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The research aim was determination of the inner
structure and kinematics of the Sushchany-Perga fault zone
of the western part of the Ukrainian Shield. For
investigation of fracturing and structural-textural elements
of rocks the structural-paragenetic method of
tectonophysics was used. It was determined that formation
of the Sushchany-Perga fault zone continued during at least
five phases of deformation. They were accompanied by the
formation of differently oriented shear zones: Khmelivka,
Sushchany, Perga, Rudnia-Khochin, Lopatychi. The
Khmelivka and Sushchany shear zones are similar to
striking of the Nemyriv and Khmelnik fault zones of the
Ukrainian shield, which belong to the Nemyriv stage of
faulting (~ 1.99 Ga). The Rudnia-Khochin and Perga phases
are related to the fact that the Sushchany-Perga fault zone
was quite active during the junction of the Fennoscandia
and Sarmatia microplates. We have established that the
development of thrust fault and normal downthrow fault
type shears, which took place in an environment of
compression and extension, respectively, is associated with
the formation period of the Perzhan granitoids complex
(1.801.70 Ga). This alternation of the
compression and extension conditions entailed resulted in
the ore occurrences and deposits formation within the Perga
tectonic joint.

Introduction. The tectonic SP fault zone is a south-
eastern boundary of the Osnytsk-Mikashevichi volcanic-
plutonic belt and is one of the frontal parts of the strike-slip
structure, which was formed in the compression
geodynamic conditions due to relaxation tectonic
movements on the later stages of the two microplates of the
Eastern European craton collision: Fennoscandia and
Sarmatia (see Figure1). Modern deep seismic sounding data
show the process of paleosubduction by Fennoscandia
under Sarmatia (Bogdanova et al., 2006).

Figure 1 Tectonic sketch of the main tectonic units of
the Fennoscandia and Sarmatia crystalline basement
(modified after Krylov, 1988; Starostenko et al., 2018). The
inset map to the right down shows the subdivision of the
East European Craton into the three segments:
Fennoscandia, Sarmatia and Volgo-Uralia (Bogdanova,
1993). Paleoproterozoic crust: 1 — East European craton
(Ukrainian Shield, KP — Korosten pluton), Volyno-
Podolian plate, Prypiat Trought; 2 — 1.80—1.75 Ga
Korosten pluton (KP), anorthosite—mangerite—
charnockite —granite plutons; 3 — 2.0—1.95 Ga Osnytsk-
Mikashevichi Igneous belt; 4 — 2.2—2.1 Ga Volyn and Ros
domains. Archean crust: 5 — 3.7—3.8 Ga Podolian
domain. Others: 6 — Ukrainian border, 7 — Seismic
profiles: EUROBRIDGE'97 (EB`97), PANCAKE, VI and II
geotraverses (GT VI and GT II); seismotomographic
crossection along 51°00' southern latitude; 8 — fault zones;
9 — position of the geological scheme of the crystalline
basement of the western part of the Ukrainian Shield; 10 —
the points of the field work in the Perga joint; 11 —
research area.

Due to geophysical data SP fault zone has been traced to
the south-west and north-east along its all length by almost
300 km. Detailed geological studies were concentrated
mainly in the Perga tectonic joint (PTJ). It is associated with
the main metallogenic prospects of the region and formed as
a result of intense tectonic activation, magmatism and
metasomatic rocks substitution.

The SP fault zone separates granitoids of the Zhytomyr
(2.06—2.08 Ga) and Osnytsk (1.99 Ga) complexes
deforming them as a left-lateral shear and uplifting the
Tamoshgorod dyke (1.79 Ga) as aright shift type (Gintov,
2014). On the modern stage of investagations, SP fault zone
is considered as one of the fault zones that was formed at
the Nemyriv stage of faulting in the Late Paleoproterozoic,
simultaneously with Goryn, Lutsk, Teteriv and Nemyriv
fault zones, due to the junction of two ancient
microcontinents - Fennoscandia and Sarmatia (Bogdanova
et al., 1996, 2013; Gintov and Pashkevich, 2010; Mychak,
2016; Gintov et al., 2018) (Figure 1).

The results of interpretation allowed to clarify that
formation of the Sushchany-Perga fault zone continued
during at least five phases of deformation. They were
accompanied by the formation ofdifferently oriented shear

zones: Khmelivka, Sushchany, Perga, Rudnia-Khochin,
Lopatychi, which belong to the Nemyriv stage of faulting
(~ 1.99 Ga). We have established that the development of
thrust fault and normal downthrow fault type shears, which
took place in an environment of compression and
extension, respectively, is associated with the formation
period of the Perzhan granitoids complex (1.80-1.70 Ga).
This alternation of the compression and extension
conditions entailed resulted in the ore occurrences and
deposits formation.

Tectonophysical methods. The works were performed
by the Gzovsky-Stoyanov structuralparagenetic method.
Plastic (brittle-ductile) deformations of rocks were studied
by measuring dynamometamorphic striation. The main
results of these studies are in (Gintov, 2005).

The studing of the tectonites and secondary structural
textural elements (STE) (striation (migmatite,
granitognesis), shcistosity (crystalline and shale), cleavage)
(classification agree (Shevchuk et al., 2002, 2013;
Shevchuk, Pavlov, 2003)) (Fig. 2 с⎯f) were performed by
the authors of this article. STE term we used in our article
but it named fabric divided on the foliation and lineation in
the English literature classification (Fossen, 2010).

Figure 2. Deformation structures in the rocks of the
Sushchany-Perga fault zone (Mychak, Farfuliak, 2019): a
— tectonic stratification of Osnytsk complex granitoids.
The left side of the Ubort River near Sushchany (P.7); b —
fracturing of the Zhytomyr complex. The left side of the
Ubort River near Khmelivka (P.5); c — migmatite zoning
in the Zhytomyr complex granitoids between Khochyne
(P.10) and Maidan-Kopyshchanskyj (P.11); d — The gneiss
fold is broken by granite vein in the horizontal area. The
left side of the Ubort River near the Varvarivka (P.3); e —
The quartz vein lies along the fold of the gneiss. The left
side of the Ubort River near Khmelivka (P.5); f —
Microfolding is situated in the vertical wall of the gneiss
outlet. The left side of the Ubort River near Olevsk (P.4); g,
h — tectonophysical scheme of orientation of the structural
and textural elements within the Perga tectonic joint.

Tectonophysical studies of the Sushchany-Perga
fault zone. Tectonophysical studies were carried out on the
outcrops of the river Ubort near villages: Zolnia (P.1),
Lopatichi (P.2), Varvarivka (P.3), Olevsk, (P.4) Khmelivka
(P.5 and P.6), Sushchany (P.7), Rudnia- Khochynsk (P.9),
Khochyne (P.10), Maidan-Kopyshchanskyj (P.11),
Tepenytsia (P.12), and along the Perga River at the
settlements of Perga (P.8), Ustynyk) (see Figure 1). As
mentioned above, the focus of the SP fault zone study was
on the measurement of STE. Totally, the 113 measurements
of striation, schistosity and cleavage were performed. It
was possible only in 97 cases to establish azimuths and
angles of their dips due to weathering of rocks. This study
allowed to distinguish shear zones and their sequence and
to reconstruct the stress-strain state of rocks. In the same
area we carried out 462 measurements of brittle cracks
strike and dipping.

Structura-and-textural elements of the Sushchany-
Perga fault zone. The SP fault zone has clear structural
and textural anisotropy due to our field tectonophysical
study (Figure 3). Stratification and mylonitization
sometimes reach high intensity (Sushchsny village, Figure
3, а), that was consider to be sedimentary bedding (the so-
called «perga suite» (Gintov, 2005)).

The dipping trend and angles of shale, migamite and
granite-gneiss striation are shown in Fig. 3, a, b. The
majority of them (62 planes) is steeply dipping with angles
70—90° and 34 planes dipping to the NW. The incline
dipping (20—60°) is in 34 % (35 measurements) cases and
in 80 % (28 measurements) cases of that dipping to the
NW.

Figure. 3. Elements of planes (a) and histogram of
azimuths and dip angles (b) of structural and textural
elements of rocks within the studied area of the Sushchany-
Perga fault zone. The numbers of points correspond to the
areas in Figs. 1, 2.

The multiphase development of SP fault zone was
accompanied by the formation of differently oriented shear
zones (see Figure. 4 and Table 1), which relative age was
determined by the nature tucks in of the L and R shear
fractures.

The shear zones and deformation phases were
identified in the order of decreasing age: Khmelivka —
140/88 (strike azimuth 50°), Sushchanska — 130/88 (strike
azimuth 40°), Perga — 334/50 (strike azimuth 64°),
Rudnia-Khochynsk — 345/42 (strike azimuth 64°),
Lopatychska — 345/83 (strike azimuth 75°) [Gintov,
2005].

Figure 4. The results of the inverse kinematic task for the
Sushchany-Perga fault zone:1 — Compression (σ1); 2 —
extension (σ3); 3 — intermediate principal stress (σ2) and
their superscript is stress strain deformation phases (Table
1).
Ta b l e 1. Deformation phases of the Sushchany-Perga
fault zones according to the structura-textural elements

Conclusions. The formation of the SP fault zone occurred
during at least five stages (five phases) of deformation
according to structural/textural elements and three stages
— according to jointing. It was accompanied by the
formation of differently oriented shear zones, whose age
has been determined using their structured relationship and
near fault folding. The following shear zones and
deformation phases are identified in the order of decreasing
age: Khmelivka — 140/88 (numerator — dip azimuth,
denominator — dip angle), Sushchany — 130/88, Perga —
334/50, Rudnia-Khochyno — 345/42, Lopatychi —
345/83. The Khmelivka and Sushchany phases are similar
to the phases of formation of the Nemyriv and Khmilnyk
fault zones of the Nemyriv stage. These shear zones cut
and deform both Osnytsa(~1.99 Ga) and Zhytomyr granites
(2.06—2.08 Ga). Thus, their age, as well as the whole
Nemirov stage, is not earlier than about ~1.99 Ga. The
Rudnia-Khochyno and Perga phases are a result of the SP
fault zone activation at the time of the interaction between
Fennoskandia and Sarmatia microcontinents.

We determined that compression and extension
interaction took place during the formation of the Perga
complex (1.80—1.70 Ga).
.

№ Phases Axes of stress Kinematics

σ1 σ3 σ2

1 Hmelivka 185/02° 95/02° 330/88° Left-lateral 

strike-slip
2 Suchany 85/05° 355/05° 220/85° Right-lateral 

strike-slip
3 

Pe
rg

a

Phase 1 286/20° 12/20° 150/70° Right-lateral 

strike-slip
Phase 2 335/05° 140/85° 240/02° Thrust fault

4 Rudnia-Hochynsk 150/78° 342/12° 246/02° Normal 

Downthrow

fault
5 Lopatychi 300/07° 30/02° 135/83° Right-lateral 

strike-slip
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