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GRANITOIDS OF THE ZACHATIVKA-FEDORIVKA
ANTICLINE IN THE MANGUSH SYNCLINORIUM:

GEOCHEMICAL FEATURES, ORIGIN, AND AGE
(AZOV DOMAIN OF THE UKRAINIAN SHIELD)

The Paleoproterozoic crust formation in the Azov domain remains underexplored. In the Neoarchean-Paleoproterozoic,
the Azov segment of the Archean crust was fragmented by large rift structures. This stage is associated with the formation
of Neoarchean-Paleoproterozoic sedimentary-volcanic complexes of the Central Azov Series (2.76-2.22 Ga) and
extensive granitoid magmatism. The research aimed at studying granitoid intrusions in the Zachativka-Fedorivka
anticline in the Mangush synclinorium of the Central Azov region from the geochemical perspective. Granitoids of the
Zachativka-Fedorivka anticline in the Mangush synclinorium include granitoids and later pegmatoidal granites.
Plagiogranitoids are moderate-potassium rocks of the K-Na series, with predominance of Na,O over K,0 and low Rb/
Sr ratio (0.03). They are divided into plagiogranites with low contents of HFS elements and positive europium anomalies
and granodiorites with higher contents of HES elements and predominantly negative europium anomalies. The U-Pb
age of titanite from granodiorites is 2028+47 Ma. This age corresponds to the closure of the U-Pb isotope system of
titanite and thus reflects the minimum age of granodiorite. The ”Pb/?%°Pb age of zircon from granites is 2.07-2.09 Ga.
The formation of the Paleoproterozoic granitoids of the Central Azov may be related to the activization of the mantle
beneath the Azov domain during the formation of the East Sarmatian orogen at ca. 2.1 Ga. They could have formed
because of partial melting of the lower crust because of underplating of mafic melts. The 2.05 Ga old vein bodies of
pegmatoidal subalkaline granites, were probably formed at the stage of collision of the Sarmatia and Volga-Ural
continents.
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gen, foreland, collision, isotopic age, titanite, zircon, monazite.
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Introduction. The Paleoproterozoic crust for-
mation in the Azov domain remains poorly
explored. The Mesoarchean (3.2-2.8 Ga) craton,
which also included the Azov crustal segment,
was fragmented by large rift structures in the
end of the Neoarchean [11, 18]. This stage is
associated with the formation of Neoarchean-
Paleoproterozoic sedimentary-volcanic comp-
lexes of the Central Azov Series (2.76-2.22 Ga)
[1, 2] and extensive granitoid magmatism. At
2.20-2.14 Ga, the Azov domain was in the fore-
land of the East Sarmatian orogen [10, 15]. As a
result of collisional processes at 2.1-2.0 Ga, the
Sarmatia and Volga-Ural continents merged
[15]. The stages of the merging of the Sarmatia
and Volga-Ural continents are well-studied in
the eastern part of the Voronizh Crystalline
Massif (VKM) (Saratov and Samara region). The
geological processes of this stage have not yet
been explored in the Azov domain.

The research aimed at studying the intrusions
of plagiogranites-granodiorites and alkaline-rich
granites in the Zachativka-Fedorivka anticline
in the Mangush synclinorium of the Central
Azov region from the geochemical perspective
to reconstruct the geological processes associated
with the unification of the Sarmatia and Volga-
Ural continents.

Methodology. Silicate analyzes of rocks took
place at the M.P. Semenenko Institute of
Geochemistry, Mineralogy and Ore Formation
of the National Academy of Sciences of Ukraine
(IGMOF of NAS of Ukraine). The contents of
rare and trace elements were determined using
inductively coupled plasma mass spectrometry
(ICP-MS) at the Institute of Microelectronics
Technology and High Purity Materials of the
Russian Academy of Sciences (IPTM RAS) and
in IGMOF of NAS of Ukraine. The analyzes
correctness was controlled by measuring inter-
national and Russian standard samples GSP-2,
VM, SGD-1A, and ST-1. Errors in determining
the concentrations ranged from 3 to 5 wt.% for
most elements. The internal structure of zircon
was studied in thin sections under the ECLIPSE
LV100 POL microscope. Monazite, zircon, and
titanite were dated by the TIMS U-Pb isotope
method at the Department of Radiogeochro-
nology, IGMOEF. To determine the content of U
and Pb, a mixed #°U+2%Pb tracer was used.
The MI-1201AT eight-collector mass spectro-
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meter was applied to perform Pb and U isotope
analyzes in the multi-collector static mode. The
Pb Dat and ISOPLOT programs were used for
the mathematical processing of experimental
data [8, 9].

Geological structure of the study area. The
Mangush synclinorium is located between the
Saltych and Kalchyk-Kalmius anticlinories of
the Azov Domain of the Ukrainian Shield. It is
bounded by the Central Azov fault zone in the
west and the Maloyanisol tectonic zone in the
east (Fig. 1, a, b). This structure was formed on
the Archean basement during Paleoproterozoic
and is composed of sedimentary-volcanogenic
rocks of the Central Azov Series. The Mangush
synclinorium is complicated by folds; the largest
of those are (from west to east) the Berestivka
and Rozivka synclines, the Zachativka-Fedorivka
anticline, and the Maloyanisol and Boev-Man-
gush synclines [4, 5] (Fig. 1). In this structure,
the supracrustal rocks of the Central Azov Series
have the form of conformable lenticular units up
to several hundred meters thick and up to 5-
6 km long [14]. Anticlinal structures are com-
posed of pink migmatites and pinkish grey
migmatites; among the latter, bands of grey
migmatites and metabasites are observed [4].
The Zachativka-Fedorivka anticline is the largest
one. It is a folded structure oriented in the NNW
direction with linear type plicative forms and
can be traced as a S-like strip from the northern
coast of the Sea of Azov for about 85 km. It is
3-5 to 14 km wide. Small bodies of undeformed
post-collision microcline-plagioclase granites
can also be seen in the Mangush synclinorium.

Results. Petrological characteristics of grano-
diorites (sample 17/26). Sample from the out-
crops of the Gurzhiy tract on the right bank of
the Berda river (N47°0924.1"; E36°56'24.1"
sample 17/26) show a slightly oriented texture.
They are cut through by veins of pegmatoidal
granites, which intruded the already deformed
rock (i.e., in post-collision setting). Hypidio-
morphic granodiorites, with oriented texture
are composed of feldspar (oligoclase) — 66%,
quartz — 20%, hornblende — 7%, clinopyro-
xene — up to 2%; biotite — 5%; titanite —
fractions of a percent; ore minerals, apatite, and
zircon — in single grains. Clinopyroxene and
hornblende are partly replaced by biotite. Simi-
lar in composition granodiorites are also expo-
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GRANITOIDS OF THE ZACHATIVKA-FEDORIVKA ANTICLINE IN THE MANGUSH SYNCLINORIUM

Fig. 2. Outcrop of dislocated granodiorites (right bank
of the Berda river, 800 m upstream from the Kalaytaniv-
ka village (sample 17/25). Granodiorites are intruded by
pegmatoid plagioclase-microcline granites
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Fig. 4. TAS diagram diagram after Middlemost (1985)
[10] for the Paleoproterozoic granitoids of the Zacha-
tivka-Fedorivka anticline in the Mangush synclinorium:
I — studied granitoids; 2 — here and in the following
diagrams data from [2]
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Fig. 3. Diagram A/NK — A/CNK after Shand (1943)
[16] for granitoids of the Zachativka-Fedorivka anti-
cline in the Mangush synclinorium. A/NK molar ratio
Al,0,/(Na,O + K,0); A/CNK — molar ratio AL,O, /
(Ca0 + Na,O + K,0)

sed in the Kalaytanivka village (sample 17/25)
(Fig. 2).

The analyzed rocks are peraluminous (Fig. 3),
plot as granodiorites and granites (Fig. 4) and
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Fig. 5. Diagram SiO, — K,O after Pecerillo and Taylor
(1976) [13] for granitoids of the Zachativka-Fedorivka
anticline in the Mangush synclinorium

belong to calc-alkaline series [3] (Fig. 5;
Table 1).

Granodiorites have a low content of Rb
(19.4 ppm) and a high content of Sr (314 ppm),

Fig. 1. a — Simplified geological sketch of the eastern part of the Ukrainian Shield. Structures of the Ukrainian Shield
and adjacent depressions, their number (number in the rectangle) (I-7): Azov Domain (I-4):
1 — Orekhiv-Pavlohrad structure (1-1), 2 — West-Azov anticlinorium (1-2), East Azov anticlinorium (I-4); 3 —
Central Azov synclinorium (1-3); 4 — Middle-Dnieper Domain (2); 5 — Dnieper-Donets basin (3); 6 — Folded
Donbas (4); 7 — Peri-Black Sea basin (5-1) and Azov-Kuban basin (5-2); 8 — major faults and their numbers
(number in a rhombus): Orekhiv-Pavlohrad (I), West-Azov — (2), Rozivka-Katerynivka — (3), Mykolaivka — (4),
Maloyanisol — (5); 9 — outcrops and their numbers (sampling sites). b — Schematic geological map of the Central
Azov region [4]: I — West Azov Series, Upper-Tokmak unit; 2 — Tokmak complex — charnockite-enderbite; 3 —
Remivka? complex (plagiogranite, plagiomigmatite); 4 — Dragoon unit, Temryuk and Demyanivka suites; 5 — Ka-
ratyuk complex — plagiogranite; 6 — Osypenkovo Series; 7 — Maksymivka association — granodiorite; 8 — Ana-
dol complex (@ — migmatite, b — granite); 9 — Khlibodarivka complex (a — granite, b — syenite); 10 — South
Kalchyk complex (a — granite, b — syenite); 11 — Oktyabrsky complex — gabbro, syenite; 12 — Kamyani Mohyly
complex — granite; 13 — small Hercynian Paleozoic intrusions; 14 — faults (a — main, b — subordinate); 15 —
outcrops and their numbers (sampling sites)
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Fig. 6. Primitive-mantle normalised
multielement patterns for Paleoprote-
rozoic granitoids of the Zachativka-
Fedorivka anticline in the Mangush
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low Rb/Sr ratio (0.06) (Table 2). Negative Nb
and Ti anomalies can be seen on the primitive-
mantle-normalized multielement diagram (Fig. 6).
Chondrite (C1)-normalized REE pattern show
moderate differentiation (La/Yb), = 11.5) with
a negative europium anomaly — Eu/Eu* = 0.71

synclinorium [19]

(Fig. 7). The restite phase of the magmatic source
probably contained clinopyroxene, amphibole,
and plagioclase.

Titanite characteristics. Titanite crystals from
one sample (17/26) were separated for U-Pb
dating. Titanite grains are usually shapeless, with

Table 1. Chemical composition of granitoids of the Zachativka-Fedorivka
anticline in the Mangush synclinorium, wt.%

Component | 1/19/7 2/19/8 3/17/25 | 4/17/26 5/208 6/2067 7/2059 | 8/210/2 | 9/211/1 | 1020/16
SiO, 68.15 69.91 68.20 66.78 59.82 71.04 77.65 64.52 59.92 70.50
TiO, 0.21 0.20 0.51 0.35 1.32 0.30 0.20 0.70 1.32 0.029
AlO, 18.25 17.46 16.64 17.22 14.92 14.25 11.35 15.13 17.27 16.85
Fe,O, 2.16 1.80 4.88 3.56 2.96 0.95 1.60 1.75 3.64 0.86
FeO — — — — 4.75 1.99 1.85 3.46 1.94 —
MnO 0.02 0.02 0.08 0.05 0.16 0.03 0.01 0.10 0.09 0.005
MgO 0.52 0.46 1.21 1.47 2.63 1.74 0.40 2.53 2.57 —
CaO 3.13 2.75 4.20 2.99 6.81 3.30 2.0 3.54 4.45 0.367
Na,O 5.90 5.68 2.81 5.10 4.01 4.40 4.05 4.56 4.37 3.07
K,0 1.42 1.48 1.80 2.16 1.10 1.90 0.95 2.20 1.30 7.99
P,O, — — — — 0.22 0.12 0.07 0.26 0.40 0.014
H,0~ — — 0.06 — 0.16 0.06 0.01 0.15 1.11 —
LOI — — 0.80 — 0.85 0.22 0.27 0.81 1.58 —
Total 99.76 99.76 | 101.19 99.67 99.71 | 100.30 | 100.39 99.71 99.96 99.70
Mg# 30.8 333 33 45 38.7 51.8 17.9 47.4 47.1 —
A/NK 1.62 1.61 2.55 1.61 1.9 1.54 1.46 1.53 2.1 1.24
A/CNK 1.08 1.10 1.17 1.11 0.74 0.93 0.99 0.93 1.04 1.19

N o t e. 1 — granite, outcrop at the right bank of beam Vodyana, under the power line, in 700 m upstream the
Fedorivka village (smp. 19/7); 2 — granite, outcrop at the right bank of beam Vodyana, below the dam (smp. 19/8);
3 — granodiorite, outcrop on the right bank of the Berda river upstream the Kalaytanivka village (smp. 17/25); 4 —
granodiorite, outcrop on the beam Gurzhiy (smp. 17/26); 5 — quartz diorite, outcrop at the mouth of the Panasiv
beam, at 1 km downstream the Zeleny Yar village (smp. 208); 6 — tonalite, Karatyuk massif, Sadovy farm, open pit
(smp. 2067); 7 — trondhjemite, Starodubivka village, outcrop at the right bank of the Karatyuk river (smp. 2059);
8 — granodiorite, outcrop at the right bank of the beam Zelinska (150 m above the road (smp. 210/2); 9 — tonalite,
upper reaches of the Kalchyk river, 1 km upstream the Vyshnyuvate village (smp. 211/1); 10 — pegmatoid granite,
outcrop at the left bank of the beam near the southern part of the Kalaytanivka village (smp. 20/16) Mg# = 100 - Mg/
(Mg + Fe) (molar ratio), A/NK is the molar ratio of Al,0,/(Na,0+K,0), A/CNK is the molar ratio of A1,0,/(CaO +
+Na, 0 + K,0).
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Table 2. The element concentrations in granitoids
of the Zachativka-Fedorivka anticline in the Mangush synclinorium, ppm

Component 1/ 2/ 3/ 4/ 5/ 6/ 7/ 8/ 9/
19/7 19/8 2067 2059 210/2 211/1 208 17/25 20/16
Li — — 16.3 12.4 22.1 26.4 11.4 18.7 4.9
Be — — 1.2 0.8 1.6 1.0 0.8 1.1 0.5
Sc 1.5 1.6 4.2 7.0 13.4 7.2 7.9 6.9 0.2
\Y% — — 39.5 5.4 65.6 72.2 57.2 61.1 7.9
Cr — — 32.1 35.6 68.7 34.1 13.7 324 5.8
Co — — 6.5 3.6 12.0 14.7 7.6 9.1 0.6
Ni — — 24.4 9.4 42.3 33.9 13.7 25.5 5.4
Cu — — 31.8 22.3 21.4 15.1 19.2 16.4 25.4
Zn — — 39.0 31.6 66.4 86.5 100 92.4 20.3
Rb 23.2 15.7 54.6 18.4 57.1 54.8 14.4 19.4 256
Sr 431.7 498 502 162.3 640.5 515 280 314 346
Y 2.7 2.2 6.6 8.8 18.6 12.8 18.1 17.1 1.8
Zr 80.0 90.7 118 80.2 99.4 269 224 150 69.2
Nb 1.8 2.0 3.3 7.2 6.9 11.9 11.5 12.0 1.1
Mo — — 1.2 0.8 0.5 1.0 1.1 0.7 0.7
Cs 0.2 0.1 0.7 0.1 0.4 0.8 0.1 0.3 1.3
Ba 272.8 415.2 425 166.8 577.3 474 252 310 1750
La 11.52 11.53 10.9 21.94 30.43 18.9 13.6 22.5 3.6
Ce 22.75 24.73 23.1 38.69 56.54 50.6 27.6 46.8 5.3
Pr 2.01 2.44 2.7 4.14 6.75 4.7 3.0 5.1 0.53
Nd 6.97 9.16 11.0 17.09 29.45 18.4 12.5 20.2 1.8
Sm 1.08 1.45 2.0 3.71 6.91 3.5 2.9 4.3 0.38
Eu 0.52 0.54 0.70 0.66 1.69 1.0 0.9 0.92 0.87
Gd 0.70 1.015 1.8 2.62 4.97 3.2 3.0 3.7 0.29
Tb 0.09 0.11 0.26 0.41 0.77 0.45 0.52 0.55 0.04
Dy 0.52 0.49 1.2 2.05 3.88 2.3 3.1 3.0 0.26
Ho 0.10 0.09 0.23 0.31 0.64 0.45 0.6 0.55 0.05
Er 0.26 0.20 0.63 0.82 1.86 1.3 2.0 1.7 0.16
Tm 0.03 0.03 0.08 0.13 0.29 0.18 0.24 0.21 0.03
Yb 0.22 0.16 0.55 0.83 1.86 1.2 1.6 1.4 0.18
Lu 0.04 0.02 0.08 0.10 0.22 0.17 0.21 0.19 0.03
Hf 1.9 2.4 3.2 2.0 2.2 6.4 5.0 3.6 2.2
Ta 0.2 0.1 0.2 0.2 0.19 1.0 0.5 1.0 0.1
w — — 0.5 0.5 0.1 0.2 0.2 0.1 0.2
Pb 6.7 6.0 7.9 3.6 59 6.3 59 6.7 22.6
Th 0.6 1.2 1.2 2.8 1.8 3.6 2.8 3.2 1.6
U 0.2 0.2 0.2 0.2 0.2 0.4 1.0 0.6 1.8
2 REE 46.80 51.97 55.23 93.50 146.26 106.35 71.77 111.12 13.52
Eu/Eu* 1.81 1.37 1.13 0.64 0.88 0.92 0.93 0.71 0.80
(La/Yb) 37.56 51.70 14.2 19 11.8 11.3 6.1 11.5 14.3
Sr/Y 160.5 227.4 76 18 34 40 15 18 192
K/Rb 431 664 245 364 271 167 537 653 220
Rb/Sr 0.05 0.03 0.27 0.11 0.09 0.1 0.05 0.06 0.74
Rb/Ba 0.09 0.04 0.13 0.11 0.1 0.12 0.06 0.06 0.15

N o te. Analyzes 1, 2 — performed in IGMOF of NAS of Ukraine, Kyiv; analyzes 3-9 — in Institute of Microelec-

tronics Technology and High-Purity Materials RAS, Russia.
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a non-uniform color from yellowish-brown to o0l 2200
light brown. Zircon forms tiny rounded trans- .
parent grains of light-pink color. 036 | 2000,
The geochronological studies were based on | = -
titanite. According to the obtained geochro- | = o032} 1809
nological data, the U-Pb isochron age of the | & o Intercepts at
titanite from the granodiorites of the Gurzhiy | S 028} 1690, 2?;2 +;‘ gf‘b‘/‘f
tract site (sample 17/26) is 2025 + 47 Ma (Table 3, o TMSWD o 10)
Fig. 8). I A
The obtained age characterizes the closure of 207/235 (rad.)
the uranium-lead isotope system in titanite and | Fig 8. U-Pb discordia diagram for titanite from gra-
thus reflects the minimum age of granodiorite. nodiorite (sample 17/26)

Table 3. U and Pb content and Pb isotope composition

in titanite from granodiorite (Gurzhiy beam, sample 17/26)

T Concentrations, ppm Isotope ratios Isotope ages, Ma
itanite
fraction U Pb ZOGPb ZOGPb 206Pb 206Pbr 207Pbr 206Pbr 207Pbr 207Pb
204pp | 27pb 208pfy 238y 35y 238 | 235y | 26ph
2627, undivided 47,079 | 36,482 138,2 | 4,5356 | 0,99890 |0,35899 | 6,17019 | 1977 | 2000 | 2023
2628a, >0.07 39,305 | 39,363 84,5 | 3,5506 | 0,87935 [0,392205| 6,75389 | 2133 | 2079 | 2027
2630, <0.04 80,898 | 54,0519 | 100,2 | 3,8540 | 0,76069 |0,254243| 4,47775 | 1460 | 1726 | 2067
2628, >0.07 42,134 | 28,915 96,7 | 3,8292 | 0,89063 |0,280570| 4,79907 | 1594 | 1784 | 2015
Table 4. U and Pb content and Pb isotope composition
for zircons from granites (Vodyana beam, samples 19/7, 19/8)
Conceprll)trrstions, Isotope ratios Isotope ages, Ma
Zircon fraction 206p}, 206pt, 206p}, 206pfy 207pt 206pp 207ph 207pp
U Pb 204pp 207pp 208py, 238Ur 235Ur 238Ur 235Ur 206pp

2749, undivided| 439,421 1109,629 |

Sample 19/7 (zircon), granite, Vodyana beam
2270 | 7.3921
Sample 19/8 (zircon), Vodyana beam

[ 9.0228 10.2312981 4.13324 | 1341.3 | 1660.9 | 2092.6

2751,undivided| 1344.68|473,938| 14510 | 7.7676 | 7.6272 |0.324753| 5.72956| 1812.9 | 1935.84 | 2070.11
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Fig. 9. Microscopic images of zircon crystals from granitoids of the Zachativka-Fedorivka anticline in the Mangush

synclinorium. Microscope ECLIPSE LV100 POL

Petrography of leucocratic granites (outcrop on
the right bank of the Vodyana Bay, 700 m
upstream from the village of Fedorivka —
N47°13'08,2"; E37°08'47,2"), sample 19/7. Leuco-
cratic granites are light gray, medium-grained,
hypidiomorphic, composed of plagioclase (oli-
goclase) — 70-75%, quartz — 15-20%, K-feld-
spar — 10-15%, biotite — 3%, apatite, zircon
and titanite — as accessory component. Myr-
mekite in plagioclase marks the subsolidus al-
terations.

The leucocratic granites are peraluminous
(Fig. 3), plot as granodiorites (Fig. 4) and belong
to calc-alkaline series [3] (Fig. 5, Table 1).

Leucocratic granites have a low content of Rb
(23.2 ppm) and a high content of Sr (431.7 ppm),
low Rb/Sr (0.05) (Table 2). Negative Nb, Ti, Sr,
and Eu anomalies can be seen on the spider
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Fig. 10. U-Pb discordia diagram for monazite from sub-
alkaline granites, sample 20-16

diagram (Fig. 6). Chondrite (Cl)-normalized
REE pattern show highly differentiation ((La/
Yb),, = 37.6) with a positive europium anomaly,
Eu/Eu* = 1.81 (Fig. 7).
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They were probably formed during the melting
of metabasites. The restite phase of the magmatic
source probably contained garnet and/or amphibole.

Zircon characteristics. Zircon crystals from
leucogranites (sample 19/7) are long prismatic,
with partially rounded ridges and pinkisch in
colour. According to the obtained geochro-
nological data, the 27Pb/2%Pb zircon age is
2092.6 Ma (Tab-le 4). The studied zircon grains
contain cores (Fig. 9). Thus, the obtained age
may be too old with respect to the time of granite
formation.

Petrography of granites (outcrop at the right
bank of the Vodyana Bay, below the dam —
N47°13'35.9"; E37°9'31.9", sample 19/8). Granites
are light grey, slightly pinkisch, medium-grained,
hypidiomorphic, composed of plagioclase (oligo-
clase) — 82%, quartz — 15%, biotite — 5-7%,
apatite, zircon and titanite — as accessory com-
ponent. Myrmekite in plagioclase marks the sub-
solidus alterations.

The analyzed rocks are peraluminous (Fig. 3),
plot as granites (Fig. 4) and belong to calc-al-
kaline series [3] (Fig. 5; Table 1). Granites has a
low content of Rb (15.7 ppm) and a high content
of Sr (498 ppm), low Rb/Sr (0.03) (Table 2). Ne-
gative Nb and positive Sr and Eu anomalies can
be seen on the spider diagram (Fig. 6). Chondrite
(C1)-normalized REE pattern show strong REE
differentiation ((La/Yb), = 51.5) with a positive
europium anomaly, Eu/Eu* = 1.37 (Fig. 7).

Zircon characteristics. Zircon crystals are short-
prismatic and partly rounded. They are light brown,
translucent. The U-Pb age of zircon is 2070.11
Ma (Table 4). The studied zircon grains contain
cores (Fig. 9). Thus, the obtained age may be too
old with respect to the time of granite formation.

Petrography of pegmatoidal granites (outcrop
at the left side of the ravine at its mouth into the
Berda river, near the southern outskirts of the
village Kalaytanivka — N47°04.218'; E36°58.814/,
sample 20/16). In this outcrop, an intrusive
contact of pegmatoidal granites with calciphyre
of the Temryuk Formation of the Central Azov
Series is observed. Pegmatoidal granites are
composed of oligoclase crystals (80%) having up
to 2 x 1 cm in size. Smaller crystals of K-feldspar,
quartz, and muscovite occur between them.
Large oligoclase crystals are intergrown with
quartz. The analyzed rocks are peraluminous
(Fig. 3), plot as granites (Fig. 4) and belong to
shoshonitic series (Fig. 5, Table 1).

Pegmatoidal granites have high Rb (256 ppm)
and Sr (346 ppm) contents, high Rb/Sr ratio
(0.74) (Table 2). A negative Nb anomaly and
positive Sr and Eu anomalies can be seen on the
spider diagram (Fig. 6). Chondrite (C1)-norma-
lized REE pattern show moderate differentiation
((La/Yb)y = 14.3) with a slightly negative euro-
pium anomaly, Eu/Eu* = 0.8 (Fig. 7).

Monazite characteristics. Monazite and zircon
have been separated from subalkaline granites
(sample 20/16). Shapeless crystals of monazite
are brownish to yellow, translucent. Zircon grains
are elongated, prismatic, translucent. They con-
tain inclusions of apatite microcrystals and,
probably, gas-fluid inclusions (Fig. 9). For that
reason, geochronological studies were carried
out on monazite. The 207Pb/2%Pb age of monazite
from pegmatoid granites (sample 20/16) is
2051.8+ 3.8 Ma (Table 5, Fig. 10).

This age represents the minimum age limit for
the sedimentary rocks of the Temryuk Formation
of the Central Azov Series. The authors [7] esti-

Table 5. The content of U and Pb and Pb isotope composition in monazite
from pegmatoidal granite (Bezimenna beam, Kalaytanivka village, sample 20/16)

Contents, ppm Isotope ratios Age, Ma
Monazite fraction 206py, 206p}, 206p}y 206pp 207pt, 206pp, | 207pp 207p,
Y Pb 204p, 207pp, 208pp, 238Ur 235Ur 238Ur 235U7 206pp,
2804, light yellow | 7239 | 14563 | 611.2 | 6.7467 | 0.21522 | 0.39036 | 6.8202 | 2124 | 2088 | 2052.9
2805, the same 3886 | 7148 | 818.9 | 7.0067 | 0.23476 | 0.38540 | 6.7328 | 2101 | 2077 | 2052.7
2806, light yellow, | 5997 | 11850 | 1200 | 7.2669 | 0.21729 | 0.39189 | 6.8472 | 2132 | 2092 | 2053.0
Transparent
2807, light yellow | 6169 | 11907 | 412.0 | 6.3052 | 0.22758 | 0.38606 | 6.7408 | 2105 | 2078 | 2051.8
2808, dark yellow | 7018 | 13368 | 464.0 | 6.4458 | 0.23033 | 0.38650 | 6.7561 | 2107 | 2080 | 2053.7
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mated the time of deposition of carbonate rocks
of the Temryuk Formation applying the Rb-Sr
and Sm-Nd isotope systematics of marbles and
calciphyres. According to these data, carbonate
sediments were deposited in the interval of 2.0-
2.3 Ga. Our new data allows us to set the limits
of the formation of carbonate rocks of the
Temryuk Formation between 2.3 and 2.05 Ga.
Geodynamic setting of plagiogranitoids for-
mation. Granitoids of the Zachativka-Fedorivka
anticline characterized by high ratio K/Rb (431-
664) and low- Rb/Sr (0.03-0.06) and Rb/Ba
(0.04-0.09), what is typical of M-type [20] gra-
nites (Table 2). The analyzed rocks are charac-
terized as undivided M, I, S type granites (Fig. 11,
a, b). They show the features of volcanic islands
arc (Fig. 11, ¢, d), with negative Nb and Ti ano-
malies (Fig. 6). Plagiogranites of the Zachativka-
Fedorivka anticline plot as adakites and island-
arc rocks (Fig. 11, ¢, f). According to the obtained
geochemical data, they could have formed
during the melting of the lower crust under the
influence of plumes in the Paleoproterozoic.
Conclusions. Granitoids of the Zachativka-
Fedorivka anticline in the Mangush synclinorium
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TPAHITOIIN 3AYATIBCHKO-®EJIOPIBCHKOI AHTUKIIHAJII MAHTYIICBKOTO CUHKJITHOPIIO:
TEOXIMIYHI OCOBIMBOCTI, ITOXOMKEHHA I BIK (ITPMA30BCHKMYI JOMEH YKPATHCBKOTO IIUTA)

Eran maseonpoTepo3oiicbKoro KopoyTsopeHHs:A Ha IIpnasoBcbkoMy JoMeHi YKpaiHChKOTO LIMTA 3a/IMIIAEThCS He-
JOCTaTHbO BUBYEHMM. Y Heoapxei-Ilaseonporepo3oi IIpra3oBcbkmil cerMeHT apxelicbkol Kopu 0yB (pparmMeHToBa-
HUJI BeMKUMY pUQPTOTEHHVMI CTPYKTypaMu. 3 LVIM eTalloM IIOB’si3aHe (POpMYBaHHA Heoapxeli-IajeolpoTe-
PO30JICBKIX 0Ca/jOBO-BY/IKAHOT€HHIX KOMIUIEKCiB IJeHTpPa/bHOIPMa3oBChbKol cepil (2,76—2,22 Mipy pp.) Ta HO-
TY)XHUIT TPAHITOIfHMIT MarMaT3M. MeTa po6oTH — reoxiMiuHe BMBYEHHsS IHTpYysiil rpaHiTOIAiB 3auaTiBChKO-
DepmopiBcbkol aHTHKTIHATI MaHryuicbkoro cuHkninopio Lentpanbroro Ilpnasos’s. B 3agatiBcbko-DenopiBebKii
AHTUK/iHa/M MaHTyIICbKOTO CMHKITIHOPi0 BUJIUIAIOTH IIariorpaHiToifu Ta misHiuni nermaToifHi rpanitu. ITmario-
TPAHITOINM € TIOMIPHO Ka/lieBUMI IIOPOJaMM, Kaslili-HaTPieBOl NeTPOXiMi4HOI cepii, 3 mepeBakanHAM Na,O Hap
K,O i nuspkum BigHomennsam Rb/Sr (o 0.03). Cepesi HUX BMOKPEMTIOOTH T/IATIOTPAHITH 3 HUSDKMM BMIiCTOM BH-
COKO3apSI{HIX €/IEMEHTIB 3 IIO3UTUBHIMI €BPOIEBVMI AHOMAIISIMI Ta TPAHOAIOPUTH 3 OI/IBIINM BMICTOM BICO-
KO3apsA/IHNUX elleMEeHTIB Ta IlepeBa’KHO HeraTVBHMUMIY eBpomieByMu aHoManiamu. U-Pb Bik TuTaniTy 3 rpanogiopu-
TiB 2028 + 47 miH pp. Lleil Bik XapaKTepusye 4ac 3aKpUTTA YpaH-CBMHIEBOI i30TOIHOI CUCTEMM TUTAHITY, OTXKE,
BifobOpakae MiHiManbHMII BiK rpaHOAiopuTy. CBMHeI[b-CBUHIIEBUIT BiK LIMPKOHY 3 rpaHirtiB 6anku Bopsna —
2,07—2,09 mnpp pp. CBUHEIb-CBMHIIEBMII BiK MOHALIUTY 3 IIETMaTOIIHNUX I'paHiTiB — 2,05 Mapp pp. PopmyBaHHA
inTpysiit maseonporepo3oiichbkyx Iiariorpaniroinis IentpanbHoro [Tpuasos’s Moxke 6yTH OB’ A3aHe 3 aKTUBi3a-
nieto maHTil mip IIprasoBcbkum goMeHoM mix wac ¢popMmyBanHA CxigHo-CapMarchbkoro oporeHy ~2,1 Mipg pp.
TOMY. BOHIM MOI/II YTBOPUTHUCS BHACTIJOK YaCTKOBOTO IIAB/IEHHS HIDKHBOI KOPU BHACIIIOK aHAEPIUIETHHTY 6a-
3UTOBUX po3iuiaBiB. XKubHi Tina mermMatoifHux cy6my>KHUX TPaHITiB, BikoM 2,05 MIPE pp. YTBOPUIICS, IMOBIpHO,
Ha eTari Komnisii Capmarcpkoro ta Bonro-YpanbcbKoro KOHTMHEHTIB.

Knrouosi cnosa: Ilpna3oBcbkmit JoMeH, YKPaiHCBKMII IUT, MaHIYIICbKMIT CMHKIIHOPIM, TPaHITOIfY, Ma/leonpo-
Teposoit, CxifHo-CapMaTchKiit oporeH, poprani, Komisis, 130TonHMit BiK, ceH, IMPKOH, MOHALIUT.

ISSN 2519-2396. Minepan. sxcypH. 2022. 44, Ne 2 59



