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The wide-angle reflection and refraction (WARR) SHIELD'21 profile carried out in 2021
crosses from SW to NE the main tectonic domains of Ukraine. The SHIELD'21 targeted
the structure of the Earth's crust and upper mantle of the southwestern margin of the
East European Craton with overlying Vendian-Paleozoic Volyn-Podolian Monocline and
Neogene Carpathian Foredeep, Archaean and Paleoproterozoic segments of Ukrainian
Shield and Late Paleozoic Dnieper-Donets Basin. The ~650 km long profile is an extension
of realized in 2014 RomUKkrSeis line in Romania and Ukraine from Apuseni Mountains to
southwestern Ukrainian Shield. The field work performed in 2021, included the deploy-
ment of autonomous seismic stations and drilling-explosive works. A total of 264 seismic
receivers were deployed (160 DATA-CUBE and 104 TEXAN stations) with the average
spacing between the observation points about 2.65 km. The sampling interval for all sta-
tions was 0.01 s. Seismic energy was generated by 10 shot points with ~50 km of distance
between them and total charge in all wells 5775 kg. The SHIELD'21 experiment using
TEXAN and DATA-CUBE short-period seismic stations provided high-quality seismic
records. The main recorded seismic waves are the refractions of P- and S-waves in sedi-
ments, basement, crust and upper-most mantle, and reflections from crustal boundaries,
Moho interface and boundaries in the uppermost mantle. Correlation of travel time arriv-
als of seismic waves provides calculation of the velocity model for both P- and S-waves.
The main objective of the SHIELD'21 project is to get new seismic data that increase our
knowledge on the lithosphere structure as well as geodynamics of the oil-and-gas-bearing
and ore regions of Ukraine.
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The regional field experiment was carried
out in 2021 by the S.I. Subbotin Institute of
Geophysics of the National Academy of Sci-
ences of Ukraine and Institute of Geophys-
ics of the Polish Academy of Sciences. The
SHIELD'21 project is a controlled source
wide-angle reflection and refraction (WARR)
profile of ~650 km length running roughly
SW-NE through the territory of Ukraine —
Chernivtsi, Khmelnitsky, Vinnitsa, Zhytomyr,
Kyiv, Chernihiv and Sumy regions (Fig. 1).
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From SW to NE, the profile crosses the
main tectonic structures, reflecting the evo-
lution of East European Craton (EEC) litho-
sphere: the southwestern margin of the EEC
with overlying Vendian-Paleozoic Volyn-
Podolian Monocline and Neogene Carpath-
ian Foredeep, Archean and Paleoproterozoic
segments of Ukrainian Shield and Late Paleo-
zoic Dnieper-Donets Basin [Gurskyi, Krugloy,
2004]. The SHIELD'21 profile is an extension
of the previously realized RomUKkrSeis line ac-
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quired in 2014 and running from the Apuseni
Mountains in Romania to the southwestern
Ukrainian Shield [Starostenko et al., 2020].

The main objective of the SHIELD'21 proj-
ect is to get new seismic data that increase
our knowledge on the lithosphere structure
and geodynamics of the oil-and-gas-bearing
and ore regions of Ukraine on the basis of
new WARR study. Coordinated with available
geological and geophysical information of the
region, they will create a fundamental base
for the discovery of new mineral and energy
resources of Ukraine.

The SHIELD'21 experiment is a continua-
tion of the WARR studies of the Central Eu-
rope carried out within the framework of large
international scientific projects. In Ukraine,
such studies were performed in the regions
of Carpathians, the Dnieper-Donets Basin,
Crimea, the Black and Azov Seas by Ukraini-
an geophysical organizations in cooperation
with institutions and specialists from Europe
(Poland, the Netherlands, Denmark, Germa-
ny, Sweden, Finland, Belarus) and the USA
[Thybo et al., 2003; Starostenko et al., 2013a,b,
2015, 2017, 2018, 2020, 2022; Janik et al., 2020,
2022]. Generalization of the experience and
results of numerous geotraverses brings the
new approaches to their interpretation and
the interpretation itself to a higher level.

The lithosphere along the SHIELD'21 pro-
file consists of a number of tectonic domains,
which in terms of their formation age cover
almost the entire history of the Earth from
Archaean to Neogene time. In the southwest,
the profile crosses the Forecarpathian and the
Volyn-Podolian oil and gas regions. In its cen-
tral part, the profile illuminates the structure
of the lithosphere of the Ukrainian Shield,
which is a separate metallogenic province.
Precambrian rocks of the Ukrainian Shield
and their weatheed uppermost crust and
basement contain the vast majority of ore de-
posits in Ukraine. In the northeast, the profile
runs through the northern part of the Dnieper
Basin, being a segment of the Dnieper-Donets
oil and gas region, the main source of hydro-
carbons in Ukraine (Fig. 2).

The field work on SHIELD'21, performed
in 2021, included the deployment of autono-
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mous seismic stations and drilling-explosive
works. Field work was carried out using the
profiling system with digital short-period
seismic stations TEXAN and DATA-CUBE, in
close cooperation with the Institute of Geo-
physics of Polish Academy of Sciences.

Geodetic reconnaissance was carried out
along the profile line using the Google maps
and GPS devices before the beginning of data
acquisition phase. Thus, the coordinates and
heights of the explosion as well as observation
points along the profile were determined. A
total of 264 seismic stations were involved,
(160 DATA-CUBE stations and 104 TEXAN
stations). DATA-CUBE stations were both sin-
gle-component (40 stations) and three-com-
ponent (120 stations) equipped with one- and
three-component geophones accordingly.
Unlike single-component geophones, which
are installed simply vertically, three-compo-
nent geophones must be installed taking into
account vertical and horizontal components
orientation at the same time. All TEXAN sta-
tions were single-component ones. The aver-
age spacing between observation points was
2.65 km. The sampling interval for all stations
was 0.01 s. Seismic DATA-CUBE station after
the completion of the field works is shown
in Fig. 3.

Shooting works. The SHIELD'21 profile is
a controlled source WARR experiment, with
seismic energy generated at 10 shot points
(SP). «SPETSVYBUKHPROM» Ltd imple-
mented the drilling-explosive works for all SP
along the profile. The distance between the SP
was about 50 km. Explosive works were carried
out during night and early morning time slots
toreduce the level of disturbances caused by
human activity. Seismic waves, generated by
explosions, penetrate the deep strata of the
Earth's crust and carry information on the
velocity characteristics of the rocks. In total,
120 boreholes were prepared for shooting on
the territory of Ukraine within the frame of
the SHIELD'21 project. The drilling depth of
the bulk of the boreholes was 30 m, except
SP15402 where 9 boreholes with a depth of
15 m and 2 ones with a standard depth were
drilled due to difficult drilling conditions. The
total charge in all boreholes was 5775 kg. The

TI'eogusuueckutl xypraa Ne 1, T. 45, 2023



THE SHIELD'21 DEEP SEISMIC EXPERIMENT

52° 520

510 510

500 500

490 5 490

480 480
470 v 470

460 460

45° 150

440 440

430 430

22° 24° 26° 28° 30° 32° 34° 36° 38° 40°

Fig. 1. Location of the SHIELD'21 and other seismic WARR profiles on the territory of Ukraine. The blue dots show
the position of the seismic receivers, yellow stars indicate the position of the shot points. The color scale shows
the height above the sea level and the depth of the sea in meters.

Table. Locations and other parameters of explosive sources used along the SHIELD'21
profile

s(};g[t Offset, |Distance,|Latitude Lt?l Iligei- Alti- Time UTC, Charge | Borehole ljfu ];1;1) t;:_r
number km km N, deg E, deg tude, m y:d:h:m:s TNT, kg| depth, m holes
SP15401 | 202.484 | 597.793 |49.12778|28.15683 | 222 |2021:218:01:00:23.23| 600 30 12
SP15402 | 255.701 | 651.002 |49.41273|28.74407 | 259 |2021:218:02:00:12.30| 325 | 2/30+9/15 11
SP15403 | 303.592 | 698.945 |49.61942(29.32981 | 236 |2021:217:01:30:18.75| 600 30 12
SP15404 | 349.973 | 745.279 |49.90049|29.81197| 214 |2021:217:01:00:09.98| 550 30 11
SP15405 | 402.508 | 797.790 |50.18387|30.39909 | 209 [2021:215:01:59:39.44| 500 30 10
SP15406 | 454.720 | 850.002 |50.44875(31.00431| 115 |2021:215:01:00:15.93] 500 30 10
SP15407 | 504.170 | 899.429 |50.71069|31.56875| 155 |2021:214:01:30:29.53| 600 30 12
SP15408 | 555.570 | 950.844 |50.95694|32.18650 | 111 |2021:214:01:00:16.34| 600 30 12
SP15409 | 600.995 | 996.255 [51.19028|32.71861 | 136 [2021:212:02:37:26.58| 700 30 14
SP15410 | 654.851 | 1050.117 |51.44783|33.37283 | 121 |2021:212:01:00:23.32| 800 30 16

Distance —locations along the RomUkrSeis — SHIELD'21 transect, Offset —locations along the SHIELD'21 profile.
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Fig. 2. The main ore and oil-and-gas-bearing provinces of Ukraine [Galetskyi, 2001]. Metallogenic provinces:
1 — Ukrainian Shield, 2 — Dniester-Black Sea, 3— Dnieper-Donets, 4 — Crimea, 5 — Carpathians, 6 — borders
of subprovinces of Ukrainian Shield, 7— borders of oil-and-gas-bearing provinces and regions

largest explosions were located closer to the
ends of the profile. The explosions were not
performed along the ~200-km-long, south-
western part of the profile due to the lack of
funds. Only observations were carried out on
that part of the profile. Instead, the data from
RomUKkrSeis profile can be used. The shoot-
ing time was recorded using the GPS and at
the same time by additional seismic record-
ers located close to the shot points. Locations
and other parameters of explosive sources of
the SHIELD'21 experiment are shown in the
Table.
W : Data obtained. In general, the following
2 855“‘ | ; digital data were obtained during the field ex-
\ }})ﬁ‘,“,‘,\l««= — periment: 1) records (seismograms) of DATA
e CUBE and TEXAN seismic stations; 2) GPS
geodetic data of all the coordinates of DATA
CUBE and TEXAN stations in WGS-84 for-
mat; 3) timestamps and coordinates of chemi-
cal explosions. The exact time of the explo-

Fig. 3. The three component DATA-CUBE and seismom-  SiOns was recorded by electronic equipment
eter after field recording. synchronized with the GPS system.
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After the field acquisition and initial data-
processing seismograms have been extracted
and collated into shot gathers. At the first step,
during the shot gather formation for every SP,
the tables of observation points and the SP
coordinates have been prepared and used for
seismic traces preparing in the SEGY format.

The wave field recorded by seismic sta-
tions TEXAN and DATA CUBE is shown in
Fig. 4 on the example of a seismic section at
the SP15407 in the central part of SHIELD'21.
The obtained seismic traces provided the
records of quite high quality that allow the
identification of direct and refracted waves in
the upper crust (Pg in first and Sg in secondary
arrivals), the first arrivals of refracted P- and
S-saves in the lower crust, reflected waves
formed in the crust and reflections from the
Moho boundary (P, P and §,,S). The refracted
P-wave in the upper mantle is determined to
by clearly correlated in the most seismic shot
gathers.

In the recorded wave field, all phases
necessary for the calculation of the velocity
model are observed. All seismic record sec-
tions including SP15407 (see Fig. 4) allow
to correlate the phases of P-wave refraction

in the sedimentary and deeper layers of the
Earth's crust (P, P, and P, ), as well as re-
flections (PP, from boundaries in the crust;
P, P, from the Moho discontinuity), refrac-
tion from the Moho (P,) and reflection in the
mantle (P..q0)-

The finite-difference refraction/reflection
migration method provides additional infor-
mation about the lithosphere structure along
the WARR seismic profiles [Verpakhovska et
al., 2018]. Since it is planned to process the
data using the finite-difference refraction/
reflection migration, it is necessary to deter-
mine the useful interval of the observed wave
field for this. The black rectangles in Fig. 4
mark the spatial and time intervals of the ob-
served wave field useful to form a dynamic
image of the basement at the distances from
700 km to the end of the profile and the Moho
discontinuity from the beginning of the pro-
file to 680 km (see Fig. 4).

Conclusions. The SHIELD'21, a wide-an-
gle reflection and refraction (WARR) profile
of ~650 km length, running throughout the
territory of Ukraine, was carried out in 2021
by the S.I. Subbotin Institute of Geophysics of
the NAS of Ukraine and Institute of Geophys-

80 T

70}

(=4
S
1

T-X/8, s
o

=)

1

Red. time
w 'S
[—] [—]

1 |

20 -

10 i ‘
! ‘Pmantle

i

‘ ‘ TR SN
SP15407

!

500 600

700
Distance along the profile, km

Fig. 4. Example of trace-normalized vertical-component P- and S-wave seismic record section for SP15407. A
band-pass filter (2—15 Hz) and velocity reduction 8 km/s have been applied. Pg and Sg — refractions from upper
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reflections in the upper mantle. Black rectangle show migration intervals.
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ics PAS. From SW to NE, the profile crosses
the main tectonic structures: the southwest-
ern margin of the East European Craton
with overlaying Volyn-Podolian Monocline
and Carpathian Foredeep, Ukrainian Shield
and Dnieper-Donets Basin. The SHIELD'21
is an extension of the RomUKkrSeis line, pre-
viously realized in 2014 and extending from
the Apuseni Mountains to the southwestern
Ukrainian Shield [Starostenko et al., 2020].
The WARR study along the SHIELD'21
profile was conducted in the southwestern
and central Ukraine to determine the struc-
ture and geodynamics of lithosphere in the
main oil-and-gas-bearing and ore regions.
The 264 short-period seismic stations (TEX-
AN and DATA CUBE) have recorded seismic
waves generated at 10 shot points (SP). The
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I'nnounaaun cencMmiunmnn ekcnepument SHIELD'21

B. Crapocrenko', T. Auix’*, B. ‘Iyﬁaz, I1. Cppopad®, A. MYpOBCbKal's, T. Eroposa'’,
O. BepHaXOBCBKal, K. Koaomiens', A. APICI/IH‘IYKI, A. ByI/"IqHKZ, |B. OMeab4eHKO,
T. AMamyKeAi1'4, O. Aerocraesa’, A. T pI/IHbl, C. quKOBl, 2023

1IHCTI/ITYT reodisuku iM. C.I. Cyo6oTtina HAH VYkpainu, Kuis, YkpaiHa
2IHCTI/ITyT reodizuku I ToAbCHKOI akapeMii Hayk, Bapmaga, IToaslna
3yHiBepCI/ITeT INapmu, AenapTaMeHT HayK IIPO XiMifo,
JKUTTS Ta HABKOAUIITHE cepepoBuine, [Tapma, Itania
‘GFZ Himenbkuit AOCAIAHUIIBKUY IIeHTP I'eoHayK, [ToTcaam, HimeuunHa

Ceticmiunuit npodiab 'C3 (anraiicekuit BapianT — WARR) SHIELD'21, Biatpaiso-
BaHuil y 2021 p., nepeTrHaE 3 IIiBAEHHOI'O 3aX0AY Ha MiBHIUHUM CXip OCHOBHI TEeKTOHIUHI
CTPYKTypHu YKpainu. [Tpodinb cripAMOBaHUN Ha BUBUYEHHS CTPYKTYPHU 3€MHOI KOPH Ta
BepPXHbOI MaHTII MiBAEHHO-3aXiAHO1 okpaiHu CXiAHOEBPOIIENCHKOIO KPATOHY, SIKY Ilepe-
KPUBAIOTh BEHA-IIaA€030KcbKa BoanHo-TToaiABCEKA MOHOKAIHAAL | HeoreHOBUU [Tepea-
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KapHaTChbKUM IIPOTUH; apXeNChKOTO i MaAeOoIIPOTEPO30MCHKOTO CEIMEHTIB YKPAIHCHKOTO
IIWTa; TMi3HBOIAAE030MChKOI AHITPOBCHKO-AOHEIBKOI 3anapAunu. [Tpodias SHIELD'21
(3aranpHa AOBKUHA ~650 KM) € IPOAOBKEHHIM paHillle peaaizoBaHoro y 2014 p. Ha Tepu-
Topigx PymyHsii Ta Ykpainu npodirto RomUkrSeis Bip rip AnmyceHu A0 IIiBA€HHO-3aXiAHOL
YacTHMHU YKpaiHcbKoro muTta. AocaipkerHa WARR y3p0Bx nnpodiato SHIELD'21 3 Bu-
KOPUCTaHHSIM KOpoTKomnepiopnunux cericMiunux cranilii TEXAN i DATA-CUBE 3a6e3-
IIEYUAO PEECTpallilo CeMCMIUHUX KOAMBAaHb BUCOKOI SKOCTi. [ToABOBI poOOTH, g9Ki OyAU
BHUKOHaHI y 2021 p., BKAIOYAAW PO3TOPTaHHSA aBTOHOMHUX CEMCMIYHUX CTAHIIIN Ta Ipo-
BeAeHHS OYpPOBHUX i BUOYXOBHUX POOIT. YChOTO OYAO 3aAisiHO 264 celCMiYHUX NpuiiMayda
(160 crannirt DATA-CUBEi 104 ctaunii TEXAN), cepepHs BiaCTaHb MisK SKMMU CTAHOBHUAA
2,65 KM, a AMCKPETHICTB 3allUCy AAS BCiX cTaHnin ckaapanra 0,01 c. CelicMiuHa eHepris
reHepyBanach y 10 myHKTax BUOYXY 3 CEPEAHBOIO BIACTAHHIO Mi’K HUMU OAM3BKO 50 KM
Ta i3 CyMapHHUM 3apsgAOM Y BCiX CBEPAAOBUHAX 5775 Kr. OCHOBHUMH 3apPeECTPOBAHUMU
CEeNCMIYHUMU XBUASIMU € 3aA0MAEHI P- 1 S-XBUAI, @ TaKOK BiAOUTTS Bip TPaHUITb B OCAAOBUX
BiAKAAAAX, DyHAAMEHTI, 3eMHil KOpi, po3aial Moxo Ta rpaHullb y BepxHil MaHTi1. [Tia6ip
3aiKCOBaHUX roporpadiB 3a 4aCOM A€ 3MOI'y MOOYAYBATHU IIIBUAKICHY MOAEAB 3a P-, Ta
S-xBuagmu. OcHoBHaA MeTa IpoekTy SHIELD'21 € oTpuMaHHS HOBUX CEMCMIUHUX AQHUX,
SKi ITIOTAUOASTE Hallll 3HaHHS IIPO CTPYKTYPY Ta FTeOAUHAMIKY AlTocdepu HahTOra3zoHOC-
HUX i pyAHUX peTioHiB YKpaiHU.

KazouoBi caoBa: pocripkenas WARR, npodias SHIELD'21, Ykpaina, YKpaiHChKUM
IIUT, AiTocdepa.
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