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The field tectonophysical works were carried out in the upper reaches of the Ubort River
basin along the Zolnia-Maidan-Kopischany fault. The research aim was determination of
the inner structure and kinematics of the Sushchany-Perga fault zone of the western pfrt
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 down throw fault
type shears, which took place in an area of compression and extension, respectively, is
associated with the formation period of the Perga granitoids complex (1.80—1.70 Ga).This
alternation of the compression and extension conditions has led to formation of the ore
occurrences and deposits within the Perga tectonic joint. This investigation found that
the Sushchany-Perga fault zone arose in the Late Paleoproterozoic at the Nemirov stage
of fracture formation, simultaneously with Goryn, Lutsk, Teterivand Nemyriv fault zones
as a result of the junction of two ancient microplates — Fennoscandia and Sarmatia.
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Introduction. The main results of tecto-
nophysical studies of the Sushchany-Perga
fault zone (SP) are presented in this article.
It is situated on the northwestern part of the
Ukrainian Shield (US) and separate Volyn Do-
main (VD) from Osnytsk-Mikashevichi igne-
ous belt (OMIB).

The SP fault zone separates granitoids of
the Zhytomyr (2.06—2.08 Ga) and Osnytsk
(1.99 Ga) complexes deforming them as a
sinistral strike — slip fault and uplifting the
Tamoshgorod dyke (1.79 Ga) as a dextral
srike — slip fault type [Gintov, 2014]. On the
modern stage of investagations, SP fault zone
is considered as one of the fault zones that
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was formed at the Nemyriv stage of faulting
in the Late Paleoproterozoic, simultaneously
with Goryn, Lutsk, Teterivand Nemyriv fault
zones, due to the junction of two ancient mi-
crocontinents — Fennoscandia and Sarmatia
[Bogdanova et al., 1996, 2013; Gintov, Pash-
kevich, 2010; Mychak, 2016; Gintov et al.,
2018] (Fig. 1).

SP fault zone has been known since the be-
ginning of the last century due to the presence
of a unique rare metal mineralization. Science
the 1920s, it was studied by M.I. Bezborodko,
V.I. Luchitsky and L.G. Tkachuk. In the 1940—
90s, L.I. Gurvich, N.A. Bezpalko, L.S. Galetsky;,
L.B. Zubkov, S.V. Metallidi, S.V. Nechaey,

TIeogusuueckuii xypraa Ne 1, T. 43, 2021



INNER STRUCTURE AND KINEMATICS OF THE SUSHCHANY-PERGA FAULT ZONE ...

Fig. 1. Tectonic sketch of the main tectonic units of the Fennoscandia and Sarmatia crystalline basement [modi-
fied 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 Fig. 2— geological scheme of the crystalline basement of the west-
ern part of the Ukrainian Shield; 10 — the points of the field work in the Perga tectonic joint; 11 — research area.

A.G. Marchenko and others studied metal-
logeny and mapped this zone. In this period
SP fault zone was studied by gravimetric
(scale is 1:200 000—1:50 000) and aero-, land
magnetic (scale is 1:50 000—1:10 000) meth-
ods (O.L. Polivanchuk, V.M. Egorov, O.V. Tes-
lenko, V.I. Starostenko, M.P. Koryak etc.).

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

T'eogusuueckull xyprnar Ne 1, T. 43, 2021

geological studies were concentrated mainly
in the Perga tectonic joint (PTJ) (Fig. 2). It is
associated with the main metallogenic pros-
pects of the region and formed as a result of
intense tectonic activation, magmatism and
metasomatic rocks substitution [Ponomaren-
ko et al., 2017].

Geological and geophysical setting. The
SP fault zone is up to 3 km of width on the
flanks and up to 8—10 km of width in the mid-
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Fig. 2. Geological scheme of the crystalline basement of the NW part of the Ukrainian Shield scale is 1:1 000 000
(modified from [Scherbak, Volodin, 1984]): I — gneisses of the Teteriv series; 2 — granitoids of the Berdychiv
complex; 3— Zhytomyr complex (a — plagiogranites; b — migmatites); 4 — Korosten complex (a — gabbro an-
arthosites; b — rapakivi granites); 5— Osnytsk complex (¢ — plagiogranites; b — migmatites); 6 — sedimentary
rocks of the Ozeriany suite of the Pugachivka series; 7— volcanic rocks of the Klesiv series; 8§ — rhyolites of the
Zbrankiv suite of the Ovruch series; 9 — quartzites of the Tovkachiv suite of the Ovruch series; 10 — granites of
the Perga complex; 11 — gabbroids; 12— dyke complex; 13 — fault zones (numbers in circles): 1 — Sushchany-
Perga, 2 — Polissia, 3 — Horyn, 4 — Lutsk, 5 — Central; 14 — pleaces of the field tectonophysical works carried

out within the Perga tectonic joint.

dle part and trends in 50°NE direction within
the US at a distance of ~150 km. Within the
open part of the Ukrainian Shield, geologists
have identified several differently oriented el-
ementary faults (in tectonphysical terminol-
ogy — shear zones) — Khochyn, Yastrubets,
Golovny, Southern, Sushchany, Ustynivka,
Yurivka, Ubort, Perga, Plotnytsk [Romanyuk,
2013; Ponomarenko et al., 2017]. The shear
zones of various orientations are considered
to be originated during long time in the differ-
ent tectonic stress fields [Gintov et al., 2017].

The SP fault zone intersects the Polis-
sya and Central fault zones of the NW ori-
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entation (see Fig. 1, 2), fragments of which
are traced in the SE direction through
the Korosten pluton to the Kocheriv fault
zone agree with [Metalidi, Nechaev, 1983],
and further to the SE through Rosyn Do-
main, connecting with the Lelekiv fault
zone of the Ingul Domain [Mychak, 2015].

The OMIB belongs to the Fennoscandian
segment of the East European Craton, and
the other tectonic units are included in the
Sarmatian segment (see Fig. 1) [Bogdanova,
1993; Bogdanova et al., 2008]. The NE orien-
tated OMIB is located in the northern part
of the study region, where metamorphosed
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Fig. 3. Kinematic characteristics of the main fault zones along the seismic profiles: Il and VI DSS geotaverses and
WARR EB'" 97 profile [Gintov, 2019]: 1 — sedimentary cover, 2 — crystalline rocks of the earth crust, 3— Moho
surface, 4 — fault zones, 5—9 — kinematic signs (5 — thrust fault, normal fault, underthrust fault, 6 — reverse
fault, 7 — dextral strike — slip fault, 8§ — sinistral strike — slip fault, 9 — reverse or normal strike — slip fault
(depending on the slope of the zone). Regions: VPP — Volyno-Podolian plate, US — Ukrainian shield, DDR —
Dnieper-Donetsk Rift, BM — Belarusian massif, PT — Pripiat trough. Fault zones: SFZ — Stokhodsk, SPFZ —Su-
shany-Perga, KhFZ — Khmelnyk, SVFZ — Sarny-Varvarivka, ZZFZ — Zvizdal-Zaliska, ChFZ — Chernobyl, YDFZ
— Yadliv-Traktemyriv, SPFZ — South Pripyat, PFZ — Polissia, GFZ — Goryn, TtFZ — Teteriv, NFZ — Nemyriv,
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TFZ — Talnivka, MFZ — Moldovka.

sedimentary and volcanic Palaeoproterozoic
rocks were intruded by many bodies of grano-
diorites—diorites in the period 2.0—1.95 Ga.

The other three domains: Volyn, Podolian
and Ros are related to the Ukrainian Shield.
The Podolian domain (PD) is the oldest block
in the region where rocks of granulitic meta-
morphic grade mafic granulites and pyrox-
ene-bearing gneisses of the Archean age
(3.4—2.6 Ga) are exposed among Palaeoro-
terozoic granitoids of different composition.
This domain represents the oldest stage of
evolution of the continental crust with forma-
tion of the Archean granulitic cores [Cheku-
nov, 1989]. The Volyn domain (VD), located
between the PD and the OMIB includes most-
ly gneiss formations of the Teteriv complex
of amphibolitic metamorphic grade with gra-
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nitic intrusions of the Zhytomyr complex with
an age of 2.06 Ga [Shcherbak et al., 1998].
Subsequent fault activation, accompanied by
anorogenic magmatic activity, represented
by intrusions of various compositions, from
peridotites to granodiorites, is caused by tec-
tonic events occurring within the limits of the
OMIIB. As a result of a successive stage of tec-
tonic stabilization of the craton, terminated by
a second episode of anorogenic magmatism
(1.8—1.73 Ga), the large, complex Korosten
Pluton (KP), composed of rapakivi granites
and anorthosites, was formed. At the platform
stage, the domain was covered by sedimen-
tary and volcanic rocks. The Ros domain, lo-
cated in the southeastern part of the region,
is made of sedimentary and volcanic rocks
subjected to amphibolites grade of meta-

145



S.V. MYCHAK, L.V. FARFULIAK

2000
IEHD}
IZEIDL
800
400

—400

Magnetic anomaly, nT

| -B00
|

Fig. 4. Geophysical fields of the Sushchany-Perga fault zone [Yentin et al., 2002}. Scale is 1:500 000: a — residual
gravity anomalies 0g (Suxova—Nigard formula, R=8 km, r=1 km); b — anomalous magnetic field (isodines Z, and
AT,); 1 — echeloned shears; 2 — shear zones; 3 — contour of US.

morphism (amphibole-bearing and biotite
gneisses, plagiogneisses and amphibolites).
The SP fault zone is bounded by granitoids
of the Osnytsk complex with bodies of sub-
silicic rocks and persilicic volcanic outliers
of the Klesiv series on the NW. Granitoids
of the Zhytomyr complex and gneisses of
the Teteriv series, as well as (on the north)
quartzite-sandstones of the Ovruch series are
developed from the SE (see Fig. 2).
Granitoids of the Zhytomyr and Osnytsk
complexes deformed to mylonites and blas-
tomylonites are also developed in the zone it-
self. In the northeastern part, at the intersec-
tion with the WE Trending Polissia fault zone,
within the Perga tectonic joint, metasomati-
cally and dynamometamorphically altered
granites of the Perga complex. Structural and
textural features of these granites are devel-
oped, among which the following varieties
are distinguished: Khochyn, Ustyniv, Perga,
Lviv, Yastrub, as well as aplites, vein granites
and metasomatites [Metallides, Nechaey,
1983; Gintov, 2005; Kostenko, 2010], which
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differ mainly in grain size and variations of
textural features.

In the study region, SP fault zone was stud-
ied by Soviet deep seismic sounding (DSS)
and modern wide-angle reflection/refraction
(WARR) methods. Here, field researches are
carried out at different times. The deep struc-
ture of this region is defined by I and VI DSS
profiles [Ilchenko, 1985; Sollogub, 1986, 1988;
Sollogub et al., 1988], modern WARR deep
seismic researches PANCKAKE [Staroctenko
et al., 2013], EUROBRIDGE 97 profiles [Thy-
bo et al., 2003] and seismotomographic cros-
section along 51°00' southern latitude [The
creation ..., 2006].

We are mainly interested in the reflectors
isolated on the P and S waves, according to
which it is possible to trace the depth of the
SP fault zone and the earth crust structure.

The SP fault zone crosses the Moho surface
on the all three profiles (Fig. 3). On the EURO-
BRIDGE profile, the SP fault zone reaches the
surface of the crystalline basement under the
Prypiat Trough, crossing the Moho surface
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and dipping in the mantle. On the geotraverse
VI, SP fault zone crosses Moho, connecting
with the surface of Fennoscandia and Sar-
matia subduction zone and goes to a 100 km
depth, and according to seismotomography
its depth reaches 300—400 km [Gintov, 2019].

From NW to SE VI geotraverse crosses
OMIB, VD, PD and the SP fault zone (see
Fig. 1). SP and Horyn fault zones dipping to
the SE and can be traced to the Moho surface
at a depth of 55 km in the obtained section
[[Ichenko, 1985; Sollogub, 1986, 1988]. It was
reinterpreted the seismic materials and con-
structed a seismic tomographic model along
the VI line of geotraverse that made it possible
to clarify the earth crust structure in the vicin-
ity of SP fault zone [Lysynchuk et al., 2019,
2020]. At the profile distances between the
PC 900—840 in terms of the velocity structure
(within the velocity values of 5.0 to 6.0 km/s)
we can observe a trough down to the depth
of 15 km which corresponds to the trough of
the OMIB with the Paleoproterozoic crust.
The OMIB is separated from the structure of
the US by the Goryn and Sushchany-Perga
fault zones. Further to the southeast, along
the section line, we can observe velocity up-
lifts in the Earth's crust within the Ukrainian
Shield, corresponding to the main tectonic
domains. E.g. between PC 840—750, at the
depth of 30 km and below, from the 7.0 km/s
isoline of the lower crust top, there is a rise up
to the surface with the speed of 5.0 km/s cor-
responding to the Volyn Domain. The Moho
is located here at the depth of 45 km. In the
Podolian Domain between 750—620 pickets,
velocity uplift is marked at the depth of 25 km
from the velocity isoline of 7.0 km/s in lower
crust up to the surface at PC 650 with a veloc-
ity of 5.25 km/s. The upper crust of the Volyn
block lies at depths of 7—21 km, the middle
crust — at depths of 20—35 km, and the sur-
face of Moho lies at a depth of 45—50 km
[Lysynchuk et al., 2020].

Geotraverse II [Sollogub et al., 1988] is
sub-parallel and close to the PANCAKE pro-
file (see Fig. 1) [Staroctenko et al., 2013]. It
allows us to consider the structure of the SP
fault zone along its central part and across the
main domains of the study area: Volyno-Po-
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dolian plate and Volyn Domain of the western
slope of the US. According to the PANCKAKE
section data, a thick layer of the upper crust
lies at a depth of 25 km. It includes low ve-
locity lenses (with Vp~6.1 km/s) at depths of
12—18 km and 15—18 km respectively, which
traced to the Carpathians and marks at depths
of 12—18 km within the VD and PD on the
EB'97too.The middle crust has a thickness
of ~9 km in depth ranges from 20—25 km to
27—33 km. The lower crustal layer (down to
Moho at 44—48 km depth) has a high velocity
with Vp=7.2+7.4 km/s.

The EB'97 profile crosses SP fault zone in
the crossing point of the Pivdenno-Pryborto-
va, Polissia fault zones on the northern slope
of the Ukrainian Shield between Korosten
pluton and Prypiat trough (see Fig. 1). EB'97
gives a clear seismic reflection of subduction
markers of structures and traced under Moho.
This is recognized in [Ilchenko, 2002; Thybo
et al., 2003], where a two-dimensional inver-
sion of the travel time of seismic waves was
performed. In [Bogdanova et al., 2000] these
data are supplemented by density modeling
using the dependences of density on the ve-
locities of P- and S-waves, as well as data from
petrology and other geological data.

The seismotomographic crossection along
51°00" S latitude also confirms the existence
of the dipping of Fennoscandia under Sar-
matia, which is traced to the upper mantle
[Gintov, 2019] and the formation of a bound-
ary between the ancient microplates by Go-
rin and Sushchany-Perga fault zones in the
earth's crust. Section along 51°00’ S latitude
compiled by LK. Pashkevich et al. [The cre-
ation..., 2000] intersects OMIB, Volyn Do-
main and Korosten Pluton. It crosses of the
SP fault zone in the area of its intersection
with the Central fault zone of the Ukrainian
Shield (see Fig. 1). The Central fault zone was
traced to a surface of the 50 km depth and
dipping to the SE. Seismotomography data
indicate a sloping depression of the relatively
high-velocity lithosphere of the SW edge of
the East European Craton under the relatively
low-velocity lithosphere of adjacent plates
[Gintov, Pashkevich, 2010].

Thus, according to the seismic data giv-
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en above, the SP fault zone was formed as
a result of the activation of the joint zone
of Fennoscandia and Sarmatia. The SP and
Horyn faults zone separate OMIB from the
US structure. Moho depths below the OMIB
increase to 50 km and more, whereas the aver-
age depths beneath the PD and VD are about
45km. The PT and KP are outlined by a Moho
uplift to a depth of 35—37 km.

According to geophysical data [Gintov,
2005], the SP fault zone is traced to NE to
the Prypiat trought, and SW in the Volyno-
Podolian plate basement and continues as the
Kremenets fault zone. The zone is quite well
manifested in gravity and magnetic fields. It
is most clearly fixed by the large gravity step
of the NE orientation (Fig. 4, a). It limits the
most intense Rokytnia gravity maximum in
the SE that is located outside the study area.

Gravity step associated with SP fault zone.
It has a width of up to 8 km, amplitude of
up to 10—18 mGal and extends from the N
boundary of the US (near the Perga town to
the Ostrog town) and further SW toward the
Precarpathian trought. Several (2—3) local-
ized linear anomalies are clearly traced on the
residual gravity anomaly map 0g, which cor-
respond to some shear zones of SP fault zone.

In the magnetic field, the SP fault zone is
characterized by the alternation of linear posi-
tive and negative anomalies in Fig. 4, b. Posi-
tive anomalies can be traced over the rocks
of the Osnytsia complex with striped volcanic
bodies and intrusions of the subsilicic rocks.
Negative anomalies correspond to bands of
tectonites and granitoids of the Zhytomyr
complex. The nature of the increased gradi-
ents of the magnetic field indicates a dip of
the SP fault zone in the NW direction in the
average 50° to 80° angle at the SE edges of
the positive anomaly.

Methods. Tectonophysical studies of
the SP fault zone were started in 1985 by
O.B. Gintov, V.M. Isai, V.B. Kobylyansky,
P.V. Bilychenko. The works were performed
by the Gzovsky-Stoyanov structural-parage-
netic method. Plastic (brittle-ductile) defor-
mations of rocks were studied by measuring
dynamometamorphic striation. The main re-
sults of these studies are in [Gintov, 2005].
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The studing of the tectonites and sec-
ondary structural textural elements (STE)
(striation (migmatite, granitognesis), shcis-
tosity (crystalline and shale), cleavage) (clas-
sification agree [Shevchuk et al., 2002, 2013;
Shevchuk, Pavlov, 2003]) (Fig. 5 f—c) were
performed by the authors of this article. STE
term we used in our article but it named fab-
ric divided on the foliation and lineation in
the English literature classification [Fossen,
2010].

Previously in the tectonophysical study
of SP fault zone, not enough attention was
paid to the rock fracturing of the crystalline
basement. We determinated that the brittle
fracturing forms clear structural paragenesis.
It allows us to determinate the kinematics
and stress-strain state of SP fault zone at late
stages of tectogenesis when the rocks already
were exhumated to the surface.

Processing and interpretation of field mea-
surements of the STE of the rock fracturing
were performed by structural-paragenetic
method of tectonophysics for III-IV levels
of depth [Stoyanov, 1977, Gintov, 2005] us-
ing the Stereonet program [Allmendinger et
al., 2012; Cardozo, Allmendinger, 2013]. The
planes of the STE are showed on stereograms
by planes and poles on the upper hemisphere
(Fig. 5). Cracks are showed on stereograms
by poles, which are the intersection points of
the normal to the plane of the crack and the
upper hemisphere (Fig. 0).

Tectonophysical studies of the Sushcha-
ny-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) Khme-
livka (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), Ustynivka (P.13) (see Fig. 1, 2
and Table 1). As mentioned above, the focus
of the SP fault zone study was on the mea-
surement of STE. Totally, the 113 measure-
ments 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
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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.

It makes possible to determine kinemat-
ics and the stress-strain state of the SP fault
zone for the later stages of tectogenesis. In
addition to our own data we used previous
field tectonophysical data of O.B. Gintov’
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for generalization in the context of our task.

Structura-and-textural elements of the
Sushchany-Perga fault zone. The SP fault
zone has clear structural and textural aniso-
tropy due to our field tectonophysical study
(Fig. 6). Stratification and mylonitization
sometimes reach high intensity (Sushchsny
village, Fig. 6, a), that was consider to be sedi-
mentary bedding (the so-called «perga suite»
[Gintov, 2005]).
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The dipping trend and angles of shale,
migamite and granite-gneiss striation are
shown in Fig. 6, @, b that in table 1. The ma-
jority 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.

The multiphase development of SP fault
zone was accompanied by the formation of
differently oriented shear zones (see Fig. 7
and Table 2), which relative age was deter-
mined 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°),

»P@ |
@l 2
@ 3

Fig. 7. The results of the inverse kinematic task for the
Sushchany-Perga fault zone:1 — Compression (c;); 2
— extension (o3); 3— intermediate principal stress (c,)
and their superscript is stress strain deformation phases
(Table 2).

Table 1. Coordinates of the STE bedding in the Sushchany-Perga fault zone

. Coordinates Strike azimuth | .
Points . Dip azimuth
Fia. 1.2 Locality STE (average STE Rocks
1g. L Latitude Longitude value)
P 1 51°05'02,5" 27°31'0,3" Zolnya 20° NW Osnytsk granites
P.2 51°09'47,5" 27°32'41,4" Lopatychi 70—80° (75°) NW Osnytsk granites
60° NwW itoi
P.3 | 51°12559" | 27°35'17,6" | Varvarivka Granitoids of
300° NE the Zhytomyr complex
P4 51°14'11,3" 27°40'1,28" Olevsk 50—60° NW Osnytsk granites
' ' ’ (65°) NE
o ’ ” o ’ " . 50*600 NW .
P.5 51°14'54,8 27°40'59,9 Hmelivka (55°) NE Osnytsk granites
) NW Osnytsk granites;
P.6 | 51°16'49,3" | 27°43'57,7" a“;fﬁgﬁ?ﬁ;ly 65° Granitoids of
NE the Zhytomyr complex
NE
P.7 51°18'21,2" 27°45'48,6" Suchany 30—55° NW Lvivkivsk granites
P.8 51°23'46,0" 27°53'28,6" Perga 64°; 84° NW Perga granites
onar " ot " Rudnya-Ho- 62—70° .
P.9 51°26'14,4 27°53'54,1 chynska (64°) NW Perga granites
P. 10 51°27'59,2" 27°52'51,6" Hochyne — — Perga granites
P11 51930'57,8" 27°52'33,1" Maidan- . 120 W Granitoids of the Zhy-
Kopychans-kyi tomyr complex
P. 12 51°13'33.5» 27°41'44.6» Tepenytcia 315° NW Pink-gray granite
P. 13 51°20'14.8» 27°56'1.7» Ustynivka 75—80° NNW Ustynivka granites
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Lopatychska — 345/83 (strike azimuth 75°)
[Gintov, 2005].

1. Khmelivka shear zone (P. 4—P. 7, see
Fig. 4, 5, d). This zone trends to the (54—60°)
NE (see Fig. 5, d) with dip angle a 70 to 88°
NW (see Fig. 6 and Table 1). Such shears are
found in the outcrops along the Ubort River
on the Olevsk” NW outskirt, as well as on the
Khmelivka and Sushchany villages SW and N
outskirts. Elementary shears are represented
by mylonites and blastomylonites. Brittle dis-
placements along the shears are not observed.
There are left and right S-Z tucks under the
shears. Elementary shears are combined into
echeloned fault zone (see Fig. 5, e).

2. Sushchany shear zone (P. 1, P. 4—7, see
Figs. 2, 5, d). This zone strikes in a NE direc-
tion at an angle of 40° with a dip to the SE at
an angle of 80—85°. The L-shears of this zone
have the same elements as the axial plane.
R-shears strike witn 34° in a NE direction, dip-

ping to a NW angle of 82°. It is established
that along the shearing zone in the process of
its formation there were left-slip — strike-slip
movements.

3. Perga shear zone. This zone is represent-
ed by Perga (see P. 8, Fig. 4), Osnytsk (P. 6),
Ustyniv (P. 13) granites. Prega granites are
considered intrusive rocks and are genetically
related to Korosten pluton [Sheremet, 2013].
The obtained dates for cirtolite (1760+5 Ga
[Shcherbak et al., 2008]) confirm the affinity
with this complex [Dubina, Kryvdik, 2014].

Two phases of the strains are defined in
Perga shear zone. The first phase has strike
from 58 to 64° (see Fig. 5, 6, g) with a NW dip
at an angle of 72° and is L-shear. Their strike
coincides with the strike of the axes of mag-
netic anomalies (see Fig. 4, b) in the area of
distribution of these shears. Shears are com-
posed mainly of mylonites. There are right
tucks in of the NE 84° strike, at the 82°angle

Table 2. Deformation phases of the Sushchany-Perga fault zones according to the struc-

tura-textural elements

Axes of stress
No Phases o, o3 it %2 diat Kinematics
(compression) (extension) ({n grme tate
principal stress)

Hmelivka 185/02° 95/02° 330/88° Left-lateral strike-slip
2 Suchany 85/05° 355/05° 220/85° Right-lateral strike-slip
3 | p Phase 1 286/20° 12/20° 150/70° Right-lateral strike-slip

erga
9 Phase 2 335/05° 140/85° 240/02° Thrust fault
Rudnia-Hochynsk 150/78° 342/12° 246/02° Normal Downthrow fault
Lopatychi 300/07° 30/02° 135/83° Right-lateral strike-slip

L'(1607)

Fig. 8. Stereograms of elements of occurrence (dip azimuths) of rock cracks within the Sushchany-Perga fault
zone: a — subvertical dippig of the shears (70—90°); b — inclined cracks (40—70°); c— common stereogram of

the dip cracks.
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of the dipping in the NW rhumbs under the
shears. They were identified as R-shear, which
corresponds to the right-lateral shear.

4. Rudnia-Khochynsk shear zone (P. 9, 10,
see Fig. 2) morphologically is a downrtow with
a gentle NW dipping at an angle of 40—42°
and has a strike of 64°. The area is represented
by Perga granites, thin schistose, mylonites
and cataclasites.

5. The Lopatychi shear zone (P. 2, see Fig. 2)
is represented by the Osnytsk complex of
granites and strikes in the NW rhumbs at
an angle of 75° with a dipping to the NW of
60—70° (see Fig. 4, d). There are left and right
S-Z tucks in at an angle of 37 and 21° with a
NW dipping at an angle of 45° with a left type
of displacement, under the shears.

After analysis of the inverse kinematic task
(see Fig. 7 and Table 2), we can conclude that
the Khmelivka and Sushchany phases of SP
fault zone of strains are similar to the phases
of formation of the Nemyriv and Khmilnyk
fault zones. Therefore, these phases can be
coresponding to the Nemyriv faulting stage.
Similar [Gintov, 2005] Sushchany faulting
phase is observed in both the Nemyriv and
Khmilnyk fault zones. In the Khmelivka shear
zone, Zhytomyr granites have been recycled
into blastomylonites, mylonites and migma-
tites. In the Sushchany shear zone, Osnytsk
granites are mylonitized.

The SP fault zone was quite active during
the time of the interaction between Fennos-
kandia and Sarmatia at the Rudnia-Khochyno
and Perga phases [Bogdanova et al., 1996,
2013]. Such interaction in the form of com-
pression and tension, thrust and downthrow
occurred during the Perga complex forma-
tion (1.80—1.70 Ga) with increased fracturing,
stratification or schistosity and propagation
of STE.

The nature and conditions of the Sushch-
any-Perga fault zone fracturing. The crack
systems of the shearing and rupturing (rep-
resented by granite and quartz reefs, pegma-
tites) are characteristic structural elements
of the study area. In one case, they have the
same elements of occurrence with STE and in
another case they cross the rocks of the crys-
talline basement, including STE shear zones.

T'eogusuueckull xyprnar Ne 1, T. 43, 2021

The kinematics of SP fault zone by fracturing
is shown in Fig. 8. Cracks are often subvertical
(70 %), although sometimes there are systems
of inclined ruptures (30 %). The angles be-
tween the paragenetically linked cracks in-
dicate the most frequent R-shear formation
in the condition of the I-II levels depth. The
study of the main systems of cracks of the SP
fault zone allows us to assess the evolution of
its stress-strain state in the context of the gen-
eral history formation of the Volyn domain of
the US in the Proterozoic stages.

According to the measurements of the sub-
vertical cracks (Fig. 8, a) two stress fields are
determinated:

R (40/86°) — R'(335/86°), 6, — 07/86, 53—
277/86, 6, — 1, right-lateral shear;

R (75/85°) — R' (320/85°), o, — 287/85,
oy — 17/86, 6, — 1, left-lateral shear.

In accordance with measurements of the
inclined cracks (Fig. 8, b), the stress field (L
(250/65°) — L'(160/60°), £; — 295/25, 63 —
207/30, o, — 45/60) is close to the fifth de-
formation phase (Lopatychi). Most likely, this
field began to form immediately after the last
phase of STE.

Turning to the question of Ore-bearing Su-
shchany-Perga fault zone it should be noted
[Nechaev et al., 2019] that the most number
of deposits and ore occurrences of US min-
erals are associated with fault zones. Faults
serve as channels for the entry into the upper
layers of the platform covered of hydrogen-
gas fluids and the exhalation of chemical ele-
ments in the form of free atoms and ions. The
structures of the extension (rupture cracks)
the most penetrating for upward flows in the
fault zone are, then in decreasing order: Rie-
del shears and next L-shears. However it is
proved [Nikolaevsky, 1982; Gintov, Isai, 1984]
that in the process of plastic deformation of
rocks in the fault zone, even during compres-
sion, there is dilatancy — loosening of the
rock, which reaches a degree of one to several
percent. This is clearly seen by gravimetric
data, which indicate to the decompression of
the earth's crust in fault zones.

The process of deposit formation and the
nature of mineral ore formation are multi-
stage ones and stretched over time. It is first
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of all related to the kinematic features of the
Precambrian plate tectonic process, which is
primarily due to the orientation of the fault
zones during their initiation, as well as their
stress-strain state during activations. The
distribution area of metasomatitesis of great
importance for the localization of ore fields
and around the general mineral deposits as
well as for localization in the hard blocks of
the ancient basement.

As mentioned above, the SP fault zone
was influenced by several phases of activa-
tion (like lateral shear and downthrow —
upthrow), especially in connection with the
subduction-collision processes that occurred
during the joining of the Fennoscandia and
Sarmatia microcontinents.

In the area of intersection with the Cen-
tral fault zone within the Perga joint, we have
the Perga beryllium (genthelvin) deposit with
gold ore, rare metal and sulphide mineral-
ization, including Sn. The Yuriyivsky massif
of titanium-bearing gabbroids, Yastrubets
massif of syenites (comes from the Korosten
pluton [Mitrokhin, 2011; Dubyna, Kryvdik,
2014]), Sushchany disthene deposit, as well
as, placers and bed-rocks of the tin (cassit-
erite), tantalum-niobium ores are situated in
the field of Perga granites. Scheelite skarns
with superimposed sulfide and precious metal
(Ag, Au) mineralization and other minerals
are known in the area [Bogdanova et al., 2004;
Kondratenko, Kostenko, 2015; Galetsky et
al., 2016; Ponomarenko et al., 2017; Nechaev
et al., 2019]. Molybdenum mineralization
is located within the area of distribution of
medium-coarse-grained leukogranites of
the Ustynivka ore in the area of propagation
[Kondratenko, Kostenko, 2016].

Discussion. 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 compres-
sion 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 Fig. 1). Modern deep seismic sounding
data show the process of paleosubduction by

154

Fennoscandia under Sarmatia [Bogdanova et
al., 2006].

The author [Gintov, 2019] substantiates the
assumption of the existence of two paleosub-
ductions of Fennoscandia under Sarmatia ac-
cording to seismic and tectonophysical data
and that the Suzhany-Perga fault zone was
formed as a result of the second paleosub-
duction.

The authorsin [Ponomarenko et al., 2017]
proved that components of rocks such as fluo-
rine and lanthanides participated in the crys-
tallization of fluorite of the Sushchany-Perga
fault zone of the VD of the US, which have a
mantle origin. This is one of the evidences
that SP fault zone has a mantle origin.

That is, on the EUROBRIDGE 97 profile a
reflector was found at depths of 45—80 km,
from the northern edge of the Prypiat trough
to the middle of the Korosten pluton [II-
chenko, 2002; Thybo et al., 2003], which is
the joint zone of Fennoscandia and Sarmatia
plates.

Thus, along the PANCKAKE and EB'97
profile in the SP fault zone and adjacent areas
the high velocities may represent modified
lower crust, at least in part, by magmatic un-
derplating or mafic intrusion, as interpreted
in other locations worldwide [Yegorova et al.,
2004; Bogdanova et al., 2004, 2006].

The results of interpretation presented in
the work 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 of
differently oriented shear zones: Khmelivka,
Sushchany, Perga, Rudnia-Khochin, Lopaty-
chi, which belong to the Nemyriv stage of
faulting (~ 1.99 Ga).

‘We have established that the development
of thrust fault and normal down throwfault
types hears, which took place in an environ-
ment of compression and extension, respec-
tively, is associated with the formation pe-
riod of the Perga granitoids complex (1.80—
1.70 Ga). This alternation of the compression
and extension condition sent ailed resulted in
the ore occurrences and deposits formation.

Conclusions. The tectonophysical re-
search of the SP fault zone of the Volyn Do-
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main of the western part of the US allows us
identifying changes in the stress-strain state
in space and time.

The formation of the SP fault zone oc-
curred during at least five stages (five phases)
of deformation according to structural/textur-
al 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 fol-
lowing shear zones and deformation phases
are identified in the order of decreasing age:
Khmelivka — 140/88 (numerator — dip azi-
muth, denominator — dip angle), Sushchany
— 130/88, Perga— 334/50, Rudnia-Khochyno
— 345/42, Lopatychi — 345/83.

The Khmelivka and Sushchany phases are
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BHyTpeHHee CTpoeHue 1 KHHEMaTHKa

10 pe3yAbTaTaM TEKTOHO(PN3NYECKNX NCCAEAOBaHUM

C.B. Mbryak, A.B. @apgyasak, 2021
NuctutyT reopuzuku um. C.1. Cy66otuna HAH Ykpaunsl, Kues, Ykpanuta

C 11eABIO BBISICHEHUSI BHYTPEeHHero cTpoeHus U KuHeMaTuku CyinaHo-ITepskaHCKOM
30HBI Pa3AOMOB BOABIHCKOTO MerabAoka YKPanHCKOTO ITHUTa IIPOBEAEHEI IOAEBbIe TEKTO-
Ho(pu3nUecKre N3MepeHus B 6acceliHe BepXHero TeueHus p. YOOPTh 110 MapUIPYTy 30Ab-
Ha—Maunpas—KonuiieHnckuid. [TpoBepeHO M3ydeHre TPEUIMHOBATOCTU U CTPYKTYPHO-
TEKCTYPHBIX DA€MEHTOB F'OPHBIX ITOPOA CTPYKTypHO-TIapareHeTU4eCKUM MEeTOAOM TeK-
TOHO(U3UKYU C YUeTOM TAYOMHBI uX hopMupoBaHus. [1o pe3yabraTaM UHTepIpeTaluu
YCTaHOBAEHO, uTo (hopMupoBaHue CyiaHo-Ilep>kaHCKOM 30HBI Pa3AOMOB IIPOAOASKAAOCH
B TeueHMe He MeHee IATH a3 U CONPOBOKAAAOCH OOpPa30BaHUEM COOTBETCTBYIOIUX
Pa3AMYHO OPHEHTUPOBAHHBIX 30H CKaAbIBaHUS: XMeAeBCKOM, CyIaHcKo, [Tep;kaHCKOH,
Pyansa-XounHckoi, Aonatuackon. Pa3sl popMupoBanus XMeAeBcKou 1 CyIaHCKON 30H
CKaABIBaHUS @HAAOTHUUHBI ITO TPOCTUPaHNUI0 HeMUPOBCKOM 1 XMEAbHUKCKOY 30HaM pas-
AOMOB YKPauHCKOIO IIUTa, KOTOpble COOPMUPOBAANCEH B HEMUPOBCKUM 3Tall Pa3A0MOO-
O6pazoBanHug (~1,9 Mapa AeT). Pyaus-XounHckas u [Tep>kaHcKas pasbl CBSI3aHBI C aKTH-
Busarnuei CymaHo-ITep>KaHCKOM 30HBI PAa3AOMOB BO BpeMs B3aUMOAENCTBHS MUKPOIIAUT
®enHockaHAMN 1 CapMaTHU. Y CTaHOBAEHO, UTO C IEPHOAOM (DOPMUPOBAHUS KOMIIAEKCA
TepsKaHCKUX rpaHuToOuAOB (1,80—1,70 MAPA A€T) CBSI3aHO pa3BUTHE Pa3phIBOB HAABUTO-
BOTO ¥ COPOCOBOT'O TUIIOB, KOTOPhIE TPOUCXOAVAN B OOCTAHOBKE CKATUS U PACTIKEHUS
COOTBETCTBEeHHO. Takoe uepepoBaHUe OOCTAHOBOK CKATHS U PACTSI>KEHUsI IIOBAEKAO 3a
coboii oOpazoBaHNe PYAOIIPOSIBA€HUHN B IIpepeAax [Tep>kaHCKOTO TEKTOHUUECKOTO Y3Aa.
JaHHOe nccAepOBaHMe YCTaHOBUAO, uTo CylilaHo-ITepsKaHCcKas 30Ha pa3AaoMa BO3HUKAA B
TIO3AHEM ITaAeONIPOTep030e Ha HEMUPOBCKOM 3Talle Pa3AoMo0OpPa30BaHUsl OAHOBPEMEHHO
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INNER STRUCTURE AND KINEMATICS OF THE SUSHCHANY-PERGA FAULT ZONE ...

C APYTUMU Pa3AOMHBIMU 30HaMU YKpauHcKoro muTa (lopunckoi, Ayikoi, TeTepeBcKoM
u HeMupoBcKoOIi) B pe3yabTate coureHeHUss MUKponAuT Mernockananu u CapMaTum.

KarouoBsle caroBa: YkpauHckuli mut, CyijaHo-ITep>kaHckasa 30Ha pa3aoMos, [lep-
SK@HCKUU TeKTOHUUYECKUY y3€eA, CTPYKTYPHO-TeKCTYPHbBIE 9AeMeHTHl, AePOPMAaIliU, IIOAST
HaTPsI>)KEeHUN.

BuyTpimHsg 0ypoBa i KiHemaTnka CyimaHo-Ilep;XaHCbKO1
30HU PO3AOMiB YKPaiHCHKOTO IIIUTA 3a pe3yAbTaTaMu
TEKTOHO(IZNYHUX AOCAIAKEHb

C.B. Muyak, A.B. Papgpyarsak, 2021

[actutyT reodizuku im. C.I. Cyo6ootina HAH Ykpainu, Kuis, Ykpaina

3 MeTOI0 BU3HAUeHHs BHYTPIIIHBOI OyA0BH 1 KiHeMaTuKH CyinaHo-ITep>KaHCBKOI 30HU
PO3A0OMiB BOAMHCBKOrO MerabaoKa YKPaiHChKOTO IIIUTa BUKOHAHO MOABOBI TEKTOHOMI-
3UYHI AOCAIAKEeHHS B OaceliHi BepXHBOI Tedil p. YOOPTh 3@ MapuIpyToM 30AbBHI—Mar-
paH—KomnuieHcbkui. [TpoBepeHO BUBYEHHS TPIIMHYBATOCTI i CTPYKTYPHO-TEKCTYPHUX
€AEeMEeHTIB TipChKUX TOPiA CTPYKTYPHO-TIapareHeTUYHUM METOAOM TEeKTOHOMI3WKU 3
ypaxyBaHHIM IAMOUHU 1IX POPMYBAHH4. 3a pPe3yAbTaTaMM iHTepIIpeTallil BCTAaHOBAEHO,
mo opmyBaHH CyinaHo-Ilep>kaHCHKOI 30HU PO3AOMIB TPHUBAAO IIPOTATOM He MEHIIe
I'aTH (pa3 i CyIpOBOAIKYBAAOCS YTBOPEHHSIM BIATIOBIAHUX Pi3HOOPIEHTOBAHUX 30H CKO-
ArOBaHHA: XMeAiBchKOI, CyllaHchKol, [TepskaHcbKo1, PyaHS-X 04MHCBKOI, AOTIaTUYiBCHKOI.
XmeniBcbka Ta CyljaHChbKa 30HU CKOAIOBAHHS @HAAOTIYHI 3@ NPOCTATaHHAM HeMwupis-
CBKil Ta XMIABHUIIBKIA 30HAaM PO3AOMIB YKPAIHCBKOTO IIUTA, AKi C(hOpMyBaAuCS B He-
MMPIBCBKUM €Tall PO3A0MOYTBOPeHHH (~1,9 MApPA poKiB). Pyana-XounHcbKa i [Tep>kaHcbKa
da3u noB'g3aHi 3 akTuBizaniero Cyiano-ITep>KaHCbKOI 30HU PO3AOMIB IiA Yac B3aEMOAIT
mikponanT @ennockanpii Ta Capmartii. BcraHoBA€HO, 1110 3 TepiopoM (POPMYBaHHS KOMII-
AEKCy Iep>KaHChKUX IpaHiToiaiB (1,80—1,70 MApA POKiB) IIOB'93aHMUM PO3BUTOK PO3PHU-
BiB HAaCyBHOTO i CKHAOBOTO THUIIIB, 110 BiAOYBaAMCh B OOCTQHOBI]I CTUCHEHHS 1 PO3TATY
BipTIOBipAHO. Take yepryBaHHS CHUTyallili CTUCHEHHS 1 PO3TATr'y CIPUYMHUAO YTBOPEHHS
PYAOIIPOSBiB B Merkax [Tep;KaHCBKOro TEKTOHIYHOTO By3Ad. BcTaHOBAEHO, o CyllaHo-
IMTep>xaHCbKa 30Ha pO3AOMiB BUHHUKAA B MTi3HBOMY ITaA€OIIPOTep0301 Ha HeMupiBcbKOMY
eTalli PO3AOMOYTBOPEHHS OAHOYACHO 3 iIHIITUMU PO3AOMHUME 30HAMHU YKPAIHCHKOTO IITUTa
(TopuHCcBKOIO, AynbKOIO, TeTepiBchbKOIO i HeMUpPiBCBKOIO) B Pe3yAbTATI 3YA€HYBAaHHSA
MikponAuT PeHHoCKaHAil Ta CapMartii.

Karouogi caroBa: YkpaiHncbkui mut, Cyimmano-ITlep>kaHcbka 30Ha po3AoMiB, [lepskan-
CBKUM TeKTOHIYHUY BY30A, CTPYKTYPHO-TEKCTYPHI eAeMeHTH, AepopMaliil, TOAS HAlIpyT.

T'eogusuueckull xyprnar Ne 1, T. 43, 2021 159



