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(PexomeHAo8aHO 4YnieHOM pedaKyiliHoi konezii 3-pom 2eon. Hayk O.B. [ly6uHoro)

Rare-metal elements are strategic metals which, in general, are extremely important for economic development or maintenance of
defence capability of any country at the modern level. The list of needs for these strategic metals ranges depending on the level of
economic development of certain country, but in general it includes such elements as Li, Ta, Nb, Be, Sb, W, REE and others. The majority
of these elements has the lithophilous nature and, therefore, is characterized by close genetic relations with granites and pegmatites
associated with them. In the world, industrial production of lithium is shared between deposits to lithium-bearing brine of saline
depositions of marine basins (Argentina, Chile), some granites (China) and rare-metal pegmatites (Australia, China, Zimmbabve). In
pegmatites lithium mineralization is represented mainly by spodumene (LiAlSi,Og), But other lithium-containing metallic minerals can also
play an important role in production of this metal — petalite (LiAISi4010), minerals of lepidolite (Sa [Li,Al]s[Si,Al],O1[F,OH];) and
amblygonite-montebrasite (LiAIPO, [F,OH]) series.

Rare-metal pegmatite of Ingul megablock of Ukrainian Shield can be treated as unique (insufficiently studied in world practice)
pegmatitic formations in which the main metallic mineral is represented by petalite. In metallogenic interpretations two ore districts can
be distinguished within the megablok, that are specialized on rare metals (Li, Rb, Cs, Be, Ta, Nb, Sn) — Polohivka and Stankuvatka. Deposits
and numerous ore manifestations of rare metals formed in rather similar geological and tectonic conditions and have many common
features — both country rocks composition and mineralogic composition of ores.

Within Ingul megablock (Shpola-Tashlyk rare-metal district) a number of lithium rare-metal deposits associated with pegmatites is
discovered. In order to determine the age of lithium mineralization in granites of Lypniazhka, Taburyshche massifs and vein bodies of
pegmatitic and aplito-pegmatitic granites, which are selected from different localities of this megablock, are dated by U-Pd isotopic method
by monazites. It is established that emplacement of vein granites of Ingul megablock occurred within rather narrow age interval — 2040-
2020 Ma and it is not significantly separated in time from formation of most granitoids they are spatially associated with. This fact, together
with geological evidences, gives grounds to make the assumption that rare-metal lithium pegmatite are formed in the same age interval.

Keywords: lithium pegmatites, uranium-lead age, monazite, Ukrainian Shield.

Introduction. Lithium deposits associated with rare-
metal pegmatites — Polohivka, Stankuvatka, Nadiya and
Lypniazhka occurrences — are discovered in Ingul terraine
(megablock) of Ukrainian Shield (lypckul u dp.,2005).
Lithium pegmatites occur as vein and lens-shaped bodies
among metamorphic rocks intensively injected by granites.
These ones are represented by cordierite-biotite, garnet-
cordierite-biotite, garnet- and diopside-biotite varieties of
plagiogneisses (Polohivka deposit) and amphibolites
(Stankuvatka ore field). Bifeldspar inequigranular and aplite-
pegmatitic granites are related with Kirovohrad granite
complex. According to field evidence (I'ypckud u dp., 2005),
lithium mineralization of Stankuvatka ore field is confined to
the southwest limb of Lypniazhka domal structure that is
mostly comprised by granites.

Aplite-pegmatite and pegmatitic granites are very
abundant within Ingul megablock. They commonly occur as
vein bodies that cut older granites of Novoukrainka,
Kirovohrad, Voznesenka and other massifs. Granites
intensively impregnate supracrustal rocks and form almost
persistent fields that can be traced along hundred meters.
They predominantly occur as outcrops in depressions
(ravines) because of their resistance to weathering. This
paper discusses the results of age determinations of vein
bodies comprised by aplite-pegmatites and pegmatitic
granites, some of which are characterized by high rare-metal
and lithium mineralization.

Objects and methods of research. Researches are
performed by studying the samples collected by authors

while carrying out budgetary project of Institute of
Geochemistry, Mineralogy and Ore Formation (IGMOF),
NAS of Ukraine. Possible determinations of lithium
mineralization age, occurred in rare-metal pegmatites of
Shpola-Tashlyk area, are complicated because of rare
occurrence of U-bearing accessory minerals. To solve this
problem, monazites separated from lithium-bearing granites
are dated. These granites are outcropped in closed open pit
situated near Karbivka and Lypniazhka villages of
Dobrovelychkivka district (sample 6/99 of biotite
porphyroblastic granite, sample 7/99 of pegmatite granite).
Monazites are also sampled from granites outcropped in
Vlasivka open pit situated near the Vlasivka village of
Svitlovodsk district (sample VL-1 of biotite medium-grained
granite and sample VL-1-2 of pegmatite granite) as well as
granites occurring to the north of Oleksandriya city (sample
14/10, aplite-like granite) and those to the north of
Krynyciuvatka village of Ustynivka district (sample 12/10,
aplite-pegmatite granite).

Age determinations are made according to uranium-lead
methodics. Accessory monazites are dated with using the
laboratory equipment of  the Department of
Radiogeochronology of IGMOF, NAS of Ukraine. Datings are
made by classical U-Pb isotopic method on multigrain
samples of monazite crystals (sample fraction from 0,5to0 1,3
milligrams) which are selected manually under optical
binocular. Monazite samples are chemically treated according
to modified technique published in papers (Dovbush et al.,
2008; Krough, 2008). Uranium and lead contents are
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determined by using mixed (U?35+Pb?%%) tracer. Isotopic ratios
are analyzed at multicollector static mode on 8-collector mass
spectrometer MI-1201AT. Mathematical calculations are
carried out with application of Pb-DATE and ISOPLOT
programs (Ludwig, 1989; 1990). Normalized age errors
answer 20. To verify metrological parameters standard of
zircon, "IGMOF-1" is used (Bartnitsky et al, 1995).

Dating results and discussion. Porphyry-like biotitic
granites that show distinct directive textures are outcropped
in the open pit near southwest of Karbivka village, on the left
side of nameless stream (right inflow of Suchy Tashlyk
river), at about 1 km distance from the south west margin of
Lypniazhka village (Lypniazhka massif). These granites
include xenoliths of biotitic gneisses, which are various in
sizes. Porphyry-like granites, being the predominant variety
among granites outcropped in the open pit, are cut by thin
veins (several tens centimetres to 1.5 meters thick) of aplite-
pegmatitic granites and rarely pegmatites. Biotitic granite of
porphyroblastic structure (sample 6/99) and pegmatite-like
granite (sample 7/99) are selected for dating.

Biotitic granite of porphyroblastic structure
(sample 6/99)

Reddish-gray granite shows indistinctly gneissic texture
and includes (in %): plagioclase (35-40), microcline (about

25), quartz (20-25), biotite (10-15). Among accessory
minerals garnet, apatite, monazite and single crystals of
zircon (rarely) might be found.

In general, granite is characterized by distinct
porphyroblastic  structure with local transition into
granolepidoblastic one.

Chemical composition of granite is following (%): SiO2-
70.21, TiO2-0.64, Al203-13.71, Fe203-0.66, FeO-2.43, MnO-
0.04, Mg0O-1.13, Ca0-2.05, Na20-3.53, K20-4.30, P20s-
0.14, S-0.04, H20-0.15, LOI-0.53, Total — 99.56.

Monazites form small crystals (commonly less than 0,1
mm in size) that are light yellow in colour and watery-
transparent. Crystals are cake-like in shape and show
presence of rounded boundaries. Flattened grains with
distinct pinakoid habit are rarely found. Some monazites
include small-sized grains of opaque ore mineral, with
monazites that hold large number of ore minerals being non-
transparent. Monazites are mostly found as included in
feldspar grains. Rarely they are found as confined to biotite
and quartz grains as well as intersticial spaces.

Monazite grains with inclusion of opaque (ore or mafic)
minerals are selected (picked up) from size fractions manually
under binocular in order to eliminate their possible dating.

Table 1
Uranium and lead contents and lead isotopic composition of monazites
in granitoides (sample 6/99) collected in the open pit near Karbivka village
Mineral Content (ppm) Isotope ratios Age, Ma
size fraction U Pb zszb 206Pb ZOGPb 206PbIr 207Pbr ZDGPbr 207Pbr 207Pbr
Pb 207Pb 208Pb 238U 235U 238U 235U ZOGPbr
Granite inequigranular, indistincty porphyric, sample 6/99
>0.2 3097 4655 26600 7.9599 0.27956 0.36842 6.3627 2022 2027 20324
>0.1 3116 4535 37590 7.9745 0.2925 0.36939 6.3753 2027 2029 2031.2
0.2-0.15 3045 4386 20410 7.9643 0.29599 0.36863 6.3552 2023 2026 2029.3
>0.2 2901 4231 13510 7.9352 0.29141 0.36877 6.3641 2024 2027 2031.1
>0.1 3000 4234 23640 7.9536 0.29888 0.36389 6.2863 2001 2017 2033.0
0.2-0.15 2888 4114 32360 7.9821 0.30039 0.36887 6.3573 2024 2026 2028.7
Pegmatitic granite, sample 7/99
>0.1 9846 10371 32110 7.9942 0.46058 0.36888 6.3475 2024 2025 2026.0
0.1-0.07 9447 9746 36400 8.0026 0.47043 0.36641 6.3009 2012 2019 2024.8
>0.063 9048 9441 35970 8.0051 0.46301 0.36672 6.3041 2014 2019 2024.2
>0.07 9141 9461 24610 7.9942 0.46460 0.36448 6.2656 2003 2014 2024.2

Note: Correction on common lead according to Stacey and Kramers (on age of 2030 Ma).

The age of monazite is calculated on data presented in
Table 1 and is determined to be 2028.8+2.7 Ma (Fig. 1) on
upper intersection of concordia with discordia. Weighted
mean of 297Pb/2%Pp ratio equals 2030.7+2.5 Ma. Both these
age values are within margin of error and are supposed to
represent the age of biotitic granite formation.
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Fig. 1. Uranium-lead diagram with Concordia on
monazites of biotitic granite (Karbivka village, sample 6/99)

Pegmatitic granite (sample 7/99)

Pegmatitic granite occurs as coarse grained rock that is gray-
pink in colour. It includes following minerals (in %): plagioclase
(40), microcline (35), quartz (18-22) and biotite (5%). Among
accessory monazite, zircon (rarely), apatite and garnet might

found. Rock structure ranges from granitic to pegmatitic with local
presence of massive (pegmatoid) varieties.

Its chemical composition is following (%): SiO2-71.31,
TiO2-0.11, Al2O3-14.64, Fe203-0.28, FeO-1.33, Mn0O-0.01,
Mg0-0.53, Ca0-0.98, Na20-3.78, K20-6.17, P205-0.03, S-
0.02, H20-0.19, LOI-0.30, Total-99.68.

Light yellow and brown varieties are predominant among
monazite grains but some grains are of green-yellow colour.
In general, light yellow grains are transparent and brown
ones are semitransparent. As to morphological features
monazites commonly occur as disk-shaped and rarely cake-
like crystals. Some crystals preserve faces and edges at
their surface but most of them are characterized by rounded
contours. Light yellow crystals are smooth and lustrous in
appearance but grains that are characterized by shagreen
surfaces might be also found.

Monazites that do not include any opaque minerals are
selected (picked up) under binocular and subdivided into grains
fractions of different sizes. Results dating carried out for each
size fraction are summarized in Table. 1 (sample 7/99).

The age of monazite formation is calculated on data
presented in Table 1 and determined to be 2026.2+2.8 Ma
(Fig. 2) on upper intersection of concordia with discordia.
Average mean calculated on 207Pb/?%Pb ratio is 2024.8+2.2 Ma.
These age values are within margins of calculated error so they
can be treated as possible age of pegmatitic granite formation.



ISSN 1728-2713

FEONOrIs. 3(82)/2018

~ 25 ~

206py, 2080,
=N

0374 -

2026.2+2.8

0.370
0.366

0.362

I TR | LY

6.0 5.1 6.2 6.3 64 85 66

Fig. 2. Uranium-lead diagram with concordia for monazites
of pegmatitic granite. (Karbivka village, sample 7/99)
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Vlasivka open pit is located within Taburishche granite
massif on the left bank of Dnipro River, southwest margin of
Vlasivka village in Svitlovodsk district. Among the abundant
petrographic varieties uncovered by open pit are biotitic
medium-grained porphyry-like granites which locally include
xenoliths of biotitic gneisses. Large metamorphic xenolith
more than ten meters in size occurs in the central area of
the open pit. It is mostly comprised by banded
crystalloschists intensively cut by veins of pegmatitic
granite. At the same time granite veins crosscut biotite-rich
granite varieties. Biotite-rich medium-grained granites that
are sampled at west wall of the open pit (sample VL-1) and
pegmatitic granites sampled within the area of the open pit
(sample VL-1-2) are used for age determinations.

Biotite-rich medium-grained granite (sample VL-1).

Biotite granite is reddish-gray in color and medium-
grained in size with rock groundmass where single grains of

porphyry-like potash feldspar are present. It is characterized
by hypidiomorphic structure and massive texture (sometime
broken down with local formation of indistincty banded
structure). The granite includes such minerals (in %) as
plagioclase (32-35), quartz (30), microcline (24-27), biotite
(3-5). Accessory minerals are also represented by apatite,
monazite and very rarely zircon

Chemical composition of the granite (sample VL-1) is
following (%): SiO2 — 72,92; TiO2 — 0,32; Al203 — 14,41;
Fe203 — 0,55; FeO — 1,64; MnO - 0,03; MgO - 0,22; CaO —
1,15; Na20 — 3,10; K20 - 4,52; P20s5 — 0,02; S — 0,04; H20
—-0,10; LOI - 0,66, Total — 99,68.

Monazite occurs as light-yellow and brow-yellow,
transparent and semi-transparent grains that are
predominantly cake-like in shape. Some flattened grains are
rarely found. Crystals are generally of rounded morphology
with some crystal faces preserved. Monazites are
characterized by smooth surfaces and high lustre. In many
crystals inclusions of opaque minerals are presented, with
rate of transparency being dependent on the number of these
inclusion crystals. In thin sections, monazites are found to be
confined to feldspar grains. Some crystals might be found as
inclusions in quartz and within interstitial spaces.

Results of uranium-lead isotopic dating carried out on
sized fractions of monazite, which are separated by rolling
down along oblique plane, are summarized in Table 2
(Sample VL-1). The age of monazite is determined to be
2032,7 £ 0,9 Ma on upper intersection of concordia and
discordia (Fig. 3) Weighted mean of 297Pb/2%Pb isotopic
ratio equals 2032,6 + 0,7 Ma. Both age values are within
the error margins and, in such a way, can be treated as
possible age of granite formation.

Table 2

Uranium and lead contents and isotopic composition of lead in monazites of granitoides sampled in Vlasivka open pit
(Taburyshche massif)

Mineral Content (ppm) Isotope ratios Age, Ma
g 206Pb 206Pb 206Pb 206|:>br 2O7Pbr 2[J6|:>br 2O7Pbr 207Pbr
fraction U Pb 204pp 207pp 208p, 23| 235 23| 235 206pp,

Biotitic medium-grained granite (Sample VL-1)
B-Y 5271 10241 755.1 7.0062 0.20946 0.37094 6.4093 2034 2034 2033.2
1, LY 5723 10904 1097.6 7.2860 0.22029 0.38161 6.5931 2084 2058 2033.1
2, LY 5505 10336 848.5 7.1043 0.21592 0.36832 6.3618 2021 2027 2032.7
3, LY 4932 9331 839.7 7.0967 0.21354 0.36780 6.3521 2019 2026 2032.5
4,L-Y 5592 10632 778.0 7.0373 0.21125 0.36581 6.3147 2010 2020 2031.6
Biotitic granite of pegmatitic appearance (Sample VL-1-2)

L-Y, wTr 6149 12732 11670 7.9233 0.18695 0.36812 6.3547 2021 2026 2031.6
1, Br-Y, Tr 6283 12901 17360 7.9460 0.19005 0.37025 6.3921 2031 2031 2031.8
2, Br-Y, Tr 5644 12285 11600 7.9239 0.17878 0.37287 6.4358 2043 2037 2031.4
1, Br-Y, sTr 5498 11962 12360 7.9321 0.17982 0.37458 6.4622 2051 2041 2030.5
2, Br-Y, sTr 5036 10928 6770 7.8728 0.17539 0.36545 6.3080 2008 2020 2031.5

Notes: 1-4 — size fractions of crystals selected by rolling along oblique plane. L-Y — light-yellow, B-Y — brown-yellow, Br-Y — brownish-
yellow, wTr — watery transparent, Tr — transparent, sTr— semitransparent crystals.
Correction on common lead on Stacey and Kramers (on age of 2030 Ma).
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Fig. 3. Uranium-lead diagram with concordia
for monazites of biotitic medium-grained granite from

Vlasivka open pit (sample VL-1)

Biotite pegmatitic granite (sample VL-1-2)

Biotite granite is reddish-gray in color and pegmatitic in
texture. It includes such minerals as (%) plagioclase (34—
38), quartz (30-34), microcline (25) and biotite (4). Among
accessory minerals apatite, monazite and zircon are found.

Chemical composition of this granite is following (%):
SiO2 - 73,74; TiO2 - 0,18; Al203 — 14,01; Fe203 - 0,71; FeO
—1,08; MnO - 0,02; MgO - 0,35; CaO - 1,21; Na2O - 3,21;
K20 - 4,62; P20s — 0,02; S — 0,02; H20 - 0,05; LOI - 0,52,
Total — 99,74.

Monazite forms brownish-yellow, reddish-yellow and
light-yellow crystals of flattened morphology. But some
crystals show presence of rather distinct faces of pinacoid
habit. Most brownish-yellow crystals (about 90%) include
some opaque minerals and are semitransparent. Crystals
without any inclusions (about 10%) are transparent in light.
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Single grains of light yellow crystals are watery-transparent
and characterized by smooth lustrous surfaces. In thin
sections, monazites are found as inclusions in feldspars,
quartz and as confined to intestitial spaces.

Results of uranium-lead isotopic dating carried out on
different fractions of monazite of pegmatitic granite are
summarized in Table 2 (sample VL-1-2). The age of
monazite is determined to be 2031,4 + 0,9 Ma on upper
intersection of concordia and disconrdia (Fig. 4) Average
mean calculated on 297Pb/?%Pb isotopic ratio equals
2031,3 £ 0,8 Ma. Both age values are within error margins
and is supposed to indicate the age of formation of vein
pegmatitic granite.
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Fig. 4. Uranium-lead diagram with concordia for monazites of
pegmatitic granite of Vlasivka open pit (sample VL-1-2)

Aplite-pegmatitic granite (sample 12/10) is collected in
the area situatded to the north of Krynyciuvatka village, at
the right bank of Beresivka River. Here separate bodies of
aplite-pegmatitic granites form zonal outcrop that is 30
meters wide and 500 meters long. At the same time
pegmatitic varieties of granites can be rarely found as
distributed among granites of typical nature.

Aplite-pegmatitic granite is rock that is pink-gray in
colour. Itincludes such minerals (%) as plagioclase (30-35),
microcline (about 30), quartz (30-32), biotite (6-8) and
muscovite (1-2). Among accessory minerals zircon,
monazite, apatite and sphene can be found. Secondary
minerals are represented by sericite formed after
plagioclase and chlorite formed after biotite. Structurally,
granites are uniform, medium- to fine-grained with average
grain sizes of 0,5-1,2 mm. Single grains of idiomorphic
plagioclase and abundant grains of xenomorphic microcline
and quartz form indistinct hypidiomorphic structure. Granite
texture is is massive.

Chemical composition is following (%): Si02-74.96, TiO2
-0.25, Al205-11.31, Fe203-0.17, FeO — 2.16, MnO < 0.02,
MgO - 0.32, CaO — 1.54, Na20 — 2.90, K20 — 4.78, P20s5 —
0.08, S <0.02, H20 — 0.15, LOI — 0.91, Total — 99.53.

Monazites occur as light yellow, transparent (about 2 %),
yellow and brownish-yellow semitransparent (about 98%),
greenish-yellow opaque (single grains) crystals of rounded
shape. Light yellow crystal are very small in size (<0.04 mm)
characterized by cake-like morphology and smooth lustrous
surfaces. Yellow and brownish-yellow crystals are mostly
disk-shaped and show presence of numerous small cavities
and outgrowths on their surfaces. In thin section, monazites
are found to be confined to microcline and plagioclase and
rarely occur as confined to their margins.

Yellow crystals of transparent monazites, which are
separated into size fractions by their rolling down the oblique
plane, are used for age determination. The age of monazite
is calculated on data summarized in Table 3 and determined
to be 2039.9+1.4 Ma on upper intersection of concordia with
discordia makes. Average mean calculated on 2°7Pb/2%Pb
isotopic ratio makes 2040.5+0.8 Ma. These age values are
within error margins and supposed to indicate the age of
formation of aplite-pegmatitic granite.

Table 3

Contents of uranium and lead, isotopic composition of lead in monazites of aplite-pegmatitic granite (sample 12/10)

Mineral Content (ppm) Isotope ratios Age, Ma
fraction U Pb ZOGPb 206Pb 206Pb ZDGPbr 207Pbr 206PbIr 207Pbr 207Pbr
204Pb 207Pb 208Pb 238U 235U 238U 235U 206Pbr
1 7006 9502 32780 7.9308 0.32437 0.37166 6.4471 2037 2039 2040.3
2 5992 8429 36900 7.9315 0.30748 0.37056 6.4298 2032 2036 2040.7
3 7441 10748 35340 7.9371 0.29999 0.37355 6.4764 2046 2043 2039.3
4 5526 8490 32150 7.9264 0.27225 0.36912 6.4063 2025 2033 2041.1

Note: 1-4 — size fractions of crystals selected by rolling on oblique plane.
Correction on common lead according to Stacey and Kramers on age of 2040 Ma.
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Fig. 5. Uranium-lead diagram with concordia for monazites
of aplite-pegmatitic granite of Krynyciuvatka village
(sample 12/10)
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Biotitic aplite-like granite (sample 14/10) is collected
in the area situated on left bank of Ingul River, to the right of
Kremenchug-Oleksandriya road and near Mala Berezivka
railway platform (to the north of Oleksandriya city). Aplite-

like granites, which are rarely crosscuted by small veins of
coarse-grained pegmatite granites, are outcroped along the
road for the distance of about 100 m. Granites occur as rock
cliff that is several meters high. Some scattered outcrops of
these rocks can be are also found within this area.

The granite (sample 14/10) looks like light pink rocks of
massive texture. They are uniform in structure and fine-
grained with average grain sizes of about 0,5-1,0 mm. Most
rock forming minerals of the granite are characterized by
distinct idiomorphic nature that caused the formation of
aplitic structure.

Granites include such minerals as (%): plagioclase — 34—
38; microcline — 25-27, quartz — about 30, biotite — 6-8, garnet
—2-3. Among accessory minerals monazite, zircon, apatite and
sphene might be found. Secondary minerals are represented
by sericite formed after plagioclase and chlorite after biotite.

Chemical composition is following (%): SiO2 — 74.74,
TiO2 — 0.25, Al203 — 11.96, Fe203 — 0.02, FeO — 2.16,
MnO < 0.02, MgO - 0.32, CaO - 1.56, Na20 — 3.10, K20 —
4.78, P20s— 0.06, S<0.02, H20 — 0.11, LOI — 0.66, Total —
99.72.
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Monazites form brown- and red-yellow (probably due to
the presence of iron), light yellow (single small grains)
isometric, cake-like and disk-shaped crystals with rounded
boundaries. Faces of pinacoid habit might be distinguished
in some crystalls. Light crystal varieties are characterized by
smooth and lustrous surfaces, while brown ones being
characterized by presence of small cavities on their
surfaces. These cavities and outgrowths on grains are
interpreted to be the influence of mineral- neighbours. After
treatment by dissolved hydrochloric acid intensively
coloured grains became covered by solid white rim. At the
same time light yellow grains remained almost unaltered.
White rims appear as spotted cover left predominantly on

crystal edges. In the thin section, monazites occur as
inclusions in microcline and as separate grains at feldspar
and quartz boundary.

Monazite crystals are separated into size fractions by
their rolling down oblique plane. And only transparent grains
that do not have any inclusions are selected for dating from
each fraction. The age of monazite is calculated on data
summarized in Table 4 and determined to be makes
2044+11 Ma on upper intersection of concordia with
regression line (Fig. 6). Average mean calculated on
207Pp/206Pp ratio makes 2042.2+3.9 Ma. Both these age
values are within error margins and are taken to be the age
of aplite-like granite emplacement.

Table 4
Content of uranium and lead, isotopic composition of lead in monazites from aplitic granite (sample 14/10)

Mineral Content (ppm) Isotope ratios Age, Ma
fraction U Pb 206Pb 206Pb 206Pb 206Pb 207Pb 206Pb 207Pb 207Pb
204Pb 207Pb 208Pb 238U 235U 238U 235U 206Pb
1 5337 9074 36630 7.9271 0.22721 0.35455 6.1554 1956 1998  2041.7
2 4869 8003 43290 7.9246 0.24411 0.36282 6.3036 1996 2019  2043.0
3 5645 9472 36630 7.9365 0.23721 0.36206 6.2783 1992 2015  2039.6
4 5827 10263 62900 7.9321 0.22859 0.36912 6.4120 2025 2034  2042.7

Note: 1-4 — size fractions of crystals selected by rolling on oblique plane.
Correction on common lead according to Stacey and Kramers on age of 2040 Ma.
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Fig. 6. Uranium-lead diagram with concordia for monazite
of aplitic granite (sample 14/10)

Conclusions. Most granites of Ingul megablock (Ukrainian
shield) and vein varieties closely associated with them are not
so different in age of their formation. Early published data
(Stepanyuk et al., 2005, 2012; 2014; 2015a,b; 2016) and
results of new dating discussed in this paper indicate rather
narrow age interval, 2040-2020 Ma, of formation of most granite
varieties (Novoukrainka, Dolinsky, Voznesensky, Lysogirsky,
Berezivsky massifs) distributed within Ingul megablock. At the
same time, there are also many field evidences found that can
testify for gradual transition between rare metal pegmatites and
aplite-pegmatitic granites. Emplacement of vein granites of
Ingul megablock is not significantly separated in time with
formation of granitoids with which these vein varieties are
closely associated.

Based on these geological field evidences and dating
results it is possible to suppose that the lithium
mineralization, that is closely associated with vein bodies of
rare metal lithium-bearing pegmatites, occurred within the
same age interval, 2040-2020 Ma.
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FEOXPOHONOrIA NITIEHOCHUX FPAHITOIAIB IHFYNIbCbKOIrO MEFABJIOKY (YPATHCbKWUM LLUT)

PidkicHomemaniyHi eneMeHmu € mumu cmp iYHUMU f1amu, sIKi € 8UKITIOYHO 8aXX/TUBUMU OJsi1si €KOHOMIYHO20 po38UMKy ma niémpu-
MaHHs1 060poHo30amHocmi 6ydb-sIKoi KpaiHu Ha cy4acHOMY pieHi. Cnucok mompe6 y yux cmpameziyHux Memasax 3MiHFEMbCS1 3aJ1eXKHO 8i0 KpaiHu,
asne 3a2asiom eksroyae maki enemeumu sik Li, Ta, Nb, Be, Sb, W, REE ma iHwi. Binbwicmb 3 yux enemeHmie Maroms nimoghinsHy npupody i momy
Xapakmepu3yrombCcsi MiCHUMU 2eHemu4YHUMU 38 'i3kaMu 3 2paHimamu ma acoyilioeaHumu 3 HUMU neesmamumamu. Y ceimi npomucnoesuli sudo6ymok
nimiro npunadae Ha podosuuja 3 nimitiemicHoi panu consiHux eidknadie MopcbKux 6aceliHie (Ap2enmuHa, Yini), desikux epaHimie (Kumai) ma pioki-
cHoMemaniyHux neesmamumie (Aecmpanisi, Kumat i 3im6abee). Y neemamumax nimieea miHepanizauis npedcmaesieHa 20,108 HUM YUHOM crodyme-
Howm (LiAlSiz0s), ane i iHwi nimitiemicHi pydHi MiHepanu Moxymb eidizpasamu eaxusy posib y eudo6ymky ybo2o memarsy — nemasim (LiAlSisO1q),
minepanu 2pynu nenidonimy (Ca[Li,Al]3[Si,Al]4O1[F,OH]2) ma am6nizoHim-moHme6pasumy (LiAIPO4[F,OH]).

PidkicHomemaniyni neemamumu IH2ynbcbKko20 Me2abroKy YkpaiHCbko20 wyuma Moxyms 6ymu giOHeceHi 00 yHiKanbHUX ne2mamumosux ymeo-
peHb (HedocmamHbO 8ue4YeHUX y ceimosili npakmuuyi), y skux 20/108Huli pyOQHuli MiHepan npedcmassieHuli nemasimoM. Y Memasoz2eHiyHux noby-
doeax y Mexax me2abrnioky sudinsomscsi d8a pyOHi nons, cneyianizoeaHi Ha piokicHi memanu (Li, Rb, Cs, Be, Ta, Nb, Sn) — [Monoxiecbke ma CmaH-
kKyesamchbke (JlunHsasbke). Podosuuwa ma yucneHHi pydonposieu pidkicHux memarnie ¢gpopmyeasiucsi 8 0Cumb CXOXUX 2€0J1020-MEKIMOHIYHUX yMO8ax
i Matomb 6a2amo cninbHUX puc — siK y Pe408UHHOMY CK1adi MicHUX nopid, mak i 8 MiHepanozai4Homy cknadi pyOHoOi pe4o8uHU.

B IH2ynbcbkomy mez2abnoui (LnonsHo-Tawnuybkuli pidkicHomemaniyHuli palioH) eusiesieHo psid podoeuw nimiesux pyd, noe'a3aHux 3 pidkic-
HO NiYHUMU T 1. 3 Memoto su3HayeHHs1 Yacy ¢hopmyeaHHs1 nimieeoi miHepanisayii ypaH-ceuHyeeum i30monHUM MemoooMm 3a Mo-
Hauyumowm damoeaHo 2paHimu JlunHsA3bko20, TabypuwieHCLK020 Macuegie ma XXusbHUX Min nezmamoidHux i annimo-neamamoioHux 2paHimie, eidi6-
paHux i3 pisHux OinsiHok Me2abroKy. 3'acoeaHo, W0 iIHMPY3is XKunbHUX 2pPaHimMoiOHUX ymeopeHb IH2ynbcbk020 Me2abnoky eidbynacsi 8 docums
8y3bKOMy eikogomy iHmepaani 2040-2020 mnH pokie momy U He3Ha4Ho eidipeaHa 8 4aci 8i0 ¢hopMmyeaHHsI OCHOBHOI Macu epaHimoidis, i3 sKUMU
80HU npocmopoeo acouyitoroms. Lleli pakm, pa3zom i3 2eonoziyHumu daHumu, dae nidcmasu 3pobumu npunyuw,eHHs, wo pidkicHomemaniyHi nimie-
HOCHIi neamamumu 6ynu chopMo8aHi 8 YbOMYy K 8iKogoMy iHmepeaarti.

Knro4voei crnoea: nimiesi neemamumu, ypaH-ceuHuyesull 8ik, MOHayum, YKpaiHCcbKul wum.
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FEOXPOHONOIA NMUTUEHOCHbLIX FPAHUTOMAOB UHIYIbCKOIO MEFABJIOKA (YKPAMHCKUMA LUUT)

Pedkomemannuyeckue anieMeHmMbi — 3Mo me cmpamezu4eckue Memasibl, KOmopbie s18JIIIOMCs UCKITIOYUMEeSIbHO 8a)XKHbIMU Osis1 3KOHOMUYe-
cKoz20 pa3eumusi u noddepxaHusi 06opoHocrnocob6Hocmu 060l cmpaHbl Ha CO8PEMEHHOM ypoeHe. Cnucok mompebHocmel 8 amux cmpameauye-
CKUX MemaJsiiax U3MeHsiemcsi € 3aeUCUMOCITIU OM YPOBHS 3KOHOMUYECKO20 pa3eumusi cmpaHbl, HO € UeJsIoM eKJIloYaem makue 3siemeHmsl Kak Li,
Ta, Nb, Be, Sb, W, REE u Op. BonbwuHcmeo u3 amux 3jieMeHmos8 uMerom umogusibHyto npupody U Mo3MoMy Xxapakmepu3yomcsi mecHbIMU
2eHemuYeCcKUMU CEsI3IMU C 2paHUMaMu U accoyuupyeMbiMu ¢ HUMU nezmamumamu. B Mupe npombiwsneHHasi 0o6biya numusi npuxodumcsi Ha Me-
cmopox0deHusi numuticodepxaujell parnbl COMSIHbIX OMJI0XKeHUll MOpPCcKux 6acceliHoe (Ap2eHmuHa, Yunu), Hekomopsbix 2paHumoe (Kumati) u pedko-
memannuveckux neeamamumos (Aecmpanusi, Kumaii, 3um6a6bee). B neemamumax numueeasi MuHepasnu3sayusi npedcmaesieHa 211aéHbIM o6pa3om
cnodymeHom (LiAlSiz0e), HO u Opyaue numuiicodepxaujue pyOHble MUHepanbl MO2ym u2pame 8aXHYH poJib 8 06biye 3mo2o Mmemanna: nemanum
(LiAISi4010), muHepansl 2pynnbi nenudonuma (Ca[Li,Al]ls[Si,Al]s01[F,OH]2) u am6nuzoHum-moHme6pasuma (LiAIPO4[F,OH]).

Pedkomemannuyeckue neemamumu UH2ynbcbko20 Me2abrioka YKpauHCKo20 wyuma mMo2ym 6bimb OMHeCceHb! K yHUKanbHbIM 1e2mMamumosbim
o6pa3oeaHusiM (HeAoCmMamo4YHO U3y4YeHHbIMU 8 MUpOoe8oll MPaKMuKe), 8 KOMoOpbIX 2/1a8HbIi PyOHbIli MuHepan npedcmassieH nemanumom. B me-
majsno2eHUYeCcKUX MocmpoeHusix e npedenax me2abroka ebidensiromesi 0ea pyOHbIX palioHa crneyuanu3upoeaHHbix Ha pedkue memannsi (Li, Rb,
Cs, Be, Ta, Nb, Sn) — [Tonoxoeckoe u Cmankogeamckoe (JlunHsixckoe). MecmopodeHusi u MHO204UC/IEeHHbIe pydonposiesieHusi pedKkux Memarios
¢opmupoeanucs 8 docmamoyHo MoG06HbIX 2e0/1020-MEKMOHUYECKUX YCII08USIX U UMelom MHO20 o6ujux Yyepm — Kak 6 cocmaee geujecmea eMe-
warowux nopod, mak u 8 MUHepaso2u4yecKkomM cocmaee pyGHo20 eeujecmea.

B Unzynbckom mezabnoke (LinonsHo-Tawnbiykuli peGkomemannuyeckuli palioH) ebisigsieH psid MecmopoxdeHull Tumuesbix py0, cesi3aaHHbIX
¢ pedkomMemannuyeckumu neeamamumamu. C yenbio onpedesieHUsi peMeHU hpopMuposaHusi lumueeoli MUHepanu3ayuu ypaH-c8UHY08bIM U30MO-
MHbIM MemodoM o MoHayumam 6biiu npodamupoeaHsbl 2paHumsi JlunHspkckozo, TabypuujeHCKo20 Maccugoe U XUsbHbIX meJl Ie2aMamoudHbIX U
annaumo-neamamouodHbIX 2paHUMos, omobpaHHbIX U3 pa3HbIX Mecm Me2abrioka. YcmaHoes1eHO, Ymo eHedpeHuUe KuUslbHbIX 2paHUMoudHbIX obpa-
30eaHuli MH2ynbcko20 Me2abrioka npoucxodusio 8 Aocmamoy4HO Y3KOM 803pacmHoOM uHmepeasne 2040-2020 MnH silem Ha3ad u He Cyu,ecmeeHHO
omopeaHo 80 epeMeHU om ¢hopMupo8aHuUsi OCHOBHOU Macchl 2paHUMoudoe, ¢ KOMOPbLIMU OHU MPOCMPaHCMBEHHO accoyuupyrom. dmom gakm,
amMecme c 2eono2uyecKkumMu OaHHbIMU, Gaem OCcHo8aHusi cdenlamb MPednosIoKeHuUe, Ymo pedkomMemanuyecKue JUMUEHOCHbIe meamamumal 6bLIu
cghopmupoeaHbl 8 3MOM ke 803pacmHOM UHmMepeaare.

Knrouyeenie crnioea: numueeble necmamumu, ypaH-c8UHU08bIl 803pacm, MoHayum, YKkpauHckul wum.





