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SUMMARY

In order to clarify the chronological and spatial relationship between tectonic and magmatic
activity within the western part of the Ukrainian Shield, the results of tectonophysical studies
of the Sushchany-Perga, Zvizdal-Zalissya, and Brusyliv fault zones, the Novohrad-Volynsk
granitoid massif, and the gabbro-anorthosite and rapakivi granites of the Korosten pluton are
presented on the example of the Volyn Domain. As a result, changes in the stress-strain state
in space and time and the main tectonic processes that took place in the Volyn Domain in the
Paleo- and Mesoproterozoic in the period 2.05-1.73 Ga were reproduced. Geological and
geophysical studies of different years regarding the regularities of dyke swarms placement
were also analyzed. It was established that dykes swarms of the main composition control the
zones of discontinuous disturbances of the Precambrian shield foundation, mainly in the
northeast and northwest directions.
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Introduction

The modern structure of the Ukrainian Shield was formed at the border of the Paleo- and
Mesoproterozoic, during the collision of Sarmatia and Fennoscandia in the period 2.05-1.73 Ga
(Gintov, Mychak, 2011; Gintov et. al., 2018; Bogdanova et. al., 2013). During this period, the inner
regions of the East European Craton underwent intense rifting and magmatism of varying degrees. As
a result, large-scale intrusive processes took place within the Ukrainian Shield. Within the
Paleoproterozoic Volyn Domain, they are expressed in the formation of the Novohrad-Volynsk
granitoid massif (2.05 Ga) (Mychak, 2015) and the Korosten pluton of gabbro-anorthosites and
rapakivi granites (1.73 Ga) (Gintov, Mychak, 2014) (Figure 1).

The Volyn Domain is bounded from the north by the Pripyat trough, a latitudinal branch of the
Dnipro-Donetsk Basin. The western border of the Domain runs along the Sushchany-Perga fault zone,
along which it borders the Volyn-Polissia volcanoplutonic belt. The southern limit of the Domain runs
along the Teteriv and Sarny-Varvarivka fault zones, which separate it from the Podolian Domain. The
eastern limit runs along the Chernobyl and Zvizdal-Zalissya fault zones, separating it from the Ros’
Domain (Gintov et. al., 2018) (Figure 1).
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Korosten complex (KP) (1-4):1- Sandstones

and slates of the Ovruch Trough (OvT);

2 — dykes of the post-Korosten dyke complex;

3 — Gabbro-norites, including ore-rich marginal phases;

4 — Rapakivi-type granites, including monzonites;

5 - Deep seismic sounding profiles;

6 — Fault zones (numbers in the circles):

1 Sushchany- Perga, 2 — Teteriv, 3 — Khmilnytsk,

4 — Sarneny-Varvarivka, 5 — Yemilchino, 6 — Central,

7 — Zvizdal-Zalisk , 8 — Brusyliv, 9 — Chornobyl,

10 — Pugachivka, 11 — Obikhody, 12 — Bilokorovychi,

13 — Polissya,14 — South Prypiat ; 7 — Mafic dyke swarms:
N-V — Novohrad-Volynsk, Yem —Yemilchino,

Tm — Tomashgorod, S—P — Sushchany-Perga,

Pg — Pugachivka, Ob — Obikhody, Ostr — Ostrog,

Rd — Radovel, Mkh - Mykhailivka, Zz — Zvizdal-Zalessya,
8 — The border of the Ukrainian shield (a), the outer

border of the Ukrainian shield

The abbreviations zones are: V-PVPB marks Volyn-Polyssia
volcanoplutonic belt. Letters denote mafic intrusions of the
Korosten pluton: Zz — Zvizdal-Zalessya dyke, FED — Fedoriv.
CH — Cherepovtsi, OvD — Ovruch depression, V-V
Volodymyr-Volynsk. Novohrad-Volynsk regional magnetic
anomalie
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Figure 1 Map of the regional component of the magnetic field (AB),, nT in comparison with the
tectonic zoning of the Volyn Domain according to (Entin, 2005; Gintov et. al., 2018).

Method and Theory
The results of tectonophysical, magmatic and magnetic surveys within the Volyn Domain are given.

Tectonophysical studies of fracturing and structural and textural elements of rocks of fault zones and
intrusive massifs of the Volyn Domain allowed the authors to reproduce the chronological and spatial
relationship between tectonic and magmatic processes for the period 2.05-1.73 Ga. It should be noted
that this period is characterized by rather complex geodynamics of the lithosphere of the Volyn
Domain. During this period, the orogeny is ending, the final events of which are granitization and
metamorphism. Microcline granites of the Zhytomyr complex are formed, they are found in gneisses
and schists of the Teteriv series.

The following stages of deformation are singled out in chronological order:
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At 2.09-2.04 Ga - the Uman-Novohrad-Volynsk pre-collision period, during which large-scale granite
formation occurs within the entire Ukrainian Shield. In the Volyn Domain, it was manifested by the
formation of the Novohrad-Volynsk massif of medium-even-grained biotite granites of the Zhytomyr
complex (Shumlyanskyy et. al., 2018). It was established that the massif was formed in a single
regional field of tectonic intensity 6; — 301/0°, 63 — 63/0°. The deformation mode is dextral strike —
slip faults and extensional.

At 1.99 Ga - the Nemyriv phase (o) - 03/0°, o3 - 273/0°). During this period, sinistral strike — slip fault
zones of Teteriv, Sushchany-Perga, Chernobyl zones and the dextral strike — slip fault of Sarny-
Varvarivka were formed.

After the end of the orogenic events 2.0-1.97 Ga, the Osnytsk-Mikashevichi volcanoplutonic belt was
formed. On which the Volyn-Orsha trough was later superimposed, the southwestern part of which is
called the Volyn-Polyssia volcanoplutonic belt within Ukraine. It is composed of volcanic rocks of the
Klesiv series (from gabbro to monzonites and granites) and their intrusive analogues (the Osnytsk
complex). The Osnytsk and Buky complexes have many common features, which may indicate a
single source of melts. The rocks of the Buky complex are characterized by the association of mafic-
ultramafic rocks of mantle origin with crustal formations of medium and acidic composition
(Shcherbakov, 2005).

In the future, the activation of the South Prypiat and Bilokorovytchi fault zones takes place with the
formation of the Bilokorovychi suite of the Topilnya series, in which subalkaline basalts and rhyolites
are present.

At 1.85-1.73 Ga - two subsequent phases: the Submoshorino of northeast-southwest extension (o, —
315/0°, o3 — 45/0°) formation Zvizdal-Zalissya and Brusyliv fault zones and Korosten of northeast
extension (o1 — 333/0° o3 — 63/0°) during the emplacement of the Korosten gabbro-anorthosite-
rapakive granite pluton. During this period, the last active events occurred on the entire Ukrainian
Shield and its adjacent territories. Dikes appear and continuous magmatic activity occurs, during
which rocks of different composition are formed. Massifs and plutons within the studied area are
layered due to multiple inflow of melts from the mantle and crust.

The magmatic activity of the Volyn Domain ends with the eruption of the rhyolites of the Ovruch
depression 1.76 Ga the South Prypiat fault zone. In addition to rhyolites, metabasalts and
metatrachyandesites are present in the composition of the Zbranki suite (Gintov, Mychak, 2014).

The stress-strain state of the Korosten pluton was studied by the nature of fracturing in the area of
development of gabbro-anarthosites of the Volodarsk-Volyn, Fedoriv and Chopovychy massifs and
rapakivi granites in open pits and in outcrops along the Uzh, Irsha, and Zheriv rivers. According to the
research results, it was established that the formation of the studied conjugated fractures systems took
place during the cooling of the pluton at a depth of 2-5 km under brittle and quasi-brittle conditions.

Magnetometric observations. In the southwest of the Volyn Domain, the Novohrad-Volynsk regional
magnetic anomaly (N-V RMA) with an intensity of 300 nT is clearly distinguished.

According to 3D modeling data (Pashkevich et. al., 2006; Mychak et al, 2022) N-V RMA has a thick
(more than 50 km) magnetic lower crust (3 A/m) and is surrounded on all sides by zones with crustal
thickeness up to 40 km with reduced magnetization of crustal bottoms (up to 1-2 A/m ). In the eastern
part, there is a regional minimum of the magnetic field, which has a complex structure and combines
the minimum of the northwest and northeast strikes (see Figure 1).

XVII International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

7—10 November 2023, Kyiv, Ukraine




Monitoring’2023 EAGE

The description of the deformation stages would be incomplete without mentioning the widely
developed swarms of main dykes (see Figure 1), which in most cases are also magnetic sources and
are clearly fixed in the magnetic field. According to the results of geological and geophysical studies
of different years, it was established (Krutihovskaya et. al., 1976; Bogdanova et. al., 2013) that large
linear swarms of dykes are confined to the contacts of crustal blocks of different compositions. The
largest Novohrad-Volynsk swarm of dykes within the studied area extends in the northwest direction
along the azimuth of 310-320° and is connected with the Sarny-Varvarivka fault zone (Pashkevich et.
al., 2010), which was activated in the late Proterozoic as a sinistral strike — slip fault. The Emilchy
swarm along the azimuth of 330-335° is connected with the fault of the same name in the north-
western direction. The Tomashgorod swarm of main dykes (azimuth 330°) cuts through the Volyn-
Polyssya volcanoplutonic belt.

It is segmented in places of intersection with northeast-trending faults and has a shift to the southwest
due to the activation of the Sushchany-Perga fault zone. Swarms of northwest-trending dikes within
the Volyn Domain belong to the zone of sharp changes in the thickeness of the Earth's crust, which is
clearly observed in the regional magnetic field (see Figure 1), and are located in the transition zone
from the non-magnetic lower crust of the Korosten pluton to the magnetic crust under Novohrad-
Volynsk block.

The following dyke swarms are associated with the Sushchany-Perga fault zone and the faults
corresponding to it: Sushchany-Perga, Ostrog, Pugachivka, Mykhailivka in the northeast direction
along the strike by azimuth of 225-230°, the fault zone became active in the late Proterozoic as a
dextral strike — slip fault. The Zvizdal-Zalissya dyke of submeridional extension was inserted into the
stretching fault of the same name in the Korosten phase of deformation.

The early generation of the main dykes at 1.80-1.77 Ga, which accompany the faults of the northwest
(330£20°) or less often submeridional trends, corresponds to the Submoshorino stage of fault
formation. During this stage, more ancient faults of the diagonal system became active with the
appearance of a new system of orthogonal strike faults (Gintov, Pashkevich 2010). Such as the
Zvizdal-Zalissya fault zone of northsouth strike. According to (Bogdanova et al, 2013 et al.)
Submoshorino phase of faulting Volyn Domain: corresponds to Obikhody (Ob), Radovel (Rd),
Tomashgorod (Tm), Yemilchino (Yem) Novohrad-Volynsk (N-V) dyke swarms.

Later than at 1.76—1.75 Ga, dike swarms are dated to the Korosten gabbro-anorthosite pluton of the
same age and were emplaced during the second (Korosten) stage of faulting, when older fault zones
were activated and partially transformed into extensional and stretching zones by E-W These swarms
of dykes are characterised mainly by strike of 030+20°. Zvizdal-Zalissya (Zz), Sushchany—Perga (S—
P), Ostrog (Ostr), Pugachivka (Pg), Mykhailivka (Mkh) dyke swarms were formed during Korosten
phase of faulting (see Figure 1).

Conclusions

It has been established that the period 2.05-1.73 Ga is characterized by rather complex geodynamics
of the lithosphere not only of the Volyn Domain, but also of the whole Ukrainian Shield. Within the
Paleoproterozoic Volyn Domain, it is expressed in the formation of the Novohrad-Volynsk granitoid
massif (Uman-Novohrad phase (2.05-2.04 Ga)) and the Korosten pluton of gabbro-anorthosites and
rapakivi granites (Korosten phase (1.85-1.73 Ga)).

According to tectonophysical data, two phases of deformation (Nemyriv (1.99 Ga), Submoshorino
(1.85-1.73 Ga)) were established, due to which major strike-slip faults were formed: Sarny-
Varvarivka, Chornobyl, Sushchany-Perga, Teteriv, Zvizdal-Zalissya.
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It was established that dykes swarms of north-west direction within the Volyn Domain belong to the
zone of sharp changes in the thickness of the Earth's crust, which is clearly observed in the regional
magnetic field (see Figure 1), and are in the transition zone from the non-magnetic lower crust of the
Korosten pluton to the magnetic crust under Novohrad-Volynsk block.
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