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SUMMARY 

The results of tectonophysical, magnetic surveys and analyse of the deep seismic structure of 
XXV DSS profile within the Zvenyhorod-Brats`k fault zone are given. Tectonophysical 
measurements were carried out along the Velyka Vys`, Kil`ten, Dry Tashlyk, Mertvovid 
Rivers within Zvenygorod-Brats`k fault zone of the Ukrainian shield. The depth structure of 
the Ingul block turned out to be significantly different in its northern and southern parts. The 
Zvenyhorod-Brats`k fault zone outlines the Ingul megablock from the west and consists of 
rectilinear shear zones where the L and R shears are located. Secondary structures of other 
tectonic stages take part in the structure of this fault zone. The main tectonic activation stage 
is the Pervomai. The Proterozoic cycle of activation (~ 2. 1-1. 70 Ga) contributed to the 
formation of deposits. The inner deep seismic structure of research region is characterized by 
a range of velocities of 5. 85–6. 05 km/s for the upper crust and 6. 9–7. 2 km/s for the middle 
crust. A lens of the lower crust with velocities of 7. 9–8. 0 km/s is observed. The Moho is 
located at a depth of 35–43 km. Magnetic model showed significant difference in the junction 
zone of the Korsun`-Novomyrhorod pluton and the Novoukrainian massif. The magnetization 
value is in the range of 0. 05 - 0. 6 A/m for Holovaniv suture zone - 0. 2-5. 0 A/m.  
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Introduction 

The Zvenyhorod-Brats`k fault zone is located in the western part of the Ingul megablock of the 
Ukrainian shield. It is bounding the Korsun` - Novomyrhorod pluton and the Novoukrainian massif 
from the west (Gintov, Mychak, 2011, а, 2014; Mychak, 2014). It runs parallel to the Pervomai fault 
zone in the submeridional direction and has a length of 230 km and a width of 15 km. Both fault 
zones were laid down during the Pervomai faulting stage 2.45 Ga (Gintov, Mychak, 2011, b, c), as 
dextral strike-slip faults with a northeast length of 345°, with the orientation of the Riedel shears of 
northwest 357° (Fig. 1). 

 
Figure 1 Structural-tectonophysical map of the Ingul megablock (Gintov, Mychak, 2011, b): a) 1 – 
echeloned and elementary shears of fault zones formed: a – Neoarchaean (AR3), b – Neoarchaean - 
Early Proterozoic (AR3-PR1-I), c – at the beginning of the early Proterozoic (PR1-I), d – at the end 
of the early Proterozoic (PR1-II), d – the age is unknown; 2-5 - kinematic marks (blue – created 
during laying, yellow - creared during the main phase of activation): 2 – Right lateral (dextral) strike-
slip fault, 3 - Left lateral (sinistral) strike-slip fault, 4 - slip-slip, 5 - dip-slip; 6 – direction of fall; 7 – 
(a) raised side, (b) lowered side; 8 – Kherson - Smolensk interregional tectonic fault zone; 9 – dykes 
of diabases, gabbro-diabases, etc.; 10 – Holovaniv fault zone; 11 – fault zones (1 – Zvenyhorod-
Brats`k; 2 – Pervomai; 3 – Subbottsi-Moshoryno);12 – deep seismic sounding (DSS) profiles; 13 – 
deposits and ore occurrences; 14 –.tectonophysics survey in the area of the Zvenyhorod-Brats`k fault 
zone. b) Deep seismic structure and magnetic model along the XXV DSS profile (Ilchenko et al., 2003; 
Pashkevych, Bakarzieva, 2013) 
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Metamorphic rocks of the Ingul-Ingul series and granitoids of the Kirovohrad complex are dominant 
along the entire length of the Zvenyhorod-Brats`k fault zone. According to (Shumlyanskyi, Petrenko, 
2015), typical granitoids of the Kirovohrad complex were formed about 2.06 Ma, and often have 
gradual contacts with the rocks of the Ingul-Ingulets series, the age of which is not exactly determined 
according to (Ponomarenko et al., 2014). A gradual transition of the Kirovohrad complex granites is 
also observed with Novokrainian granites (Gintov, Mychak, 2011, a) 2.05 Ga age. 

Method and Theory 

The results of tectonophysical, magnetic surveys and analyse of deep seismic structure of DSS 
profiles within the Zvenyhorod-Brats`k fault zone are given.  

Last years, the tectonophysical measurements of the secondary structural-textural elements of rocks 
(Fig.1, c) and cracking of the rocks (Fig.1, d) were carried out along the Velyka Vys` River 
(Korobchyne – Zhevanivka route)), Kil`ten River (Timofiivka – Smolin route), Dry Tashlyk River 
(Karbiv Balka – Ternove route), Mertvovid River and along their tributaries in Bratske - Trikraty 
settlements (Fig.1, a).  

Development of shear zones of rocks with 345º and 357º trend azimuths of the Pervomai faulting 
stage (2.45 Ga) and the powerful 1.5 km echeloned shear with 310º azimuth of the Emil faulting stage 
(> 2.50 Ga) are identified in the outcrops along the Velyka Vys` River. Within the limits of this 
powerful echeloned shear, genetically interconnected R-shears of 290º are isolated, which turn under 
it. The rollbacks of the compressional structures, displacement of veins, and drag folds associated 
with these shears indicate a left type of shears (290° - R-shear, 310° - L-shear). 

The group of outcrops along the Kil`ten` River demonstrates the internal structure of the Zvenyhorod-
Brats`k fault zone. The alternation of areas of the development of shear zones, dynamometamorphic 
and metasomatic transformations of the Kirovohrad granites, in which the rocks are practically don`t 
disturbed by tectonic processes are characteristic features. The area of tectonophysical research is 
presented with a predominance of 345º shears. Shears with 332° and 340° trend azimuths belong to 
the Longprystan` faulting stage (> 2.50 Ga), are genetically related and occur together in outcrops. At 
the same time the 340° trend azimuth shear is turned under the 332° trend azimuth shear. 
Compressional structures rollerbacks, displacement of veins, and drag folds associated with these 
faults, indicate a dextral type of faults (332° - L-shear, 340° - R-shear). 

Development of the Pervomai, Yemiliv and Talniv faulting stages of tectonic activation of shear 
zones, which preceded the formation of granitoids of the Kirovohrad complex) are distinguished in 
outcrops along the Dry Tashlyk River. 

Zones of shear development of Pervomai, Yemiliv and Talniv faulting stages of tectonic activation are 
distinguished in outcrops along the Sukhyi Tashlyk River. They preceded the formation of granitoids 
of the Kirovohrad complex. 

The southernmost exits are mapped along the Mertvovid River and its tributaries. On the eastern 
outskirts of Bratske town, the last distinct shears can be traced along the 345° strike azimuth, which is 
the eastern border of the Zvenyhorod-Brats`k fault zone. 

Also the deep seismic sounding data along XXV profile presented (Ilchenko, 2003). They was 
analyzed in order to purpose to finding out of the internal deep structure of Zvenyhorod-Brats`k fault 
zone of the Ingul megablock of the Ukrainian Shield Fig.1.  

The upper crust is characterized by a velocity range of 5.85–6.3 km/s. Below, in a layer 4–5 km thick, 
the velocity increases with depth, and deeper, multiple vertical velocity inversions create alternating 
subhorizontal layers with reduced and increased velocity up to a depth of about 20 km. The average 
middle crust velocity values are 6.47–6.8 km/s. The Korsun`-Novomyrhorod pluton corresponds to 
the zone of its junction with the Novoukrainian granite massif and as the section with increased 
velocity at the 10–30 km a depth interval. The vertical velocity gradient in the lower crust of the 
pluton is reduced. A crustal lens is observed, the velocity within which is 7.9–8.0 km/s. It is 
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noticeably lower than its value of 8.15 km/s in the adjacent part of the mantle to the east. In the 
northern region of the Ingul megablock, Moho surface is located at the 35–43 km depth and has a 
rather complex topography. At the same time, there is no correlation with the subhorizontal surface of 
the crustal seismic boundaries bordering the layers with reduced and increased velocity. It is quite 
likely that there is no genetic connection between them and Moho. 

Magnetic survey. The Figure 1b shows the three-dimensional magnetic model of the sources of the 
upper, middle, and lower crust. The constructed magnetic model according to the DSS XXV profile in 
junction zone between the Korsun`-Novomyrhorod pluton and the Novoukrainian massif (Fig. 1b) 
indicates a significant difference in the magnetic characteristics of the upper and middle crust. An 
asymmetry was found in the distribution of the pluton's magnetic formations and the deep structure of 
the Earth's crust relative to the Kherson-Smolensk transregional zone of extension, which can be 
associated with the formation of Pluton at the contact of different types of crust. 

A scheme of magnetization distribution in the upper (Fig. 2a), middle, and partly in the lower crust 
(Fig. 2b) according to geomagnetic field data is proposed. The dependence between magnetization 
and the intensity of anomalies (for the case of plane-parallel layers) was used to obtain the 
magnetization values of individual sources and their spatial distribution in selected layers. That is, the 
selected layers were approximated by plane-parallel layers (0÷3.5km; 3.5÷11; 11÷40km) within 
which there are magnetic sources with vertical boundaries, which were determined by the maximum 
horizontal gradients of the geomagnetic field. 

  

Figure 2 Scheme of 
distribution of magnetization 
of magnetic sources in the 
upper part of the earth's 
crust (a); the scheme of the 
magnetization distribution in 
the middle and partly in the 
upper part of the earth's 
crust (b). 1 – the boundary of 
the Ukrainian Shield; 2 – 
Kherson-Smolens`k 
transregional stretch zone; 3 
– main fault zones. Z-B – 
Zvenyhorod-Brats`k fault 
zone 

Magnetic sources with a magnetization up to 2 A/m of the north-western reach are characteristic of 
the Holovaniv suture zone. The weighted average magnetization of the sources is 0.69 A/m, and that 
of the full crust is 0.3 A/m. The most magnetic sources belong to the Tal`niv fault zone. According to 
the magnetic model of the central part of the Ingul megablock, the magnetization values are in the 
range of 0.05 - 0.6 A/m (the weighted average value for all sources is 0.05 A/m, and the layer as a 
whole is 0.02 A/m) for Holovaniv suture zone - 0.2-5.0 A/m (0.31 A/m and 0.13 A/m, respectively). 

Mineral deposits 

Mineral deposits and ore occurrences of the Zvenyhorod-Brats`k fault zone connected to Proterozoic 
cycle of the activation in the Ingul megablock, it started at 2.1 Ga, continue to 1.7 Ga and has been 
finished on the Subottsi-Moshoryno activation stage. According to the results of a tectonophysical 
study of the stress-deformed state of the earth crust in the Zvenyhorod-Brats`k, Pervomai, Subottsi-
Moshoryno fault zones and the Novoukrainian massif (Gintov et al., 2008; Gintov, Mychak, 2011 a, b, 
c; Kirovohradsky..., 2013). 
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Conclusions 

The depth structure of the Ingul block turned out to be significantly different in its northern and 
southern parts. The border of these parts runs approximately along 48° latitude. The Zvenyhorod-
Brats`k fault zone outlines the Ingul megablock from the west and consists of rectilinear shear zones 
where the L and R shears are located. Secondary structures of other tectonic stages of fault formation 
take part in the structure of the Zvenyhorodsk-Brats`k fault zone. The main tectonic activation stage is 
the Pervomai. At each of the stages, the processes of deformation and destruction of rocks were 
localized within the fault zone. The Proterozoic cycle of activation (~ 2.1-1.70 Ga) contributed to the 
formation of deposits and ore occurences within the Zvenyhorod-Brats`k fault zone. 

The internal deep seismic structure along the DSS XXV profile of the Zvenyhorod-Brats`k fault zone 
of the Ingul megablock of the Ukrainian shield is characterized by a range of velocities of 5.85–6.05 
km/s for the upper crust and 6.9–7.2 km/s for the middle crust. A lens of the lower crust with 
velocities of 7.9–8.0 km/s is observed, which is significantly lower than its value of 8.15 km/s in the 
adjacent part of the mantle. The Moho is located at a depth of 35–43 km and has a rather complex 
topography.  

Agree magnetic model along XXV profile, significant difference in the magnetic characteristics of the 
upper and middle crust indicates in the zone of the junction of the Korsun`-Novomyrhorod pluton and 
the Novoukrainian massif (Fig. 1b). According to the magnetization distribution of the central part of 
the Ingul megablock, the magnetization value is in the range of 0.05 - 0.6 A/m for Holovaniv suture 
zone - 0.2-5.0 A/m. 

References  
Gintov O. B., Mychak S. V. (2014). Kinematics of the formation of the Ukrainian shield in the period 1.80 - 

1.73 Ga according to the results of the study of rock fracturing of the Korostensky and Korsun`-Novomyrhorod 
plutons. Geofizicheskiy zhurnal, 36(4), 24–36. https://doi.org/10.24028/gzh.0203-3100.v36i4.2014.116006 

Gintov O. B., Orlyuk M. I., Mychak S. V., Bakarzhieva M. I., Farfuliak L. V. (2008) Subbotsko-Moshoryn 
stage of deformation of the earth's crust of the Ukrainian shield. Geofizicheskiy zhurnal, Vol. 30. No. 6. P. 23-
38. http://www.igph.kiev.ua/ukr/journal.html# 

Gintov O.B., Mychak S.V. (2011) a The stress state and deformation of the earth's crust in the central part of 
the Ingul megablock according to the tectonophysical data of the Novoukrainian massif. Geofizicheskiy 
zhurnal.. Vol. 33. No. 2. P. 28-45. http://www.igph.kiev.ua/ukr/journal.html# 

Gintov O.B., Mychak S.V. (2011) b Geodynamic development of the Ingul megablock of the Ukrainian 
shield according to geological, geophysical and tectonophysical data. I. Geofizicheskiy zhurnal.. Vol. 33. No. 3. 
P. 102—118. http://www.igph.kiev.ua/ukr/journal.html# 

Gintov, O.B., Mychak, S.V. (2011) с. Geodynamic development of the Ingul megablock of the Ukrainian 
shield according to geological, geophysical and tectonophysical data. II. Geofizicheskiy zhurnal. Vol. 33, No. 4, 
pp. 89-99. http://www.igph.kiev.ua/ukr/journal.html# 

Ilchenko T.V. (2003) Structure of the Earth's crust and upper mantle of the Kirovohrad Block of the 
Ukrainian Shield according to DSS data (Profiles Babanka-Pyatikhatka and Cherkassy-Novy Bug). 
Geofizicheskiy zhurnal. Vol. 25 No. 6 P. 30-42. http://www.igph.kiev.ua/ukr/journal.html# 

Kirovohrad Ore District. Deep structure, tectonophysical analysis. Mineral deposits (2013). — Kyiv: 
"Prastyi ludy".— 500 p. 

Mychak S. V. (2014). Deformation of rocks of the Uman, Novograd-Volyn, and Novoukrainian massifs in 
the period 2.02–2.05 Ga according to the results of tectonophysical study. Geodynamics, 17(2), 150–
162.https://doi.org/10.23939/jgd2014.02.150. 

Pashkevich I.K., Bakarzhieva M.I., (2013). 3D magnetic model of the Korsun-Novomirgorod pluton and the 
Novoukrainka massifs and its geological interpretation. Geofizicheskiy zhurnal 35 (4), 115— 126 (in Russian). 
http://www.igph.kiev.ua/ukr/journal.html# 

Shumlyanskyi L.V., Petrenko O.V. (2015). Paleoproterozoic granitoid magmatism of the Ingul megablock of 
the Ukrainian shield // Geol.-Mineral. release Kryvyi Rih national university —— 33, No. 1. — P. 80-87. 
https://www.researchgate.net/publication/309859254_Paleoproterozojskij_granitoidnij_magmatizm_Ingulskogo
_rajonu_Ukrainskogo_sita 

https://doi.org/10.24028/gzh.0203-3100.v36i4.2014.116006
http://www.igph.kiev.ua/ukr/journal.html
http://www.igph.kiev.ua/ukr/journal.html
http://www.igph.kiev.ua/ukr/journal.html
http://www.igph.kiev.ua/ukr/journal.html
http://www.igph.kiev.ua/ukr/journal.html
https://doi.org/10.23939/jgd2014.02.150
http://www.igph.kiev.ua/ukr/journal.html
https://www.researchgate.net/publication/309859254_Paleoproterozojskij_granitoidnij_magmatizm_Ingulskogo_rajonu_Ukrainskogo_sita
https://www.researchgate.net/publication/309859254_Paleoproterozojskij_granitoidnij_magmatizm_Ingulskogo_rajonu_Ukrainskogo_sita

