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The paper discusses differentiating between different types of granites that occur within the territory of the Ukrainian Shied. The
classification in the article partly follows the principles formulated in the early taxonomies of granites, among which are the classifica-
tions proposed by Ishihara [11], Chappel and White [4], and a lower classification proposed by Tomurko and Shcherbakov [20]. The
latter made an attempt to single out two contrasting granite varieties — apobasitic and apopelitic granites — that are commonly found
within the Ukrainian Shield.

Grouping granites into different genetic types runs into difficulties due to heterogeneous origin of these formations, which results
from merging parental mantle with crustal sources. Nevertheless, such classification might be used in making an accurate prediction
about metallogenic specialization of different genetic types of granites. The redox state of granites formation is a major factor that can
largely affect possible metal concentration in them. Based on this parameter granites can be classified into ilmenite and magnetite se-
ries of granites, which differ in geological environment of their formation [6, 11] and mineralization associated with them [1].

Within the territory of the Ukrainian Shield there can be distinguished entire provinces with distinct distribution of mostly ilmenite or
magnetite series of granites that reveal different ways of ore mineralization associated with them. Columbite-tantalites are common ore
minerals found within these series of granites, with niobium and tantalum being characterised by close lithofillic affinity to these forma-
tions. Within the Ukrainian Shield, columbite-tantalites were found in granites and associated rare-metal pegmatites, in some apogranitic
metasomatites (greisens, quartzites, perthosites), and also in alkaline rocks of various origin. It is determined the basic features of
columbite-tantalites, with Ta/Nb value, Fe/Mn ratio and presence of admixture elements to have close genetic relation to different granite
series. The features of mineralization, defined to be typomorphic of ilmenite and magnetite series of granites, might be used to improve

survey and exploration carried out in the Ukrainian Shield.

Introduction. A possibility to use accessory oxides
(magnetite and ilmenite) was first outlined in the paper pub-
lished by Ishihara in 1977 [11], in which they were deter-
mined to be mineralogical criteria for metallogenic speciali-
sation of granitic rocks. This paper discusses distinguishing
between magnetite and ilmenite series of granitic rocks that
might be related, to some extent, to I- and S- types of gran-
ites according to genetic classification of Chappel and
White [4], or apobasic and apopelitic varieties of granites
according to lower mineralogical-geochemical classification
of Tomurko and Shcherbakov [20] eleborated for different
granitic complexes of the Ukrainian Shield. It is obvious
that classifying granites into different genetic types, such
as | (igneous), S (sedimentary), A (alkaline, anhydrous,
anorogenic) ones, runs into difficulties Granitic magmas
can be formed from different heterogeneous parental
source (protolith), crustal or mantle one predominantly, or it
can represent mixture melts of crustal and mantle origin
[17]. At the same time such subdivision of granites into
genetic series enables predicting the likely metallogenic
specialization of granitic magmas. Among the major pa-
rameters which can essentially affect general metallogenic
content of granitic complexes are the following: 1) type of
granitic protolith (S, I, A — types); 2) a trend of evolution;
3) degree of fractionation; 4) redox state [1].

Background. The classifications mentioned above are
interesting not only because they reveal features of metal-
logenic specialisation in the complexes of the Phanerozoic
orogenic belts [1, 4], but they might be also used to inter-

pret the likelihood of ore mineralization, that occurred in
different felsic association and granitic complexes found in
other geodynamic settings even in Precambrian structures,
among which there is the Ukrainian Shield.

Within the Ukrainian Shield there might be outlined dis-
tinct regions which are characterised by the distribution of
mostly ilmenite or magnetite series of granites. It is impor-
tant to note, that magnetite series of granites may include
some syngenetic ilmenite, while ilmenite series of granites
are commonly characterized by the presence of ferric iron
(Fe*?) in the structure of iron arsenide (loellingite FeAs;).

The presence of magnetite or ilmenite in granites can
predominantly be indicative of redox state of the environ-
ment, in which these granite complexes form. According to
the classification eleborated by Frost [6] there are three
main conditions that can maintain magnetite in granitic
rocks: 1) reduction resulting from the combustion of carbon
on metasedimentary rocks melting; 2) magnetite consump-
tion by reacting with the Fe-Mg silicates in reduced rocks;
3) magnetite consumption to make sodic pyroxenes and
amphiboles in peralkaline rocks. It allows estimating poten-
tial ore mineralization that might be found in granites as
well as it can help to define mineralogical-geochemical
features of many ore elements which are sensitive to redox
state, especially those of lithophilic affinity, with niobium
and tantalum being most useful among them.

Both niobium and tantalum show close association with
felsic rocks and tendency for accumulation in the latest
phases of fractionated intrusive complexes. In the late
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stages of granite evolution and superimposition of me-
tasomatic alterations a wide range of tantalum-niobium
minerals can be formed. Because of their close chemical
affinity niobium and tantalum might be found in the same
minerals, where these elements isomorphically replace
each other. Occurring dessiminated in rockforming miner-
als, Nb®* and Ta® can commonly be concentrated in some
accessory phases during the stages of superimposed me-
tasomatic alterations; the latter being characterized by ac-
tivity of volatile elements. Columbite (Fe,Mn)Nb,Os, pyro-
chlore (Na,Ca);Nb2Os(OH,F), ilmenorutile (Ti,Nb,Fe)3Os,
fergusonite (Y,Th)(Nb,Ta)O4. are among the minerals that
can concentrate tantalum and niobium. These minerals can
even concentrate up to 95 % of the total content of tanta-
lum and niobium. Concentration of Ti*" in the mineralogical
environment being high, there can be observed processes
of dissemination of Nb°>* and Ta’* in titanium-bearing min-
erals. Alkaline associations are characterized by constant
prevalence of niobium over tantalum.

Ta and Nb are also widely used to interpret different
kinds of trace element in the environment indicative of
granite rocks formation [16], to which discriminant dia-
grammes plotted in Nb-Y, Ta-Y, Rb-(Y+Ta) an Rb-(Y+Nb)
coordinates are common. In spite of the fact, that these
descriminators are commonly used for Phanerozoic granitic
complexes and felsic associations, for which plate tectonics
paradigm is widely accepted, these discriminative diagrams
for Precambrian complexes are also mentioned in a range
of recent publications.

Our primary aim in this paper is to discuss a possibility of
distinguishing between different types of granites and other
felsic rocks that occur within the Ukrainian Shied. The
Ukrainian Shield is considered to be a part of Sarmatia seg-
ment of East European Craton that consists of both Archean
and Proterozoic domains. Some researchers believe these
domains to be fragments of a single craton [12, 18], for basic
facts about plate tectonics in the Precambrian time remain
limited [10]. Those who keep up a plate tectonics idea con-
sider the Ukrainian Shield to be a Proterozoic collage of dis-
crete terrains [5, 7]. Among the Archean terrains there single
out the Azov one, which is situated in the East, the Dniester-
Bug and Rosinsk-Tikich terrains, highly reworked in the Pa-
laeoproterozoic, and the Middle Dnieper granite-greenstone
terrain, never affected by Proterozoic processes. Palaeopro-
terozoic terrains are represented by the Kirovohrad domain
(Ingul), which is located in the central part of the Ukrainian
Shield and the Volyn domain, which comprises the west-
ernmost part of the Shield (Figure 1).

Niobium-tantalum mineralization was found in different
domains of the Ukrainian Shield. Among Precambrian rock
series with associated mineralization there are distin-
guished rare-metal pegmatites rich in Li, Rb, Cs, Ta, Nb,
Sn, Be, some apogranitic metasomatites (greisens, quartz-
ites, perthosites), and also various alkaline rocks. Compo-
sitional affinity of Ta-Nb minerals to basic compositional
features of rock series that host this mineralization is be-
lieved to be a common feature of Ta-Nb minerals found in
different rock associations.
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Figure 1. Schematic distribution of Ta-Nb mineralization within the Ukrainian Shield

Rare-metal pegmatites. Rare-metal pegmatites with Li,
Rb, Cs and Ta-Nb mineralization were found in the Pro-
terozoic (Volyn, Ingul) and the Archean (Azov) terrains.
These rare-element pegmatites are classified as LCT type
pegmatite [3]. Among the Precambrian rocks that host rare
pegmatites with Ta-Nb mineralization there were distin-
guished metaluminous granite complexes (S-type), which
are characterized by high potassic and alumina content,
lack of fluorine, predominant ilmenite, as well as carbona-
ceous matter constancy. The age of RE pegmatites is

unidentifiable because of the lack of accessory minerals
commonly used as geochronometers (zircon, monacite).
The age of granitic rocks that host rare-metal pegmatites is
likely to be about 2.0 Ga for the Volyn and Ingul terrains
and the same of 2.0 Ga (with some scientists scaling up to
even the Archen age) for pegmatites of the Azov terrain.
Apogranitic  metasomatites. The  Nb-Ta-bearing
apogranitic metasomatites of Proterozoic age were found in
eastern Volyn and central Ingul terrains. They are character-
ized by the occurrence of large AMCG (anorthosite-
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mangerite-charnockite-granite) complexes, such as Koros-
ten (in Volyn) and Korsun-Novomyrhorod (in Ingul) ones,
with which morion, topaz- and beryl-bearing chamber peg-
matites are associated, and which are classified as NYF-
type pegmatites [3]. The Volyn terrain also includes metalu-
minuos felsic associations of Osnitsk complex (I-type) ap-
proximately dated 2.0 Ga and Perga peralkaline associa-
tions (A-type) of 1750 Ga, the latter tracing Nb-Ta minerali-
zation. Osnitsk complex, being part of Osnitsk-Mikashevichi
Orogenic Belt bordering Sarmatia from Fennoscandia [2], is
thought to have predated the formation of Korosten AMCG
complex. Perga complex is supposed to have appeared after
the formation of Korosten NYF-type pegmatites.

Alkaline rocks. There were found about 50 massifs and
occurrences of alkaline rocks and carbonatites in the cen-
tral (Ingul) and eastern (Azov) terrains of the Ukrainian
Shield. The only alkaline formations evident in Kirovohrad
terrain turned out to be alkaline rocks and kimberlites of the
Proterozoic age (2.1-1.8 Ga). The Azov terrain prevalently
includes occurrences of the Proterozoic and Phanerozoic
(Devonian) ages. The two main alkaline associations found
in the Azov terraine were defined to be alkaline-ultrabasic
(carbonatitic) and gabbro-syenitic complexes. Alkaline
rocks of the eastern terrain (Azov) and the western terrain
(Ingul) reveal completely different geochemical properties.
Those of the Azov terrain show features of alkaline-
ultrabasic associations (high contents of incompatible rare
elements such as Nb, REE, Zr, Y, Sr), whereas those in
the Kirovohrad terrain are characterized by low contents of
Nb and Zr, and REE. This fact is interpreted to have re-
sulted from different geodynamic settings of their origin —
extensional and collisional ones, respectively. Various min-
eral deposits of apatite, niobium, REE, yttrium and zirco-
nium proved to be associated with the alkaline rocks and
carbonatites of the Ukrainian Shield. Most Nb and Ta of
Novopoltavka economic carbonatites (Chernihivka alkaline-
ultrabasic massif of the Azov terrain) were found to be con-
centrated in fergusonite and hatchettolite.

Application. By using optical microscopy, common
chemical analysis, spectral and XRF methods there was
determined chemical and mineralogical composition of grani-
toids and other felsic varieties of rocks. Furthermore, micro-
probe analysis identified some features of rock forming, ore
and accessory minerals, with probes to be JXA — 5, JCXA —
733 (Institute of Geochemistry, Mineralogy and Ore Forma-
tion, NAS of Ukraine), JCXA — 8200 (Scientific and Technical
Centre, NAS of Ukraine), Cameca SX — 100 (Geological
Institute, Slovakian Academy of Sciences).

The study of Ta-Nb mineralization distribution within
the Ukrainian Shield shows that despite inherent geo-
chemical affinity between tantalum and niobium, these
elements behave differently throughout the processes of
granite complex formation, which is especially indicative
of Proterozoic granite complexes. It should be empha-
sized that granites themselves do not commonly show
high concentrations of ore minerals. Their potential eco-
nomic mineralization is mostly associated with the prod-
ucts of late to postmagmatic alteration stages of granite
system. It is these stages during which volatile compo-
nents become more active followed by hydrothermal stage,
during which most of the ore elements are thought to be
accumulated [19]. But at the same time different pegma-
tites and metasomatites (greizens, secondary quartzites,
perthosites) show distinctly close spatial and genetic rela-
tion to certain Proterozoic complex found in the Ukrainian
Shield, which may be classified into different ilmenite or
magnetite series of granites.

Within the territory of the Ukrainian Shield there can be
outlined two contrasting provinces — Volyn terrain in the

eastern part and Ingul terrain in the central part of the
Ukrainian Shield, within which one can spatially single out
fields of rare-metal granites and pegmatites that reveal
typical geochemical specialization on Li, Rb, Cs, Ta, Nb,
Sn, Be. These areas are characterized by mostly Protero-
zoic granite complexes, which distribution can be based on
the features of niobium and tantalum minerals formed in
contrasting redox conditions [8, 9].

In the Volyn terrain, the westernmost part of the Ukrain-
ian Shield, the major concentrations of Nb and Ta minerali-
zation are confined to metasomatically altered alkaline
granites of Perga (A-type) and Osnitsk (I-type) complexes.
Felsic rocks of these complexes are characterized by high
magnetite content and that's why they may be related to
magnetite series granites. Regionally, both Perga and Os-
nitsk granite complexes of magnetite series are related to
the Osnitsk-Mikashevichi Orogenic Belt, which marks geo-
logical border between Sarmatia and Fennoscandia, the
northern margin of the Ukrainian Shield. Both terrains are
interpreted to have had different geological histories before
2.0 Ga and to have merged in post 2.0 Ga period of geo-
logical history [2]. It is exactly the period during which Pe-
gra and Osnitsk granite complexes of magnetite series
formed. Both granite complexes show a wide distribution of
superimposed processes of metasomatic alterations
(greisenization, albitization and silicification) and associ-
ated mineralization, which is confined to these metasoma-
tites. Magnetite series granites of Perga and Osnitsk com-
plexes are characterized by high content of fluorine and
wide distribution of magnetite, with Li micas (lithionite, zyn-
valdite), columbites  (Fe,Mn)(Nb,Ta),0s, pyrochlore
NaCaNbyOgsF, Ta-cassiterite (Ta crystals in cassiterite)
commonly distinguished among ore mineral associations. It
was identified Ta/Nb ratio ranging from 1/10 to 1/15 and
values of Fe/Mn ratio reaching 10/1, as well as complete
absence of admixture elements to be the typomorphic fea-
tures of columbites found in these ores.

Ingul terrain, occupying the central part of the Ukrainian
Shield, is also characterized by a wide distribution of rare-
metal granites, which occurrences can be spatially related
to the central Kirovohrad (Ingul) orogenic belt [13]. Most
granite complexes that contain Ta-Nb mineralization are
related to ilmenite series granite of S-type (Yaroshevka,
Polohivka, Lipniazhka complexes) with geochemical spe-
cialization on Li, Rb and Cs. These granites are character-
ized by high content of potassium, oversaturation in alu-
mina and practically complete absence of fluorine. Graphite
and anthraxolite that are commonly found in these ilmenite
series of granites can probably testify for predominant re-
duction conditions of their formation.

Polohivka, Mostove, Lipniazka, North-Stankuvatka and
Nadiya rare-metal deposits were determined to contain
tantalum-niobium mineralization with short range of Ta/Nb
values and low values of iron (FeO/MnO = 2.80-6.56).
Columbites-tantalites found here are marked by heteroge-
neous inner structure, with different mineralogical phases
to be found in a single mineral grain. These mineralogical
phases are characterized by high content (weight %) of
Ta0s ranging from 9.80 to 71.0, and Nb2Os varying from
10.6 to 70.1 [8, 9, 13, 14]. At the same time columbite-
tantalites indicate to a high content of admixure elements
(weight %) with TiO2 reaching 5.88; WO3 — up to 3.70;
SnO; — up to 9.20; Sc,03 — up to 5.40. Some associated
ore minerals, namely ilmenorutile (Ti,Nb,Fe)sOs, tapiolite
Fe(Ta,Nb),0g, microlite (Na,Ca)z(Ta,Nb).Os(O,0H,F), Ta-
cassiterite, nigerite are also commonly found here.

Conclusions.The basic typomorphic features of
columbite-tantalite minerals, specified by Ta/Nb values,
Fe/Mn ratio and admixture elements are concluded to de-
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pend on genetic granite types represented by magnetite
and ilmenite series that are found in the Proterozoic com-
plexes of the Ukrainian Shield. Magnetite series granites,
which are considered to be formed in mostly oxidized envi-
ronment (raised fO; values), are characterized by predomi-
nant niobium mineralization. At the same time ilmenite se-
ries granites, which are supposed to be formed in predomi-
nantly reducing environment, show rare-metal mineraliza-
tion that is characterized by generally equal proportion of
tantalum and niobium contents. This conclusion facilitates
methods to optimize prospecting for potential rare metal
mineralization associated with Precambrian structures
within the Ukrainian Shield.
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MArHETUTOBI TA INbMEHITOBI CEPIi TPAHITOIOIB TA OUIHKA IX NOTEHLUINHOI PYOOHOCHOCTI
HA HIOBIN | TAHTAI B MEXXAX YKPAIHCbKOI'O LLUTA

Y cmammi o620eoproembcsi Moxiueicms ecmaHoenieHHs1 eiOMiHHocmel Mix pizHosudamu 2paHimie, siki 6ynu cgpopmoeaHi 8 Mexax mepu-
mopii YkpaiHcbko2o wyuma. 3anponoHoeaHa Knacudgikayisi Yacmkoeo criupaemcsi Ha 20J108Hi NMPUHYUNU, wo 6ynu eukopucmaHi 8 0esikux paHHiIx
knacudpikauisix 2paHimie, ceped siKux € wupoko eidoma knacudpikayisi, sika 6yna 3anpornoHoeaHa e po6omax lwuxapu [11] ma Yennena i Baiima [4],
a makoXx lokanbHa (pe2ioHanbHa) knacugikauyisi, sika 6yna 3anpornoHoeaHa e po6omi Tomypko ma Lljep6akoea [20]. Y yili nokanbHil knacudgikayii
6yna 3pobrieHa cnpoba Hasecmu 8iOMIHHOCMI MiX deoMa KOHMpacmMHUMU pi3Hoeudamu 2paHimie — ano6asumoeumu ma anonesnimoeumu 2paHi-
mamu, siki 6ynu ecmaHoerseHi 8 Mexax YkpaiHcbkozo Ljuma.

Knacudpikayiss epaHimie Ha pi3Hi 2eHemuyHi munu mMo)xe cmukamucsi 3 NesHUMU MmMpyOdHou,aMu BHacJsliOOK 2emepo2eHHO20 2eHe3Ucy UYux
ymeopeHb — MOXJ/1U8020 3Milly8aHHs1 po3rniasie 3 ix 6ambKiecbkux MaHMIliHUX ma kopoeux dxxepes1. Asie 8 moli e Yac maka Knacugikayisi Moxe
suKkopucmosyesamucsi OJisi MOXJ1U8020 MPO2HO3Y Memasio2eHiYHOI crneyuanizayii pisHux 2eHemu4YyHux munie epaHimie. Ceped napamempis, sKi
MOXYymb iCMOMHO en/IUHYMU Ha Npoyecu HaKoMu4yeHHs Memarsnie e 2paHimax cymmesy posib eidizparomb OKUC/O8aIbHO-8IOHOBHI yMoeu 1x
¢opmyesaHHsi. Ha 6a3i 3Ha4eHb Yb020 Napamempa 2paHimu MoXxXyms 6ymu niopo3dineHi Ha dea munu — 2paHimu inbMeHimosoi ma maecHemumosoi
cepill, sIKi xapakmepu3yombcsi pi3HUMU ymoeamu ix gpopmyeaHHs [6, 11] i acouyilioeaHoi MiHepani3auii [1].

B mexax mepumopii YkpaiHcbkozo Ljuma moxnueo eudinumu uyini npoeiHyii 3 eiOMiHHUM PO3nodiloM nepeeaxHo iNbMmeHimosoi abo
MazHemumoeoi cepili 2paHimie. L|i 2paHimu xapamepu3yrombcsi pi3HUMU cmunsim pyGdHoi MiHepanisayii acoyitioeaHoi 3 Humu. Tanmano-Hio6amu
3Haxo0dsimbcsi ceped munoesux pyGHUX MiHepasie, siki MOXXymb 6ymu ecmaHoesieHi 8 micHili acoyiauii 3 yumu cepisiMu 2paHimie, ockinbku Hio6il i
maHman xapakmepu3yrombcsi HasieHicmio micHoi iimoghinbHoi criopidHeHocmi 3 yumu ymeopeHHsiMu. Ha YkpaiHcbkomy Ljumi manmano-vio6amu
6ynu 3HalideHi e epaHimax i acoyilioeaHux 3 HUMU PiOKICHO NILHUX I imax, desikux aroz2paHimHux MemacoMamumax (2spelizeHu, keap-
yumu, Nepmo3umu) a MaKkox 8 JIY)XHUX Nopoodax pi3HO20 2eHe3ucy.

Byno ecmaHoeneHo, wio xapakmepHi o3Haku maHmarno-Hiobamie, ceped sikux 3HayeHHs1 Ta/Nb, eioHoweHHs1 Fe/Mn i npucymHicmb enemenmie
JoMiwoK, nokasyroms 6/1u3bKy criopiOHeHicmb 3 Pi3HUMU 2eHeMUYHUMU cepisiMu epaHimis. Lji o3Haku, siki 6ynu ecmaHoeseHi sk munomMopdHi ons
inbmeHim i Ma2zHemumosux cepili 2paHimie, MOXXymb 6ymu eukopucmati 051 onmumisauii npoeedeHHs1 NowykKoeo-po3eidysansHux pobim Ha YKpaiH-
cbkomy Llumi.
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MAFHETUTOBbLIE U WIbMEHUTOBBLIE CEPUX TPAHUTOMAOB U OLIEHKA
MX NOTEHUUAIIbHOU PYOOHOCHOCTU HA HAWOBUU U TAHTAI B NPEAENAX YKPAUHCKOI O LLUTA

B cmambe ob6cyx0aemcsi 803MOXXHOCMb yCMaHOBJIEHUSI pa3iuyusi Mexdy pasHO8UGHOCMSAMU 2paHUmMos, chopMupo8aHHbIX & npedenax
meppumopuu YkpauHcko2o wuma. pednoxeHHas knaccugukayusi yacmuyHo 6a3upyemcsi Ha OCHOBHbIX MPUHYUMNAaXx, UCMOIb308aHHbLIX 8 HEKO-
mopbIX paHHUX Kraccugukayusx epaHumos, cpedu KomopbiX WUPOKO u3eecmHas Knaccugukayusi npednoxeHHass 8 pabomax Uwuxapsl [11], a
makxe Yennena u Balima [4], u nokanbHasi (pe2uoHanbHasi) knaccugukayus, npednoxeHHasi @ pabome Tomypko u Lljep6akoea [20]. B daHHOU
nokanbHol Knaccugukayusi 6bina coenana nonbimka npoeecmu pasnuvue mexdy 0eyMsi KOHMPacMHbIMU pa3HO8UGHOCMSAMU 2paHUMoe — aro-
6a3zumoeniMu u aronesiumMoebIMU 2paHuUmam, Komopsie 6biu ycmaHoesieHb! 8 npedenax YkpauHckozo Luma.

Knaccugpukayus e2paHumoe Ha pa3nuyHbie 2eHemuyYyeckue murnbl MOXem cmasikueambcsi ¢ onpedeneHHbIMU mpyGHoCcMsAMU U3-3a 2emepo-
2eHHO20 2eHe3uca amux o6pa3oeaHull — 603MOXHO20 CMeWwueaHUsl Pacryiagoe ¢ ux pooumesibCKUX MaHMuliHbIX U KOpPoebIX ucmoyYHukos. Ho e
mo )xe epeMsi makasl Knaccugbukayusi MoXxem uCrosib308ambcsi O/151 803MOXHO20 MPO2HO3a Memassio2eHUYeckol crieyuanu3ayuu passuyvyHbIX
2eHemu4eckux munoe 2paHumos. Cpedu napamMmempos, KOMopbie MO2ym Cyu,ecmeeHHO Moesusimb Ha HaKkon/ieHue Memarssioe 8 2paHumax eax-
HYI0 posib UMeom OKuciumesibHo-80ccmaHoeumesbHble ycroeusi ux ¢gpopmupoeaHusi. Ha 6a3ze 3HayeHuli 3mozo napamempa 2paHumsl Mo2ym
6bimb nodpasdeneHbl Ha d8a muna — 2paHUMbI UIbMEeHUMoe8ol U MazHemumoeoli cepuli, KOMopbie Xxapakmepu3ymcsl Pa3uYHbIMU yCr108UsIMU
obpa3soeaHus [6, 11] u accoyuupoeaHHol MuHepanusayuu [1].

B npedenax meppumopuu YkpauHckozo Lljuma mMoxHo ebidenums yesnble MPOBUHYUU C OMJIUYHBIM pacnpedesieHuUeM Cyu,eCmeeHHoO UsbMe-
HUMOE uslu MazHemumoebIX cepuil 2paHUMoe. dMu 2paHUMbI MoKa3biealom passiuyHbie cmusiu pyoHol MuHepanu3ayuu accoyuupoeaHHOU C
Humu. TaHmano-Huo6amsi Haxo0sIMbCs cPedU MUNUYHbIX PYOHLIX MUHEPasoe, Komopbie Mo2ym 6bimb ycmaHoesieHbl 8 mecHolU accoyuayuu ¢
amumu cepusiMu 2paHuUMos, NMoCKOJIbKY HUO6Ul U maHman xapakmepu3yromcsl HaludueM MecHo20 JIUMoguIIbLHO20 cpodcmea ¢ 0aHHbLIMU 06pa-
30e8aHusiMu. Ha YkpauHckom LLjume manmano-Huo6amsbi 6bi1u HalideHbl 8 2paHUMax U accoyuuposaHHbIX pedkoMemarsbHbIX neamamumax, He-
KOMOpbIX arnoz2paHUMHbIX Memacomamumax (2pelizeHbl, KEapyumbl, IepPMOo3umbl) a makxke 6 WesIo4YHbIX Mopodax pa3siudHO20 2eHe3uca.

Bbino ycmaHoeneHo, Ymo xapakmepHble npu3Haku maHmarsno-Huo6amos, cpedu komopbix 3HayeHusi Ta/Nb, omHoweHue Fe/Mn u npucymcm-
saue asnlemeHmoe npumecel, nokasbiearom 651u3koe cpodcmeo ¢ Pas3/TIuYHbIMU 2eHeMUYeCKUMU CepusiMu 2paHumoe8. dmu npu3sHaku, ycmaHoeJ 1eH-
Hble KaKk muroMopgHble 07151 UNbMeHUMOo8bIX U MagaHemumoehbix cepuli 2paHuUmoe8, Mo2ym 6bimb Ucnonb308aHbl O oNMuMU3ayuu npoesedeHust
nouckoeo-pa3eedoyHbix pabom Ha YKpauHCKoM wjume.





