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For the first time a seismic image of the East-European Craton upper crust between
the Carpathians and the Dnieper-Donets Basin is presented, based on the finite-differ-
ence reflection/refraction migration processing of the SHIELD'21 deep profile results and
its preliminary geological interpretation, taking into account available geophysical and
geological data. The migration image shows a general domal shape of the top surface of
the Archean to Palaeoproterozoic crystalline basement, which is devoid of sedimentary
cover along the central part of the profile — at the Ukrainian Shield — and sloping to
both sides, to the SW and NE below the sedimentary cover succession of the adjoining
platform areas. The up-to-3—>5-km-thick upper part of the portion of the East European
Craton cross-cut by the profile is characterized by well-developed stratification and gentle
folding at its flanks, while the central core is more homogeneous. High-angle faults are
imaged mainly on the flanks of the Shield and dipping towards its center. The velocity
model and migration image patterns agree with extensional tectonic structures identified
on the terrain surface by fieldwork at the junction of the Podolian and Ros' domains of
the Ukrainian Shield. They allow the idea of a Palaeoproterozoic large-scale extension,
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providing a crustal heterogeneity that might have later impacted the Dnieper-Donets rift
basin opening and evolution in Devonian time.

Key words: WARR seismic profile SHIELD'21, migration image, stress field, East Eu-
ropean Craton, Volhyno-Podolian Homocline, Ukrainian Shield, Dnieper-Donets Basin.

Introduction. Carried out in 2021, the
wide-angle reflection-refraction (WARR)
SHIELD'21 deep seismic profile crosses the
Archaean and Palaeoproterozoic crystalline
complexes of the Ukrainian Shield and adja-
cent platform areas (for the profile location see
[Starostenko et al., 2024]).The platform are-
as are represented by the Volhyno-Podolian
Homocline (VPH) in the southwest (composed
of Neoproterozoic to Cretaceous successions
buried below the Neogene Carpathian Fore-
deep) and the Devonian to Cenozoic Dnieper-
Donets Basin (DDB) in the northeast.

We present a seismic wave image of the
upper crust (0—15 km deep) obtained by the
finite-difference reflection/refraction migra-
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tion method [Verpakhovska, 2021] applied to
the SHIELD'21 data and its preliminary inter-
pretation (Fig. 1). In addition, we have taken
into account the results of previous [Mychak
et al., 2022] and new (2024) geological study
of the Precambrian complexes in the vicinity
of the profile.

Results. The migration image in Fig. 1 (c,
d) clearly displays the dome-like shape of
the top surface of the East European Craton
(EEC) with the Ukrainian Shield in its central
segment.

The central core of EEC along the profile
is practically devoid of a sedimentary cover,
while its slopes are overlain by successions
of deep sedimentary basins: the Carpath-
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Fig. 1. Tectonic interpretation of the seismic image of upper crust along the SHIELD'21profile: a — gravity and
magnetic fields, b — geological cross-section [Starostenko et al., 2024] (black triangles indicate projection of
studied outcrops on the profile line), c — migration image with interpretation elements (P-waves velocities after

[Starostenko et al., 2024]), d — pure migration image.
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ian Foredeep with the adjacent VPH and
DDB. The 3—5-km-thick upper layer of the
Ukrainian Shield shows high stratification
and gentle folding, especially at its flanks,
while its central core is more homogeneous.
Zones of deformation and high-angle faults
are most clearly manifested on the flanks and
dipping towards its center. The western most
segment of the profile (km 350—430) is char-
acterized by low-velocity crust [Starostenko
et al., 2024], gravity low up to -90 mGal, and
magnetic field of close-to-zero magnitudes
due to the thick Palaeozoic-Riphean sedi-
ments. The migration image reveals a wide
zone of increased deformation (km 410—480)
steeply dipping beneath the southeastern
margin of the East European Craton, covered
by the VPH succession. A number of sedi-
mentary complexes can be distinguished in
this segment. The upper layer represents the
Meso-Cenozoic deep-water turbidites of the
Carpathian allochthon and Neogene molasse
of the Carpathian Foredeep. They are under-
lain by a layer comprising Palaeozoic shallow-
water and Ediacaran syn-rift deposits. Be-
neath the Ediacaran sequence, we identified
another basin, visible at a depth of 10 km due
to a high-reflectivity pattern and potentially
corresponding to Riphean metasedimentary
and metavolcanic rocks.

On the geological cross-section, the Po-
dolian Domain of the Ukrainian Shield (km
520—680) is limited by the steeply dipping
Podolian and Zvizdal-Zalisk faults. On the mi-
gration image, the Podolian Domain looks like
a gentle «anticline» broken in the southwest
by a wide deformation zone; in the northeast,
it gradually turns into the Ros' Domain. On the
migration image, the transition between the
Podolian and Ros' domains (km 620—780) at
the subsurface level is represented by a wide
zone of increased stratification, while on the
SHIELD'21 velocity model the junction is re-
lated to an asymmetric trough (km 680—730)
as deep as ~10 km with rocks of relatively
reduced velocity [Starostenko et al., 2024].

The Ros' and Ingul domains of the Ukrai-
nian Shield and Sevsk Domain of the Vorone-
zh massif form a single block of juvenile Pa-
leoproterozoic crust [Bogdanova et al., 2016].
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The block differs from the Podolian Domain
on the migration image by its higher reflectiv-
ity (heterogeneity). In the northeastern seg-
ment of the Ros' Domain (km 790—87%5), we
interpreted a wide zone of deformations and
granitization, which includes the Yadlov-Tra-
khtemyriv southwest-dipping fault (continu-
ation of the Palaeoproterozoic Golovanivsk
suture zone) and a series of granite intrusions.

The northeastern segment of SHIELD'21
crosses the DDB. Its uppermost layer repre-
sents the Meso-Cenozoic to Permian conti-
nental and shallow-water post-rift sediments,
underlain by a layer (down to the depth of
5.5 km) comprising Devonian and Carbonifer-
ous syn-rift sequences. Under the axial zone
of the DDB, a trough with a relatively lower
velocity (km 900—970), reaching a depth of
11 km, can be interpreted as a junction of the
Ingul and Sevsk domains, inherited from the
Sarmatian terrains assembly in Palaeoprotero-
zoic [Bogdanova et al., 2016]. Pre-existing Pa-
laeoproterozoic heterogeneity at the base of
the DDB may have determined its emplace-
ment in the Late Paleozoic, as it also supposed
by [Stephenson et al., 2021].

Field geological-and-structural analysis.
Therecentlystudied outcropsarelocated within
the Podolian and Ros' domains. They include
the Neoarchean granitoids of the Letychiv do-
me and Khmilnyk fault, the sites cropped out
in the Ros' Domain, including Zvizdal-Zalisk
and Brusyliv faults, and the Uman granites
(Fig. 1, b for the outcrop's location). Most out-
crops exhibit a similar structural pattern with
structural-textural elements forming gentle
folding and a system of steep and gentle faults
interpreted as reflecting a compressional and,
following it, extensional stress fields.

Aflat fault in the biotite granites of Neoar-
chean Tetiev complex and related kinemat-
ic stereogram are presented in Fig. 2. This
outcrop is located in the Zvizdal-Zalisk fault
zones of N-S strike at the contact of Podo-
lian and Ros' domains (see Fig. 1, b for the
outcrop location marked by the red triangle).
On the base of the slicken-sides set, we have
restored the W-E-trending extensional stress
field (see Fig. 2). According to Mychak et al.
[2022], faults and bands of gneisses dipping
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Fig. 2. Gentle faults with tectonic breccia and strike-slip surfaces in biotite granites of the Neoarchean Tetiev
complex in the Zvizdal-Zalisk fault zone and the reconstructed stress field of W-E extension. The Pogrebishche
outcrop is indicated in Fig. 1, b by a red triangle.

100°/50° and 295°/50° are widely developed
in the Zvisdal-Zalisk fault zone and related to
the W-E trending extension.

Conclusions. The seismic migration image
of the upper crust along the SHIELD'21 pro-
file reveals a dome-like structure of the EEC
top with the Ukrainian Shield in its center
part. The upper layer of the Ukrainian Shield,
especially on its flanks, shows increased strat-
ification and gentle folding. The steep faults
(~50°—60°) on the flanks of the Ukrainian
Shield are inclined towardits central zone. A
similar situation of the interplay of gentle and
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ApxiTekTypa BepxXHboi KOpU B3A0BK WARR rAnOMHHOrO
cencMmiunoro npoginw SHIELD'21 B mesxax YKpainu
Ha OCHOBIi CEICMIiUYHHUX Ta r€OAOTiYHUX AQHUX

A.B. MypOBCbKaI'Z, 0.0. BepHaXOBCbKaI, B.IL CTapOCTeHKOI, T.I1. €1‘0p0B81'2,
T. Auix’, I1. AAeKcaHApOBCLKHﬁ4, C.B. Muyaxk’, B.I. Aaboxin’, 2025

'HcTTyT reodizuxy im. C.I. Cy66otina HAH Ykpaiuu, Kuis, Ykpaiza
2YHiBepCI/ITeT [Tapmu, AennapTaMeHT HAyK IIPO XiMitO, JKUTTSA
Ta HABKOAUIIIHE cepepoBullle, [lapma, [Taria
3IHCTI/ITyT reoizuku [loanbCBKOI akapeMil HayK, Bapmiasa, [loabina
IToAbCBKUYM TeOAOTIUHUN iIHCTUTYT — HarlioHaabHUMN
HAyKOBO-AOCAIAHUM IHCTUTYT, Bapitasa, [Toablna
SAOHQHBKI/Iﬂ HaI[lOHAABHUU TeXHIYHWUU YHiBepcuTeT, Aporooud, YKpaiHa

Brepiiie mpeacTaBA€HO ceticMiuHe 300paskeHHs BepxHbol Kopu CXipAHOEBpPOIIEeNChbKO-
ro KpaToHy Mixk Kapnaramu ta AHIIPOBCBKO-AOHENBKOIO 3aIIaAUHOI0, OTPUMAaHe 3a AO-
IIOMOTOIO KiHIIEBO-Pi3HUIIEBOI MPOIEAYPU Mirpamii BiAOUTTsI/3aA0OMAEHHSI PEe3YABTATiB
3a rAubuHHUM npodirem SHIELD'21, Ta #ioro nonepeaHIo TeOAOTIYHY iHTepIIpeTaliio 3
ypaxyBaHHSAM AOCTYIIHUX reoi3MYHUX i TeOAOTIYHUX AaHUX. Mirpailifine 300pa>keHHs
AEMOHCTPYE 3araAbHY KyIIOAOIIOAIOHY (hOpMY ITIOBEPXHI AOKEMOPINCHKOIO KPUCTAAIYHOTO
dyspaMeHTy CXiAHOEBPOIIENCHKOIO KPATOHY, sIKa ITI030aBA€Ha 0CaAOBOI'O YOXAA B3AOBK
LIeHTPAABHOI YaCTUHM IPOdint0 — Ha YKPAIHCHKOMY LIUTI — i HaXMAeHa Ha (hAaHTax IUTa
Ha IiBA€HHUM 3aXip, i MiBHIYHUH] 3aXip, ITiA 0CAAOBUM YOXAOM ITPUAETAUX TTAATHOPMHUX 00-
Aacrel. BepxHsa yacTuHa cerMeHTa CXiAHOEBPOIIENCHKOTO KPATOHY, IKUM TePeTUHAETHCS
npodireM, IOTY>KHICTIO A0 3—5 KM XapaKTepU3YeThCSI AOOPe PO3BUHEHOIO IIapyBaTic-
TIO Ta ITOAOTOI0 CKAAAUYACTICTIO, OCOOAMBO HA (pAaHTaX ITUTA, TOAL IK IJeHTPaAbHEe SAPO
OinbII OAHOpPipAHe. KpyTi po3AOMU IIPOSIBAE€HI Ha CeMCMiUHOMY 300pa’keHi IlepeBa’kKHO
Ha (pAaHTax IIUTa I 3aHyPIOIOTHCSA A0 MOTO IIeHTPYy. CTPYKTypPHUY PUCYHOK IIBHUAKICHOI
MOA€AL Ta MirpalliifHoro 300pa’keHHs, a TAKO>XK TEKTOHIYHI CTPYKTYPH PO3TATY, BUSIBAEHI
Ha MOBEPXHI ITiA YaC NOABOBUX AOCAIAKEHb Ha KOHTAKTI [TopiABCEKOTO Ta POCMHCBKOTO
AOMENHIB YKpPAlHCBKOTO IIUTA, AQIOTh 3MOI'y BUCYHYTH iA€I0 BEAUKOMACIITAOHOIO IaA€o-
IIPOTEPO30MCHKOr0 PO3TArY, BHACAIAOK Yoro 6yaa cpopMoBaHa HEOAHOPIAHICTE 3€MHOI
KOPH, K& MOT'AQ [Ii3Hillle BIAUHYTUA Ha BIAKPUTTS Ta €BOAIOLIIF0 AHITIPOBCHKO-AOHEIIbKOTO
pudToBoro 6acelHy B AEBOHCBKHUM Yac.

Karouosi croBa: WARR ceticmiunuit npodiak SHIELD'21, mirpariitine 300pa>keHHs,
IIOASI Halpy>keHHs, CXiAHOEBPOIIENCHLKUIM KpaToH, BoAnHO-ITOAIABCEKA MOHOKAIHAAB,
YKpalHChKUY 1UT, AHITPOBCHKO-AOHEITLKUYN OacelH.
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