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GRANITOIDS, RARE-METAL PEGMATITES AND TA-NB MINERALIZATION
OF SHPOLIANO-TASHLYK ORE AREA (INGUL MEGABLOCK, UKRAINIAN SHIELD)

(PexomeHdoeaHo YrieHoOM pedaKuiliHol Kosezii 0-pom 2eos.-MiHepanoa. Hayk, npod. B.M. 3acHimkom)

Composition of granites, genetically associated pegmatites and superimposed metasomatites distributed within Shpoliano-Tashlyk
ore area (Ingul megablock) is considered. It is established, that on the basis of similarity in their petrographic and petrochemical features
granitoids of the area can be related to single complex. Features of ore mineralization are defined by both composition of granitoids (S-
granites) after which rare-metal pegmatites are formed and intensity of superimposed metasomatic alterations.

Main minerals-concentrators of Ta and Nb mineralization in granitic pegmatites and metasomatites are represented by minerals of
three isomorphic series — columbite-tantalite (Fe,Mn)(Nb,Ta,Ti),Os ilmenorutile-struverite (Ti,Nb,Ta)O, and pyrochlore-microlite
(Ca,Na),Ta,04(0,B,0H,F). Depending on geological setting such ore minerals as tapiolite, ixiolite, cassiterite, uraninite, nigerite, gahnite
are commonly found in association with these minerals.

Chemical composion of tantalo-niobates sampled from ore-bearing pegmatites and metasomatites is investigated by microprobe
analysis. Most minerals of columbite-tantalite series are characterized by distinct and rhythmic internal zonality and contrasting mosaic
structure which are related to considerable heterogeneities of their chemical composition. Within one aggregate mineral phases with wide
range of values — from 9,80 to 71,0 % for Ta,Osand from 10,6 to 70,1 % for Nb,Os— are established. Among minerals ferruginous varieties
which composition relates to Fe-columbite-tantalites (Nb,Os/Ta,Os = 1-1,2; FeO/MnO = 2,5-6) prevail. Columbite-tantalites are
characterised by high contents of admixture elements present (%): TiO,— to 5,88; WO; - to 3,70; SnO, - to 9,20; Sc,0;— to 5,40. Scandium
ores occur as scandium-rich minerals that are mostly confined to the minerals of columbite-tantalite series found in Polohivka ore field.
On the Ukrainian Shield high contents of Sc,0;in tantalo-niobates are established for the first time.

Minerals of ilmenorutile-struverite series do not quantitatively yield to minerals of columbite-tantalite series. For minerals of this series
Nb,Os/Ta,0:; ratio varies in the range of 0,6-1,4. Among characteristic admixture-elements are prevailed (%): SnO, - to 3,1, V,05— to 5,05;
FeO - to 11,51, Cr,0;— to 1,20. Minerals of pyrochlore-microlite series are of subordinate importance.

For the first time by results of U-Pb dating of columbite-tantalites from Mostove ore manifestation (Shpoliano-Tashlyk area) the age of
Ta-Nb mineralization is established to be about 1965 * 25 million years.

Keywords: Rare-metal pegmatites, Ta-Nb mineralization, Ukrainian Shield.

Introduction. Shpoliano-Tashlyk ore area became
known after intensive prospection and exploration works
carried out by local geological enterprises, SE
"Kirovgeology" and "Centergeology" during 1980-90". As
the results of these works two ore-bearing fields, Polohivka
and Stankuvatka, with general specialisation on rare metals
(Li, Rb, Cs, Be, Ta, Nb, Sn) are discovered and outlined
within the western area of Ingul megablock of Ukrainian
Shield (Fig. 1) (Ivanov et al., 2000).

Polohivka ore field is found to be confined to the western
flank of Korsun-Novomirgorod pluton that is comprised by
anortosite - rapakivi granite associations. Several swarms of
pegmatites with associated rare-metal mineralisation are
found here, within the marginal area of Polohivka ore field.
This field includes Polohivka deposit of lithium that is
situated at the immediate proximity of the Korsun-
Novomirgorod pluton and Petroostrivske ore site. The
Petroosrivske site itself is situated to the northwest of the
Polohivka deposit and, in contrast, shows wide abundance
of predominantly Ta-Nb mineralization. It includes Mostove
deposit of tantalum and some small manifestations of the
similar mineralogical type — Kopanky, Vys, Yaroshivka.
(Nechaev et al., 1991; Eremenko et al., 1996).

Problem statement. Mostove ore deposit is still non-
sufficiently explored but, at present, it is treated as the most
perspective ore-bearing deposit with economic Ta
mineralization among those recently found within Ukrainian
Shield. Based on the deep drilling data this deposit might be
described as ore-bearing system that includes several ore
bodies (ore veins) which form cross-cut structure (ore column)
in the central part of the deposit (Eremenko et al., 1996;
Gursky et al., 2005). The most of rich ore intervals (that is
evidenced by drill core samples) are comprised by albite-
microcline metasomatites and intensively altered turmaline-
muskovite pegmatites that commonly host associated

sillimanite, cordierite and apatite. Country rocks of
metamorphic origin are represented by biotite, garnet-biotite
and cordierite-biotite gneisses with associated sillimanite.

Dessiminated type mineralization occur as lense-like
bodies, nests and zones of impregnated ores. The richest ore
intervals (Ta20s up to 0,04 % and Nb20s up to 0,02 %) are
found to be confined to metasomatically altered granites that
are pegmatitic in appearance as well as rare-metal pegmatites
and albite-microcline veins. In most cases ore mineralization
itself is mostly controlled by faults and metasomatic zones
(greisens) which are commonly formed at the exocontact areas
of granite massifs. Nb-Ta mineralizaton commonly shows
superimposed nature and rarely might be found at the margin
areas of early formed lithium-rich pegmatites.

Stankuvatka ore field includes Lipnazhka and
Novoodeske rare-metal manifestations and lithium deposits
of Stankuvatka, Nadezhda. They are spatially loccalized
within the west and northwest exocontacts of Lipniazhka
granite massif (Fig. 1). Stankuvatka lithium deposit does not
show high concentration of Nb and Ta, with average values
reaching 0,015 % for Ta20s and 0,015 % for Nb20s. The
most of rich sites of Ta-Nb mineralization are confined to
veins of metasomatically altered pegmatitic granites and
albite-microcline metasomatites. Ore mineralization is
characterised by dessiminated nature when most tantalo-
niobites occurred as accessory minerals in metasomatically
altered (greizenised) pegmatites spatially confined to
exocontact zones of Lipniazhka granite massif. Majority of
ore bodies and manifestations are characterized by distinct
internal ore zonality. Petalite and petalite-spodumene
associations are found to be confined to the central parts of
ore bodies as well as tantalo-niobites occur as confined to
zones of thinning of pegmatitic veins. In general, high
concentration of tantalum-niobate mineralization are found
in thinning zones of lithium pegmatites and superimposed
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metasomatites that are spacially (and genetically)
associated with them.

General geological setting. The Shpoliano-Tashlyk ore
area is situated in the northwest of Ingul megablock where it
occupies the northern part of so-called Bratsky synclinorium.
The synclinorium itself might be traced as uniform regional-
scale structure (belt) that strikes in submeridional direction
along western margin of intrusive-magmatic system
comprised by differently aged structures — Korsun-
Novomyrgorod anortosite-rapakivi-granite  pluton and
Novoukrainka  diorite-monzonite  massif. From the
southwest, synclinorium is bordered by exposed structures
of granulitic basement — Golovanivka zone (block). The
overall submeridional symmetry of the Bratsky synclinorium
is additionally marked by a number of granite massifs of
ultrametamorphic origin that are elongated in the same
direction and S-N strike of linear folding of relic metamorphic
rocks. Structurally, the synclinorium is interpreted as
regional-scale epicratonic (as well as epi-Archean)
depression that hosts rock association of Proterozoic age.
Geological section generally includes two separate

stratigraphic units that show distribution of regional scale.
The first unit includes rocks of Kamenno-Kostuvatka suite
which are widely distributed within the southern area of the
Bratsky sinclinorium. This suite includes pyroxene gneisses,
crystalloschists, garnet-bioitite, garnet-cordierite-biotite,
graphite-biotite gneisses, calciphyres and skarns. Rocks of
the second unit are mostly abundant in the northern area of
the Bratsky synclinorium and are presented by biotite,
graphite-biotite, amphybole-biotite, graphite-garnet-
amphibole gneisses that are rhythmically intercalated with
layers of amphibolites, quartzites and ultramaphic rocks. All
this rock associations are combined into the single
Roschahivka suite. Metamorphic rocks of both suites are
intensively changed by ultrametamorphic alterations. They
are deeply silicified and thinly-layered with formation of
migmatites. Coarse-grained biotite granites of pegmatitic
nature are abundant here and mapped mostly everywhere.
Rhythmic interlayerring of metamorphic rocks is additionally
marked by layers of metaultramafic rocks which are
commonly found within ore-bearing zones.

Korsun-
Novomirgorod

Pl [o]1

Novoukrainka

.| E

Polohivka
ore field 3

massif <=

Stankuvatka
ore field

§ - tectonic dislocations

1 - Ore deposits and manifestations
Polohivka ore field: Mostove manifestation (1), Polohivka deposit (2)
Stankuvatka ore field: Lypniazhka (3) and Novoodeske (4) manifestations;
Stankuvatka (5) and Nadezhda (6) deposits

2 - Korsun-Novomirgored complex: rapakivi granites, basic rocks

3 - Kirovograd complex: granites and migmatites

4 - Novoukrainka complex: granites, monzonites, charnokites

5 - Roschahivka suite: biotite, gamet-biotite, cordierite-biotite gneisses

6 - Kamenno-Kostuvatka suite: pyroxene and two-pyroxene gneisses, crystalloschists
garnet-cordierite-biotitic, graphite-biotitic gneisses, calciphyres

7 - Ros-Tikych group: amphibole-biotite gneisses, amphibolites

Fig. 1. Location scheme of ore fields, deposits and manifestations of Shpoliano-Tashlyk ore area

Rare-metal pegmatites and metasomatites are
commonly found to be confined to the exocontacts of granite
massifs which are widely abundant within Shpoliano-

Tashlyk ore area — Novopavlivka, Mykhaylivka, Berezivka,
Lipniazhka, Doropheivka, Yaroshivka massifs.

All these granites are formed at processes of
ultrametamorphic alterations of rocks of Kamenno-



~ 26 ~

B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

Kostuvatka and Roschahivka suites and are related to
Kirovograd complex, which is treated as typical for the whole
area of Ingul megablock. At the same time, granitoids of the
western area of Ingul megablock show some features that
distinguish them from possible analogues distributed in the
eastern and central areas of the megablock. This fact has
caused some early proposals to distinguish granitoids of
Bratsky synclinorium into the separate Voznesensky
complex (Scherbakov, 2005).

It is necessary to note, that among numerous schemes
granite classification, the most suitable as to metallogenic
forecast is still remained the scheme proposed by Chappel
and White (Chappell et al., 2001). According to this scheme,
granites are classified into two different I- and S- types that
are formed as a result of ultrametamorphic alterations
(anatexis) of mostly igneous (I) or sedimentary (S)
protolyths. This scheme broadly corresponds to local
scheme proposed earlier by Shcherbakov (Scherbakov,
2005) according to which granites of Ukrainian Shield were
classified into apobasic (I) and apopelitic (S) types.
Sedimentary type granites that are formed after primary-
sedimentary rocks can inherit high contents of fluxing
components (B, P, F etc.). These components can
essentially lower the temperature of crystallization and make
S-type granites especially favorable for formation of
pegmatite-generating melts enriched in rare lithophile
elements (Li, Cs, Ta, Nb and others).

Apopelitic type granites are widely abundant within
Shpoliano-Tashlyk area. Here, they are characterized by
common presence of biotite, garnet or cordierite as rock-
forming minerals as well as ilmenite and uraninite as typical
accessory minerals. Some varieties of these granites are
predominantly peraluminous (Al2O3 > Naz20 + Ka20 + CaO0),
enriched in potassium over sodium and characterized by
high silica content (64—77 % SiOz2). These granites as well
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as associated pegmatites and metasomaties are potentially
ore-bearing.

Nature of Ta-Nb mineralization. Deposits and
numerous ore manifestations of rare metals of Shpoliano-
Tashlyk ore area are formed in rather similar geologic-and-
tectonic settings and consequently show common geologic
features. These features are manifested in both mineralogy
of country rocks and ore mineral associations that comprise
most occurrences of Ta-Nb mineralization. Main
concentrators of Ta and Nb are represented by minerals of
three isomorphic series - columbite-tantalite
(Fe,Mn)(Nb,Ta,Ti)20s, ilmenorutile-struverite (Ti,Nb,Ta)O2
and pyrochlore-microlite (Ca,Na)2Ta206(0,B,0H,F)
(Nechaev et al., 1992; Grinchenko et al., 2008).

Minerals of columbite-tantalite series are mostly
abundant in Shpoliano-Tashlyk ore area. From 60 to 80 %
of niobium and tantalum are concentrated in minerals of this
series. Ore minerals of columbite-tantalite series only
sometimes show less abundance in comparison to minerals
of ilmenorutile-struverite series. In many cases it depends
on composition of host rocks and degree of their alterations
by superimposed metasomatic processes.

The most of Ta-Nb minerals of the series occur as
impregnated idiomorphic aggregates or form intergrowths
with other minerals (cassiterite, ilmenorutile, microlite, and
uraninite). Electronic microscope investigations indicate
steady presence of inner zonation and mosaic structure of
columbite-tantalites. Typical feature is variable chemical
composition which is observed both at macroscale (ore
body) and microscale (single grain) levels. Several mineral
phases with wide range of Ta205 (9,80 to 71,0 %) and Nb20s
(10,6 to 70,1 %) can be established within the single ore
mineral grain. Microprobe data indicate predominance of
ferruginous varieties (FeO/MnO = 2,80-6,56 in average) of
columbite-tantalites (Fig. 2).
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Fig. 2. Mn/(Mn+Fe) and Ta/(Ta+Nb) ratios in minerals of columbite-tantalite series of Shpoliano-Tashlyk ore area

Minerals of columbite-tantalite series are also
characterised by high contents of admixture elements
present (%): Ti (TiO2 up to 5,88), W (WOs up to 3,70), Sn
(SnO2 up to 9,20) and even Sc (Sc203 up to 5,40).

Titanium is a characteristic admixture-element in minerals
of this series. Occurrence of titanium in the structure of tantalo-
niobates is caused by close affinity of their crystallochemical
properties. Contents of titanium varies from 0,5 to 2 % in
average, with the highest contents (5,88 %) being established
for columbite-tantalites of Stankuvatka deposit.

Tin is also found as present in composition of minerals of
this series and rarely its content can reach 9,40 %. At the
same time, most columbite-tantalites are characterised by

rather low contents of tin (0,3-1 %). Abnormal high contents
of tin are found in ixiolite (disordered phase of tantalo-
niobates) that is sampled from muscovitized two-feldspaar
pegmatite of Yaroshivka ore manifestation.

Tungsten is found as present in all mineral varieties of
columbite-tantalite series. The contents of tungsten found in
tantalites show considerably the average values (up to
3,30 %). At the same time columbite with low tantalum show
essentially low contents of tungsten (0,1-1 %).

Scandium is found in minerals of tantalite-columbite
series of Shpolano-Tashlyk ore area for the first time. Ore
minerals of Polohivka manifestation are mostly scandium-
bearing with scandium content reaching high (up to
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economic) ore grade values. Sc is established in practically
all varieties of tantalo-niobates with scandium content
ranging from 0,1 to 1 %.

Other admixuters in minerals of columbite-tantalite group
are represented by magnesium, calcium, rare earth elements
and uranium, with their contents that do not exceed 1 %.

Minerals of ilmenorutile-struverite series are mainly
occurred in the zones of metasomatic alterations of
pegmatitic granites and rare-metal pegmatites. On the
distribution they take the second place after columbite-
tantalites, and sometimes occur as the main mineral-
concentrators of Nb and Ta mineralisation.

For most ore objects the occurrence and nature of
ilmenorutile-struverite mineral series are mostly similar to
that of columbite-tantalites. Crystallochemically minerals of
this series are interpreted as Fe(Nb,Ta)20s solid solutions
formed in TiO2 matrix. Natural intergrowths between these
two mineralogical varieties are commonly observed.

For the first time high concentrations of Ti-Nb-Ta
mineralization were established in natural outcrops situated
at the flank of Lipnizhka ore manifestation, and have been
traced in similar pegmatites at the sections of deep
boreholes. Aggregates of subgraphic intergrowths of these
minerals are constantly found as desseminated
impregnations in dark grey quartz among cataclised
formations of muskovite-spodumene-petalite pegmatites.
The ilmenorutile is the main mineral-concentrator of Nb and
Ta in biotite-apatite-cordierite apogabbroic metasomatites.
Here it forms impregnated grains of subidiomorphic habit
and occur in association with ilmenite, pyrrhotite,
pentlandite, niccolite and gersdorfite. This type of Ta-Nb
mineralization is characterised by predominance of
ilmenorutile over struverite. According to the microprobe
analysis minerals of this series show Nb20s/Ta20s5 values
ranging from 0,6 to 1,4. Among admixture elements found
are (%) Sn (SnOz up to 3,1), V (V205 up to 5,05), Fe (up to
11,51) and Cr (Cr203 up to 1,20).

Minerals of pyrochlore-microlite series__are mostly
represented by microlite which occur in association with
tantalo-niobates and cassiterite. In most cases, microlite is
formed as a result of superimposed alteration of tantalo-
niobates and tantalum-rich cassiterites. Mineralogically
segregations are represented by veinlet and net-like
patterns. Under ore microscope microlites are found as light-
brown spongy-like pseudomorphoses (0.1 to 0,3 mm in
diameter) formed after tantalite minerals.

Microlite is characterised by complex and heterogenic
structure. It commonly includes such element as calcium,
titanin, tin, aluminium and uranium in its composition.
Ta20s5/Nb20s ratio varies within the range of 2,5 to 6,9.
Microlites collected from spodumene-albitite pegmatites of
Stankuvatka deposit show essentially high values of
tungsten and tin.

Besides typical Ta-Nb minerals described above, rare
metal pegmatites include other ore-mineral phases that
contain Ta and Nb. They are represented by such varieties
as tapiolite FeTaz0es, ixiolite (Nb,Ta,Sn,Fe,Mn,Ti)sOs and
some other non-precisely identified mineralogical phases of
tantalo-niobates. Among other minerals found as closely
associated with different series of Ta and Nb minerals are
cassiterite, nigerite, gahnite, uraninite, chrysoberyl, stannite,
sphalerite and chalcopyrite.

Age of ore mineralization of rare-metal pegmatites of
Shpoliano-Tashyk ore are under discussion during the long
period of time. Difficulties in determination of the age of rare-
metal mineralisation are caused mainly by absence in their
composition of so-called minerals-geochronometers (zircon
or monazite) and multistage nature of rock formation and ore
mineralization occurrences.

Some researchers followed the idea, that age of formation
of rare-metal pegmatites of Polohivka ore field should be
coeval to the age of of Korsun-Novomirgorod pluton intrusion
(Bezvinny, 2005). The age of rapakivi granites of this pluton is
dated as 1750 million years. (Esypchuk et al., 2004). At the
same time, some metallogenic interpretations treat
hypothetical dating of 2,3 billion years, obtained early by Pb-
Pb method (Eremenko et al., 1996), as possible age of rare-
metal pegmatites. Age dating at 2,0 billion years obtained for
granitoids of Kirovograd complex (Shcherbak et al., 1995) is
interpreted as the age of regional scale ultrametamorphic
alterations of primary gneisses . It was assumed that
pegmatites formed early at 2.3 billion years might be
intensively altered by the subsequent ultrametamorphic
processes. (lvanov et al., 2001).

For the first time, based on the results of direct
determination of U-Pb ratios in columbite-tantalites collected
from Mostove ore manifestation, the age of Ta-Nb
mineralization is established to be about 1965 + 25 million
years. At the same time, based on microprobe investigations
and calculations according to CHIME method (Suzuki et al.,
2008) the age of uraninite associated with tantalo-niobate
minerals is estimated to be about 1925 million years.

Conclusions. Granites, genetically associated pegmatites
and superimposed metasomatites are widely distributed within
Shpoliano-Tashlyk ore area in the western part of Ingul
megablock, Ukrainian Shield. Their Petrochemical and
geochemical features of these rocks can indicate their potential
ore-bearingness as to rare-metal mineralization.

Numerous deposits and ore manifestations of Ta-Nb
mineralizations of ore area were formed in similar geologic-
and-tectonic setting and have many the common features -
as in chemical composition of host rocks and associations
of ore minerals. Mineralogical composition of Ta-Nb
mineralization is defined by isomorphic series of minerals
represented by columbite-tantalite and ilmenorutile-
struverite series. Moreover ore paragenesises sometimes
includes other Ta-Nb minerals such as microlite, tapiolite,
ixiolite and non-identified phase of tantalo-niobates.
According to microprobe analyses minerals of columbite-
tantalite group contain Ta and Nb in approximately equal
amounts. Typical admixture-elements in minerals of this
given group are represented by (%): TiO2 — to 5,88; WO3 =
to 3,70; SnO2 = to 9,20; Sc203 — 5,40. High contents of
scandium in tantalo-niobates are established in Ukrainian
Shield for the first time.

Manifestations of Ta-Nb mineralization of Shpoliano-
Tashyk ore area are unique high-grade ore objects
specialised on tantalum on the Ukrainian Shield. Therefore,
their studying has high economic importance as to the
prospects of development of raw-material base of tantalum
and other rare elements (Rb, Cs, Nb, Sn, Li, W, Sc).
Potential prospections of these objects are also
substantiated by their geological and mineralogical-and-
geochemical features that are widely similar to those
established as typical classical (world-known) deposits of
rare-metal pegmatites of LCT (Li-Cs-Ta) type, such as
Greenbushes (Australia), Tanco (Canada). (Cerny, 1989;
Cerny et al., 2005).

For the majority of rare-metal granitic pegmatites of this
type their spatial and genetic relations with granites of
"sediment-type" origin (S-type) are established. They are
formed as a result of anatexic alteration of primary-
sedimentary strata. Inherited high contents of such fluxing
elements as B, P, Li and F can cause these rock associations
to be favorable on formation of rare-metal pegmatites. One
more characteristic feature of LCT pegmatites is the fact, that
host rocks around these pegmatites are commonly
metasomatised. The dissemination of alkaline elements in
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metasomatic aureoles around these pegmatites might be
used as the important criterion for their possible prospection
and exploration. Lithium anomalies form the widest aureoles
adjacent to pegmatites and can exceed more than 100 meters
in size. (Cerny, 1989).

It is necessary to note, that granite pegmatites of
Shpoliano-Tashlyk ore area have also experienced
intensive metamorphic and superimposed metasomatic
alteration (Ivanov et al., 2001). Some ore sites show so high
abundance of metasomatites that some researchers even
treat metasomatic alterations as the key factor of formation
of rare-metal mineralization (Bezvinny, 2005). At the same
time the results of age determination for Ta-Nb
mineralization of Shpoliano-Tashlyk ore area obtained on
columbite-tantalites and associated uraninite have shown
possible ages of formation as 1965 and 1925 million years,
accordingly. These dating might be broadly correlative with
the age of formation of ultrametamorphic granitoids of
Kirovograd complex.
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rPAHUTOIOM, PIAKICHOMETAMNIYHI METMATUTU TA TA-NB MIHEPANI3ALIA
LWNONAHO-TALNMNULIBKOIO PYAHOIO PAUOHY (IHIYNIbCbKUU MEIABNOK, YKPAIHCbKUW LLIUT)

Po3ansinymo pe4oeuHHull cknad epaHimie, cnopiOHeHUX 3 HUMU neamamumie i HaknnadeHux Memacomamumie po3noecrodxeHux y mexax LUno-
nsiHo-Tawnuybkoz2o pydHoeo palioHy (IHaynbckuli Me2abnok). YcmaHoeneHo, wo 2paHimoiou patlioHy Ha nidcmaei nodi6Hocmi ixHix nempozpaghiy-
Hux i nempoximiyHUXx ocobnueocmeti MoXymb 6ymu eidHeceHi o eduHoz20 kommniekcy. Ocobnueocmi nposiey pyOdHoi MiHepanisayii eusHayarombcs

sk cknadom 2paHimoidie (S-epaHimuy), no ssiKkux gpopmyromsbcs pidKicHO.

niYHi n

Mamu4yHux rnepemeopeHb.

lonosHi miHepanu-koHuenmpamopu Ta i Nb miHepani3zayii @ epaHimHux n

Imu, mak i iHmeHcueHicmio nposiey HaknadeHux Memaco-

imax i C Imax npedcmaersieHi MiHepanamu mpbox

i3omoppHuUx psidie — epynu konym6im-maHmanimy (Fe,Mn)(Nb,Ta,Ti):0s, inomeHopymun-cmprosepumy (Ti,Nb,Ta)O. ma nipoxmop-mikposimy
(Ca,Na):Taz06(0,B,0H,F). 3anexHo &id ceonozi4yHoi o6cmaHoeku & acoyiayii 3 yumu miHepanamu Yacmo eiomiyaombcsi maki pyOHi miHepanu, sik

manionim, ikcionim, kacumepum, ypaHiHim, Hizepum, 2aHim.
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3a donomozoro Mikpo3oHA08020 aHasi3y 6ysno docnidxeHo xiMi4HUl cknad maHmaso-Hio6amie 3 pyGoHOCHUX Ne2aMamumie i MemacomMamumie.
MiHepanu 2pynu Kosnym6im-maHmanimy nokasyroms e HympiwHO pummiyHy 30HasibHicmMb i KOHMpPacmMHy Mo3aiyHicmb, sika N03e 'A3aHa 3i 3Ha4YHUMU
HeodHopiOHOCMsAIMU XiMi4HO20 cKnady. Y mexax 00HO20 MiHepaslbHO20 azpeaamy 8CMaHoB8/1HMbLCS (ha3u i3 WUPOKUM diana3oHOM 3Ha4yeHb — 8i0
9,80 do 71,0 % Onsi Ta20s ma eid 10,6 do 70,1 % Ans Nb:0s. Ceped minepasnie nepesaxaroms 3anizucmi pizHoeudu, siki 3a cknadom eionoeidaroms
Fe-konym6im-manmanimam (Nb20s/Taz0s = 1-1,2; FeO/MnO = 2,5-6). Konym6im-manmanimu xapakmepu3yrombscsi UCOKUM 8MiCmoM esileMeHmie-
domiwok (%): TiOz2 — do 5,88; WOs3 — do 3,70; SnO2 — do 9,20; Sc203 — do 5,40. CkaHOieHOCHUMU 8USIBUIIUCS NEePEe8aXKHO MiHepasu 2pynu Koaym6im-
manmanimy [lNonoxiecbko2o pydHo20 nonsi. Bucoki koHyeHmpauii Sc203 y maHmano-Hiobamax gikcyrombcsi Ha YkpaiHCbKOMy wyumi enepuwe.

MiHepanu epynu inbmeHopymusn-cmprogepimy KiflbkicHo He mocmynaromscsi MiHepasiaMm 2pynu Kosym6im-manmanimy. Qnsi minepanie daHoi
2pynu 3Ha4eHHs1 eiOHoweHHs1 Nb20s/Ta;0s 3miHorombcs 6 diana3oni 0,6—1,4. Ceped xapakmepHux eneMeHmie-Gomiwok nepesaxaroms (%): SnOz —
0do 3,1, V205 — do 5,05; FeO — do 11,51, Cr.03 — do 1,20. MiHepanu 2pynu nipoxsiop-Mikposiimy maromsb nidnopsiokoeaHe 3Ha4YeHHSI.

Ynepwe 3a pesynbmamu U-Pb damyeaHHsi koniym6im-maHmanimie 3 pydonposisy Mocmoee (LLinonsiHo-Tawnuybkuli palioH) 6ye eusHa4yeHuli ik
¢hopmyeaHHs1 Ta-Nb miHepanizauii, skuti cmaHoeums 1965 * 25 mniH pokie.

Knroyoei cnoea: pidkicHo 71iYHI 1 imu, Ta-Nb miHepani3ayisi, YkpaiHcbkul wyum.
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FPAHUTOUALI, PEOKOMETANNMNYECKUE NErMATUTBI U TA-NB MUHEPATNU3ALIUA
LWNONAHO-TAWbILKOIro PYAHOIO PAUOHA (MHI'YJIbCKUN MEIABJTIOK, YKPAUHCKUW LLIUT)

PaccmompeH eewjecmeeHHbIli cocmae 2paHumos, PoOCMeEeHHbIX UM fleamMamuimoe U Memacomamos, pacrpocmpaHeHHbIx e npedenax LUnonsHo-
Tawnbiyko2o pydHoz20 palioHa (UHaynbckuli Me2abrok). YcmaHoesneHo, Ymo 2paHumoudbi palioHa Ha OCHO8aHUU cxodcmea ux nempozpaghuyeckux u ne-
mpoxumuyvecKkux ocob6eHHocmeli Mo2ym 6bimb omHeceHbl kK eAUHOMY Komrsiekcy. OcobeHHOCMu nposiesieHusi pyOHoU MUHepanu3ayuu onpedessiromcsi Kak
cocmasom 2paHumoudos (S-epaHumsi), 1o KOMopPbLIM ¢hopMupyromcs pedKoMemasuIu4decKkue neamamumel, Mak U UHMEeHCUBHOCMbIO MPOsIBIIEHUST HaIlo-
JKEeHHbIX MemacoMamu4ecKux rnpeobpasoeaHutl.

naeHbie MuHeparnbi-koHUeHmpamopsb! Ta u Nb MuHepanu3sayuu e 2paHUMHLIX NeaMamumax u Memacomamumax npedcmassieHbl MUHepanamu mpex
u3oMopgHbIX psidoe — 2pynnbi Kosaymbéum-manmanuma (Fe,Mn)(Nb,Ta,Ti):0s, unbmeHopymun-cmproeepuma (Ti,Nb,Ta)O: u nupoxsiop-mMukponuma
(Ca,Na)2Ta206(0,B,0H,F). B 3asucumocmu om 2eosio2u4eckoli o6cmaHoeKuU 8 accoyuayuu ¢ IMumu MUHepanaMu 4acimo ommeyaromcsi makue pyoHble Mu-
Heparibl, KaK manuosium, UKCUoJIUm, KacCumepum, ypaHuHUMm, Hu2epum, 2aHum.

C nomouwjb+0 MUKPO30HA08020 aHaslu3a uccsiedoeaH XuMu4eckuli cocmae maHmarsno-Huobamoe u3 pyOOHOCHbIX Me2Mamuinoe u MemacoMamumoes.
MuHepanbi e2pynnbi KosymM6um-maHmanumoe MokKa3biearom eHyMpeHHIOK PUMMUYECKYI0 30HalIlbHOCMb U KOHMPacmHyH MO3au4yHOCMb, KOomopasi
cesizaHa co 3HayumesibHbIMU HeOOHOPOGHOCMSIMU XUMUYECKO20 cocmaea. B npedenax 00HO20 MUHepasibHO20 azpe2ama ycmaHaesiuearomcesi hasbl ¢
wupoKum Auana3oHoM 3Ha4eHuli— om 9,80 do 71,0 % dns Ta:0su om 10,6 do 70,1 % Ans Nb20s. Cpedu MmuHepasoe npeobnadarom enesucmsie pa3Ho-
sudHocmu, komopbie o cocmasy omeeyatom Fe-konym6um-maumanumam (Nb20s/Taz20s = 1-1,2; FeO/MnO = 2,5-6). Konym6um-manmanumbi xapak-
mepu3yomcsi 8bICOKUM codep)xaHueM dsiemeHmos-npumecel (%): TiO2 — do 5,88; WOs — do 3,70; SnOz — do 9,20; Sc203— do 5,40. CkaHOUEHOCHbIMU
OKa3asiuch npeumyu,ecmeeHHo MuHeparss! 2pynnsl kosiym6um-maumanuma lMornoxoecko2o pydHo2o rosisi. Boicokue koHUueHmpayuu Sc203e maHmaro-
Huo6amax ¢hukcupyromcsi Ha YKpauHckom ujume enepebie. MuHepans! epynnsi unibMeHopymus-cmproeepuma Koiu4ecmeeHHO He ycmynarom mMuHe-
panam 2pynnbi KosyMm6um-manmanumoe. [ns muHepanoe daHHOU 2pynnbi 3Ha4eHusi omHoweHusi Nb2Os/Ta;0s usmeHsitomcsi 8 duanasoHe 0,6-1,4.
Cpedu xapakmepHbIX 35ieMeHmos-npumecell npeobnadarom (%): SnOz2— do 3,1, V205— do 5,05; FeO — do 11,51, Cr:03— do 1,20. MuHepanbi 2pynnbl
MuUPOXJIOP-MUKPOJIUMa uMerom NMoOYUHEeHHOe 3Ha4yeHue.

Bnepesie no pesynbmamu U-Pb damupoeaHusi koniym6um-maHmanumoe u3 pydonposieneHuss Mocmoeoe (LLnonsiHo-Tawnbiykuli palioH) 6bin
onpedesieH so3pacm ¢popmupoeaHusi Ta-Nb munepanusayuu, komopsbili cocmassisiem 1965 + 25 mnH nem.

Knroyeenie cnoea: pedkomemannuyeckue neamamumsl, Ta-Nb MuHepanu3sayusi, YkpauHckul wyum.



