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PETROLOGICAL FEATURES OF ACID PLUTONIC ROCKS
OF THE OSNYTSKYI COMPLEX
(VOLYNSKYI MEGABLOCK OF THE UKRAINIAN SHIELD)

The Osnytskyi complex, located within the Volynskyi megablock of the Ukrainian Shield, is
represented by gabbro-diorite-granodiorite-granite series and is a plutonic part of the Klesivsko-
Osnytska volcanic-plutonic association. Granitoid rocks of the Osnytskyi complex form a single
formation of granites, which have a common spatial and structural origin. There are such types of
granites as leptite-like, fine-grained, inequigranular-medium-grained, coarse-grained, etc.

Petrographic, mineralogical and petrochemical studies of Osnytski inequigranular porphy-
raceous granites have been performed. Rock-forming (potassium feldspar, plagioclase, quartz,
biotite and hornblende), accessory (zircon, apatite, titanite), ore (magnetite, ilmenite, pyrite) and
secondary (epidote, sericite, chlorite, siderite, bastndsite) minerals were identified and described.
Biotite chemically corresponds to siderophyllite of magmatic origin (calcareous-alkaline oro-
genic complexes). Crystallization of the granites took place under conditions of low acidity at a
temperature of ~ 760 °C and a sufficiently high pressure.

Key words: granitoids, Osnytskyi complex, rock-forming, accessory, ore and secondary min-
erals, biotite, formation conditions, Volynskyi megablock, Ukrainian Shield.

Introduction. The Osnytskyi complex, developed within the Osnytska and Novohrad-
Volynska structural zones of the Volynskyi megablock (Ukrainian Shield), is represented by
gabbro-diorite-granodiorite-granite series of rocks and is a plutonic part of the Klesivsko-
Osnytska volcanic-plutonic association (Fig. 1). In the Osnytska zone, the rocks of the com-
plex comprise a large Rokytnianskyi massif (covering an area of up to 1,000 km?) and several
smaller massifs, which are confined to the so-called Volyno-Poliskyi (Osnytsko-Mika-
shevytskyi) belt on the border of the Ukrainian Shield and the Belarusian Crystal Massif. In
the Novohrad-Volynska zone, the Osnytskyi complex is represented by relatively small (up to
20 km®) rare massifs (Shepetivskyi, Mukharivskyi, Tokarivskyi, etc.), which form branches
from the belt.

Various researchers distinguish from three to five age generations of rocks of the Osnyt-
skyi complex: gabbro, gabbro-diorites; diorites, monzodiorites, subalkaline quartz diorites;
granodiorites, quartz monzonites; granites, granodiorites; leucocratic granites [20]. The Muk-
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harivskyi and Tokarivskyi massifs are composed exclusively of granites, and the Smoldyrivs-
kyi and Shepetivskyi ones — of granodiorites and diorites.
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Fig. 1. Geological structure of the Volynskyi megablock (North-Western region) of the Ukrainian Shield:

1 — plutono-metamorphic complexes; 2 — Teterivska series; 3 — Klesivska series; 4 — Ovrutska series; 5 —
double mica granites of the Kirovohrad-Zhytomyrskyi complex; Osnytskyi complex: 6 — diorites, granodiori-
tes; 7 — granites; Korostenskyi complex: § — gabbro-anorthosites; 9 — rapakivi and rapakivi-like granites; /0 —
granites of the Perzhanskyi complex. Main faults: I — Andrushivskyi; I — Brusylivskyi; III — Prypiatskyi; IV —
Teterivskyi; V — Tsentralnyi; VI — Sushchano-Perzhanskyi. Numbers on the map: 1 — Bilokorovytska structure;
2 — Ovrutska structure; 3 — Vilchanska structure; 4—14 — massifs: 4 — Perzhanskyi, 5 — Chopovytskyi, 6 — Volo-
darsk-Volynskyi, 7 — Fedorivskyi, 8 — Rokytnianskyi, 9 — Vyryvskyi, 10 — Barashivskyi, 11 — Shepetivskyi,
12 — Mukharivskyi, 13 — Tokarivskyi, 14 — Bukynskyi.

To the history of the study of the Osnytskyi complex. Osnytskyi granite complex was
identified by L. Tkachuk [17]. Various aspects of geology, petrology, mineralogy, etc. of these
granites have been studied by such scientists as P. Veremiev, V. Verkhohliad, A. Khatuntseva,
0. Matkovskyi, M. Shcherbak, 1. Shcherbakov, V. Skobelev, K. Sveshnikov, K. Yesypchuk,
0. Zinchenko and many other geologists [1-3, 6, 7, 9—12, 15, 16, 18-20, etc.]. They signifi-
cantly supplemented the works of geologists of the older generation (V. Laskarev, S. Mat-
kowski, P. Radzishewski, K. Smulikowski, Yu. Tokarski, P. Tutkovskyi, etc.) with the data of
modern analytical research [20].
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n [13], ultrametamorphic and igneous formations were distinguished within the Osnytskyi
complex. The group of ultrametamorphic rocks includes Vyryvski diorites and granodiorites
and plagioclase, plagioclase-microcline and essentially microcline granites, which are the
products of granitization of the Klesivska series volcanites — diabases, diabasic and trachyan-
desitic porphyrites, dacite- and quarz-porphyries, leptites. The group of igneous formations
includes diorites, granodiorites, and granites, which have intrusive relationships with the rocks
of the Klesivska and Teterivska series, as well as with granitoids of the first group.

The authors of [5] questioned the ultrametamorphic origin of the Osnytski granites. First of
all, these granites are not associated with migmatites, as is the case with all ultrametamorphic
granitoids. Studies of the peculiarities of contacts between rocks, in particular, the presence of
endocontact varieties of subvolcanic appearance, gave grounds to consider all age generations
of the complex intrusive formations. The close spatial connection with volcanites, the pre-
dominant confinement of granites and granodiorites to volcanic fields of different composition
made it possible to treat these rocks as a single volcanic-plutonic association. According to [6,
7, 15], the complex has a significantly magmatic nature; plutonic and volcanic rocks form a
single comagmatic series in its composition.

On the Map of Geological Formations of the Precambrian of the Ukrainian Shield [8], the
rocks of the Osnytskyi complex are divided into diorite-granodiorite and subalkaline granite
formations.

The following values of the radiological age of these granitoids are given: 2.02—1.96 bil-
lion years [19], 1,995 £ 15 million years [5], 1,970 + 20 million years [3].

Research methods. The complex of performed works included geological observations of
rocks in outcrops and laboratory studies (petrographic, mineralogical, petrochemical, etc.). We
studied the mineral composition and structural and textural features of rocks in thin sections
under the MH-5 polarising light microscope. Microanalytical studies of granitoids' polished
samples were performed in the laboratory of the Faculty of Physics of Ivan Franko National
University of Lviv using a scanning electron microscope PEMMA-102-02 (Sumy), equipped
with energy-dispersive analyzer “EDAR”. The parameters of the analysis are as follows: ac-
celerating voltage — 20 kV, probe current — 1 nA, probe diameter — 0.1 um. The brand of the
standard used to calibrate the device is HOPMA. I'EO1.25.10.74 I'T; manufacturer — “Geo-
technology” (Ukraine). The following standards were used to calibrate individual elements:
Na — albite; Mg — periclase; Al, Si, Ca — anorthite; P — fluorine-apatite; S — pyrite; K — micro-
cline; Ti — macedonite; Cr — eskolaite; Mn — manganite; Fe — hematite; As — GaAs (synthetic);
Ba — barite; Sc, Co, Ni, Cu, Zr, Ag, Au are pure clements. “Magallanes 3.2” software was
used to process the obtained data.

Material composition of granitoids of the Osnytskyi complex. Granitoid rocks form a
single formation of granites that have a common spatial and structural origin. Spatially and
genetically, this formation associates with gabbro-diorite-granodiorite formation [4]. The
variety of granites is revealed, first of all, in their appearance. Massive medium-grained rocks
predominate, fine-grained ones are of limited development, and coarse-grained ones are less
common. The rocks usually contain a small amount of porphyraceous feldspar grains. One of
the most characteristic macroscopic features of Osnytski granites is purple-grey rounded
grains of quartz. Rocks are relatively depleted of accessory minerals [10], most of which are
magnetite, zircon, apatite and pyrite.

We identified several varieties of granitoids during the study of their samples.
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Osnytski granodiorites (Fig. 2, a) are characterized by the fact that the total content of
feldspars in them exceeds 60 %, and plagioclase significantly predominates over potassium
feldspar.

Leptite-like granites (see Fig. 2, b) are slightly common rocks of light pink, brownish-pink
colour with a massive, sometimes spotted or eutaxitic structure. They are quite similar to lep-
tites, geochemically and petrochemically related to them, but have a coarser structure.

Fine-grained granites (see Fig. 2, ¢) quite often form large inhomogencous fields, which
contain small bodies of fine-medium-grained granodiorites, gabbro and leptite-like granites;
they are often fixed in the form of border strips along the contact with coarse-grained Osnytski
granites and granodiorites and plagiomigmatites of the Sheremetivskyi complex. Contacts of
fine-grained granites with leptite-like and medium-coarse-grained differences in most cases
are indistinct, and with rocks of the diorite-granodiorite series — clear. The colour of the rock
is pinkish-grey, pink. The texture is hypidiomorphic, rarely aplitic, there are areas of poikilitic
one; also the texture is massive, sometimes directive. The average mineral composition of
granites is as follows, %: potassium feldspar — 48, plagioclase — 28, quartz — 20, biotite — 4,
single grains of muscovite and epidote.

Fig. 2. Granitoid rocks of the Osnytskyi complex:
a — Osnytskyi granodiorite; b — leptite-like granite;
¢ — fine-grained granite.

c

Inequigranular-medium-grained granites (Fig. 3, a) are most common among granitoids.
They often form inhomogeneous fields, which contain bodies of granodiorites, leptite-like
granites, diorites and gabbroids, and they also form bands around the bodies of typical coarse-
grained granites. Macroscopically the rocks are massive, occasionally porphyraceous. Their
colour varies from grey, in places dark grey, through pinkish-grey to pinkish of varying satu-
ration and greyish-white. The texture of rocks is hypidiomorphic and granitic, occasionally
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porphyroid. The mineral composition is as follows, %: feldspars — 55-60, quartz — 25-30,
biotite — 3-8, hornblende — 1; accessory minerals — apatite, zircon, titanite, magnetite, ilmen-
ite, rutile, very rarely fluorite; secondary minerals — epidote, chlorite, sericite and calcite.

Coarse-grained granites (see Fig. 3, b), available throughout the Osnytskyi block, form
massifs and bodies of various shapes and sizes; the largest of them were mapped by geologists
in the area of the settlements of Koroshchyno, Snovydovychi, Klesiv, Vyry, and Selyshche. In
the east and northeast of the Osnytskyi block, they are in contact with granodiorites, in the
south — with medium-fine-grained granites and diorites, in the north-western part — with lep-
tites, leptite-like and fine-grained granites, and occasionally with andesitic porphyrites. Mas-
sifs are often heterogeneous, contain small xenoliths and in some places — larger outliers of
granodiorites, leptite-like granites, and rocks of the Klesivska series. Macroscopically, the
rocks are reddish-pink, pink and light grey, with a massive, sometimes porphyraceous texture,
with evenly distributed individual grains or nest-like secretions of purple quartz. The rocks
also have hypidiomorphic-grained structure, in broken down varieties — blastocataclastic.

Fig. 3. Inequigranular-medium-grained (a) and coarse-grained granite (b) of the Osnytskyi complex.

Results of petrographic research. We examined different features of inequigranular por-
phyraceous granites (Fig. 4). Rock-forming minerals in them are represented by potassium
feldspar, plagioclase, quartz, biotite and hornblende, accessory — by zircon, apatite, titanite,
ore mineral, and secondary — by epidote, sericite, chlorite and others.

Potassium feldspar (35—40 %) forms large grains over 2 mm in size, sometimes up to
8 mm, prismatic, tabular, without shagreen surface and relief. Here and there cleavage is well
defined. Mineral has low colours of first-order interference — grey, light grey; n, — n, = 0.005—
0.007. K-spar is presented by microcline-perthite (Fig. 5). There are microcline lattice and
regular ingrowths of albite-oligoclase (perthites), which were formed in different ways. Some
ingrowths form clearly demarcated prismatic crystals, sometimes with polysynthetic twinning,
and in other cases perthites have a crinkled, jet-like shape. Pelitization (formation of secon-
dary clay minerals) is intensively developed on microcline-perthite, which causes the appear-
ance of brown colour on the surface of K-spar. Silicification is found in the fractures of some
grains.

Plagioclase (20-25%) forms elongated prismatic grains up to 1 mm in size, without sha-
green surface and relief (Fig. 6). Grains are colourless, light grey colours of the first-order
interference are visible under cross polarised light, n, — n, = 0.007-0.008.
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a
Fig. 4. Granitic texture of the Osnytskiy granite, field of view — 2 mm:
a — plane-polarised light (PPL); b — cross-polarised light (XPL); Bi — biotite; Kfs — potassium feldspar;
Qz — quartz; Pl — plagioclase.

a

Fig. 5. Microcline-perthite in Osnytskiy granite, field of view — 2 mm:
a—-PPL; b—XPL.

a
Fig. 6. Plagioclase in Osnytskiy granite, field of view — 2 mm:
a—-PPL; b—XPL.
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Polysynthetic twinning is well defined (narrow twins). Sericite develops on acid plagio-
clase. Some grains have a zoned structure: saussurite (a mixture of secondary carbonates, clay
minerals, etc.) develops in the central part of the grains, enriched with an anorthite component.

Quartz (25-30 %) in Osnytski granites was formed later than other rock-forming minerals,
so it forms xenomorphic, irregular grains. Two generations of the mineral have been identi-
fied: the first is round and elongated weakly fractured grains about 2 mm long, and the second
is intensely fractured grains 0.4-0.8 mm in size (Fig. 6). Grains are colourless, without relief
and shagreen. Under XPL, we see grey and white colours of interference, n, — 1, = 0.009. All
grains have undulating in blocks extinction.

Fig. 6. Quartz in Osnytskiy granite, field of view — 2 mm:
a, b — first generation; ¢, d — second generation; a, ¢ — PPL; b, d — XPL.

Biotite (5-10 %) is the main femic mineral of inequigranular granites. It is represented in
thin sections by prismatic, tabular grains up to 0.8 mm in size (Fig. 7). Grains have shagreen
surface and positive relief, the scheme of pleochroism is biotitic — from dark brown, almost
black to light yellow-brown. Fractures of perfect cleavage are thin and long; in sections where
biotite, due to its plasticity, has tortuous contours, the cleavage lines repeat this tortuosity.
Under cross polarised light, the interference colours are masked by an intense dark brown
colour. The third-order interference colours were detected by the method of coloured stripes,
ng — n, = 0.040-0.045. Extinction is straight, optic sign of elongation is positive. The inclu-
sions of zircon (several in one grain) can be seen in almost all sections of biotite, and pleo-
chroic halo have been formed around these inclusions. Also biotite contains inclusions of
apatite, titanite, ilmenite and magnetite. Secondary chlorite develops in some grains along the
cleavage fractures.
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Fig. 7. Biotite in Osnytskiy granite, field of view — 2 mm:
a,c,e—PPL; b, d, f— XPL.

The content of hornblende, which is limited in Osnytski granites, is 1-2 %. In thin sec-
tions, mineral has an elongated prismatic shape, dark green colour, shagreen surface and posi-
tive relief (Fig. 8). Scheme of pleochroism is biotitic — from dark green to yellow-green. Be-
tween crossed polarisers, interference colours are masked due to intense colour of mineral. It
is determined that these are second-order green colours, 1, — 1, = 0.017-0.026, extinction is
oblique, extinction angle —s 12 °, optic sign of elongation is positive.

Zircon in thin sections has an elongated-prismatic, sometimes rounded shape, a clear sha-
green surface and positive relief. Grains (0.1-0.3 mm) are colourless. Under cross polarised
light, we see high crimson and green colours of third-order interference, n, — n, = 0.045-
0.050, extinction is straight, optic sign of elongation — positive. Usually zircon forms inclu-
sions in biotite with the formation of pleochroic halo (Fig. 9).
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a

Fig. 8. Hornblende (Hb) in Osnytskiy granite, field of view — 2 mm:
a—PPL; b—XPL.

c d
Fig. 9. Zircon (Zrn) in Osnytskiy granite:
a—PPL; b — XPL (field of view — 5 mm); ¢ — PPL; d — XPL (field of view — 10 mm).

Titanite in thin sections is represented by relatively large (up to 0.8 mm) diamond-shaped
grains (Fig. 10), also forms inclusions in biotite in the form of rounded and shapeless grains
up to 0.3 mm. Due to the high refractive index, the mineral has an intense shagreen surface, so
it is brownish in plane-polarised light. Under cross polarised light, it has the highest — nacre-
ous colours of interference, which are masked by its intense colour.
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a

Fig. 10. Titanite (Ttn) and apatite (Ap) in Osnytskiy granite, field of view — 2 mm:
a—PPL; b—XPL.

Apatite in thin sections forms colourless prismatic grains or hexagonal and rounded sec-
tions (up to 0.2 mm) with a well-defined shagreen surface and a positive relief (see Fig. 10).
Under XPL, it has dark grey interference colours of the first order, n, — n, = 0.005, extinction
is straight, optic sign of elongation — negative. Most often, apatite grains are grouped near
biotite or form inclusions in it.

Ore minerals are most common among the minerals available in accessory quantities.
Some of them have a clear rectangular shape, while others form shapeless aggregates. The size
varies from 0.05 to 0.30 mm. Ore minerals are most often concentrated near biotite grains,
although they also occur in K-spar and plagioclase grains. Microprobe analysis determined
that magnetite, ilmenite and pyrite are among the ore minerals.

The order of minerals' formation in the rock is as follows: the first — well-developed elon-
gated-prismatic grains of acid plagioclases, later — tabular and lamellar crystals of biotite and
elongated grains of potassium feldspar, the latter xenomorphic grains of quartz formed.

Microanalytical studies of Osnytski granites. According to the results of microprobe
analysis, the mineral composition of granites is as follows: feldspars, quartz, biotite, carbon-
ate, chlorite, accessory minerals are zircon, apatite, titanite, ore minerals — magnetite, ilmenite
and pyrite. The groundmass of the rock is composed of alkaline feldspars and plagioclases
(Fig. 11).

Fig. 11. Plagioclase (P1), alkaline feld-
spar (Kfs), biotite (Bi), quartz (Qz), titanite
(Ttn), magnetite (Mag) and pyrite (Py) in
the granite of the Osnytskyi complex. BSE
image.
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The chemical composition of plagioclase varies from albite to oligoclase (Table 1). The
general crystal chemical formula of plagioclase is as follows:

(Nag.73-092Ca0.01-0.18K0.01-0.02)0.92 097[Si2.78 2.96A11.03-1.35010] -
Crystal chemical formula of alkaline feldspars (see Table 1) is as follows:

(Ko.89-0.06Na9.07-0.11C0.00-0.02)1.02-1.07[ S12.00-2.95AL1 04-1.060s]-

Table 1
Chemical composition (wt. %) and formula coefficients of feldspars
Compo- Sample number
nents )i 10 12 22 3 8 11 23
SiO, 63.52 60.75 59.17 63.17 62.36 67.00 63.50 67.30
TiO, 0.00 0.00 0.53 0.33 0.01 0.00 0.12 0.14
Al O; 19.37 18.40 18.43 19.14 23.73 19.80 23.27 20.19
FeO 0.00 0.22 0.00 0.05 0.00 0.61 0.00 0.00
MnO 0.00 0.05 0.00 0.05 0.00 0.12 0.00 0.00
MgO 0.00 0.67 0.69 0.49 0.39 0.53 0.19 0.64
CaO 0.00 0.64 0.27 0.57 3.69 0.26 3.63 0.65
Na,O 0.91 1.14 0.77 1.17 8.40 10.91 8.81 10.90
K,0 16.20 15.17 14.89 15.04 0.23 0.16 0.29 0.18
Total 100.00 97.05 94.73 100.00 98.81 99.38 99.80 100.00
Formula coefficients
Si 2.95 2.92 2.90 2.92 2.78 2.96 2.80 2.94
Al 1.06 1.04 1.06 1.04 1.25 1.03 1.21 1.04
Total 4.00 3.96 3.96 3.97 4.03 3.98 4.01 3.99
Na 0.08 0.11 0.07 0.11 0.73 0.93 0.75 0.92
K 0.96 0.93 0.93 0.89 0.01 0.01 0.02 0.01
Ca 0.00 0.03 0.01 0.03 0.18 0.01 0.17 0.03
Total 1.04 1.07 1.02 1.02 0.92 0.95 0.94 0.97
Minals
X(Ab)Kfs 0.08 0.10 0.07 0.10 0.79 0.98 0.80 0.96
X(An)Kfs 0.00 0.03 0.01 0.03 0.19 0.01 0.18 0.03
X(Or)Kfs 0.92 0.87 0.91 0.87 0.01 0.01 0.02 0.01

In the three-component Albite—Orthoclase—Anorthite diagram (Fig. 12), the figurative
points of the analyzed feldspars composition are located in the fields of albite, oligoclase, and
K-spar.

Biotite forms lamellar grains up to 2 mm in size (Fig. 13, a), often containing inclusions of
magnetite, zircon and apatite (see Fig. 13, b). The crystal chemical formula of biotite accord-
ing to the results of microanalytical studies (Table 2) is as follows:

(Ko.96-1.01Na0.000.1Ca0.01-0.04)0.99-1.11(F€*" 162 1.59Mg1.08 1.17AL0.20 036 Ti0.12-0.14M10,00-0.05)3.00 3.14
* (OH)2[Si2.69-276Al1.10-1.14Ti0.12-0.17010]-

We analyzed one grain of hornblende, the chemical composition of which is as follows,
wt. %: SiO, — 45.30; TiO, — 1.43; AL,O; — 8.04; FeO — 17.58; MnO — 0.39; MgO — 11.66;
Ca0O — 11.54; Na,O — 1.02; K,0O — 0.82. The crystal chemical formula of hornblende is as
follows:

(Ko.16N2g 12)0.20(Ca; 8aNag 16)2.00(Mg2 ssFe™ 1 saFe™ o 55Tio 16ALy.14M1g 05)s.05(OH)s[ Sig 72l 2702].

Zircon grains 10-50 um in size are most often isometric, sometimes prismatic, and con-
tained in titanite (Fig. 14, a). The chemical composition of zircon according to microprobe
analysis is as follows, wt. %: ZrO — 58.35; SiO, — 17.85; FeO — 2.48; CaO — 1.85; Al,0; —
1.55. Crystallochemical formula of zircon — Zr; 14[Si.70Aly.0704].
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K[AISI,0,]

Plagioclases

Fig. 12. Variations in the chemical composition of feldspars on the triangular diagram
Na[AlSi;05]-K[AlSi;Og]-Ca[Al,Si,Og].

2000V x300  2mm

Fig. 13. Biotite in feldspar aggregate, BSE image.
Minerals: @ — Bi — biotite, Mgt — magnetite, Zrn — zircon, Ap — apatite; b — Bt — biotite, Mag — magnetite,
IIm — ilmenite.

Titanite forms diamond-shaped grains up to 1 mm in size, most of which have undergone
alterations. In the relic grains of titanite, there are inclusions of zircon, bastnésite, quartz (see
Fig. 14, a) and ilmenite and magnetite (see Fig. 14, b). The crystal chemical formula of ti-
tanite, according to the results of microprobe analysis (Table 3), is as follows:

(Cap.95-0.98M0.02-0.04MN,00-0.01)0.99-1.01(Tlg.79-0.91Alg.12-0.22)O[SiO4].

Magnetite is represented by isometric grains up to 1 mm in size (see Figs. 11, 13—15). The
chemical composition of the mineral is as follows, wt. %: Fe,O; — 61.65; FeO — 26.5; Al,O; —
1.05; MgO - 0.70; CaO — 0.17; Na,O — 0.17; TiO, — 0.16. Crystal chemical formula of mag-
netite is (Fe*'091Mgo.04)0.05(Fe’ 1.00Al0.05)1.960s.
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Table 2
Chemical composition (wt. %) and formula coefficients of biotite

Compo- Sample number

nents 4 5 19 20 24 26 27 28 29
SiO, 35.61 36.30 35.20 36.09 34.88 34.95 35.31 34.30 34.16
TiO, 2.20 2.07 2.32 2.41 2.96 2.42 2.33 2.34 2.62
AlLO4 15.25 16.62 14.98 15.56 14.88 14.23 14.12 14.19 14.05
FeO 23.07 22.40 22.89 23.18 24.58 23.07 23.72 22.63 23.46
MnO 0.35 0.25 0.00 0.00 0.41 0.82 0.53 0.02 0.38
MgO 10.21 9.56 9.61 9.82 9.80 9.27 9.46 9.26 9.52
CaO 0.27 0.31 0.52 0.18 0.33 0.39 0.28 0.29 0.42
Na,O 0.11 0.03 0.04 0.35 0.16 0.59 0.75 0.07 0.25
K,O 10.22 9.90 10.01 10.07 9.17 9.83 9.65 9.80 9.13
Total 97.30 97.43 95.57 97.65 97.19 95.56 96.15 92.90 93.99

Formula coefficients

Si 2.74 2.75 2.75 2.75 2.69 2.75 2.76 2.76 2.73
Al 1.14 1.13 1.12 1.11 1.13 1.11 1.10 1.10 1.11
Ti 0.13 0.12 0.14 0.14 0.17 0.14 0.14 0.14 0.16
Total 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Al 0.24 0.36 0.26 0.29 0.22 0.21 0.20 0.25 0.21
Ti 0.13 0.12 0.14 0.14 0.17 0.14 0.14 0.14 0.16
Fe* 1.48 1.42 1.50 1.48 1.59 1.52 1.55 1.52 1.57
Mg 1.17 1.08 1.12 1.12 1.13 1.09 1.10 1.11 1.13
Mn 0.02 0.02 0.00 0.00 0.03 0.05 0.04 0.00 0.03
Total 3.04 3.00 3.01 3.02 3.14 3.01 3.03 3.03 3.09
Ca 0.02 0.03 0.04 0.01 0.03 0.03 0.02 0.03 0.04
Na 0.02 0.00 0.01 0.05 0.02 0.09 0.11 0.01 0.04
K 1.00 0.96 1.00 0.98 0.90 0.99 0.96 1.01 0.93
Total 1.04 0.99 1.05 1.05 0.96 1.11 1.10 1.04 1.00

Fig. 14. Relict grains of titanite with inclusions of zircon, bastnésite (Bast) and quartz (a)
and with inclusions of magnetite and ilmenite (b). BSE image.

Ilmenite in the relict grain of titanite (see Fig. 14, b) has a size of about 0.2 mm and such
chemical composition, wt. %: TiO, — 48.81; FeO — 42.54; MnO - 6.66; Al,0; — 0.75; MgO —
0.24; Si0, — 0.24; CaO — 0.09. The crystal chemical formula of ilmenite is as follows:

(Fez+0.91Mg0Ao1)0A92(Tio.94A10.02)0A9602-
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Table 3
Chemical composition (wt. %) and formula coefficients of titanite
Sample number

Components 3 7 9 77

Si0O, 29.77 27.58 27.94 28.10
TiO, 32.97 34.80 29.37 32.37
Al,O3 5.05 2.94 5.42 2.86
FeO 1.77 2.57 1.31 1.98
MnO 0.22 0.01 0.00 0.23

MgO 0.32 0.41 0.57 0.76
CaO 27.42 26.03 25.35 24.72
Na,O 0.12 0.00 0.54 0.02
K,O 0.13 0.00 0.00 0.00
Total 97.77 94.35 90.5 91.03

Formula coefficients

Ca 0.98 0.97 0.98 0.95

Mn 0.01 0.00 0.00 0.01

Mg 0.02 0.02 0.03 0.04
Total 1.00 0.99 1.01 1.00
Ti 0.83 0.91 0.79 0.87
Al 0.20 0.12 0.23 0.12
Total 1.03 1.03 1.02 0.99
Si 0.99 0.96 1.00 1.01

Fig 15. Bastnisite, siderite (Sd), chlorite (Chl), magnetite, biotite and plagioclase
in Osnytskyi granite. BSE image.

Based on the determined chemical composition of chlorite (FeO — 32.4; SiO, — 23.00;
ALO; — 17.83; MgO — 8.57; MnO — 1.00; TiO — 0.40; CaO — 0.32; Na,O — 0.22; K,O —
0.08 wt. %) we calculated its crystallochemical formula:

(Fe™'5.15Mg) 50Al; 16Mng 10Ca0,04)6 00(OH)s[Siz 70Al} 27Ti0,04010]-

The analyzed carbonates, according to the results of microanalytical studies, are repre-
sented by siderite and bastnésite (see Figs. 14, 15). Siderite has such chemical composition,
wt. %: FeO — 45.16-52.60; CaO — 3.90-4.40; MnO — 1.04-2.95; MgO — 0.54-2.09; SiO, —
0.50-1.11; Al,O3 — 0.59-0.87; TiO, — 0.17; Na,O — 0.13. The crystal chemical formula of
siderite is as follows: (Fez+0A764)A87C30A08—0A09Mg0024)A06Mn0A02—0A06)0A964)A98[CO3]~
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Bastnisite forms irregularly shaped grains about 40 microns in size. In general, it is a char-
acteristic mineral of hydrothermal deposits associated with alkaline rocks and carbonatites.
The secondary formation of bastnésite is probably due to the destruction of rare earth silicates.
According to the chemical composition of bastnisite (Ce,O; — 26.78; La,O3 — 16.89; Nd,O; —
6.27; CaO —4.13; Si0O, — 1.53 wt. %), its crystal chemical formula is as follows:

(Ceo.32Cag29La921Ndy 97S1,10)F[CO3].

Conditions for the formation of the Osnytskyi complex granitoids. For reliable
petrological reconstructions it is necessary to take into account not only the chemical composi-
tion of the rock in general, but also the peculiarities of the rock-forming and accessory miner-
als composition. For most granitoids, the only available (and best studied) representative of
magnesium-ferrous silicates is biotite. According to statistical studies of biotite from grani-
toids of different genesis, the closest correlations between the content of oxides of the same
name in biotite and rock are characteristic of unaltered intrusive rocks. In the case of meta-
morphogenic-metasomatic granitization and changes in the composition of parent rocks, the
biotite—rock bond weakens. This leads to the conclusion about the “inertness” of the biotite
composition transformation, i.e. its chemical composition depend on physicochemical crystal-
lization conditions and composition of parent rocks. That is why biotite is widely used for
correlation and delimitation of igneous rocks, determination of temperature conditions, eluci-
dation of acidity—alkalinity and genesis of rocks and reproduction of geodynamic conditions
of rocks' formation. The composition of biotite is also considered an indicator of the granitoids
ore-bearing capacity.

Actually biotite is interpreted as a series of trioctahedral mica (dark and lithium-free) be-
tween the annite KFe® 5[ AlSi;010](OH),—phlogopite KMg;[A1Si;0,,](OH), and siderophyllite
KF62+2A1[A128i2010](OH)2—eastonite KMg,Al[AL,S1,044](OH),. In the classical Foster dia-
gram [23] (Fig. 16, a), the figurative points of biotite from granites of the Osnytskyi complex
fall into the field of ferrous biotite, and in the classification diagram Fe/(Fe+Mg)-Al" of
F. Yavuz [29] (see Fig. 16, b) — in the field of siderophyllite. The magmatic origin of biotite
from investigated granites is confirmed by the diagram MgO-FeO,y,—Al,O; of A. Neiva [28],
on which the fields of magmatic and metamorphogenic-metasomatic biotite are highlighted
(see Fig. 16, ¢).

The following indicators were calculated for biotite:

Ka = [AL(Al+Mg+Fe+Si)]- 100 % is 21.38-22.71 (average value — 22.23);

f=[Fe:(Fet+tMg)]-100 % — from 57.68 to 64.53 (average — 61.46);

K = [Ti:(Ti+tMn+Fe+Mg)]- 100 % — from 3.57 to 6.37 (average — 5.17).

The influence of temperature and pressure, at which granitoids have been crystallized, af-
fects in some way all the main chemical parameters of biotite. For the relative (qualitative)
assessment of the P7-conditions of mica crystallization, not the total aluminosity of biotite is
important, but the distribution of Al in the tetrahedral and octahedral positions in the mineral
structure. Indicative properties of aluminium are based in this case on the following crystal
chemical postulates: increasing pressure promotes the entry of Al into octahedral coordination;
increasing the temperature promotes the replacement of silicium in the tetrahedron. The biotite
of the Osnytskyi complex granites contains a sufficiently large amount of Al in the octahedral
position, which indicates the crystallization of granites under conditions of sufficiently high
pressure.

Oxygen fugacity which is a measure of the redox state of the rock formation environment
is also important. The presence of typical paragenesis of magnetite—titanite in the studied
granites already indicates higher oxygen fugacity during rock crystallization. The consequence
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Fig. 16. The position of the figurative points of the
biotite composition on different diagrams:

a — diagram of M. Foster for trioctahedral mica
[23]; b — classification diagram of F. Yavuz [29]; ¢ —
diagram of A. Neiva [28] (fields on the diagram: I —
magmatic, II — metamorphogenic-metasomatic bio-
tite); /—3 — composition of biotite according to our
data (1), [20] (2) and [1] (3).

of this is a lower content of Ti in the biotite of Osnytski granites, compared to other com-
plexes of the Volynskyi megablock, where the leading accessory mineral is ilmenite. The
authors of [1] to determine the temperature of biotite formation used diagram of the stability
of the solid solution of phlogopite—annite in the coordinates “temperature—oxygen fugacity”
(Wones, Eugster, 1965). According to their data, the granites of the Osnytskyi complex were
formed under conditions of low acidity at a temperature of 760 °C.

We used two-feldspar, chlorite, and magnetite-ilmenite geothermometers to determine the
temperature of mineral formation and later alterations of the Osnytskyi complex granites.
According to two-feldspar geothermometer, based on experimentally obtained formulas [24,
25] we determined that the temperature of mineral formation ranged from 647 to 324 °C, and
according to the graphical method [14] it differs slightly — 525450 °C.

The presence of syngenetic growths of ilmenite and magnetite made it possible to calculate
the temperature of mineral formation using a magnetite-ilmenite geothermometer. According
to [27], the temperature of 694—574 °C was determined based on the chemical composition of
ilmenite and magnetite.
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The authors of [22] found a positive correlation between the amount of Al in the quadratic
coordination in the structure of chlorite and the crystallization temperature. According to [26],
the amount of Al in the quadratic coordination in chlorite increases with increasing
Fe/(FetMg), i.e. the amount of Fe and Mg depends on temperature. Using the data of the
microprobe study of chlorite from Osnytski granites, we calculated that according to the chlo-
rite geothermometer the temperature of mineral formation was 337.7 °C.

To elucidate the geodynamic conditions for the formation of plutonic rocks, A. Abdel-
Rahman [21] proposed various binary and triangular diagrams with defined fields, using a
database of hundreds of biotite analyzes from around the world. Biotite fields of anorogenic
alkaline complexes, alumina complexes (including S-type) and calcareous-alkaline orogenic
complexes were isolated. In the diagrams of A. Abdel-Rahman FeO,y,—MgO-Al,O; and
FeOy—AlO;, the figurative points of the studied biotite composition fall into the fields of
calcareous-alkaline orogenic complexes.

Thus, the main features of the chemical composition of the granitoids of the Osnytskyi
complex are as follows: subalkaline tendency of differentiation of magmatic melts; slightly
increased basicity; fairly high alumina and the degree of oxidation of iron, which increases
with increasing content of SiO, and alkalis; increased potassium content compared to sodium
(with the exception of coarse-grained granites, in which the difference between K and Na
content is insignificant).
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NETPOJIOINYHI OCOBJIMBOCTI KUCINUX NMNYTOHIYHUX NMOPIA
OCHULUBbKOIo KOMIMJIEKCY
(BONIMHCBKU METFABJIOK YKPAIHCbKOIO LLIUTA)

OCHUIBKII KOMIUICKC, HOIIUPEHUH y Mexax BoinHcbkoro Meradioka YKpaiHCBKOTO IIHTa,
MIPEICTaBICHUI Tabpo-Ii0pUT-TPAaHOIIOPUT-TPAHITHOIO CEPI€I0 MOPIJ i € IUTyTOHIYHOIO YacTH-
HOKO KJIECIBCHKO-OCHHMIILKOI BYJIKAHO-IUTYTOHIYHOI acoriamnii. ['paHiToiqHI MOPOaN OCHHUIIBKOTO
KOMIUIEKCY YTBOPIOIOTH €IMHY (popMallifo rpaHiTiB, SIKi MAlOTh CIIUIBHE MPOCTOPOBE 1 CTPYKTYp-
He Moxo/pkeHHs. HasiBHI Taki pi3HOBHAM TPaHITIB, SK JENTUTONOAIOHI, ApiOHO3EPHHUCTI, HEepiB-
HOMIpPHO-CepeTHbO3EPHUCTI, KPYITHO3EPHHCTI Ta iH.

Bukonano mnerporpadiudi it MiHepanoridHi JOCHI/UKEHHS OCHHIBKHX HEepiBHOMipHO3ep-
HUCTUX MopdiponoaiOHUX rpaHiTiB. Bu3HaueHo i omrcaHo MOPOIOYyTBOPIOBAIBHI (KalieBHI MO-
JBOBUH MINAT, IJIArioKia3, KBapl, O10THT, poroBa oOMaHKa), aKIIECOPHi (IIUPKOH, allaTUT, TUTAa-
HIT), pyIHi (Mar€eTuT, UIBMEHIT, MPHUT) 1 BTOPUHHI (EMiI0T, CEPULIUT, XJIOPHT, CUAEPHT, OacT-
He3WuT) MiHepaind. BioTHT 3a XIMIYHHMH OCOONMBOCTAMH BiINOBinae cupepodilniTy MarmMarHd-
HOTO ITOXOJ/UKEHHS (BaITHUCTO-JIy KHI OpOreHHI KoMIuiekcH). KpucTamizaris rpaHiTiB OCHHIIBKOTO
KOMIUTEKCY BifOyBajacsi 32 yMOB HH3bKOI KHCIOTHOCTI 3a Temneparypu 6mam3pko 760 °C i noc-
TATHBO BHCOKOT'O THUCKY.

Knrouogi cnosa: TpaHITOINM, OCHULIBKUIT KOMIUIEKC, TOPOI0YTBOPIOBANIBHI, aKIIECOPHI, pyaHi
1 BTOPMHHI MiHepaiH, O10THT, yMOBH KpHCTati3alii, BonuHcekuid Merabiok, YKpaiHCbKHUIl IINT.
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