk, assistants of the Petrography Department
Claudia Kalyuzhna and Eugene Rybachok. Also engineering and technical personnel
takes part in the researches and writing of the report: head of laboratory Vasyl
Makarov, head of the cabinet Marilena Hotyeyenkova, senior engineer Natalia Ra-
zumyeyeva, engineer Vira Sokolova, senior laboratory assistants Liliya Bon' and Vo-
lodymyr Stepanov.

The scientific report contains introduction, analytical review, justification of work,
eight chapters, conclusions, list of references. Such topics have been analyzed in
the report on the basis of a large factual material, mostly private, as well as literary:
(a) typomorphism of native gold, carbonado-like diamond, baddeleyite, columbite
and garnets, (b) monograph synthesis of glauconite, (c¢) mineralogy of Burshtyn
manganese deposit, (d) metasomatic processes in pocket pegmatites of Volyn region,
and in the Upper-Buh fault zone of the Ukrainian shield, (¢) mineralogical charac-
teristic of meteorites that fell on the Ukrainian territory.

In the section “Typomorfism of Carpathian Gold”, Orest Matkovskyi and Anhelina
Yasynska described in sufficient detail the chemical composition, morphology and
physical properties of native gold from the native gold mineralization of the Alpine
and Late Alpine time and placer mineralization — ancient (Soymulski and Slobidski
conglomerates) and Quaternary. The possible indigenous sources of alluvial gold have
been proposed and its genesis has been identified. Impressive are the data about the
structure (anatomy) of gold, based on precision, unique at that time, electron micro-
scopic studies (Fig. 1, 2), as well as numerous definitions of absolute hardness value
of the mineral. These data indicate the heterogeneity of the internal structure and com-
position of native gold. The most informative typomorphic characteristics of gold are
its morphology, gold fineness, trace elements, some physical properties and mineral
associations.

The results of native gold research are given in numerous articles, partly — in the
second part of the monograph “Geology and Useful Minerals of the Ukrainian Carpa-
thians” [2] and almost entirely — in the first book of the series “Minerals of the
Ukrainian Carpathians” — “Simple Substances, Tellurides and Sulphides” [24].

In the section “Some Typomorphic Features of Carbonado-like Diamonds and
Baddeleyite From Titanium-bearing Placers and Columbite From Carbonatites”, Zbig-
niew Bartoszynski presented the results of joint research with scientists of the Institute
of Mineral Resources. These data are partly presented in the articles “Electron Micro-
scopic Study of Flattened, Heavily Deformed Diamonds From Placers of Ukraine” [1];
“Baddeleyite From Titanium-bearing Placers” [34] and “Typomorphic Features of
Columbite” [14].

Electronic-microscopic study of deformed and flat polycrystalline diamonds from
placers attracts the attention. Diamonds are composed of identical crystallites, which
can be different polymorphic modifications of carbon. They may be of shock-meta-
morphic origin.
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Fig. 1. Electron microscopic images of placer gold etching surface (Slobidski conglomerates);
x 15 000 (according to V. Makarov, 1978).
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Fig. 2. Electron microscopic images of placer gold etching surface (alluvial deposits
of the Lyuchka-river basin); x 15 000 (according to V. Makarov, 1978).

The results of goniometric investigations of baddeleyite and columbite are of great
importance. Baddeleyite grains only from alluvium of Irsha-river (Zhytomyr region)
were suitable for goniometric study. It was found that habit faces on the crystals are
presented by pinacoids {100}, {010}, {001} and rhombic prisms {110} and {011}.
Four morphological types of crystals have been identified according to the degree of
development of the separate simple forms. Also the chemical composition, structure
and physical properties of baddeleyite have been investigated. According to these
data, the primary genesis and age of the mineral can be different.

Thirty one simple forms have been found on columbite crystals, most of them have
been discovered for the first time. Also the unit cell parameters, infrared spectra and
chemical composition of the mineral have been studied. Data from these studies of
columbite are given in the monograph “Mineralogy of the Azov Region” [22], how-
ever, there is no picture of crystal in it, and it is quite specific, although represented by
only an apical part (Fig. 3).

The next section of the report, “Typomorphism of Garnets”, contains the charac-
teristic of pyrope garnets from Volyno-Podillya and Azov regions (by Oleksandr Bo-
briyevych) and almandine-spessartine garnets from the Carpathian region (by Orest
Matkovskyi). Almandine-spessartine garnets are described in sufficient detail in some
scientific articles, and in the fourth book of the series “Minerals of the Ukrainian Car-
pathians” — “Silicates” [28]. Some publications are devoted also to pyrope garnets,
but, unfortunately, there are no generalizing works.
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Described report contains the synthesis by pyrope
garnets of Ukraine performed for the first time. Pyrope
garnets from terrigenous rocks of different age, from
breccias of Volyno-Podillya region, sandstones of the
Azov region and some indigenous rocks have been
investigated. Places of finds of garnets are described,
and grain size, their colour, index of refraction, unit
cell parameters, density, chemical composition and
content of minals are characterized. The conclusions aj| m g
of practical importance have been made: on the terri-
tory of Ukraine, particularly in Volyn and Azov re-
gions, low-Cr pyrope (up to 5 % Cr,0O3) is common,
and its composition fully complies with low-Cr pyrope Fig. 3. The habit of co-
from Yakut kimberlites. Also high-Cr pyrope with lumbite crystals from carbona-
knorringite minal (8-14 % Cr,O3;) has been found tites of Azov region - idealized
there in a small quantity, as well as garnets of grossu- gl odel of half of the crySt?l

. i ased on gnomostereographic
lar-almandine-pyrope composition close to the compo- projection (according to Z. Bar-
sition of garnets from xenoliths of eclogites in Yakut  {557ynski, 1978).
kimberlites.

The existence of pyrope in ultrabasic alkaline rocks of platform type has been
proved for the first time for Ukraine.

Almost monographic section “Glauconite, Its Composition, Structure and Proper-
ties” (by Ulyana Fenoshyn) is the largest by volume. It contains four subsections: 1 —
the state of knowledge of glauconite; 2 — mineral distribution in different age sedi-
ments of the Volyno-Podillya, the Dnieper-Donets basin, the Carpathian mountains
and Crimea; 3 — typomorphic features of glauconite; 4 — genesis of glauconite and
prospects of its use. The results of these studies have only partially been covered in
numerous articles, and the first synthesis of glauconite from different Ukrainian re-
gions has been made in the report. It is based mainly on own thorough mineralogical
studies of the chemical composition of the mineral, its structure, physical and physico-
chemical properties and on the critical analysis of data received by predecessors.
Granular glauconite is the most common, it structurally relates to mixed-layered for-
mations, composed of unsettled intercalation of montmorillonite and micaceous layers.
The number of montmorillonitic layers (layers that swell) in this glauconite varies
widely — from 5 to 20 %, which leads to variability in the morphology and physical
properties of the mineral.

Extremely important are the data about the practical use of glauconite. The conclu-
sion emphasises the suitability of glauconitic sands or its concentrates for the produc-
tion of volumetric-coloured cellular silicate concrete and brick, coloured slate, cement,
plaster, very efficient adsorbents of radioactive isotopes of Co, Sr, Cs and surfactants.
The ability to use of glauconite flour as a stimulator of growth and yield of buck-
wheat, barley, winter wheat, corn, etc is proven. Feasibility study on one of the most
promising territories has been performed, and the estimated reserves of 230 million
tonnes of glauconite have been determined. According to preliminary data, on this site
it is possible to construct ore mining and processing enterprise with the annually ca-
pacity 90-540 thousand tonnes of ore and 50-200 thousand tons of concentrate.
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Closest to a monograph is the section “Minerals of Manganese of Burshtyn De-
posit” (by Vitaliy Hmelivskyi and Eduard Yanchuk), which consists of four subsec-
tions. The geological-genetic features of the deposit are described, as well as petro-
graphic and petrochemical characteristic of manganese-bearing rocks. Mineralogy of
manganese carbonates and minerals of oxidized manganese ores have been studied. It
has been shown according to chemical, X-ray and thermal studies, that the main min-
eral of carbonate manganese ores is the manganocalcite, occasionally rhodochrosite,
also kutnahorite is possible; oxidized ores contain birnessite, and rancieite and to-
dorokite are rarely available. The results of these studies were covered in numerous
articles, partly in the monograph “Manganese Ores of Ukraine” [13] as well as in the
prepared by Eduard Yanchuk doctoral thesis “Mineralogy of Manganese in the Car-
bonate Manganese Ores Deposits Oxidized Zone” [37]. Unfortunately, premature
death prevented the execution of the plans.

The sixth section “Metasomatic Mineral Formation in the Chamber Pegmatites and
in the Precontact Zone of Host Rocks” (by Claudia Kalyuzhna) contains two subsec-
tions: 1 — feldspathic metasomatic rocks in pegmatites; 2 — sectorial twinning of pla-
gioclase from gabbro-syenites. In the first subsection, differently manifested me-
tasomatic changes in pegmatites have been analyzed. The formation of two types of
metasomatites has been connected with these changes: the most intensively manifested
albite metasomatic rocks (albitizated pegmatites) and common potash feldspar me-
tasomatic rocks (K-feldspathic pegmatites). Interesting and important is the first dis-
covered in these pegmatites mineral — celadonite, which fills the cavities in quartz and
K-feldspar and develops as a secondary mineral by biotite and K-feldspar. The second
subsection is devoted to the rather peculiar sectorial twinning of plagioclase from a
hybrid rock, formed on the contact of granites and mafic rocks. The researcher deter-
mined the number of plagioclase and twinning laws.

In the seventh section, “The Peculiarities of Mineralogy of the Upper-Buh Fault
Zone Rocks” Eugene Rybachok characterized quantitatively the mineral composition
of red micaceous gneissous granites, garnet-micaceous and sillimanite-micaceous with
garnet Chudnovo-Berdychivski granites, migmatites by charnockitic and Chudnovo-
Berdychivski granitoids, garnet-micaceous tektonites. Rock-forming minerals — feld-
spar, mica, garnet, sillimanite and cordierite — are briefly described. Accessory miner-
als are represented by zircon, monazite, apatite, titanite, ore minerals — by molybdenite
and antimonite.

The final, eighth section “Mineralogy of Meteorites” (by Anhelina Yasynska) con-
tains four subsections: 1 — the structural features of meteorites; 2 — mineral composi-
tion of meteorites; 3 — characteristics of new meteorites; 4 — some contemporary issues
of cosmic mineralogy. Scientist studied the composition and properties of minerals
from meteorites that fell on the territory of Ukraine (Richky, Knyahynya, Chervonyi
Kut, Yurtuk). The mineralogical characterization of new meteorites is presented for the
first time — Andrijivka and Horlivka. The researcher suggested genetic classification of
inclusions in minerals of meteorites and lunar rocks. She analyzed a number of mod-
ern aspects of cosmic mineralogy: signs of shock metamorphism and their classifica-
tion; patterns of distribution of chemical elements in glasses and crystals of the chon-
drule-forming minerals; the similarities and differences of shock metamorphism in
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terrestrial, meteoritic and lunar minerals. The results of these studies are published in
numerous papers.

The important conclusions are presented at the end of the report. It is proved on
the example of certain minerals and regions that the results of the regional mineralogi-
cal research and especially research of minerals' typomorphism are important indica-
tors of genetic information. They can be used during the exploration and quantifica-
tion of mineral resources. Typomorphic features for a number of minerals play a cru-
cial role in the quality assessment of mineral raw materials.

The idea of creating a summary on mineralogy of Ukraine Yevhen Lazarenko em-
bodied in Kyiv. At the Institute of Geological Sciences, which he chaired, the De-
partment of Regional and Genetic Mineralogy was created. The scientist together with
a group of young researchers (mainly graduates of Geological Faculty of the Lviv
University) led an active regional mineralogical research in such important industrial
regions of Ukraine, as Donbas, Kryvyi Rih and Azov regions. Within a relatively short
time, new monographic reports on the editorship and authorship of Ye. Lazarenko
appeared: “Mineralogy of the Donets Basin” [8, 9] “Mineralogy of the Kryvyi Rih
Basin [21] and “Mineralogy of the Azov Region” [22]. These books have received
high praise by famous Russian mineralogists — professor Anatoly Ginzburg [3] and the
Russian academician Nikolai Yushkin [38]. They noted that in 60—80-ies of XX cen-
tury in the former USSR there was well-known Lviv-Kyiv regional mineralogical
school of Yevhen Lazarenko, which conducted a systematic study of the minerals of
Ukraine. Therefore, the Ukrainian shield, the Carpathians, the Donbas, Crimea, i.¢., all
of Ukraine, became the most thoroughly mineralogically studied region of the USSR.
Topomineralogical data for selected geological regions of Ukraine are summarized in
a series of very detailed books that are regularly published under the leadership of
Lazarenko [38].

Serious illness and premature death of Yevhen Lazarenko in 1979 prevented his
true intent concerning publication of monographic reports on mineralogy of Ukraine.
However, this idea did not remain without attention of his disciples and followers.
With their active participation in the 1990 the book “Minerals of Ukraine: Brief
Guide” (edited by academician Mykola Shcherbak) has been published [25]. Data on
minerals of Ukraine, available at that time, are very briefly summarizes in it. The
Handbook also analyzes the minerals that have been discovered in Ukraine, and then
interpretation is given. The following categories of minerals have been distinguished:
— new mineral species and varieties;

— recommended to be excluded from the mineralogical nomenclature;

— understudied and therefore not well justified as new;

— those that have earned the right of synonyms;

— minerals-mixtures, which were previously considered or provided new;
— anticipated new minerals;

— unnamed poorly understood.

The book states that at the beginning of 1988 about 680 mineral species and varie-
ties have been determined in the rocks of Ukraine with different level of reliability,
including about 70 minerals that are diagnosed inaccurate, insufficient or unreliable.
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The intent of the acad. Ye. Lazarenko has changed somewhat during the years of
Ukraine's independence, in the early twenty-first century. Volodymyr Pavlyshyn initi-
ated the preparation of the encyclopaedic edition of mineralogy of Ukraine, which was
discussed during the life of the academician. Volodymyr Pavlyshyn, the then President
of the Ukrainian Mineralogical Society, initiated in 2001 (with the support of
Stanislav Dovhyi and the assistance of a number of Ukrainian state and public organi-
zations) the preparation of the five-volume edition “Mineralogical Encyclopaedia of
Ukraine” (MEU). The editorial board of MEU, headed by S. Dovhyi (editor), V. Pav-
lyshyn (scientific editor) and O. Zinchenko (executive secretary), and even the edito-
rial boards of the individual volumes have been established. It all began with the crea-
tion of database on minerals of Ukraine. On their basis, V. Pavlyshyn prepared to
discuss the dictionary of MEU (Kyiv, 2001, manuscript) — it was a list of about a thou-
sand terms that are scheduled to be placed in the encyclopaedia. The editorial board
has developed a scheme of descriptions of the articles. And the completion of the
preparation of the first volume was nearing. However, due to inertia and irresponsibil-
ity of some authors and financial difficulties the publication was frozen.

But the initiators of this edition are still actively working; they collect new infor-
mation and generalize it. Evidence of this are publications on new minerals of Ukraine
[4], the mineral kingdom of Ukraine [32], the general features of the mineral composi-
tion of the Ukrainian geological formations [33], the database and the chronology of
the discovery of minerals in the Ukrainian bowels [5, 6], mineralogy of Ukraine in the
context of mineralogy of the world [7].

V. Pavlyhyn, S. Dovhyi, and O. Zinchenko adapted own and literature data, as
well as the materials obtained from the Ukrainian mineralogists. On this basis, they
drew up the inventory of minerals of Ukraine, which in late 2006 had nearly 1 200
titles. The researchers classified them in accordance with mineralogical classification
of Karl Hugo Strunz (version dated 10.07.2006, website Webmineral.com) following
the recommendations of the International Mineralogical Association (IMA) regarding
the separation of minerals in mineral species and varieties, discredited or approved by
the Commission on new minerals and mineral names of the IMA. Among well-known
in Ukraine minerals there were 894 mineral species, approved by the IMA. The
amount of minerals, discovered in Ukraine, but not approved as a separate species was
51, the amount of varieties of mineral species — 252. The researchers compared the
relative distribution of mineral classes in the Earth's crust and in Ukraine [32]. These
data have been included in published in 2009 textbook “Fundamentals of Mineralogy
of Ukraine” (authors O. Matkovskyi, V. Pavlyshyn, Ye. Slyvko) [18]; it actually be-
came the first monographic summary of mineralogy of Ukraine. Of course, the authors
comparatively briefly described in the textbook only the most common and important
minerals, as is required by the educational process.

In early 2012 the database of the minerals of Ukraine (DBMU) already contained
963 names of minerals that are approved by IMA as an independent mineral species.
About 100 different minerals and phases found in DBMU as such, known in Ukraine,
however, have no certain status. Some of them with different status (not approved by
IMA, group names, intermediate names of isomorphous series, etc.) are included in
the modern international databases — MinDat, Mineralogy Database, etc. [6].
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Recently the scientists of M. P. Semenenko Institute of Geochemistry, Mineralogy
and Ore Formation of NASU, headed by academician Oleksandr Ponomarenko, ac-
tively work on the creation of MEU. This is evidenced by two recent publications in
“Mineralogical Journal” (Ukraine), which relate to the regulation of the nomenclature
and Ukrainian names of mineral species in connection with the preparation of the
“Mineralogical Encyclopaedia of Ukraine”. In the first publication, Oleksandr Po-
nomarenko and Hanna Kulchytska noted that, despite all the troubles of today,
the number of known in Ukraine minerals is growing steadily and now reaches
about 1 000. However, not all minerals described in the national literature, have
been approved by special commissions of IMA as a separate mineral species.
Therefore, when preparing MEU, it is necessary to determine again the well-known
in Ukraine minerals in accordance with changes in the nomenclature of their groups
[35]. In the second publication the authors — Oleksandr Ponomarenko, Hanna
Kulchytska and Darya Chernysh — noted that the unification of Ukrainian names
of the minerals is also important during the preparation of the encyclopaedia. It is
indispensable for the creation of electronic databases of minerals, search engines
and automated processing of information [36]. Thus, the preparation of the
encyclopaedia has moved, and it is hoped that the book will be published.

In a little better condition (though not in this form, as it was planned) is another
idea of Yevhen Lazarenko — the creation of “Mineralogical Encyclopaedia of Carpa-
thian-Balkan Mountain System”. First, it should be a mineralogical dictionary.
Yevhen Lazarenko initiated its preparation at the first meeting of the Commission of
Mineralogy and Geochemistry of the Carpathian-Balkan Geological Association
(CBGA), which took place at Lviv University in 1961. The scientist gave examples of
descriptions of all components of the dictionary [15], and the representatives of the
countries participating in CBGA supported this idea. The third session of the Commis-
sion (Kyiv, 1975) have decided to call this guide “Mineralogical Encyclopaedia of
Carpathian-Balkan Mountain System”. Yevhen Lazarenko prepared the principles of
compiling and the final layout of the encyclopaedia; they were cited in the published
materials of this meeting [16]. However, according to the known reasons, this plan
was not implemented. Instead, it was decided first to prepare and publish mineralogi-
cal reports for individual countries, due to different mineralogical study of individual
regions of the countries participating in CBGA.

In Ukraine, the preparation of such report was begun by the followers of Yevhen
Lazarenko, mostly his former students. Now all the information on mineralogy of the
Ukrainian Carpathians is completed —five books of the series “Minerals of the Ukrain-
ian Carpathians” have been published. The first book of the series — “Simple Sub-
stances, Tellurides and Sulphides” [24] was published in 1990, the second — “Oxides,
Hydroxides, Fluorides, Chlorides and lodides” [23] — in 1995, the third — “Borates,
Arsenates, Phosphates, Molybdates, Sulphates, Carbonates, Organic and Colloid Min-
erals” [26] — in 2003, the fourth — “Silicates” [28] — in 2011, the fifth — “Processes of
Mineral Formation” [27] —in 2014.

In the epilogue of the fifth book [27] and in the special publication [30], the re-
searchers briefly reviewed the status and future perspectives of mineralogical studies
in the Ukrainian Carpathians. Significant prospects for further studies of the mineral-
ogy of the region associate with using the latest modern methods of mineral substance
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analyzing. On special attention deserve, first of all, currently the least known products
of hypergenesis, technogenesis and contemporary mineral formation. The greatest
prospects for the discovery of minerals, not previously known in the region, including
new, are connected today primarily with them.

The book “Minerals of the Carpathians” [39] was printed in Prague in 2002; it

contains the general description of minerals, discovered in the Carpathian region, and
characteristic of the most important mineral objects from individual countries-
members of CBGA. This work was partially developed the idea of Yevhen Lazarenko
about mineralogical encyclopaedia of Carpathian-Balkan mountain system.
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[poananizoBaHo cTaH peanizalii 3agyMaHux i podnodatux €Brenom JlazapeHkoM
HAyKOBHUX Mpallb 3 MiHepaiorii Ykpaiuun ta Kapnaro-BaikaHncbkoi Tipchkoi cucTemu.
BucsitiieHo pe3ynbTaTH JOCHiKeHb 3a Temoro “Minepainoris VYkpaincekoi PCP”
(1978), a TakoX HACTYNHUX PEriOHaIbHO-MiHEPAJIOTiYHUX POOIT HA TEPUTOPIT KpaiHH.

[Tnanm €. JlazapeHKka CTOCOBHO MiHEPAJOTiYHOTO 3BEJICHHs 3 MiHepasorii YKpaiHu
YaCTKOBO peaiizoBaHO MiJ 4ac TPUBajol poOOTH Haj MiAroroBkoro “MiHepanoriuHol
eHuukoneil Ykpainu”. CBiT4eHHAM LBOTO € MyOiKallis Takux BHAaHb, K “MuHepa-
nb1 Ykpaunsl. Kpatkuii cnpaBounuk™ 3a penakuieto akan. M. Hlep6aka (1990), “Ocuo-
Bu Minepauorii Ykpaiuu” O. Markoscbkoro, B. ITaiumuna ta €. Ciausko (2009), a
TaKOX YHCIEHHUX CTaTell MiHEpaJIOTiYHOTO CIPSIMYBaHHS y BITYM3HIHUX 1 3apyOiXKHUX
KypHaJax.
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3aBepmeHo poOOTy HaJ 3BEICHHAM 3 MiHepasorii KapmaTchkoro periony — mpotsi-
roM 1990-2014 pp. omyOmikoBaHO IT’SITh KHUT 3 UKy “Minepanu Ykpaincekux Kap-
mat”. Y 2002 p. y IIpa3i Buiiia apykom kuura “Minerals of the Carpathians”, y sxiit
ymepie HaBeJCHO y3aralbHEHHI OIC MiHepalliB, BUsABICHUX y KapnatcekoMy perioHi,
Ta CXapaKTepH30BAaHO HAWBAKIMBINII MiHepalbHI 00’€KTH OKpEeMHX KpaiH-y4acHHIb
Kapmaro-bankancpkoi reonorigaoi acomiamii. Lliero mpamero 4acTKOBO pealli3oBaHO 3a-
nym €prena Jlazapenka mono MiHepanoriunoi enmmkionenii Kapmato-bamkancekoi
TipCBKOI CUCTEMH.

Kniouosi cnosa: €sren JlazapeHko, MiHepaioris YKpaiHu, MiHepaioria YKpaiHCh-
kux Kapmat, miHepanoriuga eHIMKIIONe 1isl, MiHepAJIOTIYHUH CIIOBHHUK.
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T'EOJIOT'IA TA OCOBJIMBOCTI PYJIOKOHIIEHTPAIII
HA MIEPCIIEKTUBHOMY TOPYHHCBKOMY POJOBHIIII
IVIBMEHITY

M. KOMCLKHﬁl, 0. PeMe3OBa2, 0. ﬂpeMeHKOZ, T. Oxoniﬂaz,
C. BacniieHko’

lﬂepofcaeya KOMICIAl 3 eKcnepmu3u 2e0102I4HUX NPOeKmi8 ma Koumopucie,
eyn. Kymysoea, 18/7, 01133 m. Kuis, Ykpaina
E-mail: nkom@ji.ua
*Incmumym zeonoziunux nayk HAH Ypainu,
eyn. Oneca I'onuapa, 55 6, 01601 m. Kuis, Ykpaina
E-mail: titania2305@i.ua

CxapakTepr30BaHO 0COOIUBOCTI reosioriyHol 6y10Bu TOPYMHCHKOrO 3aIMIIKOBOTO
POMOBHINA 1IBMEHITY, PO3BHHYTOIO IO po3iiapoBaHoMy Tilxy radpoiniB (Bomomapchbk-
Bonuncbkuit Macus, JKuromupcbka 0011.). BusiBieHO 3aeXHICTh MiXK KOHLIEHTpALI€0
1IBMEHITY B TOBIL KOPH 3BITPIOBaHH Ta penbedoM i oBepXHi.

Kniouoei cnosa: inbMeHIT, 3alMIIKOBE POAOBHILE, rabpoiau, Kopa 3BITPIOBaHHS,
cy¢o3is, rincomerpist moBepxHi, Bonogapcek-BonuHcbkuit MacuB, YKpalHCHKHI LIKT.

TopunHCHKE 3aTHITKOBE POOBHIIE LIBMEHITY, Ipyre B YKpaiHi 3a 3amacamu, po3-
TaIIoOBaHe B JIIBOOEpeXHIN wacTuHI cepemHboi Teuii OaceiiHy p. TerepiB, Ha Mexi
Papgomunmbebkoro, Kopoctumrieebkoro i UepHsixiBcbkoro paiioniB JXKuromupcbkoi
obuacTi, y miBAEHHO-CXiiHIM 4YacThHI Bojomapchk-BoiaMHCEKOro MacuBy OCHOBHHX
mopin. CrIagHuil po3MoIiT PYJHUX MiHEpalliB Ha POJOBHIII 3yMOBHUB XapaKTEPHY IS
HBOTO 30HANBHYy OymoBy. Ilim Wac BHKOHaHHS T'e0JOTOPO3BiNYBaJIbHHUX POOIT Taki
oco0nuBOCTI OYZI0BM POAOBHIIA, SIK 1 3aKOHOMIPHOCTI H0r0 (hopMyBaHHS, HAJIC)KHUM
YHHOM HE JOoCHiammd. A 1e jgano O 3MOry po3poOHTH pallioHaJbHY TEXHOJIOTIIO
OCBOEHHS fK IIBOTO, TaK 1 MOMIOHUX 00’ €KTIB, 0COOIHMBO 3 OISy Ha Te, 0 B YKpaiHi
JIoci po3poOJIsIIN TOJIOBHO LIBMEHITOBI PO3CHITH, a TIOKJIau B Kopi 3BiTproBanHA (K3)
BianpansoByBaiu (parmeHrapHo. Tomy TopumHCbKEe pomoBHINE LiKaBe 1 Juisi Hay-
KOBIIIB, 1 JUIsI BAPOOHWYHUKIB, OCKUIBKH HOTO pO3POOJISTHHS CIIyTyBaTHME PO3BUTKOBI
MiHEpaITbHO-CHPOBUHHOI 0a3M BITUM3HSHOI TUTAaHOBOI Taly3i. 3 TaKOTO MOTIIALY [0-
CITiDKEHHS 3aKOHOMipHOCTeH OynoBu it ymoB hopmyBanusa K3 y mexax TopunHCBKO-
ro POJOBHIIA MOXYTh CTaTW IOIITOBXOM JUIS BHUSIBICHHS HOBUX MEPCIEKTUBHUX
uron 30ara4eHoi THTAaHOM KOPH 3BITPIOBAHHS.

3HaYHUN BHECOK y PO3BHUTOK YUYEHHS Ipo pyaoHocHi K3 3pobmimm criBpoOiTHUKH
ITEM AH CPCP (uuni PAH) b. boratupros, 1. I'in30ypr, A. Hikirina, I. PykaBimmi-
koBa, [[. CanoxHikoB, A. Cnykin Ta iH. [1-3, 10, 18]. Ognak Turanonocui K3 3amu-
mMcs 1mo3a iXHporo yBarol. OKpeMuM 0COOJIHMBOCTSIM OYJOBH W pyJOHOCHOCTI Kip

© Komcobkuit M., Pemesosa O., Spemenko O. ta iH., 2016
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3BITpPIOBaHHS NMpHCBsSUeHi npani [2, 14, 16]; 0. Bypmin npoanainizyBaB OyaoBy THTa-
HOHOCHHX K3 pi3HHX perioHiB cBity — Bomuni, Typraiicekoro mporuny i ABcTpanii
[4, 6]. Y mpaix [5, 21 Ta iH.] onucaHo 3B’s130K THTAHOBOTO 3pyAeHiHHs B K3 paiiony
Poy3znenn (ABcrpaiisi) 3 pylonposiBaMu B MaTepUHCHKUX radpoizax Ta cxapakTepu-
30BaHO pi3HI mpo¢im Kip 3BiTptoBaHHS. [IpoBamsiTh TaKOX JIOCITIPKEHHS II0J0
OCBOEHHS HOBHX 00’ €KTIiB 3aJIMIITIKOBOTO THITY, 30KpeMa B ABcrtpaurii [22, 23].

B okpemux mpamgx akIeHTOBaHO yBary Ha 3HAU€HHI POJOBHIN Kip 3BiTPIOBaHHS
JUIsl PO3BUTKY MiHEpaibHO-CUpOBUHHOI 0a3u Ykpainu [8] ta Pocii [12], oxHak, sk i
paHilie, y HMX MaJO yBard HPUAIIEHO TI'EONOTii 3aJMIIKOBUX POJIOBHIL THTAHY.
3’scoBaHO, IO OLIBIIICTh E€MIOBIATHPHAX PONOBHIN TUTaHY BOIMHCHEKOTO THTaHOHOC-
HOro paiioHy mpuypoueHa a0 miomuHHUX K3 Mi3HBONaNe030#CchKOro—KaiHO30MCh-
Koro erary [11], ixHi# Bk BU3HAYCHO K TOCEPEIHBOIOPCHKUIL. BHUSBICHO 3a1€KHICTh
crynens 30epexenocti K3 Bix pensedy [7].

Brnacae TopumHChKE popoBumie, Bimkpure y 1950-x poxax, ymepiie omucaid
H. Py6an i B. dycsupkwii. [Ipotsrom 1970-1980-x pokiB #oro po3BimyBanu reoioru
Kuromuperkoi I'PE I'. TIpockypin ta C. IlIBaiibepoB. Indopmarito momo poposuiia
MOXHa 3HaUTH y (POHAOBHX MaTepiajax reoJIoropo3BiayBaIbHUX POOIT TOro dacy.

TopurHCBKE POAOBHIIE EIOBIAIbHUX THTAHOBUX pyn mpuypoueHe 1o K3 rabpoi-
JIiB KOPOCTEHCHKOTO KOMIUIEKCY, SIKIMH CKJIaJeHE MOHOKJIiHAJIbHE pO3IIapoBaHe Tislo
wiomero 160 kB. kM, KyT naainasa 2—12° Ha cxif. [lizcTUiIbHUME TIOpOJaMu € Tadpo-
aHopTo3uTH Bononapchk-BonrHCEKOrO MacuBy, sIKi KOHTAaKTyIOTh 3 rabpoimamu Ha
3ax0[li, a Ha CXOJi HAsABHHUHA KOHTAKT 3 T'PaHITAMH KOPOCTEHCBKOTO KOMIUIEKCY. 3a
CKJIaJIOM, CTPYKTYpOIO Ta (PI3SUUHUMH BJIACTHBOCTSIMH Y TiTi TaOpoimiB po3pi3HAIOTH
TPY MayKH: HWKHIO (JIEHKOrabpo-HOPHUTH), Cepe/iHIo (rabpo-HOpUTH) 1 BEpXHIO (MaH-
TepUTH — KalilnaToBMicHi rabpo-Hoputn). L{i mopoay MaioTh pi3Hy 3epHHCTICTH Ta
TIeBHI 0COOJIMBOCTI MiHEPAIBHOTO CKIIA/Ty, TOMY 3BITPIOIOTHCS TIO-Pi3HOMY.

YBaxarTh, I10 0e3MocepeHh0 B MEKaX POJOBHINA Ha PIBEHb €pO3iHHOTO 3pi3y
BUBEJICHI HIDKHS W LIEHTpajJbHA Madkd. Y LEHTPajbHIA BHIUISIOTH JBa TOPH30HTH:
HWKHIHN, 30arauycHul IBMEHITOM, 1 BepXHil, 30araucHuii THTAHOMAarHETUTOM. 3a3Ha-
YaroTh, 110 BMICT PYIHHUX MiHEpaNiB y ICHTPAIbHINA Myl CTAHOBUTH 5—8, IHKOJIHU 110
25 %, BmicT anatuty — 3—6 %. OgHaK HAarolIocuMo, 10 cepe HasABHUX Yy (DOHIOBUX
MaTepiajiaX aHAJIITHYHUX PE3yJIbTaTiB MU HE 3HAUIILTH MiATBEPIKCHHS [IUX JaHUX.

Pynue Tino Ha TOpYMHCHEKOMY POJOBHINLI MPOCTEKEHO 32 IPOCTATAaHHAM 3 MIBHOYI
Ha miBAeHb Ha 11,6 kM 3a mupuHu 9 kM. BoHO mpencTaBiieHe pyTHUME CKYITICHHSIMEI
B K3 kaominitoBoro mpodimo. Kopa, sk 3a3HadeHo, yrsopuiacs TyT MO Tabpo-HO-
puTax, MOHIIO-Ta0PO-HOPUTAX 1 JIEHKOrabpo-HOPUTAX Y MiBICHHO-CXiTHOMY €HJIOKOH-
TakTi Bononapcek-BonnHCbKOro MacuBy OCHOBHHX HODiJ. Y MeKax poJIOBHIINA BEpX-
Hs yactiHa K3, 3BMuaiiHo HailOibIa 3a MOTYXHICTIO (Y cCepeIHbOMY 7 M), KaOJiHITO-
Ba, HIKYE IOCTYIOBO MEPEXOIUTH y JKOPCTB’STHO-TIMHUCTY W KOpCTB’sSHY (2,7 M).
Tak caMo MOCTYIOBO KOPCTB’SIHI TOPOJIU JAOHHU3Y TEPEXOAATh y TPILIMHYBATI U 1H-
TEHCUBHO 3BITpeHi Tabpoinu.

YV BepxaboMy ropu3onti K3 mepeBakae KaoJiHIT 3 TOMIITKOI0 MOHTMOPHIIOHITY.
Y KOpCTB’AHIN YacTHHI KOPH 10 KAOJIHITY i MOHTMOPWIIOHITY JOJAIOThCA 1HII TTH-
HHCTI MIHEpaJH — XJIOPUTH ¥ Tigpocitoau. BoHu 3 pi3HOIO IHTEHCHBHICTIO 3aMiCTHIIN
TIepBUHHI MiHepasH (TI0JIbOBI IINATH, IIPOKCEHH, OJIBiH) B yJIaMKaX KOPIHHUX HOPif i
me HIKYe — y 3BiTpeHHx radpoimax. Crigw 3BiTpIOBaHHS (32 JaHUMH CHJTIKATHUX
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aHaTI3IB Ta NepepaxyHKaMH Ha HOPMaTHBHI MiHEpaJM) y BUIJISAI MPOIYKTIB OKHC-
HEHHsI, IMOBIpHO, MarHETUTY, YaCTKOBO — 3aKUCHOTO 3alliza 31 3pyHHOBaHUX MipOKCe-
HIB 1 oJiBiHy (Ta0u. 1, 2) BUSBICHO i Y MATEPUHCHKUX KPUCTANIYHUX MOPOJIAX.

Taomums 1

XiMigHHN CKiIa] (CepeHe 3HAYCHH, MACOBa YacTKa Yy BiICOTKaX) Ta Aeski (i3mdaHi
BJIACTHUBOCTI KPUCTANIYHHUX TOPIJI 1 KOPH 3BiTpIoBaHHS TOPYMHCHKOTO POJOBHIIA

[Tapamerpu 1 2 3 4 5 6 7 8 9
SiO, 53,16 | 53,92 | 51,40 | 52,86 | 47,75 | 44,01 | 48,06 | 43,34 | 48,76
TiO, 1,06 | 1,34 | 325 | 2,05 | 3,44 | 422 | 420 | 7,00 | 1,37
ALO; 20,69 | 17,11 | 14,11 | 16,81 | 15,08 | 19,69 | 18,10 | 22,55 | 27,64
FeO.,, 7,88 | 10,11 | 13,33 | 10,95 | 15,48 | 17,87 | 13,40 | 13,98 | 7,96
Fe,0;5 2,13 | 247 | 3,55

FeO 596 | 7,89 | 10,13

MnO 0,05 | 005 | 008 | 011 | 0,13 | 0,11 | 0,13 | 0,10 | 0,04
MgO 2,54 | 361 | 331 | 222 | 1,04 | 0,76 | 098 | 0,71 | 0,69
CaO 830 | 7,38 | 6,93 | 634 | 550 | 0,96 | 456 | 0,69 | 1,19
Na,O 3,51 | 334 | 3,08 | 324 | 2,67 | 024 | 228 | 0,26 | 030
K,O 1,17 | 1,48 | 1,77 | 156 | 1,75 | 1,42 | 1,53 | 1,00 | 1,07
P,0s 0,31 | 033 | 09 | 0,67 | 1,87 | 046 | 1,13 | 024 | 0,46
B.ILm 1,07 | 1,07 | 1,47 | 242 | 359 | 828 | 4,50 | 895 | 9,53
3, r/em’ 1,37 1,43

d, r/em® 2,68 2,80
£, % 50,51 48,46

K, 1,04 1,00

n 55 18 49 23 11 6 22 18 17

HpumiTtxku: / — 1abpo-aHOPTOZUTH; 2 — KATIIITIATOBMICHI JIGHKOKPATOBI TadpO-HOPUTH;
3 — MOHIIO-TabpO-HOPHUTH; 4 — IHTEHCHBHO 3BITpEHi KpUCTaNiyHi nopoau y migomsi K3; 5, 6 —
TOPHU30HTHU CXiTHOTO (IaHTy POJOBHUINA: 5 — KOPCTB’THUH, 6 — KAONIHITOBHIA; 7, § — TOPU3OHTH
3axigHOrO ()IaHTy pOOOBHUINA: 7 — >KOPCTB’SHHUH, 8§ — KaOJiHITOBHIA; 9 — “BTOPHHHI KaomiHK;
FeO,,. — 3amizo 3aransHe y ¢opmi FeO; 6 — 06’emHa Maca ckenery mopoau; d — TycTuHa; f —
HOPUCTICTh; K, — KOE]illieHT IOPUCTOCTI; 72 — KiIbKICTh aHATIi3iB.

Cepenniit BMicT inmbMeHITY B K3, 3a mannMu reonoropo3sigyBaisaux pooit (IIpo-
ckypuH, 1970; lIBaiibepos, 1984), cranoButs 139,1 Kr/m° (610KHM 3 3amacaMu KaTero-
pii B).

Sk 3a3HaueHO BHWIIE, XapaKTEPHOIO PHUCOI0 POJOBHUINA € BHPa3HA 30HAJBHICTH Y
npoxyktuBHOCTI K3. OcoOnuBo 9iTKO 1€ mpocTeXeHo B 11 HaifbaraTmiid — KaomiHiTO-
Bilf wactuni. Kpim TOTO, BMICT iIBMEHITY B 3aXigHIM YacTHHI POJOBHUINA 3HAYHO BH-
Ui, HiX y cxigid (puc. 1, nuB. Tadn. 1, 2). Tyt ke 30cepemxeHi Bci 6J0KU 3anacis
BUCOKHX KaTEropiid, TONi SK OJIOKH 3 1M03a0aJaHCOBHUMH 3allacaMd PO3TAlIOBaHI B
CXifmHilM yacTHHI. SIKIO B KAOJIHITOBOMY TOPH30HTI CXiITHOI YAaCTWHH POJOBHINA CE-
penHiii BMicT inbMeHiTy craHoBuTh 30—40 kr/T (3pigka no 60 kr/t), To B 3aximHiii
yacTUHI el mokasHuK nepeBuinye 80 kr/t, a mogekyau mocsrae 120, 170 i HaBiTh
200 kr/t.

XapakTepHo, 0 B palioHi poIoBHINA i TOOTU3Y HHOTO (Y TIM YHCIi B HOTO 3axia-
Hill, HAUOPOTyKTUBHIIINHA YaCTHHI) pyJHUX Ta0dpoiniB HeMa, [0 3aCBIAYNIN BUKOHAHI
y 3HAYHOMY 00Cs131 PO3IIYKOBI i pO3BiAyBalIbHI pOOOTH.
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Tabmuws 2
CepenHiii HOpMaTHBHUHN BMICT MiHEpaTiB y KPUCTATIIYHUX MTOPOIAX
1 Kopi 3BiTprOBaHHs TOPYMHCHKOTO pOAOBHINA (IUB. Ta0. 1)

Minepaiu 1 2 3 4 5 6 7 8 9
ITnariokias 66 55 45 50 34 3 31 2 4
Kamimmar 7 8 10 7 9 3 6 0 0.5
KBsapig 4 5 5 9 8 11 9 9 8
OmniBin 1 0 0
OpTomnipokceH 16 21 21
Kuinomipokcen 3 7 9
Mipokcen + 20 | 28 | 30 | 9 6 3 2 1 1
OJIiBiH
Amnarut 1 1 2 2 4 1 3 1 1
IneMeHiT 1,3 1,6 3,9 4 7 8 13 3
PyTtun 0,2 0,3 0,8
Maruetur 0 0 0 0 0 0 0 0 0
I'ematut 1 1 2 0 0 0 0 0 0
JlimowniT 0 0 0 8 10 11 8 8 6
Kaominit 0,1 2 23 6 35 39
TiapomyckoBiT 0,1 1 13 5 13 16
Xnoput 1 6 8 7 3 4
MOHTMOPHIIOHIT 10 14 15 16 15 18

I[Ipuw™mirtxku: HOMep MIarioknasy 3 nopin rpymu / — 53, rpymu 2 — 48, rpymu 3 — 40; pos-
PaxyHKOBI HOpMH IIIMHUCTUX MiHepamiB: kKaomiHiT — {2H,0 + Al,O; + 2Si0,}; rizpoMycKoBiT —
{5H,0 + K,0 + 3ALO; + 6Si0,}; xoput — {3H,0 + 4(FeO, MgO) + Al,O; + 3Si0,}; MoHT-
Mopmioit — {6H,0 + (Na,0, CaO) + 1,1(FeO, MgO) + SALO; + 24Si0,}.

TopurHCHKE POJIOBHINE YHIKAIGHE B TOMY CEHCI, [0 BOHO € BUHATKOBO 3QJIMIIKO-
BuM — pyau K3 He ycmagkoByBaiy pyJHHUX CKYITYE€HB 3 KOPIHHUX KPUCTATIYHUX HOPiJg
(ix Tam mpocto Hema). OHAK YiTKO BH3HAUCHO: 1) HasiBHA BHpa3Ha MPOCTOPOBA PY/-
Ha 30HaNBHICTh y K3 6e3 Takoi B KpHCTaJiYHUX [TOPOAAX; 2) HA TEPUTOPIl POLOBHIIIA
HeMma 30aradeHrX ITbMEHITOM KOpIHHHX Mmopin; 3) BMICT imbMeHiTY B K3 He3BUUHO
Bucokuil. Lli GpaxTu cymepedars oIuH OAHOMY 1 TOMY BPaXXaroTb.

I'eonorwy, siki po3BifyBaJM POAOBHINE, HAMAralucs 3aJy4UTH O iXHBOTO IOSIC-
HEHHS TINOTe3y Mpo PI3HUH CKJIaJ MaTepHHCHKHX raOpoiniB Ha 3axigHid 1 cXimHii
wromax. Ha ixaro mymKky, rabpoiny Ha 3aX0[li MICTATH MiIBUIICHI KOHIIEHTPAIIi iTb-
MEHITY, TO/i sIK radpoigaM Ha CXOji BJIAaCTHBa THTAHOMArHETHTOBA MiHEpamizaiis, a
111010 1IBMEHITY BOHH MOPIBHSHO O1JTHI.

SIkmio rpyHTYBaTHCS Ha KOHIEMMIi XOPCTKOTO YCIIaJIKOBYBAHHS PIBHSIMH BMICTY
3aUINKOBUX MiHepaniB y K3 ixHIX KOHIEHTpaliil y KOPIHHUX MaTepPHUHCHKUX ITOpPO-
Jax, TO HaBeAEHAa IyMKa BUJAETHCS CIPABEAINBOIO, (DAKTHUHO €IUHO MOXKIHMBOIO.
BonHouac HasiBHHH BEJTMYE3HUI MAaCHB aHATITUYHHX JIJAHUX [[bOTO HE MiATBEP/IKYE.

VYce HaBeneHe Tpeba SIKOCH MOSCHHUTH. SIKIIO BUCOKI KOHLEHTpPALil 3aMIIKOBHX
pynaux MminepaniB y K3 He 000B’S3KOBO ITOBHHHI YCIIQJKOBYBATH TaKi B MaTePHHCH-
KHX TOpoJax 1 MOXYTh (POPMYBaTHCS SKOCH IIO-IHIIOMY, TO YH HE MOIIMPIOETHCS
noiOHe sBHUIINE Ha iHII TepuTopii? OTKe, 11 mpobieMa O0e3MoCepeIHHO CTOCYEThCS
MIPOTHO3YBaHHS 1 PO3IIYKIB HOBUX PYIHHUX 00’ €KTIB.
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Puc. 1. I'eonoriuni po3pizu TOPIMHCEKOTO POJOBHINA LTBMEHITY:
1 — xaoniniToBa yactuHa K3; 2 — xopcTB’stHO-rimHUCTa yactiHa K3; 3 — mepexpHBHI BifKIaIM;
4 — MaTepuHCHKI Ta0dpO-HOPHUTH; 5 — BMICT LIBMEHITY; 6 — HOMep Ipodiiro; 7 — po3BidyBajlbHI CBEpII-
noBuHH. JIiBa IIKayia — BUCOTa Ha piBHEM MOpsI; IIpaBa IIIKajla — BMIiCT LIBMEHITY; TOPH30HTaJIbHA BiCh
— BIJICTaHb Bijl IepLIOi CBEPJIOBHHU 32 Mpodinem.

Ha po3spizax, moOy10BaHHX HaBXPECT MPOCTITaHHIO POAOBHIIA (JUB. pHc. 1), Bil-
pasy X IpHBepTae yBary MOMITHE Ii/IBUILCHHS B 3aXiHOMY HarpsMi i penbedy aeH-
Hoi moBepxHi, 1 moBepxHi nmokpisai K3. I ne xapakrepHo g Bcboro pogosuma. Tox
BUSIBJISIETHCS, 110 BUCOKI KOHIEHTpAIIIT i7IbMEHITY [TPUYpPOYEHI 10 Kparo MiAHATTS | J10
Horo cxuiiB. OTKe, pO3TANIOBAHE B 3aXi/IHINA YaCTHHI MiTHATTS BU3HAYAE TPOCTOPOBY
pyAHy 30HaNBHICTH pojoBuina. [le sickpaBiie 110 TEHISHIIII0 BUIHO Ha pHc. 2, 1€ Ha
rpadiky Moka3aHO 3rIaJDKEHI 3aIeXHOCTI MK BHCOTOIO MOKpiBii K3 Ta moTyXHICTIO
kopu (KkpuBa 1), BMICTOM 1TbMEHITY B HIJICTHJIBHUX 3BITpeHMX radpoinax (kpusa 2) i
BMICTOM 1JIbMEHITY B KaoJiHiTOBiM wactuni K3 (kpuBa 3). 3 puc. 2 BHIUIMBAE, 10
KOHILIEHTpAaLlil PYJHOTO KOMIIOHEHTa Y 3BITPEHMX MAaTEPHHCHKHX Iopojax (Iij
KOPCTB’THUM ropu3oHTOM K3) posnopineHi iHakie, HK Taki KOHIGHTpaMii B KaoJi-
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HITOBOMY TOPH30HTI. SIKIIO B 3HIDKEHIH CXiIHIM YacTHHI yCHaaKyBaHHS KOpPOIO PO3-
MOy UIBMEHITY B Tabpoimax Ie MOMITHO, TO BHIIE IO CXHIY MiTHATTS KOPESIii
MDK BIAMOBIZHUMH KPHUBMMHK KOHIICHTpALid 30BCIM Hema. I Tam, Je¢ KOHIICHTpALlis
1JIBMEHITY B KaoJliHax HaliBHIIa, y rabpoinax BOHA HAaBIAKH, 3HUKYETBCSL.

M 30 100 Kr/T

=0

o 41 4 2l
0 190 130 170 160 150 ™

Puc. 2. 3anexHicTh MiXk BUCOTO 3aysranHs mokpisii K3 TopunHCEKOT0 pogoBHIa
Ta notyxHictio K3 (kpuBa /, nniBa mkana), BMiCTOM LIBMEHITY y 3BITpeHHX rabpoinax
(2, npaBa mikana, n = 1 059) i kaoiHiTOBOMY TOpH30HTi (3, mpaBa 1ikana, n = 478).
KpuBi 3riamkeHo 3a m’ITUMETPOBIUMH IHTEPBAJIaMU; /1 — KUIBKICTh CepeIHbO3BAYKEHHX 32 CBEP/I-

JIOBMHAMH 3HAYCHb Y KAOJIIHITOBOMY TOPHM30HTI 33 aHAIITHYHUMH JaHHUMH I'€0JOTOpO3BiTyBabHUX
pobit XKurtomupceskoi I'PE (1970-1984).

3 HaBEJCHOTO BHIUIMBAE, IO BUCOKHU BMICT LIBMEHITY B 3aXiJHIH YaCTHHI POIO-
BHIA — HA MITHATTI 1 HOTO CXMIIaX — HisK HE BiIOOpaxkae BMICTy HOTO B MaTEePUHCH-
Kux nopojax. ToMy MokHa 3pOOMTH BHCHOBOK, LIO IIPOCTOPOBA PyIHA 30HAIBHICTH
HISIK HE MOB’s13aHa 3 MiJICTHIBHUMH MaTEPHHCHKUMH NOpojiamMu. [IpaBoMipHICT Tako-
T'O BUCHOBKY JIOCUTh BHCOKA, OCKLIBKU BiH IPYHTY€EThCS Ha JTy’KE BEJIMKOMY aHAJIITHY-
HOMY Matepiaii.

36inpmenns notyxnocti K3 Ha cxumax migHATTIB (JUB. pHC. 2), TOPIBHIHO i3 BIa-
CHE THAHSATTAMH Ta 3HIDKCHIMH TEPHTOPisMH, — siBuiue Bimome [13]. Moro 3adikcosa-
HO B pi3HUX MicIsix CximHoeBpoIiechkol miaTdopmMy, y TiM 4icii Ha YKpaiHChKOMY
muti [15]. [oscCHIOIOTE 1e SBUIIIE, 3a3BUYAM, TUM, IO HA CXWIaX (y MICIIIX mepenamry
MAJICOTINCOMETPUYHUX TMO3HAYOK) € HANHCIPHUSATIMBIII YMOBH Uil TJIHMOOKOTO MpO-
HUKHCHHSI aKTUBHHUX BaJ03HUX BOJ. 3 HAIIOTO MOIJISAY, 3pOCTaHHs MoTy)HOCTI K3 Ha
CXWJIaX € HAaCJiJKOM HE TUIBKH INIMOUIOr0 MPOHMKHEHHS BaJ03HHUX BOJ, a i IHTEHCH-
(hikarii eK30reHHUX IPOIIECiB 3araioM i KOpoyTBOpeHHS, 30kpema. OnHak i eposis K3
Ha CXWJIaX BUSBJICHA IHTEHCHUBHIIE, IO, 3BHYANHO, MOPYIIyE II0 HIOUTO CTPYHKY
KapTHUHY.

Ha naBenenux pospizax (auB. puc. 1) moMiTHO e oxHy ocobnuBicTs. Yacto, Xod i
HE 3aBXKIH, MiABHUICHI KOHIICHTPAIlil ITEMEHITY B KaoJliHAX TsDKIIOTH 0 “KHUIICHD —
JIOKaJbHUX 3HIDKEHD MiOIMIBH KOPH, SKi, BIAMOBITHO, CYIPOBOIKYIOThCA ii pO3AyBa-
MH B IuX Micix. Taki “mpoBaiiu” MiOUIBH KOPH TPAIUISIOTHCS HAa POJOBUINI 1 Ha
cXuiax MiTHATTA, 1 B CXIAHINA YacTHHI — 3a MEXaMH HigHATTA. Bigomo, 1m0 momiOHi
“kurreHi” 31 30UTBIICHHAM TOTYXHOCTI K3 XapakTepHi I 30H TEKTOHIYHHX IOPY-
IIEHb, e PO3IPOOJICHICTD 1 MiJBUIIEHA MPOHUKHICTh KPUCTANIYHUX TOPIJ] COPUSIIOTH
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301IBIIEHHIO aMIUTITYAN TXHBOTO IPOMHBAHHSI, TOCWJIEHHIO NPOILIECIB KOPOYTBOPEHHS
1 hopMyBaHHIO, 3pEIITOI0, 3arINONICHOI CTpyKTypHOi K3.

Ha mizcraBi BUKJIaJeHOTO J0XOJMMO BUCHOBKY, 1110 30arauenHs K3 inbMeHiTOM Ha
Kparo MiJHATTS 1 HOTrO CXWiaX, a iHOAlI W HaJ 30HAMH TEKTOHIYHUX MOPYIICHb MOXKE
OyTH TOB’s3aHe 3 IHTEHCHBHICTIO KOPOYTBOPIOBAJIbHUX TporeciB. [is ineHTudikanii
IIUX TPOLIECIB MU PO3JILUIFIIN BCl aHANITHYHI TaHi 3 (OHAOBUX MaTepiajiB Ha IBi Ipy-
U 32 BHCOTOIO 3aysiraHHsA mokpieii K3. 3a rpannyny oOpaHO BHCOTHY HO3HAUKY
175 m. OOuzBI rpynu MOPIBHIOBAIM ISl TOTO, 1100 3’CYBaTH, Y YOMY IOJISrac Bif-
minHicTs K3 Ha cxuii 1 BinacHe migasarTi Bix K3 3a MexaMu migHATTS.

Ha puc. 3 300pakeH0 KpHUBi pO3MOAITYy BMICTY LIEMEHITY y rabpoigax pomoBHIa
3aranom (JiiHist /, BMiCT MiHepany oO4ucioBanu 3a BMictoM TiO, 3a JaHUMHU CHUITIKa-
THOTO aHaiizy), y rabpoigax nijg K3 3 mo3naukamu nokpisii Huwkde 175 m (inisg 2, 3a
JAaHUMHU 0e3M0CePETHHOT0 BU3HAYCHHS LIBMEHITY — aHaJli31, BUKOHAHI JUIS IMiJpaxyH-
Ky 3amaciB), y radbpoigax mig K3 3 moznaukamu moxpieii Bumie 175 M (minig 3) i B
kaomiHiToBOMY ropm30oHTi K3 3 mo3Haukamu mokpisii Hrx4e 175 M (TiHig 4).

9% 40;

Bumicrt insmenity, KI/T
Puc. 3. Po3moain BMicTy UIbMEHITY B opoaax TOpYHMHCHKOTO POIOBHIIA:

1 —rabpoinu (n = 133); 2 — nix K3 3 mo3naukamu nokpisni Hiwkde 175 M (n = 120); 3 — min
K3 3 nosmauxamu mokpisni Bume 175 M (n = 939); 4 — KaoNiHOBUI TOPU30HT, ITO3HAYKU
nokpiBii Hwk4e 175 M (n = 996); 5 — KaoTIHOBUH FOPU3OHT, MO3HAYKH MOKPIBIi Bumie 175 M
(n=1468).

3a3HaueHi KPUBi MAIOTh OUTBII-MEHI OJHAKOBUI XapakTep i YTBOPIOIOTh €IHHUIN
aHcaMOJIb, 3 SIKOTO SIBHO BUMAJIAE JiHISA 5 — KpUBA PO3IOALTY BMICTY 1JIBMEHITY B Kao-
niiToBomy ropu3onti K3 3 mosnaukamu mokpiii Buie 175 m. [ToMiTHO CHIBHUIA
PO3KH] JaHUX 1 BUpa3HE 3MILIEHHs BIPaBO, Y OIK BHCOKOTO BMICTy PYAHOTO KOMIIO-
HEHTa. XapakTep KpUBUX [—4 MIIKOM MiATBEPIKY€e 3pOOJICHI BHINE BHCHOBKHU IIPO
MOPIBHSAHY OJHOPIIHICTH 32 BMICTOM UIBMEHITY MaTepUHCHKUX TadpOiNiB Ha TEPUTO-
pii pozoBuIna, a Takox AaHi (Hanpuknaz, [17]) npo He3MiHHICTH 00 HE3HAYHI 3MIHH
BMICTY iIbMeHITY B npotieci yrBopeHHs: K3 kaosiniToBoro npogimo. Kpusa 5 pastoue
CYIIEPEYHTh UM BiIOMOCTSIM, TaK I[0 CTOCOBHO LIBMEHITY Pi3HHIIA MiXK KaOJliHAMH B
MeXaX MiJHATTS B KOHTYpPI POJOBHINA Ta IHIIMMHU MPOAHAII30BAHUMU BHOIpKaMH
0e3yMOBHa.

Ha puc. 4 BinoOpakeHO JesKi MMOKa30Bi AiarpaMy 3a pe3yJibTaTaMH CHJIIKaTHOTO
aHanizy npo0 i3 K3 o06ox “BucotHmx” rpym. Ha puc. 4, 6 mapametp R — e cyma OKCH-
JIiB JIy>)KHUX 3€MeJb, JIyTiB i MaHrany. L{i okcuam HasBHI B MONBOBUX IImaTax (JIyTH,
Ca0), mipokcenax (CaO, MgO, MnO), y rmuHHCTHX MiHepanax (KpiM KaouiHity). Y
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TIIMHACTHX 1opozax okcuny Al,O; HaiiOublie B KaodiHiTI, y rabpoinax — y mojiboBuX
IInarax, iHKOJIM — B ayTHT'€HHUX DIIMHHUCTUX MiHepanax. Brpatu mig yac mposkapro-
BaHH IIOB’sI3aHi, TOJIOBHO, 3 BUIUICHHIM KPUCTATI3aIiifHOI BOJH, SKOI HalOiIbIIe B
KaOJIIHITI.
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Puc. 4. [liarpamu XiMi9HOTO CKJIQZy HOPia (MacoBa 9acTKa y BiICOTKAX) KOPH 3BITPIOBaHHS
TopuuHCEKOTO ponoBHIIa (6€3 MOALTy 32 TOPU3OHTAMH):

1 — xopa 3BiTpIOBaHHS, MOKPiBIs HIDKYEe 175 M (n = 17); 2 — Kopa 3BITPIOBAaHHS, MOKPIBIIS
Bue 175 M (n = 39); 3 — “BropunHi kaoninu” (6e3 moxiny 3a Bucororo nokpisni K3) (n = 18);
R =MnO + MgO + CaO + Na,O + K,0.

3 HaBeICHUX JiarpaM BHIHO, IO CYTTEBA Pi3HUI MiX moponamu K3 HIDKHBOI i
BEPXHBOI YacTHH nossrae Tutbku y BMicTi TiO,. HasiBHI Takox Aeski BIAMIHHOCTI y
cKJIazl mopix (S i 3a gaHuMu Tadu1. 1), NoB’sI3aHi 3 IHTEHCHBHIIIMMHU MTPOLIECAMH 3BIT-
proBaHHS (KaoJliHi3alli€l0) Ha Kparo MiJHATTS 1 HOro cXWiax, MOPIBHSIHO 31 CXiAHOO
HI3MHOK. OJTHAK TaKMMM HEBEJMKUMH BiAMIHHOCTSIMH MOSICHUTH 3HAYHY PI3HUIO Y
BMICTi TUTaHy (1JIbMEHITY) HEMOKIIHBO.

[Toka30BUM Yy IbOMY CEHCIi € puc. 4, a, 3 IKOTO BUIHO 3HAYHE 301IbIICHHS BMICTY
Ti0, 3a HabaraTo MEHIIOTO PiBHS HArpOMaPKEHHS TIIMHO3eMY. IMOBIpHO, 3B’S130K MK
IIMMH OKCHIAMH IapareHeTHYHNH, CyTTEBY POJIb y 3pOCTaHHI BMICTY THTaHy Biairpae
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IHIIAH TIpoIiec, KW, K 1 KaOoNiHi3alis, TOCHITIOEThCS B MeKaxX MiTHSTTSA. BogHowac
Ha I[iif ITiarpami IOMITHO 1€ OJHY OCOOJIMBICTH: HHU3KA (irypaTHBHHUX TOYOK cHopMy-
BaJIa APYry “TiIKY”, CHMETPUYHO MPOTHIICKHY 10 OCHOBHOTO TpeHaa. Tox € rpyna
HOPiJ, Y SIKUX 3POCTaHHS BMICTY INIMHO3EMY CYIPOBOJIKYETHCS 3HIXKCHHSIM KOHIICHT-
pauii TiO,. Lfo rpymy mopix, SKAM NpUTaMaHHUKA HaWMEHIIMH BMICT iIJIBMEHITY i
HaHOUTBIINI — KAOINIHITY, MU HaBend B Tabi. 1 1 2 okpeMo, Ha3BaBIIN iX YMOBHO (110
OCTAaTOYHOTO 3’SICYBaHHsS) BTOPHHHUMH KaoNiHaMHU. 3a3HAYUMO, IO y CKJIami ITie€i
IpyIU HasBHI B3IpIll 3 KaOJIiIHOBOTO TOPU3OHTY, MPUYOMY 3 000X “BHCOTHHUX” PIBHIB
(Tomy Ha puc. 4, 6—2 aHai3u UX B3ipLiB HE MMOKa3aHo). OnucyBaHi MOPOIN MOXYTh
Oyt Ge3nocepeHpO OB’ s3aHi 3 (POPMyBaHHAM BHCOKHUX KOHIICHTpAIlill iIbMEHITY B
K3 na cxumnax, mpo mo ATUMEThCS HIDKYE.

3arajoMm CyTTEBHX BiJ]MIHHOCTEH y peuoBHHHOMY ckiasi nopia K3 o6ox “BucoT-
HUX’ PIBHIB, SIKHMH MOXXHa OyJ10 O MOSICHUTH MOMITHI po30ikHOCTI y BMicTi TiO,, He
BUSIBJICHO.

Te came cTOCYETBCS TPAHYIOMETPHYHOTO CHEKTpa MOPiT — ABOX TPYI KaoJiHITO-
BUX YTBOPEHB 1 )KOPCTB’SIHO-TJIMHUCTUX MOPiN. MoXHa TUIbKM 3a3HAYUTH, 1110 B Me-
JKax MiJBUILEHOT YaCTUHH TEPUTOPIi rpaHyIOMETPUYHI CIIEKTPU BCIX LUX MOpPix Oib-
me audepenmiioBadi. OCOOIMBO 1€ CTOCYETHCS AIEBPUTOBHUX 1 MPiOHO3EPHUCTHX
YaCTHWHOK, IO 3HOBY K TaKM 3YMOBJICHO aKTHUBHIIIOI NE3IHTETPALIEI0 YIaMKiB KO-
PIHHHX TIOPiJ, Ta PO CYTTEBI PO30IXKHOCTI HE HIIETHCS.

OTKe, 1ocTae MUTAHHS: IO CTAJI0 MPUYMHOIO KOHTPACTHOTO HAarpOMaJDKEHHS 1JIb-
MeHiTY B K3 migHATOI YacTHHH TepUTOPii, MOPiBHAHO 3 omymieHo? HaBememo xix
HaIlIUX MipKyBaHb.

3 HaBeJCHUX MaTepialliB BUIUIMBAE, 0 UIbMEHIT HarpOMa/XKyBaBCs 3aJIUIIKOBHM
CrocoOoM, a pemITa MiHepaJliB OyJIi BUITy4eHi.

BumydyeHHs BCiX iHITUX MiHEpalliB O3HaYa€ i BIWIYYCHHS KAONIHITY, iHaKIIe KOHT-
PacTHOTO HAarpOMAa/KCHHS 3aJUIIKOBOTO 1TBMEHITY He BigOyBaTHMeThCs. Tomy i
YHCTO XIMIYHE 3BITPIOBAHHS TEX BIAMAIa€, OCKIIBKH, 5K MEPSKOHIMBO JOBEACHO Y
npati [17], KaosiHIT IPaKTUYHO HE PO3KIIAIAETHCS 3a KIIMAaTHYHUX YMOB (popMyBaH-
1 K3 kaominiToBoro mpodimo. BinTak, He yTBOPIOIOTHCS PO3YUHEHI CITONYKH ajro-
MiHiI0, SIKi MOTTH O BHHOCHUTHCS. Y MPOTIJIC)KHOMY BHIAIKy B 30HI PO3KIaJaHHI
KaoJIHITY YM TOpsiJ 3 Heto (hopMyBasiucs O JaTepUTHI yTBOPEHHS 1 OOKCUTH, a iX TyT
HeMa, SIK 1 BUIBHUX OKCHJIIB aJIFOMIHIIO 3arajoM.

3anumaeTbes MeXaHigHe BUHECEHHS (y TiM YHCII KAOJIHITY), MPUIOMY HE IOBEp-
XHEBHMH BOJIaMH, OCKUTBKU 1TBMEHIT € B yCil TOBII KopH. “BHyTpinme” mexaniuHe
BUHECEHHS KpPi3b TOBIY NPAKTHYHO HE MPOHUKHUX KAOJIIHIB YSIBUTH 001, HA MEPIIHIA
TIOTJISIAL, y3araii He MOXKJIMBO.

3ayynMo 0 HalIMX MipKyBaHb LIe YacOBY KOOPJMHATY — IOJUBIMOCS Ha CUTya-
1if0 B TeoicTopnyHoMy acnekTi. KoxxHa ninsHKa KaoJaiHOBOI OPOAHM, K 1 BCi CyCinHi,
He 3aBxau Oyna Takoro, sik € HuHi. Lle Oyna xpucraniyHa mopoja, sika MOCTYIOBO
pyiHyBasacs 3BITPIOBaHHAIM 1 BPEIITI-PEIIT IIEPETBOPUIIACS Ha JKOPCTBY. Takuii mpo-
[[EC OXOIUTIOBAB 1 CYCIZHI AUISHKH — MOCTIIOBHO, CIIOYATKY BEPXHi, a 3 PO3BUTKOM
3BITPIOBaHHS Ha TMUOMHY — mopa3 raubmri. Komm BepxHi AUISHKH BXKe TIEPETBOPIOBA-
JIUCh HA KAOJIiH, HIXKHI 1e TIIBKH CTABAJIU KOPCTBOIO.

Bucoka BOZOIPOHUKHICTB XKOPCTB’ SIHUX TTOPiJ — SBUILE BXKE [IUIKOM peasibHe. Tox
peabHO YSIBUTH i aKTUBHUH PyX y HHX BOIH.
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o BuIa MBHAKICTE PyXOMOi BOJH, TO aKTHUBHIIIE BiJOyBA€THCS PO3KIIAJAHHS
MEPBUHHUX MiHEpaiB 3 YTBOPEHHSIM TIJMHUCTHX dacTok. llIBuiame mpuBHOCATHCA
BOJIHEBUH 10H 1 pO3UMHEHNI KHUCEHb (aKTUBHI areHTH 32 YMOB KaOJIiHOBOT'O KOPOYTBO-
PEHHS), IHTCHCHUBHIIIIE BUHOCATBCS MIPOAYKTH PO3KIIAIaHHS — PO3YMHEH] JIYXKHI 3eMJIi
if JTyru, 4acTKOBO KpEMHE3eM i 3aKHCHe 3aii30, Xoua yacTuHa Fe’” y upomy pasi mepe-
xoauth y Fe’* i BTpauae pyxomicts [9].

VY pa3i HaflBHIIOro HAMopy BOJ y >KOPCTB SHOMY TOPH30HTI 3’ SBIISIOTBCS YMOBHU
Ut iposiBy cydosiiiHux mporneciB. Cy¢o3is — 11e MexXaHiuHE BUHECCHHS 3 TOBII I10-
POIM TOHKHMX TNTMHUCTUX YAaCTOK PYXOMHMH IiJI3EMHUMH BOAaMu. SIKIIo BigOyBaeTh-
Csl BUHECCHHS TBepAMX (TIMHHUCTHX) YAaCTHHOK, TO IIe MEeXaHiuHa cy(]o3is, SKII0 po3-
YHHEHUX COJIEH — TO XiMiuHa, SKIIO 1 THX, 1 IHIINX — TO cy(o3isd 3MIMIAHOTO THITY.
YMoBH nepediry cyQo3iiHuX MPOLECiB TaKi:

1) mopoxa MOBMHHA MaTH HEOJAHOPIIHUH IPaHyJIOMETPUYHHUN CKIIaJ: BEJIHKI ITOPH,
YTBOPCHI BEIIMKUMHU YaCTUHKAMHU (HAMIPHUKIIAJ, YIaMKaMH KPUCTATIYHUX IOPif), IO-
BUHHI BIJIHO MPOIyCKaTH ApiOHI (3BUYaHO TIIMHUCTI) YaCTHHKH, SIKi, BIATaK, 37aTHI
BUHOCHTHUCS. TOMY )KOPCTB’sIHI MOPOJH — 1€ SIKPa3 CHPHUSTINBE CEPEIOBUIILE;

2) Harmip BOJIY B MOPOAI HOBUHEH OYTH JOCTaTHHO BHCOKHM. YBaKaroTb, IO Tif-
PaBIIYHUNA TPaJi€eHT NOBUHEH MEPEBUIYBATH OAWHUIIO. Tak 3BaHy pO3MUBHY IIBHI-
KICTh — KPUTHUYHY MIBUAKICTh MIJ3€MHHUX BOJ, 32 SIKOI MOYMHAETHCA PyX YAaCTUHOK
MIEBHOTO PO3MIpY, — OL[IHIOIOTH MO-Pi3HOMY. 3BUYaiHO B JiiTepatypi (Hanpuknaz, [19])
MOJKHA 3HAWTH CreliaibHi TabJHIl, Y SKNX HAaBEIICHO PO3MHMBHY LIBHKICTH BOJIU JIJIS
YaCTHHOK PI3HOTO po3Mipy (Tadi. 3).

Taomums 3
Po3muBHa HIBUAKICTH BOAM JJIsl YACTHHOK PI3HOTO PO3MIpYy,
3a qanumu J1. xactina

Po3Mmip 4acTHHOK, Po3muBHa Po3mip gacTuHOK, PosmuBHa

MM MIBHJIKICTH, M/XB MM IIBHMJIKICTE, M/XB
5,0 13,23 0,10 1,83

3,0 10,37 0,08 1,67

1,0 5,91 0,05 1,31

0,8 5,30 0,03 1,04

0,5 4,18 0,01 0,59

0,3 3,08

Hageneni B Tabnuui 1ani 1o0pe anpokcumye dpopmyiia
LX) = (5,906X* —0,0017) : 60,

ne f(X) — po3amuBHA MIBUIKICTh, M/C; X — PO3MIp YaCTUHOK, MM.

3a [17], po3Mip 3epeH kaoumiHiTy KoauBaethes Big < 0,0005 mo 0,01-0,03 mm, y
cepenHboMy ctaHoBuTh 0,0005 MM. 3a HaBeIeHOIO (OPMYJIOI0 MOXKHA OOYHCINTH
MIBUIIKICTh JUIA YaCTHHOK pizHOro po3mipy: 0,005 mm — 0,0068 m/c, 0,001 mm —
0,003 m/cek, 0,0005 mm — 0,0021 m/cex, 0,0001 mm — 0,0009 m/cex. 3a3Haunmo, MO y
BOJIOPSICHI TIEPi0/IM IIBUJIKICTh BOJIM Y )KOPCTB’ THUCTHX ITOPOJax MOTJIa NepeBHIIyBa-
TH 2 MM/CEK.

Hamip Boau Ta 11 pyXOMICTh Y IPOHUKHUX JKOPCTB IHUX TOPOAAx Oy HaHiHTCH-
CUBHIIINMH SKpa3 Ha CXWJIaX i Ha Kparo MiTHATTIB, 0COOIMBO B pa3i HAIBHOCTI TYT 30H
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TpimmHyBaTocTi. TobTo mpouecu cy(ho3iifHOr0 BUHECEHHS aKTHUBI3yBAIHCS TaM, J€
HPOLECH KOPOYTBOPEHHS BUSBILSUIMCS HalCHIIBHIIIE.

MosKHa TPUIYCTUTH, LIO TEMITM aKTHBHOI cy(o3ii 30iraloTbCs 3 TEMIaMu yTBO-
PEHHS TJIMHUCTUX MiHEpaJliB B yJaMKax IopiA. ¥ oMy pasi BOHa CIpusi€ 301IbIICH-
HIO NIPOHUKHOCTI TOPOJY ¥ mojanbmiii iHTeHcuikalii BChboro mporecy — 3 pynHy-
BaHHSM 1 BIJIYYCHHSAM yCiX MiHEpaTiB MOPOAM, KpiM HAHCTIHKImIX. Y HalmIoMy BH-
najaKy criiikum € inpMeHIT (y K3 po3mip #oro 4actox cTaHOBUTBH, 3a3BUYal, JECATI
YaCTKU MITIMETPA).

Koy k 3BITpIOBaHHS OXOIUTIOE TIMOII KPUCTAIIUHI MOPOIM i HACTYITHHUN iXHIN
[Iap IepeTBOPIOETHCS Ha )KOPCTBY, TO CIOAW X MOCTYNOBO 3MILIy€ThCS 1 BOXHHHN MO-
TiK, @ Ha BUIIOMY DiBHi (Tak OM MOBHUTH, Ha CTApOMY MicIli) BiH 3 4acoM ciaOrrae, i
MopoJia MOCTYIIOBO “3apOCTae” TJIMHUCTOK PEUYOBHHOIO, MOBIIBHO MEPETBOPIOIOYHCH
Ha KaOJIHOBY.

Jlo MOMEHTY, KOJU MOTIK 3 33AaH01 AUISHKH JKOPCTB’SHOT OPOJH MMOYHHAE TIepe-
MIIIyBaTHCS BHU3, I TUISHKA BXe 301IHEHA BCiMa KOMIIOHEHTAMH, TIOPIBHSHO 3 111b-
MeHiToM. [TpupoaHO, 10 YTBOpEHA 3roJI0M Yy I[bOMY MICII KaOJIiHOBa HOPOJa yCIaji-
Ky€ Takui cTaH (B iHIIOMY BHIIaJIKy BOHA HIYMM HE BiJPI3HATHMETHCS B KaOJIiHOBOI
K3 3a mesxamu migHATTS). Tak 1m0 miABHIIEHA KUTBKICTh “HEPyXOMOro” imbMeHity (i,
MOJKJIMBO, TUTBKH BOHA) BioOpakaTUMe TyT YK€ He TIJIbKH ¥ HaBiTh HE CTUIBKH Pi-
BEHb HOr0 BMICTy B MaTEpUHCHKUX IMOPOAAX, CKITbKH IHTEHCHBHICTH Cy(o3iiHOTr0
IpoLecy.

TBepaux IoKa3iB 1100 BUCIOBICHUX MONOKEHb Y Hac Hema. Cydosis, 3BuyaiiHo,
MOBHHHA CIIPUATH TOPIBHAHOMY “‘TOTOHIICHHIO TOBIIi, y SKii BOHA BiIOYBa€THCA.
OnHak TyT e, Ha CXWJIaX, aKTUBI3YIOTHCS BCI 1HIII areHTH 3BITPIOBAHHS, 30UIbIIY€ETh-
csl IXHS BEPTUKAJIbHA aMIUITy1a, 0 PUBOANTH, HABIAKHU, 0 “TOTOBIIEHHS KOPH.
CykymHuit eekt Oyne CHTyaTHBHUM.

MoIIMBO TakoX, IO 3a3HA4€Ha BHUINE Ipyra “Tinka” (irypaTHBHHX TOYOK Ha
puc. 4, a (came 31 3BOPOTHOIO 3aiexHicTIO B posnoaim Al,Os it TiO,) € cBigueHHsIM
HasIBHOCTI UISHOK (JIiH3M, NMPOIIAPKK) BUHECEHOTO i MepeBiikianeHoro cydosiinoro
(BTOpPHHHOT0) KaoIiHY, 301IHEHOTO iIbMEHITOM. Ta B oMYy e Tpeba ImepeKoHaTHCS
il BOgHOYAC 3’5ICYyBaTH, YOMY 1 K BiJOyBa€ThCS TYT HATPOMAIKEHHS MaHTaHy.

OTKe, eAMHEe KOHKPETHE PEYOBMHHE MiATBEpDKEHHS cy(do3iiHux npouecis y K3
Ha CXWIi W Ha MiJHSTTI, SK¢ B HAC €, — [I¢ BUCOKUH (TIOPIBHSIHO 3 HU3WHHUMH JIiJISTH-
KaMH) BMICT CTiH{KOTO MO0 3BITPIOBAHHS UTBMEHITY. 3p03yMiJIo, IO HABEICHI MipKy-
BaHHS Ie Tpeba JAeTalbHO JOBOJUTH W PO3BHMBATH, OJHAK YK€ MOXHA 3pOOHTH Taki
MOTICPE/IHI BUCHOBKH.

1. 3anpornoHOBaHO MOSCHEHHs MPOCTOPOBOI PyAHOI 30HANBHOCTI TOPUYMHCHKOTO
poxosuia. [Iprunaoro Gpopmysanus B K3 foro 3aximHol, migHATO! YaCTHHH BHCOKUX
KOHIIGHTpaLil LIbMEHITY, HE aleKBaTHUX HOT0 BMICTy B MaTepHHCHKHX rabpoinax, €
cydosiiini mporecu.

2. L1i mporniecy BinOyBasvcss Ha CXWII MIAHATTS B )KOpcTB’siHil yacTuHi K3 B emoxy
il hopmyBaHHSI.

3. SBume cy¢o3iifHO-3aTUIIKOBOTO PYAOYTBOPEHHS (W00 CTiMKUX IO 3BiTpIO-
BaHHs pyAHuX MiHepaniB y K3) MoxnuBe, HaneBHO, He TUIbKM Ha TOpPYMHCBKOMY
pojoBwHIIi. SKIO HOro BUSBIATH B IHITUX MICISIX, TO MOKHA Oy/ie JCKIIapyBaTH BH/Ii-



M. Komcwkuii, 0. Pemesosa, O. flpemeHko ma iH.
ISSN 2078-6220. Minepasioriynuii 36ipauk. 2016. Ne 66. Bunyck 1 27

JeHHs cy(o3iiHO-3aINIIKOBOTO THITY 3pYyJEHIHHS B KOpax 3BITPIOBaHHS. 3/1a€THCS,
110 3a3Ha4YCHE PYAOYTBOPEHHS MOXIIUBE B Pa3i MOETHAHHS TaKMX CIPUATINBHX yMOB:

¢dopmyBanHs K3 Ha marepuHCHKMX TOponax, xo4da 0 Tpoxu 30araueHHX Oyab-
SIKUMH I[IHHUMH CTIHKUMH MiHepaJlaMH (30BCiM He 000B’S3KOBO JI0 IIPOMHUCIIOBO-
3HAYYIIOTO PiBHA). Y BHIAAKy raOpoimiB Ie UTbMeHIT (Hampukiaa, TopuanHChKE
pozoBuiiie) abo UIBMEHIT 1 PyTWI, HAa TPaHITHUX MOPOJaX — LUPKOH, MOHAIIUT,
OpTHT, y 3B’SI3KY 3 PiJKICHOMETaJIeBUMH I'paHiTaMu abo NMerMaTuTaMu — KacHuTe-
PHT, KOIXyMOIT-TaHTAJIT, Ha JYXHUX IHTPY3isX — IHUPKOH, MOHALUT, KOIyMOIT,
OpHUTONIT 1 iHIII MiHEpaTN PIAKICHUX 3eMETIb;

HasIBHICTh TEPEnajiiB TiMCOMETPUYHUX (MAJICOTIICOMETPUYHNX) MTO3HAYOK 3aJIsi-
ranast K3. Oco6nuBuii inTepec craHoBuTh K3 Ha Kpato migHATTIB (GyHAAMEHTY U
Ha TXHIX CXHJIaX;

HasIBHICTh Y KOPIHHUX mopojax mijx K3 — sk Ha cxuiax, Tak i Ha caMOMy ITiAHATTI
— 30H TEKTOHIYHHX MOPYIIEHb (3BICHO, OJTHOYACHO 3 IIEPIIOI0 YMOBOIO).

4. IponoHyeMO BUKOHATH MOIOHI AOCHTIPKEHHS IS 3’ sSCYyBaHHS BCIX HEBHpIIIe-

HUX NIHTaHb y Mekax MacuBiB ocHOBHHX Topix Kopocrencekoro i Kopcyns-Hoso-
MHProOpOJICHKOT0 TUIYTOHIB, METACOMAaTHYHUX piJKiCHOMeTaneBux rpasirtiB [lepikaH-
CBKOTO PYJIHOTO II0JISl, JIYXKHUX IHTPY3MBHUX Topin [IpuazoBcbkoro Giioka W pinxic-
HOMETAJICBUX IIErMaTUTOBUX IOSICIB.
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GEOLOGY AND CHARACTERISTICS
OF ORE CONCENTRATION IN THE PROSPECTIVE
TORCHYNSKE DEPOSIT OF ILMENITE

M. Komskyil, 0. Remezovaz, 0. Yaremenkoz, T. Okholinaz,
S. Vasylenko2

'The State Commission on Expertise of Geological Projects and Budget,
18/7, Kutuzov St., 01133 Kyiv, Ukraine
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2Institute of Geological Sciences of NASU,
55b, Oles Honchar St., 01601 Kyiv, Ukraine
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The peculiarities of geological structure of Torchyn residual ilmenite deposit devel-
oped on the layered gabbroid body are examined. On the deposit, the lower and central
zones of the body go to the erosion truncation that is reflected in the ilmenite and ti-
taniferous magnetite distribution. The regularity of ilmenite concentration within the
crust of weathering depending of its relief is shown.

It is marked the disparity of high ilmenite concentrations in the crust of weathering
to the ore varieties of gabbroids in the layered series.

The highest ilmenite concentrations are characteristic for the relatively elevated
parts of the crust of weathering. On the slopes, the partial decreasing of ilmenite content
is taking place which is connected with the influence of wash-out of particles by under-
ground waters. In conditions of the highest head of waters in the gruss horizon it is real
the manifestation of internal erosion — the mechanical removal form the stratum of rock
the fine clay particles by underground waters that is allow to select the specific process
of ore forming on this deposit.

Taking into account that this deposit is the second on the titanium reserves after
Stremyhorod deposit, for the elaboration of the basis for its rational development it is
need to research in details the connections of the relief of the crust of weathering, ero-
sion processes in the different geological epochs and ilmenite content in area and in cut.

Key words: ilmenite, residual deposit, gabbroid, crust of weathering, suffusion, hyp-
sometry of the surface, Volodarsk-Volynskyi massif, Ukrainian shield.
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NU®POBI CTPYKTYPHO-JITOJOI'TYHI MOJIEJII
AIIT-HU’KHBOAJIbBCBKHUX I CEPE/JHBOEOLHEHOBHX
KOHTUHEHTAJIbBHUX PO3CHUIIIB IVIBMEHITY B MEXKAX
KOPCYHb-HOBOMMPI'OPOACBKOI'O IINIYTOHY

1O. Kpomko

Inemumym ceonociunux nayx HAH Ykpainu,
eyn. Onecsa I'onuapa, 556, 01601 m. Kuis, Ykpaina
E-mail: tamagoji.79@mail.ru

Kopcynp-HoBomupropoacekuii yToH YKpaiHChKOro muTa € 6aratoda3oBoro iH-
Tpy3i€lo, y OynoBi Kol OepyTh y4acTh pi3Hi NETPOTUIHN MOpifd. JleKinbka caMOCTIHHUX
MaCHBIB CKJIaIcHO aHOPTO3UTaMH, Tadpo i HOPUTO-aHOPTO3UTAMH, Ta0pO-HOPUTAMH Ta
iXHIMH TepexiTHUMHU BigMiHaMH. ['OJOBHMM pyIHHMM MiHepalaM OCHOBHHUX IOpia €
1TBMEHIT. YHACTiIOK 3BITPIOBaHHS B MEXaX IUTYTOHY yTBOPWIIUCH LTBMEHITOHOCHI KO-
pPH 3BITPIOBAaHHS, PO3MHBAHHS SKHUX CIPUYMHWIO TEPEMIlIeHHS LIBMEHITY Ha BHUIII
ctpaturpadiuni piHi. ChopmyBanucs pi3HOBIKOBI KOHTHHEHTAIBHI Ta MPHOEPEKHO-
MOPCBHKI pO3CHIIHIIA 1TBMEHITY, HAHIIEPCIIEKTHBHILI 3 SIKHX TIOB’s3aHi 3 aOBiaIbHIMU
YTBOpPEHHAMH. MU CTBOpWINM LUQPOBI CTPYKTYPHO-JIITOJOTIYHI MOAETI amT-HHX-
HBOAIBOCHKHX Ta CEPEIHBOCONEHOBUX KOHTHHEHTAIBHUX PO3CHINIB LTBMEHITY B MEXax
HepCIeKTUBHUX IiTHOK KopcyHs-HOBOMHPropoachKkoro miyToHy 3a JaHUMU KOOPAH-
HAT, ONKCY CBEP/UIOBHH i BU3HAUYEHHS BMICTy iUTbMeHITY. Lli Mogeni BimoOpaxaroTs xa-
paxTep MOKPiBIIi i MOBEpXHi BiAKIAAIB, HOTYKHICTh MPOAYKTUBHUX JITOTHIIIB Ta MPOC-
TOPOBHUH PO3MOLT BMICTY TBMEHITY.

Kniouoei crosa: iMbMeHIT, pO3CHITUILE, allT, HIKHIK anp0d, cepeaHiil eomeH, mudpo-
BE€ CTPYKTYpHO-JIITOJIOTi4HEe MoenoBaHHs, KopcyHs-HoBomMupropoacskuii miyToH.

Paifon Hammx XOCITiPKEHb HaJeKHUTh 10 [Hryibpchkoro meradiioka (LeHTpajIbHA
yacTHHA YKpPaiHCBKOTO IMUTa), B OChOBIM YAacTWHI SKOTO po3ramoBaHi KopcyHb-
HoBomMupropoacekuii mryToH radpo-aHOPTO3WTIB 1 pamakiBimoAiOHWX TpaHITIB Ta
HoBoykpaiHcbkuii MacuB TpaxiToimHux rpaHiTiB i MoHnoHITiB [1]. KopcyHs-HoBo-
MHUPTOpOJICBKHH IUTYTOH € CKJIaHOI0 0arato(a3oBOl0 CIIOPYAOI0, Y HbOMY HasBHUI
MIMPOKUHA CHEKTP IMOPiJ] OCHOBHOTO 1 KHCJIOTO CKIAay aHOPTO3UT-pamakKiBirpaHiTHOL
¢opmarii. I'panitoinai macuBn — Kopcynb-llleBueHKIBCbKMI y MiBHIUHIA YacTHHI
riytony Ta lInonsHCbKkKi MacuB y MiBAGHHIH — po3iieH] UPOoTHOW CMIISHCHKOIO
30HOIO pO3JIOMIB. JleKiNbka caMOCTIHHMX MacHBIB CKJIaJCHO OCHOBHHMH MOPOAAMH —
AHOPTO3UTAMH, Ta0PO i HOPUTO-aHOPTO3UTAMH, Ta0PO-HOPUTAMH Ta IXHIMH Mepexii-
HUMHU BigMminamu [1].

VY mexax Kopcynb-HoBomupropoacekoro miytony i HoBoykpaiHchbkoro macuBy
MOLIMPEH] TaKOXX apXeWChKi Ta MajeonpoTepO30HChKI MeTaMOpdiuHi BYJIKaHOT€HHO-
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0caioBi mopoau Oy3bKOi I IHTYNO-IHTYJIEIBKOI Cepii Ta MaJeonpoTepO30HChKI aBTo-
XTOHHI TPaHITOi N KipOBOTPAJCEKOTO  BO3HECEHCHKOTO KOMILTEKCIB [1].

[TopogaM OCHOBHOTO CKJagy BJIaCTHBA IiJBHILEHA, MOPIBHAHO 3 IHIIUMH IIETPO-
THUIIaMH, 1JIbMEHITOHOCHICTh. BmicT Ti0, 3anexHo Bifi METPOTHILY MTOPOIH KOJIUBAETh-
ca Bix 0,6 1o 4,5 % [1, 2]. YHacninok neneruieHizamii pensedy i iHTEHCHBHOTO Xi-
MIYHOTO 3BITPIOBAHHS 32 YMOB T'YMIJHOTO KJIIMaTy MPOTSATOM IMi3HBOIOPCHKOTO—paH-
HBOKPEHJOBOTro 4acy Ha IOpOAax KPHUCTAIIYHOTO (yHAAMEHTy chopMyBaiach MOTY-
Ha Kopa 3BitproBaHHs (K3), y sikiit Bu3HauSHO MPOMUCIOBHI BMICT 1JIbMEHITY.

3HaYHUI BHECOK y NMPOTHO3YBAHHS W PO3LIYKH POIOBUI IJIBMEHITY B KOpax 3BiT-
PIOBaHHS Ta IHIMNX KOHTHHEHTAJHHHUX YTBOpEHHsX 3poomnn B. 31mo6enko, M. Enbs-
HOB, . Kapmos, H. ®enopenko Ta iH.

CyuacHa reoJsoriss HemMuciuMa 0e3 TeoiH(pOpPMAIiHHUX TEXHOJOIIH, SKI NaroTh
3MOTY Bi3yasli3yBaTH aTpHOYTHBHI JJaHi i € HEBiJl’€MHOIO YaCTHHOIO iH(OopMaliitHOTO
CYIPOBO/Y PO3IIYKOBHUX 1 BUAIOOyBHHX po0iT. CKianoBa 4acTHHA I'€0JIOTO-TeHETH-
HOTO MOJIEITIOBAHHS PO3CHITHUX POJIOBHII — HUPPOBE CTPYKTYPHO-IITOJIOTIgHE MOIe-
JIIOBaHHSI, 3aBJISKU SIKOMY MOXKHA OIIEPaTUBHO i HA BUCOKOMY piBHI BUpIlIyBaTH HU3-
Ky (QyHIaMEHTaJbHUX 1 NPAaKTHYHUX 3aBJaHb. DakTHYHNM MaTepialioM aiis nupoBo-
IO MOJICNIIOBAHHS CIYTyBaJIM KOOPAWHATH CBEPAJIOBHH, IXHIH OMHC Ta PE3yJIbTaTH
omnpoOyBaHHS Ha inmbMeHiT. Ha miit migctaBi mMu moOymyBamu OU(GpPOBI CTPYKTYypPHO-
JITOJIOTIYHI MOJIENi HAMMEePCHEKTUBHILIMX PO3CHIIIB, SIKI OXOIUTIOIOTh KOMILIEKT KapT:
KapTu penbedy MiJONIBY 1 MOBEPXHI MPOJYKTUBHUX BiIKIAJIB, KAPTH 3arajibHOI IO-
TY>KHOCTI aNT-HIKHBOATHOCPKAX KOHTWHEHTANBHUX BINKIAAIB, KapTH ITOTYXKHOCTI
1TbMEHITOHOCHUX JITOTHIIIB, KapTH MPOCTOPOBOTO PO3IOMAIIY BMICTY LIBMEHITY B
PO3CHITHIIIAX.

IepcnexTuBHi po3cunu inbMeHiTy. PiukoBa Mepexa anTy—paHHBOTO anb0y BU-
pobuina cBoe pycio B K3 kpucramigaux mopia GyHAAMEHTY i BUITIOBHEHA MPOAYKTaMH
MepEeBIIKIACHHS eoBit0. Me3o3oiicbkka K3 Oyia OCHOBHHM JKEpeioM Marepiainy
Uil OpMYBaHHS HIKHBOKPEHIOBUX KOHTHHEHTAIBHHX 1 HpUOEpeXKHO-MOPCHKUX
BiKJIAJiB Ta TIOB’s3aHMUX 3 HUMH KOPHCHUX KOIAJHWH (PyIOTPOSBH i POJOBHIIA iTb-
MeHiTy, OOKCHTIB, BTOPUHHHX KaOJiHiB 1 BOrHeTpUBKHX THH) [3]. KopucHi xomanman
MaroTh MPOCTOPOBO-MIAPAreHETHUHHUH 3B’30K 3 METPO(OHIOM IMOPiT KPUCTAIIYHOTO
¢yHnnamenTy i iXHIMH KOpaMH 3BITPIOBAaHHS, TICHO IOB’s3aHI 3 MEBHUMHU JiTodaris-
MU 1 pamismu.

KonTuHeHTanbHI Binkmaan K, yTBOPIOIOTh HIKHBOKPEHIOBY KOHTHHEHTAJbHY
w1aTGOpMHY TEPUTeHHY TYMiJHY NepeATPaHCIPECHBHY INIMHUCTO-TIIIIAHY cyOdopma-
uito [3].

[IpomucoBO 3HAYMMI aOBiaNbHI PO3CHIM ITBMEHITY copMyBamucs B Mexax
BEpXHBOI ManeoTedii paHHbOKpeHaoBoi Jlebenun-banakmiiBcbkoi maneoqonwHu, e
BOHU TPOCTOPOBO-IIAPATCHETHYHO TIOB’s13aHI 3 PAaHHBOKPEHJOBUMH IPUOEPEHKHO-
MOPCBKAMHE po3cunamu. TyT BUIIEHO JeKiIbKa IIepCIeKTUBHIX PO3CHUIIIB.

bipsyniecekuii pozcun po3TtamoBaHuii 3a 15 kKM Ha miBIeHHAHN 3aXin Bix M. HoBo-
mupropoz. Cepen KpHCTaNiYHHX TOPiM TyT HalOimbIIe mommpeHi JabpaxopuTH i
rabpo-adpasopuT, SKUM MaibKe MOBCIOJAHO BJACTHBA IIiJIBHIEHA LIbMEHITOHOC-
HicTh. CKpi3b Ha KpHCTAIYHUX NOpoJax ¢pyHaameHTy 3amsirae K3 3MiHHOT moTy>KHOC-
Ti — Bix 8 1o 36 M. Kopa 3BiTproBaHHSA MICTHTB LIEMEHIT, yMICT SIKOTO HEPiBHOMIPHHIA:
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JIOTOPH 3a PO3pi30M BiH 36inbmyeThes i qocsrae 138 kr/M° B emoBii OCHOBHHX HOPi i
25 kr/m° — B emosii TOpif KUCIIOTO cKitany [6].

KoHTHHEHTaIbHI BIAKIIAAN HIKHBOT KPEHIU 3aIraloTh Ha KOPI 3BITPIOBaHHS, sKa
Juist QUIIOBIAIBHUX BINKJIAJIB CIYrye IUIOTUKOM. Penbed moBepxHi W MiJOUIBH Mae
BUNYKJITY (POpMY 3 HE3HAYHUMH 3arajnHaMu Ta migHaTTsMu (puc. 1). Po3pis npencra-
BJICHUHM MIIIaHUMHK | TIMHUCTUMH (BTOPWHHI KaoiiHM) niTodanismu. IToTyxHicTh
mimaHux JJitodamiii HEeBUTPUMAaHa 3a MPOCTIATAHHSIM, TOJI SIK MOTYXKHICTh TJIMHUCTUX
nmitodariiii He3HayHa 1 OUTBII-MEHIN BUTpuMaHa (puc. 2, 3). BropuHHi kKaosiHu Tpar-
JISIOTHCSI Y BUDIIAI HEBEIHMKHX IPOIIAPKIB i OKPEMUX JIiH3, SKi 3aJSraloTh SK ycepe-
JIUHI TIIAHUX BiIKJIANiB, TaK i B iXHiA mimomBi. BMicT iIbMEHITY B MiIaHUX ajro-
BiaJIbHUX BIJIKJIaJax HEPIBHOMIPHHIi, B OKPEMHUX CBEPIUIOBHHAX BiH KOJMBAETHCS Bijl
JEKiNbKOX KiorpamiB Ha KyOiunmii MeTp 1o 343 kr/m’ [6]. Bmict inbMenity y BTO-
pUHHEX KaoniHax mocsrae 300 kr/™’ [6].

it -t -t

& g §
Puc. 1. Kapra pensedy noBepxHi Puc. 2. Kapra noty>xHoCTI
Ta I I0IIBY KOHTHHEHTAIILHHUX BigKIaaiB K UTBMEHITOHOCHUX MIIIAHUX YTBOPEHb
y Mexxax Bip3ymiBcekoro poscumy. y Mexax Bip3ymiBcekoro poscuiry.

128
]—-1?
116

Puc. 3. Kapra noTy>XHOCTi i1IbMEHITOHOCHUX BTOPHHHHX KaOJiHIB
y Mexax Bip3ysiBcekoro poscuy.
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3acikcoBaHO TPSMHUH KOPESIIHHWN 3B’S30K MK YMICTOM UIBMEHITY y diro-
BiaJIbHUX KOHTHHCHTAJIhHUX YTBOPEHHSX Ta IXHBOIO MOTYXKHICTIO (31 30UIBIIEHHIM
3arajbHOI MOTY)KHOCTI KOHTHHEHTAJIbHUX YTBOPEHb BMICT LIBMEHITY B HHX 3POCTAE€).
KonueHTpauii inbMeHiTy MpUypOYEeHi 10 MiIBUILEHHS B pesibedi I0THKA, SIKE CIYTy-
BaJIO MEXaHIYHUM Oap’epoM Jursi MiHepairy (auB. puc. 2—4).
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s 3000
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2000
iy : . ; 8 1800
. . ! - ; 1600
_:.,efp 1400
- 1200
1000
800
600
400
200

0

&

Puc. 4. Kapra po3noniry BMIiCTY UIBMEHITY B KOHTHHEHTAIBHHUX YTBOPEHHSIX
Bip3yniBcbkoro poscuiy.

Banyeecwruii poscun po3ramoBanuii y ManoBucbkiBcbkoMmy p-Hi KipoBorpasck-
KOi 0011., 32 1,5 kM Ha miBeHHHIA cXin Bin bip3ymiBcekoro poscuiry. Kopa 3BiTproBan-
HS TIOPiZl OCHOBHOTO CKJIQAy MA€ MOTYXHICTh 3—17 M. BMicT ibMeHITY B entoBiasIbHIN
TOBIIi HEPIBHOMIPHHIT — 301IBIIYETHCS TOrOPH 3a po3pizoM Bix 79 g0 112 kr/m’ [6].
[oTy>XHiCTh KOHTUHEHTAIBHUX YTBOPEHb KOJIMBAEThCs Bif 1,6 10 8,0 M, a BMICT 11b-
MeHiTy nocsrae 99 kr/m’.

VY penbedi MOBEpXHI Ta MiNOUIBH KOHTHHEHTAJIBHHUX (UIIOBIAJIBHUX BIiIKJIA/IiB
HasiBHI MigHATTS ¥ 3ananunau (puc. 5). [loTyxHicTh mimanux Jitodaiii GLIbII-MeHII
OJTHAKOBA 32 JIATCPAJLII0, OJHAK € TPU IUISHKHU 11 pi3koro 3pocrtaHHs (puc. 6). Posrmo-
JIJT TIOTY>KHOCTI TIIMHUCTHUX JTiTo(ariii Texx HepiBHOMIpHUHA (puc. 7). Posmomin BmicTy
LTBMEHITY B TOBILI 3/€01IBIIOr0 PiBHOMIPHHH 3a JIaTepajulio 3 MAaKCUMyMOM Y 3ara-
JIMHI TJIOTHKA, JIe IePeBaXaroTh mimai gitodaii (puc. 8).

Jlun’sncoxuu pozcun posramioBanuii y IlInonsucekomy p-Hi Uepkacskoi 0011., 3a
12 kM Ha miBHIY Bij Bip3yniBcekoro poscuiry. I'eosoriyna OymoBa IUISSHKH CYTTEBO
BIJPI3HAETHCS BiJ ONMCAHKX BUIIE. KpucTaniyHi mopoau TyT IpeaCTaBiIeH] rpaHiTaMu
parmnaxisi, TOMYy B KOpi 3BITPIOBaHHS OTYXHIcTiO Bia 1,8 1o 15,9 M inbMmeniTy Maino. A
BMICT UIbMEHITY B KOHTHHEHTAJIbHUX NPOAYKTax po3muBaHHs K3 xonuBaerbes Big 18
10 57 xr/v’ [6].

Penped moBepxHi I mimOMBA KOHTHHEHTANBHUX (DIFOBIAIFHUX BiIKJIAIB sSMYac-
TO-naropoKkoBuii (puc. 9), 3yMOBJICHHUH MOTYKHICTIO MIIAHKUX 1 TIIMHUCTUX JiTOdAaIiit
(puc. 10, 11). BmicT i1bMeHITY NPSIMO KOPEISIIHHO MOB’A3aHUN 3 MOTYKHICTIO Tila-
HUX JliTodaniit (qus. puc. 10, 12).
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Puc. 5. Kapra penbedy moBepxHi Puc. 6. Kapra notyxHOCTI
Ta ITiIONIBM KOHTHHEHTAIBHNX BilkmaniB K LTEMEHITOHOCHHX HIIlJaHUX YTBOPEHb
y Mexxax Bamyescekoro poscumy. y Mexxax BaiyeBcpkoro poscuiy.

LI T

Puc. 7. Kapra noty>xHocTi Puc. 8. Kapra po3noainy BMicTy iIbMEHITY
1TBMEHITOHOCHUX BTOPHHHHX KAOJiIHIB B KOHTHUHEHTAJIbHUX YTBOPEHHAX
y Mexax BanyeBcbkoro poscuiy. Banyescbkoro poscuiry.

B anp6i BigOymacsi 3HaYHa MOpPCHKa TpaHCIpECis, sSKa “BUKOPHUCTOBYBasa”, Tie-
penycim, epo3iiiHO-TeKTOHIYHI Jerpecii, BUIIOBHEHI alllOBIAIbHUMH YTBOPECHHIMHU.
KoHTnHeHTasbHI (IIOBiaJIbHI BiAKJIAAKM B MpOLECi TpaHCrpecii 3a3Halld YacTKOBOTO
MepeMHUBaHHSI ¥ pPO3MHBAHHS, YHACIHJIOK YOTO UIBMEHIT OyB NepeMillleHHi Ha BHII
crparurpadidsi piBHi.

TIpubepexHO-MOPChKI TNIayKOHIT-KBAPIIOBI MICKH HIXKHBOI Kpeiau B Mexax bip-
3yJIIBCBKOTO PO3CHUITY IPEACTAaBIICHI MUIKOBOAHMMHU (alisiMu BEpXHbOIro ayb0y, mo-
TYXKHICTh SKuX gocsrae 12,0 m, a BMIicT imbMeHiTy nepesuirye 100 kr/M° [6]. V mesxax
BayeBcbkoro po3cuily KBapI-TJIayKOHITOBI MPHOEPEKHO-MOPCHKI MICKH BEPXHBOTO
anp0y MalOTh CEPEHIO MOTYXKHICTh 5,7 M, @ BMICT LIbMEHITY B HUX KOJIMBA€EThCS Bijl
25 1o 136 kr/™’ [3, 6]. TIpuGepeskHO-MOPChKi BiIKIaaH BEPXHBOTO anb0y B MEKax
JIuI’ IHCHKOTO PO3CHITY MIiCTATH ibMeHIT y Kimbkocti 10,0-59,8 kr/nm’ [6].
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Puc. 9. Kapra pensedy noBepxHi Puc. 10. Kapra noTy»HOCTi
Ta IMiI0UIBY KOHTUHEHTAIBHUX BinkiaaiB K 1IBMEHITOHOCHHX MII[AHUX YTBOPEHb
y Mexax JIun’ sHCbKoro po3cuiy. y Mexax JIum’ sHCbKOro po3cuiry.
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Puc. 11. Kapra nory»xHocTi Puc. 12. Kapra po3noainy BMIiCTy iIbMEHITY
1IBMEHITOHOCHUX BTOPUHHUX KaOJIiHIB B KOHTHHEHTAIFHUX YTBOPEHHSIX
y Mexax JIun’sHepkoro poscuiy. JIumn’ tHCBKOTO pO3CHILy.

VY mi3HBOKPEHIOBY €MO0XYy MOPCHKHI OaceiiH 3HAYHO PO3LIUPUBCS, & HAIPUKIHIL
Mi3HBOT KPEHIN 3aBIsKH JIApaMiiChKOMY OpOTeHe3y Mope perpecysaio [5]. Y maneo-
LICHI TEPUTOPIs IEHTPaJIbHOI YaCTHHH YKpaiHCHKOTO IHTa Oyna MiJHATOIO JICHYAa-
LIIHOIO PIBHHHOIO, SIKa PO3WICHOBaHA PiYKOBOIO Mepexeto [5]. YV cepeanboMy eorieHi
B MEXax MiHATOI YaCTHHU IUTa OYJIM KOHTHHECHTAJbHI YMOBH ()IFOBIaIbHOIO Oca-
JoHarpomamkeHHs. POpMyBaHHS MOCTIHHMX BOJHUX apTepiil CEpemHbOr0 COLECHY
BigOyBajoCs MO €po3iHHO-TEKTOHIUHHMX Jenpecisax. YacTWHa TigpoMepexi 3araiom
yCIaIKOBYBasia epo3iiHO-TEeKTOHIUHI Aenpecii monepeiHix eTamiB po3BUTKY YKpaiH-
CBKOTO IIWTa, iHIIA YacTHHa OyJja 3aKiaJieHa cepeIHbOCOIEHOBUMH PiYKaMHU B TEKTO-
HIYHO OCJTAa0JICHUX 30HAX 1 po3ioMax [4].

BukopuCTaHHS €OLICHOBUME PIYKOBUMH JOJMHAMHU HUKHBOKPEHIOBHX (amT—HIK-
Hill anb0) PIYKOBUX MAJCOMOIUH ITPU3BENO JI0 YaCTKOBOT'O PO3MHUBAHHS HUKHBOKPEH-
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JOBHX IMAJICOAIIOBIaIbHUX YTBOPEHb Ta MEPEBiKIIaaHHs IXHBOT0 MaTepiany Ha BUIII
cTpaturpadiuni piBai. Taka cepeIHBOCOIIEHOBA TimporpadiuHa Mepexa 9acto 30i-
Ta€TbCsl 3 KOHTYPAaMM IIOIIMPEHHS KOHTHHEHTAIbHHX YTBOPEHb HIDKHBOI KpeHIH.
3aranpHa MOTYXKHICTh KOHTHHEHTAIBHUX YTBOPCHb KOMHMBAEThCA Bif 0,2 M Ha CXHIaX
nenpeciit 1o 37 M y IXHil EHTpaNbHIN YaCTHHI.

3arangoM cepeHbOCOICHOBI KOHTHHEHTAIbHI BIJKIaAH YTBOPIOIOTH CEPEAHBOIA-
JIEOT€HOBY KOHTHHEHTAJIBHY IUIATGOPMHY TEPUI'€HHO-TJIMHHUCTY BYTJICHOCHY TyMifHY
NepeATpaHCTpecuBHy CyOdopMariito, BiAKIagu SKOT MICTATh TPOSBU W POJOBHIIA
Oyporo ByTLLIA, TEMEHITY, 30J10Ta, BTOPHHHUX KAOJIHIB 1 BOTHETPHUBKUX KAOTIHOBUX
rH [4, 5].

Mu BHKOHaMM HU(PPOBE CTPYKTYPHO-IITOJNOTIYHE MOJENIOBAHHS CEPeIHBOECOIE-
HOBOT'O PO3CHIUINA UIBMEHITY B MeKaX OZHIET 3 MEPCIEKTUBHUX AUISTHOK Ha TEPUTOPIT
Yepxacpkoi 00:1. (2,15 kM Ha MiBISHHUI 3axXij BiJ HEHTPAILHOT YacTHHU C. YepHsBKa
Uepxkacbkoro p-Hy). Penbed) moBepxHi # MiOMIBH KOHTHHEHTAIBHUX YTBOPEHb OLlTb-
MEHII OJIHOPIHUI 3 TEH/ICHIIIEIO 10 3aHYPEHHS BHU3 32 Tajeotedieto (puc. 13).

saBREREEEEBRIGERS

Puc. 13. Kapra penbedy moBepxHi i migomBy cepeAHbOCOLICHOBIX BiKIIa/IiB.

[ToTyXHICTh 1IBMEHITOHOCHHX IICKIB Ha AUISHII PO3CUIHIIA CTAaHOBUTH 10—15 M
(puc. 14), a Bmict impMmenity — 20-70 KF/MS, B OKpeMHUX Bumaakax — 1o 192 Kr/M>
(puc. 15). IToTyXHICTh MPOAYKTHBHOTO ILIACTa — 5,3 M, TIIMOWHA 3aysTaHHg — 15,5 M.
InemeniT neiikokcenizoBanuii, BMicT TiO, cTaHOBHTE 63,86 %.
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Puc. 14. Kapra noty»HocCTi Puc. 15. Kapra po3noniny BMicTy iIbMEHITYy B
CepeAHbOCOLICHOBHX BiKIIAIIB. CepeHbOCOIICHOBUX BiKIJIa/Iax.

[MopiBHsAHHS THHOMOP(HUX 0COOIMBOCTEH UIBMEHITY ¥ IHIIMX MiHEpaJliB 3 cepel-
HBOEOLICHOBOTO PO3CHUITy 3 MiHEpaJlaMH alT-HIKHbOAIBOCHKUX KOHTHHEHTAJIbHUX
BIIKJIAMIB 3aCBiMUY€E, IO MAJCOTCHOBE PO3CHUNIHIINE CHOPMYBAIOCS 3aBISKU MEPEMU-
BaHHIO HIDKHBOKPEHTOBOTO MPOMDKHOTO KosiekTopa. ToMy 3adikcoBaHO T€0XpOHOIIO-
riYHy “TpaH3UTHICTH” PEYOBUHU U LJIbMEHITY, 30KpeMa, a TaKOX IHTEHCHUBHIII 3MiHH
LIBMEHITY — OLIBIINI CTYIiHb 0OKaTyBaHHS 1 JIEHKOKCEHI3aMilo.

OTxe, iCTOpist CTAHOBJICHHS i PO3BUTKY PIYKOBUX MAJICONOIMH Y PaHHIN Kpeii Ta
cepeHbOMY TaJeoreHi Mae 0arato CHUTBHHUX PHC. ANT-HIDKHbOAIHOCHKI Ta cepe-
HBbOCOIEHOBI PIYKOBI MaJC€OJOJIMHH LIEHTPAILHOT YaCTHHU YKpPaTHCHKOr'O IIUTa IPOC-
TOPOBO-IIApareHeTHYHO B3a€MOIIOB’si3aHi Mk coboto Ta 3 K3 kpucraniyaux mopin
(hyHIaMeHTy, BOHH MaloTh HOZIOHI JiToNmoriuHy OynoBY, HaOip KOPHCHUX KOITAJHH i
HOXOPKEHHSL.

Y mexax BepxHboi naneoredii JledequH-banakiiiBChbKoi Maneoa0IMHA TPOMHUCIIO-
BUIl BMICT UIbMEHITY BH3HaueHO B K3 KpHcTamiyHUX TOPiJ OCHOBHOTO CKJIAJy, aIT-
HIDKHBOQTBOCHKHX KOHTHHEHTAIBHHX BiAKIaZaX (MPOLYKT INEPeBiTKIANCHHS eIo-
BiaJIbHUX YTBOPEHB) Ta BEPXHBOATBOCHKUX MPUOEPEKHO-MOPCHKIX YTBOPEHHX (TIpO-
IykT po3muBaHHS K3 Ta mepeMHBaHHs anT-HWKHBOAIBOCHKUX KOHTHHEHTAJIbHUX
BiJIKJIAJIIB).

PiukoBi maJyieoONMHE CEPEHBOTO €OLCHY € NMPOXYKTOM NEPEeBIAKIAICHHS €o-
BiaJIbHUX yTBOPEHb Ta NEPEeMHUBAHHS ANIOBIaJIbHUX BiAKIAZIB allTy—HWKHBOTO ajJb0y.
CepeHbOCOIICHOBA TiIpOMEpEekKa 3arajioM YCIaJKOBYBajda €pO3iMHO-TCKTOHIYHI Je-
mpecii, sKi BHUITIOBHEHI alT-HIKHbOAIBOCBKUMH ANIOBIAILHUMH YTBOPEHHSIMH, IO
MPUBEJIO 10 YAaCTKOBOTO PO3MHBAHHS HIKHBOKPEHIOBHUX IMAJICOATIOBIAIbHUX YTBO-
peHb Ta mepeBiAKIaJaHHSA IXHBOTO MaTepiady Ha BuIli cTpaTturpadidsi piBai. Taka
CepeHbOCOIICHOBA TiIpOMEpekKa YacTo 30ira€ThCs 3 KOHTypaMu TOIIUPEHHST KOHTH-
HEHTAJIbHUX YTBOPEHb HIKHBOT KPEHIH.

Ha migcraBi 3HAYHOTO BMICTY 1TBMEHITY, HOTO BHCOKOi SKOCTI Ta MPOCTOPOBO-
MapareHeTHYHNX MOE€THAHD K Yy KOPIHHHUX JDKepernax, Tak i Ha pi3HUX cTparturpadiv-
HUX PIBHSX OC3JI0BOTO HOXJIa MOXKHA 3pOOMTH BHUCHOBOK, IO JOCIIKEHI 00’ €KTH €
IHBECTHIIITHO TPUBAOITHBIMH.
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[ToGynoBani 3a nonomoroio I'IC-texHonorii 1MGPOBI CTPYKTYPHO-ITITOIOTIUHI

MOJIeNTi HAUTIEPCIIEKTHBHIIINX PO3CHITUIN LIEMEHITY JaroTh 3MOTY Bi3yami3yBatu (ak-
TAYHUN MaTepiall, BAOKPEMUTH B MeXaX PO3CHIIIB AUISHKH 3 HAHOIIBIIMM BMiCTOM
UIBMEHITY Ta 3’sCyBaTH iXHill 3B’30K 3 majeopesbeoM, NEBHUMH MiKpoQalisimMHu,
JitodarisiMu Ta IXHBOIO TIOTYKHICTIO.
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DIGITAL STRUCTURAL-LITHOLOGICAL MODELS
OF APTIAN-LOWER ALBIAN AND MIDDLE EOCENE
CONTINENTAL PLACERS OF ILMENITE ON THE

TERRITORY OF KORSUN-NOVOMYRHORODSKYI PLUTON

Yu. Kroshko

Institute of Geological Sciences of NASU,
55b, Oles Honchar St., 01601 Kyiv, Ukraine
E-mail: tamagoji.79@mail.ru

Korsun-Novomyrhorodskyi pluton is the complex multiphase structure in the central
part of the Ukrainian shield; it has a wide range of basic and acid rocks of anorthosite-
rapakivigranite formation. The granitoid massifs — Korsun-Shevchenkivskyi in the
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northern part of the pluton and Shpolyanslyi in the southern one — are divided by latitu-
dinal Smilyanska fractured zone. Several independent massifs are composed of basic
rocks — anorthosites, gabbro and norite-anorthosites, gabbro-norites and their intermedi-
ate differences.

Basic rocks are characterized by increased ilmenite-bearingness: the contents of
Ti0O,, depending on the type of rock ranges from 0.6 to 4.5 %. In consequence of relief
peneplanation and intense chemical weathering under conditions of humid climate in the
Late Jurassic—Early Cretaceous, a thick crust of weathering have been formed on the
crystalline basement rocks with commercial content of ilmenite. There are several
promising ilmenite placers: Birzulivskyi, Valuevskyi, Lypyanskyi etc.

On the basis of digital structural-lithological modelling of placer deposits we have
constructed appropriate models of the most promising placers, which cover a set of
maps: (1) maps of the relief of bottom and surface of the productive deposits, (2) maps
of the total capacity of Aptian—-Lower Albian continental sediments, (3) maps of the il-
menite-bearing lithotypes capacity, (4) maps of the spatial distribution of ilmenite con-
tent in placers.

It turned out that the commercial content of ilmenite is in the crust of weathering of
basic crystalline rocks, Aptian-Lower Albian continental sediments (the product of re-
deposition of eluvial formations) and Upper-Albian marine-coastal units (the product of
erosion of the crust of weathering and rewashing of Aptian-Lower Albian continental
deposits).

On the basis of the revealed facts (the considerable amount of ilmenite, its high
quality, various spatial-paragenetic combination as in indigenous sources and at differ-
ent stratigraphic levels of the sedimentary cover), we can conclude that the investigated
objects are attractive for investment.

Key words: ilmenite, placer, Apt, Lower Alb, Middle Eocene, digital structural-
lithological modelling, Korsun-Novomyrhorodskyi pluton.
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IMPUKJIAJTHBIE U TEHETUYECKHUE ACIHEKTBI
MHUHEPAJOI'O-TEOXUMHYECKNX OCOBEHHOCTEM
JAPEBHUX KOP BBIBETPUBAHUA KUMBEPJINTOB

H. 3unuyk

3anaono-Axymckuii nayunwiii yenmp Axademuu nayx PC(A),
ya. Jlenuna, 4/1, 678170 . Mupnwiii, P©
E-mail: nnzinchuk@rambler.ru

ITo pe3ynbTaTaM KOMIUICKCHOTO H3YYCHHUSI KOPbI BBIBETPUBAHHSA Ha KHMOEPIHTaX
aIMa30HOCHBIX pailoHOB CHOMPCKOI MmiIaThOpMbl OIMpENEICHO MOCICI0BATEILHOCTD
W3MCHEHHUSI MHHEPAJIOB B THIICPTCHHBIX YCIOBHUSX. BBIIEICHO OCHOBHBIC THIIOMOP(HBIC
0COOEHHOCTH HOBOOOPa30BaHMIT KUMOEPIUTOBBIX OO/, KOTOPHIE BO MHOI'OM 3aBHCST
KaK OT HHTCHCHBHOCTH THIICPTEHHBIX TIPOLIECCOB, TAK U OT CKOPOCTH MEPEKPBITHS TaKHX
quatpeM Gosiee MOJIOIBIMH OCaJ0vHBIMU TonmaMi. ChopMyIHPOBaHO PEKOMEHIAINH
[0 KCIOJb30BAHHIO OCHOBHBIX ITaparcHETHYECKHX aCCOIMALMi MHHEpPaJoB-HOBOOO-
pa3oBaHU KUMOEPJIUTOB MPH MPOTHO3HO-MOMCKOBBIX paboTax Ha anmasbl. Ha ocHoBa-
HHH 3aKOHOMEPHOCTEH IPEBpAICHNs MUHEPAJIOB B 30HE I'MIIEpreHe3a u UX TUIIOMOP®-
HBIX PU3HAKOB MPEIOKEHO MPHHIIUITBI AUATHOCTHKU TIPOLYKTOB BBIBETPHBAHUS (0CO-
OCHHO aIMa30Co/IepKalIero KUMOEpINTOBOrO MaTepuaia) B CHOPMHPOBABLINXCS 32
CuéT MX pa3MbIBa OTJIOKCHHUSIX BEPXHETO MAC030s1 M ME30305 OTHOTO U3 aJIMa30HOCHBIX
paiioHoB CubHpcKol miaTdopMmel.

Knrouegvie cnosa: xopa BbIBETPUBaHHUS, KUMOCPIIUT, MHHEPAIbI-HOBOOOPa30BaHUs,
TUIOMOP(U3M, aTMa30IOUCKOBbIC paboThl, Cubupckas miardopma.

OcraTo4YHbIE KOPBI BHIBETPUBAHUS OOHAPYXKEHBI B BEPXHHUX YACTSIX MHOTHX KHM-
OepJIUTOBBIX TUATPEM Ha JpeBHUX ardpopmax Mwupa [4, 5, 12-19, 21-27, 31]; nau-
OoJsiee neTanbHO MX M3Y4YEHO B TocienHue ronasl Ha Cubupckoit miardopme (CII).
[IpoBeneHHBII HAMU aHANN3 T'€OJIOTO-MUHEPATOTHYECKNX OCOOEHHOCTEH M cocTaBa
kop BbiBeTpuBanus (KB) kak Ha KpyNHBIX, TaK ¥ HA OTHOCHUTEIHHO HEOOJNBIINX JHAT-
peMax HOATBEpIMI HEOJAWHAKOBYIO CTENEHb Mepepab0TaHHOCTH MOPOA B THIIEPIeH-
HBIX YCJIOBHUSIX M Pa3In4HbIE OCOOCHHOCTH UX COXPAaHHOCTH. B OCHOBHBIX ajMa30HOC-
HeIX paiioHax CII (Mamoboryoburckom, CpemHemapxuHckoM u JlamasrHo-Anakurc-
koM) KB Ha kmMOepnurTax OOBIYHO TOJHOCTBIO IEPEKPHITH OCATOYHBIMH OTIIOXKE-
HusMu PZ; u MZ, pexe — IU1acTOBBIMU TPaNIOBbIMU UHTPY3UsMU. Huke Ha npumepe
npesunx KB Ha xuMOepnurax, MepekphIThIX ME3030HCKMMH OCa/I0YHBIMH TOJIIAMH
(mmpoko pa3BuTEIMH B ManobotyoOuHckoM n CpeaHeMapXHHCKOM aJMa30HOCHBIX
palioHax), pacCMOTPUM T€HETHYECKHUE W MPUKIAAHBIC ACHEKThl 3THX YHHMKAIbHBIX
00pa3oBaHUii.

B Manobomyoounckom anmazonocnom paitone KB ycTaHOBIEHO U C pa3IUdHOM
CTEMNEHBI0 JIETATFHOCTH M3yYeHO Ha KMMOepIUTOBBIX TpyOkax mMeHn XXIII cve3na

© 3unuyk H., 2016
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KIICC, Haunas, Ta&xnas, AMakuHckasi, THTepHanmonansHas 1 Mup. Bee st nua-
TPEMBI TIEPEKPHITHI ME3030MCKUMHU OCAJTOYHBIMH TOJIIAMH MOIHOCTEIO 10 20—22 M.

IlepBble CcBeEHUS O TEOJOTMYECKOM CTPOCHHMH M BeIleCTBEHHOM cocTase KB
Tpyoku umenu XXIII cvezoa KIICC nonydeno [32] mo pe3ynbraTam U3yueHHs KepHA
pa3BeIOYHBIX CKBaXKHUH NMPH OLIEHKE IMPOJYKTHBHOCTH AMATPEMbl: OOHApYKUIN Ooliee
IyOOKYI0, UeM B IPYTHX aHAJOTHYHBIX oOpazoBaHmax CII, XuMmdecKyro nepepadoT-
Ky Mopox B BepxHeill wactu paspe3oB [1-3, 6-11, 28, 29]. Ilo cTpykTypHO-TEKC-
TYPHBIM OCOOCHHOCTSIM U PpACIpPEJENICHUIO NMPOAYKTOB BBIBETPHBAHUS B pa3pese
BEpXHEH yacTH TPyOKH BBIZEICHO JBE 30HBI C MIOCTEIIEHHBIM MEPEX0JIOM MEXTy HH-
M. HWKHSAS 30Ha MOIIHOCTBIO 10 5 M — 3TO phIXJast KUMOEpIUTOBas MOPOAa C SBHO
BBIPaKCHHOW 00JIOMOYHOH CTPYKTYypOil. BepXHsst 30Ha MOITHOCTBIO 10 7 M CIIOJKEHA
OypbIMH ¥ KOPUYHEBBIMH, DPEXKE CBETJIO-CEPbIMU TIJIMHUCTBIMH OOpa30BaHUSMHU.
CTpyKTypHO-TEKCTYpHBIE OCOOCHHOCTH MAaTEpPHHCKHX MOPOJX TYT NPaKTHYECKH HE
coxpaHmmchk. HoBrle pa3pessl, BckpbBre KB 3toit TpyOku (puc. 1, 2), mo3Bommmm
HaM, B OTJIMYUE OT HPEABIAYIINX HCCIIEA0BATENCH, TPOBECTH KOMIUIEKCHOE M3Y4YEHHE
U3MEHEHHs] MUHEPAILHOTO COCTaBa M CTPYKTYPHBIX OCOOCHHOCTEH KMMOEPIMTOBBIX
MOpPOJl B TPOLECCE BHIBETPUBAHMS C MOMOIIBIO KOMILIEKCA COBPEMEHHBIX METOJOB
HUCCIIEIOBaHUM.
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Puc. 1. U3meHenue Gpu3ndeckux U GU3MKO-MEXaHHUYESCKUX CBOWCTB IOPOJ MO pa3pesy
KOpBI BbIBeTprBaHus KuMoOepnutos TpyOxu umenu XXIII cve3na KIICC
(o npoduro pazsenodHoi maxter 102):

I — nmuTonormueckas KoJOHKA: / — MECUYaHO-TPaBUIHO-TAJIEUHbIE OTIOXeHHus MZ; 2 — TeppureH-
HO-KapOOHaTHbIe NOpoJbl PZ; 3—5 — kuMOepnuThl (3 — BhIBETpeIIble, 4 — E3MHTErPUPOBAHHbIE, 5 —
miotHeie); 11 — Mukpoarperarusiii cocras (%) ¢pakuuit, mm: 6 —> 0,5; 7 — 0,50-0,25; 8 — 0,25-0,10;
9 —0,10-0,05; 10 — 0,05-0,01; 7/ — 0,010-0,005; /2 — 0,005-0,001; /3 — < 0,001; III — o6bEMHas
Macca (@) 1 IIoTHOCTb (6) noposl, r/em’; IV — nopucrocts nopog, %; V — Brarocoaepxanue, %:
a — THTPOCKONUYECKasi BIAXHOCTh W; 6 — MakCHMaJbHas MOJICKYJISIpHAs BIAro€MKOCTb Wiy 6 —
€CTeCTBeHHas BIAKXHOCTh W; VI — XxapakTepucTHKa IIIACTUYHOCTU: @ — YUCIIO [UIACTUYHOCTH; 0, 6 —
HIDKHHH (6) 1 BepXHUi (6) mpenens! miactTuaHocTd, %; VII — npodHocts Ha cxarue, Ila: a — 6,L;
6 — o,||; VIII — conpoTusnenue casury t, Ila: a — makcumaneHoe; 6 — MUHUMAanbHoe; IX — ckopocTh
IIPOIONBHEIX YIPYTHX BOIH Vp, M/C.
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Puc. 2. JIntonorndyeckuii pa3pe3 KOpsl BEIBETPUBAHHS KUMOEPIUTOB
Tpy6ku nmenn XXIII cpezna KIICC (o npoduitro pa3senouHoi ckBaxuHbl A-63K):

I — nuTonoruyeckast KOJIOHKa: | — BhIBETpEJIble 00pa3oBaHus; 2 — Je3MHTETPUPOBAHHBIC TOPO/IBI;
3 — mnorasle kuMbepautsl; 11 — rpanynomerpudeckuii cocras, mm: / — 1,0-0,5; 2 — 0,50-0,25; 3 —
0,25-0,10; 4 — 0,10-0,05; 5 — 0,05-0,01; 6 — < 0,01; III — cocTa nérkoit ppakuuu (0,10-0,05 mm):
1 — xBapl; 2 — NONEBBIE IINATHl; 3 — CIIOJUCTO-ITHHUCTBIE U IIHHUCTO-XKENE3UCThIE arperarsl; 4 —
00JIOMKH Pa3iMYHBIX MOPOA; 5 — cimofpl; IV — cocTaB MepBHUYHBIX MHHEPAJIOB TSDKENOW (pakiun
(0,10-0,05 mm): / — HeM3MEHEHHBIH WIBMEHUT + MarHeTuT; 2 — U3MEHEHHBIE PyIHBIE MUHEPAJbl; 3 —
HEYCTOWYMBbIE MUHEpalibl (OMOTHT, (IIOTOMUT, MUPOKCEHBI, aM(pUO0IIbI); 4 — YMEPEHHO YCTOWYHBBIC
MHHepalbl (Tpymna 3MUA0Ta, alaTHT); 5 — rpaHaThl; 6 — TypMallH; 7 — HUPKOH; 8 — Ipyrue BechbMa
yCTOWYMBBIE MUHEPaJIbl; V — ayTUTeHHbIe MUHepaibl Tsokénon ¢pakuun (0,10-0,05 mm): / — nupwur;
2 — cuneput; 3 — TETHT, TUAPOTETHT, TeMaTHT; 4 — Oaput; VI — MUHEpanbHBIH COCTaB (paKIuu
menee 0,001 mm: / — ruppocmoabl; 2 — MOHTMOPWJUIOHUT M MOHTMOPHJUIOHUT-TUIPOCIIOAUCTBIE
CMEIIaHHOCJIOUCTHIE 00pa30BaHus; 3 — KAOJIHHUT; 4 — MeTarajulyasur; 5 — xaopuT; VII — oTHomeHne
WHTEHCHUBHOCTEH MEKIUIOCKOCTHBIX PAacCTOSHUN d ruapocitofbl co 3HayeHueM 10:5 Ha nudpakro-
rpammax ¢paxmuu < 0,001 M.

HawuGonee neranbHO Mbl M3yYWIIM pa3pe3, BCKPBITHIH pa3BefouHOM miaxtoit 102
(cMm. puc. 1). ns xapakTeprcTHKH Oojiee TiIyOOKMX TOpPHU30HTOB (M CPaBHEHHMS OCO-
OCHHOCTEH BEpXHHX YacTeil) HMCIOIB30BAM TAaKKE KEPH Pa3BEAOYHON CKBa)KHHBI
A-63K (cMm. puc. 2).

HesbiBerpesbie nopoasl TpyOku (maxta 102, rmyouna 30 M u Huxe; ckB. A-63K,
32,9 M 1 HUXKE) MpeCTaBIeHBI Cepoil U roy0oBaTO-cepoil INIOTHON KUMOEpIUTOBOM
opexuneii [30, 33-36]. OcHOBHas Macca MOPOMBI CIOKEHA arperataMi KajbIHTa W
CEpIIEHTHHA C MEJKHUMH PacCesSHHBIMH BBIACTICHUAMHN MarHetuTa. KommdgectBo 0610-
MOYHOT'0 Marepualia peko npesbiiaer 25 % o0béma nopoabl. B oTnenpHbIX ydacT-
Kax ecTh MoBhIMIeHHOE (110 30 %) KOMUYECTBO mceBAoMOop¢03 MO KPUCTAIUIAM OJIUBU-
Ha. OTMeUeHa Tak)Ke HaYaJdbHAS CTaIUs PA3BUTHS TPCIIUNHOBATOCTH ITOPO/I.

B nérko#t ¢ppakiuy TOMUHUPYIOT Cepble U CepoBaTO-OyphIie TIMHUCTHIE W TIINHH-
CTO-)KEJIE3UCThIE arperarsl, NPaKTUYECKU HE paspyLUaroliuecs IpU Ae3UHTErparuu
opoJ1. BEISBIICHBI TaKXKe YTIIOBATHIC, MIOTyOKATAHHBIC U OKaTaHHbIC O0JIOMKH KBapIia
— 0ecCIIBETHOTO, Ceporo, MyTHOTO, HEPEIKO MOIympo3payHoro. Ha GoipImMHCTBE ero
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3€peH HAOJIIOAIOTCSl 3EMIIMCTHIE ITPUMAa3KH M pyOalIku BTOPUYHBIX IPOJYKTOB H3Me-
HeHUsI KuMOepnuToB. Bo ¢paknuu > 0,1 MM OTMEUYEHBI TaK)Ke OKPYTIIBIE U CHEepOITH-
TONOJOOHBIE CephIe, TPSI3HO-CEPhIE U OECIBETHBIC BBIACICHHS XalIeJOHA paJiualbHO-
JIYYHCTOTO CTpoeHHs. Bo MHOrMX M3y4YeHHBIX Npo0ax B JIETKOW (pakiMy HaiJeHBI
OypoBarthble, pexxe OecI[BETHBIC 3epHA TUIATMOKIIa30B (IPEMMYIIECTBEHHO OJIMTOKIIA3 1
aHJIE3MH), BO3HUKIINE B OCHOBHOM B CBSI3M C BBIBETPHBAaHHEM OOJOMKOB TPAIlIOB,
TePPUTreHHO-KapOOHATHBIX M APYTHUX IOPOJ, COASPIKAIIUXCA B KUMOEPIUTaxX TPYOKH.
B Hu3zax onuceiBaeMoro paspesa (npumepHo 30 M u HHKe) B JIETKOH (pakuuu ecTh
MHOTO CITIoAIbL. B c11abo M3MEeHEHHBIX KUMOEPIUTaX JOMUHUPYIOT OJIeTHO-OJINBKOBBIE
U KENTOBATO-3eNEHbIe Yelyiiku ¢noronuta (ng = n,= 1,550-1,556). OOHapyxeHbI
TaKoKe eIMHUYHBIE KPAaCHOBATO-XKENTHIE, JKENTOBATO-Oyphle MpO3payHble WM IOJY-
Npo3payHble uenryiku 6uorura (1, = n, = 1,620-1,625; n, = 1,560). OnHako gaxe B
HIDKHHUX YacCTsIX 30HBI JE3MHTETPAIMN YEeIIyHKH (IIOTOoNuTa M MX 0OJIOMKH IpHOOpe-
TAIOT IITHUCTYIO 3€JICHOBATYI0 OKpAacKy, 4TO CBS3aHO C 3aMeIleHHeM (hIoronuTa
xmoputom [13, 16, 18, 27].

Cpeny nepBUYHBIX MHHEPAJIOB TSDKENOW (pakiiy NpeBaJupyeT WIBMEHUT (B OC-
HOBHOM NHUKPOWIBMEHHUT) W TpaHathl (IIMPOIMbI), TPHUYEM I'paHaThl OOBIYHO CKOHIICH-
TpUpOBaHH B Kiaccax > 0,1 MM, a MOBBIIICHHOE COJEep)KaHHE MUKPOWIbMEHHTA 3a-
¢ukcupoBano B koHueHtpare ¢paxiuu 0,10-0,05 mm (cMm. puc. 2). KomnuectBo mu-
poria npu BeIBETPUBAHUH yMeHbIIaeTcs [1-3, 6], U, COOTBETCTBEHHO, BO3PACTaeT POJlb
OoJiee YCTOHUMBOTO B I'MIIEPreHHBIX YCIOBUIX MUKPOMIBMEHHTA. B pe3ko mogunuén-
HOM KOJMYECTBE B MEPBHYHOM KOMIUIEKCE MHHEPAIOB TSDKENOW (pakiy JAaHHOTO
npoduias OTMEYEeHBI XPOMHT, XPOMAMOICH[, TypMalHH, IMPKOH, KHAHUT, PYTHI,
TUTaHHUT U APYTHe MUHEPAJIbI.

AyTUTreHHBII KOMIUIEKC MHHEPAIOB TSDKENOH (pakiuu 4acto oboraméH THi-
pokcumamu xenesa (T€Tut, remMatut) u cuaeputoM. KoiandecTBo Gapurta, KOHICHTPHU-
pytomerocs npenMyuiectBeHHO B kinacce 0,25-0,10 mm, penko mpeseimaer 10-15 %
ayTUTEHHOTO KOMIUIeKca. JJOMMHHPYIOT Cpeld MHMHEpajoB IUIOTHBIX MAaTEpUHCKUX
MOpOJ TIaCTUHYAThle CEpHEHTUHBI, CTPYKTypa KOTOphIX cocTtouT [15, 16, 18] u3
cnoéB tuna A u B. CepneHTHH B TakuX o0OpazoBaHUAX accouuupyet (tadm. 1) ¢ rua-
POCITIOI0H, MOHTMOPHUIOHUT-THAPOCITIONNCTON CMEIIAaHHOCIONCTOH (ha3oil, XiIopu-
TOM, BEPMMKYJIUTOM U MOHTMOPH/UIOHHTOM. ['MIpociiofa cBsi3aHa, B OCHOBHOM, C
JMOKTa3Apu3anueid (Iioromnura 1 HacjeIyeT CBOWCTBEHHBIH eMmy mosutun 1M, uro
MOXHO paccMaTpuBaTh KaK OWH U3 THITOMOP(HBIX PU3HAKOB MUHEpaa.

B Bricmie#t Tomme paspesa (maxrta 102, uaT. 25-30 M; ckB.A-63K, unT. 22,2—
32,9 M) GUKCHPYIOT AaJdbHEUIIICEe BO3PACTAHHUE TPEIIIMHOBATOCTHA U M3MECHEHHE JIPYTUX
¢u3nyecknX W (QHU3NKO-MEXaHWYECKUX CBOMCTB KUMOEpIMTOB. TpemnHBI HEpEeaKo
3aIOJHEHBI TPSI3HO-OYPhIMH, MECTAMH /10 CEPOBATO-YEPHBIX BTOPUYHBIMH 00pa3oBa-
Husmu. OtnenbHble mpocion (maxta 102, rr. 28 u 29 M) ClIOKEHBI JKEITOBaTO- U
IPSA3HO-CEPHIMH TJIMHUCTHIMU 00pa30BaHHUSMHU C OOJIBIIMM KOJWYECTBOM MEJKHX
(penko > 0,1 MM) BBIJIECTICHUI THAPOKCHIOB XKeJle3a U cujaepuTa. MHorna Ha3BaHHbIE
ayTHTeHHBIE MUHEpajbl KOHIIEHTPUPYIOTCS B OTAEIBHBIX MPOCIONX, 00pasys Ooiee
TéMHBIE yuacTKH. CHIIBHO M3MEHEHBI B 3TOH YacTH pa3pe3a U pa3IndHble BKIIOYCHUS.
Mecramu (maxra 102, min. 27 M) Ha QoHE CHIBHO M3MEHEHHBIX (10 TIIMHHCTOTO CO-
CTOSIHMSI) OOpa3oBaHWil 3aMETHBI E€JMHUYHBIC C1a00 HM3MEHEHHBIE INCEBIOMOP(O3BI
CEepIICHTHHA.
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Tabiuma 1
PesynbraTe! anekTpoHOrpadmaeckoro uccuepoBanus ppaxmun < 0,001 Mmm
n3 oOpa3oBaHuUi Kops! BeIBeTprBaHus TpyOoku nmeHn X XIII crezma KIICC
= I'uHECTBIE MUHEPATIBI, HX
& MOJIUTUIHBIE MOJH(DUKALIUH
£ Topona (cTeneHb coBepLIEHCTBA Mutepanbi-
Qe CTDVE IpuMecHu
2 PYKTYDBbI, 3HaUCHHE
~ napamerpa b, HM)
PasBenounas nraxra 102
I'munucras:
M= (V; 0,893),
21 3eJICHOBATO-Ccepast Cpn 4 (I1: 0,915) Ks, I't
o | e e Mo,
, P p Cpn A4 (I11; 0,915) I'r
30BaHUA
23 JKEJITOBATO-Ccepast C 0OJIOMKaMH M= (V; 0,893), Cpn 4 (111; K, Cn, MrT,
BBIBETPEJIBIX KUMOEPIINTOB 0,915), Mx (V; 0,905) I'r
Kumbepmnur:
25 BBIBETPEJBIH, PHIXJIBIH, Ms (V; 0,893), Mrr, Ca, Ko,
0)KeJIe3HEHHBIH Cpn 4 (111; 0,915) I'm, I'T
. . Mrt, Cn, I'T,
28 Tps3HO-cephIii (no KopuyHeBoro) | Ma (V; 0,893) ', Kt
cimabo BeIBeTpensiii romyboBato- | Ci 1M (I; 0,900),
30| Cepui Xt (111; 0,920) Ca, Km
N N Cpn A+B (111; 0,920),
31 IUIOTHBIN TOITy00BaTO-CEPHIi Cx (V; 0,900) Ko, I, Co
PasBenounas ckBaxkuHa A-63K
I'munucras:
17,9 | rps3HO-KOpUYHEBAs Cc (0,900), Tpu-cc (0,919) Ko, Cn, Ks
Ca 1M (IV; 0,900),
18,8 | kenTOBaTO-KOPHYHEBAS Tpi-cc (0,919) K, Co, I't
. Ca 1M (IV; 0,900),
19,7 | TéMHO-KOpUYHEBas Tpu-cc (0,919) K, Co, I't
JKENITOBATO-KOPHYHEBAs C 00-
Tpu-xi (IV; 0,922),
22,2 | mMOMKaMH BBIBETPEIBIX KUMOEp- Cx (IV: 0,900) Ko, I't, Cx
JIATOB
Kumbepmur:
37,1 zzgg(;l“’m“pem’m romy0oBaTo- | n o (0,922), Ce (0,900) | Koy, Jin
49,0 | moTHBIHA romy6oBaTo-cephIi Tpu-cc (IV; 0,915) Ko, n

[Tpumeuanue MuHepansl (B Tabiule IPUBEICHEI B opsake yosBanus): I'm — rema-
TuT, I'T — rérur, In — nonomur, K — kansiur, KB — kBapu, Mrr — maruetut, MH — MOHTMO-
pmwionut, Cn — cuneput, Cin — cmona, Cpn — ceprientuH, Cc — HeHAGHTU(DHUITMPOBAHHBIH
CJIOMCTBIN CUIMKAT, TPU-CC — TPUOKTAdIPUUECKUN CIOUCTBII cunukat, Tpu-Xi — TpUOKTa3pu-
YecKui XJoput, X — xaoput. [lomurunaeie Mogudukammu: 1M — oqHOCIOWHOI cimonsl; A n
A+B — cepnentuna. CTeleHb COBEPIICHCTBA CTPYKTYpbl: I — ynopsiodeHHas ¢ HEKOTOPBIMU
Hapywenusamy; Il — ynopsgodenHas ¢ cymecTBeHHbIMU HapyumieHusMy; 111 — noxyHeynopsgo-
yeHHasi; [V — HeynopsimodeHHas; V — IOJHOCTBIO HEyHopsimodeHHas. AHanuTHK 3. Bpy6ies-
ckas (ULI'EM PAH).
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B BoIBeTpenbix 00pa3oBaHMSIX pacCMaTPHUBAEMOTr0 MHTEPBAJIA PE3KO BO3pACTaeT
COZICp’KaHNe JHOKTadAPHUYECKON THAPOCIIOABI M MOHTMOPWJUIOHHMTa (CM. pHC. 2,
Tabin. 1), mpuyeM MOHTMOPHJUIOHHUT BBEPX IO pa3pes3y (0COOCHHO B OTAEIBHBIX MPO-
CJIOSIX THIA TIyOWHBI 28 M) CTAHOBHUTCS 0O0JIee MOJMKATHOHHBIM T10 COCTaBY JIAOMIIb-
HBIX MEXXCJIOEBBIX NPOMEKYTKOB 3a CUET NMOBBINIEHUS B HUX ypoBHA Na. Cyns mo
3HadeHnto napamerpa b (0,898 HM), B OKTadApHUECKUX CETKAX CTPYKTYpPHI MHHEpaja
NPHCYTCTBYET, TIaBHBIM 00pasomM, Al, yactuuaro — Fe’*. MoHTMOPHIIOHHT 110 BceMy
pa3pe3y 3Toro mHTepBana npoduis accouuupyer (cM. Tabdia. 1) ¢ mepemeHHOW Npu-
MECBhI0O MOHTMOPWUIOHUT-THAPOCIIOANCTON CMEIIaHHOCIOUCTOW (ha3bl, KoTOpas
3/IeChb MMEET TEHACHIWIO K YMOPSJOYCHHOMY YEepEelOBAHUIO IMAaKETOB (Ha TIyOWHE
28 u 30 M), a K BepxaM IpHoOpeTaeT SBHBIC JIEMEHTHI Pa3yNnopsIOYCHUS CTPYKTYPHI
(22,2 m). Ilo cpaBHEHHIO ¢ HIDKEIESKAILUMH ITIOPOAAaMH, 31€Ch €CTh 0oJiee CyIIeCTBEH-
Hast mpuMech Fe-Mg- unm Onmuskoro Kk Mg-TUITy XJIOpHTA, NTPEICTaBICHHOTO 32 CUET
YaCTUYHOM Jerpafaliiil CMEChI0 Pa3HOCTEH ¢ “HOpMabHOW’ W “meeKTHOU” CTpPYK-
Typamu (cM. Tabma. 1). B acconmanmu ¢ yka3aHHBIMA MUHEpalaMd OTMEYECHO IPUMEChH
CEepIEeHTHHA, KOTOPBIH B 3TOW 4acTH MPOQHIIS MOJIHOCTHIO MIEPEXOAUT B OoJiee YCTOi-
YHUBYIO B THUIIEPIEHHBIX YCIOBHSIX MOAMGUKAINIO 4. ITO CONMPOBOKAACTCS YMEHbBIIIC-
HueM mapamerpa b ¢ 0,920 mo 0,915 HM BcnencTBHE MOBHIICHHUS B CTPYKTYpe MUHE-
paa CofepKaHMs KaTHOHOB C MeHbIIMM HOHHBIM pammycom (Fe’'). Kpome Toro, B
MPOCJIOSIX ¢ OTHOCHTEIBHO HEOOJBIINM KOJUYECTBOM XyiopuTa Ha kpuBbix JITA me-
puBaTrorpaMM OOHapY)KEHO MHTEHCHBHBIA 3HA03(dexT mpu 540-560 °C u 3x3030-
¢exr mpu 900-910 °C, a Ha PEHTTE€HOMETPHUYECKIX KPUBBIX 00pa3IoB mocie obpa-
6otku nx temioit HCI coxpanstorest crabsie pediuexcsl, kpataeie 0,715 HM. 310 CBH-
JICTEJILCTBYET, YTO B [IOPOAE €CTh HEOOIIbINAs TPUMECh KAOJIMHUTA.

Bepxuue ropusonts! onuceiBaemoit KB (maxra 102, unr. 21-25 M; ckB. A-63K,
uHT. 18,0-22,2 M) CIOXEHBI CHJIBHO TPEIIWHOBATHIMU KEITOBATO-KOPUYHEBBEIMH H
IpsA3HO-OypPBIMH TIIMHUCTBIMH OOpa30BaHHUSIMH, B KOTOPBIX HMPAaKTHYECKU HET CTPYyK-
TYPHO-TEKCTYpPHBIX 0COOCHHOCTEH MATEPHHCKHX MOPOJ M3-32 CYIIECTBEHHOTO HM3Me-
HeHUs1 (PU3MKO-MEXaHMYECKUX CBOWCTB. BBepx mo paspe3y Bo3pacTaeT KOJIHYECTBO
TIEIUTOBOM COCTABJIAIONICH M YMEHBIIAETCS KOJMYECTBO OOJOMKOB IOpPOJ. PenuKThI
Pa3IMYHBIX BKIIOYEHHH (MKCUPYIOT JHIIb IO M3MEHEHHMIO OKPAacKH B oOIIeH Macce
nopojsl. HepaBHOMEpHOE pacmpeneneHre THIPOKCUIOB XkKelle3a MPUBOJUT K Yepe1o-
BaHMIO 0oJiee TEMHBIX (10 YEPHBIX) TTIMHUCTBIX 00pPa30BaHMH C 3€JICHOBATO- M JKEITO-
BaTO-CEPhIMU. [IPOAYKTHI BBHIBETPHBAHHS COJECP)KAT B OCHOBHOM MOHTMOPHJUIOHHT,
ACCOIMHPYIONNH C MOHTMOPHWUIOHHT-TUAPOCTIOANCTON CMEIIAaHHOCIONCTOH (a3on
HCYNOPAAOUYCHHOTO THIIA, B KOTOpOfI B J'[a6I/IJ'H)HBIX MEKCJIOEBBIX IMMPOMEKYTKaAX IMpe-
obnamaer Ca. OIHOBpEMEHHO 3HAYMTEIBHO YBEJIMUMBAETCS IIUPHHA COOTBETCTBYIO-
mmx uM pedraekcoB Ha audpaxrorpammax. Ha kpuBeix MK-criekTpoB o0pa3ioB u3
CaMbIX BEPXOB 30HBI COXPAHSIETCS T10JIOCA TTOTIIOIECHHUS Ae(hOPMAIIIOHHBIX KOIeOaHUH
Si—O-Al"""cBs3u ¢ wacroroit 525-530 cM ' mocie MPOKATHBAHHS MaTepHana MpH
600 °C, Torga kak B HA3axX 30HBI 9TOM Moyock! HeT. Clie0BaTeNbHO, BBEPX 110 pa3pesy
B CTPYKType TPEXSTaKHBIX MHHEPAIOB pa3zOyXalomero Tuma cojepkanue Al yBenu-
yyBaeTcs. KonnuecTBo ruipociitosibl K BepxaM paspesa ymeHblaercs. Be€ aTo caune-
TENILCTBYET 00 MHTEHCHU(HUKALIMK BBEPX MO pa3pe3y MpoleccoB BeiBeTpuBaHus. OaHa-
KO CEpIICHTUH COXPAHsIETCsl BIUIOTH /IO CaMbIX BEPXHHX 4acTeil pa3pesa, a comepka-
HHE KAOJHMHHUTA NPAKTHYECKH HE YBEJIMYMBACTCS. B OTHENBHBIX MPOCIOAX, Cyns IO
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HaJIMYMIO Ha IudpakTorpaMmax peduiekca co 3HaueHneM 0,279 HM, ecTb IpHMech
cHuIepHTa.

[TpuBeneHHbIE M3MEHEHUS! MUHEPAIBHOIO COCTaBAa KMMOEPIUTOB ONHCHIBAEMON
JAUATPEMBbI B IPOLECCC BbIBETPHUBAHUA OGyCJ’IOBJ’leHI)I YaCTUYHBIM BBIHOCOM U3 NOPOI
OJTHUX XMMHUYECKHX JJIEMEHTOB M IIepepaclpeielieHHeM BO BHOBb O0pa3ylomMXcs
(azax npyrux. Hampumep, mo kepHy ckB. A-63K Hamboisiee 3HAYNTEIHHEI H3MEHCHUS
komngectBa Fe,03, AL,O3, TiO,, MgO u CaO. Konebanns KOHIIEHTPAIUK OCTAIBHBIX
KOMIIOHCHTOB O6I)I'-IHO HE MNPECBLIIAIOT NEPBLIC ACCATKU ITPOLECHTOB. B CyMMapHOM
OayaHce BelecTBa camasl BBICOKAs! OABHKHOCTh M CIIOCOOHOCTH K BBIHOCY OTMEUCHA
y CaO (ot 0,4796 10 0,0841 r/cm’), MgO (ot 0,4133 110 0,0466) u CO, (ot 0,5520 110
0,0523 r/cm?), 9TO CBSI3aHO C WHKOHTPY3HTHBIM PaCTBOPEHHEM B IPOIIECCE BBHIBETPH-
BaHHUA OTACIIbHBIX KOMIIOHCHTOB IOPO/IbI (Kaﬂb]_II/ITa, XJIOpUTa U 4YaCTUYHO CEPIICHTH-
Ha), CONPOBOXKIAIOUIMMCS BBIIAJCHUEM HOBBIX (a3, OTIMYHBIX IO XHUMHYECKOMY
COCTaBY OT MHHEPAJIOB HCXOXHOM MOPOJIBI, M YACTUYHBIM YAAICHHEM U3 pa3zpesa Mmpo-
nykroB peakuu [15, 18]. Tenpenmus k HakorieHuio ceoiictBenHa Fe,O; (ot 0,0953
o 0,3590 MF/CM3), TiO, (ot 0,0112 mo 0,0544), Al,O3; (ot 0742 no 0,2627) u B
Menbiei crenern SiO; (ot 0,4796 no 0,5374 MF/CM3). Mauible 351eMEHTHI B OOIBIINH-
CTBE CIIy4aeB MMEIOT JOBOJHHO YETKYIO TEHACHIMIO K OJHOHANPABICHHOMY H3MEHE-
HUIO COZIEPXKaHUs BBEpX MO pazpe3y. OOmiee yBeIndeHNE KOHIIEHTPAUU XapaKTEPHO
s Sc, Ga, Mn, Nb, V, Cu, Zn, Co, Cr u La, Teanenuus k BeiHocy — Rb u Cs. Mak-
CHMYM COZIEp>KaHus B CPEAHUX YacTAX pa3pe3a orMedeH it Be, Rb, Zn u Sr.

Heckonbko Mo-MHOMY HM3MEHSIETCSl COJACp)KaHHE XUMHUYECKHX JJIEMEHTOB B IICH-
TpansHOH "acTH TpyOku mMmeHn XXIII ceezga KIICC, BCKpBITON pa3BemoYHON IIax-
toit 102. DToMy HpPOQWI0 TaKKe CBOWCTBCHHA 3HAYUTEIIbHAS MOJABHIKHOCTH 0OJIb-
MIMHCTBA 31eMeHTOB. Crennduyeckoil 4epToil JaHHOTO pa3pe3a MOKHO CUUTATh Ha-
JMYME WHTEPBAJIOB C PE3KUM YBEIMUCHHEM COAEPKaHMS HEKOTOPHIX OKCHIO0B. HeBbI-
BeTpenble KUMOepiuThl (Tay6ke 30 M) MMEIOT 3HAYMTENbHYIO KOHIeHTpanuio Si0O,
(0,4011-0,4022 r/cm’), MgO (m0 0,3017), CaO (0,6011-0,6055) u CO, (0,4740—
0,4796 t/cm’). B mporiecce BBIBETPHBAHHS TOPOJ] 3TOTO MPOGHMIIS TPOUCXOTHIO Pe3-
KO€ TepepacipeaeieHie MPaKTHIeCKH BCEX MOPOA000pasyronuXx KOMIOHEHTOB. B
YaCTHOCTH, MHTEHCHBHO BhHOCHIHCH CaO (1o 0,0437 F/CM3), MgO (o 0,0351) u CO,
(mo 0,0693 r/cm’). B obmem GamaHce BemecTBa MO JAHHOMY pa3pe3y TCHICHIMS K
HAKOILIEHHIO XapakTepHa ams FeO (ot 0,0358 1o 0,1812 r/em’), ALO; (ot 0,0464 1o
0,2943), Fe,03 (ot 0,0906 no 0,2528) u SiO, (70 0,5670 r/CM3). 3HaYNTENHHO HAKAII-
JMBAIOTCA B TIporecce BeiBeTpuBaHus Take Ti0,, Cr,O3, MnO u K,0. Cpenn akuec-
COPHBIX DJIEMEHTOB TEHJICHIMIO K O0IEMY MOBBILICHHIO CO/ICPKAHUS 0OHAPYKUBAIOT
Mo, Nb, V u La. B cpennux yactsix paspe3a HaOIIOJAIOTCS TAKIKE PE3KHE MOJI0XKHU-
TeNnbHbIe aHoMaHuu conepxanust Ga n Co.

OT ommcaHHBIX BhIIIE Mpoduiel BeiBeTpuBaHua Ha TpyOke mmern XXIII cpesnma
KIICC 3HauuTenbHO OTIMYAIOTCS Pa3pe3bl DIIOBUATBHBIX TOJII, Pa3BUTHIC TaKKe Ha
HeOOJNBIINX O pa3Mepy auarpeMax ManoOoTyoOMHCKOTo paifoHa, IEepeKpPHITHIX Me-
3030MCKUMH OCaJOYHBIMU TOJIAMH, OJHAKO U HUX HE XapaKTepHa Takas WHTCH-
CUBHasI XUMHUecKas mnepepaboTka marepuana. Hampumep, KB xumbepnutoB mpyoxu
Jlaynas Mbl 3y4aiy 10 MHOTHM pa3pe3aM, BCKPBITBIM Pa3BEAOUHBIMHU CKBKUHAMH U
maxtoit 1. [IpoBecTn Y€TKyIO TpaHUIly MEXIy IUIOTHBIMH M BBIBETPEIIBIMU KUMOEp-
JUTaMH B pa3pese 3TOi TPyOKH OKa3aloch HEBO3MOKHBIM HH B ITIOJIEBBIX YCIIOBHUSIX
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(Ipu TOKyMEHTaIMy TOPHBIX BBIPA0OTOK M KEpHA pa3BeNOYHBIX CKBA)XWH), HU IO pe-
3yJbTaTaM JIabopaTopHOi 00pabOTKN KaMEHHOTO Matepuaia. [lo cTemeHn u xapakre-
Py M3MEHEHHUsI KUMOEPIUTOBBIX ITOPOJ 3Ty I'PAHULy C HEKOTOPOH JI0JIeil yCIOBHOCTH
MOXHO TPOBECTH MPHUMEPHO Ha riyOouHe 50 M OT JHEBHOH MOBEPXHOCTH, YTO MOJ-
TBEPXKIAIOT TOJyYEeHHBIE JJAHHBIE MHUHEPAIOTHUECKUX M F€OXMMHYECKUX HCCIIe/[0Ba-
Huil (puc. 3).
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Puc. 3. 'eoxumuyeckas tuarpaMmma KOpbl BEIBETpUBaHUS KUMOepauToB TpyOku Jlaunas
(o paspesy, BCKPBITOMY Pa3BEeIOYHON CKBAKUHOM 6):

1 — SiOy; 2 — ALLO3; 3 — Fey0s; 4 — FeO; 5 — Ca0; 6 — CO»; 7 — MgO; 8 — MnO; 9 — (K20 +
Na,0); 10 — (Sosm + P20s); 11 — HyOg6n; /2 — HampaBiieHHWE JBWKEHHS TJIABHEHIINX OKCHIOB.
OcranbHble 0003HaYEHMS CM. Ha puc. 1.

B Bepxneit yactn KB kuMOepinuToB nepeKkphiTa 0CaA0UYHBIMH KIACTHYECKUMHU OT-
JTOXXEHUSIMH HMPEISIXCKONH CBUTHI (73—J1ir), MOLIHOCTH KOTOPBIX mocturaer 16,5 m
(HECKOJIbKO YBEIMUUBACTCS B MPUKOHTAKTOBOW YacTu TpyOku). [yt xapakTepucTuku
ANIOBUAIIBHOTO MPOGMIS TUATPEMBI JIETAIBHO U3Y4YE€HO COOCTBEHHO KMMOEPIHTOBBIE
ropozs! (Hrke 60 M OT JTHEBHOW MOBEPXHOCTH) M MPOMYKTHI UX TMIEPTEHHOrO Mpe-
obpazoBanus (uHTepBan 16,7-50,0 M). XapakTepHOit 0COOEHHOCTHIO KHMOEPINTOBEIX
OpOI TPYOKHU SIBIISIETCSI UX ciiabas CIEMEHTHPOBAHHOCTH (32 MCKIIIOYCHHEM Y4acT-
KOB, HAaCBIIIEHHBIX BTOPUYHBIMH KapOOHaTaMH), BCIIEJCTBHE Yero B BOJHOI cpene
OHH CPaBHHUTEIIFHO JIETKO PACCHINAIOTCS Ha COCTaBHBIE KOMITIOHEHTHL. OIHAKO IMOJTHOM
Je3arperany OOJBITMHCTBA M3YyYSHHBIX HAMH MPO0 W3 pa3inuyHbIX pa3pe3oB KB
TpyOKu mocturamu [15, 18, 23] mocne 1ByX4acoBOro KMUISYEHUS WX B BOJHOM (a He-
penKo u B c1abOKHUCIION) cperie.

B mpenenax ycioBHO BBIJEJICHHOW HAaMW 4YacTH BBIBETPENBIX KUMOEpIUTOB B
TpyOke [lauHas 4éTkol 30HaNBHOCTH (B ommune oT auarpemsl umenn XXIII cpezma
KIICC) mer. MoHO JHIITh, HE3aBUCHMO OT TIOJIOKEHHUS ITOPOJ B pa3pese, BHIICITUTH
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KUMOEpINTHI TPEX Pa3HBIX CTaauii BbiBeTpuBaHMsA. K mepBoil oTHOCsTCS cimabo n3me-
HEHHBIE TOPOJIBI, MPAKTUYECKH ITOJHOCTHIO COXPAHSIOIINE CTPYKTYPHO-TEKCTypHBIE
ocobeHHOCTH KuMOepsuToB. B crnabokucioii (¢ HeOombinoii modaBkoit HCI) BomHOM
cpele Takhe MOPOJbl CPaBHUTENBHO JIETKO paclafaloTcs Ha cocTaBHble yacTH. Ko
BTOPOH CTaaMU OTHOCSTCS YMEPEHHO BBIBETPEJIbIE ITOPOJIbI, B KOTOPBIX PEIUKTOBHIC
CTPYKTYPBI KUMOCPINTOB U MPHUCYTCTBYIOIINX B HUX PA3IMYHBIX BKIFOUCHNUH OOBIYHO
COXPAHSAIOTCSI, HO B Pa3JINYHON CTENEHM 3aTyIIEBBIBAIOTCS BTOPUYHBIMH JKEJIE3UCTO-
TJIMHACTBIMUA 00pa30BaHUSMU. YBEIMYEHHE B TAaKUX ydyacTKaxX MpoQuis BHIBETPHUBA-
HUSI COZIEPXKaHUsI TICAMMO-aJIeBPO-TICIMTOBOTO Marepuaia (B OCHOBHOM 3a CUET pas-
PYLIEHHUS] BMEIIAIOIINX TPYOKY T€ppPHUTeHHO-KapOOHATHBIX OOJIOMKOB) AETAET COCTAB
3TIOBHSL 60JIee OAHOPOJHBIM, YeM B c1ab0 M3MEHEHHBIX KHMOEPIUTOBBIX opoaax. K
TPeThel CTaJUU OTHOCSATCSI CHIIHO BBIBETPEIbIE MOPObI, MEPBUUHBIE CTPYKTYpPHO-
TEKCTypHBIE OCOOEHHOCTH B KOTOPBIX NMPAKTHUYECKH HE COXPAHSIOTCS. 3a4acTyro STH
MOPOABI CIErKa KOMKOBAThIE, HMPOMUTAHHBIE TMIPOKCHAAMH JKeJe3a W TIIMHHCTHIMH
obpazoBanusiMU. M3-3a HEPAaBHOMEPHOTO PACHpENENEHHs JKENE3UCTBIX COCIUHEHHUN
I[BET TOPOJA MEHSETCAd OT CepOBATO-KEITOTO, XKEITOBATO-CEPOTO 10 KOPHUYHEBOIO
pa3NuYHBIX OTTEHKOB. B 11e710M HamboJsiee BBIBETpENIbIE MTOPOIBI OOBIYHO TATOTEIOT K
BepxHUM vacTsM npoduinst KB TpyOxu. Ograko ux (UKCHPYIOT UM Ha 3HAYUTEIHHOM
riryOrHe, 4TO0 00yCIOBIEHO M30MPATENbHBIM XapaKTEPOM BBIBETPHBAHMUSI, 3aBUCSIIUM
OT MHOTUX (haKTOpPOB, B TEPBYIO OYEpEJb — OT arperatHoro COCTOSHHS MOPOJ, BO
MHOTOM ONPE/ENIEMOro pa3MepoM caMoi Juarpemsbl. B cBs3u ¢ TakuMu ocoOeHHO-
CTAMH KHMOEpPIMTOBBIX HOpoa TpyOku [layHas pe3KWx paszinduii B WX (HU3HKO-
MEXaHUIECKUX CBOWCTBAX OOBIYHO HET. [IT0THOCTh M3YUYEHHBIX 1O pa3pe3y 00pa3IoB
u3MeHsiercs B mpenenax 1,93-2,17 r/CM3, OTMEUEHO JIMIIhL HE3HAYUTEJIbHOE €€
yMeHbIlIeHne BBepX 1o paspesy KB. B 3Tom jxe HampaBieHHHM BO3pacTaeT oOmast
nopuctocts nopof (ot 19,6 mo 29,6 %), 4To MPUBOIUT K YBEINYEHHIO KOINYECTBA
anesputoBoro (10 50 %) u rimuaIcTOrO (10 70 %) MaTepuana.

MuHepanbHbIi cocTaB JIETKOH (pakiMy MPOIYKTOB BhIBETpUBaHHS TpyOku Jlad-
Has Onm3ok K omucanHomy it auatpeMbl uMeHn XXIII cbesma KIICC, Torma kak
KOMITOHEHTHI TSDKENON (pakuy CYIIECTBEHHO OTIMYAIOTCS: TYyT JOMHHHUPYIOT IpaHa-
ThI (10 25 %) n nukpomnsMeHuT (10 40 %). [Ipyrue MuHEpansl NPUCYTCTBYIOT B pE3-
KO MOJYMHEHHOM KOJIMUECTBE U paclpe/ieJieHbl HEPaBHOMEPHO 110 Pa3IMYHbIM I'PaHy-
noMeTpudeckuM knaccaMm [15, 18-20]. B menoM Konu4yecTBO TEpPUIEHHBIX MUHEpa-
JOB TSDKEMOW (pakiMu 3HAYMTENFHO YMEHBIIAETCS B BBIBETPENBIX OOpa30BaHMUSIX
(maTepBan 16,5-50,0 M), rae pe3ko BO3pacTaeT OTHOCHTEIBHOE 3HAYCHNE ayTHTCHHBIX
KOMIIOHEHTOB: muputa (10 90 %), rumpokcuaos xenesa (mo 50), 6apura (no 20), a B
BEPXHUX YacTsx npoduist — u cuaepura (1o 70 %).

B mpoxykrax BeIBETpHUBaHUS KUMOEPJIMTOBBIX MOPOA JOMHHHUpYET (Tadm. 2) Mg-
Fe-MOHTMOPHIIIIOHUT, acCCOLMHUPYIOMINN C TEPEMEHHBIM KOJHMUYECTBOM HEYIOPSIO-
YEHHOH MOHTMOPWUIOHUT-THAPOCIIOANCTON CMeIaHHOCIONCTON (as3bl. OTME4eHO
yuactku KB, oOoraméHHble pa3sHOBHIHOCTBIO MOHTMOPHUIOHWTa, Onm3koil k Ca-
¢dopme [18], xoTs ecTh M MUHEPAT CO CMEIIAHHBIM COCTaBOM KaTHOHOB B MEXKCIOE-
BBIX IPOMEKYTKaX CTPYKTyphl. I10 JaHHBIM 3JIEKTPOHHOH MHKPOCKOIIHH, MOHTMO-
PHWUIOHUT B 0Opasiax Kak u3 BepxHel uyactu KB, Tak u Ooyiee riy0OKHMX dYacTeit
W3yYCHHBIX Pa3pe30B IMPEACTAaBICH OYCHb MEJIKUMH M TOHKUMH ICEBJOM30METpPHY-
HBIMH TUTACTHHKaMH.
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Tabimma 2

Pe3ynbTaThl 21eKTPOHOTPadHUECKOr0 N3yUCHHUS CIIOMCTHIX CHIIMKATOB
13 00pa30BaHUi KOPHI BRIBETPUBAHUS KUMOEpIUTOB TpyOKu Jlaunas

I'nmuaucTHIe MUHEpATBI, UX MTOJH-
ToiyGuna, M Toposa TUIHBIC MOJH(UKAIMHU (CTEIICHb
COBEPIICHCTBA CTPYKTYPHI,
3HaueHUE Napamerpa b, HM)
CkBaxuHa 1
CHUIIBHO BBIBETPEINbI KUMOCPIIHT:
. . Ju-cn 1M (I; 0,902),
16,7-19,7 CepOBaTO-KOPUYHEBBII K (I1; 0,890)
. Hu-cn 2M,(1; 0,902), Tpu-cc (II;
19,9 CepOBaTO-TPSA3HO-KOPHYHEBBIH 0,926), K1 (II; 0,890)
. Ju-ca 2M; (11; 0,902),
22,2 CepoBaTO-KOPUYHEBBII K (I; 0,890)
24,0-29,0 TPA3HO-KENTHIN X d(V; 0,925)
. Xn 8 (V; 0,924), du-ca (V;
29,4 CepoBaTO-KOPUYHEBBII 00902), X 3 (II: 0,925)
I Ju-ca (I1; 0,903),
31,8 CEpOBATO-KENTHII Tpu-ce (IIT; 0,926)
34,0-39,0 IpsA3HO-CEPOBATO-KENTHIN X o (I1; 0,924)
40,0-43,0 CepOBATO-KENTHII Xa 6 (I; 0,923)
R Ju-ca 2M, (VI; 0,901),
43,8 CEpOBATO-KENTHII Tpu-c (VI; 0,925)
44,0-49,0 | BrIBeTpemnblil )KeNTOBATHII KUMOEPIUT Xa 6 (I1; 0,926)
51,5 Cnabon3MeHEHHBIH cepblii KUMOEPIHT Hu-cn (VI; 0,905), X (VI; 0,924)
54,0 M3meHEHHBIN xenToBaThiil kumOepautr | Xu o (IV; 0,926)
. X 8 (VI; 0,923),
76,5 CrnabocrieMeHTHPOBAaHHBI KUMOCPIIUT Tpu-ce (VI 0,022)
90,5 CrnabocniemeHnTHpoBanHas cepas nopoza | X 6 (VI; 0,923), Tpu-cc (0,922)
CkBaxnHa 2
CrnabocrieMeHTHPOBAaHHBI KUMOCPIIHT:
54,0-59,0 KEINTOBATO-CEPBIIt X6 (I1V; 0,925)
64,0-69,0 IPsA3HO-)KENTOBATO-CEPBIT To xe
79,0-84,0 TpsA3HO-CEPBIi Xa 6 (1V; 0,927)
89,0-94,0 KEINTOBATO-TPS3HO-CEPBIT To xe
134,0-139,0 cepblit ==
144,0-150,0 TPpsA3HO-CEPBIi ==

ITpumedanue Murnepans (B TabnuLe NpHUBEJeHH B MOpsiike yObBanus): du-cim —
JUOKTasapudecKas cioga, K — xaonunur, Tpu-cc — TpHOKTadApUUECKUNA CIOUCTBIM CUIMKAT,
X3 — XJIOPHUT; NONUTHITHBIE MoauduKkanmu: 1M — ogHOCIONHHOM cironbl, 2M| — IBYXCIOHHOM
THAPOCIIONSL, & — xsoputa; [-VI — cTenens cosepiieHcTBa CTPYKTYphL: I — ymopsinouennast, 11 —
YHOpPAJOYEHHAas C HEKOTOPbIMU HapylieHusMy, 11 — ynopsaoueHHas ¢ cylecTBEHHBIMUE Hapy-
meHusamy, IV — nonyseynopsaodensas, V — HeynopsagoueHHas, VI — NonHOCTbIO HEynopsao-
yeHHas. AHamuTHK 3. Bpy6nesckas (M'EM PAH).

B nmogunHEHHOM KOJHWYECTBE B MEJIUTOBOM COCTABIISIOIIEN HAOIIOMAIOTCS KaOJH-
HUT, TUAPOCITIONA, XJIOPUT, CEPICHTHH, B OTAEIBHBIX 00pa3zlnax — MaJBITOPCKHUT.
DNEeKTPOHHO-MHUKPOCKOMUYECKHE UCCIIEIOBaHUS TIOKA3aIM, YTO J1aXXe B BepXHeEH yac-
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TH psiia M3y4eHHbIX pa3pe3oB KB mpeoOiafaoT 4acTHIbl KAOJIMHUTA HENPABUILHOM
(hopMmeL, IMeroIe OOBIYHO He 0oJiee NBYX—TpeX TpaHel (XapakTepHBI IS IICEBIO-
TeKCaroHaJ bHBIX KpUCTATOB). OOBIYHO TaKast pOpMa YaCTHIl KAOJHMHHUTA B TEPPUTCH-
HBIX OTJIOKCHUAX HCCICAYEMOI'0 pEruoHa CBA3aHa C MEXAHUYCCKHUM paspyHICHUCM
ero B npoiiecce nepeHoca [8, 9, 20, 23]. IlosToMy HajauuKe YacTULl KAOJUHHUTA HEIpa-
BuwibHON (opmbl B KB u kuMOeprnuTOBBIX moponmax Ooree TIyOOKHX TOPH30HTOB
TpyOku [launas oGycnosieno [15, 18], B OCHOBHOM, THAPOTEPMATIHHON M THIIEPTEH-
HOM mepepabOTKOi KCEHOJHMTOB TEPPUICHHBIX M TEPPHICHHO-KApOOHATHBIX MOPOJ,
BMeIIAOIUX KuMOepiauToBoe Tesno. OTMETHM, YTO B M3Y4YEHHBIX 00paslax M3 OT-
JETBHBIX Pa3pe30B, BCKPBIBIINX MPEUMYIIECTBEHHO CPEIHHE YacTH TPYOKH, Kaoyu-
HHUTa BOOOIIE HET, YTO MOJYEPKUBACT NMPOMCXOXKICHUE OOJIOMOYHBIX YacTHUI] KaoJHu-
HHUTA 32 CYET MU3MEHEHHs M Pa3pyLICHUs] KCEHOJIHTOB TEPPUICHHO-KapOOHATHBIX M
TEPPUTeHHBIX TOPOJI, KOTOPHIMU OOBIYHO OOOTalleHbl MPUKOHTAKTOBBIE YacTH JIHa-
TPEMBI.

[Tpumech ruapocIronbl, WAeHTH(UIHMpYyeMas B psAAe H3YYCHHBIX OOpas3loB Ha
I (ppaKTOMETPUUECKIX KPHUBBIX 10 CEPUM AMArHOCTHYECKUX DPe(IIeKCOB, KpPATHBIX
1,0 am, uHOoTHa mocturaet 20 %. MakcumanibHas KOHIICHTpAIUs MHUHEpaia 0OBIYHO
MpUypoveHa K MPUKOHTAKTOBBIM YacTAM AWATpeMbl. 110 TaHHBIM 3JIEKTPOHHON MUK-
pocKomnmH, B KUMOEPINTOBOI OCHOBHOW Macce Opo TPYOKH MpeobiiagatoT KIacTephl
M3 TIIOCKOIIapa/uICJIbHBIX CPOCTKOB y}IJ'II/IHéHHI)IX JacTull, Ka)KI[bIﬂ H3 KOTOPBIX CMC-
weéxH [13, 18] oTHOCUTENBEHO HMYXKE- M BbIIIENEXKalero. TosuHa TakuX KJIacTepoB
OOBIYHO YMEHBIIAETCSA K KpasM, UMEIOIINM YacTo 3a3yOpeHHble KOHTYpbl. VHIuBU-
JyaJIbHBIE TICEBJAOM30METPUYHBIC U YIITMHEHHBIEC YACTHIIBI THAPOCTIONB! B H3yUCHHBIX
npoduisax auaTpeMbl OOBIYHO Oojiee MeNKMe M TOHKHE. Takue MOpQOoIorHuecKue
0COOEHHOCTH TH/IPOCIIION, KaK M UX IPOCTPAHCTBEHHAS NPUYPOUYCHHOCTD, YKa3bIBAIOT
Ha TO, 4To OOJbIIas YacTh MX CBS3aHA C paspyLICHHEM KCEHOIHWTOB TEPPUTEHHO-
KapOOHATHBIX TOPOJ, COACPKANINX 3HAUUTEIHBHOE KOJIWYECTBO ruapocirons! [10-13,
15-19].

XJIOpuUT, O JAaHHBIM JJIEKTpOHOTrpaduyecKux HccienaoBaHuil (cM. Tadn. 2), u B
TOJIIE €1ab0 M3MEHEHHBIX THIIEPTEHHBIMHU TIpOIieccaMi KUMOEPINTOB, U B OOJbIIeH
HIDKHEW 4acTH Pa3BUTHIX HA HUX 3MIIOBHAIBHBIX 0Opa30BaHMI MMeeT HoiryOecrops-
JOYHYIO CTPYKTYpPY, COCTOSIIYIO M3 TakeToB O. Ha anekrpoHorpammax OT KOCBIX
TEKCTYp OH Hpe/CTaBiIeH HAOOpOM YETKHX OTPaKEHWH TOJNBKO C WHJEKcaMu k = 3n
(xapakTepHu3ylOT CTPYKTYpHBII THI nakeTa). Peduiekcsl ¢ mHaekcamMu k # 31 pa3sMBITHI
B auddy3HbIE MOJIOCH], YTO CBUAETEILCTBYET O CTATUCTUYECKOM CMEIICHHH ITaKETOB
Ha +b/3. B HWKHHX TOpU30HTax onuceiBaeMoro npodwmis (90-150 m) rimHHCTAs
(pakiust mpeacTaBiIeHA MMOYTH MOHOMHMHEPAIBHBIM XJIopuTOoM. OjiHaKo Ha TiryOuHe
70-90 M, HapsALy C XJIOPUTOM, B Ka4eCTBE NMPHUMECH MOSABIACTCS pasyHopsIodeHHAs
TproKkTasapuyeckas cimoga. C rimyOunsl okono 50 M BBepX IO pa3pe3y B IIIOBUH
(PUKCHPYIOT AMOKTa’IPUYECKUI CIIOANCTBIA MaTepHal, KOTOPbIH B CAMBIX BEPXHHUX
TOPHU30HTaX OTYETIMBO JUArHOCTHUPYETCS KaK AMOKTadIpHueckas ruapocirona 2M, c
HEBBICOKOH CTEIEHBIO CTPYKTYpHOTO COBEPIICHCTBA. B accomuanuu ¢ 3TOH THIpPO-
CIIOAON €CTh KAOJMHUT C OTHOCUTEJIBHO YHOPSAOYEHHOU CTPYKTypou. B psne mpo-
CJIOEB ITOH YacTH pas3pe3a (PUKCHPYIOT TakkKe NpuUMech MO0 XJIOpHTa, JIUO0 HEeyIo-
PSAIOYCHHON TPHOKTa3APHUYECKOI CITIOIBI.
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Jnst KB xumOepnuToB TpyOku [lauHast, BCKPBITEIX CKB. 6 (M. puc. 3), XapakTepHa
HE3HAYMUTENbHAs IIOABI)KHOCTh TJIABHEHIINX XHUMHUYECKHX 3JeMeHTOB. HekoTopoe
WCKITIOYEHHNE COCTABIISIIOT JIMIIh KPEeMHE3EM M Kanbluid. J{is Si TunmuyHbl 0ueHb pes-
Kue n3MeHeHus kouueHTtpanuu (ot 0,9496 no 0,2133 F/CM3), YTO CBSI3aHO HE C Tepe-
pacripeiesleHieM KOMIIOHEHTa 10/ JIeHCTBHEM (DPU3MKO-XUMHUYECKUX IPOIECCOB BbI-
BETPUBAHUS, & B OCHOBHOM C HEOJHOPOAHOCTHIO MOPOA B JJAHHOM pazpese (COOTBET-
CTBEHHO, C IIEPEMEHHBIM COJIEPKAHUEM B HUX TMETUTOMOP(HBIX BBIACICHUH KBapLa, a
TaKkXKe KaJbI[UTa ¥ J0JIOMHTa). B mporiecce BBIBETpUBAHUSA KUMOEPIUTOB TPYyOKH
npoucxoaut BeHOC MgO (0T 0,2965 110 0,0641 r/cM’), a Takxke pe3koe mepepacipe-
nenenne CaO, FeO u CO,, 00yclOBIEHHOE Pa3IOKEHHEM XJIOPUTA M OJIOMHUTA C
00pa3oBaHHEM B BEPXHHUX TOPHU30HTaX pas3pesa cuiepura. CTaTUCTUUECKHM CpaBHE-
HUEM CTaHAAPTHBLIX OTKJIOHEHUH C HUCXOJHBIM COCTAaBOM ITOPOJ MbI MOJJYYWIN TaKou
P TIOABMXKHOCTH 3JIEMEHTOB 1o paspesy: CaO > FeO > CO, >TiO,, ALO; > Na,O.
Konebanns B conepkaHNM OCTAIBHBIX KOMIIOHEHTOB HE3HAUMTEIbHBL. XapaKTepHOU
4yepToit nzydenHoro npoduiasi KB npu o0rieii cpaBHUTEILHO BHICOKOW OpraHW30BaH-
HOCTH TETPOXHUMHUYECKON CUCTEMBbI (CyMMa INEpBBIX YeThIpeX (PaKTOPOB MPEBHIIIACT
90 %) sBIsIETCS MOYTH OJMHAKOBBIN BKJIAJ MEPBOTO W BTOPOro (hakTOpoB B OOIIYIO
HM3MEHYMBOCTh CHCTEMBI. DTO PAaBEHCTBO CBHICTENILCTBYET O mpoTekanuu B KB aByx
OIM3KUX 10 HHTEHCHBHOCTH MIPOIIECCOB, M3MEHSIONINX EPBUYHBIN 00IMK KUMOEPIIH-
TOBBIX IOPOJ prGKI/I. B coorBeTcTBUM C BBIJCJICHHBIMU B NIOpoAax IpyIiiaMu KOM-
moHeHTOB (Al)O3-Fe,03;-FeO-MnO-K,0-P,05, CaO-Na,O, TiO,-K,0), mnepsbrit
dakrop ynpasnser nosenenneM Al, Fe’', Fe*', Mn, K u P (pukcauus B nmopoaax), a
takxke Ca (BeiHOC). BTOpoii (hakTop ompenenseT HaKOIJICHHE B OTAEIBHBIX Y4acTKaxX
(ckB. 6, ri1. 30 M u ap.) CaO u CO,, 4TO CBA3aHO, B OCHOBHOM, C KapOOHaTH3aIHeH
OT/EJBHBIX YYaCTKOB pa3pe3a. ITOT GPakTop MMO3BOJISET OLIEHMBATH MACIITA0b! BHIHOCA
u3 nopoxasl SiO; u Al,Os3, yacTHYHOE TIepepactpeeieHiue U okucieHune Fe ¢ odpaszo-
BanueM Fe,O3. Tpernii dakrop ynpasnsier noseaeHueM Ti0,, 4aCTHYHO — OKHUCIICH-
Horo xene3a u Na,O (pukcanus).

[Tpn o0memM MOHOTOHHOM HM3MEHEHHMH MO pa3pe3y 3HAuCHWH KOHIEHTpALMH dJie-
MEHTOB, COOTBETCTBYIOLIMX II€pBOMY (aKToOpy, HAOMIOAAETCA PE3KHUH ITOJIOKHUTEIb-
HBIH CKa4OK MX B MPUIIOBEPXHOCTHHIX Tpobax (CkB. 6, mHT. 18-25 m). I'panureii nei-
CTBHsI BTOPOTO (hakTopa sIBIIseTCs riyOnHa npuMepHo 50—52 M, oJjHako B o0IIeM oHa
COBIIQJIACT C YCJIOBHOM I'paHMIEH MEXIy KUMOEpPIUTOBBIMHU IOPOJaMU TPYOKH M MX
MIPOLYKTaMH, CYIIECTBEHHO M3MEHEHHBIMH T'MIIEPIeHHBIMH IpoleccaMu. Brimre 3Toi
IyOUHBI 3Ha4YeHHsS BTOPOTO (hakTopa IOJIOKUTENBHO 3HAUYUMBI, HIKE — C OTpHUIa-
TCJIIbHBIMU @aKTOpHI)IMI/I Harpys3kamu. Pe3kne monoKuTenbHbIe 3HAYEHHUS THITHYHBI
TaKKe W Js TpeTbero dakropa (uaTepBan 30-50 m). B menom s paccMOTpeHHOTO
npodunst KB xapakTepHO 1OBOJFHO MOHOTOHHOE pacIpeAeicHUE INIaBHEHIINX akK-
IIECCOPHBIX 3JIEMEHTOB, YTO MOTYEPKUBAET OTMEUYEHHOE BBINIC CPABHUTEIBHO He-
OoJibIlIOe XMMUYECKOe MpeoOpa3zoBaHKe KMMOEpIMTOB NaHHOW TpyOku [15, 35] mo
cpaBHenuto ¢ apyrumu guarpemamu CII. Tenpgenmus k obmemy Hakomenuto B KB
kuMOepiuToB TpyOku Jlaunas ormedeHa Toipko i Be, Mn u B, a x oOmemy
YMEHBIICHNIO KOHIIeHTparmu — st Sr. Ha ocHoBanmum 3toro B mponykrax KB Beine-
JIEHO TaKHe MapareHeTu4eckue accoruanuu snemMeHToB: Be—V-Ga—P, Mn—Co-B, Cu—
Nb, Na—Cr, Pb—Cs.



H. 3uHuyk
52 ISSN 2078-6220. Minepasoriynuii 36ipHuk. 2016. N2 66. Bunyck 1

Tpybxa Taédcnass BHIIOIHEHAa B OCHOBHOM KMMOEPIIMTOBON Opekuneil, BepXHHUE
TOPU30HTHI KOTOPOH (10 TITyOWHBI IpUMEpHO 27—28 M OT MOBEPXHOCTH) CHJIBHO H3-
MEHEHBI W MPEACTaBIAIOT co00i TummuHyio amoBuaneHyro KB [15, 18, 23]. Oro-
BOCTOYHAsl YaCTh TPYOKH IEpeKpbITa MAJIOMOIIHOM (IIepBbIe METPHI) TOJIILEH Ocano4-
HBIX 1opoJ Ji. ['paHnma Mexay CpaBHUTEIBHO IUIOTHBIMH M BBIBETPENIBIMH KUMOEp-
JUTaMU TPOXOIUT HA Pa3NuvIHoi riryonHe — oT 50—60 M B MPUKOHTAKTOBBIX YaCTAX
TpyOku 1o 20-25 M B meHTpalbHBIX. BBEpX M0 pa3pe3y BBIBETPEIOW TOJIIN I[BET
KuMOepJIuTa M3MEHSETCs OT ToJly00BaTO-CEporo, CEporo, CepoBaTo- W roiy0oBarTo-
3€JICHOT'0 JI0 KEJITOBaTO-KOPUYHEBOTO U KPAaCHOBATO-0ypoToO.

Kopy BbIBeTpHBaHHSA 3THX KMMOEPIHTOB MBI M3y4ald MO paspe3y ckB. 74/1, a
TaK)X€ MO HECKOJIBKUM HCKYyCCTBEHHBIM OOHaXCHUSIM B CEBEPO- U IOr0-BOCTOYHOI
YacTH JAMaTpeMbl. B mporiecce BBIBETPUBAHHUS MOCTEIIEHHO YMEHBILACTCS CPEIHSs
MI0THOCTH TIOpox (0T 2,43 10 1,54 r/cm’) u yBenmumMBaeTCs UX 06IIas HOPUCTOCT (OT
12,05 no 43,68 %). YBennuuBaeTcs TakKe KOJUYECTBO MEITUTOBOW COCTABJISIONICH,
otuero coxepxanue ¢paknun < 0,01 MM B BepxHeil yactu paspesa gocturaet 88 %.
HawuGonpumii Beixoy Tsokénoit ¢ppakiun (0 48 %) oTMedeH B TpaHyJIOMETPUUYECKUX
knmaccax 1,0-0,5 u 0,50-0,25 MM, a B Oonee MeNKHX Kiaccax e€ coJepKaHhe PEIKo
MIPEBBIIIAET TEPBBIC MPOLECHTHL. B nérkoi ¢pakumu mopox JOMHHUPYIOT TNIMHHCTO-
xkenesucteie (27-47 %), rimancTo-kapboHatHeIe (11-23) M TIMHUCTO-KPEMHUCTEIE
(mo 28 %) obpazoranus. CojepxkaHue KBapiia B II€JI0M HEBEJIUKO, XOTS B OTACIBHBIX
npodax n3 BepxoB npoduirsa nocruraet 32 %. CoaeprkaHue MOJIEBBIX MIITATOB OOBIYHO
He mpeBbimaeT 10 %. Tsxénas pakmusa oboramena mibMeHHTOM (45-62 %). Co-
JIepKaHWe HEYCTONYMBBIX (CIIOABI, MUPOKCEHBI M aM(UOOIBI) U YMEPEHHO YCTOHYH-
BBIX (TpYyIIIa SMHUI0TA U allaTUT) MUHEPAJIOB He npeBbimaeT B cymme 20 %. OTMeueHo
HEe3HAYHTENIbHbIE KOJeOaHusl B paclpe/elIeHUH BECbMa yCTOWYMBBIX MHHEPAJIOB Tsi-
x€Enoi Qpakmmu — rpanatoB (7,8-12,6 %), typmanuna (0,8-3,9) m umpkona (4,3—
9,3 %). B coctaBe ayTUreHHOro KOMILJIEKCA MHHEpPANOB HOMUHHPYIOT [15, 18] rua-
pokcusl xenesa (34,7-50,0 %), mupur (23,1-35,9) u 6apur (23,8-29,4 %).

Junst onuceiBaemoit KB XxapakTepHbl OTHOCHTENIBHO HEBBICOKAs TIOJABHKHOCTH OC-
HOBHBIX 3JIEMEHTOB U OTCYTCTBHE PE3KHX KOJICOAHHUH B COAEPKAHUH ITPE00IIaIatonX
KOMITOHEHTOB. Ps1 OABMKHOCTH XMMHYIECKNX KOMIIOHEHTOB C TEHACHIIMEH K HaKOI-
JICHUIO UMEET TaKyI0 MOCIICI0BATCIbHOCTD, r/em’: K,0 — ot 0,0059 1o 0,0348, AlLO;
— 0,0376-0,0948, Fe,0O; — 0,0585-0,1039. B obmem GanaHce BemiecTBa IMPOCICIKEH
BBIHOC TaKuX 3JIeMeHTOB, kKak Cr,O; (ot 0,0062 mo 0,0013 F/CM3), CaO (ot 0,6309 no
0,1813), CO, (0,4117-0,1679) u P,0s (ot 0,0557 1o 0,0052 r/cm’). Metomom dax-
TopHOTrO aHayiu3a [4, 35] BbIAEICHO aCCONMUPYIOIINE TPYMNbl XUMUYECKUX KOMIIO-
HCHTOB: CI'QO3—C30—N320—P205—C02—F; F6205—FCO—MgO—COO—NiO.

B crpoennn mpyoxu Amakunckas Taxxe mpeodiaananT KUMOEPIUTOBEIC OPEKINH.
B BepxauMx ropu3oHTax Tena ormederna KB momrHOCTRIO 10 20 M, KOTOPYIO HEPEKPHI-
BAIOT YETBEPTUYHBIC OTIOXeHUs (1o 5 m). Hanbonee n3ameHeHbl KUMOEPIIUTHI B TIPH-
KOHTAKTOBBIX YacTsX JUATpeMbl. B 3aBHCHMOCTH OT CTENeHH MpeoOpa3oBaHuUs OKpa-
CKa ITOpOJ] M3MEHSETCSI OT roTy00BaTo-cepoi (y INIOTHOTO KUMOEpIINTa) 0 CEpoBaTo-
KENTON M xKenroBaro-Oypoil (y BbIBETpeNbiX). B BepXHHX 4HacTiax TPYOKH MOPOJBI
CHJIHO M3MEHEHBI U TPEBPAILEHbI B PBIXJIbIE JKEITOBATO-Oypble INIMHUCTBIE 00pa3o-
BaHMs. TOJBKO B HEKOTOPHIX OOOXPEHHBIX OOJIOMKaX OTMEYAIOTCSI PEIUKTHI UCXOJI-
HBIX TIopoA. ['myOnHa 3anmeraHus 3aTPOHYTHIX BBIBETPUBAHWEM KHMOEpJINTOB Ha OT-
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JeTBHBIX y4acTKax pocturaer 45-50 M. OgHako ycnoBHyo rpanuiy KB xumbGepnu-
TOB, MO HAaIlIMM JAaHHBIM, MOXHO IPOBECTH Ha IyOnHe ~ 25 M. KoMIutekc MuHepaios
NErKo, TSHKENOW M TIMHUCTON (hpakuuii OJM30K K ONMMUCAHHOMY BBIIIE AJSI APYTHX
quarpeM MUpHUHCKOTO KUMOEPIINTOBOTO MOJIS.

Manowmominast KB (mepBble MeTpbl) pa3BUTa TaKXKe B BEPXHHUX YaCTSIX KMMOEPIIH-
TOBOU TpyOKu HHmepHnayuonanvuas. 3Mech He OBUIO TIIyOOKOHW HepepaOdOTKH Mate-
pHana UCXOJHBIX MOPOA, AaXe C y4ETOM TOTO, YTO YacTh INMIOBUAIBHBIX MPOIYKTOB
Obuta pasmbITa ¢ oOpa3oBaHHMeM pocchimd No 2 M Jpyrux NPHJIETAloNMX K TpyOke
anMasonposiBieHuil. BemecTBenHslii cocta 3Toit KB MBI H3ydanu no kepHy, BCKpHI-
tomy ckBaxknHamu 109 u 110, a Takke kanaBoit Ne 1. Oxa3anock, YTO BHIBETPHBAHHIO
MIOJBEPTIINCH IUIOTHBIE CEphIe U roy0oBaTO-cepble KUMOEpIUTOBBIE Opekunu. Beepx
M0 pa3pe3y 3a CU€T yBEIMUCHHs KOHLIEHTPAIMH THAPOKCHIOB JKeJle3a OKpacka Mopos
H3MEHSETCS JI0 JKEITOBATO-CepOH, 3eJICHOBATO-XKEITOH U KenToBaTo-Oypol. UeTkux
CJICZIOB M3MEHECHHUS MEPBUYHBIX MHUHEPAJIOB KMMOEPIUTOB NP BBHIBETPHBAHHUHU 3/E€ChH
HeT. Tonbko ¢ioromur B BepxHHX 4acTsax KB momHocThi0 m3MeHEH 1 3ameméH Fe-
Mg-xnoputom. B coctaBe mennTOBON COCTaBIAIOUIEH, KaK U B JPYTrUX JuUaTpeMax
palioHa, JOMHUHUPYIOT MOHTMOPWJIIOHUT ¥ MOHTMOPUJNIOHUT-TUAPOCITIOAUCTAS. CMe-
[IAHHOCIIONCTas (ha3a, KOTOPBIC ACCOIUUPYIOT C MEPEMEHHBIM (B IIEJIOM HEOOJBIINM
BIUIOTH JIO MIOJTHOTO OTCYTCTBHSA B PsAfE 00pa3loB) KOIUIECTBOM THAPOCIIOABI U TOH-
KOJMCIIEPCHOTr0 C11a00 OKPUCTAIIM30BAHHOTO XJIOPUTA.

Heckonbko oTnuyaroTcs OT onucaHHbBIX Beime npoduieid KB B Manoboryooun-
CKOM aJIMa30HOCHOM paiiOHE 3JIIOBHAIbHBIC 00pa30BaHMs, Pa3BUTHIE B BEPXHUX dYac-
Tax TpyOok bBoryoOmuckas m HriopOunckas B HakeiHCKOM KHMOEPIMTOBOM TMOJE
Cpeonemapxunckozo anmazonocrozo paitona CII. TekToHmYECKN palioH MPHYpPOUEH
K 00JacT couwleHeHus: AHabapcKoW aHTeKIM3bl ¢ Bumoiickoit cunekmusoi [22]. Ero
nepecekaroT Bumolicko-MapxuHckas 1 CpelHeMapXUHCKas 30HbI pa3noMoB. Ileppas
chopMupoBanack He MO3JHEE CPEAHETO MaJc030d M OTPAHUYUBAET C CEBEPO-3araaa
cpenHenaneo3oickuil IlaToMcko-Bummiolickuii aBlIakoreH M Me3030MCKyl0 Buroi-
CKYIO CHHEKIHM3y. JTo mmmpokas (6onee 60 kM) mojoca pa3ioMOB, 3aJICUCHHBIX Jaii-
kamu goneputoB. Ha e€ nepeceuenun ¢ paznomamu CpeJHEMapXUHCKON 30HBI PACIIO-
noxxeHo HaxpriHckoe kmMOepnuToBoe mosie. CperHeMapXuHCKasi 30Ha HMEET CEBEpo-
3amnaZHoe MPOCTUPAHKE U, KaK U Bumoiicko-MapXxuHcKasi, COIpoBOXKAAETCS AalKaMu
noneputoB. TpyOku BoryoOunckas n HiopOuHCKas HaXOIATCS Ha PACCTOSHHM 3 KM
JpyT OT Apyra U NpuypodeHsl k Bumroiicko-MapxuHckoi 30He pa3nomoB. OHU mpo-
PBIBAIOT TEPPUTCHHO-KapOOHATHBIE ITOPOBI KEMOPHS M HI)KHETO OpAOBHKA M Iiepe-
KPBITHI TEPPUTCHHBIMH 00Pa30BaHUSIMU HI)KHEH FOPBI.

TpyOka bomyoburckas B TJIaHE UMEET HENPaBUIIbHYIO (GopMy (coueTaHHe JTMH30-
BUIHOW IOT0-3aI1a/IHON YacTH M OBaJBHO-OKPYIJIONW CEBEpPO-BOCTOYHOI). B cTpoenun
TpyOKM BBINEISIOT TaKWe 3JCMEHTHI: IMOABOAAIINKA KaHaN (maikooOpas3HOE Telo),
IuaTpeMa u Kpartep. Bce BcTpeueHHBIE THIIBI TOPOA MOXHO pa3leluTh HA TpH (anuu
KAMOEpJIMTOBOTO MarmMaTruiMma: THIabucCalbHYl0, WIH CyOBYJKaHWYECKylo (Tmopgu-
POBbIE KUMOEPIIUTEI), )KEPIIOBYIO (aBTOJUTOBBIE KUMOEPINTOBBIC OPEKUNH) U KpaTep-
HyI0 (KUMOEPIIUTOBBIE Ty(POOpEKINH).

Tpybka Hiopbunckasa 3poaupoBaHa Ha YPOBHE AMATPEMOBON YaCTH U IIPE/ICTaBIIC-
Ha JIMIIb JBYMSI MOP(OJIOrHYECKUMH dJIEMEHTaMU — Nallkoil W auatpeMoil. B muane
OHa MMEEeT OBaJIBbHO-INH30BUAHYIO (opmy, pazmep — 380 x 180 M, mo AIMHHOHN ocH
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BBITSIHYTa B CEBEPO-BOCTOYHOM HAIPABICHWH, C HEOONBIINM pa3gayBOM Ha CEBEpPO-
BOCTOYHOM (pJIaHT€ W HE3HAYUTENILHBIM CY)KCHHEM B IICHTPE 3aIaJHON JacTH TPYOKH.
C ray6uno#t Mopdomorust TpyOKH HECKOIBKO OCIIOXKHSETCS. B ceBepHOM U 10KHOM
NPOCTHPAHUU OT TPYOKHU ITPOCIIEKHBAETCS 30HA IOBBINICHHOH TPEIMHOBATOCTH PYy-
JIOBMEIIAIONINX IIOPOJI, BHIOJIHEHHAsT MAJIOMOIIHBIMH JaiKaMH NOP(UPOBBIX KHUM-
6epnutoB. [ToBepXHOCTH PyAHOTO Tesia HEpOBHas (Bapuamus Aocturaer 12 ), Hau-
00BN PO3NOHHBINA Ccpe3 (HUKCHPYIOT B IOTr0-3amagHoi JacTh. B BepxHeit wactu
KHMOEPIMTOBMEIIAIOIINE TTOPO/IbI TIPEJICTABICHBI OCaJOYHBIMU 00pa30BaHUSIMH Map-
XHHCKOM CBHUTHI €3 ¥ OJIOHAUMHCKO# CBUTHI O;.

Pa3pe3 BepXHEKEeMOPHIICKOM TOJIIN MPEACTAaBICH NMPEUMYIIECTBEHHO JOIOMHTA-
MH, B MEHbIICH CTENEHW M3BECTHSIKAMHU. XapaKTEPHBI NPOCION TOHKOBOJIOKHHUCTHIX
NECTPO- M KPACHOLBETHBIX JOJIOMUTHCTBIX MEprefieil M aprujUIMTOB C IIMPOKO pac-
NPOCTPaHEHHBIMHU TpEIIMHAMK ychIXxaHus. OTMEUEHO TaKkKe CJIOM MOLIHOCTBIO 0
MIEPBBIX METPOB, CIOKEHHBIC KPACHOIBETHBIMU APTHIUTUTAMH M TJIMHUCTBHIMH aJI€BPO-
JUTaMH C MAaCCHBHOW TeKCTypoi. OHM MMEIOT MUKpOArperaTHoe CTPOEHHE, HEpaBHO-
MEpHYIO ITPUMECh [IECYaHOr0 MaTepuaja U OCKOIYaTylo oThenbHOCTh. Ha Oonee rimy-
OOKMX rOpPHU30HTaX KEMOPHICKOTO pa3pe3a (GUKCHPYIOT IPOCION CEANMEHTAMOHHBIX
Opexunii MomHOCTHIO 10 0,5 M. Bpexkunn cocTosT U3 yrioBaThIX, 9acTO YIUIOUICHHBIX
00JIOMKOB T'paBHHHO-MENKOTAIEYHOH pa3MepHOCTH. CBsi3yromias Macca COCTaBISIET
25 % o0béMa Mopobl U CIOXKEHa TIIMHUCTHIM arperatoM. OOJOMOYHBIH MaTepHal
MIPECTaBICH B OCHOBHOM ITOJICTHJIAIOIIMMH TJIMHUCTO-KapOOHATHBIMU ITOPOAAMH,
peske U3BECTHSKaMHU W AooMuTaMu. [ Opekunii XxapakTepHa IJI0Xasi COpTUPOBKA H
OTCYTCTBHUE CIIOMCTOCTH.

[MepexpepiBatoiye KUMOEPIUTOBBIE TPYOKH HOPO/IBI TPEICTABICHBI HUKHEIOPCKH-
MH TEPPUTeHHO-KapOOHATHBIMH 00pa30BaHUIMH MOITHOCTEIO 10 70 M. OHM CIIOKEHEI
MECKaMH, CIa00MMTH(OUIMPOBAHHBIMHU TIECYAHUKAMH, apPTHIUTUTAMHU U JIEBPOIUTAMH
C JIMH3aMU U MPOCIONKAaMHU U3BECTHAKOB. B HM)KHEH 4acTH TOJIIM MPOCIEKEHO Ma-
JIOMOIIHBIA TOPU30HT I'PaBEUTOB, KOTOPHIE COCTOST M3 CPEIHECOPTHPOBAHHBIX 00-
JIOMKOB BBIBETPEJBIX KapOOHATHBIX TOPOJI, CLIEMEHTUPOBAHHBIX TNIMHUCTO-TIECUaAHHC-
TBIM MaTEpPHAJIOM.

Cpenu BeTpeuarommxcs B mopoaax tpyook Hiopbunckas (puc. 4, a) u boryobun-
ckas (cM. puc. 4, 6) OPOA0OOPA3YIOIIMX MUHEPATIOB 0 COCTaBY MPEOOIAAr0T Kap-
OonartHble ¥ ciMKaTHble. OHM (OPMHUPOBAIHCH B IOCTMarMaTH4ecKylo CTaINI0 CTa-
HOBIICHUS KUMOEPIUTOBBIX TUATPEM W B Tporiecce WX BeBerpuBanus [18, 22]. Ilo
OTHOIIEHHIO K TIPOIlEccaM BBIBETPUBAHUS UX MOXKHO Pa3[eNUTh HA HCXOIHBIC (MaTe-
PHHCKHE) U HOBOOOpa3oBaHHbIE (OcTaTOuHbIC, MH(MIbTpalonHbie). K nepBeiM npu-
HaJyIeXXaT BCe MUHEPaIbl MaTEPUHCKOHN ITOPOJIbl, HE3aBUCHMO OT X T'€HE3HCa, TO eCTh
MHHEpabl, BO3HUKIINE A0 HavYaja BEIBETPUBaHUS (TIEPBUYHBIC U BTOPUYHBIC MUHEpa-
J6I KUMOEPIIUTOB, a TAK)KE Pa3INYHBIX KCEHONUTOB). Cpean CHINKATOB K MCXOJHBIM
OTHOCSITCSL CIIOJIbI, OOPA30BaBIIMICS 110 HUM XJIOPHT, OTYACTH KBapll, CEPIIEHTHH U
TaJIbK, a TaKXke cyry0o “KCceHONMTOBbIE” ToieBble mimathl. K HOBOOOpa30BaHHBIM
MHUHEpajaM, KOTopble ompenenstorT xapakrep KB, oTHocsTcs cuimkatsl, mpeacTas-
JICHHBIC CMEKTHUTOM (B OCHOBHOM MOHTMOPWJZIOHHTOM) M KAOJIMHHTOM, a TaKXe
0OJIBIIMHCTBO METUTOMOPGHOrO KBapia U XanmeaoH. Cpenu 3K30TeHHBIX 00pa3oBa-
HHUH €CTh THAPOKCHU/BI JKeJe3a U CUIepUT ((OpMUPOBAJICS B IpoIiecce HHPHUIBTPALIH
MTOBEPXHOCTHBIX PACTBOPOB).
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Puc. 4. Pactipesienenne TOMUHHPYIONIUX MHHEPAIOB B IPOMMIISX KOPH! BHIBETPUBAHUS
Tpy6ok Hiopounckas (a) u boryobunckas (0).
B KoJIOHKE — BBIBETpEJIasi aBTOIUTOBAs KUMOEPINTOBAs OPeKUHsI.

Ananmn3 muHepansHOTO coctaB KB kuMOepnuToBeIX TpyOOok HaxpiHCKOTO moiis
JaéT BO3MOXKHOCTD BBIJIENUTH PsAJ] 0OLIMX 3aKoHOMepHOocTel. [Ipexne Bcero, xapak-
TepHa OOIIHOCTh B MCXO/HBIX BTOPHYHBIX, BOSHUKIINX €IIE /10 HAadalla BHIBETPUBAHUS
obpazoBanusax. O0euM TpyOKaM CBOMCTBEHHO OOOTAIICHHUE OTACIBHBIX y4acTKOB Al-
CEPIEHTHHOM (CENTOXJIOPUTOM), COAEPKAHNUE KOTOPOTO IO pa3pe3y CKBAKUH CPaBHU-
TCJIbHO MOCTOAHHO U UCUUCIIACTCA AECATKaMU MMPOLCHTOB. Bwmecte ¢ TEM, CIIIOAY B KB
KAMOEpPIUTOB (PUKCUPYIOT JJOBOJIBHO PEAKO U B HEOOJBIIOM KOJIMYECTBE, 3aTO BCTpE-
yaercst TanbK. CeprneHTHH B 00OMX KMMOEPIHMTOBBIX Telax MPOCIEKEHO TOJIBKO B
HiwkHel yactu KB, ero cpaBHuTenpHO mano. Cpean kapOOHATOB BCTpeyaroTcst (CM.
puc. 4) KalnblIUT U AOJOMHT, IPUIEM COICPKAHUE TOJOMUTA B JJIOBHH OOCHX JMAT-
pEeM HECKOJIBKO IOBBIIIEHHOE. KpoMe 3THX MUHEpasoB, KOTOPBIE SIBIAIOTCS BTOPHY-
HBIMH TI0 OTHOULICHHIO K MCXOJHOMY OJIMBHHOBOMY KuMOepmuty, B KB conmepxarcs
TIOJICBBIC IIIIATHI, BBIHECEHHbIE U3 (yHIaMEHTa U He yCIEBIIHE Pa3pyLIMThCS B IPO-
HECCC BBIBCTPUBAHUA U NPCAIICCTBYIOIIECTO EMY THAPOTCPMATIbHOTO U3MCHCHU. Ilo-
poapsl o0enx TpyOOK Takke 00OTramieHbl BTOPUYHBIM MEIKO3EPHHUCTHIM (JIO TIEIHUTO-
MopdHOro) kBapieM. OOBIMHO OH acCOLUUHUPYET ¢ MOHTMOPHJUIOHUTOM (CMEKTHUTOM)
WM KAOJIMHUTOM, COZEPKaHWEe KOTOPBIX JOBOJIBHO 3HAYUTENHBHOE U HE CONPOBOXK/A-
€TCsl MHTCHCUBHBIM o0oxpuBanueM. Cuneput B KB 00pasyeT cucreMmy MpOKUIIKOB, a
TaK)Ke BCTPEYAETCS] B BHJIE BBLICIEHHH, YTO CBHJIETEIBCTBYET O €0 T'MIEPIeHHOM
TIPOUCXOXKICHHUH.

Bce mepeunciennsie ocobenHocTH coctaBa KB AByX KHUMOEPIHTOBBIX IHUATPEM
YKa3bIBaIOT Ha CXOJICTBO MOCTMarMaTH4ecKuX MpeoOpa3oBaHMi B MPOIECCE CTAHOB-
JICHUSI OTHX Tell, a TaKKe Ha 10100HbIe YCIOBUS UX BBIBETPUBAHUS, IJIaBHbIE (haKTOPHI
KOTOPOTO — KIMMaT U ruapoanHamuka. OO0 ycmoBuAx (GOPMHUPOBAHUS MOTPEOEHHBIX
KB cBHUIETenBCTBYIOT aCCOIMAINK MHHEPAIOB B COCTaBE ATUX 00pa30BaHMIA, a TaKKe
UX CBOMCTBA W TMOBCIACHUC B HEPABHOBCCHBIX (I)I/ISI/IKO-XI/IMI/I‘IeCKI/IX YC10BUAX. I[J'IH
BBISICHEHUS] AWHaMuKu (opmupoBanusi KB ommceiBaeMbIX KHMOEPIMTOBBIX TPYOOK
JeTaIbHEE PACCMOTPHM OT/EJIbHBIE MUHEPAIBI.
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Kak yxe oTMeueHo, IIaBHBINH KapOOHATHBIM MHUHEpAI — KAJIBIHT, KOTOPHIH 00pa-
3yeTcsl Ha BCeX CTagusaX (HOPMHUPOBAHHUA W CTAHOBICHHS KHUMOEPIUTOBBHIX Tel. Ero
npucytctBue B KB cBuzmerensctByeT 0 pH cpenpl, B KOTOPOH HAXOIWINCH KaJIbITUT-
cojiepxarue Mmopojsl. PaspyiieHne KaiaplKTa B MPOIECCE BBIBETPUBAHHS MPOHCXO-
JIT, TIABHBIM 00paszom, mox Bo3zaerictBuem H,CO;. CepoBomopomucras KHCIOTa B
TaKHAX YCIOBHAX SIBIIICTCS HEYCTOWYMBOMN, BCICICTBUE OKUCIICHHSI CEPHl OHA IMpeBpa-
IaeTCSl B CEPHYIO KHUCIIOTY, MOJ BO3JACHCTBHEM KOTOPOW KaJBIUT IpeoOpasyeTcs B
runc. Ha paspyiieHne xanbluTa 3HAYUTEIBHO BIMSET arpecCUBHAsl COCTABIAIOIIAS
YTOJIBHOW KUCJIOTBI, a UMEHHO Ta €€ 4acTbh, KOTOpas U3pacXoayeTcss Ha PacTBOPEHHE
yTIEKHCIoro Kanblms mo ypasaeHuto CaCO; + H,O = Ca, + 2HCO;. laHHBIN TIpO-
1ecc o0paTuM, MOITOMY IOCHE TOJTHOTO M3PACXO0BAHUS arPEeCCHBHOMN YTIEKHCIOTHI
HacTylaeT paBHOBecHe, ¢ nocienyrommM yaaienuem CO, peakius noiiner B oopart-
HOM HarpaBJjeHUH. DTUM OOBSICHSETCS TOSBIICHHE KAJIbIUTA B BepXHUX dacTsax KB (B
0oJee HIU3KUX YacTAX €ro HeT).

Jonomut Gojee YCTOHYUB K KHCIIOTaM, YeM KaJIbIUT, B CBSI3U C 4eM ero (pUKCH-
PYIOT B 30HaX, JIMIICHHBIX KapOOHATOB KayblMs. B orTnnune ot kanbimra, oOpa3oa-
nue B KB cuaepura CBSI3aHO C OKHCIUTEIHHO-BOCCTAHOBUTEIBHBIM IIOTEHIHAIOM
cpensl Eh, B 3aBHCHMOCTH OT KOTOPOTO MOTYT BO3HHKATH OKCHABI (THOPOKCHIIBI)
JKeneza min kapooHatel. CHIOEpUT MOXKET 00pa30BaThCs Jaxe B CIaOOKHCIBIX YCIIO-
BUsIX, Tpu pH pacTBOpa, paBHOM HEMHOTO OOJIBIIIE MATH, KOT/Ia CYIIECTBOBAHHUE Kalb-
UTa HEBO3MOXKHO. [10100HbBIE YCIIOBUS B X0/1€ BBIBETPHBAHMSI 00eCTICUEHBI HATUMIUEM
B TIEPEKPHIBAIOMIAX MTOPOJaX OPTaHMYECKOTO BEIICCTBA, OKHCICHHE KOTOPOTO TPUBO-
JUT K MPEIOXPAHEHUIO TTOCTYIHBIIETO M3 UCXOTHBIX ITOPOJ jKeJe3a OT OKHUCICHUS U
coJieiicTByeT 00pa3oBaHuI0 KapOOHAaTa.

YronbpHas KUCIIOTa BIUSIET HA N3MEHEHHE M BOSHUKHOBEHHUE TIABHBIX CHIIMKATHBIX
muHepanoB KB, B epByto ouepenp, kKaHAUTOB. Takke mox e€ BiusHAEM Ha Al-comep-
JKamue MuHepansl obpasyercss KaonwHUAT. Co3maBasi KHCIBIE YCIIOBHS, YTIEKHCIOTA
COJICIICTBYET MOIMMEPU3AIIUN HAXOAAIIEHCS B pacTBOpe KPeMHEBOH KHUCIOTHI ¢ 00pa-
30BaHMEM KBapl-XaJleJOHOBHIX arperaroB. COHax0oX/JeHHE KBapla ¢ KaOJHMHUTOM, a
TakXKe MPONOPIMOHATFHOS YMEHBIICHHE B HEKOTOPBIX MPo0ax XIIOpUTa U MOHTMO-
PHJUIOHUTA CBUAETEIECTBYET O TOM, YTO MCTOYHHMKOM KPEMHEKHCIIOTHI OBUIM MarHe-
3UaJIbHO-)KEJIE3UCThIE CJIOUCTBIE CHIIMKATHI, KOTOPBIE O] BO3JEHCTBUEM YTIEKHCIBIX
pPacTBOPOB M OPTaHMYECKUX KUCIOT paspyLIaIHCh C YAAJIEHHEM MarHe3ud U OTYaCTH
JxKelesa, a mopoja oboramanack kBapieM. OTHOCHTENBHO HEOOIbIIAs YaCTh TIHMHO3E-
Ma MCXOJHBIX MUHEPAJIOB B TAHHBIX YCIOBUSIX CBA3BIBAIACH B KAOIHHUT.

Takum o0Opa3oM, MPOBEACHHBIE UCCIIEAOBAHMS B 1IEIOM MOATBEPXKIAIOT OCHOBHBIE
3aKOHOMEPHOCTH OOBIYHON BEPTHKAJIbHOW 30HaJIbHOCTH KB Ha KMMOEpIMTOBEIX MO-
ponax CII, ocobeHHO B ciiyyae WX MEPEKPBITUS ME3030HCKIMH OCaIOYHBIMH TOJIIIA-
MU — KOT'ZIa B JTFOOOM 3ITIOBHATIFHOM HPOQHIIe ¢ HEKOTOPOIl 10JIeil YCIOBHOCTH MOKHO
BBIJICIUTH TPU 30HBI: HHM)KHIOIO, CPEHIOI U BepXHIOW. HMXKHAS, COOTBETCTBYIOIIAs
30HE JE3MHTErpalny, COACPKUT UCXOHbIE cllab0 XMMHUYECKH IpeoOpa3oBaHHbIE T0-
POIBI, 3aTPOHYTHIC JIMIIb TPEIIMHOBATOCTHIO (TO €CTh JEHCTBHEM MPOIIECCOB Ipe-
UMYIIECTBEHHO (u3nuecKoro u3MeHeHnus). CpenHss, BeIeIsieMas Kak 30Ha BBIIIETa-
YUBAHUA, OTIIMYACTCS OT HIKHEH MHTEHCHUBHOM XUMHUYECKOW mepepaboTKoM mepBuY-
HBIX MHHEPAJOB ¢ 00pazoBaHueM (pHC. 5) MPEeUMYyIIECTBEHHO MeTacTaOMIIBHBIX BTO-
PUYHBIX THIIEPTEHHBIX MUHEPAJIOB.
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BepxHsis 30Ha — 3TO 30HA THAPONIN3A, B KOTOPOI NMEPBUYHBIE U MPOMEXKYTOUHBIE
BTOPHYHbBIE MHHEPAIBI U AAlblIe MpeoOpa3yloTcst B HanOoIee yCTOHYMBEIE B THIIEP-
TEHHBIX YCJIOBHAX (a3bl. Bo3HMKaIOIUE MPH 3TOM B KaXJOH 30HE BTOPUYHBIC MHHE-
paJIbl HETIOCPEACTBEHHO CBS3aHBI C TUIIOM MCXOJHBIX TIOPOJ, TO €CTh UX MUHEpAaNOTu-
YECKUMH 0COOEHHOCTSIMH U T10CIIEJOBATEIBHO U3MEHSIOIIMMUCS 110 TIPO(IITIO BHIBET-
PHUBaHUS THAPOXUMUIECKUMH YCIOBHAMH CPEIbI.

[TpuBeneHHBIE BBIIE JAHHBIC CBUAETEIBCTBYIOT O TAKOM: €CJIM B 3JIFOBHAIBHOM
npoduie kumoepiutoB Tpyoku umeHu XXIII che3na ynaéres BBIACIUTD YIOMSIHYTYIO
BBIIIIE 30HAIBHOCTD, TO B OCTAJBHBIX JHaTpeMax n ManoOoTyOOHHCKOTO aiMa30HOC-
Horo paiioHa ([Jaunas, TaéxHas, AMakuHcKas, VIHTepHanmoHaneHas), u Cpenaemap-
xuHckoro (Hropbmackas, boTyoOuHcKast) 9€TKOM CMEHBI OTIENBHBIX MHHEPAJIOrHYe-
CKHUX 30H HET, YTO BO MHOTOM CBSI32HO C COCTaBOM HCXOJHBIX IIOPOJl U OCOOEHHOCTSI-
MH HMX [TOCTMAarMaTHYeCKOTO M THUIEPreHHOro M3MeHeHus. YacTo 3To 00yClIOBIECHO
CPaBHHTENIFHO O0Jiee PBIXIIBIM CIOXKEHHEM KHMOEPIMTOBOTO MaTepHaia Ha 3HAYH-
TENBHYIO TTyOMHY M CPaBHHUTEJIHLHO HEOONBIIMM pa3mepoMm auaTtpeM. Ilostomy mpe-
00pa3zoBaHUE HCXOJHBIX TOPOJ| TaKUX TPYOOK ONpENesIeHO CTENEHbIO Pa3BUTHS B
OTJENBHBIX UX YaCTSAX TPEUIMHOBATOCTH, YTO IPUBOIUT K PA3IUYHON O UHTEHCUBHO-
CTH IMPKYIALNHA MEXITy 00pa3yloIMMHUCS OTACIBHOCTSIMH BaJIO3HBIX BOJ M ITHEBMa-
TOJIMTOBO-THAPOTEPMAILHBIX PACTBOPOB. Takol MEXaHW3M BBIBETPUBAHUS 00yCIOB-
JMBAET MOCJIeI0BaTeIbHOE 30HAJIbHOE N3MEHEHHE HE BCETO pa3pe3a OJHOBPEMEHHO, a
JWIIb KaXJI0ro (parMeHTa Ae3WHTErPUPOBAHHON MOPOBI OT MOBEPXHOCTH MIIH NPHU-
KOHTAKTOBBIX YacTeH K IIEHTPAIbHBIM yJacTKaM JHaTPEM.

OpnHako, HECMOTPS Ha Pa3IWdMe B I'E0JIOTO-BEIIECTBEHHOM CTPOCHUH OTIEIBHBIX
KAMOEPJIMTOBBIX IHaTPEM, MPOLECCHl N3MEHEHHS B UX pa3pe3ax MepBUYHBIX MUHEpa-
J0B 1 (popMHpOBaHHE BTOPHYHBIX (a3 sIBISAIOTCS 0OmMMHU (CM. puc. 5), Mpu4éM npu-
pola BTOPHYHBIX (a3 HEMOCPEICTBEHHO CBSI3aHA CO CTPYKTYPHBIMH M KPHUCTAJIIIOXHU-
MHYECKHMMHU OCOOCHHOCTSIMHM MCXOJHBIX MHHepanoB. [lo xapaktepy mpeoOpa3zoBaHUs
UX MOYKHO Pa3[eNIiTh Ha ABe OoJbline rpymnibl. K mepBoil oTHOCSTCS MHUHEPANbI OCT-
POBHOH, IIETIOYEYHOM, JICHTOYHOM M KapKacHOH CTPYKTyphl, KO BTOPOIl — CIOUCTOM.
MuHepasl IepBOH TPYIIIBI B MPOLIECCE THIIEPTEHHOTO MPE0OPa30BaHUS HCIIBITHIBAIOT
pacTBOpEHHUE, U N3 BO3HHUKAIOUIUX PAacCTBOPOB (B 3aBUCHMOCTH OT KHCJIOTHO-ILEJIOU-
HBIX U OKHCJIHMTENbHO-BOCCTAHOBUTENBHBIX NMAapaMeTPOB CPE/Ibl) KPUCTALIU3YIOTCS T
WIN WHBIE HOBBIC MUHEPAJIbl. [ MITOTEHHBIE CIIOMCTHIE CHIIMKATHI (TJaBHBIM 00pazoM
CIIIOANCTOTO THIIA) TOABEPTalOTCs ACTpalalliOHHON TpaHchopManuu ¢ GOpMUpPOBa-
HHEM B COOTBETCTBHU C THIPOXHMHYECKOM OOCTAHOBKOW MO0 WHBIX MOIMTHITHBIX
MoaudUKAMH TeX jK€ BUIOBBIX Pa3HOBUAHOCTEH MEPBUYHBIX MUHEPAJIOB, JINOO HO-
BBIX MHIUBUAYAIIBHBIX CIOUCTBIX MUHEPANOB, a TAaKXKE IIUPOKOH raMMbl CMEIIAHHO-
CJIIONCTBIX 0OpazoBaHuil. IloaBeprivecs BBIBETPHUBAHUIO MCXOIHBIC MUHEPAJBI, CO-
TJIACHO MX CTPYKTYPHBIM M KPHUCTAJUIOXMMHYECKHM OCOOCHHOCTSIM, OOJIafaroT pas-
JUYHOW YCTOHYMBOCTBIO B MPOIECCE TUIEPICHHOTO MpeoOpa3oBaHus mopoa (CM.
puc. 5). B 5TOM OTHOIIEHHM TIIaBHEHIIHE MOPOJ000pasyroNie MUHEPaIbl MOXKHO
PacIoNoXNUTh B OPAIKE YMEHBIICHHUS NX CTaOMIIBHOCTH TaK: KBapll, KaJIHEBBIC TI0JIe-
BbIE LIMATHI, aM(UOOIIBI, MUPOKCEHBI, KUCIIbIE TUIArMOKIa3bl, OCHOBHBIC TUIArMOKIIA3bI,
OJIMBMH, BYJIKAaHMYECKOE CTEKJO, KapOoHaThl M coiu. COOTBETCTBEHHO, CIIOMCTHIC
CUIIMKATHl 00pa3yrOT TaKyH MOCICIOBATEIBHOCTE [19, 23]: MyCKOBHUT M JHOKTadIpH-
YECKUE TUIAPOCTIOABI 2M|, TIIayKOHUT, CENalOHUT U APYyTrue Tuapocaonsl 1M, nuox-
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Ta’pPUYECKHE PA3HOBUIHOCTH MOHTMOPHUIOHUT-THIPOCITIONUCTHIX CMEIIaHHOCIOU-
CTBIX 00pa3oBaHMI M MOHTMOPHJUIOHHTA, IU-TPUOKTa3APUYECKHE Pa3HOBUIHOCTH
CMEIIaHHOCIIOUCTBIX 00Pa30BAHUM U XJIOPHUTA, TPUOKTAIIPUIECKUE MOHTMOPHILIOHHUT
U XJIOPHUT, XJIOPUT-MOHTMOPHJUDIOHUT H XJIOPHUT-BEPMUKYJIUT, TPUOKTAIAPHUUCCKUC
Pa3HOBUIHOCTH CIIIO/1 ¥ THIPOCIIION U, HAKOHELI, CEPIIEHTHH.

B #3yueHHBIX KMMOEpIMTOBBIX MOPOAAX COAEPXKATCS THUIIOTCHHBIE MHHEpPANbI C
BECbMa PA3IMYHON CTPYKTYpOH, B TOM YHCJIC YaCTh CEPIICHTHHA, CIOABI (IPEeUMYyIIe-
CTBEHHO (DJIOTOINT), MOJIEBBIC LINATHI, pOoroBas oOMaHKa, KapOOHATBl U Pa3HOOOpa3-
HBIE OKCHJIBI U THJPOKCHIIBI JJIEMEHTOB I'PYIIIBI JKele3a. [103ToMy OHM, B COOTBETCT-
BHU C UX (PU3UKO-XUMHUYECKUMH CBOHCTBAMH, B ONPEIEICHHON MMOCIEI0BATEIbHOCTH
npeobpa3yroTes (CM. pUc. 5) B HOBBIE THIIEPTEHHBIE (a3bl.

HaanMep, JJI1 TUIIOT'CHHBIX pa3HOCTeﬁ cepnernmurna B pAAC HU3YYCHHBIX HaMH
KMMOEPIIMTOBBIX TEJ yCTAaHOBJICHA CMECh MOJIUTHITHBIX Moaudukanuii 4+B. Ha pan-
HHUX 3Talax BBIBETPHBAHUS IIPH COXPAHEHWH IEPBUYHBIX INEIOYHO-KHCIOTHBIX H
OKHCIIUTEIHHO-BOCCTAHOBUTENBHBIX YCIOBUM, HO CHHKEHHH TePMOOapHUECKUX Mapa-
METPOB Cpe/ibl OHH IEPEeKPHUCTAUTU30BBIBAIOTCS B Hanbojee HU3KOTEMIIEpaTYPHYIO
Moudukanmio 4. B nanpHeimem, Mo Mepe CHWKEHHS Kak IEIOYHOCTH, TaK M OKUC-
JUTENIFHO-BOCCTAHOBUTEJIFHOTO TMOTEHIMANa CPEbl, IPOUCXOIUT MHTCHCHBHOE WH-
KOHI'PYHTHOE PacTBOPEHHE CEPIIEHTHHA, U U3 MPOLYKTOB €r0 NECTPYKIMU BHAyale
o6pasyercst Mg-Fe* -MOHTMOPHILTOHHT (TO €CTh MHMHEpasn TPHOKTa3IPHUECKOTO TH-
na). Pa3BuTne M3MeHEHUI rMIPOreOXMMHYECKUX YCIOBUH cpelbl Ha Ooiee TO3THUX
3Tarnax >JIOBHAIBHOTO MPONECcca B yKa3aHHOM HANPAaBJICHUN MPHBOANUT K BO3HUKHO-
BeHmio Mg-Fe' -MOHTMOPHILIOHHTA MPOMEKYTOUHOTO AH-TPHOKTAAPHUECKOrO THIIa,
a 3ateM — Fe''-Al-pa3HOBHIHOCTH, COOTBETCTBYIOIIEiHl COGCTBEHHO IMOKTadIpHUe-
ckoMy THmy. CIrO/bl, B 3aBUCUMOCTH OT MX KPHCTAJUIOXMMUYECKHX OCOOEHHOCTEH,
MIOCIIEZIOBATENbHO MPE00pa3yloTCsl B IPYTHE CIOUCTHIE CHIIMKAThL. Droconum Ha Ha-
YaJbHBIX 3Tanax T'MIEPTeHHOTO0 W3MEHEHHS B BOCCTAHOBUTEIBHOW OOCTaHOBKE 3aMe-
MIAETCS XIOPUMOM, TPUIEM B 3aBUCHMOCTH OT KOHKPETHOTO XUMH3Ma CPEJbl BO3HH-
KAIOT Pa3NINUHbIEC PA3HOBHIHOCTH MUHepana — oT Fe*'-Mg- 1o npaxTiuecku Mg-Tuma,
a B OKHCJIUTEIBHONW OOCTAHOBKE IO ()IOTOIUTY Pa3BUBAIOTCS GEPMUKYAUM W TIOCIIE-
JyIOIINe MPOAYKTHI peoOpa3oBaHus BepMUKyHTa. [Ipn 3TOM BHaydane 3a cueT u3Me-
HEHUs BEPMHUKYJIMTAa BO3HUKAET IapareHerudeckas accouuauus Mg-F e’*-MoHT™MO-
PWUIOHHT + BEPMHUKYJIHT. A KOTJa B MUKPOOJIOKax NMEPBUYHOIO MUHEPAJa OCTAIOTCS
CPOCTKH, COJEpXallhe JHIIb J0 AECSITH 3JIEMEHTApHBIX CIOEB BEPMHKYJHUTA, TO
CTPYKTYypa yKa3aHHOH BBIIIE aCCOIMAIIMY TOMOTEHU3HUPYETCsI C 00pa30BaHUEM HEYTIO-
PSIOYSHHOW BEPMHUKYJIMT-MOHTMOPHJIOHUTOBOM cMemaHHocaoucron ¢asel. [locie-
JYIOIIas TOJIHAsl TMOKTa’3qpU3alllsl BEPMUKYJIUTOBBIX ITAKETOB M MPeoOpa3oBaHue UX
B MOHTMOPWJUIOHHUTOBBIE HPUBOIAT K (POPMHUPOBAHUIO OTHOCHUTEIHHO OXHOPOIHOM
JVOKTa3APHUIECKON pa3HOCTH MHUHEpana. B psne ciyuaeB B mporiecce mpeodpas3oBa-
HUsE (DIIOTONUTa BO3HUKAET TaK)Ke HEOOJIBIIOE KOIUYECTBO TUIPOCIIobl 1 M.

bnuskue u3mMeHeHus (¢ y4eToM pasiiuus B XMMHU3ME) IpPETEpIeBacT TaKkkKe Ouo-
mum, TONaJaoIMi B KUMOEPIHWTHl Onarofaps paspymIeHHI0 OHOTHUTCOAECp)KAIINX
KCEHOJIUTOB. B OTIHM4HMe OT pacCMOTPEHHBIX BBILIE CIOJ (MPEHMMYIIECTBEHHO MOJH-
¢ukanust 1M TPUOKTadAPUUECKHUX CIIIO/, B OKTadIPUYECKUX MO3UIHAX KOTOPHIX Ha-
xozaTcst B ocHOBHOM Fe’™ u Mg), muokTasapuueckue CIIOfb! (B YaCTHOCTH MyCKO-
6um) cozepxar B oktadpax Al u Fe’', um npucym nomurun 2M;. Brarogaps Takomy
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XUMHU3MY ¥ Oosiee OJaronpusTHOMY COYETaHWIO OTAENBHBIX 3JIEMEHTOB CTPYKTYPHI
JVOKTa3APHUYECKHE CITFOABI O0ee YCTOMYMBEI, YEM MX TPHOKTa3APHUCCKHE aHAJIOTH.
B pe3syibpraTe 3TOro OHM COXPAHSIOTCS B NPOGUIAX BHIBETPUBAHUS BIUIOTH JO HUXK-
HUX 4acTed BepxHel 30HbI. Pocosas obmanka (Taxxke ToMajaoas B KUMOSPIUTHI 3a
cuéT paspylIeHHs KCEHOJHMTOB) HA PaHHHUX CTaJIMsIX BHIBETPUBAHUS WHKOHTPYIHTHO
pactBopsiercsi. 13 hopmupyromumxcsi pacTBOPOB B 3aBUCHMOCTH OT CKOPOCTH BBIHOCA
MarHus ¥ OKHCIICHHUS JKelie3a BO3HUKAET HECKOJIBKO Pa3HOBHIHOCTEH MOHTMOPWIIIO-
HHUTA — OT TPHU- 10 COOCTBEHHO JAMOKTAdIPUUECKOU. [1naeuoxiazpl Ha paHHUX CTaIUSIX
THIIEPreHHOT0 Npeodpa3oBaHus (Kak CEpIeHTHH M POroBas 0OMaHKa) HHKOHTPYJHTHO
pacTBOPSIIOTCS, U W3 MPOAYKTOB MX JECTPYKIMH CHHTE3UPYETCS AMOKTAdIPUICCKUH
MOHTMOPWIJIOHHUT, CTPYKTYPHBIE OCOOEHHOCTH KOTOPOTO (B HEPBYIO OYEPElb, CTPYK-
TypHas yNOPAJOYEHHOCTH) OMPEAEISIIOTCS KUCIOTHOCTBIO—OCHOBHOCTBIO HCXOJHBIX
TUIarnokia3oB. OCHOBHBIE IUIATHOKIIA3bl ¢ IMPEHMYIIECTBEHHBIM 3aCEJICHHEM CTpPYK-
TYPHOH TMO3WIUH B IMYCTOTaX TPEXMEPHOTO TETPAIAPHUECKOTO KapKaca KaTHOHAMH
Ca®" 0GBIYHO SIBISIIOTCS TOMOTEHHBIMH 06pa30BaHIsME. 3 MIPOAYKTOB HX pa3pylie-
HUA, aHanornyHo Mg-Fe-cuinkaram, GopMupyeTcss MOHTMOPHIIZIOHUT C OTHOCHUTEIb-
HO YTIOpSIOUCHHOW CTPYKTYpOil. B oTimume oT 3TOT0, 10 KHUCIIBIM ITarnokiazaM (Kak
M 32 CYET PACKPUCTAIIM3ALUH KHCIOTO BUTPOKIACTHIECKOTO MaTepHaa) oopasyercs
MOHTMOPHJUIOHUT C BECbMa Pa3yHOpPAJOYEHHOI CTPYKTypoil. DTO 00YCIIOBICHO TEM,
YTO KUCIIBIC U CPEJHHUE TUIATMOKJIIa3bl, COIepIKAINE CYIIECTBEHHYIO IPUMEChH IIeJI0Y-
HBIX KaTHOHOB, IO JAaHHBIM 3JIEKTPOHHOW MHUKPOCKOIIHH, NPEJCTABISIOT COOOH TOH-
KHE CTPYKTYpPBI pacmaja TBEPJIBIX PAacTBOPOB C IEpPECIauBaHUEM JOMEHOB, HOMepe-
MeHHO obOoraméHHbIX Na u Ca, TO ecTh UMEIOT TeTepPOTeHHOE CTPOCHHUE. 3a CUeT Hau-
OoJiee TeTEPOTCHHBIX Pa3HOBUAHOCTEH IUIAardoKia3a (THIA OJIMTOKIIA3-aHIe31Ha)
OJTHOBPEMEHHO C MOHTMOPWIJIOHHTOM B IIEJIOYHBIX YCJIOBHSIX HMHOTZA KPHUCTAJIIH-
3yeTcsl TaNTya3suT — KpaWHSs pa3ynopsioYeHHas Pa3sHOBHIHOCTh MHHEPAIOB H3
JBYX3TaKHBIX CJIOEB.

Moummopunionum — TIaBHEHIINK U3 TPOMEXYTOYHBIX BTOPUYHBIX MHHEPAJIOB —
BCJIE/ICTBHE CI1a00i yCTOMYMBOCTH B NPO(MIISIX BHIBETPUBAHHS OJHOBPEMEHHO C CHH-
TE30M ITOJ[BEpraeTcs JSCTPYKIMN Ha yJacTKaxX pa3BUTHUS KUCIBIX YCIOBHH, 0COOCHHO
Ha MO3JHUX JTalax BBIBETPUBAHU. J{eCTPYKILUS CONMPOBOXKAACTCS BBIHOCOM M3 CHC-
TeMbl MUHEpasiooOpasoBanus mienodeit (Na, K), menounsix 3emens (Ca, Mg) u yac-
THYHO Si. B 3TOM ciy4ae U3 MHEPTHBIX JIEMEHTOB, B yacTHOCTH Al, a Taxke Si, cuH-
Te3upyeTcst KaonuHUT. Hanbosnee BRICOKON PEeaKIIMOHHON CIIOCOOHOCTBIO 00Ja/1aeT Ta
JUOKTa3ApHUECKas Pa3HOBUAHOCTh MOHTMOPHJUIOHUTA, KOTOPAsi TEHETUYECKH CBsI3a-
Ha C npeo6pa30BaHI/IeM KHUCJIBIX XU YaCTUYHO CPEAHUX IIAruOoKJIa30B U BUTPOKIIACTH-
TOB, TO €CThb C Pa3yNOPsAAOUYEHHON CTpyKTypol. Huskas cTaOMiabHOCTH AMOKTa’pu-
YeCKOro MOHTMOPHJUIOHHTa B TIpOLIECCE THUIEPreHe3a MOMUYEPKHYTa pPa3BUTHEM 32
Cu€T MPOAYKTOB €ro NECTPYKIMHU eIl B CpeiHel 30He MpoQuIIs BEIBETPUBAHUS KPYII-
HBIX BEPMHUKYJIHMTOINOJOOHBIX CPOCTKOB KaOJMHHUTA, KOTOPBIA OJjarofapst yHacliemo-
BaHHOCTU CTPYKTYPHBIX CBOWCTB OT MHHEpaja-IpeAIIeCTBEHHHKAa UMEET CTPYKTYpY
HU3KOW CTENEHU COBEPIICHCTBA. B pe3ynbpTraTe MHTEHCHBHOTO BBIHOCA M3 JJIOBHAIIB-
HBIX TOJI HaJ KHUMOEPIUTOBBIMH JUATPEMaMH YacTH TOABMKHBIX 3JIEMCHTOB
MOHTMOPWJUIOHHT U MOHTMOPWIOHHUT-THIIPOCIIOIUCTBIE CMEIIAaHHOCIOUCThIE 00pa-
30BaHUs B BEpXHEH 30HE MPOQUIS BEIBETPUBAHMSI, COOTBETCTBEHHO, OECCIIOIUCTHIX U
CIIFOJTUCTHIX Pa3HOCTEH KHCIBIX MOPOJ MpakThHuecku He (opmupyrores [15, 18]. B
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OTJIMYHE OT 3TOr0 B MPO(MWIAX BBEIBETPUBAHUS OCHOBHBIX M YJIBTPAOCHOBHBIX HOPOJ
(rme 3HauMTENBHAs YacTh MOHTMOPHJUIOHMTA CHHTE3WpyeTcs 3a cueT Fe-Mg-cumm-
KaToB) Ul BO3ZHHKHOBEHHS KHUCIBIX YCIOBHH M CyLIECTBEHHOW KOHueHTpauuu Al
HEOOXO0AMMO ylaJleHHe M3 cpelbl Oosee 3HAYMTENFHOIO KOJMYECTBA IOJBHIKHBIX
aneMenToB. 1109TOMY B YCIIOBHSX MOBBIIIEHHOTO CojlepXanus B cpene Fe’' (B uact-
HOCTH, B (hopMe mupuTa), OIOKHPYIOIIEr0 POCT KPYHHBIX KPHUCTAIIIOB KAOJIWHHUTA,
KaOJIMHUT KPUCTAJUIN3YETCsl B BHJIE 00Jiee MEJIKUX YacTHll, KOTOPbIE OJHOBPEMEHHO
HUMEIOT BBICOKYIO CTEIEHb COBEPIIEHCTBA CTPYKTYPHI C YETKUM HPOSIBICHUEM TPH-
KJIMHHOW MOJHUTHITHON Moaupukannu. Kak u B mpodwisix BHIBETPUBAHHS KHCIBIX H
CPeIHUX TIOPOJ, 3TO CBSI3aHO CO CTPYKTYPHBIMH OCOOEHHOCTSIMH MHHEpala-Tpe-
LIECTBEHHHKA, TO €CTh MIEPBUYHO BO3HHUKAOLIETO B 3IIFOBHM 3THX MOPOA 3a cueT Mg-
Fe-muHepanoB TpHOKTa3ApHUECKOTO MOHTMOPUIUIOHNTA, KOTOPBINA OTIMYAETCS OT €ro
JIMOKTa3ApHUYECKOTO aHayiora OOJIBIINM COBEPIICHCTBOM CTPYKTYpHI. bonee yrnopsino-
YEHHOW CTPYKTYPOH, 4eM MOHTMOPHJIIOHHT, CBSI3aHHBIN C IPE0OpPa30BaHUEM KHCIBIX
U CPEeJHMX IUIATMOKIIA30B, 00IaJaeT €ro pa3sHOBUIHOCTb, BO3HHUKAIOMIAA 3a CUET pas-
JIO’)KEHHUSI OCHOBHBIX IUIaTMOKJIa30B, TO €CTh CYIIECTBEHHO OOOTAIIEHHBIX MIEIOYHO-
3eMenbHBIM KaTHoHOM Ca’’. Ha (hoHe yKka3aHHOI 3aKOHOMEpPHOCTH (IPHYPOUYEHHOCTH
KAOJIMHUTA Pa3JIMYHON IMCIEPCHOCTH K IPOIYKTaM BBIBETPUBAHUS OIPEACIEHHBIX
THUIIOB TIOPOJ) CIETyeT UMETh B BUAY, YTO IIPH MHTECHCHBHOM JpEHaXe C1abo pacKpu-
CTJNTM30BaHHBIX TY(HOB U TyPoOpeKuuii TpyOOK B3pbIBA, OTKPHITHIX Ha 3THX KE TEp-
puropusix CII [15, 18, 35], Gnaronapst ObIcTpOMY BBIHOCY M3 CHCTEMBI MHHEPasI000-
Pa30BaHMS MOJBIKHBIX 3JIEMEHTOB TaKXKe (POPMUPYIOTCS KPYIHBIE CPOCTKH KaOJIMHH-
Ta. B memom xe MemieHHOe TpeoOpa3oBaHUEe MOHTMOPHIZIOHHTA B MPO(MIIAX BBIBET-
PHUBaHUSA OCHOBHBIX U YJIBTPAOCHOBHBIX IOPOJ] ONpENeNseT €ro Haludue BIUIOTh J0
BEpXHEH 30HBI 3THX MPOQIIICH.

Emé pa3 orMeTnm, 4TO €CiM B €IMHWYHBIX CIy4asX MBI HMEEM IEJ0 C TIyOoKo
XMMHYECKH MepepabOTaHHBIMU 3IIOBUANBHBIMA O0pa30BaHUAMHU C TPATULMOHHOM
30HaJIbHOCTBIO MUHEpaIbHBIX accoruanuii (Tpyoka nmenn XXIII cvesna KIICC), To B
OOJIBIIMHCTBE APYTUX Oyiarosapsi phIXJIOMY CIIOXEHHIO MCXOJIHBIX KMMOEPIUTOB 00-
Ppa3yroTcst MaKpOOAHOPOIHBIE SITIOBHATIBHBIE TOMIHN. OZHAKO MUKPOOTAEIBHOCTE B HX
Ipezenax TaKKe MMEET 30HAIbHOE CTPOEGHHE C OIM3KOH K PacCMOTPEHHOH BBIIIE
MIOCJIEI0OBATENILHOCTBIO NIPE00pa30BaHusl UCXOAHBIX MOPOJ. JTO CBHIETEILCTBYET O
TOM, YTO NPOTEKAIOIINE B MPUPOJIE MPOLECCHI 3BOMIOLUN UCXOAHBIX MUHEPAIOB KUM-
OepIUTOB B IOCTMarMaTH4ecKylo CTaJIfIO ¥ B 30HE THUIIEPreHe3a YHUBEPCAIbHBI He3a-
BHCHMO OT MCXOZHOTO arperaTHOro COCTOSHHMS.

MuHepanoro-reoXuMHueckue 0COOEHHOCTH pa3iIMyHbIX yacTeil u ropuzontos KB
KMMOEPIIMTOBBIX JIMAaTPEM ITO3BOJISIOT CIEaTh BBIBOJ, UTO JUIsl Jy4lIed U OoJee mod-
HOW XapaKTepHCTHKH Mpoduiell MepeMeHHOro cocTaBa HEOOXOIMMO YBEIWIHBATH
KOJINYECTBO M3y4YaEeMBIX Pa3pe30B, 0053aTENBbHO XapaKTEPU3YIOMINX IEHTPAIbHbBIC U
NPUKOHTAKTOBBIE YaCTU T'€0JIOTMYECKUX OOBEKTOB. Bonbloe 3HaueHHe 3TO MMeeT U
IIPY CPaBHEHUH MEXay co00H pazpe3oB, BCKphIBIINX KB pazinyHbIX KUMOEPIUTOBBIX
TeJI, KOTOPBIE Ha OTJIENBHBIX YJacTKaX TaKkKe MOTYT 00JIafaTh HEOANHAKOBOU CTerie-
HBIO U3MEHEHHS ¥ Pa3HbIM COCTABOM MCXOJHBIX IOPO/I.

HccnenoBanusiMu YCTAaHOBIJICHO, YTO OJHOM M3 BKHEHUIIMX OCOOCHHOCTEH BBIBET-
puBanusi kumbOepnutoB CII sBiseTcs CTagManbHOCTh M3MEHEHHS MX BayKHEHIETo
MOpO000pa3yIoIIero MUHEpana — CepHeHTHHA. Ha OTHOCHTENbHO paHHEH cTaaud
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BBIBETpUBaHUS KUMOepnuToB (cyns mo 3HadenusM pH (9,46-7,10) u Eh (328-190)
Cpenbl, COOTBETCTBYIOIINM IIEIOYHOMY THITy) CEpIICHTHH BHa4aje MOABEPracTCs Ie-
PEKPUCTAIUIN3AINHI, YTO COMPOBOXKIAETCS TOJIMTUITHBIMU NTPEBPALICHUSIMU. Y CTAHOB-
JICHHas JUIsl MHHEpaJla B HHKHUX TOPU30HTaxX CMECh MOJUTUIOB A+B, a B Bepxax —
TOJBKO A SIBISIETCS JUI Kax 101 30HBI poduist KB BakHEHIMM THIOMOPQHBIM NpH-
3HAKOM, OTPAXKAIOMINM CIEeH(PUISCKHEe TEPMOJMHAMUYECKIE apaMeTphbl U OTYACTH
XMMU3M CPEZbl: B IIEPBOM Cllyyae — B Nepuoj; GOpMUPOBAHUS KUMOEPINTOBOTO TENa,
BO BTOPOM — Ha 3TaIle ero runepreHHoro U3MEeHEHUs..

I'naBHeiimMy (akTopaMu, ONpeAeNIONMI 3aKOHOMEPHOCTH I10CIIE/I0BATEIb-
HOTO 00pa30BaHus Pa3IMYHBIX MOPOA (B TOM YHCIE M KUMOEPINTOB) B MPOLIECCE BbI-
BETPHUBAHUS, SIBJISIOTCS CTENECHb YHOPAJOYEHHOCTH CTPYKTYpPbI THIIOT€HHBIX MUHEpa-
JIOB, YHACJIEZIOBAHHOCTh MEPBUYHBIX CBOMCTB B 00OPa3yIOIIUXCS HOBBIX THIIEPIEHHBIX
(hazax ¥ yHUBEPCAJIBHOCTH MIPOTEKAIOIINX TIPH 3TOM HPOLIECCOB BHE 3aBUCHMOCTH OT
THIIa BBIBETPUBAIOIIUXCS TOPOJ M OCOOCHHOCTEH WX arperaTHOro COCTOSHUS.
N3yueHHble HaMH pa3pe3bl BCKPBIBAIOT OCTATOUHYHO JoKaibHyt0 KB, Haxonsuryrocs
Ha CTaJyM HayallbHOM THIpaTallik W YaCTUYHOW MEePeKPUCTAIIM3AIMHA NEPBHYHBIX
MHHEpPAJIOB, a TAKXKE BBIIIEIAYNBaHNUs HAUMEHEE YCTOWYHMBBIX KOMIIOHEHTOB. [ToaTO-
My H3ydCHHE BEIIECTBEHHOI'O COCTaBa M (PU3UKO-MEXAHHUECKHX OCOOEHHOCTEH KHM-
0epauTOB (Ha OCHOBE aHAIM3a MOJUTHUIINM U CTETIIEHH COBEPIICHCTBA CTPYKTYPHI OT-
JICIIBHBIX MUHEPAJIOB) OTKPBIBAET BO3MOXKHOCTH JAOCTATOUHO HAAEKHOTO BBIJECICHUS
OIpeIeIEHHON 30HANBHOCTH B OOJIBIIMHCTBE HCCIIEOBaHHBIX npoduieii. B cBsizu ¢
3THM 0c0o00€ MPUKIaJHOE 3HAYCHUE TIPHOOPETAIOT YCTAHOBIEHHBIE HAMH 3aKOHOMEp-
HOCTH M3MEHEHUS Pa3IMYHBIX MHHEPANOB ((pIOromuT, XJIOpUT, BEPMHUKYIHUT, THAPO-
cmona 1M, ceprieHTHH, MOHTMOPWIJIOHHUT, HEYNOPsI04YeHHbIE MOHTMOPHIUIOHUT-TH]I-
POCIIOMCTBIE U BEPMHKYJINT-MOHTMOPHIUIOHUTOBBIE CMEIIAHHOCIIOUCTBIE 00pa3oBa-
HUS U Jp.), KOTOPBIE B KAYECTBE TUIIOMOP(HBIX MPU3HAKOB MOKHO YCIEITHO HCIIOIb-
30BaTh s onpenaeneHus 3penoctu KB (crenenn BEIBETPENoCTH KUMOEPIIUTOB) U MIPH
MOHCKaX KOPEHHBIX U POCCHIITHBIX MECTOPOXKICHUN aIMa30B.

CIIMCOK MCIIOJIb30BAHHOM JINTEPATYPhI

1. AdanacbeB B. I1. MuHeparenusi peBHHX pPOCCHINEil aiMa3oB BOCTOYHOTO OOpTa
Tynrycckoii cunexnuzsl / B. I1. Adanacwes, H. H. 3unuyk // ['eonorus u reodu-
3uka. — 1987. — Ne 1. — C. 90-96.

2. AdanacreB B. II. OcHOBHBIC TUTOAMHAMUYECKHE THUIIBI OPEOJIOB MHIUKATOPHBIX
MHHEPaJIOB KUMOEPIUTOB U 00cTaHOBKU uX (opmupoBanus / B. I1. Adanaches,
H. H. 3unuyk // Teonorust pynusix mectopokaeHuii. — 1999.— T. 41, Ne 3. —
C. 281-288.

3. Adanache B. TI. TlouckoBass munepaiorusi anmaza / B. II. Adanaches,
H. H. 3unuyxk, H. I1. [Toxunenko. — HoBocubupck : I'eo, 2010. — 650 c.

4. Bacunenko B. b. IlerpoxuMnueckue MOJIeNH alnMa3HbIX MECTOPOXKACHUN SAKyTHH
/ B. b. Bacunenko, H. H. 3unuyk, JI. I'. Ky3nenoBa. — HoBocubupck : Hayka,
1997.-574 c.

5. Bropuunsie MmuHepansl kumOepiauroB / H. H. 3unuyk, A. [I. Xapbkus,
0. M. Mensnuxk, H. II. MoBuan. — Kues : Hayk. nymka, 1987. — 282 c.



H. 3unyyk
ISSN 2078-6220. Minepastoriunwuii 36ipauk. 2016. Ne 66. Bumyck 1 63

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

3aKOHOMEPHOCTH H3MEHEHHMsS MAaHTHHHBIX MHHEPAJIOB B KOpPE BBIBETPHUBAHUS
kuMOepiuToBeIX mopon / B. II. AdanaceeB, H. H. 3unruyk, A. JI. Xapbkus,
B. H. CokonoB // MuHneparenust 30oHbI runiepresesa. — M. : Hayka, 1980. — C. 45—
54.

3unuyk H. H. O MuHepanbHOM cocTaBe KeIM(UTOBBIX KaliM Ha rpaHaTax U3 KUM-
6epmuros / H. H. 3unuyk // 3am. Bceecoro3. munepan. o6-sa. — 1981. — Y. 110,
Bom. 1. — C. 70-76.

3unuyk H. H. CocraB u reHe3nc IMHUCTHIX MUHEPAJIOB B BEPXHEMAIC030UCKUX
0Ca/I0YHBIX TONIIAaX BOcTouHOro 6opra TyHrycckoii cunexnusbl / H. H. 3unuyk //
W3B. BY30B. ['eonorus u pazegka. — 1981. — Ne 1. — C. 36-43.

3unuyk H. H. O0 0CHOBHBIX MCTOYHMKAX TIMHUCTHIX MHHEPAJIOB B ME3030HCKUX
KOHTUHEHTAJIbHBIX aJIMa30HOCHBIX OTIOXeHusx 3ananuoit Sxyrun / H. H. 3un-
yyk // I'eonorus u reopusuka. — 1982. — Ne 8. — C. 8§1-90.

3unuyk H. H. TunomopdHusie 0coOEHHOCTH NPOIYKTOB BBHIBETPHBAHHS pa3iny-
HBIX TIOpOJ 3amaHoi SIKyTHH B CBSA3M C MPOOIEeMON MTOUCKOB MOTPEOCHHBIX POC-
ceimeii anmaszos / H. H. 3unuyk // TIponcxoxaeHue W pa3MEIICHHE POCCHINCH
SAxytun. — Axyrck : A0 CO PAH, 1983. — C. 94-102.

3unuyk H. H. I'nmuancThie MUHEpaNbl B IPEBHUX KOpPax BHIBETPUBAHUS U IPOIYK-
Tax HUX IEpPeOTVIONKEHHs B KOHTHHEHTAJIBHBIX TONMAxX 3amagHod Skytun /
H. H. 3unuyk // I'munucteie MuHepansl B nutoreHese. — M. : Hayka, 1986. —
C. 5-19.

3unuyk H. H. Pacripenenenue BTOPHYHBIX MHHEPAIOB B KHMOEPIUTOBBIX IOPO-
nmax Sxytun / H. H. 3uruayk // U3B. AH CCCP. Cep. reon. — 1990. — Ne 5. —
C. 70-83.

3unuyk H. H. OcoOeHHOCTH cocTaBa n pactpeeneHuns CIIOANCTEIX 00pa3oBaHuH
B KuMOepmuToBbIX mopoxax Sxytuu / H. H. 3unuyk // 13B. BY30B. ['eonorus u
pa3Beaka. — 1991. — Ne 7. — C. 58-66.

3unuyk H. H. CpaBHuTenbHasi XapakTepHCTHKa BEIIECTBEHHOTO COCTaBa KOPBI
BBIBETPUBAHUSI KMMOEpaUTOBBIX mopoj Cubupckoir u Bocrouno-EBponetickoit
wratdopm / H. H. 3urayk // T'eonorust u reodmsuka. — 1992. — Ne 7. — C. 99-109.
3unuyk H. H. Kopsl BeIBeTpHBaHMS U BTOpPUYHBIE H3MEHEHHUs KuMOepnuToB Cu-
oupckoit wiatrGopmel (B CBA3M ¢ MPOOJIEMOI MOUCKOB M pa3pabOTKH aaMa3HbIX
mectopoxnennii) / H. H. 3unuyk. — HoBocubupck : HI'Y, 1994. — 240 c.

3unuyk H. H. BimsiHre BTOPUYHBIX MUHEpAJIOB HA OOJIMK M COCTAaB KUMOEPIUTO-
BbIX mopox / H. H. 3unuyk // I'eonorus u reopusnka. — 1998. — T. 39, Ne 12. —
C. 1704-1715.

3unuyk H. H. Vcnonb3oBanue BTOPUYHBIX MHHEPAIOB KMMOEPIUTOB — MyTh K
COBEPIICHCTBOBAHUIO IIIMXOMHHEPAJIOTHYECKOTO METOAa MOMCKOB alIMa3HbIX
mecropoxaennii / H. H. 3unuyk // [IporHo3upoBaHie U MOUCKH KOPEHHBIX ai-
Ma3HbIX MecTopoxaenuii. — Cumdpeponons : KO YkpI'TPU, 2000. — C. 65-76.
3unuyk H. H. [Noctmarmatnueckne munepansl kumbepiurtos / H. H. 3unuyk. —
M. : Henpa, 2000. — 538 c.

3unuyk H. H. Cpenne-nozgHeTpuacoBble KOpbI BBIBETPHBAHHS B CEBEPO-BOC-
TOYHOI yactu AHrapo-Buntoiickoro nmporuta / H. H. 3unuyk, E. 1. bopuc // Co-
BeTckas reojorus. — 1980. — Ne 4. — C. 113-125.



64

H. 3uHuyk
ISSN 2078-6220. Minepasoriynuii 36ipHuk. 2016. N2 66. Bunyck 1

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

3unuyk H. H. O KoHIeHTpanuu mpoIyKToB IEPEOTIOKEHNS KOP BHIBETPUBAHHMS B
BEPXHETAJIC030MCKIX OCAJ0YHBIX TOJIIAX BOCTOYHOTO Oopra TyHrycckoit cu-
nexnussl / H. H. 3unuyk, E. U. Bopuc // T'eonorust u reopusuka. — 1981. —
Ne 8. - C. 22-29.

3unuyk H. H. Tunomopdusm anmazos Cubupckoit mnardopmser / H. H. 3unuyk,
B. U. Kontune. — M. : Henpa, 2003. — 603 c.

3unuyk H. H. IIpogykThsl BEIBeTpHBaHMSA KUMOEPIUTOBBIX HOPOJ KaK JOIOJIHHU-
TEJIBHBIA KPUTEPHUH NIPU MOUCKOBO-Pa3BEOUHBIX paboTax Ha anMmasbl (Ha Iprume-
pe tpy6ok Haksiackoro moist u Katoka) / H. H. 3unuyk, 0. b. Crernuukuii //
[eonorus anmmazoB — Hactosimee u Oynyuiee (reonoru k 50-IeTHeMy FOOHIICIO
r. MupHbIii U anMazonoObIBaromeil mpoMbIuIeHHOCTH Poccum). — Boponex :
BI'Y, 2005. - C. 1369-1384.

3unuyk H. H. J/IpeBHUE KOpBI BHIBETPUBAHUS M ITOMCKU aJIMa3HBIX MECTOPOXKIE-
mu#t / H. H. 3wunauyk, 1. [. Korensaukos, E. U. bopuc. — M. : Henpa, 1983. —
196 c.

3unuyk H. H. IIpeoOpa3oBanne MUHEPAJIBHOTO COCTaBa M CTPYKTYPHBIX 0COOEH-
HocTell KkuMOepnuToB Slkytunm B mpouecce BeiBeTpuBanus / H. H. 3unHuyk,
I. J. Korensaukos, B. H. Cokonos // 'eomorus u reopmsnka. — 1982, — Ne 2. —
C. 42-53.

3unuyk H. H. AnokumGepnuroBsie nopoast / H. H. 3unuyk, 0. M. MenbHuk,
B. I1. Cepenko // I'eonorus u reodpuznka. — 1987. — Ne 10. — C. 66-72.

3uruyk H. H. OcobenHocté mpoduis KOpPHI BHIBETPHUBAHHUA KHMOCPIHTOBBIX
nopox Haxsiackoro moist / H. H. 3unuyk, 0. b. Creraunkwii, FO. M. Mensauk //
[TpoGnembl TPOrHO3UPOBaHKS, TOUCKOB U M3YYEHHs MECTOPOXK/ICHUI MOJIE3HBIX
uckonaeMsIx Ha nopore XXI Beka. — Boponex : BI'Y, 2003. — C. 74-80.

3unuyk H. H. Mcnonp3oBaHne BTOPHYHBIX MHHEPAJIOB KUMOESPIUTOB IPH HOKC-
kax anvazoB / H. H. 3unuyk, A. JI. Xapskus, B. I1. Adanacbes // ['eoxumus n
pymoobpaszopanue. — 1980. — Beim. 8. — C. 78-87.

Wyrmu W. T1. PactipocTpaneHne U reHe3Uc HEKOTOPBIX BTOPUYHBIX MUHEPAJIOB B
knmbOepiurax Axytun / W. I1. Wnynua // CoBerckas reomorus. — 1962, — Ne 3. —
C. 152-156.

Munames B. A. [TapareHernyeckne accolMalii BTOPUYHBIX MHHEPAJIOB B KHM-
6epnutoBbIX moponax / B. A. Munames // T'eoxumust. — 1963. — Ne 6. — C. 557—
564.

Ocobennoctu (uoronura MaHtuitHoro mpoucxoxiaenus / C. B. Cobomnesa,
A. . Xapokus, H. H. 3unuyk, J[. /JI. Kotensaukos // 3an. Bcecoros. munepai.
00-Ba. — 1979. — 4. 108, Bbim. 6. — C. 678-685.

[etporpadus nu munepamorus kumoepiuToBbIX mopon Axyrtum / A. I1. Bobpue-
Buy, U. I1. Uiynun, W. T. Kosnos [u ap.]. — M. : Henpa, 1964. — 192 c.

PoxkoB WM. C. ][lpeBHsiss KOpa BBIBETPUBAHUS KHUMOEPIIMTOB TPYOKH HMEHH
XXIII cve3na KIICC (Axyrus) / Y. C. Poxkos, A. /1. Xapekus, 0. M. MenbauK
// Joxn. AH CCCP. — 1969. — T. 188, Ne 5. — C. 1130-1133.

XappkuB A. J[. ['eomoro-remermdeckrne OCHOBBI MNIIMXO-MHUHEPATIOTHIECKOTO
METoJla MOMCKOB anMasHbiXx Mectopoxkaenuit / A. JI. Xapekus, H. H. 3unuyk,
A. . Kproukos. — M. : Henpa, 1995. — 348 c.



H. 3unyyk
ISSN 2078-6220. Minepasioriynuii 36ipHuk. 2016. N2 66. Bunyck 1

34.

35.

36.

XapekuB A. JI. Kopennsle Mectopoxknenus anmazoB Mupa /A. JI. Xapbkus,

H. H. 3unuyk, A. U. Kproukos. — M. : Henpa, 1998. — 556 c.

Xwutpos B. I'. [IpuMeHeHnue knactep-aHajinz3a isl BIICHEHUSI 3aKOHOMEPHOCTEN
BBIBETpUBAHUSI NOpoj pasnuuHoro cocrasa / B. I'. Xwurpos, H. H. 3unuyk,

J. 1. Korenbuukos // Jokin. AH CCCP. — 1987. — T. 296, Ne 5. — C. 1228-1233.

[Mammmua 3. A. Kopsl BeIBeTpHBaHHS KHMOEPIUTOBBIX mopon Axyrtuu /

9. A. llammmna. — HoBocubupck : Hayka, 1979. — 151 c.

Cmammsi: naoitiuna 00 peoaryii 20.04.2015
nputinsama 0o opyky 05.09.2016

NPUKJIAIHI 1 TEHETUYHI ACHEKTH
MIHEPAJIOT O-TEOXIMIYHUX OCOBJINBOCTEA
JABHIX KIP 3BITPIOBAHHSA KIMBEPJIITIB

M. 3inuyk

3axionoskymcoxui Haykosuii yenmp Axademii nayx PC(A),
eyn. Jlenina, 4/1, 678170 m. Mupnuii, PO
E-mail: nnzinchuk@rambler.ru

3a pe3ynpTaTaMi KOMIUICKCHOTO BHBYCHHS KOPH 3BITPIOBaHHs Ha KimOepiiTax ai-
Ma30HOCHUX paiioHiB Cubipcrkoi miardopmMu BU3HAYECHO MOCIiAOBHICTE 3MiHH MiHEpa-
7B 3a TimepreHHuX yMoB. BuaiieHo ronoBHI THIOMOP()HI 0COOIMBOCTI HOBOYTBOPEHB
KiMOepIIiTOBUX TOPif, AKi 6arato B 4OMy 3aleXaTh K BiJ IHTEHCHBHOCTI TiEPTeHHUX
MPOIIECiB, TaK i BiJ IIBHUAKOCTI MEPEKPUTTS TaKUX AiaTpeM MOJIOAMIMMH OCaJOBUMH
toBmamu. ChopMynb0BaHO PEKOMEHAMIT 3 BUKOPUCTAHHS MIPOBIIHUX HaparecHeTHYHIX
acoriamiii MiHepaJiB-HOBOYTBOPEHb KIMOEPIIITiB MiJl 4ac MPOrHO3HO-PO3UIYKOBHX POOIT
Ha anMasu. Ha mizfcTaBi 3aKkOHOMIpHOCTEH epeTBOPEHHS MiHEpAaJiB y 30Hi rineprene3y
Ta IXHIX THIOMOP(GHUX O3HAK 3aIPOIIOHOBAHO MPHHIMIN JIarHOCTHKH MPOAYKTIB 3BiT-
proBaHHS (0COOIMBO aIMa30BMICHOTO KiMOEpIIiTOBOTO MaTepiany) y chOpMOBaHUX 3a-
BJISIKH TXHBOMY PO3MUBAHHIO BiJIKJIaJaX BEPXHBOIO IAJICO30I0 i ME3030K0 OJTHOTO 3 ajl-
Ma30HOCHHX paiioHiB CHOipChKOi IaTdopmu.

Kniouoei cnosa: xopa 3BITpIOBaHHA, KiMOEPIIIT, MiHEpaIH-HOBOYTBOPEHHS, THUIIO-
Mopdi3m, anmazopo3nrykosi podotu, Cubipcrka miardopma.
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APPLIED AND GENETIC ASPECTS OF MINERALOGICAL-
GEOCHEMICAL SPECIFIC FEATURES
OF KIMBERLITE ANCIENT CRUSTS OF WEATHERING

N. Zinchuk

West-Yakut Scientific Centre of the Sakha (Yakutia) Republic Academy of Sciences,
4/1, Lenin St., 678170 Mirnyi, Russia
E-mail: nnzinchuk@rambler.ru

The residual crusts of weathering have been found in the upper parts of many kim-
berlite pipes on the old platforms in the World. Most of them have been studied in detail
in recent years on the Siberian platform. We analyzed the composition and geological-
mineralogical features of crusts of weathering on large diatremes and relatively small.
This analysis showed the different degree of rocks transformations in the supergene
conditions, as well as various safety features of these rocks.

In the major diamondiferous regions of the Siberian platform (Malobotuobinsky,
Srednemarkhinsky and Daldyno-Alakitsky), crusts of weathering on the kimberlites are
usually completely overlapped by sediments of PZ; and MZ, at least — by traps intrusive
sheets.

The article describes genetic and applied aspects of old crusts of weathering on
kimberlites, overlapped by Mesozoic sedimentary strata.

In most cases, as a result of weathering (thanks to unconsolidated structure of the
primary kimberlites) macrohomogeneous eluvial strata have been formed. But within
them you can define a microjointing (zoned structure) and a specific sequence of origi-
nal rocks transformations. In a few cases you can observe deeply chemically trans-
formed eluvial strata with traditional zoning of mineral associations. This suggests that
in nature the processes of evolution of kimberlite original minerals during the postmag-
matic stage and in the zone of hypergenesis are universal, regardless of the rock original
aggregate state.

It is concluded that for a better and more complete characteristics of profiles of vari-
able composition it is necessary to increase the number of the studied sections, espe-
cially those sections that characterise the central and near-contact parts of kimberlite
pipes.

One of the most important features of weathering of the Siberian platform kimber-
lites is the stages of change of their major rock-forming mineral — serpentine. At the
relatively early stage of weathering of kimberlites, serpentine is subjected to recrystalli-
zation, which is accompanied by polytypic transformations. In the lower levels, there is
a mixture of polytypes A+B, and in the upper — only 4. It is an essential typomorphic
sign for each zone of the crust of weathering profile, which reflects the particular ther-
modynamic parameters and partly the chemistry of the environment: in the first case —
during the formation of kimberlite body, in the second — during its supergene alteration.

The main factors that determine the regularities of consecutive transformations of
kimberlites in the process of weathering are as follows: (1) the degree of ordering of the
hypogene minerals structure; (2) the inheritance of primary properties in the newly
formed supergene phases; (3) the universality of occurring processes — regardless of the
type of weathered rocks and their aggregate state.

We have identified the regularities of change of various minerals (phlogopite, chlo-
rite, vermiculite, hydromica 1M, serpentine, montmorillonite, disordered montmorillo-


mailto:nnzinchuk@rambler.ru

H. 3unyyk
ISSN 2078-6220. Minepasoriunuii 36ipHuk. 2016. N2 66. Bunyck 1

67

nite—hydromica and vermiculite—-montmorillonite mixed-layered formations, etc.). They
can be used as typomorphic signs for determining the maturity of the kimberlites crust
of weathering and in the search for original and placer diamond deposits.

Key words: crust of weathering, kimberlite, newly formed minerals, typomorphic fe-
tures, search for diamonds, Siberian platform.
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PETROCHEMICHAL MODELS
OF THE TOMTOR FIELD CARBONATITES
(EASTERN SIBERIA)

V. Vasilenko, L. Kuznetsova, A. Tolstov, V. Minin

V. S. Sobolev Institute of Geology and Mineralogy of SB RAS,
3, Acad. Koptyug Av., 630090 Novosibirsk, Russia
E-mail: vasilenko@igm.nsc.ru

The chemical composition of the Tomtor field rocks has been investigated using the
core of 193 boreholes located in the line crossing the rock mass from southeast to
northwest. As many as 2 100 chemical analyses of rocks have been studied on the basis
of system approach using the mathematical statistics methods to distinguish homogene-
ous rock groups composing the field. The database of chemical compositions was pre-
liminarily divided into 43 groups by the cluster analysis method. The mean composi-
tions of the groups within the SiO,—(Na,0+K,0) diagram were concentrated within the
boundaries of six discrete series. The first two series correspond to the compositions of
alkali-syenite and alkali-gabbro, respectively, the third series — to melilite-like rocks,
and the series from the fourth up to the sixth are presented by polygenetic carbonatites
which we called polycarbonatites. All series could be characterized by extremely high
variations of the compositions increasing from the third series towards the first and sixth
series. The third series was considered as the parental one for the entire rock mass, it
occurred as a result of selective melting of alkali-basalts under the conditions of CO,
saturation. The endogenous carbon dioxide was present at all rock formation stages.

The phosphorus behaviour has been specially studied. The petrochemical criteria for
checking the genetic hypotheses of mineable phosphorus agglomerates formation were
formulated. The presence of gravitational (residual) and metasomatic phosphorus ag-
glomerates was defined in the rocks under investigation.

It is shown that the rock series have been distinguished reliably; similar petrochemi-
cal series take place in other apatite deposits, so they can also be used for geological
mapping.

Key words: carbonatites, alkali rocks, ultrabasic rocks, system approach, mathe-
matical statistics, genetic hypotheses, phosphorus deposits, Tomtor field, Eastern Si-
beria.

Based on the system approach and mathematical statistics, the authors of this study
multiply used the results of routine X-ray spectrometry to analyze the contents of
rock-forming oxides for system modelling of the rock bodies [11, 17, 18 et al]. The
petrological verification of petrochemical models showed that using mass petrochemi-
cal information and mathematical statistics enabled to build demonstrative models of
rock forming processes and substantial petrological interpretation of rocks. Thus, the
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experience obtained makes it possible to rely on successful creation of petrochemical
and petrological models of the Tomtor carbonatites.

The Tomtor field. The universal ores with respect to concentrations of the useful
components and resources in epigenetically changed weathering cores of carbonatites
were revealed in 1986 when carrying out the exploration operations within the central
part of the Tomtor field (the Arctic zone of the Siberian platform). It is currently es-
tablished that the basic resources of niobium and rare-earth elements associated with
the Tomtor field are concentrated in the hypergene complex and epigenetic products
of the weathering cores.

The Tomtor carbonatite and ultrabasic-alkali rock massif has an oval shape; it is
over 20 km across and 250 km? in area. The petrographic and mineralogical data en-
able to distinguish central carbonatite core (40 km?) bordered by an incomplete ring of
nepheline-pyroxene rocks (jacupirangites-ijolites) up to 3 km in width and the external
ring up to 6 km in width, composed by alkali and nepheline syenites in the massif
composition. According to the data of A. Tolstov, carbonatite breccias, ankerite car-
bonatites, ankerite-chamosite rocks, ore-bearing polymineral carbonatites, apatite-
microcline-micaceous rocks, ore-free polymineral carbonatites, calcite-microcline-
micaceous rocks, calcite-magnetite-ferruginous rocks (iron ores), ultrabasic rocks,
alkali and nephelite syenites as well as foidolotes can be distinguished in the massif
composition.

The rock formation period is stretched in time from Vendian to Permian times; it is
estimated as the Post-Devonian—Pre-Permian age [21]. Kaolinite-crandallite, siderite,
gothite and francolite horizons (top to bottom) are distinguished in the hypergene
complex. The epigenetically altered rocks of kaolinite-crandallite and siderite type are
characterized by increased contents of niobium and rare-earth elements.

Geological, petrographic and mineralogical features of the rocks were described by
a number of prominent researchers in numerous publications. The investigations of
petrochemical composition of rocks carried out by earlier researchers are fragmentary
and not used in our study.

Original problem. From the theoretical and practical perspectives, carbonatites
are of interest for petrology and metallogeny. In the petrological respect, the petro-
chemical models should explain what the Tomtor massif carbonatites are and how
they formed. The distribution of iron, manganese, phosphorus, niobium, rare-earth
elements content in the varieties of carbonatites helps to solve metallogenic problems.

Actual material. The material used for this study was collected in the eighties of
the past century, in the course of joint researches (on a cost accounting basis) of the
Tomtor rock mass by the geologists of Chernyshevsk expedition (A. Orlov as the
Customer’s representative) and the Institute of Geology and Mineralogy, SB RAS,
Novosibirsk (V. Vasilenko as the Contractor). To solve the original problem,
2 100 rock samples were taken from the core of 193 prospecting boreholes concen-
trated within one of the diameters dissecting the massif southwest to northeast. The
contents of Si0,, TiO,, AL,Os, Fe,0;, FeO, MnO, MgO, Ca0O, Na,0, K,0, P,Os and
LOI were defined in the samples. The content of CO, was additionally defined in
632 samples; the content of Nb,Os was defined in 566 samples. All researches were
carried out in various certified laboratories of the former USSR.
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Methodological features. Previously (Vasilenko et al., 1997), the methodology
for building the system models based on the mathematical statistics was reviewed in
detail. These models are difficult to apply due to the inconformity of empirical distri-
butions of oxide concentration frequencies to the most widespread laws of random
values distribution. These problems could be solved using the law of large numbers.
When explaining this law, in the section “Statistic stability” Harold Cramer noted that
“it is impossible to predict individual results in the succession of random experiments,
since incorrect random combinations complicating the precise accounting are found in
these results. However, as soon as we transfer our attention from the individual ex-
periments to the succession of experiments in general, the situation will change radi-
cally and an extremely important phenomenon will occur: in spite of incorrect behav-
iour of individual results, the mean results of this sufficient succession of random
experiments manifest striking stability” [7, p. 162]. The general population was di-
vided by subpopulations using various algorithms. The statistic description of sub-
populations was made traditionally, and the set of applied statistic tools remains un-
changed in all our publications. Within the rock groups distinguished, the rock-
forming oxides change their values from sample to sample in a different way; the ones
with the generic character of change in concentration form a correlation complex. The
correlation complexes can be distinguished using the method of correlation dendro-
grams, which display the presence of complexes and their hierarchy. In this study, the
correlation complexes were distinguished by the algorithms described in the work
[12]. The correlation complexes of rock-forming oxides of magmatic rocks reflect
jointly migrating parts of the medium from which they are formed.

About the content of the term “carbonatite”. The discussions on the issue “what
is carbonatite” are well known, as well as the multiple arguments. The answer is un-
ambiguous from the petrochemical viewpoint: if an oxide permanently occurs in the
amounts more than 1 %, then it is rock-forming. This means, that all endogenous
rocks containing more than 1 % of CO, on average are referred to carbonatites. How-
ever, in endogenous rocks carbonate can appear at all their formation stages, from the
magmatic to the epigenetic one. In this connection, carbonatites should be considered
as polygenetic formations [10, p. 365]. Later on, for all the varieties of the carbonatite
association we shall use the term “polycarbonatites”, and the term “carbonatites” will
define the formation type of polycarbonatite-containing complexes.

E. Epshtein and co-authors [9] were one of the first to use the CO, content to clas-
sify the carbonatites of the Tomtor massif. These authors subdivided the sampling of
CO, contents in 658 analyses into silicate carbonatoids (CO, content from 0,2 to
14,0 %), carbonate- silicate carbonatoids (14-22), mesocratic carbonatites (22—34)
and leucocratic carbonatites (34—43 %). Since the authors of this work did not have
complete silicate analyses of the samples under study, the classification was not char-
acterized appropriately from the petrochemical viewpoint.

For example, the compositions with the low CO, content are not necessarily the
silicate ones.

Let us solve the problem of the Tomtor polycarbonatites classification based on the
CO, contents repeatedly, using our material, by plotting the distribution of frequencies
of CO, concentrations (Fig. 1).
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Fig. 1. Distribution of the values of CO, contents in the samples of Tomtor polycarbonatites:
n —number of samples.

The above succession has 11 modal compositions. If modal content reflects the
composition of a certain variety of polycarbonatites, then, by comparing the composi-
tions of all varieties (Table 1), it is easy to see that the succession in Fig. 1 includes
three types of various polycarbonates. The subdivision into types is accentuated by
mean contents of Fe,Os, FeO, K,0, and P,0s.

Table 1
Mean compositions of varieties (with respect to CO,)
of Tomtor field polycarbonates
Com- Type I Type II Type III
po-
nents 1% 2 3 4 5 6 7 8 9 10 11

Si0, 16.42 | 10.93 | 13.56 | 10.08 | 9.14 | 642 | 6.23 544 | 5.14 | 3.73 2.93
TiO, 415 | 238 | 2.14 | 246 | 247 1.86 1.15 | 0.72 | 0.79 | 046 | 031
ALO3 11.81 | 476 | 5.53 590 | 572 | 3.82 198 | 0.85 092 | 050 | 0.47
Fe,O; 18.48 | 24.10 | 18.64 | 19.28 | 16.32 | 11.61 | 5.85 3.31 355 | 249 1.72
FeO 5.63 7.61 | 11.26 | 11.67 | 18.13 | 23.75 | 23.26 | 9.24 | 4.64 | 4.21 3.70
MnO 095 | 239 | 322 | 486 | 3.21 3.61 296 | 2.81 2.13 1.63 1.52
MgO 1.70 1.46 1.92 1.85 1.76 197 | 2.85 6.25 | 420 | 3.71 3.72
CaO 9.49 | 15.86 | 12.99 | 10.56 | 9.49 | 10.10 | 16.99 | 31.31 | 37.92 | 41.44 | 43.17
Na,O 0.17 | 0.16 | 0.17 | 0.12 | 0.11 0.11 0.12 | 0.11 0.23 0.12 | 0.10

K,O 1.83 0.79 1.43 0.55 097 | 0.74 | 0.75 0.57 0.68 0.35 0.36
P,0s 11.35 | 12.00 | 9.34 | 8.71 636 | 495 3.23 291 2.83 346 | 2.70
CO, 1.23 4.16 | 7.97 | 1049 | 13.35 | 18.89 | 25.04 | 28.70 | 31.38 | 33.47 | 36.40

ny 156 * 86 115 86 29 71 102 40 20 21 14 48
Nb,Os | 1.082 | 1.034 | 0.794 | 0.603 | 0.920 | 0.717 | 0.850 | 0.283 | 0.375 | 0.217 | 0.141
Nses™* ** 85 92 74 31 57 89 32 13 15 9 26

*]—11 — varieties;

**n, 156 — number of analyses from sampling of 2 156 analyses;

***p56s — number of analyses from sampling of 565 analyses.

The antagonistic behaviour of calcium and magnesium carbonates in relation to
other rock-forming oxides was the petrochemical trend defining the compositions of
polycarbonates (Fig. 2). The number of varieties (see Table 1) occurred as a result of
silicate rocks carbonatization.
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Fig. 2. Correlation dendrogram of mean compositions of varieties (n = 11, rys = 0,74).
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In addition to Fig. 2, let us remark that the contents of Nb,Os are inversely propor-

tional to the contents of CO,. The regression equation has the following form:
JSNb,Os =1.09 — 0.024CO,; r =-0.91.

Thus, all mineable chemical elements are correlated with the silicate part of rock.

However, this situation does not take into account post-magmatic processes, which
could re-distribute the elements in polycarbonates. This could be studied taking into
consideration all the analyses of general population of rock compositions of the Tom-
tor massif.

Petrochemical model of the Tomtor massif. Using the algorithm of dynamic
cluster analysis [8], the population of chemical analyses of Tomtor rocks was subdi-
vided into 43 cluster groups (Table 2) to build the model.

To analyze the interrelations of mean compositions of cluster groups, the diagram
Si0,—(Na,0O+K,0) was applied. This diagram was previously used by many research-
ers of magmatic rocks and made the basis of the work [6].

We also use this diagram by placing the imaging points of mean compositions of
cluster groups on it (Fig. 3).
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In Fig. 3 the imaging points of cluster mean values form an interrupted succession
from substantially alkali and siliceous rocks to substantially carbonate ones. This suc-
cession has clear features of discreteness. In system analysis, the signs of discreteness
are considered as the boundaries of separate populations (rock groups).
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Table 2
Mean contents of oxides in cluster groups of Tomtor rocks

Com- Series 1 Series 2 Series 3

| 2 3 4 5 6 7 8 9 10
Si0, 60.46 | 54.08 | 50.87 | 47.83 | 49.32 | 47.15 | 38.14 | 36.82 | 35.69 | 34.08
TiO, 0.82 0.86 1.17 2.60 2.57 3.07 2.28 2.71 3.31 4.26
ALO3 17.37 | 20.63 | 20.36 | 16.52 | 13.97 | 28.80 | 18.36 | 12.78 | 8.97 9.96
Fe,0; 1.79 2.44 2.69 5.42 5.67 1.33 2.85 3.45 3.10 17.60
FeO 1.40 2.65 3.46 3.87 4.84 0.79 5.89 4.83 6.80 5.38
MnO 0.29 1.17 0.18 0.41 0.31 0.06 0.37 0.34 0.41 0.72
MgO 0.88 0.40 1.02 1.48 2.64 0.27 3.74 5.65 8.27 4.15
CaO 0.60 0.96 2.36 2.49 4.05 0.39 5.38 12.95 | 8.07 6.65
Na,O 0.37 0.85 2.69 0.60 1.59 0.28 0.72 2.36 0.48 0.21
K,O 14.52 | 12.97 | 8.74 8.52 8.26 7.33 5.98 4.83 6.69 6.10
P,0s 0.26 0.29 0.28 1.44 0.53 0.79 2.34 2.50 1.56 4.40
LOI 1.27 3.70 5.19 8.86 6.29 9.70 | 13.86 | 10.79 | 16.60 | 6.55
z 100.10 {100.00 | 100.10 | 100.00 | 100.01 | 99.99 | 99.36 |100.01 | 99.95 |100.05
n 4 34 15 51 15 47 30 29 24 21
CO, 0.20 0.45 0.51 4.77 4.14 4.22 1.66
Nb,Os Not analyzed 0.26 0.20 0.11 0.39 0.50 0.26 0.15
n' 6 1 16 2 2 5 26

*]—43 — cluster groups.
Com- Series 3
po-

nents | 11 12 13 14 15 16 17 18 19
SiO, 33.47 32.12 31.86 30.83 30.26 | 29.23 28.23 28.98 26.34
TiO, 3.95 3.35 3.40 3.16 4.58 2.70 2.94 2.90 1.97
ALO3 10.88 10.79 10.19 10.87 9.04 7.62 12.62 10.46 6.64
Fe,0; 13.88 5.92 8.29 10.89 3.35 2.99 6.82 19.25 39.36
FeO 7.24 5.95 6.80 6.81 17.09 6.48 18.43 11.93 5.79
MnO 0.83 0.50 0.84 0.86 1.08 0.55 0.95 0.40 0.57
MgO 5.07 8.44 8.56 6.07 6.03 7.83 4.85 7.57 0.70
CaO 6.12 11.93 10.32 9.53 4.60 15.18 3.96 5.09 2.38
Na,O 0.28 0.95 0.59 0.29 0.15 0.85 0.17 0.07 0.14
K0 5.92 4.71 4.84 4.73 5.59 5.38 4.35 2.96 3.38
P,0s 4.49 2.68 3.49 5.46 3.22 2.69 3.49 2.95 1.76
LOI 7.88 12.57 10.77 10.35 14.96 18.34 13.01 7.91 10.96
z 100.00 99.57 99.95 99.85 99.94 | 99.84 | 99.94 | 100.49 | 99.96
n 64 136 126 39 48 95 23 6 2
CO, 4.01 5.89 3.58 2.48 7.43 11.13 3.51 Not analyzed
Nb,Os 0.21 0.62 0.19 0.36 0.11 0.26 0.16 0.16 0.11
n' 20 10 10 5 8 6 11 1 1

On this basis, the succession in Fig. 3 can be subdivided into six series, i.e. rock
groups of the Tomtor massif. It is possible to assume, that each series of successions
of cluster mean values occurred as a result of separate phases of petrogenesis

(Table 3)

The important signs of the distinguished series are the contents of rare elements in

them.



V. Vasilenko, L. Kuznetsova, A. Tolstov, V. Minin

74 ISSN 2078-6220. Minepasioriyauii 36ipHuk. 2016. Ne 66. Bunyck 1
The rest of Table 2
Com- Series 4
po-

nents | 20 21 22 23 24 25 26 27 28
SiO, 21.41 21.02 20.92 3091 20.85 20.69 16.06 16.03 15.92
TiO, 2.40 2.11 1.78 5.96 4.18 2.30 1.40 2.68 1.67
AlLOs 6.01 6.01 4.75 15.23 11.19 5.96 3.86 7.02 3.64
Fe O3 5.09 5.01 14.35 13.04 6.02 8.30 6.33 7.78 21.28
FeO 5.24 5.19 4.83 2.77 22.33 13.32 4.65 1591 6.04
MnO 0.59 0.81 1.35 3.97 1.58 1.85 1.27 1.68 2.20
MgO 12.22 8.28 2.75 1.41 3.28 3.13 5.35 2.75 3.89
CaO 19.05 21.87 2091 3.58 3.49 15.45 28.83 14.57 17.14
Na,O 0.51 0.32 0.21 0.14 0.12 0.22 0.26 0.20 0.20
K,O 3.46 3.97 2.59 1.07 2.26 2.69 2.56 1.51 1.57
P,0s 2.15 3.89 11.06 7.36 4.26 2.89 7.74 9.97 6.34
LOI 21.79 21.39 14.34 2421 20.14 17.21 21.50 19.63 19.82
z 99.94 99.86 99.85 99.66 99.70 99.79 99.86 99.73 99.71
n 36 58 44 24 52 14 55 18 19
CO, Not 9.06 6.48 2.39 7.57 8.33 11.83 7.71 6.56
Nb,Os ana- 0.42 0.51 1.31 0.54 0.26 0.35 0.53 0.57
n' lyzed 11 19 11 11 10 25 9 9
Com- Series 4 Series 5

o 29 30 31 32 33 34 35 36
SiO, 15.70 15.61 5.60 4.73 7.48 7.04 6.38 7.72
TiO, 4.27 6.44 0.70 0.40 6.55 1.71 1.25 1.39
AlLO; 12.18 15.99 1.30 1.01 19.83 1.92 2.07 1.72
Fe,05 6.73 13.13 3.01 2.49 8.23 7.15 5.03 21.98
FeO 23.78 2.54 4.68 2.82 3.64 20.05 13.52 4.69
MnO 1.84 4.61 2.54 1.38 0.77 3.96 3.15 6.24
MgO 1.44 0.56 8.91 2.29 0.35 2.04 3.20 3.26
CaO 3.32 2.62 34.52 44.05 3.12 19.16 16.62 19.75
Na,O 0.20 0.17 0.12 0.16 0.20 0.17 0.12 0.16
K,O 1.16 0.46 1.64 2.08 0.25 0.35 0.56 0.15
P,0s 5.37 7.64 2.88 7.37 14.81 9.49 13.23 7.98
LOI 23.89 29.05 34.55 32.41 34.40 26.85 24.66 2441
z 99.87 99.82 99.64 99.77 99.77 99.88 99.68 99.64
n 27 29 25 214 51 20 18 43
CO, 10.15 4.07 28.49 29.13 1.53 14.77 20.57 8.72
Nb,Os 0.64 1.68 0.26 0.37 2.34 0.76 0.46 0.83
n' 10 8 9 89 19 14 8 17

It follows from the Table 3 that the contents of Nb,Os in the groups from the sec-
ond to the sixth of the series correlate with the mean contents of MnO, as well as high
contents of Fe,O; and FeO in the sixth series, which is abnormally enriched in nio-
bium. The correlation between the contents of CO, and Nb,Os is not statistically sig-
nificant. In the rock mass from 39 contents of cluster groups (sampling from
565 analyses) and in the rock mass from five serial contents, the correlation coeffi-
cients make up 0.17 and 0.69, which is less than the allowable values for these num-
bers of observations (ry; = 0.41 and 0.96, respectively).
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End of Table 2
Com- Series 5 Series 6
ponents 37 38 39 40 41 42 43
SiO, 6.18 5.71 5.79 5.03 4.71 4.36 8.08
TiO, 0.94 0.58 2.54 2.37 1.80 1.64 3.86
ALO; 1.60 1.07 5.94 6.00 3.20 2.24 4.36
Fe,0; 11.12 15.83 4.26 12.61 30.89 48.24 17.01
FeO 5.87 3.33 31.79 27.83 20.09 5.13 3.37
MnO 3.34 1.92 3.59 2.90 2.71 6.23 13.08
MgO 6.24 0.94 0.95 0.92 1.02 0.72 1.14
CaO 26.88 26.27 3.78 4.10 4.97 5.17 4.33
Na,O 0.15 0.21 0.13 0.12 0.12 0.12 0.16
K,0 1.19 1.38 0.30 0.23 0.10 0.07 0.19
P,0s 7.63 18.61 6.01 5.91 4.68 4.15 6.27
LOI 29.14 14.83 34.61 31.61 25.31 21.61 37.90
z 99.59 99.57 99.68 99.62 99.60 99.69 99.74
n 55 55 140 61 79 86 43
CO, 22.70 8.84 17.17 16.98 12.60 6.82 8.38
Nb,Os 0.56 0.83 1.07 1.21 1.17 1.17 2.09
n' 41 24 71 43 52 64 18
Table 3
Mean contents of oxides in series of cluster groups of Tomtor massif (2 154 analyses)
Series
Components I 2 3 n 5 G
SiO, 54.75 48.11 32.47 18.98 5.77 541
TiO, 0.85 2.60 3.70 3.03 1.32 2.32
Al,O3 20.29 21.18 12.02 7.99 3.24 4.48
Fe,0; 2.37 3.63 6.45 8.78 7.67 21.21
FeO 2.52 2.81 7.68 9.28 4.68 23.30
MnO 0.19 0.24 0.63 1.75 2.27 4.87
MgO 0.45 1.12 6.44 4.69 2.83 0.93
CaO 0.93 1.89 8.70 15.15 32.51 4.41
Na,O 0.80 0.96 0.60 0.24 0.17 0.13
K,0 13.10 8.08 5.09 2.37 0.52 0.19
P,05 0.29 0.96 3.13 6.47 9.60 5.37
LOI 3.39 8.41 13.00 21.11 29.12 29.94
15 154 38 128 723 376 480 409
CO, Not 1.73 5.03 8.24 18.30 14.55
Nb,Os analyzed 0.192 0.297 0.599 0.834 1.189
Msss 23 107 92 160 184

The correlation between the compositions of the series and the types of polycar-
bonatites distinguished is characterized by the following features: (1) the share of
polycarbonatites of the types I and II increases as the values of SiO, decrease;
(2) polycarbonatites of the type III are present in the fifth series only.

Determination of how the polycarbonatites of various types form in succession is
the important petrological problem. This can be determined by the example of compo-
sitions of rocks of the third series (Fig. 4).
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Fig. 4. Distribution of imaging points of mean compositions of cluster groups
of the third series:
1-3 — group with low calcium content (/ — with high content of Fe,O; — cluster groups 10, 11, 18,
19 (see Table 2); 2 — with high content of FeO — cluster groups 15, 17; 3 — with ALLO; — cluster
groups 7, 9); 4 — group with high calcium content — cluster groups 8, 12, 13, 14, 16.

Two successions of cluster groups can be distinguished here: a — with low calcium
content, also including the compositions with Fe,O3 and FeO prevailing and b — with
high calcium content (see Fig. 4, Table 4).

Table 4
Mean compositions of four subgroups of the third series
Com- Series Com- Series
po- po-
nents 1 2 3 4 nents 1 2 3 4

SiO, 33.17 | 29.60 | 37.05 | 31.60 | MgO 4.93 5.65 5.75 7.93
TiO, 391 4.05 2.74 3.16 | CaO 6.09 4.39 6.58 12.00
ALO; | 10.55 | 10.20 | 14.19 | 10.05 | Na,O 0.25 0.16 0.62 0.86
Fe,0; | 15.61 4.48 2.96 6.26 | K,O 5.72 5.19 6.29 491
FeO 7.09 17.53 6.30 6.32 | P,Os 431 3.31 1.99 3.17
MnO 0.77 1.08 0.40 0.63 | LOI 7.65 14.30 | 15.10 | 13.00
n 93 71 54 425 | n 93 71 54 425

When studying polycarbonatites and associated alkali rocks, their mineralogical
features are often used, among which feldspathoids play the main part. The most im-
portant mineralogical features of silicate rocks within the petrochemical study can be
characterized by means of normative minerals. Using the algorithm for normative
minerals calculation by Cross, Iddings, Pirsson and Washington (CIPW) [5], we recal-
culated 780 analyses of rocks of the first three series of the Tomtor field for normative
minerals and averaged them within the cluster groups (Table 5). Leucite and nepheline
were not found in the first series, in the second one they were found in separate cluster
groups, and in the third series feldspathoids are present in all cluster groups.

By the relationship of alkalis and SiO, amount, cluster groups of the first series are
identified as alkali-feldspathic syenite. The most characteristic distinctions of rocks of
the first series from generic values [6] are variations of CaO and Al,Os;. By the rela-
tionship of alkalis and SiO, amount, cluster groups of the second series relate pre-
dominantly to alkali gabbroids, such as essexites and shonkinites. The ordinary analy-
ses reveal conformity with gabbro-anorthosites; at the same time, increased contents
of Al,O3 and decreased contents of CaO are characteristic for them. Based on petro-
chemical classification, the rocks of the second series should be related to alkali gab-
broids with variations up to anorthosites.




V. Vasilenko, L. Kuznetsova, A. Tolstov, V. Minin

ISSN 2078-6220. Minepasioriynuii 36ipauk. 2016. Ne 66. Bunyck 1 77
Table 5
Mean contents of normative minerals in cluster groups of the first—third series
Minerals Series 1 Series 2 Series 3.1
1* 2 3 4 5 6 19 18 11 10
Apatite 0.51 0.61 0.92 2.85 2.29 1.97 7.07 6.84 | 10.22 | 10.10
IImenite 0.77 1.61 1.49 | 741 2.12 | 5.55 3.73 5.51 742 | 7.22
Orthoclase | 90.58 | 70.62 | 68.30 | 66.09 | 43.36 | 40.51 | 19.88 | 17.50 | 33.55 | 32.94
Leucite 0.00 | 0.00 | 6.39 | 0.05 0.02 | 0.01 0.00 | 0.00 1.26 | 2.05
Albite 0.00 1.25 0.98 1.21 4.75 2.54 1.19 7.65 1.59 0.95

Nepheline 0.00 | 0.01 1.34 | 0.01 0.01 0.02 | 0.00 | 0.00 | 041 0.47
Anorthite 074 | 2.57 | 372 | 042 | 6.57 | -0.17 | 034 | 598 |-0.83 |-0.29
Magnetite 0.67 | 292 | 2.80 | 2.99 | 5.02 1.06 | 14.80 | 26.81 | 12.04 | 8.77
Hematite 038 | 036 | 077 | 2.19 | 2.39 191 | 29.16 | 0.78 | 5.61 | 11.54
Diopside 0.00 | 0.04 | 0.01 0.02 | 0.01 0.22 | 0.00 | 0.00 1.32 | 2.05
Hypersthene| 2.44 1.01 1.01 327 | 442 | 240 1.74 |20.50 6.00 | 4.42

Olivine 0.01 1.66 1.18 0.33 0.01 0.00 0.00 0.67 2.13 3.47
n 2 32 19 11 18 54 2 6 64 21
*]—19 — cluster groups.
Minerals Series 3.2 Series 3.3 Series 3.4

17 15 7 9 14 13 12 8 16
Apatite 7.31 7.51 3.58 3.45 11.45 | 8.50 5.89 5.80 6.71
Ilmenite 7.57 8.58 5.98 6.74 5.39 6.35 6.14 4.82 5.24
Orthoclase | 18.73 | 1590 | 24.73 | 11.30 | 21.77 | 17.27 | 10.92 | 9.13 2.21
Leucite 2.36 12.19 | 3.38 | 20.17 | 4.4l 7.66 10.86 | 14.14 | 17.68
Albite 0.85 0.40 1.01 0.43 0.74 0.81 0.42 0.56 0.05

Nepheline 0.14 0.43 0.43 1.77 0.89 1.87 4.08 | 10.40 | 3.14
Anorthite -3.19 | 0.00 1.34 1.70 1.89 4.40 5.21 7.33 2.21
Magnetite 11.39 | 4.70 2.30 4.09 | 1092 | 9.12 6.71 4.10 3.70
Hematite 0.00 0.00 0.78 0.15 3.34 2.01 1.07 0.52 0.08
Diopside 0.05 1.44 1.01 5.45 2.82 4.74 6.03 | 16.50 | 4.69
Hypersthene| 17.70 | 4.27 4.93 3.60 4.75 4.11 2.20 1.07 0.15
Olivine 13.35 | 24.17 | 795 | 1036 | 8.63 | 12.08 | 1237 | 3.83 | 16.73
n 23 48 30 24 39 126 136 29 95

The correlation analysis of rock-forming oxides and feldspathoids of the third se-
ries showed that calcium contents in the high-calcium subgroup correlated positively
with the leucite contents; correlation with the elements of ferruginous group was not
observed. High negative correlation with orthoclase was established in the subgroup
with high calcium content.

Thus, calcium polycarbonatites occur first in the process of orthoclase removal and
appearance of feldspathoids (Table 6).

The process of parallel formation of calcite polycarbonatites and feldspathoids
took place during the active delivery of CO, into the system.

The general result of studying the correlation relationships between the contents of
rock-forming oxides and normative minerals of the second and third series is shown
on correlation profiles (Table 7) and correlation graph (Fig. 5).

The data obtained make it possible to conclude, that calcium carbonates and feld-
spathoids appear when CO, is delivered into the system, and orthoclase is removed
from the system simultaneously.
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Table 6
Coefficients of correlation of mean cluster contents of CaO and CO,
with mean cluster contents of normative minerals in the third series
(I’l = 13, ror = 068, ros = 055)

Components CaO CO,
Apatite 0.55 -0.23
Orthoclase -0.75 —0.56
Leucite 0.66 0.27
Albite -0.24 0.48
Nepheline 0.66 0.02
Anorthite 0.44 0.34
Magnetite 0.10 0.23
Hematite -0.16 -0.35
Diopside 0.75 -0.07
Hypersthene -0.11 0.24
Olivine 0.56 0.24
CaO 1.00 0.56
CO, 0.56 1.00

Table 7
Coefficients of correlation of mean cluster contents of CaO and CO,
with mean cluster contents of normative minerals in the second and third series
(n=17, ro; = 0.60)

Components CaO CO,
Apatite 0.45 0.32
Orthoclase —0.68 -0.72
Leucite 0.70 0.42
Albite —-0.06 0.17
Nepheline 0.70 0.17
Anorthite 0.49 0.26
Magnetite —-0.05 0.43
Hematite -0.27 -0.17
Diopside 0.75 0.18
Hypersthene -0.24 0.33
Olivine 0.50 0.51
CaO 1.00 0.61
CO, 0.61 1.00
Lc
pan S Fig. 5. Graph, demonstrating correlation relationships of mean
Ne — Ca0 ---0r contents of elements and normative minerals in rocks of the
| # second and third series. Solid line means positive relationship,
co A dotted line — negative.
2

Silicate rocks of the complex under study are exhausted by compositions of the
third series. The fourth—sixth series are predominantly presented by carbonate types of
polycarbonatites of metasomatic genesis, to a considerable degree.
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The knowledge of composition of source rocks undergone carbonatization is im-
portant for the petrological model. The comparison of mean serial compositions of the
Tomtor population under study with compositions of magmatic rocks of the known
classification [6] showed that basalts and pyroxenites could be the source rocks for
rocks of the third series. When comparing serial compositions with mean composi-
tions of platform basalts [4, p. 133], it is evident (Fig. 6), that contents of CaO and
Al,O5 in rocks of the third series are within variations of mean compositions of these
components for platform basalts.

Fig. 6. Distribution of values of statistics of Al,O; and CaO oxides in series 1-5.

Squares designate imaging points of mean values: filled squares refer to AlL,Os, transparent
squares — to CaO; circles designate imaging points of mean coefficients of variation: filled circles
refer to Al,Os, transparent circles — to CaO; solid line means statistic values of Al,Os, dotted line —
statistic values of CaO for platform basalts [4].

The coefficients of oxides variation were the other argument in favour of the fact,
that alkali basalts were the source rock for compositions of the third series. In the
earlier publication of V. Vasilenko and co-authors [15], when studying stratified gab-
bro-norite pluton in Pansky Tundra, it was established that the main petrochemical
trend of population under study was the antagonism of Al,O; (as well as Sr and Rb)
on the one hand and MgO (as well as Cu, Co and Cr) on the other. With respect to
variability character of contents of chemical elements, the section described is subdi-
vided into several parts, where the area of 1 010—1 900 m is characterized by mini-
mum values of variation coefficients and the area of 254465 m — by maximum ones.
In the first area, the compositions of rocks reflect the initial undifferentiated composi-
tion of the rock mass with minimum values of variation coefficients, and the area with
maximum values of variation coefficients includes both undifferentiated and quite
differentiated compositions containing copper-nickel mineralization.

In the example under consideration (see Fig. 6), the values of variation coefficients
of rocks of the third series are characterized by maximum proximity to the values of
variation coefficients of basalts. Nevertheless, the homogeneity of compositions of the
third series is relative. The cluster groups of the series form an uninterrupted succes-
sion of compositions from melilites to melilitolites by the relations of alkalis and SiO,
amounts. Only ninth cluster group corresponds to melilitolites on average, with re-
spect to the contents of other oxides. However, ordinary analyses of these rocks corre-
spond to neither melilitolites, nor to other ultrabasic rocks of alkali type (melilites,
foidites and foidolites) with respect to the contents of Fe,O;, CaO and Al,O;. Mean
compositions of other cluster groups neither correspond to petrochemical types of
ultrabasic alkali composition. The rocks of the third series could be conventionally
characterized as melilite-like formations with polycarbonatites. This is the result of
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our current observations. The initial substrate, in which the processes of calcite poly-
carbonatites formation took place, corresponded to alkali basaltoids of potassic speci-
fication in all appearances.

Our representations on the massif genesis are conformable with the petrological
model of carbonatite formation according to L. Perchuk. In 1982, he proposed the idea
of fluid extraction of components from magma in the interaction with the magmas of
transmagmatic fluids [16]; alkali-carbonate fluids can carbonatize both peridotite and
basaltoid melts, alkalizing the melts and extracting calcium remarkable by its great
chemical affinity with carbon dioxide into the fluid. The relation between alkali-
ultrabasic rocks and carbonatites can be explained by this particular process. In opin-
ion of L. Perchuk, alkalization of periodite-basalts should be necessarily accompanied
by phosphorization of peralkalic rocks.

The phosphorus distribution in polycarbonatite complexes is also important in
studying the processes of their metasomatic and near-surface change. This is con-
firmed by the fact that not all carbonatite complexes are apatite-bearing. V. E.
McKelvey [14] remarked, that 20 % of carbonatite rock masses were phosphorus-
bearing. We were able to display, that the content of K,O was the main factor in apa-
tite distribution. Using Fig. 7, it is easy to predict the level of apatite potential of poly-
carbonatites.
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Fig. 7. Imaging points of mean compositions of complexes:

KM — kimberlites (ten pipes of diamondiferous kimberlites, 7 500 silicate analyses); C — Seligdar
deposit (912); O — Oshurkovo deposit (193); T — Tomtor field (2 100 silicate analyses).

Prior to statement of the features of phosphorus distribution in the Tomtor massif,
let us remind the basic hypotheses on the processes regulating the phosphorus distri-
bution in polycarbonatites. We shall consider this problem in more detail using the
ordinary analyses containing the estimates of CO, in rocks of the fourth and fifth se-
ries. Before reviewing the actual material, let us remind the basic hypotheses on phos-
phorus distribution in polycarbonatites.

According to Z. Altschuller [1], two types of secondary phosphates are distin-
guished, i.e. residual and substituted phosphates. Residual phosphates are formed in
precipitation of apatite as the heaviest mineral, in secondarily altered rocks. Iron-
magnesium minerals, minerals of rare earths and niobium are accumulated in the proc-
ess of gravitational differentiation jointly with phosphorus.

The representation on substance motion for specific geological objects at the time
of their formation can be made on the basis of correlation of rock-forming oxides. Let
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us consider the correlation relationships between rock-forming oxides for the typical
cases of immersion and emersion in gravitational differentiation.

According to G. Baturin [3], the following phases are distinguished in present-day
phosphate rock formation in oceanic shelf areas: phosphorus delivery to shelves by
oceanic waters due to upwelling; consumption of phosphorus by organisms; precipita-
tion of phosphorus to the bottom as a component of biogenic detritus, among which
the organic substance plays the main part; diagenetic transition of phosphorus as a
result of sulphate reduction from organic compounds to calcium phosphate, its disso-
lution in porous waters and precipitation when critical concentrations are reached.
Gravity subsidence of apatite as the heaviest mineral of shelf sediments is the main
thing in the mechanism of formation phosphorites generation. In dendrogram (Fig. 8)
phosphorus-calcium complex (apatite) negatively correlates with the oxides of the
remaining part of rock, in which alkali-carbon dioxide and aluminosilicate correlation
kernels can be clearly distinguished. The presence of apatite antagonist is the main
feature of correlation complexes of phosphate rocks, by which phosphate rocks can be
identified.

A B

.
l- 1
]

o1 r ) Tos
1
0,2 4 .
1 ]
] 3
] '
1
[ ]
0,6 7 '
1
- ]
1]
1
1,0 :
00 OO0 852 gEd
g.gis-géag cf.“'c&*g‘-’

Fig. 8. Correlation dendrograms of rock-forming oxides in phosphate rocks of shelves
of present-day ocean (4) and phosphate series of the Chulaktau deposit (B).
Coarse lines demonstrate phosphorus oxides antagonistic to other oxides [2].

Thus, apart from presence of other heavy minerals together with apatite, the sign
of residual secondary polycarbonatites is also negative correlation of phosphorus with
other oxides in statistical correlation analysis. In correlation dendrograms this feature
is reflected in the form of phosphoric correlation antagonist.

Substituted or metasomatic phosphates. The model of formation of rocks of this
type was described by Z. Altschuller [1] by the example of deposits, which formed in
the process of interrelation between ground waters enriched by phosphates and the
products of limestone dissolution. Fluorapatites of endogenous origin are insoluble in
hydrothermal-metasomatic process due to the high basicity of their solutions. Subsur-
face waters could become weakly acidic as a result of intensive dissolution of carbon-
ates. Meteoric subsurface waters dissolve apatite and become enriched by P,Os.
Weakly acidic solutions passing through phosphorus-enriched carbonate rocks be-
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come weakly alkaline, being enriched by Ca®". The phosphorus solubility decreases
again under these conditions, which results in apatite precipitation.

But this is other type of apatite. Fluorapatite gives place to carbonate fluorapatite
or carbonate apatite, that’s why there is no reason to speak about apatite reprecipita-
tion. Thus, the metasomatic zones of increased phosphorus potential arise in the
weathering cores of phosphate-bearing carbonate rocks (Table 8). For example, in
Cooper rocks (Charleston, South Carolina) phosphatization is accompanied by inten-
sive withdrawal of all components and input of phosphorus.

Table 8
Change in contents of P,O5and CO, (wt. %) reflecting variations
of supergene phosphatization at depths of 7.05-9.30 m [1, p. 72]
Oxide 1 2 3 4 5 6 7 8 9
P,05 9.6 5.2 3.8 32 2.8 24 2.1 2.4 2.1
CO, 1.8 14.8 21.9 23.6 22.0 243 27.3 26.6 28.0

In the Tomtor field, the model of gravitational differentiation is shown most
clearly in calcite polycarbonatites of the fourth series, which are characterized by 149
analyses, 36 of them include the data on the contents of CO,: SiO, — 19.29; TiO, —
1.92; ALL,O; — 5.22; Fe,053 — 5.51; FeO — 5.00; MnO — 0.93; MgO - 8.15; CaO —
23.76; Na,O — 0.34; K,0 —3.33; P,O5 —4.91; LOI — 27.47.

The correlation between the contents of CO, and LOI is +0,82, which makes it
possible to use the data on LOI along with the data on CO,.

Sampling of Ca-polycarbonatites in the coordinates P,Os—LOI consists of two
parts (Fig. 9, Table 9): with high and low contents of P,Os. We believe that high con-
tents of P,Os arose as a result of gravitational differentiation under conditions of CO,
effect on polycarbonatites.
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Fig. 9. Imaging points of compositions of Ca-polycarbonatites of the fourth series (n = 149).

In his above work, Z. Altschuller made an assumption that such agglomerations of
minerals heavier than calcite appear in dissolution of calcite. In the case under study,
the correlation between the contents of CaO on one side and CO, and LOI on the other
is missing (Table 10), but strong negative relationships of P,Os with CO, and LOI are
present.

This gives the reason to conclude, that occurrence of high contents of P,O5 took
place in dissolution of calcite polycarbonatites as a result of influence of deep-seated
emanations and precipitation of heavy minerals.
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Table 9
Compositions of two groups of Ca-polycarbonatites of the fourth series
Group
Components 7 3
Si0, 17.68 19.78
TiO, 1.59 2.03
AlO3 4.52 542
F6203 9.50 4.67
FeO 4.82 5.06
MnO 1.62 0.77
MgO 5.19 8.91
CaO 25.85 22.95
Na,O 0.30 0.36
K0 2.05 3.63
P,0s 16.14 2.21
LOI 10.63 24.11
n 27 122
Nb,Os 0.409 0.339
n' 13 12
Table 10
profiles of LOI and CO, in Ca-polycarbonatites of the fourth series
Components LOI CO,
SiO, 0.10 0.09
TiO, 0.17 0.38
AlL,O3 0.05 0.21
Fe,0; -0.56 -0.27
FeO 0.18 0.01
MnO -0.20 -0.14
MgO 0.27 0.48
CaO -0.25 -0.12
Na,O 0.02 —0.02
K,0 0.37 0.34
P,05 -0.78 —0.85
n 149 36

As it follows from Table 9, Fe,O; and Nb,Os are also accumulated here, apart from
phosphorus. These are so-called residual ores. Their origin due to gravitational differ-
entiation is confirmed by the form of correlation dendrograph, where antagonistic
behaviour of apatite-forming oxides (calcium and phosphorus) in relation to other
oxides is clearly demonstrated, this is also shown by model example (Fig. 10).

Polycarbonatites of the first type contain less phosphorus than calcium polycar-
bonatites with a low content of volatile matters. In this case, the signs of gravitational
differentiation are not clearly expressed: phosphorus and calcium associate with rock-
forming oxides of silicate group; alkalis, oxides of iron, alumina and titanium associ-
ate with CO,; hence, they were removed from the system (Fig. 11).

Formation of high-phosphorous calcite polycarbonatites as a result of gravitational
differentiation is evident. It is quite important to clarify the genesis of apatite agglom-
erations in low-phosphorous polycarbonatites. The collection of analyses of high-
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calcium polycarbonatites of the fifth series with low content of phosphorus was made
for this purpose. This collection includes predominantly the compositions of polycar-
bonatites of the third type.
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Fig. 10. Correlation dendrogram of rock-
forming oxides of the third type
of Ca-polycarbonatites of the fourth series in
sampling containing CO, (n =36, ry; = 0.44).
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Fig. 11. Correlation dendrogram of rock-
forming oxides of the first type of polycar-

bonatites of the fourth series.

The compositions of this collection contain up to 37 % CaO and 2.8 % P,0Oson av-
erage (n = 131): SiO, — 4.90; TiO, — 0.69; Al,O; — 0.82; Fe,0; — 3.92; FeO — 5.60;
MnO —2.19; MgO — 4.42; CaO — 37.10; Na,O — 0.13; K,0 — 0.52; P,05 — 2.81; CO, —
30.50; NbyOs — 0.685. The contents of P,Os could reach 9 %. As applied to this case,
let us check the hypothesis on formation of apatite agglomerations, according to
Z. Altschuller [1], by drawing up a correlation dendrogram of rock-forming oxides.
Let us preliminarily remind that dissolution of apatite by acid solutions at the first
stage and precipitation of apatite (of other type) with enrichment of the solution by
calcite components is the key aspect in the hypothesis of metasomatic substitution of
polycarbonate rocks. Thus, joint correlation of CaO, CO, and P,Os is a petrochemical
sign of manifestation of metasomatic formation of apatite agglomerations. The corre-
lation dendrogram of relationships between rock-forming oxides for the population of
high-calcium and low-phosphorus polycarbonatites under study contains the evidence
of their metasomatic genesis: the bond of P,Os, CaO and CO, is shown in dendrogram
as the main antagonistic group, which makes is possible to accept a metasomatic hy-
pothesis (Fig. 12).

Apart from the polycarbonatites of the third type, the polycarbonatites of the first
type are widely spread in the fifth series. The study of correlation relations in sam-
pling of these compositions showed, that formation of the polycarbonatites of the first
type of this series took place analogously to what we described in the fourth series.

Alumino-ferruginous varieties of rocks occur in the fourth and fifth series jointly
with polycarbonatites of various types. Substitution of aluminous rocks by the rocks
enriched by ferrous iron and the low content of CaO are specific features of these
rocks. In alumino-ferruginous-phosphate formations, the lack of lime is compensated
by substitution of apatite and clay minerals by calcium and aluminum phosphates,
such as crandallite, millisite and wavellite. In the correlation dendrograms of rock-
forming oxides this phenomenon is apparent, as phosphorus correlates with aluminum
positively (Fig. 13). Alumino-phosphate rocks are formed with respect to the polycar-
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bonatites of the first—third types, and in each case they retain petrochemical features of

parent rocks.
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Fig. 12. Correlation dendrogram of rock- Fig. 13. Correlation dendrogram of rock-
forming oxides in low-phosphorus polycar- forming oxides in high-alumina rocks
bonatites of the fifth series (n = 131, ry;= 0.22). of the fifth series (n = 19, ro;= 0.57).

Polycarbonatites of the 6™ series are represented by the first and second types of
polycarbonatites (Table 11). Their correlation dendrograms are remarkable by the fact,
that they contain alumino-phosphate complexes of oxides, which can be considered as
the evidence of their origination in the next (post-alumino-phosphate) phase (Fig. 14).

Table 11
Mean composition of polycarbonatites of the first and second types
of the sixth series in sampling containing CO,

Types
Components I I
SiO, 4.54 4.82
TiO, 1.85 2.52
Al O; 2.77 5.97
Fe,04 39.76 7.93
FeO 11.84 31.66
MnO 4.84 2.50
MgO 0.84 0.86
CaO 5.06 3.94
Na,O 0.10 0.11
K,O 0.07 0.21
P,0s 4.17 6.19
CO, 9.41 17.10
n 116 114

The presence of antagonistic correlation complex FeO—CO, with MnO adjoining is
characteristic for polycarbonatites of the second type. Perhaps, this is the first evi-
dence of transfer of MnO (and correlating content of Nb,Os) in carbonate metosoma-
tosis.

The bare presence of such correlation complex demonstrates the intensive devel-
opment of sideritezation.

The correlation antagonist Fe,O; is present in polycarbonatites of the first type,
which probably indicates intensive development of gothitization. Noteworthy is that
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close negative dependence takes place between the contents of FeO and Fe,O;. The
corresponding correlation coefficient equals —0.80 at ry; = 0.16. Siderite polycar-
bonatites were substituted by the gothite ones, when physico-chemical conditions of
rock formation changed.
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Fig. 14. Correlation dendrograms of rock-forming oxides of the first (a; n = 114)
and second (b; n = 116) type of polycarbonatites of the sixth series (ry; = 0.24).

Discussion. According to Yu. Kuznetsov [13], the Tomtor massif with substan-
tially potassic rocks relates to the formation of central intrusions of alkali and ultra-
basic rocks with carbonatites.

The system analysis of the database of chemical compositions in the amount of
2 100 analyses of the complex rocks showed, that the complex includes six discretely
separated series of compositions combining unified evolutionary succession from
silicate high-alkali to carbonate low-alkali compositions.

This succession is not similar to petrochemical evolutionary trends according to,
for example, by A. Zavaritsky [22], excluding kimberlites.

According to our data (Vasilenko et al., 1997), the compositions of magmatic com-
plexes of kimberlites evolved from the carbonate to silicate varieties.

Based on the above information, it is possible to conclude, that evolution of com-
positions of the rocks of Tomtor massif from the rocks of the third series and pro-
ceeded towards polycarbonatites from the fourth up to the sixth series.

An exclusively high variability unparalleled in magmatic complexes is characteris-
tic for serial compositions of rocks of the complex.

High variability of rocks of the third series increases by the beginning and by the
end of evolutionary curve.

The fact of existence of magmatic complexes of ultrabasic-alkali rocks noted by
many researches calls in question. We observed the presence of various rocks of car-
bonate, ferruginous and alumina compositions instead of them.

It appears that the third series was the source of various polycarbonantites of the
Tomtor massif, which appeared due to selective melting of alkali basalts and other
rocks of oceanic crust displaced to the upper parts of the Earth’s crust by subduction
processes. Melting took place under conditions of high saturation of magma-forming
substrate by carbon dioxide, which was delivered by the mantle plume with other
fluids.
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The presence of relationship between phosphorus and potassium observed at the
formation level was the result of extraction abilities of the alkaline medium.

High activity of CO, at all stages of polycarbonatites formation should also be
noted: in association with CaO at early high-temperature stages and in association
with FeO at late high-temperature stages.

It stands to reason, that formation of the weathering core on polycarbonatites took
place also with participation of CO,, which arrived from deep-seated mantle sources.

The conclusion about participation of deep-seated sources of substance in forma-
tion of the nontronite profile of the weathering cores of the Southern Urals serpen-
tinites was made by V. Razumova [19] within the context of hydrothermal-vadose
hypothesis.

V. Vasilenko and co-authors [20] came to the conclusion that high contents of
alumina in the weathering cores of kimberlites could not arise in eluvial enrichment,
they were brought by hydrothermal solutions.

The participation of CO, from the mantle sources at all stages of the Tomtor com-
plex formation underlines the unity of its origination and formation processes.

The statistical method for distinguishing the series of chemical compositions of
rocks of the Tomtor field requires a reliable verification.

Such verification was performed by taking 200 samples of core from 22 previously
tested and four new boreholes, analyzing these samples chemically and subsequent
inserting of the imaging points of ordinary analyses on the diagram SiO,—
(Na,0+K,0).

Figure 15 depicts, that distribution of the points of ordinary analyses reproduces
the serial structure of compositions from the collection numbering 2 100 analyses
almost completely.

Distinguishing of the series of compositions can be considered reliable.
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Fig. 15. Distribution of imaging points of control population (n = 200) and cluster groups
of main population of chemical analyses of the Tomtor field rocks:
1—6 — the series of compositions of cluster groups; 7 — imaging points of control population.

It is critical to underscore, that analogous evolutionary curve in the SiO,—

(Na,O+K,0) coordinates is also typical of other polycarbonatite-containing complexes
(Fig. 16).
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Fig. 16. Distribution of imaging points of averaged compositions of cluster groups:
1 — Tomtor; 2 — Oshurkovo apatite deposit; 3 — Seligdar apatite deposit.

The verification performed makes it possible to recommend the applied methodol-
ogy of system approach for study and practical use (geological mapping) of other
polycarbonatite-containing complexes.
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METPOXIMIYHI MOJIEJII KAPEOHATHUTIB
MACHBY TOMTOP (CXIJJHUI1 CUBIP)

B. Bacuienko, JI. Ky3nenosa, O. ToscroB, B. Minin

@/[FVH “Incmumym eeonoeii i minepanoeii in. B. C. Cobonesa CB PAH”,
npocn. akao. Konmioea, 3, 630090 m. Hosocubipcwk, Pocis
E-mail: vasilenko@igm.nsc.ru

Hocnimkeno ximiunuii cknan nopix Tomropebkoro MacuBy (2 100 xiMiuHHX aHaTi-
3iB) 3a KepHOM 193 cBepUIOBHH, SIKi PO3TAILOBAHI B3IOBX JiHII 3 MIBISHHOIO CXOAy Ha
MiBHIYHUH 3axix MacuBy. [yl BUAIIEHHS OJHOPIAHUX MOPOTHMX TPYII, SKAUMH CKIaJe-
HHUII MacHB, aHaJi3H ONPAlbOBAHO HA MiJICTaBi CHCTEMHOIO MiIXOMy i3 3aCTOCYBaHHSIM
METOJiB MaTeMaTH4HOi ctaTucTHKH. [lonepeaHpo 6a3y JaHUX XiMIYHOTO CKJIagy MOpix
PO3MIICHO METOIOM KIIACTEpHOro aHainizy Ha 43 rpynu. Touku cepeaHbOro CKiaay
rpyn y nomi giarpamu SiO,—(Na,O+K,0) po3ramoBani B MexXax IMIECTH IUCKPETHUX
cepiii. [lepiua cepist BiAmoBifgae CKiIaay Jy)KHUX Ci€HITIB, Ipyra — Jy)KHHX rabpo, TpeTs
— MENUTITONOAIOHNX TOpij, YeTBepTa—1IocTa cepii MpecTaBieHi MOJIreHHUMHU KapOo-
HATUTaMH, SIKi MH Ha3Balu ToJlikapOOHAaTUTaMH. YCIM cepisiM MpUTaMaHHI 3Ha4HI Ba-
piawii ckiaxy, NpHYOMY BOHH 3POCTAIOTh Y HANPsMI BiJ TPETHOI cepii 10 mepioi ta 10
moctoi. TpeTto cepito TPaKTyeMO K POAOHAYANBHY UL BCbOTO MacuBY; BOHA chopMy-
BaJIacsi BHACIINOK CEJIEKTUBHOIO IUIABJICHHS JIYXKHHUX 0a3ajbTiB 32 yMOB HAaCHYCHHS
CO,. Exnorenna ByriekuciaoTa Oya Ha BCiX cTafisx GopMyBaHHS HOPiJ.

Oxpemo pocimkeHo noseainky ¢pocdopy. ChopMyap0BaHO NETPOXiIMiUHI KpUTEpii
NEePeBiPKHM FEHETHYHMX TiMOTE3 YTBOPSHHS IPOMHUCIOBUX CKyIueHb Gocdopy. Y mocmi-
JUKYBaHHMX MOPOJAX BHUSBICHO IpaBiTalliliHi (3a]MIIKOBI) Ta METaCOMAaTHYHI KOHICHT-
pauii pocdopy.

JloBeneHo, 1110 BUAIICHHS cepiif mopig BUKOHaHO AocToBipHO. [ToaiOHi meTpoximiy-
Hi cepii HasiBHI i Ha IHIIMX allATUTOBHX POJOBHMILAX, TOMY IX MOXKHA BUKOPHUCTOBYBATH,
HAIMPUKIAJI, IiJl 4aC re0JO0TiYHOr0 KapTyBaHHSI.

Knouosi cnosa: xapOOHATUTH, JIy)KHI HOPOJH, YJIBTPAOCHOBHI IOPOJH, CUCTEMHHI
MiJXiJ, MaTeMaTH4YHA CTAaTUCTUKA, T€HETHYHI rimore3u, pogosuuia dpocdopy, Tomrop-
cpkuii MacuB, Cxignuii Cuoip.
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KPUCTAJIOXIMISI TA TEHETAYHI OCOBJIMBOCTI
®JIIOOPUTY CYIIAHO-ITEP)KAHCHKOI TEKTOHIUHOI
30HHU (YKPATHCHKHH IIIUT)

T. Jlynamko, K. lnbuenko, O. I'peyanoBcbka

Tncmumym eeoximii, minepanozii ma pyooymeopens
imeni M. Il. Cemenenxa HAH Yxpainu,
npocn. akao. Iannadina, 34, 03680 m. Kuis-142, Vkpaina
E-mail: K Ilchenko@hotmail.com

JlocTikeHO KPHUCTATIOXIMIUHI 0COOIMBOCTI (UIIOOPUTY 3 JBOX PiAKICHOMETAIEBUX
00’exTiB Cymano-Ilepxancekoi TekToHiuHOI 30HU (Bonmuchkuit Giok, YKpaiHCHKHIA
mut) — [lepxxaHcpkoro GepuilieBoro poroBHUIIa (TeHTIeNbBIH, (eHakir) i ScTpybersro-
ro Zr-REE-Y pynomnposiBy (UupkoH, OpHTONIT, OPTHUT Ta iH.). TumomMop¢Hy acoriariro
HEHTPIB Y (UIIOOPHTI 3 eripuH-pHOEKITOBUX IEePXKAHCHKUX TPAHITIB i CI€HITIB CTAaHOB-
nsts B Na', Dy3+-Na+, Dy3+'Ff ta Ce®" i Sm®"; cniBBigHOwIEHHS TR3+Y/TR3+Cc —1,5-
2,5. V ¢moopuri 3 rpaniT-mopipis Ta NeHKOKPAaTOBEX CieHIiTIB KoHueHTpamis Sm>’
nomiTHO Menma, a Ce®” Hema; crissignomenus TR y/TR? e — 2,6-3.6.

Tenpenuis 1o HarpomapkeHHS Mn y Qirooputi mi3HIX reHepamiil npuTaMaHHa
000M piIKiCHOMETaneBHUM 00’€KTaM; y HbOMY BHSIBICHO 3MCHIIEHHS CyMapHOI KOH-
LeHTpaNii LEeHTPiB HA TOMIIIKOBHX ioHAX i 30inbmenHs BMicTy iomis TR*'y. 36imb-
IICHHSI ITapaMeTpa eJIeMEHTapHOI KOMIPKH KpPUCTANB (UIIOOPUTY HPSMO KOPETIoE 3
BMICTOM JOMIIIKOBHX 10HIB, 8 3HAYEHHS JUITHKA KOTEPEHTHOTO PO3CISHHS — 3 KpUCTa-
JIYHICTIO, IO 3YMOBJICHO CTYIICHEM TifpaTalil Ta 0COOIMBOCTSIMU Te€TEPOBATIEHTHOIO
130MOp(}i3My eJIeMEHTiB-IOMIIIOK, y TiM YHCII ypaHy.

BusiBneni Bapiarmii KpHUCTATOXIMIYHHX OCOOJMBOCTEH (IFOOPUTY CBiAYaTh PO
HEOJHOPIIHICTh CKJIAMy PiIKICHHX i JIETKUX KOMITOHEHTIB MAaTEPHHCHKHX JDKEpen Ta
CTamiiHicTh yMOB Kpucrtamizamii ¢urooputy: s IlepskaHCHKOTO pPOJOBHINA BOHH
OB s13aHi 3 mpolecamu iHQUIBTPaIiifHOro MeTacoMarosy, a Jis SIcTpyOenbKoro pyo-
HpOSIBY — 3 TIPOIleCaMyl  KpucTallizaniiiHol audepenmiarmii rim1OuHHOI MarMy.

Kniouosi cnosa: GmoopuT, KpUCTAIOXIMis, PEHTT€HOMIOMIHECIEHIIIS, (hOTOMOMI-
HecneHMis, [Y-crekTpocKormis, ONTHYHO-aKTUBHI IEHTPH, PiJKiCHOMETaIeBa MiHEpaTi-
3aris, Mmeracomaro3, Cymano-Ilepskanceka 30Ha, YKpaiHCBKHIT INT.

Cremnudika popmyBanns [lepkaHchbKoro OEpHIieBOro poaoBHia ta SIcTpyOenb-
KOTO LMPKOHIN-PiIKICHO3EMENBHO-ITPIEBOIO PYJIONPOSIBY, SIKi BiJJPi3HSIIOTHCS 3a reo-
JIOTIYHOI0 OYHOBOIO i CKJIAZIOM IIOpil, TICHO TOB’s3aHA 3 TPUBAIOI TEKTOHOMAarma-
THYHOIO akTHuBi3ariero Cymano-Ilepsxancekoi 3ouu (BonmHChknii 6510K, YKpaiHCHKHHA
HIMT), IPOSIBAMH JIY>)KHOT'O MarMaTu3My Ta METaCOMaTHYHHX MpoleciB (iHQIbTpalis,
mudysis Tomo) y nporeposoi [1, 3, 7, 8, 11]. Pi3Ha 3a KoHIEHTpaIli€l0 MiHepati3aris
PIOKICHHX eNeMEHTIB MpeacTaBicHa Ha [lep)kaHChKOMY pPONOBHINI T€HTTEIBBIHOM 1

© Jlymamko T., Inpuenko K., I'peuanoBcbka O., 2016
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(enakiToM, a B Mexxax SIcTpyOenbKoro py1onposiBy — IMPKOHOM B acoltianii 3 Opuro-
JITOM, OPTUTOM Ta iH.

Ha 000x 3a3HadueHux 00’€kTax (IIOOPUT € OJHUM 3 HAWYYTIMBIIINX A0 3MiH (i-
3MKO-XIMIYHUX ITapaMeTpiB MIHEPaJIOyTBOPIOBAJIBHOTO CEPEAOBHILA HACKPI3HUM (TO-
poBMicHMM MiHepanoM. Lle 3yMOBIIOE BXOJUKEHHS B HOTO KPHUCTAIIYHY CTPYKTYpY
momimok REE, Y, U, Be, Mn, Sr, Pb, Na—Ca?', 3 ogroro 00Ky, i 0*,OH—>F -3
inmoro. Hapasi 3i6paHo 3HauHy iH(opMarito npo npupoay AOMILIKOBUX 1 CTPYKTYp-
HUX JedekTiB y ¢uroopuri [6, 15]. BoHa rpyHTy€eThCS Ha IOCTaTHHO BIIEBHEHIH 1/1eH-
TUdiKaii pi3HOMaHITHUX Mojenel onTUYHO akTUBHUX HEeHTpiB (OAILl) — KyOiuHHX,
TeTparoHallbHUX, POMOIYHNX, TPUTOHATBHUX, iXHIX CTPYKTYpHHX THIIB 1 Ja€ mijacTa-
BH TOBOPUTH IIPO OCOOIUBY BaXIIUBICTh T€HETUYHOI iIH(POPMATHBHOCTI Pi3HUX BapiaH-
TIB OTOYCHHS OJTHAKOBHX 32 SKICHUM CKJIAZIOM aKTHBATOPHHUX 10HIB (HAMIPUKJIIAJ, 10HIB
ce*, Prf, Nd*, Sm*, Ev*', Gd*', Tb*, Dy3+, Er’’ Ta in.) Ta MexaHi3MiB KOMIIEHCAII
HAJUIMIIKOBHX 3apsuiB (iomamu F;” B inTepcrumisx un Na®, O, OH — y By3nax rpar-
Ku). 3aiydeHHss MetoniB peHtrenoiroMinecuenuii (PJI), ¢poromominecuenuii (DJI),
iHppauepBonoi (IY-) ciekrpockomnii i peHTreHOAUPPaKIIHHOTO aHalli3y 10 BUBUEHHS
CTPYKTYPHO-XIMIYHUX BJIACTUBOCTEH Pi3HUX 3a TEKCTYPHO-MOP()OJIOTIYHUMH OCOOIIH-
BOCTSIMH KPHUCTAJIB (DIIOOPHUTY 3 JOCTIKYBAaHUX PiIKICHOMETAIEBHX 00 €KTIB Ja€
3MOTY 3pOOHTH BXKIMBHI KPOK O PO3YMiHHS €BOJIOMIMHNX 3MiH y T€0XiMii IIpoIieciB
i, 30kpema, y KoHIeHTparii TeTkux kommnonentis (O, F, H,0).

Meta gocigKeHb — BUBYHTH KPUCTAJIOXIMIUHI OCOOTUBOCTI (PIFOOPUTY 3 Pi3HUX
MiHepalbHUX MMapareHeTHYHHX acolfianii [lepkancekoro ponosuina Oepuiiro Ta Sct-
pyoenbkoro Zr-REE-Y pyznonposiBy i 3’acyBaTH yMOBH KpHCTaJi3alii QIOOPHTY.

banspko 70 B3ipuiB ¢urooputy Ham cBoro yacy Jro0’si3Ho0 Hananu H. Besnanbko,
C. Kpusnik ta I'. Kynpunmpka (ITMP HAHY imeni M. I1. Cemenenka, M. KuiB).

VY mexax [epkaHcbkoro pooBuina (IIIOOPUT BiIOPaHO 3 NEPIKAHCHKUX TPAHITIB
(y TiM umcIi 3 TOJIyOMM KBaplLoM) i rpaHiT-nopgipiB, reHTreIbBIHOBMICHUX CHIIEPO-
¢TI T-a1b0IT-MIKPOKIIIH-IIEPTUTOBUX 1 alb0IT-MIKPOKIIIH-IEPTUTOBUX METaCOMAaTHTIB
Ta Tpei3eHiB, a Ha ScrpybenskomMy pymomposiBi [7, 8] — 3 melikokparoBux (3 ¢e-
POEICHITOBOIO POTOBOI0 OOMAaHKOIO i OIOTHTOM) Ci€HITIB BEpXHBOI pPO3IIAPOBAHOL
cepii, Me30- 1 JIeHKOKpaToBUX (aM(i00I-0I0TUTOBUX 1 OIOTHTOBHX) CIEHITIB TOJIOBHOL
po3mapoBaHoi cepii, eripHH-pUOEKITOBUX CIEHITIB KBapIOBOTO sJpa Ta KBapLIOBHX
Opwut i3 BiICIIOHEHB Y MiBACHHO-CXITHIN YacTUHI SIcTpyOenbKOro MacuBy.

®mooput pizHUE 3a Mopdooriero (BKparieHHs, THI3I0OBI CKYITYCHHS, MPOKUII-
Kn), 3a0apBieHHsIM ((iojeToBu, poxkeBHi, 0ipr030BUii, 6€30apBHUIl TOIO), BMICTOM
P3E Ta Y, y TiM uucni nocnimkeno irpoduitoopur Ilepskancekoro pomosuma (1 —
MepXKAHCHKUN TpaHit, cB. 21c, ri. 1 172,2 M, Bmict Y — 28 573 yacTuH Ha MINBHOH,
meton ICP-MS; 2 — reHTreabBIHOBMICHHI MeracoMmarTwT, maxta Ne 2, BmicT Y —
32 635 yacTHH Ha MUTBHOH, peHTIeH-(ITyOPECIICHTHUN aHai3).

Metoan nocaimxennsi. Crektpu PJI otpumano mms mopomkoBux (~ 0,05 mm)
po6 (mroopuTy B MMpPOKiH criekTpanpHid AimsHIi — 220—1 000 HM. YcTaHoBKa CKiIa-
JicHa 3 1BOX MOHOXpomaropiB — CD-4 (220-600 um) i ICII-51 (400—1 000 uM) 3 do-
toroMHOXyBauamMu PEVY-14 1 ®EY-106, BinnosigHo. PeHTreHiBChbKe ONMpOMiHEHHS
Oyno Bin amapara YPC-55 (pentreniBcrka Tpyoka BCB-2 3 Bomb(ppamoBuM aHOIOM),
o npairroe 3a 45 kB 1 20 MA. Cnextpu PJI 3amucani 3a 7= 300 K.
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Crextpu ®JI okpeMux Kpuctanis (IoopuTy (BUXITHUX 1 BIIIAJICHUX HA TOBITPI Y
MydenpHii meui 3a temmepatypu 1173 K, 20 xB) peectpyBanu B miama3oHi 400—
700 aM 3a ymoB Y ®-30ymxenns (A = 365 am) i remnepatypu 300 K (Bubipkoso 77 K)
Ha Mikpocnektpodotomerpi. [Ipuian ckiajeHuil 3 JIOMIHECIIEHTHOTO MIKPOCKOIIa
“JIromam-1” 1 MmoHOXpomaropa MYM-1 3 audpaxuiiinoro rparkoro 600 mrp/mm. Jli-
HiliHa aucriepcis mpuirany — 3,2 HM/MM.

[Y-cnexkTpu mornuHaHHs APIOHMX KPHUCTATIB 1 OMU3BKMX 32 TOBIIMHOK CIAHUX
BUKOJIKIB prooputy ozxepkano Ha Pyp’e-cnekrpomerpax 3 [U-mikpockonom Bruker
IFS-66 ta Nicolet 6700 FTIR (100-300 ckanyBaHb, po3/iibHA 37aTHICTE — 2 CM |,
JiaMeTp CBITIOBOrO MpoMeHs — 50 MKM, CHeKTpanbHui jgianazon — 6 000-800 cm ).
VYci criekTpu 3ammMcano 3a KIMHATHOI TeMIIepaTypu.

PenrtrenonudpakuiitHuii anami3 B3ipIiB (IIIOOPUTY BUKOHAHO Ha MUQpaKToMerpi
JPOH-2 Ta aBromatnynomy au¢pakromerpi JJPOH-3M (MigHe BUIPOMiHIOBaHHS,
CuK, = 0,15418 am). Pexxum 3nimanuas — 0,25 rpag/xs (JPOH-2) Ta 3 mOKpoKOBHM
iatepBanom 0,05 rpax (JJPOH-3M). Busnauanu mapamerp @ i 006’e€M eneMeHTapHOL
KOMipKH V. OOUMCICHHS BUKOHAHO 332 METOJIOM HaWMEHIINX KBaJpaTiB 3 BHUKOPHUC-
TaHHsIM Imporpamu X-RAY.

JJ1s KOXKHOTO JOCIIHKYBAaHOTO B3ipis (Ir0opHuTy B i eTalioHa repMaHito b onep-
KaHo npodim mudpakuidaux diHid 333 (94,2° 20) 1 444 (155,3° 26) Ta obuncieHo
ixHro miBumpuHy. CepeHe 3Ha4EHHs TUITHKH KOT€PEHTHOro po3cisiHHA (L, HM) BU-
3Havany 3a popmynoro CensixkoBa—Lllepepa:

L =0,94 Acosb-B,
JIe A — TOBXHMHA XBHWJII PEHTT€HIBCHKOTO BHNpOMiHIOBaHHS; 8 — kyT Bbperra; B — ¢i-
3UYHE PO3IIUPEHHS TUPPAKIIHHOTO MAKCUMYMY.

Kongiryparmis cnexkrpiB PJI ¢pmroopury (puc. 1) 3MiHIOEThCS BIAIOBITHO 10 PO3-
MOJITy TOMIHYBJIBHHX 32 IHTEHCHUBHICTIO JIiHI 1 CMyr BUIIPOMIHIOBAHHS IOMIIIKO-
BUX LIEHTPIB i IEHTPiB Ha BlacHUX AedeKTax. IXHil AKicHuil ckian ineHTH(iIKOBaHO
TaK (y JyKKaX HABEICHO Ay HAHiHTEHCHBHINIMX JIiHill y criekTpax). [s #onis Dy’
3adikcOBAHO HOTHPH CTPYKTYPHI THIM LEHTPiB — TpuroHamshi Dy OH™ (571 i
573 um) [7], Terparonansui Dy’ F;7 (673 i 759 um) [12, 15], pom6iuni Dy**“Na' (578
i 582 Hm) [9] Ta KyOiuHi DyHKyﬁ (478 1 480 um) [9, 15]. CTpyKTypHI THIIH LIEHTPIB
ionis Er’* [13, 14] — ue terparonansri Er*"-F7; (553 um), pomGiuni Er'-Na* (541 um)
i ky6iuni Er''yys (544 i 547 um). Jlna fionis Sm>" xapakrepsi [6, 15] Tpuronanshi
Sm’*-0% (622 um), Tetparonamsai Sm’F7; (568 Ta 605 HM) Ta Ky6iuni Sm’ 6 (558 i
561 um) nentpu. Kpim Toro, y criektpax JOCHiIKyBaHHX B3ipLiB 3adikcoBano [5, 15]
ninii Eu’’ys (589 mm) i Nd*'ys (ninsmka 840-864 nm), Gd*'(312 um), Tb*" (378
454 um) i Pr’* (643 um), a Takox cmyra Ce® (320 i 340 um), Mn®" (480 um). Cmyru
LEHTPIB Ha BIIACHUX Je(eKTax CTPYKTYpH, a came Vi -IeHTpiB (BiacHi aedexTu Ha
KaTIOHHMX BakaHCisX, 280 HM) xapakTepHi s criekTpiB PJI ycix B3ipuiB ¢uitoopury,
a cmyru M-nieHTpiB (BinacHi gedexta 2V, 745 HM) 3adiKCOBaHO B CIIEKTPax TiJIbKH
OKpPEMUX B3ipIIiB.

Jns mpuGim3HOi OIIHKHM JOMIIIKOBOTO CTaHY KpHCTalla BUKOPHUCTAHO MapaMeTp
D nowin 2 nep> A€ Y omim — CYMApHa KOHIIEHTpais neHTpis PJI Ha nomimkoBuX ioHax, a
Y ne¢p — HA BIACHUX AedekTax cTpykTypH. [lapamerp STR*'y/Y TR ¢, (cniBBigHOMmIEH-
Hs1 KOHIeHTparii rentpis PJI ioniB TR®" iTpieBoi Ta uepieBoi miarpyn) € reoxXimMidaum
IHAUKATOPOM.
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Puc. 1. Cnexrpu PJI ¢umooputy Cymano-Ilepxancbkoi 30Hu:
a — ¢moopur Ilepxancbkoro pojosuia: / — npo3zopuit 0e30apBHUI, BKPAIUICHUH B €ripHHOBUX

MEepXKAHChKUX rpaHitax, cB. 21c, rn. 1171,2 m; 2 — TeMHO-(i07€TOBHUI 3 TPIIIMHHA B MEPKAHCHKOMY
rpaHiTi 3 roylyoum kBapuoM; 3 — QioaeroBuit i3 KBapL-(IIOOPUTOBOTO MPOXKHUIKA B TpaHiT-mopdipi;
4 — OypO-)KOBTHII BKpAIUICHHI y TOJLOBOIINATOBUX METACOMATHTaX, BifBamu maxtu Ne 2; 5, 6 —
BHIIIHEBO-(I10JICTOBHH 13 TPIIIMHU B METaCOMATHTaX, BiiBaiK maxtu Ne 2; 6 — ¢urooput ScTpyoers-
KOro pymomnposiBy: / — npo3opuii 6e30apBHHI, BKPAIUIEHHH B eripuH-pUOEKITOBUX CieHiTax, cB. 23c,
iHT. 299-300 M; 2 — QioneToBUA, BKpAIUICHUH y JEHKOKpaTOBHUX Ci€HiTax, cB. 23c, iHT. 111-113 Mm;
3 — npo3opuii O1i0-3eNeHn 13 THI3AA Y KBapLOBii Opuiti; 4 — Ipo3opuit 0ig0-3eIeHuit 13 TPOKMI-
Ka y KBapLoBii Opwiti; 5 — i3 THi3Aa B pO3CIaHIIbOBAaHOMY OI0THTOBOMY rpeiiseHi, cB. 23¢, rir. 10 m.
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30UIbIIeHHS IIHOTO ITTapaMeTpa BioOpa’ka€ OCHOBHY TEHAEHINIO CHPSMOBAHOCTI
mpoIiecy KpHcTami3amii pi3HUX TeHepalliil QIroopuTy 3a YMOB Oe3mepepBHOTO 3MEH-
IICHHS JIYXHOCTI ¥ TeMIepaTypd MiHEepaJoyTBOPIOBaJbHOTO cepepoBuina. Esosmro-
UiliHi 3MiHKM pexxumy QuroiniB (3okpeMa, (GTOpy i BOJM) OLIHIOBAIM 3a BapiallisiMH
3HaueHs napamerpa Dy’ *F;/Dy’"*OH" — 3a ciiBBiIHOMEHHAM KOHIEHTpAI] LIEHTPiB
Ha HoHax Dy’" 3 KOMIEHCAII€I0 HA/UTHIIKOBHX 3apsiliB MiKBY3JIOBUMH (B iHTEPCTH-
wisix) ionamu ¢ropy (nertp Dy*"F") Ta isomop(ruM 3amimennsm aniona F~ anionom
OH" y By3nax kpucTaniunoi rpatku (estp Dy’ ~OH").

lonmoBHi PJI-XxapakTepHCTHKHM 1 CTPYKTYypHI NapamMeTpd HaWTHIIOBIIINX B3ipLiB
¢mooputy 3 nopin Ilepxancekoro pomosuma ta ScTpyOenbKoro pyaonposBy HaBe-
eHo B Tadi. 1.

JlinsiHKa KOTepeHTHOTo PO3CisiHHS L 1 mapaMeTp eleMeHTapHOi KOMIpKH a B3ipLiB
¢drooputy 3 mopin [lepkaHCHKOTO POJOBHUIINA CTAHOBIATH, BiAMOBIAHO, 64—979 HM i
0,5458-0,5471 1M, 3 Scrpydenskoro pynonposiBy — 112-329 am i 0,5466-0,5469 am
(Tabm. 2).

VY cnekrpax ®JI npoxxapenoro (1173 K, 20 xB) ¢uroopury Ilepxancskoro pomo-
BumIa (kepH cB. 21c Ta BigBamm maxtu Ne 2) i Scrpybenskoro pynompossy (cB. 23c)
BusiBNIeHO JtiHil itoniB U™ (enextponna oGonmonka 5f, ocHOBHMii cTaH 2Fsp [15])
(puc. 2). Haiiiporigninre, ypan Bxomuts y mosumii Ca’’ mpupomsmx Kpucranis
dmoopury y dopmi U, mo 3ymoBneno GnusbkuM posmipom ionnnx pamiycis U*
(0,105 um) i Ca®>* (0,106 HM). V TpoXKapEeHNX KPHCTANaX KOMIICHCALs HAJTHIIKOBHX
sapsazis U®" BinGyBaeThes 3a cxeMoro 40> — 4F" [6]. Bigomo [15], mo xapakTepHOO
ocobuBicTI0 U-BMICHOTO ()IFOOPHUTY € YEPBOHUHN MOJKCK Bi3yaJIbHO TEMHO-(ioJe-
TOBHX MPUPOJIHUX KPUCTAJIIB 1 BUCOKA KOHIIEHTpalis M-1ieHTpiB (2V§).

YacToTy BIAaCHUX KOJHMBaHb (DIIOOPUTY
¢ikcytoTh y nanpHid nuisHOi IY-cmekrpa
MOTJIMHAHHS, III0 11032 /1ialla30HOM CIIEKT-
panbHUX MPUITAZiB, BUKOPUCTAHUX Yy HAIIUX .
nocrimkennsx. Tomy B [Y-cnekrpax mine- i
panmy 3 000X pigKicHOMeTaJeBHX 00’ €KTiB
(puc. 3, 4) BUOHO TUTBKH CMYTH BIACHHUX
nedexTiB CTpYKTypu (QIIOOpHTYy W Mexa-
HIYHUAX JOMIIIOK KapOOHATIB 1 CHJIIKATIB.
HasBHi 1Ba THIM CMyT 3 pi3HOIO YacCTOTOIO
nepopMamiiHUX 1 BaJCHTHHX KOJHWBaHb
(1 647 (Bpz0) i ~3 400 cM ' (Vipo); ~1 735— / I
1 740 (Smo) i 3 265 oM (Vino)), fKi N
MOB’si3aHl 3 NOIVIMHAHHSM, BIANOBIIHO, ]
BaKyoJIbHOT BoaM (Y BKJIFOUEHHSX) 1 CTPYK-
TypHO 3B’s3aH01 Boaw [16]. IlinTBepmxkeH-
HAM 1BOTO € HasBHICTD Y 6HI/I)KH'I>OM}./vZ[ia- nomy U-Buicromy damioopiri (1 173 K,
nazoHi [Y-cmekrpa cMmyru KOM61HaI_l1PIHI/I)§ 20 x8). Criextpn 3amicano 3a 300 K (1)
KOJIMBaHb BOAM 3 4AacToTor0 5 226 cM i77K (2).

(nuB. puc. 4, 6).

5526

f_
b
5610

IHTEHEUBHICTE NIOMIHECUEHLT

500 550
HoexaHa x2uni, Hu

Puc. 2. Criexrpu ®JI ionis U y npoxape-
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Tabnmms 2
CrpykrypHi mapamerpu ¢roopury Cymano-Ilepxxancbkoi 30HA
Howmep B3ipus 3abapBieHHS, CTpyKTypHI IapaMeTpH
Ta foro npuB’s3Ka Mopdororis a, HM | V, aM° Lgep, HM
Ieporcancoke podosuwye
Cs.2lc,
. 11712 wm BesbapHe 0,5470 0,16369 89
Cg. 2lc, BKpAaIUICHHS
r 14465 M 0,5469 0,16361 90
§0F-260, cB. 12025, ®dionerose 0.5467 0.16340 295
iHT. 4748 M BKpaIUICHHS
126, mpasuii 6eper ®ioneroBuii i3
p- Y60pTh, 2 KM Bix KBapI-(III0OPUTO- 0,5467 0,16345 127
c. Ilepra BOT'O MPOKUJIKA
30F-122 ’Kosro-Gype 0,5467 0,16341 67
BKpAIUICHHS
N B o
2 | 30F-209 Teno-BumHeBil 0,5464 0,16312 569
i3 TPIlMHK
£ | 30r211 Cinbo-gioetona 0,5467 0,16339 64
o KipKa [0 TPilHHi
= KostyBaro-diomne-
30F-214 TOBI KPHUCTAIH 0,5463 0,16303 979
i3 TPIIIMHU
30F-279, cB. 2493, erISHO, 5 0,5458 0.16259 191
. 55,6 m Maibke YOpHHUit
Hcempybeyvkuil pyoonposs
5-8 M 0,5469 0,16360 329
& [50,5-53,6m B 0,5466 0,16335 113
NIV TER e 0,5467 0,16342 112
) 183-185 M q)icr))neTOBnﬁ 0,54661 0,16331 134
299-300 m . s 0,5468 0,16346 197
T ETIE Pi3HUX BIATIHKIB
it 824.8-825.8 0,5467 0,16340 158
BesbapBHmMii
30F-252 MOHOMiHEepaIbHUHA 0,5471 0,1637 130
HPOXKHIIOK
30F-253 T'Hi310, 3eneHuit 0,5466 0,1633 160
Emanonni dani
®dmoopur CaF, Kaptka Ne 35-0816 0,5463 0,16303
ITpieBmicHMI Etanon
drioopit (Ca,Y)F, Kaprxka Ne 31-0293 0,5500 0,16637

BusiBneno, 1o B CiekTpax B3ipIliB 3 BUCOKOIO KOHIIEHTPAIIIEI0 BaKyOIbHOI BOAH (Y
(hIrFOOPHTI 3 TEeP’KAaHCHKUX TPAHITIB 3 TOIYOUM KBapIoM (IuB. puc. 3, a, 5) abo 3 TeHT-
reJIbBIHOBMICHUX METaCOMATHUTIB (IUB. pHc. 3, 6, I, 3)), CMyra BaJICHTHHX KOJHBAaHb
~3 400cM ' HaKkIaeHa HA CMYTy CTPYKTYpHOT Bomu 3 265 cM ' (Mackye ii). OnHax mo-
piBHsSHHES [Y-ciekTpiB pi3HUX 30H TaKUX KPHUCTANIB, ¥ AKHX (IKCYIOTH 1 CIIa0Ki CMYTH
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CTPYKTYpHO 3B’s13aHOT BoM B AimstHIi ~1 735—1 740 cM ' Sy (muB. puc. 3, a, 3, 4;
puc. 4, a, 3-1, Il), 3acBindye HasBHICTH Y XX B3ipIAX 000X THITIB BOAH.
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Puc. 3. [U-cniektpu ¢urooputy IlepikaHChKOro poIOBHIIA y CICKTPAILHOMY Jliana3oHi
25003 800 cm :

a — TIepXKaHChKI TpaHiTH, cB. 21c: [ — 1. 8 M; 2 — 1. 1 200 m; 3, 4 — 1. 1 446,5 M (pi3Hi mi-
JSHKH OJHOTO 3€pHA); 5 — MEepiKAaHCHKUII TPaHIT 3 ToxyOuM KBapuoMm; 6 — rpaHit-nopdip; 6 —
METacOMaTUTH: | — BKPAIUICHHS B aJbOIT-MIKPOKIIiH-IEPTUTOBOMY METACOMATHUTI; 2 — i3 THI3J y
TeHTTeIbBIHOBMICHOMY METaCOMATHTi; 3 — i3 IPOXKMIKIB Y TEHTTe/IbBIHOBMiCHOMY METaCOMATHUTI.

Kpucranu drooputy 3 eripuH-puOeKiTOBUX NapareHe3ncCiB MepKaHChbKUX TPaHITIB
i cienitiB (muB. puc. 1, a, [ Ta 6, 1) 3a CHiBBIIHOIIEHHAM IHTEHCHUBHOCTI CMYT 1 JIiHIH
OAII mpaktryso ineHTndHi. TunoMmopdHy acomianito OAIl y HEX (HOpMYIOTH BHCOKI
xonnentpauii Er'"Na', Dy**Na', Dy*"F; ta Ce*" i Sm*"; TR*'y/TR*'¢, = 1,5-2,5.
3a3HauMMO, 10 CaMe TaKi KpUCTAIU (UIIOOPHUTY, EJIEKTPOHEHTPAIBbHICTD KPUCTAIIUHOT
CTPYKTYPH SIKHX 32 T'€TepOBaJIEHTHOTO 130MOP(]i3My 0CATAETHCS BXOKEHHSIM KaTio-
uiB Na’ Ha micue Ca™', e minepanamu-inankaTopamu (opMaiiiiHol HalIeXHOCTI 10
pizKicHOMeTaneBux Jy)HHX mopix, a uentpum Er'’*Na® i Dy**Na' — wminepanoro-
CHEKTPOCKOMIYHMMHU KPUTEPISIMU IXHBOT pyIOHOCHOCTI. Lle miaTBep/KyI0Th OepKaHi
Hamu aHajoriysi PJI-xapakrepuctuku ¢uroopury 3 eripun-pubexiT-aphBeacoHIT-aHi-
toBux cienitiB Karyrincekoro Nb-Ta-Zr-REE pomosuma (Pocist) — omHOTO 3 Haii-
Oinbiux 3a 3anacamu Nb, Ta, Zr i TRy 06’exTiB y cBiTi [5, 12].

VY ¢aroopuTi 3 JIEHKOKPATOBHUX CIEHITIB BEPXHBOI Ta rOJOBHOI PO3LIAPOBAHHX Ce-
piit Slcrpy6enpkoro pynonposiBy (amB. puc. 1, 6, 2), HOPIBHSHO 3 ONMCAaHUM BHIIIE,
3aikCOBaHO MOMITHE 3MCHIICHHS KOHIICHTpAIIil Sm*" ta BiJICYTHICTB Ce*". 3a mumu
napameTpamu JI0 HbOro OJM3bKHUA (DIIFOOPUT 13 TPaHIT-MopdipiB — KUIBHUX YTBOPEHD
y Mep’KaHChKUX rpaHitax (muB. puc. 1, a, 3). Y MiHepami 3 JIEHKOKPATOBUX CIEHITIB i
rpanit-nopdipis 3Hauenns napamerpa TR?*y/TRY ¢, 3mintoeTses Bin 2,6 10 3,6.

V cnekrpax PJI kpucramniB BKpamieHOTO (IFOOPHUTY 3 METACOMATHUTIB (TEHTTENbBI-
HOBMICHUX CHIEpO]ITIT-aNIBOIT-MIKPOKITIH-IEPTUTOBHX 1 alb0IT-MIKPOKIIIH-IIEPTHTO-
Bux) minii nentpis Er'” i Dy’" 3 kommencaniero HaamimkoBoro 3apsity onamu Na
MaroTh HE3HauHy IHTCHCHBHICTb, a B CHEKTpax B3ipliB, BiIIOpaHUX y TpilMHAX, iX
MTOJIEKYIX 30BCiM HeMa (OuB. puc. 1, a, 4, 5).
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Puc. 4 . [Y-cniextpu durooputy ScTpyOenbKoro pyonposBy:
ai 6 — miamazon 600-3 800 cM '; 6 — Gmmkns 1U-ginsuka, gianason 4 500-6 000 cM ' a, 6 —
cienitu 3i cB. 23c: [ —inT. 1 494-1 494,6 m; 2 — 1 302,51 302,8 m; 3 —363,4-363,9 m; 4 — 183,0—
185,5 m; 5 — 50,5-53,6 m; 6: ] — THI3A0 B TEKTOHIYHIN Opekuil 1o cieHiTy; 2—4 — THi3Aa y BiJclo-
HEHHX KBapIIOBUX Opwunax; /, I/ — pi3Hi 30HH OJHOTO KpHcTana; ** — mapa3uTHE IOITIHHAHH.

OOMexxeHe BXOJDKEHHSI HOHIB HATPiI0 B CTPYKTYpY (IIIOOPHUTY 3YMOBIJIEHO, BipO-
TiHO, 3HIDKEHHSIM aKTUBHOCTI HATpil0 B MIHEPaJIOYTBOPIOBAJIHHOMY CEPEAOBHII Ha
3aBepUIAJILHUX CTaAiAX (POPMYBaHHS POJIOBHIIA 32 YMOB 3HAYHOTO 3HIDKCHHS TEMIIe-
patypu. OgHak 1 (QIIIOOPUTY 3 METACOMATHUTIB 1 3HAYHOI YaCTHHH HOTO B3ipIiB i3
THI3]] Ta MPOXKWIKIB Y HUX (IUB. puc. 1, a, 4, 5), K 1 U1 KPUCTAJIB 3 eripuH-prOeKi-
TOBHX TaparcHEe3UCiB MEPIKAHCHKUX TIpaHiTiB (auB. puc. 1, a, 1), XapakTepHi TaKoX
LUEHTpU Ce*" ta Sm*".

VY cnexrpax PJI ¢urooputy 3 mepkaHCHKHX TPaHITIB (quB. puc. 1, a, I) i CieHITIB
(mmB. puc. 1, 6, 1, 2) intencusnicts ninii Dy -OH™ (573 uM) dikcyloTh Ha MeXi ayT-
JIMBOCTI TpUJIaly, HATOMICTh BOHA JIOCUTH IOMITHA B CIIEKTpaxX KPUCTAJIIB i3 IPaHIT-
nopdipiB (muB. puc. 1, a, 3). A y drooputi i3 THI3N y KBapuoBux Opuiax (Bimcio-
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HEHHSl KHCIOTHUX KBapIOBUX TpelseHiB y SlcTpyOenbkoMy MacuBi) BOHA B3araini
JIOMiHYE€, IO LUTKOM 3MIHIO€ KOH(QITypalito crekTpiB (auB. puc. 1, 6, 3). Lle xomrue-
MEHTY€TbCS 3 HasgBHICTIO B [Y-cHekTpax IHUX KPHCTANIB YiTKUX CMYT NOIJIMHAHHS
BaNeHTHHX (cMyTa 3 265-3 280cMm ') i medopmariiianx (~1 740 cM ') konuBaHb CTpy-
KTYPHO 3B’s3aHOi Boau (nuB. puc. 4, 6, 2—4), KOHIEHTpalis AKoi, 3a3BUYaii, gocTaT-
HBO BHCOKA, IHKOJIM HaBiTh MEPEBHIYE KOHICHTPAIII0 BaKyoJbHOI Boau. HatoMicTs,
PO BHUCOKUI BMICT MOJIEKYJISIPHOT BaKyOJIbHOI BOJH, SIKY 3a(ikcoBaHO (IuB. puc. 4,
a) y B3ipusax (QIroopuTy 3 CieHITIB (LIeHTpajbHA YaCTHHA MacHBY, KEpH CB. 23¢), CBiJ-
YyaTh IHTCHCUBHI CMYTH 3 4acToTom 3 425 oM ! i euem 3 280 e (Vioo) Ta ciabmi 3
gactoToro 1 648 cM ' (Sy0).

Amnaniz cnekrpi PJI ¢urooputy BUSBUB 3BOPOTHY KOPEJISIIIO MiJK IHTEHCHBHICTIO
Dy’"F; i Dy’"-OH", sia uiTko BusiBIeHa Ha [IepaHCHKOMY POIOBHILI y BKPAILICHO-
My (IIOOPHUTI 3 TEepKAHCHKUX TPAHITIB i TEHTTEIbBIHOBMICHHX METAaCOMATHTIB Ta
BKpAIUICHOMY 1 THi3I0BO-)KWJIBHOMY (UIFOOPHTI B TpaHiT-opdipax, a Ha SAcTpyOennb-
KOMY DPYyIOINpOsiBI — y MiHepasli, BKpaluleHOMy B Ci€HiTaX, Ta 13 THI3J] y KBapIOBUX
6punax. 3Hauenns napamerpa Dy’ *F;/Dy’"OH~ y ¢uroopuri 3miHI0€ThCS Big >> 1
Mo < 1, mo CBiAYUTH IO EBOIIOIIIHY 3MiHYy BOJHOTO peXUMY (UIFOINIB y Iporeci
fioro xpuctamizarmii. 7 MiHepamy X i3 TPIIMH y TeHTTeNbBIHOBMICHUX METaCOMaTH-
Tax 3Ha4eHHs 1bOro mapamerpa > 1. BiporinHo, HaWMi3HINIMN, TPIIMHHO-KHUIBHUHI
MOpPQOIOTIYHUH THIT (IIIOOPUTOBOIT MiHepatizallii, 3HauHo nomupennii y Ilepxancs-
KOMY POJOBHIII, (OPMYBABCs 32 YMOB IiIBUIICHOT aKTUBHOCTI PTOPY i OUTBIIT HU3H-
KOTEMIIEPaTypHOTO PEKUMY (IO THO-TiAPOTEPMATBEHOI CHCTEMH.

3a HaOJIMKCHOIO OIIHKOI BMICTY BaKyOJbHOI 1 CTPYKTYPHO 3B’s3aHOT BOJIH, 3p00-
JICHOI0 Ha IIiICTaBi MOPIBHSAHHS IHTErPaJbHOI IHTEHCHBHOCTI BAJECHTHHX KOJIHMBAHb
BIJMOBIHMX CMYT MOTTMHAHHA B [U-criekTpax, MaKCUMaJIbHUI CyMapHUH BMICT 000X
THUIIB BOIYU BHUSBICHO y (DIIOOPHTI 3 BKpAIUIEHb, THI3/ 1 MPOKWIKIB Y TEHTITEIbBIHO-
BMICHUX MeTacomaruTax [lepkancbkoro pogosuila (AuB. puc. 3, 6). Y m’aTb—IecsTh i
OinbIle pa3iB HUKYOIO € KOHIEHTpAList BOAM Y (UIIOOPUTI 3 eTipuH-PHOCKITOBHUX TIEp-
JKaHCHKHX TPAHITIB (IUB. pUC. 3, @) 1 IcTpyOCUbKUX CieHITIB (IuB. puc. 4, 4, 8).

TenzaeHiist 10 HarpoMmapkeHHss Mn y QIIOOpHTI Mi3HIX TeHepalii mpuTaMaHHa
000M JTOCTIIKYBaHUM PifKiCHOMETaneBHUM 00’ ekTam. OCOOIIMBO YiTKO BOHA BHUSBJICHA
y KpHcTaJlax i3 TpiluH y MeracoMmaTturax llepskanchkoro ponosuma (auB. puc. 1, a,
0) Ta KBapIoBUX OpwI i rpeii3eHiB ActpyOerpkoro pynonpossy (aus. puc. 1, 6, 4, 5).
[IpumMiTHO, IO MK KOHIICHTPAIi€I0 Mn?" (480 HM) i HeHTpiB Ha BIacHHX AedeKTax
ctpyktypu (Vi-1ieHTpiB Ta M-1ieHTpiB (2V7F)) € npsma kopessiuist (auB. puc. 1, a, 6 1
1, 6, 4, 5), y uboMy pasi 3MeHIIyeThcsi cymapHa koHnentpanis OAILL Ha pigkicHO3e-
MEJIBHUX 10HaX.

SckpaBo-3eneHe BUIIPOMIHIOBAHHS HOHIB Ut y TIPOXKAPEHUX KpUCTanax (QIoopu-
Ty MOXe OyTH CyLiIBHUM, Kpam4acTHM a00 30HaJbHUM (pO3IOJiIEHE B OKPEMHX
30Hax). Lle, Ha Ham mMOrMAA, 3acCBiAYy€ HaKJIQJEHWH XapakTep i30MOp(pHOro BXO-
JOKEHHS YpaHy B CTPYKTYPY (UIFOOPHTY, IIO IiATBEpKEHE HEPIBHOMIPHAM pPO3MOIi-
JIOM YPaHOBMICHOTO (DIIFOOPHUTY B TE€OJOTiYHUX po3pizax ceepaioBuH 21c (1 500 m) i
23c¢ (1 500 M), y BimBaiax MeTacOMaTHTIB maxTd Ne 2 Ta I[IIKOBUTO HOTO BiJICYTHI-
¢TI0 B cieHiTax (kepH cB. 3113, rn. 1 500 m). V mepxkaHChKUX TpaHiTax cB. 21c Haii-
Ginbury kommentpanito U’y dmoopuri 3adikcoBano Ha ramGumi 8 M i 1 341,3—
1 505,4 m, a B cienitax cB. 23c — B inTepBani 111-300 M, nemro MeHmTy — B iHTEpBaIax
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50-183 ta 363,0-375,6 M. 3a nanumu ICP-MS st darooputy [epxancekoro pomo-
BHWIIA, SIKi € B HAIIOMY PO3MOPSHKEHHI, BMICT YpaHy B OKpPEMHX B3ipIsx i3 TpaHIT-
nopdipiB CTAaHOBUTH 3,5 YAaCTMHH HAa MIUIBHOH, 13 MEPKAHCHKUX TpaHitiB — 22,3, i3
TPILIMH TiJPOTEPMAIBLHOTO BHUIIOBHEHHS B Meracomarutax — 112-208 wactuH Ha
MutbiioH. TpaHCOpTYBaHHS ypaHy, IMOBIPHO, OB’ sI3aHE 3 BUCXiTHUMHU TNTHOMHHUMH
(hrop-xkapboHATHIMH (IIIOiTaMH B 30HAX TEKTOHIYHOI TpimmHyBaTocTi. Hacmigkom mii
takux (iaroiniB Moxke OyTH, mo-mepiie, 3aMilieHHs KoaymoOitTy U-mipoxjiopoMm B iH-
TEHCUBHO aJb0ITH30BAHMX 1 OKBApI[bOBAHUX EriPMHOBUX MEPKAHCHKUX TPaHITaX, IO
3atikcoBaHo y cB. 21c Ha 1. 1 172, 2 ™ [2], mo-apyre, — GpopMyBaHHS 11100y Kallb-
OUTY Ha TIOBEPXHI YPAaHOBMICHHX KPHUCTATiB (IIOOpHUTY, MO BimOyBamocs 3a pizHOL
TEMIIEpaTypH.

30iblIeHHS MTapaMeTpa eJIEMEHTapHOI KOMIPKH ¢ KpUCTaliB (II0OPUTY HpsSMO
KOPEJTIOE 3 YMICTOM JIOMIIIIKOBHX 10HIB, @ 3HAYECHHS JIUITHKH KOT€PEHTHOTO PO3CISTHHS
L — 3 xpuCTaNiYHICTIO; IIe BU3HAUCHE CTYIICHEM TiJpaTarii Ta 0COOTHMBOCTIMH TeTepo-
BaJICHTHOTO 130MOp}i3My, Y TIM YHCIIi ypaHy.

Ha notpiitniii giarpami (puc. 5, @) y KOOpIUHATax CITiBBITHOIIEHHS KOHIIEHTpaLii
Dy’ "F/-Dy’"-OH™— Er’"Na" dirypaTusHi Touky B3ipiiB (IH00pHUTY Mmi3HIX reHepaiit
IlepkaHChbKOTO POJOBHINA 3MillieHi B HampsiMi 3pocTanHs KoHueHtpauii Dy F;, a
Slerpy6enpkoro pyaonposBy — y 6ik Dy’ “OH™ (. puc. 5, 6).

o 1
DVEEOH' Er3l- M Dy 0H Erfdna
a 6
Puc. 5. ChiBBinHomenHs KoHIeHTpaii nentpis PJI— Dy*"™ F;, Dy*"-OH™ 1a Er’"Na' —
y ¢uroopuri Cymano-IlepxaHchkoi 30HU:

a — ¢mooput IlepxaHChKOrO pojoBUINA: / — BKpAIUICHHS B NEP)KAHCHKUX TIpaHitax; 2 — i3
TPILIMHHU B MEPXKAHCHKOMY TPaHITI 3 TONyOMM KBapioM; 3 — i3 MPOKMIIKa B rpaHiT-mopdipi; 4 —
BKpAIUICHHS B TCHTICJIbBIHOBMICHHX METacOMAaTUTax; 5 — i3 THI3J y MeTacoMaTurax; 6 — i3 mpo-
JKUIIKIB 'y MeTacoMatuTax; 6 — ¢umooput Sctpybenpkoro pyaonpossy: [ — i3 JeHKOKPAaTOBUX
CIEHITIB BEPXHBOI PO3IIAPOBAHOI cepil; 2 — i3 puOeKiT-eripHHOBUX CI€HITIB LIEHTPAILHOTO sipa (3a
[8]); 3 — i3 neiikoKpaTOBHUX CIiEHITIB TOJOBHOI PO3LIAPOBAHOI cepii; 4 — i3 HerMaToiHOTO CIEHITY,
cB. 510, ri1. 23 M; 5 — i3 THI3#a B GioTHTOBOMY rpeii3eHi, cB. 23c, r1. 10 M; 6 — 13 THI3A 1 MPOXMII-
KiB y BIZICIOHCHUX KBapIOBUX OpHiax.

Lle cBiguuThH MpO pi3HI CHIBBIAHOUIEHHS! CTPYKTYPHOI BOM 1 (GTOPY B KpUCTaNid-
Hifl CTPYKTYpi MiHepaily Ta mpo OCOOJMBOCTI CKIIAay JICTKAX KOMITOHEHTIB (hIrOimiB
mag wac ioro kpucramisamii. Bapiamii 3mauenns mapamerpa Dy’ 'F;/Dy’"-OH-
BiZIOOpaXkaroTh €BOJIIOLIHHY MOCHIJOBHICTh KpHcTamizauii (GaroopuTy; iX MOXHa BH-
KOPUCTOBYBATH SIK CTPYKTYPHHUI 30HJ 3MiHH BOJHOTO PeXnMy (IIroiniB KOXKHOTO 3
00’exTiB mix 9ac ixaporo popmysanHs. [lle pa3 3a3HaunMo, 110, 3a pe3yabratamu [Y-
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CIEKTPOCKOMIYHUX JOCII/KEHb, BMICT BaKyOJIbHOI BOJIYM BKIIOYECHb y (IIOOPHTI 3
TeHTIeIbBIHOBMICHUX MeTacoMaTUTIB [lep>kaHCHKOTO POJOBHUINA 3HAYHO BUIIUH, HIXK
y MiHepaii SlctpyOerboro pynonposisy. BkparuieHuii ¢uirooput B eripuH-puOEKiTOBUX
CIEHITax LEHTPAIBHOIO S]pa LBOTO PYAONPOSBY — i€ HAHOLIbII paHHIA MPOIYKT
MarMaTU4HOi KpUcTatizauii ¢TopoBMICHOTO pO3IUIaBy, KU BIJOKPEMHUBCS BijJ CHIIi-
KaTHOT'O BHACIIZOK JIKBAIifHUX mporieciB [5]. DmoopuT i3 THI3A y KBapIoOBUX OpH-
nax (KBapuoBHil Tpeii3eH) ScTpyOensKkoro MacuBy yTBOPHUBCS HAIPHUKIHIN KPUCTAIi-
3anidHol audepeHmianii Ha HalOUTBII KUCIOTHIN 11 cTajii; Ha HAIly IyMKY, BiH HE
3a3HaB aBTOMETACOMATHYHOI epepoOKH, Ha BIZIMIHY Bijl (IIOOPUTY 3 CIEHITIB.

Bapiamii cniBBigHOmeHs koHIeHTpamii OALL y dmroopuri IlepxaHchkoro pomo-
Buima, 30kpema, mapamerpis Y TR*'y/S TR, Dy’ F7/Dy’ " OH™ 1a ¥ souin/Y et
BiZIOOpaXkaroTh XapakTepHi 0COOIMBOCTI MarMaTUYHUX 1 MiCASMarMaTHYHHUX MPOLECIB
WOro KpUCTami3allii, a caMe — TPUBAIIICTH 1 OaraTocTaIiiHICTb.

OTxe, BHABICHI Bapiallii KpPUCTAJOXIMIYHUX OCOONMBOCTEH (IIOOPHUTY 3 MOPif
JIBOX Pi3HUX MarMaTH4YHHX cHcTeM y Mexax Cymano-Ilep)kaHChKoi TEKTOHIYHOI 30HH
CBiIYaTh NPO HEOJHOPIJHICTD CKJIAQy PIJKICHUX 1 JIETKUX KOMIIOHEHTIB TXHIX Mare-
PUHCBKHX JDKEpes Ta faraTocTaliifiHICTh YMOB KPUCTaTi3allii [IEOTO0 MiHEPay, IO JUIs
ITepxaHCHKOTO OEPUITIEBOTO POJOBHUINA IOB’S3aHO 3 IHQUIBTPALiIHHUMH MeTacoMa-
TUYHUMH TIpoLiecaMu, a i SIcTpyOenpkoro nUpKOHIH-piAKICHO3eMeNbHO-ITPIEBOTO
PYAONPOSIBY — 3 pOLIeCaMu KpUCTaIli3alliiHOl Andepeniianii riImOMHHOT MarMu.
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FLUORITE FROM RARE-METAL DEPOSITS
OF SUSHCHANO-PERZHANSKA TECTONIC ZONE
(UKRAINIAN SHIELD): CRYSTAL CHEMISTRY
AND GENETIC FEATURES

T. Lupashko, K. Ilchenko, O. Grechanovska

P. Semenenko Institute of Geochemistry, Mineralogy and Ore Formation of NASU,
34, Acad. Palladin Av., 03680 Kyiv, Ukraine
E-mail: K Ilchenko@hotmail.com

Fluorite from two rare-metal objects of Sushchano-Perzhanska tectonic zone (Volyn
block, Ukrainian shield) has been investigated: from Perzhanske Be deposit
(genthelvite, phenacite) and Yastrubetskyi Zr-REE-Y ore occurrence (zircon, britholite,
orthite etc.). The nature and, if necessary, annealed (1173 K, 20 min) crystals were stud-
ied by means of X-ray luminescence (RL) and photoluminescence (PhL), IR-spect-
roscopy and X-ray analysis.

Fluorite of different colour and morphological features has been sampled from per-
zhanski granites (including those with blue quartz) and granite-porphyries, genthelvite-
bearing siderofillite-albite-microcline-perthite and albite-microcline-perthite metasoma-
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tites and greisens (Perzhanske deposit) and from leucocratic syenites (with ferroedenite
hornblende and biotite) of the upper layered series and meso-, leucocratic syenites (am-
phibole-biotitic and biotitic) of the main layered series, aegirine-riebeckite syenites of
the central core of the Yastrubetskyi massif and also from exposed quartz blocks in the
south-eastern part of the Yastrubetskyi ore occurrence.

Fluorite crystals from Perha syenites and aegirine-riebeckite varieties of granites are
almost identical to each other by the bands and lines of different optically active centres
ratio intensity of in RL-spectra. The high concentration of Er**"Na®, Dy*"Na*, Dy**F,
Ce*" and Sm®'-centres are typomorphic for them, as like as for fluorites from aegirine-
arfvedsonite-annite syenites of Nb-Ta-Zr-REE Katuginske deposit (Russia). The ratio
TR*W/TR* ¢ is 1.5-2.5. Fluorites from granite-porphyries and leucocratic syenites of
the Yastrubetskyi massif are also similar to each other. They are characterized by less
concentration of Sm*" and lack of Ce*"; TR*'y / TR¥¢. = 2.6-3.6.

Intensity of Dy**OH~ line (573 nm) in RL-spectra of fluorite from Perha granites
and syenites is very weak. But it is more intensive in spectra of crystals from granite-
porphyries. Its dominating intensity totally changes the spectra configuration of fluorite
from veinlets in quartz blocks. In IR-spectra of this fluorite, the clear bands of stretching
(3 265-3 280 cm™") and banding (~ 1 740 cm™") vibrations of structurally bounded water
are observed.

Tendency to accumulate Mn in the fluorite of late generations is inherent to both
rare-metal objects. Decrease of the total impurity centres concentration (parameter Xip, :
2 4er) and increase of TR>*"y-ions content are also observed.

Lines of U*"-ions in spectra of some annealed (1173 K, 20 min.) crystals in PhL-
spectra were observed. Bright green radiation of ions U®* in crystals can be continuous,
distributed by zones or have dotted character. This indicates the superimposed character
of uranium isomorphic entrance to the fluorite structure.

The red gleam of visually dark purple crystals and high concentration of M-centres
(2Vy) are the peculiarities of U-bearing fluorite. Transportation (migration) of uranium
perhaps is due to some late rising deep fluor-carbonate fluids in zones of tectonic frac-
turing. Increasing of a unit cell parameter directly correlates with the impurity ion con-
tent and low values of the coherent scattering area L — with crystallinity. They are de-
fined by the hydration degree and by the isomorphic features of impurity elements in-
cluding uranium.

The revealed variations in fluorite crystal chemistry features from the deposits of
two different magmatic systems within Sushchano-Perzhanska tectonic zone indicates
heterogeneity of rare and volatile components of their maternal sources and is the evi-
dence of the many stages of this mineral crystallization conditions. For Perzhanske Be
deposit they are connected with the processes of infiltration metasomatism and for Yas-
trubetskyi Zr-REE-Y ore occurrence — with crystal differentiation of deep magma.

Key words: fluorite, crystal chemistry, X-ray-luminescence, photoluminescence, in-
frared spectra, optical active centres, rare metal mineralization, metasomatism,
Sushchano-Perzhanska tectonic zone, Ukrainian shield.
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AM®IBO.JIA 3 MAJIITHBITIB HOKPOBO-KUPUIBCHKOI'O
MACHBY (IIPUA30B’S1, YKPATHA)

C. Kpusnik, B. I'auenko, €. JlynboB

Tucmumym eeoximii, minepanozii ma pyooymeoperHs
imeni M. 1. Cemenenxa HAH Yxpainu,
npocn. akao. Ilannadina, 34, 03680 m. Kuis-142, Vkpaina
E-mail: kryvdik@ukr.net; vera.gatsenko@ukr.net; lunev_00@ukr.net

VY wmaninbitax IlokpoBo-Kupuiscekoro macuy (ITpuaszos’s, Ykpaina) amdioonu
HasIBHI SIK OKpeMi BEJIUKi 3epHa 3 YMCICHHUMHU MOUKITITOBUMHU BKIIOYCHHAMH Hederi-
HY, Y CKJIafi CyTTE€BO (DIOTOMITOBHX KCEHOIITIB, SIK MIKPOBK/IIOYEHHs B Sr-amaTuTi i
amdibosy, 1m0 3aMiLyIOTh MIPOKCEHH. 3a XIMIYHMM CKJIQJIOM yCi BOHM HAaJeXaTb N0
Ca-Na-pi3HoBuziB cepii puxtepur—pudekit—apdseaconir. [TopiBusHo 3 mogioHumu Ca-
Na-am¢pibonamu 3 iHmmx mopin Ykpainu (¢eHiTiB, KiMOepIIiTiB, 1aMIpoiTonoioHux
YTBOPEHb, Mapu/liB), BOHU MatoTh mixsuinenni BMictT K,O (1o 4,0 mac. %). Taxi amdi-
6oyt B mopojax YKpaiHCHKOTO IUTa BHUSBICHO Briepine. BOHU acoIiiO0Th 3 HU3BKO-
[JIMHO3EMUCTHMH citofamu ¢utoromit-aniToBoi cepii, Ca-Na-nipokceHamu, HedeniHoM,
COZAIITOM, THTAHITOM, reTieHiTOM. AM®ibonu maninpitiB [TokpoBo-KupuiBchkoro ma-
CHBY Haiibinpure momioHi g0 amdiboiB AeskuXx TyKHUX moping XiOiHCBKOro MacuBy
(Konbcbkuit miBocTpiB).

Kniouosi cnosa: Ca-Na-am¢pibonu, cepis puxTepuT—pHOEKiT-ap(hBEACOHIT, Ma-
nineiT, [TokpoBo-KupuiBcbkuii MacuB, YKpaiHCHKHI INT.

[MoxpoBo-KupuiBchbkuii MacHB pO3TAIIOBaHUN Y 30HI 3WieHyBaHHS [Iprna3oBCcBbKO-
ro merabmnoka Ykpaincekoro muta (YII) 3i crpykryporo Cxmaguactoro [onbacy.
Lleit macuB nouniha3zoBuil, CKIAACHUH 3 JEKUILKOX MEHIIMX IHTPY3ii (MacuBiB) — Ii-
POKCeHITiB, rabpo, MalliHbiTiB, HeETIHOBUX CIEHITIB (IOBITIB), @ TAKOX CyOITy>KHHX
0a3ampTOINIB Ta IXHIX JAWKOBUX aHajoriB. MainiHsiTH MacuBy Brepiie omnwcas . [la-
poBseekmii 1961 p. [16], ix cxapakrepu3oBaHo B Mi3HImKX MoHOrpadisx [1, 8] Ta au-
ceprauiitniii npaui M. BytypiiHosa [2], a MiHepaii HeeIHOBHUX CIEHITIB — y JEKiJIb-
KOX CTarTsX [3 Ta iH.].

[IpoTe ximMiuHUI cKIlag MiHepaliB 3 MaNiHBITIB HE BU3HAUCHO, III0 3YMOBIICHO IX-
HIMH CKJIQJHAMH 3POIICHHSIMH, HASBHICTIO B HUX YMCIICHHUX BKJIIOYEHbB i, K HACIHIi-
JIOK, HEMO>KJIMBICTIO BHJIUJICHHSI MOHOMIHEpaJdbHUX (Dpakiiil Ajsi XIMIYHOTO aHaizy.
Amdibomnu 3 MaiHbITIB Ha3UBaJIH JTy>KHUMU [16] abo ractuHrcnTamu [8].

Mu mocnipKyBalii MiHEpaJOTi9HI OCOONUBOCTI M XIMIYHMU CKJIal MiHEepamliB i3
MauineiTiB [TokpoBo-KupuiBcekoro macusy. Ileprn Mikpo30HIOBI aHali3u MiHEpasiB
i3 nux mopia HaBeneHo B Hawid npaii [13]. Huxkve cxapakrepuzoBaHO pe3ysbTaTh
OCTaHHIX JCTATFHUX MIHEPAJOTIYHUX Ta XIMIYHHUX TOCTIKCHb aM(iO0IIiB 3 MaiHbi-
TiB [TokpoBo-KupuiBcbkoro Macusy.

© Kpuenik C., I'arnienko B., Jlynsos €., 2016


mailto:kryvdik@ukr.net
mailto:vera.gatsenko@ukr.net

C. Kpuedik, B. 'ayeHko, €. J/IyHb08
110 ISSN 2078-6220. Minepasioriunuii 36ipauk. 2016. Ne 66. Bunyck 1

Mopdororiro 3epeH i CTpyKTypHI B3a€MOBIIHOMIEHHS aM(iO0IiB 3 iHIIMMHU MiHe-
panaMu BHBYAIH B IDTiax 3 BHKOPHCTAHHAM ONTHYHOTO IMOJSIPH3ALIKHOTO MIiKpO-
ckonia ECLIPSE LV100POL (Nikon).

3a J0IOMOTrOK0 PacTPOBOTO €JIEKTPOHHOTrO Mikpockomna JSM-6700F, o06i1angHaHoro
eHeproJucIepciiHoo cucteMoro s Mikpoananizy JED-2300 (“JEOL”, SInowis), mo-
CJi[DKEHO MAIIIHBIT 1 KCCHONIT Y HboMY (B3ipers 13/8-9), ananituk O. BumneBchkuit
(mopmyBanss Ha 100 %).

Mikpo30H10BI aHaii3u aM(ibOoJIiB TAKOXK BUKOHAHO B [HCTUTYTI reosiorii 1 MiHepa-
norii imeni B. C. Co6oneBa CB PAH (M. HoBocubipchbk) 3a JOIOMOIo0 CKaHyBaJlb-
Horo enekTpoHHOro Mikpockona MIRA 3 LMU (Tescan Ltd), ocHameHoro cuctemMoro
Mmikpoananizy INCA Energy 450 XMax-80 (Oxford Instruments Ltd), anamituk
B. Illapurin. Otpumano 300paxkeHHsT B 3BOPOTHO-po3cisiHuX enektpoHax (BSE) i
KapTH PO3MOILTY SIEMEHTIB JUTsl MiHEPAJIbHIX acollialliil, a TAKOK BUKOHAHO KUIBKiC-
HUH aHaJIi3 MiHepaliB. YMOBH aHaJIi3y 3 BUKOPHCTAaHHSAM €HEPrOANCIIEPCIHHOTO CIIeK-
tpometpa (EDS-meton) Taki: mpuckoproBaipHa Hanpyra — 20 kB, cTpym enexkTpoHHO-
ro nmyuka — 1,5 HA, dac Habopy cnektpiB — 20 c. Sk nopiBHsUIBHI B3ipui yis OibIIOC-
Ti €JIEMEHTIB BHKOPHCTOBYBAJIM MPOCTi XimiuHi cnosmyku i meranu: SiO, (Si, O),
ALOj; (Al), mioicun (Mg, Ca), amsbit (Na), oproxnas (K), Ca,P,0; (P), BaF, (Ba, F),
nipur (S), CsRe,Clg (Cs, Cl), Ti, Fe, Mn, Zn Ta in. {ns xigpKicHOI onTumizarii (HOp-
MYBaHHsSI Ha CTPYM 30HJa Ta KaliOpyBaHHs CIIEKTPOMETpa 3a CHEPri€l0) 3acTOCOBYBa-
mm MmetaneBuit Co. [IpoanarnizoBaHo B3ipenb MalliHbiTy 86-5-2.

Mopdoaoriuni ocobmBocTi amM}piooJ1iB Ta iXHI CTPYKTYpHi B3aeMOBiTHOLIEH-
HA 3 iHmuMu Minepajaamu. JlocmimkyBani am¢pibonan B MaJiHBiTaX € Mi3HBOMarma-
THYHUMH 260 BTOPHHHUMH MiHepadaMmy. IXHil BMICT y IOpoIi 3araioM He MepeBHIIye
2-5 %, po3cCisiHi BOHM JOCTaTHHO HEPIBHOMIpHO. BusiBieHO 4oTHpH TrosioBHI hopmu
BumineHHs am¢idomis. Haituactime me mopisastHO Bemuki (mo 0,5-1,0, inomi mo 2—
4 MM) 3epHa 3 YUCIICHHUMH JAPIOHMMHU MOWKITITOBUMH BKIIFOUEHHSMH Hedeniny, Kii-
HOIIPOKCeHyY ¥ TuTaHoMarHetuty (puc. 1, a). HasBHI Takox npiOHimn 3epHa, sKi 3a-
MICTWIN LEHTPAJbHY (SICpPHY) YaCTUHY BHALIEHb KIIHOMIPOKCEHY (IUB. pHc. 1, 0).
TparmisroTbcsl BUMIAAKY 3aMilleHHs KIIHOMIPOKCEHIB OLIBII JTYKHOTO CKJIagy — 000-
JIOHKH (PEHOKPHCTIB Ta MIKPOJITiB OCHOBHOI MacH. [l gyac crenianbHUX TOCTiIKEHb
3a(hikcOBaHO MIKpPOCKOIIYHI BKIItOYeHHS ampibony B Sr-dropamaruti. OueBugHO, y
oMy pasi amdibon 3axorieHo sk npidHe TBeprodazoBe BKIIOYEHHS (H03asK aMi-
0011 He MOXKe peakIiiHo 3aMinyBaTH pocdarn).

Sx okpemy GopMy MOKHa TpaKTyBaTH BHIUICHHS Maibke O6e30apBHOTO ampidory
B KCEHOMITI. KCEHOMIT y MaiHbBiTI CKIIQAEHUI TOJIO0BHO 3 JAPIOHOIYCKYBATOrO (JIOro-
nity (terpadepudioromirty), y Maci sikoro amdpidon B acowianii 3 TATAaHOMAarHETUTOM
MICTUTBCS Y BUTJIAMI cerperanii npiOHuX 3epeH (muB. puc. 1, 6). IMOBipHO, BiH 3aMmi-
ITyBaB NEPBHUHHI 0€3rTHHO3EMHUCTI MiHEpaH (TIIPOKCEH, OJIBiH).

Takox HasBHHI amM(ibo SICKPaBOro Cipo-OJaKUTHOTO KOJBOPY, SKMM CKJaJeHa
peaxiriiiHa o0IsIMiBKa Ha MEXKi KCCHOJIITY 1 MalliHbITy (IUB. puc. 1, 2).

AmMpibon, po3cissHUI B OCHOBHINM Maci OPOJH, IO CKJIaJeHa 3 Kajimmary, Hede-
JiHY ¥ mipoKceHy, BiApi3HAETbCA Bia aM(piboIy 3 KCEHOIITY 3a JIOCHTh KOHTPACTHIM
3a0apBIiIeHHSIM Ta XiMIYHUM ckiagoM. [TopiBHsHO 3 Maiike Oe30apBHIM am(ibooM 3
KCEHOJIITY pO3CisiHI B MaJliHbiTI 3€pHa MalOTh JOCHTh YiTKE CipyBaTO-CHHIOBaTE 3a-
OapBIICHHS; Y pO3pi3ax 3 TBOMA CUCTEMaMH CIIAITHOCTI MiHEpaJ CTa€ TEMHIIINM, SCHO-
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KopuuHeBMM. J[Bo3asoMiieHHS am(iboiy HH3bKe, YacTille cipe MEepHIoro IMOpSIKY,
3aracaHHs KOCE 32 BHIOBKEHHSM KPHCTANIB. 3a IIMMH XapaKTEPUCTUKAMH JOCIHTIKY-
BaHMI am(iOoa BIAPI3HIETHCS BiJl THUIOBHX JIy)KHHX PI3HOBHIIB — pHOEKITY i apd-
BEJICOHITY.

Puc. 1. ®opmu BuginenHs amdidony B ManiHbiTi (a, 6) Ta GIOromniToBOMY KCEHOMITI (8, 2):

a — BeneTeHchKe 3epHo amdidony (Amf) B OCHOBHII Maci MaJliHBITy 3 PICHUMH BKJIIOUSHHIMH
He(eTiHy Ta MOOAUHOKMMH KIIIHOIMIPOKCEHY it MarHeTuTy; 6 — aM(i0bo 3aMiCTHB SIPO KIIIHOMIpO-
kceny (cPx); ¢ — ckymuenHst apiOHo3epHUCTOrO amdibosy, 10 acoLil€ 3 TUTAHOMArHETUTOM, Y
LEeHTpaNIbHIN yacTuHi ¢uoronitosoro (Phl) kcenomity; 2 — peakuilinnii am¢ibon Ha KOHTaKTi KCEHO-
JITY 1 MaJIiHBITY.

Ximiuni ocodsruBocti am@pidoiB 3 ManiHeiTiB. YCi npoananizoBaHi amdidoan
HanexaTh 10 Ca-Na-rpynu 3 HU3bKMM BMICTOM antoMiHio. Am}ibon meHTpaibHOT
YaCTHHU KCEHOJITY, 3TiHO 3 3arajbHONpUiHATOI Kiacudikauico [19], € Tunosum
puxtepuroM (Tadn. 1), a okpemi pO3CisHI CIpO-CHHIOBATI 3€pHA 3 MOWKITITOBUMH
BKJTIOUYEHHAMH HedemiHy, a TakoX ApiOHI BKIIOYEHHS B MipOKCeHi Ta Sr-(TopanatuTi
HaJIeXaTh JI0 IPOMDKHUX PI3HOBHIIB cepii puxTepuT—pudekit—apdseacoHir (tadm. 2),
NpoTe Ha BiAMOBIIHIN Aiarpami (puc. 2) GirypaTuBHI TOYKH IXHBOTO CKJIaJy pO3TallIo-
BaHi B TOJIi PUXTEPUTY ¥ HAa MEXi 3 MarHe3iokatoGoputoM i depopuxtepurom. [e-
KiJIbKa 3€peH MOTPanwIo B I0JIe MarHe3iokaroopury, a oxHe — y mone Gpepopuxre-
puty (auB. puc. 2). BiacHe nyxHux 0e3kanbliieBux am}iOomiB y MaTiHbiTax HE BUSB-
JIEHO.
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Tabmuws 1
XimiuHuii ckiran am}piOoiB 3 MaNiHBITY Ta KCEHOMITY B HBOMY
3a JaHUMHU MIiKpO30HIOBOTO aHami3y (B3ipeup 13/8-9),
MacoBa 4acTKa y BiZICOTKax

Komnonentu| [ 2 3 4 5 6 7 8 9
Si0, 56,61 | 57,06 | 56,95 | 56,65 | 55,49 | 53,64 | 54,44 | 54,41 | 53,76
TiO, 0,45 0,11 0,36 0,54 0,51 0,49 0,83 0,69 0,98
ALO; 0,08 0,03 0,12 0,28 0,81 0,93 1,01 0,96 1,48
Cr0; 0,05 0,02 0,05 0 0,01 0,05 0,01 0,02 0
FeO 2,52 5,69 1,99 4,25 14,37 | 15,65 | 14,59 | 15,76 | 15,83
MnO 0,07 0,29 0,18 0,23 0,69 1,03 1,07 1,09 1,08
MgO 24,12 | 20,77 | 24,14 | 22,61 | 13,31 | 12,64 | 13,26 | 12,03 | 11,79
CaO 6,97 6,81 6,92 6,88 4,05 4,38 3,86 4,11 5,03
Na,O 6,62 6,41 6,41 5,87 6,95 7,26 7,26 7,30 6,91
K,O 2,51 2,81 2,88 2,68 3,81 3,93 3,66 3,63 3,14
Cyma 100,00 | 100,00 | 100,00 | 99,99 | 100,00 | 100,00 | 99,99 | 100,00 | 100,00
KinbpkicTh KaTioHIB y po3paxyHky Ha 13 (Si+Ti+Al+Fe+Mn+Mg)

Si 7,73 7,92 7,78 7,77 8,02 7,87 791 7,95 7,85
Ti 0,05 0,01 0,04 0,06 0,06 0,05 0,09 0,08 0,11
Al 0,01 0,00 0,02 0,05 0,14 0,16 0,17 0,17 0,25
Fe 0,29 0,66 0,23 0,49 1,74 1,92 1,77 1,93 1,93
Mn 0,01 0,03 0,02 0,03 0,08 0,13 0,13 0,13 0,13
Mg 4,91 4,30 4,91 4,62 2,87 2,76 2,87 2,62 2,57
Ca 1,02 1,01 1,01 1,01 0,63 0,69 0,60 0,64 0,79
Na 1,75 1,73 1,70 1,56 1,95 2,07 2,05 2,07 1,96
K 0,44 0,50 0,50 0,47 0,70 0,74 0,68 0,68 0,59
f 0,06 0,13 0,04 0,10 0,38 0,41 0,38 0,42 043

Mpuwmitk u: I-4 — am¢pibonu (pUXTEPUT) i3 KCCHOMITY B MamiHbiTi; 5—9 — amibonu,
HOPOMDKHI MK puxTeputoM i Mg-pubekiToM, po3cisiHi B MamiHbiTi: 5, 6 — Ti, 110 3aMiCTHIN
KJIiHOMIpOKCceH, 7—9 — okpeMi 3epHa B OCHOBHI Maci mopony; /= Fe/(Fet+tMg). AHaii3u Buko-
Hano B ITMP HAHYVY (m. KuiB) 3a 10noMOrorw pacTpoBOro eIeKTpOHHOro Mikpockoma JSM-
6700F, obnagHaHoro eHeproauciepciiHoo cucremMoro uisi Mikpoananizy JED-2300 (“JEOL”,
Snonist), ananituk O. Bumnescokuii (HopmyBanus Ha 100 %).

Am}pi0onH 3 KCEHOJIITY Ta OCHOBHOT Macu MAalliHbBITIB CYTTEBO BIIPI3HSAIOTHCS 32
ximMigyHuM ckitanoM (puc. 3). 3amisucricts Fe# nepunx cranoButs 0,06-0,13, npyrux
-0,35-0,52.

Awmdibonam i3 KceHOMITY MpuTaManHui Bucokuit BMict MgO (20,8-24,1 mac. %),
nigsumennit — CaO (6,8-7,0) ta mHuspkuit — FeO (2,0-5,7 mac. %). B am¢ibonax i3
MAJIIHBITY Ii TOKA3HUKH CTAHOBIATH, BimmosigHo, 10,1-14,2, 3,9-5,5 Ta 13,2—
18,5 mac. %. Buict inmmx okcunis (TiO,, Al,O;, MnO, Na,O, K,0) B amdidonax i3
MAITiHBITY BUIIMH, HIXK i3 KceHOMiTy. Takoxx B amdibonax i3 KCEHOIITY 3aikcOBaHO
CI‘203.

Taki ocobnuBoOCTI XiMiYHOTO ckiaay am@iOoiiB, SK MiABHIIEHHH BMICT IIYTiB,
MaHraHy, TUTaHy, 3aJli3a i ruHo3eMy (10 XapaKTepHO AJIS JIyXKHUX MOPiK), ycraako-
BaHI BiJI BMICHHX IIOPiJ], TOJI SIK MiABUIICHAN BMIiCT MarHif0 i KaJbIlif0 Ta HASBHICTH
XpOMY CBiZ4aTh MO NMEPBUHHUHN CKJIA] BUXiTHUX MOPiJ KCEHOIITY — OYEBHUIHO, YIIBT-
paba3uris.
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Tabnmms 2
XiMigHHN CKIa] PO3CISTHUX Y MaJIiHBITI aM(piOO0IiB, IPOMIKHUX MK PHXTEPUTOM 1
Mg-pubekiTom, 3a TaHUMH MIKPO30HIOBOIO aHali3y (B3ipeub 86-5-2),
MacoBa 4acTKa y BiZICOTKax

Kommo-| 2 3 4 5 6 7 8 9 10
HEHTH
Si0, 50,92 | 51,43 | 50,39 | 50,68 | 50,18 | 49,51 | 51,56 | 52,11 | 50,94 | 51,11
TiO, 1,42 1,23 1,29 1,38 1,42 1,17 1,03 | 0,93 1,03 1,04
Al 04 1,68 1,45 | 3,06 | 2,25 | 2,14 1,57 1,47 1,21 1,51 1,16
FeO 14,82 | 16,98 | 13,17 | 13,38 | 16,66 | 18,46 | 17,51 | 17,17 | 15,32 | 16,54
MnO 1,24 | 2,14 1,35 1,16 | 2,25 | 2,33 | 2,00 | 2,04 1,85 | 2,07
MgO 13,48 | 11,28 | 13,88 | 14,21 | 11,02 | 10,09 | 10,75 | 11,11 | 12,74 | 11,11
CaO 4,84 | 396 | 524 | 545 | 546 | 433 | 424 | 424 | 470 | 3,86
Na,O 59 | 6,12 | 6,10 | 5,56 | 5,46 | 543 | 6,04 | 597 | 589 | 5,72
K,O 2,82 | 3,30 | 2,67 | 2,78 | 2,71 333 | 3,46 | 3,45 | 3,25 | 4,01
F 3,11 | 2,50 | 2,86 | 3,20 | 2,24 | 232 | 2,02 | 2,29 | 2,89 | 2,60
SrO 0 0 0 0,36 | 0,41 0,30 0 0 0 0,51
Cyma |100,291100,39]100,01 | 100,05 | 99,95 |98,94* | 100,08 | 100,52 | 100,12 | 99,73
KisnpkicTh KaTioHIiB y po3paxyHky Ha 13 (Si+Ti+Al+Fe+Mn+Mg)

Si 7,56 | 7,69 746 | 746 | 7,54 | 7,70 | 7,76 | 7,80 | 7,62 | 7,73
Ti 0,16 | 0,14 | 0,14 | 0,15 | 0,16 | 0,11 0,12 | 0,10 | 0,12 | 0,13
Al 0,29 | 0,26 | 0,53 0,57 | 0,48 | 0,26 | 0,26 | 0,21 0,27 | 0,19
Fe 1,84 | 2,12 1,63 1,63 2,19 | 241 2,20 | 2,15 1,92 | 2,13

Mn 0,16 | 0,27 | 0,17 | 0,14 | 0,29 | 033 | 0,25 | 0,26 | 0,23 | 0,26
Mg 2,99 | 2,52 | 3,06 | 3,05 | 234 | 2,20 | 2,41 2,48 | 2,84 | 2,57

Ca 0,77 | 0,63 | 0,83 | 0,81 0,73 | 0,67 | 0,68 | 0,68 | 0,75 | 0,62
Na 1,72 1,78 1,75 1,63 1,70 1,79 1,76 1,73 1,71 1,75
K 0,53 0,63 | 0,51 0,50 | 0,57 | 0,63 | 0,66 | 0,66 | 0,62 | 0,69
F 1,46 1,18 1,34 1,50 1,25 | 0,76 | 0,96 1,08 1,37 1,13
f 038 | 046 | 035 | 035 | 048 | 0,52 | 048 | 046 | 040 | 045

MMpumiTxku: /-5 — okpemi 3epra am¢pibosiB B OCHOBHII Maci opoau; 6, 9, 10 — amdido-
M, sIKi 3amicTiiM KiiHomipokceH; 7, 8 — amdibonu BkIoYeHb y Sr-¢Topamatuti; f =
= Fe/(Fe+tMg); * — y cymy Takox Bxoauth ZrO, = 0,1 mac. %. AHaini3u BUKOHaHO B [HCTUTYTI
reosiorii i minepasorii imeni B. C. Co6oneBa CB PAH (M. HoBocubipchK) 3a 10MOMOroo cka-
HyBaJIbHOTO enekTpoHHoro mikpockona MIRA 3 LMU (Tescan Ltd), ocnamienoro cucremoro
mikpoananizy INCA Energy 450 XMax-80 (Oxford Instruments Ltd), ananitux B. Illapurin.
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Puc. 3. OcobGnuBocCTi XiMiYHOTO CKJIaay aM(piOoIIiB i3 MaNiHbITIB 1 KCEHOMITY.

3a3HaunMo, 1o amQpiboH, po3CisHi B MaJIiHBiTi, HECYTTEBO BIJIPI3HSIOTHCA 32 Xi-
MIYHHM CKJIAZIOM Bill aM(}iOOJiB, IO 3aMICTHIIM KIIHOMIPOKCEHH, Ta aM(piOoiB-
BKITIOYCHB, Xi0a 110 y BTOpHHHKX amdidonax 3adikcoBano HavBummii BMmicT KO, a B
amibomax BKIIOYEHb — Jemo Bumwii BMicT FeO.

OpHi€r0 3 HAMIIIKABIIIUX OCOOIMBOCTEH YCIiX TOCITIKEHUX aM(piOoJIiB € 10CTaTHBO
Bucokwuii BMicT K,O: y puxTtepuTi 3 kceHomity — 2,5-2,9 mMac. %, a B OLIBII 3aTi3HCTUX
am@iborax, MPOMIKHAX MK PHUXTEPUTOM 1 puOeKiT-ap(BenCOHITOM, i3 MaNiHBITIB —
2,7-4,0 mac. %. Taki Ca-Na-am¢pi6onu B noponax VYIII BusBneHo Bmepiue. [lemo
Butimii BMicT K,O — 4,9 mac. % — paHiriie 3aikcyBaiu B JIy)KHOMY, OJHAK MPAKTHIHO
Oe3kainbuieBoMy am(}iboui 3 Tak 3BaHUX IICEBAOJICHIIMTOBUX JIAMITPOITIB (THHTYSITIB)
Pycekoi Ilomssau [4]. 3Bakatoum Ha BHCOKY KaJi€BICTh MAIiHBITiB, MOXHA Oyino 0
ouikyBaT# i Buioro Bmicty K,O B nocnmimkyBaHux amdibonax, a Takox y HedeiHi
(ctucno omucanuit panimre [10, 13]). IIpote, sik 3a3HaveHo BuIIEe, I1i am(}piOOIH Taku
MatoTh HaliBuiuii Bmict K,O cepen Ca-Na-ampi6ounis i3 pizHux nopix Y1II.

Kpim Toro, y mocmimkyBanux aMm(pi0doiIax 3araioM BHIIMNA BMICT (TOpPY, MOPIBHS-
HO 31 CII0JIaMH 3 MaJIiHbiTiB, — 3,3 Mac. %.

Bimomo, mo Ca-Na-am¢pi6onu TparuisiioTbCsl B IPUPO] 3HAYHO PifIIe, HIK Kallb-
1ieBi abo JIy>kHi, a iXHi pi3HOBU/AH, 30araueHi KaJlieM, KpUCTANI3YIOThCS TUIBKU B Ta-
KHX PiIKiCHUX TOpojax, sk Jammpoita. o toro x, K-puxtepury 3 1amrpoitiB ABCT-
panil nmpuTaMaHHUI HaJI3BUYAiHO BUCOKHMIT (K /i Takoro Tuiy am¢iboiiB) BMICT
TiO, — no 6,8 mac. % [6]. JocaimkyBani HaMu aM(iOOIN TaKOK MAIOTh ITiABHICHUN
BMicT TiO, — 10 1,4 mac. %, xo4a, 3BHUYAIHO, BiH Ha0araTo HIKYUN, HIXK y THIIOBUX
BHCOKOTHUTAHUCTHX Jamnpoirax. [Ipunaiimai B Ca-Na-aMm(}i06oiax 3 MaliHbITiB 3HAYHO
BUIIIMI BMICT TUTaHy ¥ KaJlito, HK, HAIPUKIAJ, Y TOAIOHUX MiHepanax i3 KiMOepIiTiB
KipoBorpancekoro paiiony [17]. [Ipote amdibonu 3 KCEHOMITY B MaliHbiTax 3a piB-
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HEM 3aTI3UCTOCTI (Ta i 32 BMICTOM THUTaHY) 3arajioM moaioHi 1o amdidomis i3 kiMOep-
niTiB; BogHOYac aM(iOOIHM, PO3CisHI B OCHOBHIM Maci MaNiHBITy, OUTBII 3alli3UCTI,
MICTATh OlNbllie THTaHy W Kajiro. [IpuHariaHo 3a3HavMMo, 10 KipOBOIPaJChKi KiM-
OepiiTi Aewio mMoaiOHI A0 JIAMIIPOITIB. Y IoCiipKyBaHUX amdibonax 3 MalliHbITIB
3HA4YHO Oijbllle THTaHy, HDK Yy JIy)KHUX amdiOonax 3raayBaHHX MCEBIOJIEHIIMTOBUX
nmamrpoitiB (tuarysiTiB) Pycekoi Iomsan. J{ioncHaoBi TaMIIPOITH BiUIYKAIA TaKOXK
y ITokpoBo-Kupuiscekomy Macusi [14], xoua, Ha Hamry AyMKy, HEpEeKOHINBHUX JIOKa-
3iB iboro Hema. Y IlokpoBo-KupuiBcbkoMy MacuBi Ta B HOro OTOYEHHI BUILJICHO erli-
abo TCeBNOJCHIIUTOBI BYJIKaHITH, SIKI CYTTEBO BiAPI3HSIOTHCS Bij jaMmpoiriB. Lli
TOPOIIN CIJIBHO 3MiHEHI, a cepell GeMiuHUX MiHepalliB Y HUX 3TaAyIOTh JIHIIC eTipuH
[1]. ¥ memo moxibHmx 10 KiMOepmiTiB ab0 TaMIPOITiB IIHOTO MacHBY JaHKOBUX (II0-
TOMITOBUX MIKPUTaX MIPOKCEH INpeJCcTaBIeHUH TUTaHaBriroM. Jlo Toro x, ui nmopoau
MalOTh HU3bKUH KOSQII[IEHT arnaiTHOCTI, 10 BiJIPi3HsI€E iX BiJl THIIOBUX JIAMIIPOITIB.

Puxtepurori amdibomu Buimoi abo HIDKYOI 3ai3UCTOCTI, MIOPIBHSHO 3 TOCITIIKY-
BaHUMH, 3aikcoBaHO B mopoaax YepHiricekoro Ta IIpockypiBchkoro MacuBiB (y
¢enitax, mioncua-gaoromiroBux kymyistax) [5, 10, 11], a Takox B anopkeciiiTo-
BUX JIy’)KHHX MeTacoMatnuTax [IpaBoOepexHIX MarHiTHUX aHOMaJIii [15].

IIpore mocmimkyBani amdibony MamiHBITIB HaiOumpIIe mMOAiOHI (abo ¥ IinmkKoM
IICHTHYHI) A0 OMHOWMEHHHX MiHepalliB JIeSKUX JTy>KHHUX (armaitoBux) mopix XiGiHCh-
koro MacuBy (Konbchkuii miBoCTpiB) — HeeTiHOBUX CIEHITIB, IETMATHTIB 1 MalliHbi-
TiB. Acoliamis MiHepaJiB He(eiH + JIy>KHUH MPOKCEeH + COAANIT + IeTUEHIT, a TAKOX
iXHI CTPYKTypHI OCOONHMBOCTI (TMOWKITITOBI BKIFOYCHHS HEQeliHy B IHIIHX IIOPO-
JIOYTBOPIOBAIBHUX MiHEpasiaX) CIIOpiAHIOITH MalliHbiTH [lokpoBo-KupuiBcekoro ma-
CHBY 3 O/IHOWMEHHHMH Ta IHIIMUMH JY)KHUMHU Tiopogamu XiGiHcbkoro macusy [9, 12].

3a3HaunMO OJIHY IiKaBy OCOOJHMBICTH MapareHe3ncy Ta yMoB Kpucraiizamii Ca-
Na-ampibomiB, 30kpema puxtepury. Lli amdibomn Haifgacrimie KpHUCTaNi3yIOThCS B
MapareHe3nci 3 HU3bKOTIMHO3EMUCTUMH CIIFOJaMH (TeTpadIioromitom), K e Bialy-
Ba€ThCs B JIAMITPOITaxX, pimie KiMoOepiiTax (Hanpukian, KipoBorpajckkoro paiony).
VY nioncuna-QaoroniToBUxX Mopoaax 3 pUXTEpUTOM YepHIriBCbKOro KapOOHAaTHUTOBOTO
MacuBy (IOromiT TaKoXK MPEeNCTaBICHUH HU3bKOTIIMHO3EMUCTHM Pi3HOBHIOM 31 3BO-
POTHOIO cXeMoro abcopOrii — TerpadioromiToM. SIKImIO X PHXTEPUT mepedyBae B
napareHe3uci 3 KIiHOMPOKCEHOM, TO Leil mipoKceH Mae ckiaj aioncuay (y Jamipoi-
Tax 1 KimMOepiitax, Mapunax) abo, piamne, IPOMDKXHAN MK JIONCHIOM Ta ETipHHOM
(eripuH-miOTICHI, ETIPHH-CATIT), SIK 1€ MIPOCTEeXeHO B Qeritax YepHiriBebkoro i [Ipo-
CKypIBCBKOTO MacCHBIB, a TaKOXX B alOPKECITITOBUX MeTacomatuTax [IpaBoOepex-
Horo paiony [15]. 1li ymoBu “BUTpuMyIOThCs” 1 B ManiHbiTax [TokpoBo-KupuiBch-
KOTO MAacHBy, A€ CIIOAW TIEPEBaXHO HHU3BKOTIIMHO3EMHUCTI (TeTpadepudioromit—
TeTpadepuaHiT), y KCCHOIITI — TeTpadepudIorormiT 31 3BOPOTHOI CXeMOI0 abcopOIIii,
a cepell MIpOKCEHiB MepeBaxaroTh mpomikHi Ca-Na-pi3HOBUAN cepil AioncHA-TeaeH-
oeprit—axmir [13]. Skmo x Ca-am}ibonan KpUCTaNi3yIOThCs B MapareHe3uci 3 eripu-
HOM, TO II€ YacTille YIeH! pruOeKiT-appBeIcOHITOBOI cepii, a B OKTAOpChKOMY MacHBi
B OJTHOMY BHIIAJKY BUSBICHO Mn-TapamiT [7].

Xoua Ca-Na-amdibonu HiION i HE BBaXKAIOTD JIy>)KHUMH, IPOTE KOoe(illieHT armair-
HocTi B HuX (cniBBinHoueHHs (Na+K)/Al) Takuii e abo HaBiTh OUIBIINIA, HIXK Y pH-
OeKiTi, He Ka)Ky4Hd BXe Tpo riaykodaH (SIKuil 3BUYaiiHO PO3IIISIAI0OTh pa3oM 3 puode-
KiTOM). PUXTepHuT MOXe KpucTai3yBaThcs SIK y THIIOBO JIy)KHUX HOpoAax (3 JeHuu-
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TOM 1 He(eliHOM), TaK 1 B OpOoJax MiIBUILEHOI Jy»KHOCTI (CyOmyxHuXx) 6e3 Qemnp-
mmaroiniB — KimOepiiTax, IiONCHA-(QIOTOMITOBUX JAMIIPOiTaX, Mapuaax TOIIO.
IIpoTe PHUXTEPUTOBMICHI IMOPOIM 3aBXKAM HHU3BKOTIMHO3EMHCTI (CITiBBIIHOIICHHS
(Na+ K)/Al > 1), a mipokceHu B HUX HaJiexKaThb 10 Jiorncuay abo 10 pi3HOBUIB, MPO-
MDKHHX MiXK JTIOTICHJIOM Ta ETipHHOM.

ImoBipHO, O i 9ac KpucTamizaii am¢piOomiB y MaTiHbiTaX KpHUCTANi3allis Mipo-
KCEHIB CHOBIIbHIOBANIACS a00 ¥ MPHUMUHSIACS 3 POSPUBOM XIMIYHOTO CKIIAAy TipOKCe-
HIiB B iHTepBaii 3 ymictom Na,O 1,0-3,5 %, 1o nmpuramMaHHO 6araThOM JIy>KHHM I10-
poaam [18].

OTxe, Ha TiICTaBl BUKJIAICHOTO MOXKHA 3pOOUTH TaKi BUCHOBKH.

Y wmaniapitax IlokpoBo-KupuiBcekoro macuBy am¢ibonn nHaiexarts mo Ca-Na-
TPYIH 1 MpeacTaBiieH] pUuXTepuToM (Y CyTTEBO (DIOTOMITOBOMY KCEHOJITI) 1 PiI3HOBH-
JaMy, MPOMDKHHMH MIDX PHXTEPHTOM Ta pPUOEKIT-ap(BEICOHITOM, SIKi pO3CisSHI B
OCHOBHIH Maci ManiHbiTiB. BusiBneHo ixHi IpiOHI BKIIOYECHHS B MPOKCEHAX Ta MIKpO-
CKOIIYHi — y Sr-amaTwuri.

Bugueni Ca-Na-am}piOonu MaiHBITIB HaJle)KaTh JO MarHe3iabHO-3a113UCTHX Pi3-
HoBHIIB (3ami3ucricth — 0,35-0,52), am(}iGonm KCEHOJNITY MpencTaBlieHi MarHe-
3iampHUM pi3HOBHIOM — puxTepuToM (0,04—0,10).

Amibonam MamniHbiTiB mpuTamanHui miaBumennit BMmict K,O (mo 4,0 mac. %),
NOPIBHSHO 3 oAiOHMME ampidonamu iHmmx nopin Y1 (deniris, kiMOepaiTiB 1 J1am-
MIPOITONOAIOHNX TOPIT).

Hocnimxysani Ca-Na-amdibonu acoritooTs 3 HU3bKOTIMHO3EMICTAMH CITIOIAMU
(terpadepudmoromit-rerpadepuaHiT) i mMpoKCeHAMH IIOTICHA-TeIeHOePTiT-aKMITOBOL
cepii, SKUMH CKJIaJeHI MIKPOJITH # 0OOJIOHKU (PEHOKPHUCTIB, a TAKOXK 13 HE(ETIHOM,
COJIAJTITOM, THTAHITOM, FeTHEHITOM. Y MaliHbiTaX € Takoxk amM(piOoH, sIKi 3aMiCTHIN
MPOKCEHH EHTPAIBHOI YacTHHH (s1pa) (PeHOKPHUCTIB.

Ampi6onn mamninbitiB [lokpoBo-KupuiBcekoro macuBy Haibinbpime momibHi 10
am}i00JIiB AESKUX JIYKHUX TNOpiJ XiOIHCHKOr0 MacuBy — He(eJiHOBHUX CIEHITIB, Ter-
MATHTIB 1 MaJIiHBITIB.

Asmopu wupo 80a4HI NPOBIOHOMY HAYKOBOMY Chigpobimuuxy Incmumymy eonoeii
ma minepanoeii CB PAH B. ILlapuziny ma cmapuiomy HAyKO8OMY CRI8POOIMHUKY
ITncmumymy eeoximii, minepanoeii ma pyooymeopenns imeni M. Il. Cemenenxa HAH
Yrpainu O. Buwinescvkomy 3a 00nomozy 6 aHamiimu4HOMY O00CHiONCeHHT amehioonis 3
ManiHbimie ma KCeHonimy.

Pobomy suxonano 3a niompumxu cninenozo naykogozo npoexmy HAH Yxpainu i
CB PAH “Jlyxcni memacomamumu [lpuaszose’s i Ipubaiikaiis ma ixws pyoouoc-
Hicmb”, 00206ip Ne 07-06-12.
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AMPHIBOLES FROM THE MALIGNITES OF THE POKROVO-
KYRYIVSKYI MASSIF (AZOV SEA REGION, UKRAINE)

S. Kryvdik, V. Hatsenko, Ye. Lunyov

M. P. Semenenko Institute of Geochemistry, Mineralogy and Ore Formation of NASU,
34, Acad. Palladin Av., 03680 Kyiv, Ukraine
E-mail: kryvdik@ukr.net; vera.gatsenko@ubkr.net; lunev_00@ukr.net

Amphiboles in malignites of Pokrovo-Kyryivskyi massif (Azov Sea region) are pre-
sented by separate grains with numerous poykilitic inclusions of nepheline, in essen-
tially phlogopite xenoliths, as microinclusions in Sr-apatite, and also there are amphi-
boles that have replaced pyroxenes. We performed detailed mineralogical and chemical
research of these amphiboles.

It has been determined that the amphiboles from malignites belong to Ca-Na-group
and are represented by richterite (in essentially phlogopite xenoliths) and intermediate
varieties between richterite and riebeckite—arfvedsonite which are scattered in ground-
mass of malignites. Also their small inclusions have been found in pyroxenes and mi-
croscopic ones — in Sr-fluorapatite.

Ca-Na-amphiboles from malignites belong to magnesium and magnesian-ferru-
ginous varieties (Fe# = 0,04-0,52). The most magnesium is the amphibole from xeno-
liths in malignite. Mineral is rich in potassium (K,O up to 3.9 wt. %) compared to simi-
lar amphiboles from the other rocks of the Ukrainian Shield (fenite, kimberlite and lam-
proite-like rocks).

Explored Ca-Na-amphiboles associate with Al,O3-depleted mica (tetraferriphlogo-
pite—tetraferriannite), annite and pyroxene of series diopside—hedenbergite—acmite
which make microliths and shells of phenocrysts, and also with nepheline, sodalite,
sphene and gotzenite. Malignites also contain amphiboles which have replaced the py-
roxenes of the central part (core) of phenocrysts.

Investigated amphiboles are the most similar to amphiboles from some alkaline
rocks of Khibiny massif (Kola peninsular) — nepheline syenites, pegmatites and malig-
nites.

Key words: Ca-Na-amphiboles, series richterite-riebeckite—arfvedsonite, malignite,
Pokrovo-Kyryivskyi massif, Ukrainian shield.
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HOBUI MPAKTHYHO BAKJIUBUH PI3BHOBU]]
MOHAILIUTY NOBY KX, 3BATAYEHUN
YUCTUM I30TOINNOM CBUHIIO **®Pb

A. BaJILTepl, B. AH}:[pCCBl’ 2, B. HaBJIlOK3, A. Hucaﬂcumﬁl,
H. Hizlﬁepe3cblca4

1IHcmumym npuxnaonoi gizuxu HAH Yxpainu,
eyn. [lemponasniscoxa, 8, 40000 m. Cymu, Yrpaina
E-mail: avalter@jiop.kiev.ua
*Kuiscokuti nayionansnuii yniepcumem imeni Tapaca Illeguenka,
eyn. Bacunekiscoxa, 90, 03022 m. Kuis, Ykpaina
E-mail: andreev@univ.kiev.ua
}[pasobepexcna eeonoeiuna excneduyis JI1 “Vipainceka 2eonoziuna komnanis”,
09150 c. Dypcu, Binoyepxiscokuii p-H, Kuiscoka 00.1., Yrpaina
E-mail: furgeo@inet.ua
* Inemumym neopeaniunoi ximii imeni A. B. Hixonaesea CB PAH,
npocn. akao. Jlaspenmvesa, 3, 630090 m. Hosocubipcox, PO
E-mail: podberez@niic.nsc.ru

Cepen nposiBiB MoHanuTy [100y»0Ks BH3HAYEHO I OCIIKEHO Pi3HOBHJ, BUCOKO-
36arauennii i30TomoM cBUHIIO “*Pb (~ 99 %). Takuii MOHAIHT BiKOM 2 MJIPJ POKiB
MicTuth 0su3pK0 10 % Topito Ta 6mu3pko 1 % cBHHINO. 3pOOJICHO BUCHOBOK, IO CBH-
HEIlb TAKOTO 130TOIHOTO CKIIaTy MOXe OyTH e(pEeKTUBHHM OXOJIO/KYBa4eM JIJIsl €Hepre-
TUYHUX SICPHHUX PEAKTOPIB YETBEPTOI IeHeparii 0e3 J0JaTKOBOro i30TOMHOro 30ara-
yeHHs. HaBeieHO MeTou i pe3yNIbTaTH pO3IIyKiB TaKOi CHPOBUHH.

Kniouoei cnosa: monanur, [1o0yxoKs, 130TONHM CBUHIKO, CBUHENB-208, TOpiid, 0X0-
JIOJKyBad, SIACPHUN PEaKkTop.

JloHenaBHa IaHyBajla JyMKa, IO I[IHHICTb MiHEpasliB 3yMOBJIEHA TUIBKH TXHIM
CJIEMEHTHAM CKJI3JIOM, a TaKOX aTOMHOIO CTPYKTyporo. | Xoua BHHSATKOBa pOJIb
IUISL PO3BHUTKY JIFOJICTBA OKPEMHX I30TOINB CTala OYEBUAHOI NMpPUHANMHI 3 KiHI
1930-x pokiB (i3 BHHHKHEHHSM TaK 3BaHOI ypaHOBOI MPOOIEMH), MOKIIMBICTh TPaK-
TUYHOTO BHKOPHUCTaHHS SIBHLI JY>K€ BHCOKOTO HMPUPOJIHOIO i30TOIHOTO 30aradeHHs
He MpHUBEpTalla yBard JOCIiJHHUKIB. BoqHouac € HaranbHa noTpeda B YUCTUX 130TONax
Ta i130TOMHO 30ara4eHuX IMPOAYKTaX y TEBHUX Tally3sX MPOMHCIOBOCTI, MEIAHIINHI,
BUpIIICHHI HU3KH HAYKOBHUX MPOOIEM.

[30TONHE 30aradeHHs — y)e JOPOTHi MPOLEC, TOMY BapTiCTh i30TOIy, 3a3BUYail,
y THCSYi pa3iB (a JJIs PiIKICHUX 130TOMIB — y AECATKH M COTHI THCSY pa3iB) IepeBH-
IIy€ BapTICTh BIACHE SJIEMEHTA TAKOTO XK CTyMeHs YUcTOTH. OHAK JUIs IOHAHMEHIIe
28 130TOTIB IOBEIEHO MOKIUBICTh MPAKTUIHOTO BUKOPUCTAHHS SBHUINA “TIPHPOTHOTO

© Banbstep A., Aaapees B., [Tarmrok B. ta in., 2016
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i3oTorHorO 36aradeHHs’”. CyThb I[bOTO SBHUINA Ta PEe3yJIbTaTH HOTO BUBYEHHS HA IPH-
KJIaJi KOHKPETHUX MiHepaiB YKpaiHu BHepIle HaBeIeHO y mpamsx [2, §8].

[MpuponHe i30TonHe 30araueHHs BiqOyBa€ThCs 3aBISKU PAJI0AKTUBHOMY PO3May
MIHEpaJOyTBOPIOBAJIbHUX aTOMIB. SIKIIO B CKJaJai MiHEpally HEMae eJeMeHTa, N0
SKOTO HaJie)KaTh HOBOYTBOPEHI 130TOIH, TO BOHH MOXYTh HarpoMaKyBaTHCh y I[bO-
My MiHEpaJi B i30TOITHO YHCTOMY CTaHi.

HarpomaxeHHs1 pafioreHHoro i30tony C, BU3HAYa0Th 33 TAKOK (OPMYJIOH0:

Cpr: Cpa [exp(t 1112/Tl/2) - 1]:
Ae Cp, — KOHLEHTpALlisl BUXiTHOTO pajlioHyKJIiga B MiHepani; Ty, — nepiojl HamiBpo3-
majy mbOTo HYKIiJa; ¢ — BIK MiHEpaiy.

MiHepasl IOBHHEH MaTH KPUCTANYHY CTPYKTYpY, SIKa CIIPHATHME PO3MIIICHHIO B
Hill palioTeHHUX aTOMIB, II[0 3HOB YTBOPIOIOTHCS.

Bunaaky Harpoma/KeHHsI YHCTOTO 130TOITy MOKHA TPAaKTYBaTH SIK YTBOPEHHS 130-
TOIHOT CHPOBHHH, MiHEPAJIH-HOCIT AKOi HAJI3BUYAIHO 30aradeHi OKpEMUMH 130TOIIAMH
a00 HaBIiTh MICTSTB iX B i30TOITHO YACTOMY CTaHi.

VY mpausix [2, 8, 10] HaBeaeHO NPUKIAAN BUSBICHHS i JOCHIIKEHHS TaKoro 30ara-
YeHHS 33 KOHKPETHHMH MiHEpajaMu pyAHHX pofoBHul Ykpaincekoro mmuta: 1) '¥7Os
y penieBMicHOMY Momi6eniTi Bikom 3,1-10° pokis; i3oTomHa uncrora '*’Os cranoBuTH
99,995 % 3a 3BuuaiiHOro momupenns ' Os B i30TONHiH cyminti ocmiro 1,64 %; 2) ¥'Sr

y py6imieomy GioTuti: *'Sr/Sty-100 = 96 J_rz % 3a IPUPOJHOTO i30TOIHOTO ITOIIH-

pennst ¥'Sr 7 % .

OCTaHHIM YacOM Hally yBary IpuUBepHYB - "°Pb, sKkuil MOXe CTATH BaKIIMBOIO CH-
POBHHOIO JJIsl CTBOPEHHS €()EeKTUBHOI'O TEIUIOHOCIS B CHEPreTHYHUX SACPHUX PEaKkTo-
pax HOBOTO MOKOJIHHSA, 30KpeMa B peakTopax Ha MIBUAKUX HEHTpOHAaX.

3BHUaiiHU 130TOMHMIA CKJIaJl CBUHINIO B TIPCHKHX MOPOAAX 1 pynax HUHI Takuid, %o:
29pp — 1,48, 2Pb — 23,6, *'Pb — 22,6, *®*Pb — 52,32 [9]. I30ton ***Pb nepBuHHMii,
30epircs 3 4acy OCTaHHBOTO HYKIICOCHHTE3Y (OMM3BKO 5 MiIpA pOKiB Tomy). IHmI i30-
TOIMH CBHHI[IO € KiHIIEBUMH MPOLYKTAMH PO3MaLy TPhOX PAJiOaKTHBHHX PsiB: = U—
206pp, 35U—297pp, 22Th—"°Pb. MarepuHChKi pagioaKTHBHI i30TOMH MEPETBOPIOKOTHCS
Ha cTaOUIBHI s/Ipa CBUHIIO 32 JIAHIIO)KKOM PO3IIaly 3 TAKUM I1€pioJIOM HalliBpo3nay:
#3U — 703,8 M poki, 2*U — 4,468 mupx pokis, ~>°Th — 14,1 mapx pokis [3]. TIpu-
MyCcKaoTh [4], mo gapo 22Th Takox He € IEPBHHHEM Ha 3eMIIi, a YTBOPHIIOCS 3aBIs-
KH posmay “Bumepioro” mykiiga >**Pu (7}, = 76 MIH POKiB).

OTKe, 3aBJJaHHS BUSBIICHHS MiHEPAJIBHOTO HOCIS YHCTOTO YU 3HAYHO 30aradeHoro
IBiCTi BOCBMHM i30TOIIOM CBHHIIIO 3BOJHUTBCS 1O BiAIIYKYBaHHS i BUBYCHHS ABHBO-
TO TOpi€BOTO MiHepaily, SKHi IOYaTKOBO HE MICTHB €JIEMEHTa, III0 YTBOPIOETHCS Mij
4ac pa/iioreHHOr0 Tpolecy. 3BEpPHYJIH yBary Ha HaWIOIIUPEHININNA MiHepall TOPilo —
MoHanuT. IlepenaycimM BUBYaIM KOPiHHI HOr0o IPOSIBHU, a TAKOXK MPOSIBH B KOPi 3BITPIO-
BaHHS, OCKIUTBKH, SK BiJOMO 3 YKpPAiHCHKOTO Ta CBITOBOTO JOCBiAy, y Hiif KOHIIEHTpa-
11i1 pO3CHITHOTO MOHALIUTY HEOAMIHHO € CyMIIlIaMU MiHEpaiy 3 Pi3HHUX JDKEpell.

3a3HauuMo, 110 OauH i3 aBTOpiB — B. [laBirok TpuBamuii yac I[iKaBUBCS MOHAIIM-
ToM IToOyxoKst SIK JKepeloM piaKicHO3eMeNbHUX eneMeHTiB. OTxe, HallluM 3aBJaH-
HsM OyII0 BigIIyKaTH cepel AOCHTIDKYBAaHUX 3epCH MOHAITUTY BiIMiHH, BUCOKO30ara-
yeHi cBUHIEM-208, TOOTO TaKi, 0 MICTATH MiHIMaJIbHY KUIBKICTh YpaHy.
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3 1i€l0 METOI0 TIEPBHHHO ITyXKi a00 MITYyYHO MOJAPiOHEHI MOPOAHN MICIIs cenapaii
3epeH 3a posmipom (+0,5; 0,50-0,25; —0,25 mm) posgimmmm y Opomodopmi (d =
= 2,9 r/cm’) Ha BakKy i Jlerky (paKiiii, a IOTiM BaXKy — Ha MarHiTHy, eJIeKTpOMar-
HITHY ¥ HeMarHiTHy. MOHalUT CKOHIICHTPOBAaHHMI Y Ba)XKKill €J1eKTpOMarHiTHid ¢pax-
uii, BMicT #oro cranoBuTh 61m3bK0 80 % 32 BMiCTy MiHEpally y BUXiJHUX Tpo6ax” Bix
0,01 o 2 %.

Jocnimkeno MoHaMT 35 MposiBiB, pO3TalIOBaHUX Ha JiBoMy Oepesi IliBneHHOTO
Byry B cMy3i 6:1u3bk0 150 x 40 kv (Ha miBHiu Bix Bimmumi it 1o Ilepsomaiichka).

Jlns BUSABNEHHS BiAMiH MOHALMTY, BHCOKO36araueHuX “*°Pb, BHKOPHCTOBYBAJIH
peHTreHoduiyopectieHTHUI MeTo/; BuzHadeHHs U/Th-crmiBBiqHOIICHHSI B MiHepalli 3a
JIOTIOMOT'OI0 3BUYaiHOT IPOLElypH aHalli3y MacoBOi KUJIBKOCTI Ta OPUTiHAJIBHOI METO-
JIMKYU aHATi3y TOOJAWHOKHX 3epeH [1].

Pe3ynbraTti JOCTIIDKEHHS OKPEMHX 3EPeH, BUKOPUCTAHI JUI OLIHKH KOJHBAaHb
CKJIaJly MOHAITUTY, 3aCBIIYMIA BUCOKHAN CTYMiHb PIBHOMIPHOCTI 3HaYeHb ypaH-TOpie-
BOTO CITIBBIJHOLICHHS B MiHepalli 3 KOHKpeTHHX npoO. [IpuHiun po30pakoByBaHHs
3epeH MOHALUTY 3a CIIEKTpaMH NOKa3aHo Ha puc. 1.

Th Th

Puc. 1. ®parmentu peHTFeHO(bHyOpeCHeI;THI/I.X _Cl'IeKTpiB MOHALUTY 3i CIiBBIHOIICHHIM
U/Th = 0,0356 (sinis) Ta 0,005 (3amutuii ciekTp).

3aranom 3HauenHs: U/Th y 3epHax MOHAIMTY JOCIIIXKYBaHHX TPOSIBIB KOJIMUBAETh-
cs Bix 0,18 mo 0,0006, B okpeMux mposiBax Ii KOJUBaHHSA He3Ha4Hi. JleTanbHilie Bu-
puasin nipobu 3 U/Th-cmiBBimHomenusm < 0,005, mo Bimmosinmae, 6e3 ypaxyBaHHS
MOJKJIFBOI TICPBUHHOI JTOMIIIKHA CBUHITIO, YHCTOTI 208ph ona ~ 97,5 %.

Mac-CreKTpOMETpito CBUHIIIO ISl P00 i3 I’SATH KOPIHHHUX 1 OJJHOTO PO3CHUITHOTO
NPOSIBY MOHAIIUTY 3 HU3BKUM BMICTOM ypaHy BUKOHYBAJIM Ha TBEPIOTLILHOMY Mac-
cnekrpomerpi MI-1304 (Tabm. 1).

“TIpoGu BinGupamy 3 KepHa CBEPIOBUH Ta 3a JOBKMHOK KOPIHHHMX BHXOJIB 3a iHTepBaIaMH
0,5-1,0 m.
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V cepelHBOMY IS MPOSBiB MOHALMTY, BUCOKO30araueHoro isoromom “°Pb, ce-
penHs i30TomHaA yrcToTa CBHHINO-208 cTaHOBUTH 97,96 %. Ha mincraBi maHux mparti
[7] MO’XXHA IPUITYCTUTH, IO TaKOi YUCTOTH JTOCTATHBO IS OE3MOCEPEeaHHOTO BUKOPH-
CTaHHsI CBUHI[IO 3a3HAYEHOT0 CKJIAy SIK TEIUIOHOCISI.

Tabmnums 1
[30TOMHMIA CKITa] CBHHITIO 1 BIK MOHAIIUTY, BUCOKO30araueHoro cBUHIIEM-208
Bsi- BI/IMipﬂHi Cl.'IiBBiI[HOH_IeHHSI OO0yucIeHN 130TOITHUN Bik ¢,
pemp 130TOITIB CBHHIIIO CKJIaJ CBHHIIIO, %o MJ'IP,ZI
204/206 | 207/206 | 208/206 204 206 207 208 pokiB*
21 0,001 0,144 46,289 0,002 2,108 0,303 |97,586 | 2,104
22 0,001 0,132 48,508 0,002 2,014 0,266 |97,718 1,929

2224 0,00115 | 0,13990 | 47,242 | 0,00238 | 2,06682 | 0,28916 (97,6416 | 2,017
674-2 | 0,001365 | 0,14372 | 86,686 | 0,00155 | 1,13855 | 0,16364 (98,6963 | 2,030
854-4 | 0,000520 | 0,13129 | 51,504 | 0,00099 | 1,89985 | 0,24943 (97,8497 | 2,016
1315-11| 0,00038 | 0,12968 | 57,226 | 0,00065 | 1,71362 | 0,22222 [98,0635 | 2,021

*Bik 0GUHCIICHO 3a CITIBBiAHOMICHHAM pamiorennux izoromis “*’Pb/**Pb 3 mompaskoio Ha
130TOIHMI CKJIaj CBHHINIO, IO MOTPANUB Yy CTPYKTYpY MiHepary ITijl 4ac KpHCTaNi3arii OJIM3pK0
2 MIIpJ] POKIiB TOMY.

[TprnunHOIO i30TONMHOTO 3a0pyAHEHHS CBHHIO-208 y BUBUYCHOMY MOHAIUTI € T10-
TPAIUITHHSA B MiHEpall TiJ 9ac KpPHUCTali3alii JOMIIIOK YpaHy Ta IMEPBHHHOTO (BUXif-
HOT0) CBUHITIO. KiNBbKICTh TAKOTO CBHHITIO MOYKHA BU3HAYUTH 32 KOHIICHTPAIIi€10 204pp,
y JOCHipKeHuX mpobax (nuB. Tab. 1). BusBMiIoCh, 110 CepeiHs BiIHOCHA 130TOMHA
kounentpanis “**Pb y cBuHLi 2 MIpa pokiB Tomy (i Yac KpHCTami3aLii J0CiIKyBa-
HHUX 3€pCH), Ky OI[IHIOBAJIM 32 3MiHOIO [IFOTO 3HAYCHHS 3 9acoM, CTaHOBHTH 1,54 %.
Y mpomy pasi Bik 3emiti 7 mpuiimMany, 3a Cy9aCHUMH YABICHHAMH, SIK 4,56 MIIpZ POKiB
(romorenHa 3emisi), a i30TOMHI CITIBBITHOIIEHHS y CBHHIII HA TOM Yac mig0upaiu Tak,
mo0 BOHM BIJNOBiAIM CyYaCHOMY I30TOITHOMY CKJIaJy CBUHIIO # ypaHy:
200pp/2%pp = 9,31; *’Pb/A™Pb = 10,87; 2*Pb/***Pb = 29,20; Z**U/*°U = 137,8 [9].

Oo6uuciieHa epBUHHA KOHIEHTPAIS YpaHy Ha MOMEHT KpHCTalli3amii JOCHimKe-
HUX 3¢pEH MOHAIUTY CTaHOBUTH Bia 220 10 740 yacTUH HA MUTBHOH, a KOHIICHTPALIiS
BHXIJHOTO CBUHIIO — 27—117 yacTuH Ha MinbiioH. OTXe, TOMIIIKH ypaHy i TIepBHH-
HOTO CBHHIIO B MOHAIUTI MEBHUM YMHOM BILTHBAIOTH Ha 3a0pynHenHs ~ Pb. Hampu-
KJIajl, BHECOK ypaHy B 3a0pyauenns “Pb y B3ipui 674 cranoButs 0,86 %, a nepBuH-
Horo ceuHIO — 0,45 % 3a cymapHoi i30TomHoi uncTotn “**Pb 98,696 %.

VY tabia. 2 HaBejeHO 3arajbHUI €JIEMEHTHHH CKJIaJ] BUBYEHOTO 0E3ypaHOBOIO MO-
HALUTY.

MoHanuT, Mo MICTUTh YHCTHH 130TOII ZOSPb, 3a 30BHINIHIMHA O3HAKAMH W MaKpO-
CKOIIIYHUMHM BJIACTHBOCTSIMH HE BiJPI3HSETHCS BiJ| pelITH 3epeH. MiHepan KpucTai-
3y€ThCsl B MOHOKJIIHHIN CHHTOHIi, pocTopoBa rpyna P2,,. [Tapamerpu enemeHTapHoi
KOMIPKH JOCIiPKEHIX 3€peH BIAMOBIAAIOTH MapaMeTpaM 3BHYAHHUX BiIMIH I[HOTO
MiHepany: ayo= 0,675 £ 0,007 um; by= 10,7059 + 0,009 uM™M; ¢y = 0,646 £ 0,008 HM;
B =104,06° + 0,08% V= 0,2992 + 0,0004 um’.

MoHaUUT MPeACTaBICHUH JOCTaTHHO YHCTHMHU )KOBTYBAaTO-KOPHYHEBHMH 3€pPHAMU
posmipom 0,2—1,0 MM; BOHM YaCTKOBO OTrpaHEHi, MalOTh 130METPUYHY, 130METPHYHO-
HENpaBUIBEHY (GOPMY, TPAIISIOTHCS 3€pHa KOPOTKOCTOBIYACTOrO 00pHcy (puc. 2).
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TaGmuns 2
EJleMeHTHHIT CK/Iajl MOHALIUTY, BHCOKO36aradeHoro i30TOmoM CBUHINO - Pb, Mac. %
Howmep npobu
Enementu o 22 674 854 1315 2224 4
(n=1) (n=1) | =10 | @=17) | (n=17) | (n=5)
Si 0,63 0,66 %:% %:% %:% %:%
P 12,24 12,20 s o 05 o0
Ca 0,94 0,98 %:% %:% %:% %:%
La 13,45 13,13 X e 05 039
Ce 24,72 24,17 o1 os 056 02
Pr 1,23 1,21 %:% %:% %:% %:%
Nd 8,92 9,30 %ﬁ—g %:(2)—2 %f—? %ﬁ
Sm 0,38 0,37 %:% %:ﬁ %:% %:%
Gd 0,18 0,19 He Bu3H. %:411_3 %f—; He Bu3m.
Pb 0,843 0,942 %:% ‘0%‘2’—2 %:% %:%
Th 8,94 9,60 %% 171”2%7 %:% %3_2
U 0,072 0,030 8,8(1); 8:8?(1) 8:8% 8;8?
v 070 | 05% | oo | oan | oos | oom

[Ipumirtka. Y 3HAMECHHUKY HABEJACHO 3HAUYCHHS CTAHIAPTHOTO BigxwieHHs G. BMmicT Pb,
Th, U BusHavanmu peHTreHO(UIyOPECLEHTHUM METOJIOM, iHINI €JIEMEHTH — METOJOM eJIeKT-
POHHOI'O M1IKPO3OHAYBaHHA.

Jist Toro, mo0 OIIHKUTH 3a JOMOMOTOK KPUCTATOXIMIYHUX aHAJOTiH MOMIIUBOCTI
ajanTaii pajgioreHHoro “**Pb 10 CTPyKTYypH MOHAIUTY, MH IIPOAHATi3yBaTH 0COOIH-
BOCTI aHIOHHOTO OTOYEHHS aToOMiB Lepifo B CTpykTypi moHamuty CePO,, sxi 6e3
CTPYKTYPHOI 1IepeOyI0BH MOXKYTh 3aMIHIOBATACH aTOMaMHM TOPItO [5], a Tak0oK aTOMIB
CBHUHIIIO B cTPYKTYypi Pbs3(POy),.

Iorn Ce B CTpYKTypi MOHAITUTY KOOPAWHOBAHI HETIPABHIHLHUMU JEB’ ITUBEPIIHH-
HUKaMH aToMmiB KucHIO. Jlanmoxku CeOq-ostienpie, sIKi OpiEHTOBaHI B3MOBXK OCI b,
3B’s13aHi 3a gornomoroi POy-Terpaenpis y mapu, napaiensHi 1o (001).

Bynosa enexkrponnux obonoHok aroMmiB Ce i Th ayxe noxiGHa [4]: anst aroma 1ie-
pilo BaJICHTHHMH € 30BHilIHi enekTponu 6s° i 4f*, s aToma Topito — 7s” i 6p”. Tomy
BUIIPAaBJaHUN BHCHOBOK IIPO T€, IO 3aMIIIEHH Iepil0 TOPi€M MPU3BOIAUTH TIJIBKH 10
HE3HAYHOTO 301JIbIICHHS aTOMHHX BiJICTaHEH.
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Puc. 2. 3epna 6e3ypaHoBoro MOHaIuTy, npoba 674.

J1y1st TOpiBHSIHHS OTOYEHHS KaTiOHIB BUKOPHUCTAHO JaHi PO CTPYKTYPY MOHALIUTY-
(Ce) [11]. Binomo, mo CeOg— 1eB’ATUBEPIINHHUK CTPYKTYPH MOHAIIUTY — OJMU3BKHHA
JI0 TIEHTAaroHaJbHOI AMMIpaMiny, y sIKiii aTOM KHUCHIO B KOXHIH 3 BEpIIWH, 1110 HE Jie-
JKaTh y IUIONIMHI TICHTAroHa, 3aMilleHHi ABOMa aroMaMu (puc. 3). 3 maHuX mpo Bif-
crani Ce—O BUILIMBaE, 10 KOOPJMHALIIO HOHA Iepifo B CTPYKTYPi MOHALIUTY MOXKHA
3ammcaTy K 7+2.

Puc. 3. CeOy-miomnienp cTpyKTypH MOHAIUTY:

1 —0y; 2 -0y 3—-0;;4—0y4; 5 Ce; BincTanb, HM:
Ce-0, — 0,2460; Ce—0, — 0,2644; Ce—O3 — 0,2526; Ce—Os
— 0,2585; Ce-Os — 0,2573; Ce-Os — 0,2481; Ce-O7 —
0,2455; Ce-Og — 0,2528; Ce—0y — 0,2776.

9182 r:é.;s*304. 5

IIpoananizoBaHO TaKOK KUCHEBE OTOUYEHHS aTOMIB CBHHINIO B CTPYKTYypi Pb;3(PO4),
[6]. 3a HOpManbHOTO THUCKY (ocdhaT CBHHIIO YTBOPIOE MOHOKIIHHI KPUCTAJIH, TIPOC-
TopoBa rpyna C2/c; mapaMeTpu eJIeMEHTapHOI KoMipku Taki: ay = 1,38087 um; by =
= 0,56947 um; ¢ = 0,4306 um; B = 102,367°; V' = 0,72438 oM. V Takiit CTPYKTYpi
aTOMH CBUHIIO € y ABOX KpHcTajorpadiuHO HeeKBiBaJeHTHHMX mo3umisx. [lomiemp
HABKOJIO TEPIIOi NO3UIIT — AECATUBEPIINHHUK, Y SKOMY MOKHA BH/IUIUTH JBa BapiaH-
TH CIIOTBOPEHOI NEHTAaroHaNbHOI JHUMipaMiax, 3HAYHO YCKIIAHEHOI BHACIIZOK 3aMi-
mieHHs. onHiel a0o JBOX BEpIIMH, II0 HE MICTATHCS B IUIOLIMHI NEHTaroHa, JBOMa,
TpboMa abo yoTnpma BepmuHamu (puc. 4). KoopauHaris aTomMiB CBUHIO — 6+4.
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ATOM CBHHIIIO Y IPYTiil MO3UIIii KOOPJMHOBAHHUI KHCHEBUM BOCHMHUBEPIIHHHUKOM
(puc. 5), mo Horo TakoXX MOXHA TPAKTYBaTH SIK NEHTArOHAJIBHY IHITipaMiTy, OJHAK
TOIOJIOTIYHO BiH 3Ha4HO Bimpi3HseTbes Bing CeOq-niomienapa monauurty i PbOig-mo-
nienpa nepmioi mosuilii Pb B cTpykTypi Hioro docdary. Lle 3ymoBieHo, nepeaycim,
IHIIIOI0 KOOPJMHAIIEID aTOMIB KHUCHIO: 315, 3 TphbOMa aTOMaMu KHCHIO, 3HAYHO Ha-
OIIKESHUMH JI0 [IEHTPAIBHOTO aTOMa.

3 4

Q1@ 2

30+@ s

¥8
018209304 . 5
Puc. 4. PbOy-niomienp cTpyKTypu

Pb;(PO,),:

I —03152—-02;3—-023;4-01;5-Pby;
Biacranp, HM: Pb;-O; — 0,2555; Pb,-0O, —
0,2586; Pb;—0; — 0,3105; Pb;—04 — 0,2584;
Pb,—Os — 0,2586; Pb;—Os — 0,2555; Pb;—-0O7 —
0,3105; Pb;—Og — 0,3027; Pb;—0y — 0,2584;

Puc. 5. PbOg-niomienp crpykrypu Pb3(POy),:

I —03152—-02;3—-023;4-01;5—Pby;
Biacranb, HM: Pb,—-O; — 0,2365; Pb,-O, —
0,2908; Pb,—O3 — 0,2479; Pb-O4 — 0,2412;
Pb—Os5 — 0,2794; Pb,—Og — 0,2959; Pb,—O7 —
0,3067; Pb,—Og — 0,2906.

Pb—00—0,3027.

BonHovac nomieap HaBKOJIO mepiioi NO3uIii cBUHIO B cTpyKTypi Pb3(POy), To-
nostorigHo Onm3bkuit 10 CeOyq-1eB’ ITUBEPIINHHMKA MOHAUUTY. Ha 1iif migcTaBi MoX-
Ha 3pOOHTH BUCHOBOK, 1110 nepia no3umist Ce B CTPyKTypi MOHAIUTY € CIPUHHSATIN-
BOIO JIJIsl PO3MIIIIEHHs PaliOreHHOr0 CBUHIIO. 1 eMHiCTh Maiike B JecATh pasiB mepe-
BHUIIIY€ €EMHICTh, HEOOXIIHY JUIsl PO3MILIEHHS PaAiOreHHOTO CBUHIIIO HaBITh y HaiilaB-
HIMX 1 HaibaraTiuxX Ha TOpid iHAWBimaXx MoHaruty. Lle i €, Ha HaI TOTJIAM, TO-
JIOBHOIO IPUYHMHOIO 30€piraHHs paJiOreHHOTO CBHHITIO B CTPYKTYPi MOHAIUTY 1 3yMO-
BITIOE, TIO-TIEpIIIE, BUCOKY TOUHICTh Ta €()EKTHBHICTh EIEMEHTHOTO (XiMiYHOTO) JaTy-
BaHHS, & MO-APYyre, — YTBOPEHHS HOBOrO THITY i30TOMHO YHCTOI CHPOBHHM “*°Pb st
noTpe0 sAepHOT CHEPTreTUKHU.

OTpuMaHi aHi PO MOUIMPEHHS IOCITIPKEHUX BIIMIH MOHAIUTY JAf0Th 3MOTY Ha-
OmmKeHo oIiHuTH Horo pecypeu. Jlinmre nocmimkeno TabaHIBCEKHN TPOSB, pO3TAIIO-
BaHUH Ha miBIeHHOMY 3axoji KipoBorpaacekoi o0mn. 3pyneHiHHS MICTUTBCS TYT Y
TPaHITHUX METrMaTHTaX 1 MEerMaTOIIHUX I'PaHiTaX, IKUMU CKIIaJEH] )KWIN MOTYKHICTIO
70 6 M IMiBHIYHO-3aXiIHOTO MpOCTSAraHHs. BOHM Bi/ICIIOHEHI Y TPaBOMY ypHBYACTOMY
Oepesi nonwHU p. SATpaHb 1 YACTKOBO PO3KPUTI Kap €poM. B IHIINX MiCIAX JKUIA 3BH-
YaifHO MEePEeKPUTI MyXKIUMH CYTIIMHKAMH W KOPOIO 3BITPIOBaHHA MOTYXHICTIO 10—15 M.
[MpotsxHicTh pyaHoi 30HK — 4,5 KM 3a cepeaiHboi nmotyxHocti 50 M. BMmicT MoHaruTy
B TerMatutax craHoButh 1,3-2,7 %. Kpim Toro, mopoau MIicTSTh y CEpEIHBOMY IO
0,5 % nmpkony, rpanary i anatuty i 0,27 % LIbMeEHITY.



A. Banbmep, B. AHdpees, B. [lasatok ma iH.
126 ISSN 2078-6220. Minepasioriunuii 36ipauk. 2016. Ne 66. Bunyck 1

3aranbpHi MPOTHO3HI pecypcH NpOsBY OIHEHO y 12 MIH T pyay, IO MICTHTbH
300 Twmc. T MoHammTy, TOOTO 180 THC. T piIKiICHO3EMENBHHX €JIEeMEHTIiB, 27 THC. T
Topiro 1 2,8 Trc. T cBuHIIO-208 gnctoToro 97,7 %.

3epHa O6e3ypaHoBOro MoHanuty (mpodu 764, 854, 1315, 2224) Bigmykand Ha MiB-
neHb B TabaHiBCbKOro mposiBy — y cMy3i 13,5 % 6,0 kM, sIKa TATHETbCS B MIBHIYHO-
3axigHOMY HampsMi Ha TiBHIY Big M. [lepBomaiickk. TyT MOHAIUT TaKOX MpUypoOUe-
HUH 0 IerMaTOiHUX TPaHITIB, OAHAK MacIITabu MPOsIBY OKKA HE BU3HAYCHO.

Po3cunuuii nposiB 6e3ypanoBoro MoHauury B 6aceiini p. Co0 (pation c. Ueueniis-
Ka) HaJISKUTD JI0 KOPH 3BiTproBaHHs. TyT MiJ MyXKUMH ocajaMu Ha rimbuHi 3—-50 M
HasBHA PaHITHA )KOPCTBA, M0 MICTUTh 44 T/T 6e3ypaHOBOr0 MOHAIUTY. Y PO3CHIIax,
pO3TalIOBaHUX HA MiBHIY, MOHAIIUT He3HauHO 30aradeHuil cBuHneM-208. Ille mam Ha
niBHiY (y HarpsMi TabaHIBCHKOTO MPOSIBY) PO3CHIIN Hapasi HE JOCIIIKYBaIIH.

[Mepmi pe3ynbTaTd BUBYEHHS IOIIMPEHOCTI HOCIS CBUHIIIO, CHJIBHO 30aradeHoro
130TOIIOM 208Pb, 3aCBiTUYIOTh, IO BIIKPHUTTS POOBHII CBHHIIIO TAKOTO THITY IILUTKOM
peansHe. MOXJIHMBICTh Oprasi3amii BHIOOYTKY MOHAIIUTY 3HAYHO 3aJICKUTh, HAa HAII
TOTJISIL, BiJl BU3HAUEHHS CIIOCOOIB BUKOPUCTAHHS BCIX KOPUCHUX KOMIIOHEHTIB MiHe-
painy, nepeayciMm — Topito. [IoTpiOHO 3’CyBaTH NUTaHHS 100 BUKOPUCTAHHS IIHOTO
eneMeHTa abo oro Oe3nevdHoro 30epiraHas.

Huni B pi3HEX KpaiHax OEKIapylOTh MEPCIEKTHBUA CTBOPEHHS TOPi€BHUX €Hepre-
THUYHHUX PEaKTOPiB, TOMY BUKOPHCTAHHS TOPIIO € I[JIKOM pealbHUM. 32 MPUHIUIIOBUM
BUpILICHHSM IIOTO IMTAaHHS IIOCTAa€ NMpoOjeMa BUKOPHCTaHHS JOCHTH ITOTYXKHOTO
JoKepela piAKICHO3EMEIIbHUX CIIEMEHTIB, SIKi BUBUIBHIOBATUMYTHCS IIiJ] Yac mepepoo-
K{ MOHALIUTY.

BapricTh rigpoMeTanypriiHOro BUIyYeHHsS! CBUHIIIO 3 MOHAIIMTY, 32 aHAJIOTIEI0 3
MoiOHMMU TIporiecaMu, MO>KHa puoOau3HO ouinuTH y 25-30 moi. CILA 3a 1 kr.
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EW PRACTICALLY IMPORTANT VARIETY OF MONAZITE,
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We investigated monazite from 35 manifestations, which are located on the left
bank of the Pivdennyi Buh-river in the band of about 150 x 40 km? (North of Vinnytsya
and to Pervomaisk). Our task was to identify the varieties of monazite, highly enriched
of 2Pb isotope (~ 99 %). For this, we used X-ray fluorescence method for the determi-
nation of the ratio U/Th in the mineral via the normal procedure of the analysis of the
mass of grains and original methods of analysis of single grains. It turned out that such
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monazite with the age of 2 billion years contains about 10 % of thorium and about 1 %
of lead. The causes of radiogenic lead preservation in monazite structure have been ana-
lyzed. In order to assess with crystallochemical analogies the possibilities of adapting of
radiogenic ***Pb to monazite structure, we analyzed the features of the anionic environ-
ment of the atoms of Ce in the structure of monazite CePO, (which can be replaced by
atoms of Th without structural restructuring) and Pb in the structure of Pb;(PO,),.

The obtained data on the distribution of the investigated varieties of monazite (Ta-
banivskyi manifestation in the South-West of Kirovohrad region, the basin of the Sob-
river in the village of Checheliivka etc.) allowed evaluating approximately their re-
sources.

It is concluded that the lead of the mentioned isotopic composition can be an effec-
tive cooler for energy-related nuclear reactors of the fourth generation without addi-
tional isotopic enrichment.

Key words: monazite, Pivdennyi Buh-river basin, lead isotopes, 208pp,  thorium,
cooler, nuclear reactor.
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YMOBHU ®OPMYBAHHS TPOKUJIKOBOI MIHEPAJII3ALLIT
BYIJIEHOCHUX BIJIKJIAJIB JJIOBEJIbChKOI'O
POJOBUILA (JIbBIBCbKO-BOJIMHCbKUI
KAM’STHOBYT'ILIbHUM BACEIH)

M. 3y0uxk, 1. Haymko, b. Caxno, f1. Slpemuyk

Inemumym 2eonocii'i eeoximii coprouux konarun HAH Ykpainu,
eyn. Haykoea, 3a, 79060 m. Jlveis, Yrpaina
E-mail: igggk@mail. lviv.ua; naumko@ukr.net

JlocmimkeHo NpOXKUIKOBY MiHepallizallilo BYyIJIEHOCHUX BiakiaziB Jlrobenbchkoro
POIOBHUILA B OJHOMY 3 THIIOBUX PO3pi3iB HOro MiBHIYHOI YACTHHHU 3 METOIO JOMOBHEHHS
JAaHUX MPO MapaMeTpH MIrpyBalbHUX (UIIOIAHUX ManeocucTeM y JIbBIBChKOMY mMalieo-
30HCBbKOMY IPOTUHI. BU3HaueHo, 110 JaTepayibHi MPOXKWIKK 3aIAraloTh HaJl IIacTaMu
Byrimst v, no° Ta n,° y BMicHi# ocanoBiii ToBII MapanensHo 10 ii mapysaTocti. Y ix-
HbOMY MiHEpaJIbHOMY CKJIaJi, 3a IaHHUMH pPEHTreHo(ha30BOro aHamizy, HepeBaxae
KalbIMT, 3pifka 3 [JOJOMITOM, HasBHI KBapl i Mapka3uT. 3a pe3ysibTaTaMH Mac-
CIEKTPOMETPUYHOrO XIMIiYHOrO aHali3y, y CKJaai JICTKUX KOMIIOHEHTIB (IIIOIqHHX
BKJIOUEHb y KaJbLHTI a30T (65,8-76,2 00. %) nepeBaxae Hax CO, i CHy. B3ipui Matoth
HHU3bKY BifHOCHY raszoHacuueHicTs (0,07-0,53 I[1a). BogHouac y ckiazi JETKHX KOMIIO-
HEHTIB (QIIIOIIHNX BKJIIOYEHb Y KBapIli, CUICPHTI i KaJbLUTI BEPTUKAIBHUX NPOXKUIKIB
nepeBakaroTh METaH 1 #oro mepii romosnory (Biamnosiaxo, 82,2-87,5 1 5,2—-12,1 06. %),
a BifHOCHA Ta3oHacuueHicTh Ayxe Bucoka — 4,0-31,1 I1a. 3pobieHO BHCHOBOK MpO
NPUHLHUIIOBY BiIMIHHICTh (DIIOIAHUX MiCISICEAUMEHTOTCHHHUX IaJ€OCUCTEM Ta CYTTEBO
pisni mKepena Ca>" kanbIHTOYTBOPIOBATEHUX (DITFOINIB i MeXaHi3MH GOPMYBAHHS HPO-
JKUJIKOBOT KaJbLUTOBOI MiHepaii3awil miJ 4ac yTBOPEHHS BEPTUKAJIbHUX (CyOBepTH-
KaJIbHUX) YM JIATEPAIbHUX NPOXMIKIB. Lle cripusTuMe yTOUHEHHIO MOJEI Micisice u-
MEHTALI{HOr0 MiHepaJoreHe3y y BYIJICTIOPOIHHMX MacuBax JIbBiBChbKO-BonauHCBKOrO
KaM’sSTHOBYTUJIbHOTO OaceiiHy.

Kniouoei cnosa: GmoinHi BKIIOYSHHSI, JETKI KOMIIOHEHTH, MPOXKUIIKOBA MiHepati-
3allis, BYyIJIEHOCHI Bigkmaau, JloOenscbke popouie, JIbBiBCchko-BonnHChKuit
KaM’SHOBYTUIbHUN OaceiiH.

Huni € moTpeba B OCBOEHHI BYTUTBHHX POIOBHIN SIK KOMIUIEKCHHX Ta30(METaHO)-
BYTUTPHHX Ha 3acajgax 000B’SI3KOBOTO BHIOOYTKY 1 IPOMHUCIIOBOTO BUKOPHCTAHHS METa-
Hy i3 3a0e3Me4eHHsIM YMOB JUIi CHHXPOHHOTO PEHTa0eIbHOTO BUJIOOYTKY METaHy i
Byrius [10], To6To mpupocTy 3amaciB Sk BYIJIEBOJAHIB, Tak 1 BYTiJUIS, HEperyciMm 3
BHCOKHUMH TEXHOJOTIYHUMHE Tapamerpamu [1]. YV 1poMy acmexTi 3pocTae BaKIUBICTh
JIsBiBCBKO-BonuHChKOTO KaMm’stHOBYTiIBHOTO Oaceiiny (JIBB), ocobnuBo 3 ormany Ha
Te, Mo HHU3Ka 1waxT JloHOacy HHMHI ONHMHWIIACS HA TEPUTOPIi, HE KOHTPOJILOBaHI
VYxpainoto. IlepcnexktuBn JIBB mnow’s3yrors 3 IliBneHHO-3aXiJHUM BYIJICHOCHUM
paiioHOM, 30Kpema, po3BigaHuM TyT JlrobenbepkuM pomosumieM. Ha ipomy pomoswui

© 3yb6ux M., Haymxo 1., Caxno b., SApemuyk 4., 2016


mailto:igggk@mail.lviv.ua
mailto:naumko@ukr.net

M. 3y6ux, I. Haymko, Bb. CaxHo, A. AApemuyk
130 ISSN 2078-6220. Minepasioriunuii 36ipauk. 2016. Ne 66. Bunyck 1

OCHOBHI IPOMHCJIOBI 3allacy i MPOTHO3HI PeCcypcH BYTUUIS CKOHLIEHTPOBaHi B 12 By-
TUIBHUX TUTACTax, OUTBIICTE AKUX Ma€e MOTYXHICTE Bix 0,73 mo 1,50 M, a miactu n;',
n;" Ta n; — 1,50-1,60 M, npoTe BOHM PO3TAlIOBaHi B IIBAEHHINA 4acTHHI POJOBHIIA
MoIIe, MOPIBHAHO 3 OCHOBHOIO YaCTUHOIO Oaceiiny, — 1o 600—1 200 m [1].

OO0rpyHTOBaHY 1H(QOPMAIII0 MPO YMOBH MiCISICETUMEHTOTCHHUAX IEPETBOPEHB
BYTJICBMICHUX TOPiA, CKJIah i 0coOnMBOCTI Mirpamii (roimiB Ha TakWX TITHOWHAX
(ocobmmBo a7 mepenOaveHHS MOKIMBUX BHKHIOHEOC3MEUHIX SBUIL y TPOSKTOBAHUX
maxrax JIro0enbChKOT IIIONIT) MOKE HaJlaTh BUBUCHHS PENIKTIB (UIIOiIB, 3aX0TUICHUX
y KpUCTalu MiHEpaliB, IO POCTYTh (IEpeTBOPIOIOTHC) [9] sik mix wac GpopMyBaHHS
BYTJICTIOPOTHUX MACHBIB (BMICHI IIOPOAHM i BIaCHE BYTULIA), TaK i MPOTATOM ITicIsice-
JUMEHTOTCHHHMX HPOLECiB, HacaMIepe, HAKJIaJCHOrO MIPOKUIKOBOTO MiHepaoreHe-
3y. Taki JOCHIIKEHHS TAIOTh 3MOTY JOMOBHIOBATH JIaHi 11010 MIHEPATOTiYHUX 0CO0-
JIMBOCTEH 1 CTaJIHOCTI MPOXXHUIKOBUX YTBOpPEHB [3, 6] Ta (QIIoinHOro pexuMy micis-
CEIMMEHTOT¢HHOTO MiHepaJIoreHe3y B 0cazoBiil ToBIII JIbBIBCHKOTO Maie030HCHKOTO
nporuny [4-6, 13, 15, 16, 24 Ta in.].

I'eosioriuna 6ynosa Jlo6eabcskoro pogoBuma. Porosuiie po3ramoBaHe B IiB-
neHHo-3axignii yactudi JIBb y mexax KapiBcwkoi (JIrobenpchkoi) CHHKITIHAI, 3 TiB-
HIYHOTO cXoxy oOmexeHol ByTwH-XIiBYaHCPKMM aHTHKITIHATBHUM MITHATTAM, a 3
niBreHHoro 3axoay — HecrepiBcbkum (JKoBkBiBebkum) [1, 8]. 3a marepianamu JI'TI
3aximyKpreosoris, Mexi poJIOBHINA TakKi: Ha MIBHIYHOMY 3aX0Jli — YMOBHA JiHis 4epe3
cBepUTOBHHH (CB.) 6855, 6225, 6854, 6234, 6806, 6224, 6795, 6192; Ha miBIeHHOMY
cxoxi — uepe3 cB. 7053, 6278, 6780, 6242, 6794, 6570, 6237, 6561, 6230; Ha niBIeH-
HOMY 3aX0Jli — BUXIJI BYT'JILHOTO IUIACTa Vg HA IOBEPXHIO MAJIIE03010; HA MiBHIYHOMY
cxoai — Bick ByTuH-X1iB4aHCHKOTO MiTHATTS. MaKkcUManbHa TITHOMHA MPOIYKTUBHUX
KaM’STHOBYTUIPHHX BiKIIaAiB CTAaHOBUTH 1 355 M, miHiMamsHa — 650 M.

OCHOBHHMMH ITACTAMH € MOPIBHAHO BUTPHMAaHi BYTUIbHI TUIACTH 77", 17, SIKi PO3Bi-
JlaHi, TOJOBHO, 3a Kareropiero C; i MicTaTh Oiam3bko 50 % 3amaciB pomosuina. B in-
X mwiactax (bs, by, no, ng", ng', ny, vg), AKi HaJeXKaTh IO HEBUTPUMAHHX, 3alacd
BYTUIIA po3BimaHo 3a kateropismu C; i C,. HkHBOIO MeXel MipaxyHKy 3araciB
BYTLIIS € BYTUIBHUHN TIIACT Vg, @ BEPXHBOIO — Dj.

I'eonoriuamii po3pi3 JIr00EIbCHKOrO POJAOBHUIINA € MAKCUMAIBHO TOBHUM, OCKUTBKU
BOHO 3ajisrae B HairmuoOmii yactuni JIBB. Crparturpadiuno 1ie repureHHo-kapOoHaT-
Hi BIAKJIAIW ACBOHY 1 BYTJICHOCHI — KapOOHY, CTPOKATI 3a CKIIAJIOM MOPOIHU FOpH, Te-
pureHHo-KapOoOHaTHI ¥ KapOOHATHI YTBOPEHHS KPEeWIW i YeTBEpTHUHHI MilIaHO-TIIU-
HHUCTI Bigkmamu [7].

Metoan pocaimkenns. [Ipoxuikn y BigiOpaHuX B3ipIsIX KepHa OMUCYBAIH i3 3a-
CTOCYBaHHSM 3arajIbHOTEOJIOTIYHIX Ta OHTOTCHIYHHUX MigXoMiB. MiHepadbHUN CKIIaza
NPOXKUIIKIB BU3HAYAIM PEHTTeHO(]a30BUM aHami30M. YMOBH 3HiMaHHs: [ = 14 MA, U =
= 34 kB, mBuakicte pyxy miuuiabHUKA — 2 rpaja/xs; mudpaxromerp AII-2,0, Feg,-
BUTIPOMIHIOBaHHS, Mn-QinbTp.

Ckiag JeTKHX KOMIIOHEHTIB (IIIOITHUX BKIIIOYEHb y KaNBLUTI BH3HAYalId Mac-
CIEKTPOMETPUYHUM XIMIYHMM MeTOA0M. BuMiploBanu BilHOCHY razoHacuueHicts AP
— TIPUPICT TUCKY Yy HAITyCKHIH CHCTEMI Mac-CIIEKTPOMETpa CTOCOBHO HOTO MOYaTKOBO-
ro 3uadennst 17107 I1a yHACTIZOK BHBINBHEHHS JETKHX KOMIIOHEHTIB, a TAKOX Bij-
HOCHY BopoHacuueHicTh Cypo — BIIICOTKOBUH BMICT napu Boau (norsuHad — P,Os) y
3arajJbHOMY 00’€Mi JICTKMX KOMIIOHEHTIB, BUBUIbHEHHX IIiJl YaC MEXaHIYHOTO IO/pi0-
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HEeHHS IpoOW MiHepally 3 IpyINoi0 BKJIIOYEHb (3aKPUTHX II0p) y BHCOKOMY BaKyyMi
(4107 Ia) y crymui (crewianbHiii BCTaBIIi 3 MIOCKONApaIe bHHMH TBEPAOCIIABHHMH
MOBEPXHSAMH) 1 IMOJAIBIIOTO HaJXOJDKEHHS BUBUILHEHOI'O Tra3dy B 10HI3alidHMK Mpoc-
Tip AaTYNKA Mac-CHEKTPOMETPA.

[poxuikoBa miHepanizanis ByrjeHOCHUX BigkJjaniB. JlocTiKeHHS BHKOHY-
BaJIM 3 METOIO JIOTIOBHEHHS JIaHUX PO MapaMeTpH MIrpyBaIbHUX (QIIIOIIHUX CHCTEM Y
JIpBiBCHKOMY Hae030¥chkoMy nporuHi [13]. Lle BUSBHIIOCS MOXIJIMBAM HA OJHOMY 3
pO3pi3iB y MiBHIUHIN YacTHHI POAOBHINA — Yy BEpXHIH YaCTHUHI HIDKHBOI JIAaTyHHO-
MOpPCBKOT ByrjieHocHOi miadopmarii — 3a cB. 7428 (intepBan rimbunu 720-810 m)
(puc. 1, 2) [23]. Tyr oOMeXeHO MOUIMPEHI TEPUI'eHHI ICaMiTO-aJIeBPUTOBI MOPOJH,
HATOMICTh 3HAYHO PO3BUHYTI TIIMHUCTI i KapOOHATHI BiIKJIaJX; BMICT BaITHSKIB, 30K-
pema, gocsrae 95 % [11]. ByriieHocHICTh TOPiBHSHO HU3BKA [22].

JlaTepanbHi IPOXXUIIKY IPHYPOYEHI, TOJIOBHO, 10 TUX YaCTHH PO3pi3y, Y AKUX Ie-
PEBaXAIOTh BAITHSIKH 1 SIKI 3aJIratoTh HaJ| IUIACTaMU BYTLLIs poO0UO0i HOTYKHOCTI Vg
iBanHMIBKOT Ta 7o’ i 7,° MMIIHAHCHKOT CBIT MapaseNbHO 10 MAPYBATOCTI BMICHOT Oca-
noBoi ToBmIi (prc. 3). ToBmuKHA MPOXKUIKIB 3piaKa mepesuirye 1 mm. Ha koHTaKTI iX 3
MTOPOJIOK0 TPAILISIOTHCS A3epKaia KoB3aHHs (puc. 4) sIK J0Ka3 TeKTOHIYHOT aKTHBi3amii
B MEXax pojoBuIla. BomgHouac HeMa BEpPTHKAIBHOT (CyOBEPTUKAIBHOT) TPIIIIMHYBATO-
CTi ¥ IPOAYKTIB ii 3aJIiIKOBYBaHHS TUITY NPOXKUJIKIB 1 BKPAIUICHb.

VY MiHepaIpHOMY CKIIaJi IMPOKUIIKIB, 32 JAHUMHU PEHTTEHO(A30BOTO aHAII3y (aHa-
mituk S1. Slpemuyk), HasBHHUH, TOJIOBHO, KalbIMT (pHUC. 5), 3pilKa 3 JOJOMITOM, IO-
MIIIKH — KBapI], Mapka3ut (tadu. 1). Lle cBiguuth npo GopMyBaHHS MiHepaiizaiii 3a
YMOB KHCJIOTO BiZJHOBHOT'O CEpPEIOBHIIIA.

3a maHWUMH Mac-CICKTPOMETPHYHOTO XIMIYHOTO aHamidy (Talim. 2) (aHaNiTHK
b. Caxno, mac-ciektpomerp MCX-3A), y ckmani JETKHX KOMIOHEHTIB (IFOiTHUX
BKJIFOUEHb y KaJbLUTI JIaTepalbHUX MPOXKWIKIB a30T (65,8-76,2 006. %) nepeBaxkae
Han CO,, mMetaHoM i aproHoM. B3ipii MalOThb HU3BKY BiJIHOCHY Ta30HAaCHYEHICTb
(0,07-0,53 ITa). [oniOrMM € ckiax ra’y y BMIicHIiH moponi, 06. %: N, — 86,1, CHy —
12,2, Ar —1,7, ii razonacugenicts Takox Hu3bKa (0,80 I1a). HatomicTs cepen meTkux
KOMITOHEHTIB (DJIFOTIHUX BKJIIOYEHb y KBapl, CHAEPHUTI M KaJbIMTI BEPTHKAJIbHUX
NPOXKWIKIB 3 mopix Jlrobenbchkoro poposumia (AuB. Tadil. 2) MepeBaXaroTh METaH 1
oro mepIr romMoiora — BiamosixHo, 82,2—-87,5 1 5,2—12,1 06. %, a BimHOCHA Ta30Ha-
CHYEHICTh Ayxe Bucoka —4,0-31,1 ITa [13].

Ha nincraBi HaBeileHOro0 MOXKHA 3pOOUTH BUCHOBOK, LIO HA €Tarax IicisICeIMMeH-
TaliHOTO MiHepaJloreHesy iz yac popMyBaHHS NPOXHUIKOBOI MiHepai3auii B 30HaX
po3nomiB Ty bem3-MUIATHHCEKOI 30HH HACyBiB [6] Oyl yMOBH A HPUILIUBY
BYTJICBOJIHEBMICHUX (DIIIOINIB MO CHUCTEMax BePTHKAIbHUX (CYOBEpPTUKANBHHX) Tpi-
IIMH, PO3BUHEHUX Y TAKUX HA(PTOTra30MpOBIIHUX PO3PUBHUX MOPYIIEHHSIX INTUOUHHO-
TO 3aKJaJeHHs . Y MeXax BIUIMBY I[bOI'0 a0iOreHHOTO TMIMOWHHOTO BHCOKOTEMIIEpa-
TypHOTO (moiny [14] Ha mpUIETIUX IUITHKAaX OCAJOBHX IMOPiA OyiIH YMOBH UIS PO3-
KJIaZaHHA OPTaHIYHHMX PEINTOK IO BYTUIBGHOMY pSiTy 3 YTBOPEHHSM BYTUIBHHX IUIACTIB
[19]. Pexniktu ¢uroiny 30eperiuchk 4M OKIIIOAOBAHI BYTULISIM y T€PMETUYHO J00pe
MiHepasli30BaHOMY 3 TIOKpIiBJ BYTiJIbHOMY IUiacTi abo KarcyjiboBaHI y NeQeKTH —
(hroinHI BKITIOYEHHS ¥ 3aKpHUTI TOPH HOBOYTBOPCHUX MIiHEPAJIB 1 MOPiM BEPTHKAIH-
HUX TIPOXKIUIKIB Y BUTBHOMY CTaHi, Jic Iepe0yBaroTh I1iJ] aHOMAJIbHO BUCOKHM THCKOM,
IIO ITiATBEP/PKEHO TEPMOJMHAMIYHIMU po3paxyHKamu [21].
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Puc. 1. CxemaTn4Ha reojioriuta kapra i reosoriuauii pospis JIBb
(ckaB M. Marpodaiino [23]):

1-3 — Bigkmagu Me303010 i KaifHO3010; 4—7 — MOPOAU CepefHbOro KapOoHy (4 — GaIIKHPCHKUH
spyc, HIOKHINA BiIIi, 5 — cepryXiBChKuil spyc, 6 — Bi3elCbKuii sipyc, 7 — TypHEHChKHH sIpyc); 8 —
BiZIKJAIM BEPXHBOTO IEBOHY; 9 — PO3pHBHI HOpymIeHHd; /() — perioHanpHi po3noMu; // — KOHTYp
TIPOMHUCIIOBOI BYTJIGHOCHOCTI; /2 — JIiHisl T€OJIOTIYHOr0 po3pidy 3 HOMepaMH OypOBHX CBEPIJIOBHH.
IpsIMOKYTHHKOM IO3HA4€HO CB. 7428, y sKiif pO3KPUTO BYITIEHOCHI BiIKIaIX 3 IPOXKUIKOBOIO MiHe-
paJtizali€ero 1atepasbHOro THILY.
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Puc. 3. 3aranbHuil BUrisg kepHa
3 KJIbIIUTOBUMH IPOXKUIKAMH JTaTePaTbHOTO
THUILy y po3pi3i cBepasioBUHN 7428.
Bsipui: @ — 19./Mnm-3; 6 — 99./Mnm-3; 6 —
102./Mnm-3. [liamerp kepHa — 56 MM.

Puc. 4. JI3epkana KOB3aHHs Ha KOHTAKTI
MIPOXKUJIKIB 3 BMICHHM BaITHSKOM.
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Puc. 5. ludpakrorpamu KajabLUUTy 3 JIaTepalbHUX MPOXKHWIKIB y BYTJICHOCHHX IIapax:
a —B3ipenp 19./MnmM—3; 6 — B3ipens 99./Mnmv—3; Ca — kanbiut; Do — nonomit; Q — kBapu.

BomHodac y Xofi yTBOpeHHS KaJbLUTY JaTepalbHIX MPOXKWIKIB (IFOITHE ceperno-
BUIIIE MajJ0O HEBYIJIEBOJHEBUH CKJIAA 1 HU3bKY Ia30HACHUYEHICTh, IO CBiAYUTH IIPO
YMOBH KpHCTai3allii MiHEpaay, Ha sKi HE3HAYHO BIUIMBAIM TJIHMOWHHI YHHHHUKH.
YTBOpeHHsS BomH, a Takoxk a3oTy i CO, 3a HEBHCOKOTO (TOJOBHO, JIITOCTATHIHOTO)
TUCKY BiOYBaJIOCS 32 MEXaHi3MOM, 3allpONOHOBaHUM Y [21].

OTKe, HasiBHA TPUHIUIIOBA BIIMIHHICTD Y CKJIal (UIIOIIHUX MiCISCETUMEHTOTCH-
HUX TAJICOCUCTEM, MPEICTABICHUX, 3 OIHOTO OOKY, BYIJICBOJHEBMICHUMU (hITroigamMu
3 BUCOKOIO Ta30HACUYCHICTIO, a 3 1HIIOT0, — (UIF0ITaMH HEBYTJICBOJHEBOTO CKIIAMY 1 3
HEBUCOKHM THUCKOM, TOOTO IicIsICeUMEHTAIIiiHI 3MiHU Topia y Mexkax JIro0embcpKko-
ro POJIOBHINA, SIK 1 B IHIIMX ByrienopoaHux macusax JIBB, BimOyBamucs 3a y4acTio
PI3HMX 3a CKJIaJ0M, MOXIIMBO, IPOCTOPOBO 1 YaCOBO pO3JICHUX (DIFOIIHHUX cUCTeM,
c(OPMOBAaHUX 3aBASIKH (IIFOITHO-IATCPATEHAM TCPETIKAHHSIM Ta HAIXOJKCHHIO
BHUCXITHUX ()IIFOIMHUX MAJICOMTOTOKIB TTMOWHHOI Aera3arii [15].
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Tabmuws 1
MiHepaibHUii CKIIA JTaTepaIbHUX MPOKIIIKIB Y BYTJICHOCHHX IIapax
Jlrobenbebkoro pogosuia (cB. 7428) 3a nannmu AUGPaKTOMETPHUYHOTO aHATI3Y

I'mubuna Bindu- Minepanu
. YMoBU - :
paHHs B3iplLt . JIOMIIITKOBI
N 3aJIIraHHs TOJIOBHI .
Ta fioro HoMep (caign)
722 M, Hap mutacramu Byrisuist po6o- Ksapu,
. 76 0 Kanpiur
Ne 102./Mnm—3 401 MOTYKHOCTI 1y 1 1] MapKa3uT
730 M, JIMIIHAHCBKOI CBIiTH cepIty-
. Kanpur Ksapn
Ne 99./Mnm—3 XiBCBKOTO sIpyCy KapOoHy
Hap mtacramu Byrisuist po6o-
808 M, 401 MOTYKHOCTI Vg IBAHHIIb- Kanbiur,
.. . . KBapu
Ne 19./Mnm—3 KOT CBITH CEpPITyXiBCHKOT'O JIOTIOMIT
sipycy KapOoHy

[ puwmirtxk u: oudppaxromerp AJAI1-2.0, FeK,-unpomintoBantst, Mn-¢iisTp; yMOBH 3Hi-
maHHA: [ = 14 MA, U = 34 kB, mBHAKICTh pyXy Ji4WIbHUKA — 2 Tpas/XxB. AHamTuK . SIpemuyk
(peHTreHiBcbka JabopaTopis BiAALTy TeoxiMmil 0caloBHX TOBII Ha()TOTa30HOCHHX MPOBIHIIH
ITTTK HAH VYkpainn).

Tabmums 2
[NopiBHsIIBHA XapaKTEPUCTUKA CKJIALY JISTKUX KOMIIOHSHTIB ()IIOIIHUX BKIIIOYEHb
y MiHepasiax JIaTepaJlbHUX 1 BEPTUKAIBHUX MPOKHIIKIB 3 BYTJICHOCHHX LIapiB
JIro0enbChKOTO POAOBHIIA 33 IAHUMH Mac-CIEKTPOMETPUYHOTO XIMIYHOTO aHANi3y

Howmep Misepan Kommonenru, 06. % AP, Cio,
ananizy P co, | N, | CH, | GHyw | Ar Ma | 06.%
JlarepanbHi IPOXKUIKH, CB. 7428
1 23,8 76,2 — — — 0,07 +
2 Kanprur 28,8 71,2 — — — 0,07 +
3 4,6 65,8 29,0 — 0,6 0,53 —

4 Buicia - 86,1 | 122 - 17 | 080 +

nopoJa
Bepruxanshi npoxwiku [13]
5 Ksapi 0,9 1,3 87,5 10,8 — 16,4 4,0
6 0,9 2,9 84,1 12,1 — 17,0 —
7 Cunepur 12,0 0,7 82,1 5,2 — 4,0 14,3
8 Kanprur 1,1 2,3 84,7 11,9 — 31,1 50,0

HDpuwmirtku: I —rm 722 m, B3ipens 102./Mnm—3; 2 — ri1. 730 M, B3ipens 99./Mnv—3; 3 —
1. 808 wm, B3ipeup 19./Mnm-3,a; 4 — ti. 808 M, B3ipens 19./Mnm—3,b; 5 — cB. 7033; 6 —
cB. 7285; 7, 8 — cB. 7285, . 1075,6 m; AP, [la — BigHOCHa razoHacuueHicTh; Cipg, 00. %o —
BiJJTHOCHA BOOHacH4eHicTh. AHamiTHK b. CaxHo (JrabopaTopist Mac-CIIeKTPOMETPHYHOTO XiMid-
HOTO aHai3y Bigmimy reoximii rmumouaanx ¢uioinis IITTK HAH Vkpainu, mac-cnexrpomeTp
MCX-3A).

3 OruIsLy Ha Le CYTTEBO pisHMME Oyiu i mkepena Ca®’ KalbLUTOYTBOPIOBAILHAX
(roiniB Ta MexaHI3MHU (OpPMYBaHHS MPOKUIKOBOI KAJIBIIUTOBOI MiHEpai3amii: mpu-
BHeceHHss Ca’’ TITHOMHHIM BHCOKOTEMITEPATypHUM (IIFOIIOM Yy CKJIaji “BamHSIHOTO”
mosioka (CHy, Ca(OH),, CO,, H,0) [18] y pa3i yTBOpeHHS BEpTUKAIBHHUX 1 CyOBEpTH-
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KaJIBHHUX TPOXKHIKIB Ta BHIydeHHs Ca’’ i3 BMiCHMX KapGOHATHHX IIApiB y BUIAIKY
(hopMyBaHHS JTaTepaTbHUX MPOKIIKIB.

ByrneBmicanMm Binknanam JIro0enbCcbKOTO POIOBHINA NMPUTAMaHHA HHU3BKA MpPHU-
POJHA ra30HOCHICTH: 10 | M’/T y BepxHiil wactuui po3pisy i 5-10 M'/T — y HuKHiit
(amKk4e Bifg ttacta ve) [1, 22], He3BaXkaroun Ha ii 3arajbHE 30UTBIICHHS 3 MIBHOYI Ha
miBaeHp 1o tepuropii JIBB [2]. fkmo Ha miBHOYI Ha Byriuis OXHOOIYHO BIUTHBAJH
perioHanbHi MeTaMOp(hiYHI YNHHUKHU, 3yMOBIICHI HIJHATTSAM Ta OIMYyCKAHHIM J0ME30-
30/CBKOT CTPYKTYpH TiJi Ji€l0, TOJOBHO, BEPTHKAIBHUX CHJ, TO Ha MIBJHI JJO perio-
HaJIbHOTO MeTamopdizMy “mojaBaBcs” AMHAMOMETaMOp(i3M — 3aBASKH IOCHUICHHIO
TOPHU30HTAIBFHOIO TUCKY (YHACTIIOK i TaHTEHIialbHO CKepoBaHUX cwi) 3 Ooky Ilpa-
kapmat [17]. Lle cripusuto ¢popMyBaHHIO KOKCIBHOTO BYriJuist i BOJHO4YAC — iHTEeHCUi-
Kallii MmiciIsceIMMEHTOIeHHHX TPOLECIB Y BYITIEBMICHHX NOPOJaX, MiJ Yac SKUX BHIi-
naBest Ca”* i BinOyBanoch 3amiKOBYBAHHS JIATEPATbHUX TPIlMH HPOXKUIKOBOK Kaslb-
IMTOBOIO MiHEpai3aIli€ro.

Hochimxena TepuTopist po3TamioBaHa MK ABOMAa CHCTEMaMH PO3JOMHHUX 30H —
bytun-XniBuancekoro Ta HecrepiBcbkoro (JKOBKBiBCHKOI0), sIKi, Ha BinMmiHy Bix bemns-
MUISTHHCHKOT, MOXIIMBO, HE Jocsraiy QyHIaMeHTy, y HuX He Oyso yMOB AJsl IIpH-
IUIMBY TJIMOMHHUX BYTJIEBOAHEBMICHUX QuioigiB. HasBHI npiOHOAMILTITYIHI TOpY-
[ICHHS 3aJIKOBYBAJUCS TIMHUCTHM MartepiajioM, TOMY MIrpallis ra3iB 3 TOPHU30HTIB,
10 3QJIATal0Th HIDKYE, Oysia abo yTpyaHeHa, abo B3araii HemoskiuBa [12]; sk Haci-
JIOK, Y IXHIX MeXaxX BepTHKaJIbHO-MIrpamiiiHi NpOoecH BUSBIISUINCS CIIa0Ko.

Kpim Toro, came iHTCHCHBHA TEKTOHIYHA MMOPYMIEHICTD YCi€l MPOIyKTHBHOT TOBIITI
Jlrobenscpkoro ponoBuiia (i BepTHKalbHA, 1 JaTepaibHa), a TAKOXK HAsBHICTH B i
MOKPIBJIi rpyOOyTaMKOBUX IOPCHKHX BIIKJIAAiB 3yMOBHJIA aKTHBHY J€Ta3allifo TOBIII,
JIeMEeTaHi3allif0 OUIBIIOCTI MPOMUCIIOBUX BYTiNbHUX ImiacTiB [20] i mepeBaskHO Bij-
TUTMB BYTJICBOJAHEBMICHUX (IIIOINIB, SIKi HE3HAYHO 30eperimcs Juine y (IIroinHuX
BKITIOYCHHAX Y MiHEpajax i 3aKpUTHX Mopax IMopif, 0 BMIIIYIOTh BEPTHKAIBHI (Cy0-
BepTHKaJbHI) Mpoxuiky [13]. Lle pa3om 3 HU3BKOIO Cy4acHOIO MPHPOJHOIO T'a30HOC-
HicTIO [1, 22] mae mijcTraBy BBaXKaTd JTOCHTH MAaJIOK BIPOTiMHICTh BUHUKHCHHS BUKU-
JIOHEOE3IEeYHNX SBUII, a, 0TKe, IOMIPHI PU3UKH Mix 9ac po3poOKH BYTIIHHHX IUIACTIB
y Maii0yTHIX mraxTax Ha ponoBuil. Titeku Tpeba Oyae 3BepTaTy yBary Ha 30HH TEK-
TOHIYHUX MOPYLIEHb YH MONEPEYHUX PO3JIOMIB, ¢ 3a(iKCOBAHO 30UIBIICHHS, IHKOJIH
aHOMAJTBHE, PUPOJTHOT Ta30HOCHOCTI [1].

OTxe, IUTECTIPSIMOBAHI TOCTIKEHHS BYTJICHOCHUX BepcTB JIF0OENbCEKOTO pomo-
BHIIAa Ha OJHOMY 3 THUIOBHX PO3pi3iB HOTro MiBHIYHO{ YaCTWHU JaiH 3MOTY BUSBUTH
3HAYHUI PO3BUTOK NPOKHUIKOBOI MiHepaiizamii JjarepaipHoro tumy. JlarepanbHi
MPOXKIIKY 3QJIATAI0Th HaJ TUIACTaMU BYTLILISA v60, n06 Ta n10 y BMICHIH 0CaJIOBii TOBIII
mapaienbHO 10 11 mapyBaTocTi. Y iXHBOMY MiHEpaIbHOMY CKIIAi TMEepeBa)Ka€e Kaib-
IIUT, 3piaKa 3 TOJOMITOM, HasBHI KBApIl I MAPKAa3HT, IO CBIIYMTH PO KKCJIC BiIHOBHE
cepeloBHIIIEe MiHEpalIoreHesy.

VY ckiani JeTKMX KOMIOHEHTIB (DIIFOIMHUX BKIIIOYEHb y KAJIBIMTI a30T HEepeBaxae
Hag CO, i meraHoM. B3ipiii MaroTh HH3BKY BiTHOCHY Tra30HACHYEHICTh. BomgHOUac y
CKJIaJll JITKUX KOMIIOHEHTIB (DJIFOITHMX BKIIIOYEHb Yy KBaplli, CHACPUTI W KalbIUTI
MPOXKUIKIB y 3aJiIKOBaHMX BEPTHKAJIbHUX (CYOBEPTHKAIBHHUX) TPILIMHAX JTOMIHYIOTH
METaH 1 HOro Mmepiri rOMOJIOTH, a BiTHOCHA Ta30HACHUYCHICTh TyXke BHCOKA. lle cBia-
YUTH PO MPUHIIMIIOBY BiIMIHHICTE (IOITHUX MICIICEAUMEHTOTCHHIX MAIEOCHCTEM,
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cyTTeBO pi3Hi mKepena Ca’’ KalbLUTOYTBOPIOBATLHUX (DIOINIB Ta MEXaHi3MH (op-
MYBaHHS IIPOXKUIIKOBOI KATBIIMTOBOI MiHEpai3amii il 9ac YTBOPEHHs BEPTUKATBHUX
(cyOBepTHKANBHUX) 1 TaTepalbHUX MPOXKWIKIB 3aTiIKOBYBaHHAM TPILIHH BiANOBITHOTO
TUITY y ByIJIGHOCHHX BiJIKJIa/IaX.

OTtpumaHi MaTepianu moa0 (Gi3nKo-XIMIYHOI MPUPOJIHN 1 MTPOCTOPOBO-YACOBOI I10-
CIIiTOBHOCTI TIPOSIBY (PITIOIMIB CIPUATAMYTH YTOYHECHHIO MOJETI IMicCsCeIIMEHTAIIiH-
HOTO MiHepayioreHe3y y Byrienopoganx Macupax JIBbB i, oTke, mepenb6adeHHIO MOX-
JIMBHX BUKHIIOHEOE3NMEUHHX SIBUI y MPOEKTOBaHUX Miaxtax IliBeHHO-3aXiqHOTO
BYTJICHOCHOTO paioHy, pO3POOJISTHHIO 1 BYKMBAHHIO €PEKTUBHUX 3aXO/(iB I0J0 TXHBO-
O MONEePEKCHHS.
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CONDITIONS OF VEINLET MINERALIZATION FORMATION
IN COAL-BEARING ROCKS OF LYUBELSKE DEPOSIT
(LVIV-VOLYN COAL BASIN)

M. Zubyk, I. Naumko, B. Sakhno, Ya. Yaremchuk

Institute of Geology and Geochemistry of Combustible Minerals of NASU,
3a, Naukova St., 79060 Lviv, Ukraine
E-mail: igggk@mail lviv.ua
naumko@ukr.net

We investigated veinlet mineralization in Carboniferous sediments of the Lyubelske
deposit (Lviv-Volyn coal basin), located within the Lviv Palaecozoic trough. One of the
typical sections in the Northern part of the deposit has been studied in detail. Our goal is
to complement the available data on the parameters of migrating fluid paleosystems in
the trough.

Main industrial reserves and prognostic resources of coal at the deposit are concen-
trated in 12 coal seams; most of them has an average capacity of from 0.73 to 1.50 m,
and the seams 7n;°, n;" and n; — 1.5-1.6 m, but they are located in the southern part of the
deposit deeper than the main part of the basin, up to 600—1200 m. Geological section of
the deposit is as complete as possible, because it occurs in the deepest part of the Lviv-
Volyn coal basin: Devonian terrigenous-carbonate deposits, Carboniferous coal-bearing
sediments, Jurassic rocks of the diverse composition, terrigenous-carbonate and carbon-
ate rocks of the Cretaceous and Quaternary sand-clay deposits.

The lateral veins occur above the coal seams v, ,° and #,° in host rocks, and they
are parallel to their bedding. According to X-ray diffraction, calcite dominates in veins
composition, sometimes with dolomite and there are also quartz and marcasite. This in-
dicates the formation of mineralization in acidic reduction environment. The results of
mass-spectrometric chemical analysis showed that the nitrogen (65.8-76.2 vol. %) pre-
vails among the volatile components of fluid inclusions in calcite, there are also CO,
and CH,. Relative gas-saturation of samples is low — to 0.07-0.53 Pa.

As part of the vertical streaks are revealed quartz, siderite, calcite, etc. Among the
volatile components of fluid inclusions in these minerals, methane and its first homo-
logues dominate (respectively, 82.2—-87.5 and 5.2-12.1 vol. %), and the relative gas-
saturation of the samples is very high — 4.0-31.1 Pa.
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It is concluded that at the stages of post-sedimentary mineral formation (during the
formation of veinlet mineralization) in fault zones the conditions existed for the inflow
of carbohydrate-containing fluids through the systems of vertical or subvertical joints.
Such joints are developed in the deep oil-gas-conductive dislocations, such as Belz-
Mylyatynska zone of overlaps. Within the influence of abiogenic deep-seated high-
temperature fluid there were the conditions in adjacent sections of sedimentary rocks for
the decomposition of organic residues with the formation of coal seams. Fluid relics
preserved or have been occluded by coal in a tightly well-mineralized from the roof coal
seam, or they were encapsulated in defects (fluid inclusions) and closed pores of the
newly formed minerals of vertical veinlets in the free state, where are under abnormally
high pressure. At the same time during formation of calcite of lateral veinlets, the fluid
environment had non-hydrocarbon composition and low gas-saturation. This proves that
the deep factors have very little impact on the conditions of calcite crystallization.

So there were two fundamentally different fluid post-sedimentary paleosystems; the
sources of Ca>* of calcite-forming fluids were also different, as well as the mechanisms
of vertical and lateral veinlets formation.

The obtained data will contribute to refining the model of post-sedimentary mineral
formation in coal-rock masses of the Lviv-Volyn coal basin.

Key words: fluid inclusions, volatile components, veinlet mineralization, coal-
bearing deposits, Lyubelske deposit, Lviv-Volyn coal basin.
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BYIVIEBOJHI TA 'EOXIMISA MIHEPAJIbBHUX
INEPETBOPEHb KPEMHE3EMY
B IIOPOJAX YKPATHCHBKHX KAPITIAT
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eyn. I pywescvroeo, 4, 79005 m. Jlvsis, Yrkpaina
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CrpatudikoBaHUH PO3MOILUI BYTJIEBOJHIB B 0CAJOBUX ITOPOAAX KPEMEHUCTO-Mepre-
JSICTOTO TOPH30HTY €OLICH-OJIITOIIEHOBOTO BIKY CBIAYHMTH IPO IEPETBOPEHHS KpeMHe-
3eMy B pi3HI MiHepaibHI (opmu (omanm, XaJlemoH, KBapll, KPUCTOOATIT) Ha CTAmisIx
CHHTEHe3y, JiarcHe3y, eIireHe3y 3a yMOB eJ3iffHOr0 TiJpOAMHAMIYHOTO PEKHMY.
Opeosut pO3BUTKY TiAPOTEPMATIBHOTO KBApIly, MAPMapOChKHUX “‘AiaMaHTIB”, KapOOHAT-
HHUX MiHEpaJliB 3yMOBJICHI BHCXITHUM iH(QUIBTpauiiiHuM pexxuMoM ¢roiniB i Hadry,
IO CYIPOBOIXKYBAIOCH Au(epeHIIialiero HaQTh B MOpOJax Ta MiHEpaTbHUX 1HIUBIIAX.

Kniouosi cnosa: ByTIeBOAHI, KpeMHe3eM, MapMapocbki “‘miaMaHTH”, MiHepa-
JIOyTBOPEHHSI, JTiTOreHe3, reoxiMmis, Ykpainceki Kapmaru.

VY Kapnarcekiit HadhTOra3oHOCHIH NPOBIHIIT MiHEpaIbHI IEPETBOPEHHS KPEMHe3e-
MY 3 y4acTIO BYIJICBOJIHIB BH3HA4€HI I'€OXIMIYHMMH IPOLIECAMH JIITOT€HE3y Ta TiJpo-
TEPMaJIbHOIO MisTBHICTIO.

3a BMICTOM TOPOZOYTBOPIOBANFHMX KOMIIOHEHTIB OiOT€HHOTO MOXOKEHHS
(SiO20pr, CaCOspr, Copr) 1. ITomm BuAiAMB [11] TpH TOTOBHI TiTONOr0-reoXiMiuHi THIN
KpEeW0BO-TIaJICOTCHOBUX BifKIaAiB. JIOCHIIHUK 30CEpeaB yBary Ha JETaIbHOMY
BHBYEHHI MOPiJl TPETHOIO TUITYy — YTBOPEHb 3 MiABUIIEHUM BMIiCTOM SiOsqp 1 Copr B
0CaJOBi TOBIII HIKHBOI KpEHAW W OJiromeHy. 3 BUKOPHUCTAHHSAM LUX JaHUX MH
PO3IIISIaEMO TEOJIOTIYHI MOJIT Y By3bKOMY cTpaTUrpadiqvHOMy iHTepBasli 3MiHU OJTHO-
IO TEKTOHO-CEJMMEHTAI[IHHOTO UKy 1HIINM.

Kpeiioogi ¢ioxknaou. Y Mexax HopHOTIpCHKOT 30HU MU JICTAIBLHO JOCIITUINA MEXY
MEepeXoay YOPHUX OITYMIHO3HHX KPEMEHHCTHX BINKJIAiB y YSPBOHOKONIpHI Ha Mi-
JSHKaX BUIUICHUX CTPATOTHINB MMIMOTCHKOI cBiTH (K sp) mo p. Cyuasa (c. IlIumor) i
smoBenbKo1 cBiTH (Kyjl) o motoky Slmoseus (c. SlmoBuyopa). JIroMiHECIIEHTHUM aHa-
Ji30M y WTY(HHUX MPoOax MIMHUCTO-KPEMEHHCTHX KOHKpELiil 3 cyiabdinamu, miput-
MapKa3UTOBUX JKOBEH, pamiosIpuTiB, GopaMiHiepoBUX BamHSIKIB, MICKOBUKIB i Kap-
OOHATHUX TPOXXUIKIB 30H ApoOneHHs [10] ByrieBonHiB He BusABIeHO. OmHAK HasB-
HICTh Y TOKpIBJII IIUIOTCHKOI CBITH MIPUT-MapKa3HTOBUX KOBEH 3 IMPO30PHM 0e3-
0GapBHUM KBapIliOM CBiTYUTH IIPO I€OXIMIYHI YMOBH Mi3HBOTO JIiareHETHYHOTO MiHepa-
JIOYTBOPEHHS B PErioHATILHOMY IDIaHi.

ITo p. JlazemmHa TOBIIA SUTOBENBKOI CBITH CKJIJCHA IepelapyBaHHsIM YEpPBOHO-
KOJIIPHUX apriliTiB Ta YOPHUX OITYMIHO3HHMX aprijiTiB, NEPENOBHEHHX KYJSCTUMHU

© Iletpynsax I'., 2016
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M PUT-MapKa3UTOBUMH arperatami, y SIKUX CIOYaTKy BiIOyBaJOCh 3aMilleHHS (dayHH
KBapIIOM, a Mi3HiMIe — CyIbhiTaMu.

Y 30HI NposIBY JIOKAJIBHOTO JuHAMOMeTamop(dizmy (c. SIIoBelb) MOpoau sUT0BELb-
KOI CBITH NPOHW3aHiI OE3CUCTEMHHUMH CIYHUMHU MPOXKWIKAMHU OLIOTO KalIIMTY 3 MiK-
POCKOIIIYHUMH 3TyCTKaMH BHCOKO3JII3UCTOTO XJIOPUTY Ta Mi3HIKM KBaproM. Oxpe-
Mi IIPOIIApKH AJEBPOJIITIB HA KOHTAKTI 3 TIOPOJIOO Ta KAJTBIUTOBI MPOXKHMIKH MiCTSAThH
BUJIUJICHHS XaJIbKO3WHY HUTKOIOIOHOTO 00pHCY.

Eouen-onicoyenosa moseuwia — 1e CKIAJHE 3 JITONOro-(halialbHOrO MOTIISLY
YTBOpPEHHSI, IKOMY NPUTaMaHHUH HEPIBHOMIPHUI PO3MOJiI KeporeHy, HadhTH i MiHe-
panbHUX (QOpM KpeMHe3eMy (Ommai, XalleloH, KPUCTOOATIT, KBapll, MapMapOCHKi
“niamanTH’’). MU BUBYaiH 1110 TOBIY B JIoOpOTIBCEKIN aHTHKIIIHATI, a TakoX y bopu-
cnaBo-Ilokytcrkiit, CknboBiit Ta Cine3pKiit 30HaX.

Jlo nokpiBii BifkiIagiB OMCTPULILKOI CBITH €OLeHY (B OCHOBI MICTUTH CTPOKaTHA
TOPU30HT) MPUYPOUEH] NMPOIIAPKH HACHYEHHUX Ha(Toro INIMH notyxHictio 0,1-0,3 M,
MATOPSIIKOBaHI 3araJIbHOMY TIpOliecy PUTMOYTBOpeHHs. Ll obcraBMHa ycKiaIHIOE
3’siCyBaHHs pKepena HadTH B MOPOJL, TUM Oijblie, 0 B (ariaabHo CpsKEeHOMY 3
HUM TOTY>KHOMY TOPU30HTI Ty(iB HEMa HaBiTh CJI/iB HAsIBHOCTI BYTJIEBOAHIB. [ TMHU
TEMHO-Cipi, MOTIOHI Ha apriuliTH, HEKAPOOHATHI, CITA0KO 3BOJIOKYIOTHCA, YV Pa3i yaapy
PO3CHITIAFOTBCS Ha JKOPCTBY 3 3aI1aXOM Ha(TH.

V¥ c. CokoJiBKa TPAIUISIOTHCS JIIH30YKH TPABEITIB HA ONAJOBOMY LIEMEHTI, Mpo-
CAKHYTI ByraeBogHsmu (puc. 1). I'paBeniTu 3eIeHKYBaTI, CKIaACHI 3epHaMu (UTITIB,
KBapI-XJOPUTOBUX CIIAHIIB, 3piKa — KBapuuTy. llemMeHT omanoBuii, i30TpOIHHH,
3TYCTKOBO-0a3aJIbHUM 1 TOTHKY, MICTUTH IpiOHI yJIaMKH KyTacToro kmapiy. IloTyx-
HICTh IpaBemiTiB — 5—12 cM. Y CIYHUX KaJbIUTOBHX MPOXKMUIKAX POKEBYBATOTO KO-
JIOPY MOBCIOZHO HasIBHI BYTJIEBO/HI i OOJMHOKI KyOiYHI KPUCTAJIH HIPUTY.

r

Puc. 1. Hadronacuuenuii 3rycTKOBHH ONajoBUH IIEMEHT rpasenity, ¢. CokomniBka, x 3,7:
a — 6e3 aHanizaTopa; 6 — 3 aHANI3aTOPOM.

HadronacuyeHi rivHE NMEPEKPUTI TOPU3OHTOM TaK 3BAHOTO OOPUCIABCHKOTO Iic-
KOBHKY 3 0a30BUM IiCKOBUKOM B OCHOBI (BiJ] HyJist 10 5 M). Lleii mickoBUK CKilaaeHuH
KyTacTHMH yJlaMKaMH KBaplily, TJIayKOHITY, IOOJMHOKMMH 3€pHaMH TypMalliHy; Lie-
MEHT TIMHUCTHH, TIMHUCTO-KapOOHATHHH, IIIIBKOBHI, y MiJOIIBI HasBHI 3TyCTKH
KonogaHy i XJop-anatuty. YacTo Iuact po3ImapoBaHUil OBEPXHAMH KOHCEAUMEHTa-
LIHOTO NepeMUBAHHA, HA MOBEPXHI MiJOIIBY BUABIEHO CIiJy IOB3aHHS OPraHi3MiB
(puc. 2). OkpeMi AiastHKA 0a30BOTO MICKOBHKY METACOMATHYHO 3aMillleHi KBAapIOM 1
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XaIEeT0HOM 31 30epeKeHHIM TeKCTypH (puc. 3) Ta mepBicHOro 00’emy mopomu. Ha
TTOBEPXHI BiIKOITy TPAIULIFOTHCA YOPHI 3aTBEPALTL “Tady3Ku” Ha(TH.

DN D T

Puc. 2. [loBepxHst mifomBy 6a30BOT0 MICKOBHKY 31 CJIiTaMH TIOB3aHHS OpPraHi3MiB,
niBHIYHE Kpwiio anTHKITiHAI Kapmarypa, c. IlicTHHb.

Puc. 3. [lizomBa MeTacOMaTHYHO OKBAPIILOBAHOTO MICKOBUKY 3 YACTKOBO KOPOJAOBAHUMH
1 30epekeHIMH X0JIaMU TIOB3aHHs OpraHi3miB, ropa Ilig Kamenewm, c. Ctapi Kyru.

Ha cxunax ropu ITin Kamenem (c. Ctapi KyTtn) y BuUMOiHax, CKeNbHHX BUCTYIAX, Y
0opTax JICOBHX JOPIr Ha KOHTAKTI 0a30BOr0 MICKOBUKY 3 MiJCTHIHUMH TJIHHAMH
METaCOMaTHYHUX 3MiH HE BUSBIICHO. 3 HAOIMKEHHSIM JI0 OCHOBH KPEMEHHCTO-Mepre-
JSICTOTO TOPH30HTY MEHUTITOBOI CBITH B IUTACTaX MICKOBHUKIB 3 HAQTOIO 3 SBIAIOTHCS
OTpaHOBaHi KJIACTHYHI 3ePHSTKA KBapILy.

KBapuuTonozniOHi MiCKOBUKM W aJeBPOJIITH HEOJHOPA30BO BIALIYKYBald B KEpHI
mopin HadToBHX ponoswui bopucnara [14] ta Jomunwu [2, 12].
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Kpemenucmo-mepzenacmuii zopuzonm NOTYXHICTIO 10 5 M Ma€e JBOWIEHHY Oy-
JIOBY: HIDKHSI YacTHHA CKJIQJICHA TOHKOPHTMIYHUM YePryBaHHAM MPOLIAPKIB YOPHHUX
KpPEMEHIB, a BEPXHs — BalHIKaMH W MepressiMu (puc. 4). Y neskux pospizax MmoTyx-
HICTb TOPHU30HTY 3pocTae 10 40 M. Y 4OPHUX KPEeMEHSIX CI4HI MPOXKHIKU 4acTO CKJIa-
JICHI XaJILEIOHOM, KBapIiOM, KPUCTOOATITOM Ta HOro TOHKOBOJIOKHUCTHMH paJlialibHO-
MPOMEHEBUMH arperataMu. [IoBepXHs MpomapkiB KPEeMEHIB YKpUTa MOHTMOPHIIOHI-
THU30BaHNMH MIPOKJIACTaMM, 3 HarpoMa/pKEHHAMH BiIOWTKIB JyCKH 1 CKeJeTiB pud
(nacnifgok TanatoreHosy). OkpeMi IUISHKH PUTMOIIITOBOI OYJIOBU CKJIaJIeHI TOHKHM
YepryBaHHIM CMYXOK (10 1 MM) KpeMHe3eMy 1 KapOOHaTiB, sIKi 3aCBiUYIOTh TIEPBHH-
HUU CTaH JITU(IKOBAHOT KONOIMHOI Macu ocaay. [loToBmieHi npomapku (o 45 cm)
CKJIaJIeH] MOJIIOHOIO O OTIOKM MAacolo KapOOHATIB 31 3TYCTKaMH KpeMHe3eMy. Y Kap-
OOHATHII YaCTHUHI TOPU3OHTY BAIHAKH 4acTO HOCTYHAIOTHCSA MEPIeIsiM.

-t

Puc. 4. KonTakT kpeMeHiB i nesiToMoppHuX BanHskiB Ha p. [licTuHbKa, TiBHIYHE KPHIO
anrukiinain Kapmarypa (@) Ta pparMeHT HamapyBaHHS CHITILIMTOBOI YaCTHHU Po3pizy (6).

Oxpemi pourapku CHIIINUTIB (TaHITIB) TOKPUTI MPUCUIIKOIO BYJIKAHIYHOTO CKIIa;
3a TEXHIYHUMH BJIACTHBOCTSIMU BOHHU OJNM3BKI JI0 HOGaKYIimy 3 pUCaMH, 5Ki MepeBU-
LIYIOTh apKaH3aChbKHH KaMiHb.

V¥ cycigHix TekroHiYHHX oauHUILIX [lokyTcpkmx Kapmar, CkuboBiit Ta Cine3bKiit
30HaX PO3Pi3N KPEMEHUCTO-MEPIeNIICTOI0 TOPU3OHTY BiPI3HIIOTHCA 3a OYHOBOIO Ta
JIITOJIOTIYHUM HaOOpOM TOPiJ, SKI BimOOpaXKaroTh yci cTaiii JITOrCOXIMIYHHUX IMepe-
TBOPEHb — CHHT€HE3, JliareHe3 Ta emirene3. Y KpeMEHHCTIi YaCTHHI eJIeMEHTH PUTMIB
HecTalli, KapOOHATHO-CUIIIITUTOBOTO CKIIALyY, Ne(OPMOBaHi BHACTIIOK KOHCETUMEHTA-
LiffHOTO TIeperpyyBaHHs 1 CIIOB3aHHS He3aTBepAiIoro ocaay. Y c. babue kpemenuc-
TH TOPHU30HT CKJIQJICHUH TOJIOBHO IpOIIapKaMH OUTHX ByJKaHiYHUX TyQiB. SKimo
MoOyAyBaTH KOPEJSILIHHUN psij BiJ KpailHbOTO 30arayeHHs TOPU30HTY HipOKJIacTHY-
HUM MaTepiajJoM 70 CYyTO CHIIIUTOBOBOIO KOMIIOHEHTA, TO 3 (hopMamiifHOTO TOTIISILY
BUSIBJIIETBCSL 3HAYHA MPOCTOPOBA BIJIAJICHICTh MK €KOJOTIYHOK HIIICI) PO3KBITY
OcHTOCY ¥l IIeHTpaMu e(y3UBHOI MisIBHOCTI. Y 0araTboX MICI[SIX TOPH30HT HACKPi3b
MPOHU3aHUH HENTYHIYHUMH JalKaMH, IO CKJIaJCHI yIaMKOBHM KBaplOM Ha Xaslle-
JIOHOBOMY LIEMEHTI 3 TOOJMHOKHUMH 3€pHAMH TJIAYKOHITY i MipUTY.

VY mpami [7] omucaHo 3aJeXKHICTh CTYIMEHsS PO3KpHCTAi3allii KpeMHE3eMy Xallie-
JIOHOJIITIB BiJ BMICTY B HUX OpraHi4HOI peuyoBHMHHA. MU BHKOHAJIN Iu(epeHIiaTbHe
HAarpiBaHHS XaJIICIOHOJITIB, SIKE 3aCBITYAIO HASBHICTh YITKUX CK3OIIKIB y TeMIepa-
TypHOMYy iHTepBani 360-570 °C; pizHoOapBHi B3ipui xamenonomiris 3a 7' = 600 °C
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CTalOTh YOPHUMH, 3’SIBISIETHCS KipodKa SICKPaBO-4€pBOHOTO Koybopy. HarpiBamm
TaK0XX MOHO(]paKIii KaJbIUTY, JOJOMITY 1 KBapIly 3 Pi3HUX CTPYKTYPHO-(amiaTbHIX
30H periony. IIpomec cympoBoIKyEThCA iXHIM CYLITPHAM HOYOPHIHHAM, a TaK 3BaHUH
KaJIbIIUT-MEJJOBUK 3 OKONUIb JIbBOBa O€3AMMHO BHUTrOpae 3 YTBOPEHHSM OLIOro mo-
pouky. ITij yac po3unHEeHHs KapOOHATHUX IOPIJ] OIMCYBaHOTO TOPH30HTY (0COOIHBO
ANOXTOHHUX CTSDKIHB) y KHCJIOTaX BHBUIBHSIIOTHCS BYTJIICBOAHI PI3HOMAHITHOTO CKJIa-
Iy 3 3armaxom Ha()TH.

B okpemux miTonoriyHuX BiAMiHax mopij 3agikcoBano HasBHicTh V i U (knapk
KOHILICHTpallii HEBUCOKHIl), a CKeJeTH pUO Ha KOHTaKTax 3 CHJIIMTOBOIO Macolo
MAIOTh IiJBUIICHY PaIiOaKTUBHICTb.

Mapmapocovki “Oiamanmu’” i ziopomepmanvuuil Keapy. MapMapocbki ““niamaH-
TH’ — Il KPUCTaJH KBapIly, NOCTIHO Opi€HTOBaHI A0 CyOCTpaTy I'paHHIO MPHU3MH,
BHCOKOI TPO30POCTi, 3 HE3BUUHOIO CBITIOBOIO TPoi0. 3a nanumu M. Tokapcskoro [21]
ta O. MatkoBchKOTO [8], 116 3yMOBIICHO 0JIOKOBOXO OYIOBOO IHIUBIMIIB, a 32 HAIIUME
JaHUMH — TAaKOXK HAasIBHICTIO 110 30HaX POCTY TOHKHX ITIBOK BYTJICBOJHIB 1 BKIIFOUCHb
Hadtu. Takuit kBapil He € piKicTio, Horo BusBmIM B JloHenbkomy Oaceiini, Ha Kpum-
cbkoMy miBocTpoBi, y CroBayuusi, a B Jlombapaii Horo HasuBatote Lombardische
Diamanten [20].

Huni npuninsrors 0cobIMBY yBary mposiBaM pizHOMaHITHOI MiHepaizaiii B Kap-
nmaTcbkoMy perioi. IlepeBaxkHa OUNBIIICTE AOCHITHHUKIB PO3TIsAae iX y TiCHIHM reHe-
TUYHIN Kopensii 3 ByraeBoausmu [5, 15, 16, 18], a JI. Apxunosa [1] 3auncnuna ix 1o
YTBOpEHb IapareHeTHYHOI acowmiarii 3 KaiabuuToM. Po30ikHOCTI B OOIpyHTyBaHHI
TEHEeTHYHOTO 3B’S3KYy BYIJICBOAHIB 3 INPOIECAMH MiHEPaJOyTBOPCHHS 3yMOBIIOIOTH
HEOOXiTHICTh YTOYHEHHS PO3BUTKY OPEOiB MapMapoChKUX ‘‘IiaMaHTiB” 1 KBapIy B
Pi3HMX CTPYKTypHO-(arianbHuX 30HaX YkpaiHcbkux Kapnar.

Y YuunHcbKO-PaxiBchbkOMYy KpUCTalTiYHOMY BHUCTYIII MapMapochKi “‘miamMaHTH’
MIPOCTEKEHO TUTBKU Ha TMOBEPXHIX MPUPOIHOTO BiAKOIy B MAaHTAaHOBHX pyJax XpeOTa
[Ipenyunmuii, e BOHM YTBOPIOIOTh YEPETHIETIONIOHE MOKPUTTS 3 YSIBHUMH LIEHTPaAMH
iHAUBIAIB Y Maci pyaHoro cyocrpaty. [ToniOHe HapocTaHHS BUSIBICHO Ha IMOBEPXHIX
BUCTYIIB KPUCTATIYHHUX HOPiJ iHIIOTrO rerporpadiuHoro ckiany B Kocisebkiid [Tomns-
Hi. Y BuTOKy p. bimuit Uepemorm mapmapocbki “miamanTi’” 3adikCOBaHO HaBXPECT
npoctaranHio PaxiBepkoi i BypkyTcekoi 30H, a B HopHOTIpChKill 30Hi iX HeMa.

Ha Bono360pi p. Tuca po3BUTOK MapMapoChKHX “‘IiaMaHTiB” MOB’s3YI0Th [4] 3 30-
HOlo BIUIMBY PaxiBchko-TuceHChKOro momepeyHoro posznomy. OueBHIHO, aHAJIOTid-
HOMY CTPYKTypHOMY KOHTPOITIO TminnopsiakoBaHi opeonu Kocieskoi [lomsau i Ilep-
kanaly. 3a3HauMMO, 10 Ha OOCTEXKEHMX HaMM IUIIHKax Mexupivas YopHa Tuca—
binuii Yepemorn MiX 30HaMH IIOIIEPEYHOrO BIUIMBY PO3JIOMIB “‘J[iaMaHTIB” 30BCIM
HeMma.

VY paiioni M. PaxiB i ¢. KBacu Mapmapockki “miaMaHTH 3aByallbOBaHI KaJbIIUTO-
BOI0 MAacoOl0 IMPOXWJIKIB, a Ha MIBICHHO-CXiMHUX CXWiIax ropu bim3amis (xpeber
CBujI0Be1b) Y BUCOKOKPEMEHUCTUX NIOPOIaX HIMIIOTCHKOT CBITH KPHCTAIHM KBapIly X04
1 MICTSITh BKITFOYCHHS BYTJICBOIHIB, Ta IMiIIOPSIKOBAHI 1HIIOMY IPOCTOPOBOMY Opi€H-
TYBaHHIO IIO/I0 CyOCTpaTy.

Ha rtexkroniuHoMy koHTakTi YopHOripchkoi 30HH 3 Cine3pkor0 B MicCHi 3IHTTS
Yopuoi Tucu 3 norokom JlazenpHa po3BUHEHI PSACHI KaJbLUTOBI NPOXKMWIKH. | TibKH
Ha TiBHIY Bi HadTOBOTO pomoBuina CTEOHHMH y CIYHHX KaJbIIMTOBHX IMPOKHIKAX
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TOBIII MEpeXiAHOI MaYKH OJITOUEeHYy 3 SIBISIFOTHCS JAPiOHI KPUCTAINKH MapMapOChKUX
“nmiamMaHTIB”.

VY 30Hi ['0ATHHCHKOTO MIAHATTS OPEOJ PO3BUTKY MapMapOChKUX “IiaMaHTIB” me-
pesuutye 300 kv, Mix cenmamu Ckorapehke i ['yKIHBHIT Y CKENSCTOMY BHCTYI Bii-
CJIOHEHa 30Ha JAPOOJICHHS, 3aJIKOBaHA OE3CHCTEMHHMMH NPOXHIKAMU KaJbLUTy 3
MapMapoChKUMH “‘IiaMaHTaMK~’, 3HAYHAM BMICTOM aHTPAaKCOINITy 1 TrpadiTu30BaHOL
cyOcTaHIlii, 110 € 3BUYHUM SIBUIIEM y HaTOra30HOCHUX MPOBIHIIsX [6, 9, 17]. Busis-
JIEHI TaM KPUCTaIM PO3MIpoOM 10 6 MM MaroTh OJIOKOBY OYyZOBY, ONTHYHO HEOIHOPI-
Hi, PO3TallOBaHi cepeji KalbIIUTOBOI MAacH B OOJSMIBII TBEpAUX OITYMIiB, MICTSThH
JCTICPCHI BKITFOYCHHS HAQTH (prc. 5). YTBOPIOIOTH IBIHHIKH, YacTO 3 BKIFOUCHHIMHI
MIKPOCKOIIYHHUX KPUCTANIB KBapily, I'paHi SIKMX JAIOTh JOAATKOBI BiZIOJMCKH B CBIT-
JIOBIi ramMi MaTePUHCHKOTO Kpuctaia. el HalOUIbIINI Opeo PO3BUTKY MapMapoCh-
KHX “IliaMaHTiB” OXOIUTIOE TepUTOpito0 Mixk cenamu Iomsitud 1 Hiokui Bopota B Ciie-
3bKii 30HI Ta HaBiTH MOLIMPIOEThCS HAa cKNOM Pyxanka it 3enem’sHka, BiH miamopsi-
KOBaHUi1 cTpaTurpado-1iToJoriyHoMy KOHTPOITIO (MEHUTITOBA 1 KDOCHEHCHKA CBITH).

e o - r

Puc. 5. Mapmapocbki “IiaMaHTH” y KaJIbIATOBOMY HPOXKIIIKY 3 BKIFOUCHHIMHI
BYTJIEBOAHIB, X 3,7:
a — 6e3 aHami3aToOpa; O — 3 aHATI3aTOPOM.

VY Gaceiini p. Jlimauus (345 M noropwu 3a Tediero Bij npaBoi nputoku Ky3muHens),
Jie BiJICJIOHEHa IayKa TEeMHO-CIpHX CIIOJMCTHX apriIiTiB 3 MpoIlapKaMH BalHSKIB i
MICKOBHKIB, TPaHi KPUCTAIIIB KBapIly B MPOXKIIIKAX KaJBIUTY MOKPUTI TOHKUMH YOP-
HUMHU Onucky4yuMmu rutiBkamu. Haenportu npuroxu llaBuuk (mpasuit 6opt p. JliMHU-
151) BiJICJIOHEHUH KPEMEHUCTHUH TOPU30HT MEHUIITOBOI CBITH, PO3OMTHII CEpi€lo TeK-
TOHIYHUX TPIIIMH; TPIIIMHM BUIIOBHEHI KPHUCTAJaMH KBaplly, YOPHHUMH TBEPIUMH
OiTymamu 1 JpiOHUMH TIEPUCTUMH KPHUCTaJIaMHA YOPHOTO KOJBOPY, OPI€HTOBAHMMH
HEPIEHANKYJISIPHO 10 cyOcTpary.

['0JI0BHOIO 03HAKOI OMKCYBAHOTO OPEOJIy € 3HAUHHH BMICT IOPIBHSHO BEITUKHX
J00pe OorpaHeHUX MapMapoChKUX “‘NliaMaHTIB” 3a HallapyBaHHSAM OITyMiHO3HHUX apri-
JITIB MEPeXiTHOI MAYKK OJITOIeHy. BimoMi MOOMMHOKI 3HAXITKHA KPUCTAIIB KBapIy B
moniOHINA cUTyarii cepen mopix TaBpikcekoi cepii Tpiacy B OmomsHeBomy (Kpum) Ta
IIMITOTCHKOT CBITH HIDKHBOT Kpe#nu B motori [ocrisens (Kapmaru).

3arajoM pO3BHTOK ENIreHeTHMYHOI MiHepallizallii y BHIJIII TOBEPXOHb BiAKOIY,
YCISTHUX MpiOHOKPUCTATIYHUM KBapIIOM, MPOCTEKEHO Y KPEMEHUCTUX BiIKIagax IIH-
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MOTCHKOT CBITH, MICKOBUKAX SIMHEHCHKOI, MAHABCHKOI 1 MEHIJIITOBOI CBIT, IO 3aCBif-
qye JITOreoXiMiuHy creuudiky nepBuHHOro ckiaamay nopin 3 Cop.

VY domni HacyBiB cTpykTypHuX omuHHMIb Cine3pkoi, CkuboBoi i bopucmaso-Ilo-
KyTCBKOI 30H BiJKJIaJM KpeHau IepepizaHi KaJbIIUTOBUMH NPOXKWIKAMHU 0€3 ByrJie-
BOJHIB. | TUIbKM HAa TEKTOHIYHOMY KOHTAaKTI mepiuoi Ta 1pyroi iycok OpiBCbKOI CKHU-
6u B c. [lopa B ynamkax KpHHOiJel 6a30BOro IpaBeNiTy NaJeOLCHY BHUSABICHO BYIJIE-
BOJHI i MMOOAMHOKI KPUCTAJIH KBapIy B KaJbIUTOBHUX MPOXKHIIKAX. YHH3 32 TEUI€I0
p- [lpyT Binumrykanu yHikajabHY MPSIMOBHCHY 30HY IpOOJICHHS, 3UEMEHTOBAaHY KaJlblIU-
TOM-MEJIOBUKOM 31 CBOEPITHOIO 3MIHOIO 110 BEPTHKAII IabiTyCHUX (OPM KaJIbIUTY Bij
OLIMX CKaJICHOEeIPIiB 3 PO3LICINICHUMH BEPIIMHAMHE 10 KPHBOIPAHHHX, CILTIOIICHUX T10
L; pom6oenpiB. Y 11bOMY K Harpsmi BiOyBasioch (ppakiiioHyBaHHs BYTJIEBOJHIB Bif
BaXKKHUX JI0 JIETKUX.

3acikcoBaHO 3HAYHMII PO3BUTOK MapMapoOChKUX “AiaMaHTiB” Ha Ha(TOBOMY pO-
mosumii Crnoboma Pynrypceka (oOpoTiBchbKka aHTHKIIHANG). 3aBISKH BHPOOHHUUIN
nisiteHOCTi CII “/lenpTa” TYyT pPO3KPUTO TIIMHHUCTI BIAKIATM €OICHY 3 MPOIIapKaMH
Ha(TOHACHMYEHUX MICKOBHKIB, AJIEBPOJIITIB 1 3aJ1i30MaHIAHOBUX KOHKpELIii; ITOPOIH MO
TpilIMHAX YCIsIHI KpUCTalaMH “AiaMaHTiB” po3MipoM /0 4 MM Ta KaJbLUTOM ABOX
TeHepamii.

[IpocTip Mik opeoraMu pO3BUTKY MapMapoChKux ‘“‘miamanTiB” (o 30 kM) — Mix
HadroBumu ponouiiamu CreOHuit ([JomxuHcbka anTukiIiHanb) i Cnobona PyHryp-
cbKa ({oOpoTiBchka aHTUKIIIHAJIL) — 3aITIOBHEHUH CTPYKTYPHUMH eneMeHTaMu Ckuoo-
Boi 30HU. [TopiBHSAHO 3 ['ONMTHHCHKUM HiTHATTSAM, Y MEXKax SKOTO Ha HOYATKOBOMY
eTami BUBEIEHHS O0CaJoBOI TOBIII 3 TOPH30HTAJIBHOTO 3aisraHHsA HadTa 1 (mroign
IHQITBTPYBAJIN 110 BEPTUKAIBHUX TpilllMHAX, Ha popoBuiiax CtedHuit i Ciobona Pyn-
rypchKa HaJIXo/DKeHHs (UIoiniB 1 HadTH BiIOyBasoch y TiApOAMHAMIYHOMY eJli3iiHO-
MY PEXUMI.

Brurtouenns HadTH 1 QIIOimiB Y KBapIi MOBCIOJHO pO3TamIoBaHi okpemo. HasBHi
TBepAl (QHTPaKCOJNIT, KaJbLUT, KBapi), omHoda3zoBi Ta ayxke piakicHi aBo(da3zoBi
BKJIFOUeHHSI. MapMapochbki “miaMaHTn” CKpi3b OpI€HTOBaHI MPU3MOIO 110 cyOcTpary,
0 JT0Ci He Mae OJHO3HAYHOTO MOSCHEHHS, SK i BUsABieHNH €. Bynpunanm [3] y Bin-
KJIa/1laX MEHUIITOBOI CBITH (paKT AOCKOHAJIOI Opi€HTAMii IITMHUCTHX MiHEpPaNiB CIOH-
CTOro 0OpHCY Y BUTIIAAI “TICEBJOKPHCTANIYHNX IIIACTUHOK 3 N, IEPIIEHANKYIISIPHOIO
JI0 TUTOIIMHY [IAPYBATOCTI 1 CIIAHITFOBATOCTI.

JlatepanbHi JMUISTHKH ~aCHMETPUYHOTO OKBAPLIOBaHHS 0a30BOTO  ITICKOBUKY
MOB’s13aHI 3 TE€OXIMIYHOIO OOCTAHOBKOIO €JI3iHHOTO TiIPOAMHAMIYHOTO PEXHMY, 3a
SKOrO HOHM KaNbIIiIO 1 ByI/IeBOAHIB Bu3HAauami pyxomicts (SiO4)* Ta kpucranizaniio
KBapiLy.

HasBHMit cTpaTurpadigHO-ITITONOTIYHNN KOHTPOJIE PO3MOILUTY BYTJCBOIHIB Y
HaTOHACHYCHHX TIIMHAX OMCTPHUIIBKOI CBITH eolieHy, 0a30BOMY MiCKOBHUKY TOPH30HTY
TaK 3BaHMX OOPHCIABCHKHMX MMICKOBHKIB i, OCOOJHMBO, Y KPEMEHHCTO-MEPIE/IICTOMY
TOPHU30HTI MEHIJITOBOI CBITH OJIironeHy. AHami3 yibTpagioneToBUX CHEKTPIB yCiX
fioro mitonoriuaux BiaMiH (Bopucnas, Bepxne CunpoBunue, butkis, denstun, [o-
KyTchKi Kaprnati) 3acBiguye NOCTiHY HasSBHICTB Y MTOPOJIaX BYTJIICBOIHIB.

KBapil y BUIIIsiII BY3€HBKUX CMYIKOK BUSIBUIIM CEpe/] 3ITHYTHX BUJIOBKEHUX 3€pPEH
CaMOpOJTHOT CipKH 3 030KepHTOM y M. Tpyckaseus [7], a Ha CrapyHi (y OomoTi sxepia
ceepioBuan 3 Eh = -94 MB i pH = 7,15) — 3apoaku rom4acTixX KPUCTAIHKIB KBapILy
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B acoliamnii 3 TEMIIIOCUTOM 1 yJIaMKaMH IIiPHUTY, IO MOKPHUTI po3eTKaMu mipoTuHy. Ha
il migcTaBi MOXKHA TOYHIIIE BU3HAYUTH T€OXIMIUHI TapaMeTpH IXHBOTO 3apOKEHHS.
BaxnuBy poib y 11pOMy pasi BiirparoTh KOHIIEHTpALliS Ta KaTIOHHO-aHIOHHUN CKJIAM
poscoiiB. Hanpukian, HasBHICT BHCOKMX KOHLEHTpALiil Cylb(ar-ioHIB 3yMOBHIA
YTBOPEHHS TBEPJIOi BIIMIHM O30KEpUTY — OOpHUCIABITY, SIKMH, HA BIMiHYy BiJl iHIIHX,
moMmiHecitoe B Y®-crektpi. barato reHeTHYHUX pI3HOBHIIB KpeMHE3EeMy i HaBiTh
KBapIIOBUH IIEMEHT 30JIOTOHOCHHMX KOHTJIoMepartiB Birarepcpanmy [13] micTuth
BKJIroueHHs1 HadTH. Lle siBuIe, TOps 3 MONIMPEHUM SBUILEM HACHYEHHS CyNb(aTiB,
KapOOHaTIB, CHJIIKATiB aHTPAKCOJITOM, OiTyMamu, HaTOIO, IIe MOTPiOHO IPYHTOBHO
JIOCTIIKYBaTH Ha HAHOPIBHI 3 36MHOI TOBEPXHI.

Omxe, cTpaTU(IKOBAaHWN PO3MOMAIT BYIJIEBOAHIB Yy TJIMHAX OWCTPHUIBKOI CBITH
eolieHy, 6a30BOMY IICKOBHUKY TOPU30HTY “OOPHCIABCHKOIO MICKOBHUKY 1, 0COOIUBO, Y
KPEMEHHCTO-MEPTrelsICTOMY TOPH30HTI CBIIYMTH, IO IEPETBOPEHHS KPEMHE3EMY B
pi3HI MiHEpanbHI (opMH (Omal, XalleaoH, KBapil, KpUCTOOaliT) BigOyBaIocs Ha cTa-
JIiSIX CHHTEHe3y, JiareHesy, emireHe3y 3 y4JacTio KOJOiZiB 3a YMOB €Ji3iifHOro Tiapo-
JUHAMIYHOTO pexuMy. Opeosin po3BUTKY TipOTEPMaIbHOTO KBaplily, MapMapOChKHX
“niamMaHTIiB”, KapOOHATIB BU3HAUCHI BUCXIMHUM 1HQLIBTpAIfHUM pexuMoM (IroiniB
1 HaTH, MO MPUBOAWIO IO MUGEPEHIIIHOBAHOTO PO3MOIiTy HAQTH B MiHEpaIbHUX
IHAMBIAX Ta MOPOI.

®DakT MOMUPEHHS BYTJICBOHIB Y KOHKPEIIAX aHTPAKOHITY (Cuiyp), payHi (Kpew-
Jla, MajJeollcH, eolleH), rincax Bommao-Iloninpcbkoi mimTH, anrigpurax Miccicimi [19]
Ta TAPOTEpPMaTbHO-METACOMATHYHUX YTBOPECHHAX IUIATPOPM i MOOITHHHX TMOSCIB Bif
apxero 70 HUHI CIOHYKae 10 MalOyTHIX IOCIiIKEHb 3B’S3Ky MiHEpaJIOyTBOPEHHS 3
NIepBICHUM HAJIXO/PKEHHSIM Ha()TH B reoJIOTivHI CTPYKTYpH, SKi, 30kpeMa, y Kapnarax
3HAYHO YCKJIAJJHEHI.
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HYDROCARBONS AND GEOCHEMISTRY
OF SILICA MINERAL TRANSFORMATIONS
IN THE UKRAINIAN CARPATHIANS ROCKS

H. Petrunyak

Ivan Franko National University of Lviv,
4, Hrushevskyi St., 79005 Lviv, Ukraine
E-mail: galina_kosivi@mail.ru

Mineral transformations of silica with the participation of hydrocarbons in the Car-
pathian oil and gas province are due to geochemical processes of lithogenesis and
hydrothermal activities.

We explored the Cretaceous deposits within the Chornohirska zone (junction of
black bituminous and siliceous deposits in red deposits on the areas of allocated strato-
types of Shypotska suite (K;sp) in the Shypot-village, river of Suchava and Yalovetska
suite (Ky/) in Yalovychora-village, Yalovets-stream), and the Eocene-Oligocene — in
Dobrotivska anticline and also in Boryslavo-Pokutska, Skybova and Silezka zones. Also
we studied in detail the manifestations of Maramures “diamonds” and hydrothermal
quartz.

On the basis of the research, we identified the stratificated distribution of hydrocar-
bons in the clays of Bystrytska suite (Eocene), in the base sandstone from the horizon of
the so-called Boryslavskyi sandstone, and especially in silica-marlaceous horizon. This
shows the transformation of silica in different mineral forms (opal, chalcedony, quartz,
cristobalite) in the stages of syn-, dia- and epigenesis involving colloids in terms of eli-
sion hydrodynamic regime. Halos of hydrothermal quartz, Maramures “diamonds”, and
carbonates development are due to the rising infiltration regime of fluids and oil, lead-
ing to differential distribution of oil in the rocks and mineral individuals.

The fact of hydrocarbons distribution in the anthraconite nodules (Silurian), fauna
(Cretaceous, Paleocene, Eocene), the gypsum of the Volyno-Podilska platform, anhy-
drites of Mississippi and hydrothermal-metasomatic formations of platforms and mobile
belts from the Archean to now motivates future studies of connection between mineral
formation and initial flow of oil in geological structures, which, in particular, in the
Carpathians are considerably complicated.

Key words: hydrocarbons, silica, Maramures “diamonds”, mineral formation, litho-
genesis, geochemistry, Ukrainian Carpathians.
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ICTOPIA HAYKH

J0 80-PIYY4 BIA YPOAUH
3EHOHA IBAHOBHYA KOBAJIMIIIMHA

Y moromy 2016 p. BUNOBHWIOCH Ou
80 pokiB 3eHoHy IBanoBuuy Kopanummny
(28.02.1936-23.07.2006) — BimomMoMy yKpaiH-
CHKOMY BYEHOMY T'€OXiMiKy-MiHEepauory, 3Ha-
HOMY (haxiBI[f0 B raiy3i JOCIIIKCHHS MPOIIe-
CIB IPUPOJHOTO MiHEPAIOYTBOPEHHS, KaH/IHU-
JIATy TEOIIOTO-MiHEpANOTIYHUX HayK, Oararto-
pIYHOMY CTapIIOMy HayKOBOMY CIIiBpOOITHH-
Ky Biamimy reoximii rmuOMHHUX (iroiniB Ta
JqupekTopy JocnigHoro mignpuemcrsa [HcTH-
TYTy TeoJiorii i reoxiMii ToploYMX KOIaInH
HAH VYxkpainu.

3enon KopanumuH HapoIuBcs B . 3amu-
TiB JIBBIBCEKOI 00J. B POIMHI KypHAIICTA.
3axoIICHHST CBITOM MiHEpaliB IIe B MIKiIBHI
POKHU MPUBENIO JOMUTIMBOIO IOHAKA HA T'€0JI0-
riyHui (akynbTeT JIBBIBCBKOTO AEp:KaBHOTO
yuiBepcutery (JIAY) imeni IBana @panka,
KW BiH 3aKkiHauB 1958 p.

VYce HaykoBe 1 TBOpYE JKHTTS BUCHOTO
noB’si3ane 3 I[HcTHTYTOM Teosorii i reoximii
roprounx komanuH (II'TTK) HAH VYxkpainu
(mo 1963 p. — InctutyT reomnorii kopucHux konanua AH YPCP). LlboMy KoJEeKTUBY
3eHoH IBaHOBMY Binnas moHan 40 pokiB XHTTS, mpamtoroun 3 1959 p. Ha mocanmax
IHKeHepa, MOJOAIIOT0 HAYKOBOTO, 3TOJIOM CTapIIOT0 HAYKOBOTO CIIBPOOITHHKA Bij-
Iiry reoximii TIHOMHHHX (roimiB Ta AaupekTopa JOCHigHOTO MigIpUEMCTBA aX IO
BUXOJy Ha HaAyKOBY meHciro (2002).

VY JIpBiBchbKOMY yHiBepcuTeTi 3eHOH KoBanMmIMH yCIiHO 3aXUCTHB KaHIUIAaTCh-
Ky AucepTaiito Ha Temy “‘['eoxXuMMuYeckue HCCiael0oBaHMs ra3oB INIyOMHHOTO MPOMC-
XOXJICHUS 110 BKIIOUEHISIM B MuHepanax” (1968).

Haykosi po3Bigku 3. KoBanuiimHa cToCyBaJluCS OCHOBHUX 3aBIaHb BTy Treo-
ximii ranOuHHMX (QuroiniB [HCTUTYTY 3 KOHIEHTpAIli€l0 Ha 3’SCyBaHHI POJI JIETKUX
KOMIIOHEHTIB MiHEpaJIOyTBOPIOBANEHUX (PITIOIIB y MpoIecax eHIOTEHHOTO MiHepalo-
reHe3y. BiH aklleHTyBaB CBOT JAOCII/XKEHHs Ha BCEOIYHOMY BHBYEHHI Ta30BOT0 PEXH-
My (opMyBaHHS POJOBUIL PI3HHX THIIIB KOPUCHHUX KONAJIMH YKpaiHM Ha 3acajuax
BU3HAYCHHS CKJIQJy JIETKMX KOMITOHEHTIB BKIIOYEHb Y MiHepajax. 3 L€l METOI0
JOCHIHUK CKOHCTPYIOBAaB 1 BIPOBAJMB Y IPAKTHUKY HAYKOBHX IOCII/KECHb OPHIi-
HaJIBHUH Ta00paTOPHO-aHATITHYHUHA KOMIUIEKC amapaTypH, sSKuil 3abe3rnedye BHCOKY
HaJIHICTh eKCTpaKIii i BUBUEHHS Ia30BHX MPO0 13 BKIIOYEHb Y MiHepaiax BOJHOYAC
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13 BUBYCHHSAM IXHBOTO i30TOITHOTO CKJaay B Mpo0ax, a OTXkKe, ¥ BIAIMOBIAHOCTI Karl-
CYJTbOBaHUX Ta3iB Ta IXHIX MPUPOIHUX CUCTEM i MIPABOMIPHOCTI ITEPEHECCHHS BUSABJIC-
HUX 332 HUIMH 3aKOHOMIPHOCTEH Ha IPUPO/IHI MiHEPaJIOyTBOPIOBaIIbHI npotiecH. 1lporo
3eHoHy [BaHOBHYY BIAJIOCS JIOCATHYTH 3aBISKU MIPUPOJHOMY Aapy — TAJIAHTOBI €KC-
MIepUMEHTATOPA.

Iupokuii 1iana3oH HAyKOBUX IHTEPECIB YUYCHOTO OXOMHUB JOCIIKSHHS POJOBHII
KOPHCHUX KONAJIMH Ha TepeHaX YKpalHCHKOTO IMHWTa, 3akapmarts, [Hinposceko-/lo-
HelbKOI 3anajJuHu Ta iH. BiH oTpuMaB JaHi Mpo BIACTHUBOCTI 1 CKJIa] MiHEpaJOyTBO-
PIOBAJIBHUX DPO3YMHIB, 3aBJISKM SKUM CQHOPMYBAIMCS PYAHI W HEpyIHI pOJIOBHIIA,
pO3poOUB OpHUTiIHANBHI MIIXOIM MO BiATBOPECHHS AWHAMIKK MiHEpalo- i pyJqoreHesy,
BH3HAYHB TUITOMOP(HI 0COOIMBOCTI BYTJICHIEBMICHHAX (DITIOi[iB OCHOBHUX €HJOTCHHUX
KOMILIEKCIB YKpaiHu.

3enon KoBanummH 3’sicyBaB, 10 poJIb JISTKUX KOMIIOHEHTIB 3aKOHOMIPHO 3pOCTa-
Ja K Bix 0Aa3UTOBUX IO TPAHITOIAHUX KOMIDICKCIB, TaK 1 BiJf MArMaTHYHHX O IerMa-
TUTOBHUX 1 T1IPOTEPMAIIEHUX CHCTEM, SIKi €BOJIOI[IOHYBAJIM BiJl iCTOTHO a30THO-BYTJIE-
BOJIHEBMICHHX JI0 A10KCHBYTJICLIEBO-BOJHO-COJIBOBHX 1 ClTaOKOMiHEpali30BaHUX BOJI-
Hux. [leTpo- Ta pynoOyTBOpIOBaJbHI MPOLECH PO3BUBAIMCS HA TJII 3arajbHOTO 3HU-
JKEHHSI TEMIIepaTypH, THCKY i AUCKPETHOTO 3HAYEHHS YaCTKH KOMITOHEHTIB CHIBHHX
KHCJIOT 1 OCHOB 3a 3POCTaHHS 3HAYCHHA CAOKuX. 3 HAOMIKEHHSIM A0 CHHPYAHOI IO-
BEPXHI 3 MiIBUIIEHHSM CTYIEHs BiIKPUTOCTI Ta OKUCHIOBAILHOTO MOTEHIIANY MiHe-
paJIOyTBOPIOBAILHUX CHUCTEM 3pocCTajla IHTCHCHBHICTh TeTeporeHizamii W jaerasarii
TiApoTepM, MO0 BHU3HAYAIO MICIE 1 Yac KOHIEHTpAIi ¥ JOoKami3amii pyAHHX KOMIIO-
HEHTIB.

Bu3HaueHi BUEHMM 3aKOHOMIPHOCTI MPOCTOPOBO-YaCOBOI MIiHJIMBOCTI (hi3MKO-Xi-
MIYHOTO PEXHMY EHIOTEHHHX IPOLECIB Ta 3alpONOHOBaHI KpUTEpii Ui PO3IIYKiB i
JIOKaJIbHOTO MPOTHO3YBaHHs MPOMUCIOBOTO 3pYICHIHHS 32 TepMOOapHYHO-TEOXiMiy-
HUMH TOKa3HUKaMH CTald OCHOBOIO ISl OOIPYHTYBaHHS AETAIBHHX DPO3LIYKIB, JIO-
KaJBHOI'O MPOTHO3Y Ta MEPCHEKTUBHOI OLIHKM IErMaTHUTOBHX IOJIB 1 30H PO3BHUTKY
riIpoTepMalIbHOT MiHEepaTizallii.

3enon KopammmmH omy6mikyBaB Omm3pko 120 HaykoBHX Mpalp, y TIM 4HCHI €
CHiBaBTOPOM TphOX MoHOrpadiit. Y monorpadii “MiHepanoyTBopioroui ¢uiroian Ta
napareHe3ucH MiHepasliB MerMaTHTIB 3aHOPUILEBOrO THIY YKpaiHu (piAKi BKIIOYEH-
Hs, Tepmobapomerpis, reoximis)” (K., 1971. 216 c.) nocnmigHUK BUKJIAB OpUTiHAIBbHI
pe3yNbTaTH BUSBIICHHS 3aKOHOMIPHOCTEH PO3MOIINy Ta3iB €HAOTCHHHX (IIOIB y
METMAaTUTOBUX Tinax, y mpani “OIIOUAHBIA PEeXUM THIPOTEPMAIBHBIX IIPOIECCOB
3akapnatbs” (coaBTop M. [I. Bpatyce; Kues, 1984. 100 c.) — maHi BiATBOpEHHS Tep-
MOOapUYHHMX 1 TEOXIMIYHMX yMOB (OpMyBaHHS pyJHHX POJOBHI] 3aKaprarTs,
NOB’S3aHUX 3 HEOTCHOBHMH BYJIKAHOT€HHO-OCAJIOBUMH IOPOJAMH, y KOJEKTHBHIH
monorpadii “Kapmarceka HadrorazonocHa mposinmis” (JIeis, K., 2004. 390 c.) —
Marepianyd BU3HA4YEeHHs (IFOITHOrO peKMMY KaTareHHO-TiPOTEPMAILHOTO IPOIECY
nepioay ¢GopMyBaHHS KWIBHOI, IPOXKMIKOBOI 1 IPOXHUIKOBO-BKPAILIEHOI MiHepaJti3a-
mii B ocagoBux mopoaax Kapmarcekoi HadTOra30HOCHOT IMPOBIHIIIT.

Y4eHuit € aBTopoM i cmiBaBTOpoM TNoHaA 20 HayKOBO-IOCTIAHUX 1 HayKOBO-BH-
pPOOHMYMX 3BITIB, PE3yJIbTaTH HAYKOBHX 1 HPaKTHMYHUX PO3POOOK SKUX OTpUMAIH
3aCTOCYBaHHS W IIATBEPPKEHHS HAa METMaTHTOBHX, 30JIOTOPYJHHX 1 HONIMETalIeBUX
pomoBHIax YKpaiHu Ta 3a il Mexxamu. L{poMy cripusimi po3po0iieHi 3a Horo ydacTio
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HOBI PO3IIYKOBO-OLIHHI METOJM: €HJOTCHHO-BYTJICKHUCIOTHUH METOA pO3IIYKiB 1
OLIIHKM MiHEpaJbHOI CUPOBHHH, IO IPYHTYETHCS Ha iHAMKaTOpHIN pom CO, mis mo-
Kaji3auii 1’ €30KBapily, KOIITOBHOIO KaMiHHs, piakicHux wmertaniB (B. Kamtoxuui,
3. KoBanuumH, O. MaTBi€HKO); TEXHOJIOTisI JIOKAILHOTO IPOTHO3YBaHHS 30aradyeHux
ninsHOK 3070TOpyRHMX ponosuul (M. Copens, I. Haymko, B. Kamoxauii, 3. Kosaru-
mwmH, M. Bpatycs, M. JlaBuaeHKo); TEXHOJOTiS E€KCHPECHOTO BH3HAYEHHS KaJlio y
BKJIFOUCHHSX ISl iIeHTH(]IKaIliT 30araueHnx 30JI10TOM 1 0e3pyAHUX KUIbHUX YTBOPEHb
(3. Kopanumus, 1. Haymko, B. KoBanesuy).

3enon KopanuminH (4eTBepTHil MPaBOpPYU Y BEPXHBOMY PSIIY) cepell OMHOKYPCHUKIB
Ta BUKJIAAa4iB (akyIbTeTy Ha YPOUUCTiH 3ycTpivi 3 Haroau 45-piqus Buimycky, 2003.

3enoH KoBanmmue OpaB akTHBHY ydYacTh y HAayKOBO-OpTaHi3aLiMHMX 3axojax
ITTTK HAH Yxkpainu. 30kpema, 3Ha4yIIMM BHSBUBCS HOTO BHECOK B OpraHi3alito i
NpOoBeJCHHS Ha 0a3i Biagily reoxiMii rmOMHHKUX (QUIIOIAIB peciyOIiKaHChbKOI Hapaau
“Yrinepon U ero COeAMHEHHsI B SHAOTEHHBIX IMpPOLEccax MHHEpanooOpa3oBaHMs (IO
BKITIIOUeHHsAM B MuHepanax)” (JIpBiB, 1975) ta VII Beecorosnoi Hapaan “Tepmobapo-
METpHUsl M TEOXHMHUS pynooOpasyromux (aronaoB (10 BKIOYCHUSM B MHHEpajax)”
(JIbBiB, 1985), a Takox omyOiiKyBaHHS BiJIIOBIHMX 30ipHUKIB MaTepiaiiB IMX Ha-
pan. JlociniaHuK TiHO MPEACTaBIsIB YKPATHChKY HayKy Ha YHCICHHUX MIKHApO/IHUX,
BCECOIO3HHX 1 BITYM3HIHNX HAYKOBUX (OopyMax.

3eHoH IBaHoBHY — OarartomiTHii ronosa nmpodpromy II'TTK HAH VYkpainu, Gara-
TOpiyHUi 4eH Bceecoro3Horo ta YKpaiHCHKOTO MiHEpaJIOTiYHUX TOBAapUCTB, MikHa-
pOIHOT acorriarii 3 TeHEe3UCy PyIHUX POJOBHIN. YUCHHI MaB aBTOPUTET CEpPeI reoo-
rivHOi crinpHOTH YKpaiHu i konmmHboro PamsHacekoro Coro3y, OMM3BKOTO Ta Jale-
Koro 3apy0ixoksi. CBOIMM HayKOBUMH HaJNOAHHSMH M i/esIMUA BiH ILEAPO JUIMBCS 3
MOJIOZIMMHM BYEHHMH, aclipaHTaMu, 3aBXIU CHOpUSB iM y BHOOpI HampsMmy JaoCii-
JUKEHb, IHTEpIpeTalii i omyOiKyBaHHI iXHIX pe3yJIbTaTiB.
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YcecBiTHBO BiIOMHH y4eHHH, 1O0OpHA CiM’SIHWH, a3apTHUI MHCIHBEIb, CIIOBHEHA
JKUTTEBOTO ONTHUMI3MY, JOOPO3UWINBOCTI W YyHHOCTI JIIOAMHA, HEMlepecidyHa ocobuc-
TIiCTh — TakuM 3eHOH IBaHOBMY KoBamImmH Ha3aBXIOu 3amaMm’siTaBCs APY3sIM 1 KoJie-
ram, yciM, XTO HOro 3HaB, IIOBa)aB 1 JIIOOMB. 3 HUM OYJIO JIETKO MPAIFOBATU ¥ JIETKO
BignounBaru. HaBiThk yxe rnepeOyBaroun Ha 3aciy’KEHOMY BIAIIOYMHKY, BiH HE IOpPHU-
BaB TBOPYHX 1 TOBAPUCHKHUX CTOCYHKIB 3 IPAIiBHUKAMU 1 BIJJIUTY T€0XiMii TNTMOMHHUX
¢umroiziB, 1 Bcboro [HCTUTYTY, 1 reosoriuHoro ¢akyabreTy JIbBIBCbKOTO YHIBEPCHTETY.

3enoH IBaHoBnu KoBanuiimH HecrnojiBaHO M TepequacHO BIAIHIIOB Yy BIYHICTB
23 yumas 2006 p., MpOTEe 3 HaMH 3aIMIIMINCS HOTO HayKOBi I KHTTEBI 3100yTKH,
TIPOJBCHKI HACIIIBH Ta JIFO00B 0 JKATTS!

Jlokmop 2eonociunux Hayk leop Haymxko
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