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RUTILE FROM THE CRYSTALLINE ROCKS
OF THE SOUTHWESTERN PART OF THE UKRAINIAN SHIELD

(lMpedcmaeneHo YneHom pedakuyiliHoi kosezii 0-poM 2eos.-MiH. Hayk, npog., Bacunem 3AIHITKOM)

Background. Rutile is a widespread accessory mineral in crystalline rocks of the Ukrainian Shield, notable for its
geochemical stability and capacity to incorporate trace elements like Nb, Fe, V, Zr, Al and a wide range of other trace elements. The
aim of this study is to analyze the color, morphology, and chemical composition of rutile from indigenous crystalline rocks of the
southwestern part of the Ukrainian Shield in order to identify diagnostic features characteristic of different rock types, as well as
to enable stratigraphic reconstructions and track the migration of sedimentary rutile.

Methods, Samples and Analytical details. The study is based on the analysis of 363 rutile crystals extracted from 57 heavy
mineral concentrate samples, as well as textual archival materials from 11 geological surveys conducted by the Right-Bank
Geological Expedition between 1972 and 2009. The samples represent rutile from various lithotypes, including granites, gneisses,
pegmatites, enderbites, ultrabasic rocks, and other crystalline formations of the southwestern part of the Ukrainian Shield.
Binocular microscopy and SEM-EDS analysis were used to examine rutile morphology and chemical composition.

Results. Rutile content ranges from 0.8 g/t in enderbites to 109.4 g/t in sillimanite-biotite gneisses. Most crystals are black
or dark brown and acicular in form, often included in quartz or biotite. The majority (72 %) of rutile samples contain trace impurities,
with V, Nb, Cr, and Fe being most common. Impurity patterns vary with rock type, metamorphic grade, and regional distribution.
Northern rocks (e.g., Fastiv area) show Nb—V-Fe associations; southern samples often contain isolated V. Chromium-bearing rutile
was discovered in migmatized metabasites in the Berdychiv area.

Conclusions. Rutile preserves the geochemical signature of its host rocks and reflects both lithological and metamorphic
conditions. It can serve as a reliable indicator mineral for reconstructing the provenance of sedimentary rutile, and Nb—Cr trace

element associations may assist in identifying potentially diamond-bearing source rocks.

Keywords : Rutile, southwestern part of the Ukrainian Shield, crystalline rocks, chemical composition.

Background

Rutile is a widely distributed mineral in both crystalline
and sedimentary rocks of the Ukrainian Shield (USh) and its
slopes. Due to its high stability and the presence of
impurities such as Nb, Ta, and other highly charged
elements, it can be used in prospecting, genetic mineralogy,
studies of geochemical processes in the crust and mantle,
as well as a mineralogical geothermobarometer, among
other geochemical studies (Baldwin, & Brown, 2008;
Banfield, & Veblen, 1991; Bangaku Naidu et al., 2019; Foley,
Barth, & Jenner, 2000; Luvizotto, & Zack, 2009; Malkov,
2008; Meinhold, 2010; Meinhold et al., 2008; Preston et al.,
2002; Rudnick et al., 2000; Tomkins, Powell, & Ellis, 2007;
Triebold et al., 2012; Watson, Wark, & Thomas, 2006; Xiao
et al., 2006; Zack et al., 2002; Zack, Moraes, & Kronz, 2004;
Zack et al.,, 2011). In Ukraine, most scientific works are
focused on the study of rutile from sedimentary rocks
(Tsymbal, 2014; Tsymbal, Shumlyanskyy, & Tsymbal, 2018;
Vyshnevskyi, 2023). In previous works (Pavliuk, & Pavliuk,
2018; Pavliuk, 2019a; 2019b), we also studied rutile from
many placers of the southwestern part of the Ukrainian
Shield. However, to accurately determine the origin of this
mineral from specific indigenous sources and trace the
directions of its transport to the placer, we lacked information
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about the peculiarities of its chemical composition in the
'local' host rocks forming the crystalline basement.
Therefore, we have dedicated this study to examining the
color, morphology and chemical composition of rutile from
native rocks and identifying markers characteristic of
different rock types and regions within the southwestern part
of the Ukrainian Shield. Our findings provide important
information for a more precise determination of the origin of
sedimentary rutile.

Methods

For analytical purposes, mineralogical duplicates and
textual archival materials from 11 geological surveys of the
Right-Bank Geological Expedition were used for the period
from 1972 to 2009 on the territory of the Dnister-Buh and Ros-
Tikych megablocks and their framing areas. Samples for
mineralogical analysis were taken from the core of crystalline
rocks. The sampling interval ranged from 1.0 to 3.0 m, with
each sample weighing up to 5kg. Mineralogical sample
processing included grinding to 1 mm, washing on a
concentration table, finishing to a "gray concentrate" on a tray,
separation of the mineral concentrate in bromoform into light
and heavy fractions, and then separation of the heavy fraction
into magnetic and electromagnetic fractions. Mineralogical
analysis was carried out under a binocular microscope.
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To study the morphology and chemical composition of
rutile, 363 crystals were handpicked from 57 heavy mineral
concentrates of rock samples. Specifically, the study
included 2 samples from vein quartz, 4 from Zhytomyr and
Zvenyhorodka granites, 2 from pegmatites, 4 from
metasomatites, 10 from gneisses, 2 from quartzites, 8 from
Berdychiv granites, 3 from migmatites, 2 from charnockites,
5 from enderbites, 1 from basalt, 4 from gabbroids, 2 from
diabases, 6 from crystalline schists, and 1 from ultrabasite.
The heterogeneity of our samples is due to the varying
distribution of the represented rock types within the study
area and the availability of their samples, as well as the
variable rutile content within them. In some rocks, the rutile
content reaches up to grams per ton, while in others, only a
few grains are present in the entire sample. Rutile crystals
were selected and their color evaluated using a binocular
microscope equipped with a cold-light LED lamp. The
selected crystals were then fixed in epoxy, polished, carbon-
coated to ensure conductivity, and analyzed using a GSM-
6700F scanning electron microscope with a JE-2300
energy-dispersive system. All analyses were conducted

using a 20 kV accelerating voltage, a beam current of
0.75 nA, a beam size of 1 ym, and a counting time of 60
seconds per analysis. The theoretical detection limits in
SEM-EDS measurements are approximately 0.1 wt%: ~0.5—
1.0 wt% for light elements, ~0.1-0.5 wt% for transition
metals, and ~0.1 wt% for heavy metals (Z>30).

Results

The average content of rutile in crystalline rocks. To
estimate the rutile content in the crystalline rocks of the
southwestern part of the USh, relevant information from
geological reports of previous years was collected and
processed (Dovgan et al., 1985; Dovgan et al., 1989; Kulyk,
1996; Lyashko et al., 1986; Slynko, & Bondar, 1972;
Zabiyaka et al., 1974; Yangicher et al., 1982 and other
reports). It was found that the average content of rutile varies
within quite wide limits: from 0.8 g/t in enderbites to 36.8 g/t
in gneisses. The highest amount was found in sillimanite-
biotite gneisses enriched with garnet and graphite —
109.4 g/t, and abnormally high content was recorded in
some rocks (Tab. 1).

Table 1
Abnormally high rutile content in the crystalline rocks of the southwestern part of the Ukrainian Shield, g/t

Area Sample No. Rock types Rutile content, g/t Author
Fastiv 2CT-215 Silimanite-biotite gneiss 1530 Slynko, Bondar, 1972
Fastiv 409-36 Two-mica granite 1870 Dovgan et al., 1985
Skvyra 96K-17 Biotite migmatite 4900 Kulyk, 1996
Berdychiv 1631-39 Pegmatite 2230 Zabiyaka et al., 1974
Vinnytsia 728-124 Skarn 2193 Liashko et al., 1986
Haivoron 445-1 Sillimanite-garnet-biotite gneiss 3300 Dovgan et al.,1989
Haivoron 15783-1 Garnet-graphite-biotite gneiss 1770 Yangicher et al., 1982

The average content of rutile, iimenite, and titanite in the
main rock types of the southwestern part of the USh was

calculated based on the database we collected, consisting
of 8,129 mineralogical analyses (Table 2).

Table 2
Average content of titanium minerals in main rock varieties of the southwestern part of the Ukrainian Shield
Percentage of total titanium Percentage
Rock types of s:r: les Average content, g/t Sum, g/t mineral content of accessory
P Rutile | llmenite | Titanite Rutile | llmenite | Titanite minerals*
Igneous rocks
Granites 1452 8.5 546.4 100.5 655.4 1.3 83.4 15.3 124
Pegmatites 500 15.5 184.1 58.2 258.1 6.0 71.4 22.6 7.7
Gabbroids 348 1.2 1993.5 123.5 2118.2 0.1 94.1 5.8 29.3
Diabases** 29 24 4743.4 166.9 4912.7 0.01 96.59 34 36.3
Pyroxenites 229 1.2 1515.1 61.6 1557.9 0.1 96.0 3.9 23.6
Ultrabasites 301 4.3 341.6 7.1 353.0 1.2 96.8 2.0 8.6
Metamorphic rocks
Gneisses 1140 36.8 780.1 110.3 927.2 4.0 84.1 11.9 15.9
Crystalline schists 1095 2.9 1308.1 247.5 1558.5 0.2 83.9 15.9 35.1
Migmatites 417 23.4 460.9 160.0 644.3 3.6 71.6 24.8 11.5
Charnockites 65 10.3 1795.6 37.7 1843.6 0.6 97.4 2.0 27.4
Enderbites 166 0.8 2257.6 86.5 2344.9 0.03 96.3 3.7 33.2
Amphibolites 345 5.1 461.4 934.8 1401.3 0.4 32.9 66.7 22.0
Magnetite quartzites 217 0.9 161.2 0.8 162.9 0.55 98.95 0.5 0.8
Calciphyres 900 6.1 382.5 514.3 902.9 0.6 42.4 57.0 24.2
Metasomatites 392 4.1 412.9 294.9 711.9 0.6 58.0 414 16.5

Note: * Percentage of total accessory minerals in the given set; ** titanomagnetite predominates in diabases.

A significant number of rutile analyses allow us to
substantiate conclusions regarding the distribution patterns
of titanium minerals, namely:

1. Rutile is least common among Ti minerals.

2. Rutile is most common in sub-acidic (gneisses,
migmatites, charnockites) and acidic (granites, pegmatites)
rocks of the southwestern part of the USh.

3. The specific content of rutile in the total mass of
titanium minerals is maximum in pegmatites, and somewhat
lower in migmatites and gneisses. Note that the real content
of rutile in pegmatites is underestimated due to the
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impossibility of fixing its small inclusions in quartz by
standard mineralogical analysis.

4. In the group of rocks of basic-ultrabasic composition,
the highest percentage of rutile was found in ultrabasites
(1.2 %).

5.In  calcium-enriched  parasedimentary  rocks:
amphibolites, calciphyres, as well as various metasomatites,
there is a predominance of titanite over ilmenite.

6.In intrusive and volcano-sedimentary rocks of
subbasic-basic composition, such as enderbites, crystalline
schists, gabbroids, and diabases, titanium minerals
constitute one-third of all accessory minerals.
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The color range of rutiles. 234 crystals approximately
0.05 mm in size were selected for color assessment.
Statistical data on the color of rutile are provided in Table 3.

As we can see from the Table, the absolute majority of
rutile grains are black (68.2 %), much less — dark brown
(18.4 %). Crystals of these colors absolutely dominates even

in acidic rocks: granites, pegmatites, and vein quartz. Rutile
of gabbro-amphibolites is mainly characterized by light
brown varieties. Greenish rutiles make up 50 % of all rutiles
of magnetite quartzites. Rutiles of this color contain an
extremely large number of inclusions, which probably cause
this color. Rutiles of other colors are quite rare.

Table 3

Color of rutile in the crystalline rocks

Rock types | No.ofcrystals | Black | Dark brown | Reddish | Light brown | Yellow | Greenish
Igneous rocks
Granites, pegmatites 48 32 16
Gabro-amphibolites 6 6
Diabases 3 2 1
Basalts 10 4 2 2 1 1
Ultrabasites 4 3 1
Metamorphic rocks
Vein quartz 11 9 2
Magnetite quartzites 2 1 1
Gneisses 89 69 7 2 7 2 2
Crystalline schists 21 19 2
Migmatites 8 1 7
Charnockites 14 10 1 3
Enderbites 11 9 2
Metasomatites 7 5 2
Total., No. crystals 234 160 43 2 22 3 4
Total, % 100 68,2 18,4 0,9 9,4 1,3 1,7

Morphology of rutile. Rutile, extracted from the heavy
fractions of crystalline rocks, is predominantly represented
by angular fragments, with a significantly smaller proportion

of better preserved crystals of elongated prismatic form,
measuring 0.05-0.3 mm (Fig. 1).

Significant damage to the crystals during rock crushing and
washing on the concentration table prevents a reliable
assessment of their morphology. Therefore, for a more
comprehensive assessment of its forms and the characteristics
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Fig. 1. Representative rutile crystals of elongated prismatic form
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of its presence in various minerals, we used data from
descriptions of 144 thin sections of the most common varieties
of crystalline rocks in the studied area (Tab. 4).

Table 4

Features of rutile occurrence in the crystalline rocks based on petrographic research (frequency of occurrence, %)

Rock types Inclusions of rutile in minerals Percentage of "large"
Quartz Biotite Microcline Plagioclase crystals >0.07 mm
Granites 26 32 33 0 0
Pegmatites 7 5 56 67 0
Gneisses 20 21 0 0 40
Crystalline schists 4 5 0 0 20
Migmatites 19 37 11 33 20
Quartzites and vein quartz 24 0 0 0 20
All rocks, % 54 19 9 3 16
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The absolute majority of rutile is in the form of acicular
crystals and their intergrowths, which are found mainly in quartz
and less in biotite. Rutile inclusions in feldspars are
characteristic of rocks of acidic composition: granites,
pegmatites, and migmatites. In skarns, rutile is recorded only in
two cases: as acicular crystals in scapolite and in dolomite.

Relatively large grains of rutile, up to 0.7 mm, in the form
of prisms and irregular crystals, are quite rare and have only
been found in rock samples from 10 boreholes. The majority
of these boreholes are located in the Pervomaisk area of the
Middle Buh region on sections composed of rock formations
of the Buh series. This area includes the Kosharo-
Oleksandrivka, Mohylne, and Hrushka sites in Pervomaisk
area, where rock formations belong to the Buh series. In
some thin sections of gneisses and quartzites from these
sites, the rutile content typically ranges from 1 to 2 %. In the
Kosharo-Oleksandrivka site, dark brown coarse-grained
rutile is predominantly found in the garnet-sillimanite-biotite
quartzites of the Kosharo-Oleksandrivka suite of the Buh
series. In other sites, besides quartzites, rutile has also been
identified in garnet-biotite gneisses and migmatites.

According to the petrographic studies, rutile is closely
related to the processes of quartzization, greisenization, and
chloritization (it is often found in chloritized biotite).

As shown in Table 4, only 16 % of rutile in crystalline
rocks is non-acicular and exceeds the dimensions of 0.05—
0.07 mm. This allows it to be identified through ordinary
mineralogical analysis. In addition, most of the rutile is
enclosed within the quartz crystals. As a result, it remains
with the quartz in the "waste" during the washing of
mineralogical samples. This rutile can be extracted from the
quartz shell only in the case of long-term hydrodynamic
separation when quartz grains are crushed along
microcracks. Such separation occurs, for example, in
thoroughly washed fine-grained sands of Neogene titanium-
zirconium placers. Consequently, a significant amount of
fine rutile goes undetected by mineralogical analysis.

Chemical composition of rutile. To study the chemical
composition of rutile, we selected samples from the
prevalent rock varieties within the southwestern part of the
Ukrainian Shield (Fig. 2).
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Fig. 2. The scheme depicting the locations of sample collection points containing rutile.
Megablocks: 1 —Volyn, 2 — Ros-Tikych, 3 — Dnister-Buh; 4 — Holovaniv suture zone, 5 — main and secondary tectonic zones,
6 — rutile study region within the Ukrainian Shield, 7 — sampling points, 8 — rutile with Cr and Nb impurities, 9 — contours of areas: 1 — Fastiv,
2 — Skvyra, 3 — Berdychiv, 4 — Vinnytsia, 5 — Haivoron, 6 — Pervomaisk

In Table5, we present the average chemical
composition of rutile for different rock types of the Dnister-
Buh, and Ros-Tikych megablocks, as well as, for
comparison, part of the Volyn megablock. Additionally, we
used data on the rutile composition from kimberlites and
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crustal eclogites of the Alps, gathered from literary sources,
for comparison (Evdokimov, & Bagdasarov, 1981; Garanin,
Kudriavtseva, & Kharkiv, 1980; Gurney et al., 1995;
Kaminskiy, 1988; Kvasnytsia, & Vyshnevskyi, 2017; Sobolev
etal., 1971; Tollo, & Haggerty, 1987; Zack et al., 2002).
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Table 5
Chemical composition of rutile from the crystalline rocks of the southwestern part of the Ukrainian Shield (average/min-max), wt%
Rock types cfy‘;tgfs Tio, Si0, | ALO; | FeO | Cr0; | V,0, | Nb,Os | Ta05 | zro, | WO,
Volyn megablock, Fastiv area

Zhytomyr 13 97.28 bdl bdl bdl 0.03 0.75 1.38 bdl bdl 0.34
granites 96.2-100 bdl-0.4 |bdl-1.52 [ bdl-2 bdl-1.14
Pegmatites 8 99.26 bdl bdl bdl bdl 0.39 0.20 bdl bdl 0.07

98.18-100 bdl-1.52 | bdl-0.84 bdl-0.56
Garnet-biotite 16 97.81 bdl bdl 0.04 0.08 0.31 1.50 bdl bdl 0.15
gneisses 95-100 bdl-0.64 [ bdl-0.48 | bdl-1.44 | bdl-2.81 bdl-1.13
Graphite-biotite 20 98.00 bdl bdl 0.13 0.05 0.51 0.98 bdl bdl 0.16
gneisses 93.93-100 bdl-1.57 [ bdl-0.71 | bdl-1.77 | bdl-3.79 bdl-1.24
Biotite gneisses 13 98.15 bdl bdl bdl bdl 1.09 0.53 bdl bdl bdl

97.02-99.23 bdl-1.8 | bdl-1.79
Amphibole 6 97.71 bdl bdl 0.37 0.05 0.95 0.25 bdl 0.19 bdl
gneisses 95.39-100 bdl-2.2 | bdl-0.3 | bdl-1.84 | bdl-0.76 bdl-1.11
Metasomatites 6 99.21 bdl bdl 0.09 bdl 0.32 0.31 bdl bdl bdl

98.76-100 bdl-0.55 bdl-0.99 | bdl-1.19
Vein quartz 11 98.85 bdl bdl 0.07 0.06 0.42 0.45 bdl bdl bdl

97.24-100 bdl-0.82 [ bdl-0.61 | bdI-2.14 | bdI-1.83

Dnister-Buh megablock, Vinnytsia area

Gabbroids 19 99.09 bdl bdl 0.03 bdl 0.42 0.13 0.02 0.12 0.10

97.48-100 bdl-0.57 bdl-2.08 | bdl-1.66 [ bdl-0.37 [ bdl-0.88 | bdl-0.66
Khmilnyk 4 99.07 bdl bdl bdl bdl 0.54 bdl bdl 0.27 bdl
diabases 97.93-100 bdl-0.92 bdl-1.09
Basalts, 10 98.75 0.07 bdl bdl bdl 0.74 0.15 bdl 0.14 bdl
Vendian system 96.72—100 | bdl-0.71 bdl-1.82 | bdl-0.8 bdl-0.79
Ultrabasites, 5 99.43 bdl bdl 0.14 bdl 0.22 0.16 bdl bdl bdl
Zhdanivsky 98.66-100 bdl-0.69 bdl-1.1 | bdl-0.8
massif
Garnet-biotite 19 98.49 0.02 0.20 0.06 0.06 0.69 0.33 bdl bdl 0.04
gneisses 94.44—100 | bdl-0.4 | bdl-1.05 [bdl-0.65 | bdl-0.79 | bdl-1.62 | bdI-1.07 bdl-0.75
Dniester-Buh 8 99.08 0.05 0.06 0.25 0.05 0.32 0.13 bdl bdl bdl
crystalline 96.98-100 | bdl-0.37 | bdl-0.48 | bdl-1.96 | bdl-0.4 |bdl-0.28 | bdl-1.07
schists
Diopside- 7 98.92 0.15 0.12 0.13 bdl 0.25 0.13 bdl 0.24 bdl
amphibole 96.35-100 | bdl-1.02 | bdl-0.86 |bdI-0.91 bdl-0.88 | bdl-0.93 bdl-1.65
crystalline
schists
Berdychiv 35 97.92 bdl 0.01 0.04 0.79 0.19 0.90 bdl bdl 0.08
migmatites 92.96-100 bdl-0.43 | bdl-0.8 | bdl-1.89 [ bdl-1.21 | bdl-4.35 bdl-1.24
Berdychiv 52 98.64 0.09 0.19 0.13 0.04 0.32 0.42 bdl 0.04 0.02
granites 89-100 bdl-1.83 [ bdl-7.29 | bdl-2.64 | bdl-1.76 | bdl-1.38 | bdl-8.36 bdl-0.96 | bdl-0.78
Charnockites 15 99.47 bdl bdl bdl bdl 0.36 bdl bdl 0.08 bdl

98.71-100 bdl-1.06 bdl-1.27
Enderbites 22 99.06 0.02 0.08 0.19 0.12 0.26 0.12 bdl 0.07 0.03

93.83-100 [ bdl-0.44 | bdl-1.60 |bdl-1.51| bdl-1.9 | bdl-1.55 | bdl-1.02 bdl-0.72 | bdl-0.66
Magnetite 2 99.01 bdl bdl 0.37 bdl 0.52 bdl bdl bdl bdl
quartzites 98.74-99.27 bdl-0.73 bdl-1.04
Metasomatites 11 99.87 bdl bdl 0.06 bdl bdl 0.07 bdl bdl bdl

99.19-100 bdl-0.65 bdl-0.81

Ros-Tikych megablock, Skvyra area
Zvenyhorodka 38 98.72 0.12 0.09 0.13 0.05 0.40 0.25 bdl 0.11 0.06
granites 93.44-100 | bdl—4.54 | bdl-1.69 |bdl-1.93 | bdl-1.02 | bdl-1.71 | bdl-1.84 bdl-0.91| bdl-1.1
Crystalline 22 98.71 0.01 bdl 0.04 bdl 0.80 0.19 bdl bdl 0.04
schists 97.49-100 [ bdl-0.31 bdl-0.94 bdl-1.8 | bdl-1.03 bdl-0.81
Magnetite 1 98.93 bdl bdl bdl bdl 1.07 bdl bdl bdl bdl
quartzites
Data from the literature
Kimberlites 118 88.43 0.07 0.33 1.70 4.88 0.22 3.58 0.28 0.36 n.a.
(ultrabasic) 64.3-98.24 | bdl-0.45 | bdl-1.75 | 0.07- 0.64— | bdl-0.98 bdl- bdl-1.82 | bdl-1.46
9.99 9.75 20.90

Kimberlites 32 97.83 0.01 0.43 0.81 0.05 0.03 0.15 0.26 0.03 n.a.
(eclogitic) 95.00-99.67 [ bdl-0.08 | bdl-1.60 | bdl-3.14 | bdl-0.20 [ bdl-0.27 | bdl-1.30 | bdl-8.06 | bdl-0.29
Crustal 11 99.01 0.03 0.02 0.29 0.44 0.08 0.07 >0.01 0.01 0.01
eclogites (Alps) 96.96-99.99 [ bdl-0.08 | bdl-0.06 | bdl-0.44 | bdl-2.40 | bdl-0.27 | bdl-0.23 | bdl-0.01 | bdl-0.02 | bdl-0.04

Note: bdl — below detection limit.
As can be seen from the Table, the average content of from sedimentary rocks of the territory. Variations in the total

impurities in rutile varies in a wide range from 0 to 3 %, which content of impurities in rutile are observed depending on its
is comparable to the average content of impurities in rutile location within different megablocks (Fig. 3). The highest
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content was recorded in the rutile of the Volyn megablock
(1.53 %), slightly lower (1.15 %) in the rutile of the Ros-
Tikych megablock, and the lowest (0.94 %) in the rutile of
the Dnister-Buh megablock. This difference in the total
impurities content of rutile in crystalline rocks is probably
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related to the degree of their metamorphism. For instance,
the rocks of the Volyn megablock underwent epidote-
amphibolite facies metamorphism, those of the Ros-Tikych
megablock — amphibolite facies, and those of the Dnister-
Buh megablock — granulite facies.

Dnister-Buh megablock, Berdychiv-Vinnytsia area
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Fig. 3. Diagram of the fluctuations in the content of impurities in rutile of the crystalline rocks within the megablocks
of the southwestern part of the Ukrainian Shield

Vanadium and niobium are the most commonly occurring
impurities, often found at relatively high levels, followed by

zirconium, chromium, and iron; other impurities occur in
40-60 % of cases with negligible concentrations (Tab. 6).

Table 6
The most important impurities in rutile from the crystalline rocks
Rock types Complex/series No. of Crystals with impurities (as a percentage of the number of grains analyses)
ypP P crystals | Without impurities (bdl) | V.05 | Nb,Os | Cr.0;] FeO | WO, | ZrO; | Al,O; | SiO,
The northwestern part of the Ukrainian Shield
Granites Zhytomyr 13 7.6 61.5 | 923 0 0 38.5 0 0 0
Pegmatites Zhytomyr 8 50 375 | 25.0 0 0 12.5 0 0 0
Sillimanite gneisses | Teteriv 49 10.2 489 | 653 | 10.2 | 6.1 12.2 0 0 0
Amphibole gneisses | Teteriv 6 16.7 66.7 | 33.3 | 16.7 | 16.7 0 16.7 0 0
Crystalline schists Ros-Tikych 22 13.6 68.2 | 27.3 0 4.5 4.5 0 0 4.5
Vein quartz Zhytomyr 11 45.5 273 | 364 9.1 9.1 0 0 0 0
The southwestern part of the Ukrainian Shield
Gabbroids Kapitanka- 19 36.8 316 | 158 | 0 | 53 |158|158| 0 | 0
Dereniukha

Diabases Khmilnyk 4 25.0 75.0 0 0 0 0 |25.0 0 0
Basalts Vend 10 40.0 50.0 | 20.0 0 0 0 |200| 0 |10.0
Ultrabasites Zhdanivka 5 40.0 20.0 | 20.0 0 20.0 0 0 0 0
Gneisses Dnister-Buh 19 21.0 57.9 | 36.8 | 10.5 | 10.5 | 5.3 0 15.8 | 5.3
Crystalline schists Dnister-Buh 8 62.5 25 125 [ 125 | 125 0 0 12.5 [ 125
Diopside-amphibole | Dnister-Buh 7 28.6 429 | 143 | o | 143 | 0 |143| 143|143
crystalline schists
Migmatites Berdychiv 35 5.7 229 | 657 [ 829 | 57 |114 0 2.9 0
Granites Zvenyhorodka 38 36.8 36.8 | 26.3 53 | 105 | 79 | 132 | 53 | 26
Granites Berdychiv 52 36.5 32.7 | 28.9 3.8 7.7 19 | 58 | 7.7 | 96
Enderbites, Lityn 37 432 405| 81 | 54 | 81 | 27|81 27 |27
Charnokites
Magnetite quartzites |Buh 3 0 66.7 0 0 33.3 0 0 0 0
Metasomatites ? 17 64.7 11.8 | 17.7 0 11.8 0 0 0 0
All rocks 363 29.2 402 | 350 [127 ]| 77 | 72 | 52| 39 | 33
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Noticeable fluctuations in impurity content among rocks
of the same type are observed. This is evident in Proterozoic
gneisses of the Dnister-Buh series in the Fastiv area, where
fluctuations in vanadium, niobium, and iron content can
reach 2-3 times their average. According to our statistical
data, among all the gneisses of the southwestern part of the
Ukrainian Shield (6499 spectral analyses), the garnet-biotite
varieties contain the highest amount of chromium -
150.3 g/t. According to silicate analysis data, these varieties
are also among the most magnesian (MgO content, wt%:
pyroxene-bearing — 3.71, amphibole-bearing — 3.76, garnet-
biotite — 2.97). Therefore, garnet-biotite varieties of gneisses
can be considered the most mafic, and thus the most deep-
seated. Among the gneisses, only in the rutile of these
varieties does niobium prevail over vanadium among the
impurities. A significantly smaller range of impurity content
fluctuations in rutile is observed in granites. The granites of
the Zhytomyr, Zvenyhorodka, and Berdychiv complexes
contain impurities in approximately the same range,
although the granites of the older and probably deeper
Berdychiv complex have higher niobium and aluminum
content and lower vanadium content.

A decrease in impurity content is also observed in the
rutiles of granites of the Teteriv, Skvyra, and Berdychiv
areas compared to the more ancient formations — gneisses.
Rutile in subbasic (enderbites), basic (amphibolites,
gabbroids, diabases), and ultrabasic rocks contain
significantly fewer impurities, including indicators of deep
genesis, such as chromium and niobium, compared to acidic
rocks. The content of these impurities is much lower than
that found in eclogite and ultramafic nodules of kimberlites.

In comparison with rutile from crystalline rocks of the
southwestern part of the USh, rutiles from crustal-mantle
rocks (eclogites and ultramafic nodules in kimberlites) are
characterized by a high content of iron and a low content of
vanadium.

Distribution of impurities and their associations in
rutile. Rutile in various crystalline rocks exhibits a unique
array of impurity elements, as detailed in Table 6. Out of 363
rutile crystals analyzed, only 106 (29.2 %) do not contain
impurities (their quantity does not exceed the analyzer's
sensitivity threshold of 0.01 wt%). Among the rocks of the
Dniester-Buh megablock, the highest total impurity content
(%) is observed in Berdychiv granites (11.0), followed by
migmatites (7.04) and enderbites (6.17). Comparable levels
have been found only in the Zvenyhorod granites-migmatites
of the Ros-Tikych megablock (6.56 %) and the garnet-biotite
gneisses of the Fastiv area (5.00 %). A positive correlation
is observed between the average rutile content and the total
impurities in rutile in both igneous and metamorphic rocks.

Below is a brief description of the distribution of the most
common metal impurities in rutile from various crystalline
rocks of the studied area.

Iron is detected in a small number of rutile samples
(7.7 %); its content is generally insignificant, averaging
0.09 wt%. The maximum average iron content of 0.37 wt%
is found in rutile from magnetite quartzites, supporting the
thesis regarding the influence of geochemical background
on impurity composition.

Tungsten is encountered rarely, occurring in only 7.2 %
of rutile analyses, except for rutile extracted from granites of
the Zhytomyr complex from Fastiv area (38.5 %). These
granites contain an elevated amount of apatite and sulfides.
The rutile of these granites contains from 0 to 1.14 wt%
tungsten, with an average of 0.34 wt%. Tungsten is closely
associated with vanadium and niobium. The association of
these metals is natural, as the granites belong to the Bystriv
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association of rare-metal granites common in the area of the
Teteriv depression (Dovgan et al., 1982).

Zirconium is detected in 19 out of 363 analyses (5.2 %).
This impurity is mainly enriched in the rutiles of the Dnister-
Buh megablock: granites, migmatites, charnockites, and
enderbites of the Berdychiv complex. In four rutile grains
from these rocks, the zirconium content exceeds 1 wt%.

Vanadium is the most common impurity in rutile,
occurring in 40.2 % of rutile analyses. In the southern part of
the territory, vanadium appears as a single impurity in rutile,
while in the northern part, in both granites and gneisses, it
typically occurs in association with other metals, most often
with niobium and iron. This information can be used to
establish the likely genesis of rutiles from sedimentary rocks.

Niobium is the second most common impurity in rutile
(35 %). It is exceedingly rare in enderbites and charnockites
and absent in rutiles of magnetite quartzites and Khmilnyk
diabases. Generally, it is more prevalent in rutiles of
crystalline rocks in the northwestern part of the Ukrainian
Shield. The highest niobium content (on average) is found in
rutile of garnet-biotite gneisses and granites of the Zhytomyr
complex in the Fastiv area (1.95wt% and 1.38 wt%,
respectively). Slightly lower concentrations are recorded in
rutile of gneisses of the Teteriv series in the same area, at
0.98 wt%. Albite-muscovite pegmatites and greisenized
granites with tantalum-columbite are widespread in the
Fastiv area, in the region of the Teteriv paleo-threshold, and
the Brusyliv suture zone (Dovgan etal., 1982). This fact
explains the increased geochemical "background" of
niobium in this region.

In the rutile from rocks of the southern part of territory,
niobium is mainly found as a single impurity and occurs most
often in migmatites, gneisses and granites. In the vast
majority of rock types, niobium is found in association with
vanadium, sometimes additionally with iron. The Nb-V-
(xFe) association is most prevalent in Zhytomyr granites
(comprising 61.5 % of all impurities) and Teteriv gneisses
(29.3 %) — the predominant rock varieties in the northern
part of the region. In other rock types, this association
typically does not exceed 19 %. The Nb—Cr association is
found exclusively in rutile of the Berdychiv area, in samples
of migmatized basic rocks of probably deep origin.

Chromium is the third most common impurity in rutile,
occurring in 46 analyses (12.7 %). However, 29 of them are
analyses of rutile from 3 samples of migmatites with
inclusions of rocks of the basic composition from Berdychiv
area. If these are excluded from the statistics, the
occurrence of chromium will decrease to 17 cases,
amounting to 5.1 %. At the same time, chromium impurities
are absent in the rutile of basites-ultrabasites, which may
indicate their shallow (crustal) origin. Chromium alone was
determined in only 9 analyses of rutile. In other cases, it is
found in Cr-Nb associations (most often), as well as Cr-Fe,
Cr—Nb-V, Cr—Nb—Fe associations. Regarding the Berdychiv
migmatized basites, a deep Cr-Nb association clearly
prevails in their rutile.

Tab. 7 below shows the values of the maximum content
of impurity elements in rutile from the crystalline rocks of the
territory.

As seen from the Tab. 7, only the maximum niobium
oxide content exceeds 3 wt%. Other impurities are observed
within the range of 0.7—2.64 wt%. Tungsten is found in rutile
of subcarbonate rocks with signs of skarn development
(presence of diopside, scapolite), while chromium is
detected in migmatites of the Berdychiv area, which contain
relicts of basites with chromium spinelides.
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Table 7

The maximum content of impurity elements in rutile-from the crystalline rocks of the western part of the Ukrainian Shield

:\:I::l'lﬁz::'x&f sa':':) ;?Ie Rock types Area Other impurities, wt%
V.03 — 2.14 375-72 Vein quartz Fastiv -
V03 — 2.08 249-5 Gabbro-amphibolite Vinnytsia -
Nb,Os — 8.36 1286 Garnet-biotite granite Vinnytsia FeO — 2.64
Nb,Os — 4.35 1504-7 Garnet-hornblende migmatite Berdychiv Cr,03 - 1.89, FeO - 0.8
Nb,Os — 3.79 421-33 Sillimanite-graphite-biotite gneiss Fastiv V,03 — 1.04, FeO — 0.96
Cr,0; — 1.90 1047-4 Hypersthene-garnet-biotite enderbite Vinnytsia FeO -1,51, ZrO - 0.72
Al,O; — 1.6, SiO, — 0.44
Cr,0; — 1.89 1504-7 Garnet-hornblende migmatite Berdychiv Nb,Os — 4.35, FeO - 0.8
Cr,0; — 1.78 1630-9 Hornblende migmatite Berdychiv -
FeO — 2.64 1286 Garnet-biotite granite Vinnytsia Nb,Os — 8.36
FeO —2.20 378-25 Hypersthene- hornblende-biotite gneiss Fastiv Nb,Os — 0.71
WO; — 1.24 421-33 Sillimanite-graphite-biotite gneiss Fastiv V,05;—1.11, Nb,Os — 1.91
FeO - 1.57
WO; — 1.24 1504-7 Garnet-hornblende migmatite Berdychiv Cr,03 — 0.88, Nb,Os — 0.46,
FeO -0.72
ZrO, — 1.65 1630-11 | Diopside gneiss Berdychiv V,03; — 0.88, Nb,Os — 0.93
ZrO, — 1.27 1686-6 Charnockite with diopside Vinnytsia —
Zr0, — 1.1 406-66 Amphibole-scapolite gneiss Fastiv —

Discussion and conclusions

Rutile is a widespread mineral found in almost all types of
crystalline rocks within the southwestern part of the Ukrainian
Shield and its surrounding areas. However, it is less abundant
compared to other titanium-bearing minerals such as ilmenite
and titanite. The average rutile content ranges from 0.8 g/t in
enderbites to 36.8 g/t in gneisses, reaching up to 4912.7 g/tin
diabases. The vast majority of rutile exhibits black (68.2 %) or
dark brown (18.4 %) coloration. The size of rutile grains
predominantly varies between 0.05 and 0.3 mm. Most rutile
occurs as acicular crystal inclusions and their intergrowths,
primarily within quartz and, to a lesser extent, in biotite.
Relatively large grains of rutile, in the form of prisms and
irregularly shaped crystals, are commonly distributed within
feldspars and biotite.

The majority of analyzed rutile samples (72 %) contain
impurities of various metals. The average impurity content in
rutile from different rocks ranges from 0 to 3 wt%. Impurities
in rutile from sedimentary and crystalline rocks of the
southwestern part of the Ukrainian Shield are similar in both
composition and average content, which indicates their
genetic relationship.

Petrographic studies indicate that rutile is closely
associated with processes such as silicification,
greisenization, and chloritization. Consequently, rutile may
form during at least three stages: magmatic, metamorphic
(granitization), and low-temperature diaphthoresis. To
confirm this hypothesis, absolute age determination of rutile
needs to be conducted. A correlation is observed between
the total impurity content in rutile and the degree of
metamorphism of the host rocks. Rutile appears to be
progressively purified from impurities as the grade of
regional metamorphism increases.

Based on average content, the predominant impurities in
rutile are vanadium, niobium, chromium, and iron. In the
southern part of the region, vanadium is a single impurity in
rutile, primarily from basic-ultrabasic rocks. In contrast, in the
northern part, vanadium is typically found in association with
other metals, most frequently niobium and iron, in both
granites and gneisses. This pattern can be utilized to infer
the probable genesis of rutiles from sedimentary rocks.

The Nb—Cr association is found exclusively in rutile from
three boreholes in migmatized metabasites of probable deep
origin, located within the Berdychiv area. Rutiles with this
impurity association are promising for identifying diamond-
bearing rocks. Chromium is absent in rutile from the
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gabbroids and ultrabasic rocks studied in the area, which
may indicate their relatively shallow formation depth.

Rutile from rare-metal (niobium, tantalum, tungsten,
molybdenum) — enriched crystalline rocks (niobium, tantalum,
tungsten, molybdenum) of the Fastiv area contains impurities of
these metals. Such rutile may have industrial significance, and
its content should be considered during the exploration of
Neogene titanium-zirconium placers located in the Fastiv area.

The highest average FeO content (0.37 wt%) has been
detected in rutile from magnetite quartzites. This indicates
that rutile accumulates and preserves information about the
origin and metallogenic specialization of its host rocks.
Impurities of iron, chromium, vanadium, niobium, and
zirconium in rutile can be effectively utilized to identify the
primary sources of rutile in sedimentary rocks and valuable
mineral placers.
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Viacheslav Pavliuk — collection and analysis of archival data, map
creation, data analysis; Oleh Semeniv — data validation, data analysis
and processing, software, formal analysis.

Sources of funding. The study was carried out under a
departmental project of the NAS of Ukraine (project No. 0123U100651).

References

Baldwin, J. A., & Brown, M. (2008). Age and duration of ultrahigh-
temperature metamorphism in the Anapolis-ltaucu Complex, Southern
Brasilia Belt, central Brasil — constraints from U-Pb geochronology, mineral
rare earth element chemistry and trace-element thermometry. Journal of
Metamorphic Geology, 26(2), 213-233. https://doi.org/10.1111/j.1525-
1314.2007.00759.x

Banfield, J. F., & Veblen, D. R. (1991). The structure and origin of Fe-bearing
defects in metamorphic rutile. American Mineralogist, 76(1-2), 113-127.

Bangaku Naidu, K., Reddy, K. S. N., Ravi Sekhar, C., Ganapati Rao, P., &
Murali Krishna, K. N. (2019). Rutile mineral chemistry as a guide to
provenance of red sediments and modern sands of Bhimunipatnam—Konada
Coast, Andhra Pradesh, East Coast of India. National Academy Science
Letters, 43(2), 145—152. https://doi.org/10.1007/s40009-019-00819-9

Dovgan, R. N., et al. (1989). Geological structure and minerals of the
Zavallia region. Report of geological survey team No. 6 on deep geological
mapping of scale 1:50,000 of sheet M-35-144-B together with geological
survey of sheet M-35-132-G with general searches for 1986—1989. Geoinform
[in Russian]. [dosraHb, P. H., n ap. (1989). leonozuyeckoe cmpoeHue u no-
nesHble uckornaemble 3asanbesckoeo patioHa. Omyem 2e0/1020CbeMOYHO20
ompsida Ne 6 o eny6uHHOM eeono2udeckom kapmuposaHuu M-6a 1:50 000
nucma M-35-144-b cosmecmHo ¢ eeonoauyeckoll ceemkol nucma M-35-132-I1
¢ obwumu nouckamu 3a 1986—1989 zz. 'eonHdopm].

Dovgan, R. N., Baranova, E. |., Rozhdestvenskaya, V. I. et al. (1985).
Report on deep geological mapping within the southern part of the Kocheriv
zone (sheets M-35-71-B, G) for 1982—1985. Geoinform [in Russian]. [AoB-
raHb, P. H., bapaHoBa, E. U., PoxgecTtBeHckas, B. W. n gp. (1985). Omyem



FEONOrISA. 4(111)/2025

~ 49 ~

0 2/1ybUHHOM 2€05102U4eCKOM KapmuposaHuu & rnpedesiax KxXHoOU Yacmu
Koueposckoli 30HbI (nucmel M-35-71-6, ) 3a 1982—1985 2e. 'eomHdopm].

Dovgan, R. N., Bespalaya, E. L., Lypkina-Kuchinskaya, N. E., Pavlyuk, V. N.,
et al. (1982). Report on deep geological mapping on a scale of 1:50,000 within
the Kocherov zone (sheets M-35-59B, V, G; M-35-71A) for 1976-1982.
Geoinform [in Russian]. [dosraHb, P. H., Becnanas, E. J1., NunkuHa-KyuunHc-
kasi, H. E., Masntok, B. H. n gp. (1982). Omyem o enybuHHOM 2e01102U4€CKOM
kapmuposgaHuu m-6a 1:50 000 e npedenax Koyeposckol 30HbI (nucmel M-35-
596, B, I; M-35-71A) 3a 1976—1982 2e. l'eonHdopm].

Evdokimov, A. N., & Bagdasarov, E. A. (1981). Associations and formation
sequence of chromium, titanium, and iron oxides in kimberlites and picritic
porphyrites of the Kounam district (Yakutia). Notes All-Union Mineralogical
Society, 110(2), 204-212 [in Russian]. [EBpokumos, A. H., & bargacapos, 3.
A. (1981). Accouvauum u nocnegoBaTenbHOCTb 06pa3oBaHWsA OKUCHOB
Xpoma, TUTaHa 1 xenesa B kuMbepnutax v NUKPUTOBbLIX nopduputax Koy-
Hamckoro painoHa (AkyTusi). 3anucku Bcecoro3Ho20 MUuHepano2u4yeckoeo ob-
wecmea, 110(2), 204-212].

Foley, S. F., Barth, M. G., & Jenner, G. A. (2000). Rutile/melt partition coefficients
for trace elements and an assessment of the influence of rutile on the trace element
characteristics of subduction zone magmas. Geochimica et Cosmochimica Acta,
64(6), 933-938. https://doi.org/10.1016/S0016-7037(99)00355-5

Garanin, V. K., Kudriavtseva, H. P., & Kharkiv, A. D. (1980). On the
mineralogy and genesis of ilmenite-bearing Iherzolites from the Udachnaya
kimberlite pipe. Notes All-Union Mineralogical Society, 109(6), 687-694 [in
Russian]. [FapanuH, B. K., KyapsBuesa, I'. ., & Xapbkus, A. [. (1980). K
MWUHEpPAriorum 1 reHeancy UiibMeHUTCoAepXKalLmx nepLonuToB U3 kumbepnu-
TOB TPY6KM "YaauHas". 3anucku BcecorosHo20 MuHepanozuyecko2o obujec-
mea, 109(6), 687-694].

Gurney, J. J., Harris, J. W., Otter, M. L., & Rickard, R. S. (1995, August).
Jwaneng diamond inclusions. Paper presented at the 6th International
Kimberlite Conference, Novosibirsk, Russia. https://doi.org/10.29173/ikc1836

Kaminskiy, F. V. (1988). Kimberlites and diamonds of the People's
Republic of China. VIEMS [in Russian]. [KamuHckuii, ®. B. (1988). Kumbep-
numel u anma3ssl Kumatickol HapodHou Pecriy6nuku. BAOMC].

Kulyk, S. N. (1996). Geological structure and minerals of the river basin.
Rastavitsa and Kamenka. Results of geological survey (sheets M-35-84-B, D)
and additional geological study (sheets M-35-84-A, B) on a scale of 1:50 000
(Skvyra region) for 1991-1996. Geoinform [in Russian]. [Kynuk, C. H. (1996).
leonoeuyeckoe cmpoeHue u rnoneaHble uckonaemsie baceliHa pp. Pacma-
suya u Kamenrka. Pe3ynbmamsi 2eonoaudeckoli cbeMKu (nucmsl M-35-84-b5,
I) u eeonoeudeckozo dousyyeHusi (nucmsi M-35-84-A, B) m-6a 1 : 50000
(Ckeupckull p-H) 3a 1991-1996 22. M'eonHdopm].

Kvasnytsia, V. M., & Vyshnevskyi, O. A. (2017). Rutile intergrowths with
diamond from the Udachnaya kimberlite pipe (Yakutia). Mineralogical Journal
(Ukraine), 39(3), 17-31. https://doi.org/10.15407/mineraljournal.39.03.017 [in
Ukrainian]. [KBacHuus, B. M., & BuwHescbkuin, O. A. (2017). 3pocTku pytuny
3 anmasoM i3 kKimbepniTis Tpy6kun "Yaadnaa" (Akytis). MiHepanozaiyHuli xyp-
Han, 39(3), 17-31].

Luvizotto, G. L., & Zack, T. (2009). Nb and Zr behavior in rutile during high-
grade metamorphism and retrogression: an example from the Ivrea Verbano
Zone. Chemical Geology, 261(3-4), 303-317. https://doi.org/10.1016/
j.chemgeo.2008.07.023

Lyashko, N. A., Vasilenko, N. S., Germanov, B. S. et al. (1986). Report on
the results of deep geological mapping at a scale of 1:50 000 of the southern
part of the Khmelnytskyi zone. Sheets M-35-105-A-b, g, M-35-105-B-a, M-35-
106-V, M-35-106-G-v (Vinnytsia region). Production Geological Organization
"Sevukrgeologiya", Geoinform [in Russian]. [[Tawko, H. A., Bacunenko, H. C.,
F'epmaHoB, Bb. C. n ap. (1986). Omyem o pe3ynbmamax 21ybuHHO20 2e0/10-
auyeckoeo kapmuposaHusi M-6a 1:50 000 toxHol vacmu XmerbHUKCKOU
30HbI. JTucmbl M-35-105-A-6, 2, M-35-105-6-a, M-35-106-B, M-35-106--6
(BurHuukas 06n1.). MO "Cesykpreonorus”, FeonHdopm].

Malkov, B. A. (2008). Rutile in diamond as a mineralogical barometer for
diamondiferous eclogites. In The world of minerals, crystals and nanostructures
(pp. 79-85). Geoprint [in Russian]. [Manbkos, b. A. (2008). "Pytun B anmase" —
MUHepanorM4yeckun 6apomeTp Ans anMa3oHOCHbIX 3knoruToB. B Mup muHepa-
1108, KpUcmarnnos u HaHocmpykmyp (c. 79-85). leonpuHT].

Meinhold, G. (2010). Rutile and its applications in Earth sciences. Earth-Science
Reviews, 102(1-2), 1-28. https://doi.org/10.1016/j.earscirev.2010.06.001

Meinhold, G., Anders, B., Kostopoulos, D., & Reischmann, T. (2008). Rutile
chemistry and thermometry as provenance indicator: an example from Chios
Island, Greece. Sedimentary Geology, 203(1-2), 98-111.
https://doi.org/10.1016/j.sedgeo.2007.11.004

Pavliuk, O. V. (2019a). Rutile from Neogene titanium-zirconium placers of the
southwestern part of the Ukrainian Shield. In Proceedings of the Scientific
Conference dedicated 50th anniversary of M. P. Semenenko IGMOF NAS Ukraine
(Vol. 1, pp. 196-198). IGMOF NAS Ukraine [in Ukrainian]. [Maentok, O. B. (2019a).
PyTun i3 HeoreHoBMX TUTaH-LIMPKOHIEBUX PO3CUNIB MiBOAEHHO-3aXiAHOI YacTuHK
YL, Y 36ipHuk me3 Haykosoi koHgbepeHuii, npucssiyeHoi 50-piuyto IMMP im. M. T1.
Cemererka HAH YkpaiHu (T. 1, C. 196—198). I'MP HAH Ykpainu].

Pavliuk, O. V. (2019b). Rutile from the Tarasivka Neogene titanium-
zirconium placer. In Proceedings of the Scientific Conference dedicated 50th
anniversary of M. P. Semenenko IGMOF NAS Ukraine (Vol. 1, pp. 198-200).
IGMOF NAS Ukraine [in Ukrainian]. [Maentok, O. B. (2019b). Pytun i3 Tapa-
CiBCbKOro HEOrEHOBOTO TUTaH-LMPKOHIEBOTro po3cuny. Y 36ipHUK me3 HayKo-
80i" KoHebepeHuil, npucesiyeHoi 50-piqdto IFMP im. M. 1. CemeHeHka HAH
Ykpaitu (T. 1, c. 198-200). I'MP HAH Ykpainu].

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)

Pavliuk, O. V., & Pavliuk, V. M. (2018). Rutile from the Zelenyi Yar Neogene
placer. In Geology and Mineral Resources of Ukraine: Collection of theses of
the scientific conference to 100th anniversary of NAS and Ukrainian
Geological Survey (pp. 179-180) [in Ukrainian]. [Masntok, O. B., & Masntok,
B. M. (2018). PyTun i3 3eneHosipcbkoro HeoreHoBoro poscuny. Y leosnoeis i
KOpucHi konanuHu YkpaiHu: 36ipHUK me3 Haykogoi KoHghepeHUii, npucesiye-
Hoi 100-piyHomy tosineto Hay. akad. Hayk. YkpaiHu ma [depx. cryx6u eeomno-
2ii ma Hadp Ykpainu (c. 179-180)].

Preston, R. J., Hartley, A. J., Mange-Rajetzky, M., Hole, M. J., May, G.,
Buck, S., & Vaughn, L. (2002). The provenance of Triassic continental
sandstones from the Beryl Fields, northern North Sea: mineralogical,
geochemical and sedimentological constraints. Journal of Sedimentary
Research, 72(1), 18-29. https://doi.org/10.1306/042201720018

Rudnick, R. L., Barth, M., Horn, I., & McDonough, W. F. (2000). Rutile-bearing
refractory eclogites: missing link between continents and depleted mantle. Science,
287(5451), 278-281. https://doi.org/10.1126/science.287.5451.278

Slynko, P. I., & Bondar, I. 1. (1972). Report on the results of structural drilling
along the Brusilovsky (Vilna-Vodotyevsky) profile within the Korostyshevsky district
of the Zhitomir region for 1967—1972. Right Bank Geological Expedition, Geoinform
[in Russian]. [CrbiHbko, M. W., & BoHaap, V. W. (1972). Omyem o pe3dynbmamax
cmpyKkmypHo20 bypeHus no suHuu bpycunoscekogo (BuneHcko-Bodomebiesc-
Koeo) npocpuns e npedenax Kopocmsiwesckozo p-Ha Xumomupckol obn. 3a
1967-1972 ee. MNpaBobepexHas reonor. akcneauums, reomHpopm).

Sobolev, N. B., Botkunov, A. I., Lavrentyev, Yu. H., & Pospelova, L. N.
(1971). Compositional features of minerals associated with diamonds from the Mir
kimberlite pipe (Yakutia). Notes All-Union Mineralogical Society, 100(5), 558564
[in Russian]. [CoboneB, H. B., BotkyHoB, A. W., JlaBpeHTtbes, 1O. T,
& lMocnenosa, J1. H. (1971). OcobeHHOCTN cocTaBa MUHEPANOB accoLumnpy-
owyx ¢ anvasamu u3 Tpybku "Mup" (AkyTus). 3anucku Beecoto3Hoeo MuHe-
panoauyeckoeo obwecmsa, 100(5), 558-564].

Tollo, R. P., & Haggerty, S. E. (1987). Nb-Cr-rutile in the Orapa kimberlite,
Botswana. Canadian Mineralogist, 25(2), 251-264.

Tomkins, H. S., Powell, R., & Ellis, D. J. (2007). The pressure dependence
of the zirconium-in-rutile thermometer. Journal of Metamorphic Geology,
25(7), 703-713. https://doi.org/10.1111/j.1525-1314.2007.00724.x

Triebold, S., von Eynatten, H., & Zack, T. (2012). A recipe for the use of
rutile in sedimentary provenance analysis. Sedimentary Geology, 282, 268—
275. https://doi.org/10.1016/j.sedge0.2012.09.008

Tsymbal, S. M., Shumlyanskyy, L. V., & Tsymbal, Yu. S. (2018).
Geochemistry and age of detrital rutile from diamondiferous conglomerates
and sandstones of the Bilokorovychi Suite (North-Western region of the
Ukrainian Shield). Geochemistry and Ore Formation, 39, 66-77.
https://doi.org/10.15407/gof.2018.39.066 [in Ukrainian]. [Uumb6an, C. M.,
LWymnsaHcekuid, 1. B., & Liumban, HO. C. (2018). MeoximiuHi ocobnmsocTi Ta Bik
KINaCTOreHHMX PYTWUiB i3 anMa3oHOCHUX KOHrnmomeparTiB i nickoBukiB Ginoko-
POBMLbLKOI CBITU (NiBHIYHO-3axiAgHa YacTuHa YKpaiHcbkoro wmuta). [eoximis
ma pydoymeopeHHsi, 39, 66—77].

Tsymbal, Yu. S. (2014). Typomorphism of diamond and its companion
minerals from sedimentary rocks of the western part of the Ukrainian Shield.
Naukova dumka [in Ukrainian]. [Unm6an, 0. C. (2014). Turnomopghism arn-
Ma3y ma U(io2o MiHepanig-cyrnymHukie 3 ocadosux ropio 3axiOHoi YyacmuHu
YkpaiHcbkoeo wjuma. HaykoBa gymkal).

Vyshnevskyi, O. A. (2023). Rutile from sedimentary deposits of the Middle
Bug area: provenance and prospecting area. In Proceedings of the All-
Ukrainian conference "From mineralogy and geognosy to geochemistry,
petrology, geology and geophysics: fundamental and applied trends of the
21st century" (MinGeolntegration XXI) (pp. 111-114). Taras Shevchenko
National University of Kyiv [in Ukrainian]. [BuwHescbkui, O. A. (2023). Pytun
3 TepureHHux Bigknaais CepeaHboro MoByxoksi: MOXOMKEHHS Ta MoLlykoBe
3HaveHHs. Y 36ipHuK npaypb BceykpaiHcbkoi koHgbepeHyii "Bid miHepanoeir i
2e02H03ii 0o 2eoximii, nempornoeii, eeonoaii ma 2eogizuku: pyHOameHmarnbHi
i npuknaoHi mpeHou XXI cm." (MinGeolntegration XXI) (c. 111-114). Kuiscb-
KW HauioHanbHWUIA yHiBepcuTeT iMeHi Tapaca LeByeHka.]

Watson, E. B., Wark, D. A., & Thomas, J. B. (2006). Crystallization
thermometers for zircon and rutile. Contributions to Mineralogy and Petrology,
151(4), 413—433. https://doi.org/10.1007/s00410-006-0068-5

Xiao, Y., Sun, W., Hoefs, J., Simon, K., Zhang, Z., Li, S., & Hofmann, A. W.
(2006). Making continental crust through slab melting: Constraints from niobium-
tantalum fractionation in UHP metamorphic rutile. Geochimica et Cosmochimica
Acta, 70(19), 4770-4782. https://doi.org/10.1016/j.gca.2006.07.010

Yangicher, N. N., et al. (1982). Report on detailed exploration of the
Zavallivske graphite deposit in the Haivoron district of the Kirovograd region
of the Ukrainian SSR for 1971-1982 with calculation of reserves as of
01/01/1982. Geoinform [in Russian]. [AHruuep, H. H. n gp. (1982). Omyem o
demarnbHol pa3sedke 3asarnibescko20 MecmopoxdeHus epacghuma 6 [alieo-
poHckom patioHe Kupoesoepadckol obnacmu YCCP 3a 1971-1982 ee. ¢
rnodc4yemom 3anacos rno cocmosiHuro Ha 01.01.1982 2. NeonHcopm].

Zabiyaka, L. I., Germanov, B. S., Vasilenko, N. S., et al. (1974). Report on
the results of complex geological and geophysical research on deep
geological mapping of sheet M-35-XXIIl (Berdychiv) scale 1:200 000. Right
Bank Geological Expedition, Geoinform [in Russian]. [3abusika, I1. U., Fepma-
HoB, b. C., Bacunerko, H. C. n gp. (1974). Omyem o pe3ynbmamax Komrine-
KCHbIX  2eoroeo0-2eopuauyeckux  uccrnedosaHuli  no  anybuHHOMy
2eornoauqeckomy kapmuposeaHuto nucma M-35-XXlll (bepduues) m-6a 1:200
000. NpaBobepexHas PJ, MeonHdopm].



~ 50 ~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka

Zack, T., Kronz, A., Foley, S. F., & Rivers, T. (2002). Trace element
abundances in rutiles from eclogites and associated garnet mica schists.
Chemical Geology, 184(1-2), 97-122. https://doi.org/10.1016/S0009-
2541(01)00357-6

Zack, T., Moraes, R., & Kronz, A. (2004). Temperature dependence of Zr
in rutile: empirical calibration of a rutile thermometer. Contributions to
Mineralogy and Petrology, 148(4), 471-488. https://doi.org/10.1007/s00410-
004-0617-8

Zack, T., Strockli, D. F., Luvizotto, G. L., Barth, M., Belousova, E., Wolfe,
M. R., & Hinton, R. W. (2011). In situ U-Pb rutile dating by LA-ICP-MS: 2°5Pb
correction and prospects for geological applications. Contributions to
Mineralogy and Petrology, 162(3), 515-530. https://doi.org/10.1007/s00410-
011-0609-4

OTpumaHo pepakuiet xypHany / Received: 06.07.25
MpopeueH3oBaHo / Revised: 20.09.25

CxBaneHo po Apyky / Accepted: 16.12.25

Onekcangpa NMABJIIOK, kaHa. reon. Hayk

ORCID ID: 0000-0001-5234-2908

e-mail: alia.pavliuk@gmail.com

IHCTUTYT reoximii, MiHepanorii Ta pyaoyTBopeHHsi im. M.IN. CemeHeHka HAH Ykpainu, Kui, Ykpaina

B'auecnas MABJIIOK

ORCID ID: 0000-0002-7035-8505

e-mail: v-pavlyuk@ukr.net

IHCTUTYT reoximii, miHepanorii Ta pyaoyTBopeHHs iMm. M.T1. CemeHeHka HAH Ykpainu, KuiB, YkpaiHa

Oner CEMEHIB, kaHA. TexH. Hayk

ORCID ID: 0000-0002-4286-5876

e-mail: olegsemeniv@gmail.com

IHcTUTYT reoximii, miHepanorii Ta pyaoyTBopeHHs iMm. M.T1. CemeHeHnka HAH Ykpainu, KuiB, YkpaiHa

PYTUN I3 KOPIHHUX NOPIA NIBAEHHO-3AXIOHOT YACTUHU YKPATHCBKOIO LMTA

B ¢ Ty n. Pymun — nowupeHuli akyecopHuli MiHepan y kpucmanidyHux nopodax YkpaiHcbKko20 wuma. BiH eupizHssembcsi 2e0xiMiYHOO cmabifbHi-
cmio ma 30amHicmio ekimoyamu maki enemeHmu, sik Nb, Fe, V, Zr, Al, a makox wupokuli cnekmp iHwux efemeHmie domiwok. Memoto ybo20 docni-
O)KeHHSs1 € aHasli3 Kosibopy, Mopgbostozii ma ximiuHo2o cknady pymusy 3 KOPiIHHUX KpucmasiyHux nopio nie0eHHo-3axiOHoi YacmuHu YKpaiHCcbKo20 wjuma
3 Memoto esusiesieHHs1 OiacHOCMUYHUX O3HaK, sIKi xapakmepHi Onsi pi3HUX NopodHUX pi3Hoeudie, a MaKox Ol MoxJsiueocmi cmpamuapagidYHUX PEKOH-
cmpykuitl i eidcmexxeHHs1 Mizpayii mepu2eHHoO20 pymuiy.

M e T o awn. fJocnidxeHHss 6azyembcs Ha aHanisi 363 kpucmanie pymuny, eudineHux i3 57 wnixosux npo6 p, a MaKox meKcmoeux apxieHuUx ma-
mepianax 11 2zeonoziyHux 3tiomok lpasobepexHoi 2eonoziyHoi ekcrieduyil, nposedeHux y 1972-2009 pokax. 3pa3ku penpe3eHmyoms pymurs 3 pi3HuUx
nimomunie: e2paHimis, 2Helicie, nezmamumie, endep6imie, ynbmpabaszumie ma iHwux nopio niedeHHO-3axiOHOT YacmuHu YKpaiHcbko20 wuma. Ansi
sus4eHHs Mopgbosiozii ma xiMi4Ho20 cknady eukopucmosysasnu 6iHOKynsipHy Mikpockonito ma aHanis SEM-EDS.

Pe3ynbTaTtu. Buicm pymuny konueacmscs eid 0,8 2/m e eHdepbimax do 109,4 2/m y cunimaHim-6iomumoeux 2Helicax. binbwicmb kpucmarnie —
4opHi abo meMHO-KOpuYHesi, 20/14acmoi ghopmu, Yyacmo ekIroYeHi 8 keapy, abo 6iomum. lMepesaxkHa YyacmuHa 3pa3skie pymuny (72 %) micmumb domiwku,
ceped skux Halinowupeniwumu € V, Nb, Cr i Fe. Xapakmep domiwok eapitoe 3anexHo 8id muny nopodu, cmyneHss Memamopghiamy ma pe2ioHasibHO20
nonoxeHHs. [ns nieHiyHux nopid (Hanpuknad, palion dacmoea) xapakmepHi acoyiayii Nb-V-Fe, modi sik y niedeHHuUX 3pa3kax nepeeaxae i3onboea-
Hul V. Pymun i3 emicmom xpomy eusiesieHo y Mizmamu3oeaHux mema6a3umax bepduyiecbko20 palioHy.

B ucHoOBEKW. Pymun 36epicae 2eoximiyHull "eid6bumok” nopid-xassiiHie i eidob6paxkae sik nimosnoziyHi, mak i MemamopahiyHi ymoeu. BiH moxe
cny2yeamu HaodiliHuM iHOUKamopHUM MiHepasioMm 01151 peKoHcmpyKyii dxepes ocadoeozo pymuity, a acoyiayii domiwok Nb—Cr — Onsi eusienieHHs Oxepen
nomeHyiliHo aniMa3o0HOCHUX MOpiod.

Knw4yoBi cnoBa: pymun, niedeHHo-3axiOHa yacmuHa YKpaiHCbK020 wjuma, kpucmaniyHi nopodu, ximiqyHul cknad.

ABTOpM 3asiBNSAIOTb NPO BiACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopu He Bpanu yvacTi B po3pobneHHi gocnimkeHHs; y 36opi, aHanisi um
iHTepnpeTaLii AaHVX; y HaNMUCaHHi PyKonucy; B pilLeHHi Mpo nybrnikavito pe3ynbTaris.
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