YAK 550.341

TTZ-South seismic experiment

T. Janik', V. Starostenko’, P. Aleksandrowski>’, T. Yegorovaz, W. Czuba’,

P.Sroda’, A. Murovskayaz, K. Zajats4, K. Kolomiyetsz, D. Lysynchukz, D. Wo’jcik’,

J. Mechie®, A. Gtuszyniski’, V. Omelchenko?, O. Legostaevaz, A. Tolkunov’,
T. Amashukeli’ D. Gryn®, S. Chulkov’, 2020

nstitute of Geophysics, Polish Academy of Sciences, Warsaw, Poland

DOI: https://doi.org/10.24028/gzh.0203-3100.v42i3.2020.204698

%S, I. Subbotin Institute of Geophysics, National Academy of Sciences of Ukraine,

Kiev, Ukraine
3Institute of Geological Sciences, University of Wroclaw, Wroclaw, Poland
4Zakhidnadra Servis, Lviv, Ukraine
>Polish Geological Institute — National Research Institute, Warsaw, Poland
® Deutsches GeoForschungsZentrum, Potsdam, Germany
“State Geophysical Enterprise «Ukrgeofizika», Kiev, Ukraine
Received 30 March 2020

The wide-angle reflection and refraction (WARR) TTZ-South transect carried out in
2018 crosses the SW region of Ukraine and the SE region of Poland. The TTZ-South profile
targeted the structure of the Earth's crust and upper mantle of the Trans-European Suture
Zone, as well as the southwestern segment of the East European Craton (slope of the
Ukrainian Shield). The ~550 km long profile (~230 km in Poland and ~320 km in western
Ukraine) is an extension of previously realized projects in Poland, TTZ (1993) and CEL03
(2000). The deep seismic sounding study along the TTZ-South profile using TEXAN and
DATA-CUBE seismic stations (320 units) made it possible to obtain high-quality seismic
records from eleven shot points (six in Ukraine and five in Poland). This paper presents a
smooth P-wave velocity model based on first-arrival travel-time inversion using the FAST
(First Arrival Seismic Tomography) code.

The obtained image represents a preliminary velocity model which, according to the
P-wave velocities, consists of a sedimentary layer and the crystalline crust that could com-
prise upper, middle and lower crustal layers. The Moho interface, approximated by the
7.5 km/s isoline, is located at 45—47 km depth in the central part of the profile, shallow-
ing to 40 and 37 km depth in the northern (Radom-Lysogodry Unit, Poland) and southern
(Volyno-Podolian Monocline, Ukraine) segments of the profile, respectively. A peculiar
feature of the velocity cross-section is a number of high-velocity bodies distinguished in
the depth range of 10—35 km. Such high-velocity bodies were detected previously in the
crust of the Radom-Lysogdry Unit. These bodies, inferred at depths of 10—35 km, could
be allochthonous fragments of what was originally a single mafic body or separate mafic
bodies intruded into the crust during the break-up of Rodinia in the Neoproterozoic,
which was accompanied by considerable rifting. The manifestations of such magmatism
are known in the NE part of the Volyno-Podolian Monocline, where the Vendian trap
formation occurs at the surface.
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Introduction. The TTZ-South experiment
is the latest in a series of three wide-angle
reflection/refraction (WARR) seismic stud-
ies situated along a NW-SE oriented line in
Central Europe. This paper presents the re-
sults of a WARR study on the ~550 km long
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TTZ-South profile that runs along the south-
western edge of the East European Craton in
southeastern Poland and western Ukraine.
The previous two WARR profiles along the
TTZ were conducted in Poland. The first one
(the TTZ profile) was carried out in 1993 [Grad
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et al., 1999] and the second (the CEL03 pro-
file) in 2000 [Janik et al., 2005]. The combined
profiles TTZ, CELO3 and TTZ-South form a
1025 km-long lithospheric transect between
the Baltic Sea and Moldova. It runs parallel
to the southwestern edge of the East Euro-
pean Craton (EEC). Due to the nature of the
wide-angle reflection/refraction method, the
density of rays and, as a consequence, the
amount of information beneath the peripheral
parts of the profile (approximately 100 km at
each end) is significantly reduced. Thus, the
structure of the lithosphere near the ends of
the profile is relatively poorly determined. To
improve the ray coverage in SW Poland, an
overlap of the two profiles, CELO3 and TTZ-
South, of approximately 200 km was arranged.
The main purpose of these WARR studies was
to determine the Earth's crustal and upper
mantle structure along the Teisseyre-Torn-
quist (TTZ) zone in southeastern Poland and
western Ukraine (Fig. 1).

Studies of the tectonic structure in the area
of the junction of the EEC with the accreted
terranes of the West European Platform of
mainly Palaeozoic age are extremely impor-
tant for understanding the geodynamic pro-
cesses that have formed the structure of the
lithosphere in this region. At this stage, the
seismic records were pre-processed, and the
travel times of the first arrivals were picked
and inverted for a smooth velocity model with
the FAST (First Arrival Seismic Tomography)
code [Zelt, Barton, 1998] using a tomographic
solution of the seismic inverse problem.

Tectonic setting of the study area. The
TTZ is the fundamental tectonic boundary
in Europe, and was first traced by the Pol-
ish geologist Wawrzyniec Teisseyre and the
German geologist and palaeontologist Alex-
ander Tornquist at the beginning of the 20-th
century, based on the differences in the sedi-
mentary cover and in the magnetic anomalies
of the East European Platform (EEP) and the
West European Platform [Teisseyre, 1893,
1903; Tornquist, 1908, 1910]. In their honor,
this line was named the Teisseyre-Tornquist
Line (TTL) (see review of [Grad, 2019]). A tec-
tonic background map of the area of the TTL
is shown in Fig. 2.
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The crystalline crust of the EEP is com-
posed of highly deformed and metamor-
phosed Precambrian rocks cut by numerous
igneous intrusions. In contrast, the consoli-
dated crust, characteristic of the so called Pa-
laeozoic platforms, is built of rocks that have
been involved in orogenic tectonics but not
necessarily metamorphosed and bearing just
occasional igneous intrusions [Berthelsen,
1993, Pharaoph, 1996; Dadlez et al., 20095].

The Trans-European Suture Zone (TESZ)
is considered to be a broad swath of deforma-
tion (100—200 km wide) that extends across
Europe from the British Isles to the Black Sea
[Pharaoh, 1996; Pharaoh et al., 2006; Narkie-
wicz et al., 2015; Grad, 2019; Narkiewicz,
Petecki, 2019] (see Fig. 2). The TESZ includes
a strip of crustal domains, which separate the
ancient cratonic area with Precambrian base-
ment from the Variscan, Cimmerian and Alpine
fold zones [Berthelsen, 1993, Pharaoph, 1996;
Winchester et al., 2002; Dadlez et al., 2005].

The SW margin of the EEC crust was af-
fected by tectonic and magmatic (re-)activa-
tion as a result of extension and rifting during
the Neoproterozoic break-up of the Rodinia
supercontinent (e. g. [Powell et al., 1993;
Sliaupa et al., 2006; Pease et al., 2008]). This
event formed the oceanic domain between
Baltica and Amazonia, which subsequently
closed during Palaeozoic accretionary and
orogenic events. The formation of the Baltica
margin was accompanied by notable magma-
tism of the Volyn Series. In the late Riphe-
an—Early Vendian, during the break-up of
the Rodinia supercontinent, the rifted margin
of the EEC and an extensive system of aula-
cogens was formed, including the Volhynia-
Orsha aulacogen. It forms a zone of structural
heterogeneity at the border of Sarmatia and
Fennoscandia. This suture between the Pa-
laeoproterozoic crust of Fennoscandia and
mainly Archaean crust of Sarmatia is con-
sidered by [Gorbatschev, Bogdanova 1993;
Bogdanova et al., 2001] as a key boundary
within the EEC.

The TTZ-South profile targeted the struc-
ture and evolution of the collage of major
tectonic units in the TESZ, as well as the
southwestern segment of the EEC (see Fig. 2).

TIeogusuueckuil xyprar Ne 3, T. 42, 2020



TZZ-SOUTH SEISMIC EXPERIMENT

The transect follows a complex crustal tran-
sition zone that separates the Archaean-Pal-
aeoproterozoic lithosphere of the EEC from
lithospheric domains accreted to it prior to
late Carboniferous times (Caledonian and
Variscan orogenies), and overprinted by the
Alpine-Carpathian orogeny.

The TTZ-South profile trends NW-SE on
the territory of Poland and Ukraine. In Poland
it crosses the Radom-Kra$nik Zone and the
Narol Unit, both adjacent to the Lysogory and
Matopolska blocks, whose inverted portions,
uplifted in the southeastern part of the Mid-
Polish Swell, compose the Holy Cross Moun-
tains. In Ukraine the TTZ-South profile passes
through the Lviv Trough and Volyno-Podolian
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Monocline of the SW margin of the EEC. The
thick (up to 15 km) sedimentary cover of the
Radom-Krasnik Zone is composed of sedi-
ments from Ediacaran to Carboniferous that,
together with the southwestern part of the
Lublin Trough, form a Variscan, late Carbon-
iferous NE-vergent fold-and-thrust belt.
Data acquisition. The TTZ-South field ex-
periment was carried out in September 2018,
and included programming and deployment
of seismic recording stations along the pro-
file and drilling and shooting operations. The
total length of the TTZ-South profile is ap-
proximately 550 km. The north-western part
(~230 km) was located in the territory of Po-
land, and the southeastern part was laid out in
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Fig. 1. Location of the TTZ-South profile (stars represent shot points and closely spaced red dots
represent recording stations), CEL03 profile (blue stars represent shot points, black dots represent
recording stations) and other previous WARR (dotted lines) and deep reflection (solid black lines)

seismic profiles in the study area.
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Fig. 2. TTZ-South profile location on tectonic map, simplified after Geological Atlas of Poland (2017): 1 — Alpine
foredeep and intramontane basins, 2 — Alpine fold belt, 3 — Variscan and older massifs within Alpine belt, 4 —
Cimmerian fold belt, 5 — Variscan fold belt, mostly under Permian to Cenozoic cover, 6 — Caledonian fold belt,
under Devonian to Cenozoic cover, 7— Cadomian basement, under Palaeozoic to Cenozoic cover, § — Archaean
and Proterozoic crystalline basement under Vendian/Ediacaran to Cenozoic cover, 9 — exposed Archaean and
Proterozoic basement, 10 — Alpine thrust front, 11 — Neoproterozoic continental rift (aulacogen), 12 — TTZ-
South profile with shot points.

Table. Locations and parameters of explosive sources used along the TTZ-South profile

Shot Point |Distance, | Latitude, | Longitude, |Altitude, Time UTC, Charge | Borehole Number
number km °N °E m yr:day:hr:m:s size, kg | depth, m | of boreholes
SP29201 0.0 51.42682 | 20.76500 180 | 2018:253:21:31:54.35| 1000 30 20
SP29202 | 53.086 |51.16452| 21.40077 208 |2018:253:22:28:22.50 | 800 30 16
SP29203 | 110.269 | 50.85157 | 22.04810 229  |2018:255:22:27:55.07 | 700 30 14
SP29204 | 174.186 | 50.48555 | 22.74625 199 |2018:254:22:31:10.79 | 600 30 12
SP29205 | 218.508 | 50.26772 | 23.27013 266 |2018:255:23:01:08.45| 600 30 12
SP29206 | 266.532 | 49.99233 | 23.78797 338  |2018:253:21:00:35.55| 400 30 8
SP29207 | 315.134 | 49.73712| 24.33733 263 |2018:254:21:00:17.89 | 500 30 10
SP29208 | 364.615 | 49.45562 | 24.86747 349 |2018:253:21:59:55.58 | 500 30 10
SP29209 | 417.522 | 49.15783 | 25.43483 300 |2018:254:21:59:51.67| 500 30 10
SP29210 | 478.827 | 48.78647 | 26.05512 251 2018:253:23:00:34.37| 600 30 12
SP29211 | 542.448 | 48.43600 | 26.73787 172 |2018:253:23:29:59.71 | 700 30 14

Ukraine (~320 km). The project was designed  profile [Grad et al., 1999]) and 2000 (CELO3
to extend the line of former seismic profiles, profile [Janik et al., 2005]), to study the EEC
carried out in northern Poland in 1993 (TTZ boundary within the TTZ. Eleven shot points
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were executed with five in Poland and six in
Ukraine. The largest explosions with a charge
of up to 1000 kg were made near the ends of
the profile. Charges of less capacity (up to
400 kg) were used in the central part of the
profile. Each shot point consisted of a group
of wells drilled up to ~30 m depth, each with
a charge of 50 kg. Seismic recorders with GPS
receivers were used to record the time of the
explosions; also additional seismic recording
stations were placed close to the shot points
as backup timing devices. Detailed informa-
tion on the locations and origin times of all
the shots and other necessary parameters are
given in Table.

The observation system on the TTZ-South
profile consisted of 320 mobile single-compo-
nent seismic stations (110 Reftek-125 TEXAN
and 210 DATA-CUBE) with 4.5 Hz geophones.
Seismic signals were recorded at a sampling
rate of 100 Hz. The stations were located along
the profile at a distance of ~1.65 km from each
other in Poland and ~1.9 km in Ukraine. Un-
fortunately, not all recorders in the Ukrainian
part of the profile operated properly, which led
to several gaps in the common shot gathers.

Distance along the profile, km

Seismic wave field. As a result of the per-
formed seismic field experiment, seismo-
grams of good quality were obtained. The ob-
served wave field shows all the useful seismic
phases that are necessary for the construction
of a velocity model of the crust and upper-
most mantle and its interpretation. Some ex-
amples of seismic record sections are shown
in Fig. 3. They are constructed for the near-
marginal shot points (SP29202 and SP29210)
and contain useful phases throughout the
entire length of the profile. The wave field
contains the arrivals of the P-wave refracted
phases, namely Py in the sedimentary cover,
Pg and P, in the basement and deeper lay-
ers of the crust and P, the refraction at the
Moho. The first P-wave arrivals are formed
by refracted waves from the upper sedimen-
tary layer (Pyq) at offsets of 0—10 km in both
directions from the shot points, followed by
Pg phases from the upper/middle crust up to
200—220 km distance and refractions from
the upper mantle (P,) recorded at distances
up to 300—450 km. All these seismic phases
were picked and used in the seismic inversion
procedure. Reflected P-wave phases in the

Fig. 3. Trace-normalized, vertical-component P-wave seismic record sections for shot points SP29202 and SP29210.
The reduction velocity is 8.0 km/s: Py — refractions from the upper and middle crystalline crust; P,, — overcriti-
cal crustal phases; P.P — reflections from mid-crustal discontinuities, P,,P — P-waves reflected from the Moho
boundary; P, — refractions from the uppermost mantle, immediately below the Moho; P,,,,t1e — P-wave phases
from the upper mantle. For location see Fig. 1.
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crust are also present and easily identified,
but the tomographic code used is based on
first-arrival data only. Therefore, at this stage
of the interpretation the reflected phases were
not used. These reflected phases include P.P
from boundaries in the crust, P,P from the
Moho and P, ;e from boundaries within the
mantle.

The travel-time curves of the refracted
phases mentioned above provide the basis for
determining the smoothed velocity distribu-
tion (model) of the crust and upper mantle.

Seismic modeling. At this stage, the pro-
gram FAST [Zelt, Barton 1998] was used for
the tomographic inversion of the first arriv-
als to obtain the velocity distribution in the
crust and uppermost mantle. The objective of
the tomographic inversion is to reconstruct
the velocity properties of the medium which
was penetrated by the seismic waves. Such
studies are based on the travel times of the
first arrivals for a set of source-receiver pairs.
Any geometry of sources and receivers can
be considered.

The system of observed travel-time curves
from the refracted waves in the upper and
middle crust (Pg) and upper mantle imme-
diately under the Moho boundary (P,) is
presented in the middle panel of Fig. 4. In
addition to the eleven shot points of the TTZ-
South experiment, the Pg and P, travel times
recorded from nine of the shot points of the
CELO3 experiment were used. The positions
of the shot points for both experiments are
shown in Fig. 1 and they are marked with vi-
olet triangles for CELO3 and black triangles
for the TTZ-South profile in Figs. 4 and 5.
Velocity parameterization along the cross-
section was made on a continuous rectangu-
lar grid of 401x41 points with a cell size of
1.5x1.5 km. The size of the resulting model
was 600x60 km. Such a model parameteriza-
tion does not allow for the existence of ve-
locity discontinuities representing geological
boundaries or fault zones. The FAST code,
limited to the analysis of the first arrivals
of refracted waves only, represents velocity
boundaries in the resulting model by zones of
increased velocity gradients. Consequently,
the resulting velocity model is limited only to

8

solutions with low wave number. Neverthe-
less, the model found by the seismic tomog-
raphy method shows good convergence of the
residuals to a minimum (Fig. 4, upper panel).
The statistical parameters for the resulting ve-
locity model include a total number of 2560
rays, a root mean square travel-time residual
of 88 ms and a normalized chi-squared (XZ)
value of 1.1914.

The tomographic inversion algorithm uses
a uniform velocity grid and smoothing, with-
out velocity discontinuities at layer bound-
aries. The boundaries in the model with the
largest velocity contrasts are the sediment-
basement and Moho interfaces. The P-wave
velocity changes from approximately 5 to
6 km/s at the bottom of the sedimentary layer.
Therefore, the velocity isoline of 5.5 km/s may
be considered as representing the behavior
and geometry of the top of the basement. Sim-
ilarly, the P-wave velocity often increases from
approximately 7 to 8 km/s at the crust-mantle
transition. In this case, the approximate depth
of the Moho boundary can be represented
by the 7.5 km/s isoline. In the lower panel of
Fig. 4, the contours 5.5 km/s and 7.5 km/s,
which correspond to the assumed positions
of the top of the basement and the base of the
crust, are shown as black solid lines.

Velocity model. The boundary between
the two segments — Polish and Ukrainian —
is located at ~700 km distance along the pro-
file (SP 29205) and coincides approximately
with the national border between Poland and
Ukraine (see Figs. 1, 5). The crustal structure
of the Polish part of the profile is well stud-
ied by six WARR profiles acquired during the
CELEBRATION 2000 project, which cross the
TTZ-South profile at several places — CELO1,
CELO2, CELOS5, and three profiles — CEL11,
CEL13 and CEL14 just along the border be-
tween Poland and Ukraine [Grad et al., 2006;
Guterch, Grad, 2006; Janik et al., 2011]. The
TTZ-South profile lies on the SW continua-
tion of the CELO3 profile which, in turn, lies
on the prolongation of the TTZ profile [Janik
et al., 2005; Janik et al., 2009]. The Ukrainian
segment of the TTZ-South profile is crossed
by the PANCAKE profile in the Lviv Trough
near SP29207 [Starostenko et al., 2013] and by

TIeogusuueckuil xyprar Ne 3, T. 42, 2020
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Fig. 4. Residuals between observed and calculated travel times (upper panel), observed travel times (middle panel)
and P-wave velocity model, masked by calculated raypaths, obtained from tomographic inversion of the first
arrivals (Pg and P, phases) using the FAST package (lower panel). The 5.5 km/s and 7.5 km/s velocity isolines are
considered to approximately represent the location of the sediment-basement boundary and Moho discontinuity
in a model with smooth velocity distribution, respectively. Black triangles mark the shot points on the TTZ-South
profile, violet triangles mark the shot points on the CEL0O3 profile, and blue arrows mark the intersection points
between seismic profiles.

the RomUkrSeis profile at the southernmost Fig. 5 shows a first representation of the
end of the TTZ-South profile on the Volyno- crustal structure along the TTZ-South profile
Podolian Monocline. as derived from the seismic tomography im-
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Fig. 5. Preliminary interpretation model of the crustal structure along the TTZ-South profile based on the tomo-
graphic image in Fig. 4. HVB — high-velocity body in the crust. Other symbols as in Fig. 4.

age. Along the profile, the thickness of the
sediments with Vp up to 5.5 km/s varies from
~2—3 km on the Volyno-Podolian Monocline
(Domain) to 6—8 km in the Lviv Trough and
Narol Unit of the Polish Swell. The topog-
raphy of the Moho interface, interpreted as
the 7.5 km/s velocity isoline, shows short- and
long-wavelength undulations along most of
the profile. The Moho depth is estimated to
be 45—47 km in the central part of the pro-
file, shallowing to 40 and 37 km depth in the
northern (Radom-Lysogéry Unit) and south-
ern (Volyno-Podolian Monocline) segments
of the profile, respectively.

Though the modeling approach (tomo-
graphic inversion) gives no seismic boundaries
between layers, we assume that it is possible to
distinguish the layers in the crystalline crust
preliminarily, according to the modelled ve-
locity values (see Fig. 5). The upper part of the
velocity model, between isolines Vp=5.5 km/s
and 6.2 km/s, belongs, most probably, to the
basement (Ediacaran and Early Palaeozoic)
and upper crust rising to ~10 km beneath the
southern Radom-Lysogory Unit and Volyno-
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Podolian Monocline and deepening to 18 km
depth under the Narol Unit. Its greatest
depths (22—23 km) are inferred beneath the
Lviv Trough and below the Radom-Lysogoéry
Unit at the northern end of the profile.

The velocity interval between Vp=6.25 km/s
and 7.0 km/s (or 6.75 km/s) is assumed to rep-
resent the middle crust of ~20 km thickness,
and which occurs at shallow depths below the
Narol Unit and Volyno-Podolian Domain. It
is underlain by the lower crust, defined by
the velocity isolines 7.0 km/s and 7.5 km/s, of
~10—15 km thickness. Its shallowest position
(~24 km depth) is found beneath the Volyno-
Podolian Domain, where it mimics the uplift
of the Moho (see Fig. 5).

A characteristic feature of the seismic to-
mography velocity image is the three local
uprisings of velocity isolines, shown in Fig. 5
as high-velocity bodies (HVB). The first oc-
curs at the top of the middle crust below the
Radom-Lysogoéry Unit, at 530—550 km dis-
tance and 10—15 km depth. The second is
the local shallowing of the lower crust below
the Narol Unit to 23 km depth at 660—680 km

TIeogusuueckutl xyprnar Ne 3, T. 42, 2020
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distance. Finally, the third is the shallowing
of the middle crust to 12—20 km depth be-
low the Volyno-Podolian Monocline, at 900—
970 km distance. These could be indicative of
high-velocity bodies (HVB) in the crust, in-
ferred in the depth range of 10—35 km. Such
HVBs were detected with certainty in the
crust of the Radom-Lysogéry Unit on profiles
CELO1 and CELO2 [Malinowski et al., 2005;
Sroda et al., 2006]. HVBs inferred at depths of
10—35 km could be allochthonous fragments
of what was originally a single mafic body
or separate mafic bodies intruded into the
crust during the break-up of Rodinia in the
Neoproterozoic, which was accompanied by
considerable rifting. The manifestations of
such magmatism are known in the NE part
of the Volyno-Podolian Monocline, where the
Vendian trap formation occurs at the surface
[Usenko, 2010; Gordienko et al., 2011].

Conclusions. During the wide-angle re-
flection and refraction study of the litho-
spheric structure along the TTZ-South profile,
high-quality seismic records from eleven shot
points (six in Ukraine and five in Poland) have
been obtained. These data were processed by
analyzing the seismic waves and the first ar-
rivals were used in a tomographic interpre-
tation by applying the FAST code inversion
procedure.

The resulting tomographic image repre-
sents a smoothed preliminary model for the
lithospheric structure of the transition zone
between the East European Craton and Pa-
laeozoic Western Europe in the territory of
Ukraine and Poland. According to the ve-
locity distribution, this model is inferred to
consist of a sedimentary layer and the crys-
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CencMmiunun ekcnepumeHT TTZ-South
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Ax. Meui®, A. Thymunceki’, B. Omeapuenko?, O. Aerocraesa’, A. ToAKyHOB’,
T. AM&IHYKeAiZ, A. I'puus?, C. qYAKOBZ, 2020

1IHCTI/ITYT reodizukm [Toabcbkoi AkapeMii Hayk, Bapiasa, [Toabiia
2IHCTI/ITyT reodizuku im. C. I. Cyoo6otina HAH Ykpainu, Kuis, YKpaina
3IHCTiTyT reOAOTIYHUX HAyK, BponaaBcekul YHiBepcureT, Bponaas, [Toaba
3axipHappacepsBic, AbBiB, YKpaiHa
STTOABCKUIT TEOAOTIUHUI iHCTUTYT, HarjioHaABHUM AOCAIAHUIIBKUY IHCTUTYT,
Bapirasa, IToabia
ﬁHiMe]_[I)KI/Iﬁ AOCAIAHUIBKUM IIeHTP HayK Ipo 3eMAaro, [Torcaam, Himeuunna
7,A,ep>KaBHe reoizuyHe MATPUEMCTBO « YKpreodiszuka», Kuis, Ykpaina

Ceticmiuunit npodinst TTZ-South 3 BUKOpUCTaHHAM 3aAOMAEHUX i BIAOUTHX y 3aK-
PUTHYHIN 30HI 3aA0OMAEHUX XBUWAB, BipnpanboBanuii y 2018 p., mepeTtuHae miBAeHHO-
3axiAHMY palioH YKpaiHu i miBpeHHO-cxipHuY perioH [Toasi. [Tpodias TTZ-South 6yB
CIPSIMOBAaHUM Ha BUBYEHHS CTPYKTYPHU 3€MHOI KOPM i BepxXHBOI MaHTii TpaHC'e€Bpo-
nericbKoi moBHOI 3ouU (TELI3) i miBAeHHO-3axipAHOTO cermeHTa CXipAHO-EBPOIENChbKOTro
KpaToHa (cxmAa YKpaiHCchbKoTo 1TuTa). [Tpodiab AoBkuHOIO ~550 KM (~230 KM B [ToAbIi
i ~320 KM Ha 3axo0Al YKpalHU) € IPOAOBXKEHHSIM paHillle peari30BaHUX HPOEKTIB Yy
IMoawi — npodiato TTZ (1993 p.) i CELO3 (2000 p). 'AubuHHe celicMiuHe 30HAYBaHHSA
3a npodirem TTZ-South, Bukonaune 3 Bukopuctanusm 320 ceticmiunux ctaniiti TEXAN
i DATA-CUBE, pano 3MOry OTpUMaTH CEMCMIiUHI 3allCU BUCOKOI SIKOCTI 3 OAUHAAIATUA
MIYHKTIB BUOYXY (IIicTh B YKpaiHi i m'sTh y [Toabmi). Y paHiM cTaTTi mpeacTaBA€Ha CIIPO-
1leHa P-IBUAKICHA MOAEAB, 1110 0a3yeThCd Ha iHBepcil yaciB mpoOiry mepiinx BCTYIIIB
P-xBuABb, moOypOBaHa 3 BUKOPHUCTAHHSAM IIpOrpaMu CeNCMiuHOi ToMorpadil mepiinx
BcrymiB FAST.

OTpuMaHe 300pa’keHHd SBASIE COOOI0 IIONEePEeAHIO IIBUAKICHY MOAEAb, gKa
CKAQAQETHCS 3 0CAAOBOIO IIapy i KPUCTAAIUHOI KOPH, 110 BKAIOYAE BEPXHiM, CepeAHiln
i HYORHIY 11 mrapu. [ToBepxHsT MO0XO0, 1110 alTPOKCUMYETHCS i30AiHIEIO 7,5 KM/C, po3TaIio-
BaHa Ha rAMOMHI 45—47 KM y IJeHTpPaAbHIM 4acTUHI Tpodiato, 3aitiMaeTses A0 40 1 37 kM
vy niBHiuHIN (PapoM-Aucoropcbkuii 6A0K y IToasrni) i miBaeHHIM (Boauno-IToaianbcbKka
MOHOKAiIHAABL B YKpaiHi) yacTUHaX TPOdiArto BiamOBiAHO. OCOOAMBICTIO IMTBUAKICHOTO
poO3pi3y € psia BHCOKOIIBUAKICHUX TiA, BUIBAEHUX Y Alama3oHi ramouH 10—35 KM.
[TopiOHI BUCOKOUIBUAKICHI Tira paHillle OyAM BUSIBAeHI B Kopi Papom-Amncoripcbkoro
O0A0Ky. Tina, BusiBAeHi Ha TANOMHI 10—35 KM, MOXXYTh OYTH aAOXTOHHUMU (pparMeHTaMu
CIIOYaTKy €EAMHOTO MaCHBY OCHOBHUX IIOPip ab0 OKpeMUMU TiAaMH OCHOBHOTO CKAQAY,
1110 BIIPOBAAUAMCSI B KOPY B HEOIIPOTEPO30i i 4ac PO3KOAY CyIepKOoHTiHeTa PoaiHis,
KUY CYIIPOBOAJKYBaBCS MOTYKHUM pudToreHe3oM. [1posgBu puTOreHHOro MarMaTH3-
MY BipOMi B ITiBHIYHO-CXiAHIN yacTUHI BoAnHO-TTOAIABCHEKOI MOHOKAIHAAU, Ae Ha TOBepX-
HIO BUXOASATH BEHACHKI Tpalu.

KarouoBi caoBa: I'C3, celicmiute MopeAlOBaHHS, TOMOTpadiuHa iHBepcis, MBUAKICHaA
MOAEAB.
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1I/IHCTI/ITYT reocpusuku [Toasckon Axkapemun Hayk, Bapmasa, IToabmma
2I/IHCTI/ITyT reodusuku uM. B. 1. Cy66otnna HAH Ykpannsl, Kues, YkpanHa
3I/IHCTI/ITYT reOAOrMUeCKHUX HayK, Bponaasckull YHUBepcureT, Bponaas, [Toabmia
43&XI/IAHaApacepBI/IC, ABBOB, YKpanHa
°TTOABCKHIT FeOAOTHYECKHI MHCTUTYT, HallHOHAABHBINM MCCAEAOBATEABCKUI MHCTUTYT,
BapuraBa, [Toabiia
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"TocyaapcTBenHOe reodusnueckoe npepnpusTie «Ykpreodusuka», Kues, Ykpansa

Ceticmuueckutt mpoduab TTZ-South ¢ ncroab3oBaHueM MPEAOMAEHHBIX U OTPa>keH-
HBIX B 3aKPUTHUUYECKON 0OAACTU MPEAOMAEHHBIX BOAH, oTpaboTtaHHbii B 2018 1., mepe-
CeKaeT I0TO-3allaAHBbIN paliloH YKpaWHbI U I0TO-BOCTOUHEIN peruoH [loasiu. [Tpoduas
TTZ-South ObIA HanlpaBAeH Ha U3yYeHHME CTPYKTYPHI 3eMHOU KOPHL I BepXHel MaHTUU
TpancweBpomeickoi moBHOM 30HBI (TELLL3) u 1oro-zamapHOTro cermMeHTa BocTouHO-
EBporelickoro KpaToHa (CKAOHa YKpPauHCKOTO 1uTa). [Ipoduab aoannon ~550 km (~230
KM B [ToabIrre u ~320 KM Ha 3amajpe YKpPaWHBI) SIBASETCS IPOAOAKEHNEM paHee peanu-
30BaHHBIX TPOEKTOB B [Toabiie — npoduasg TTZ (1993 r.) u CELO03 (2000 r.). FaybunHOE
cericMuUecKoe 30HAUPOBaHue 1o npoduato TTZ-South, BEITOAHEHHOE C MCIIOAB30BaHU-
eM 320 cericmuueckux ctaHumii TEXAN u DATA-CUBE, M03BOAMAO HOAYUYUTE CEUCMU-
YeCKUe 3all1CH BBICOKOTO KaueCTBa U3 OAMHHAAIIATH IYHKTOB B3PhIBA (IIIeCTh B YKpaunHe
u 1aTh B [Toanllie). B AaHHOM cTaThe IpeACTaBAeHa YIPOIeHHass P-CKOPOCTHAs MOAEAD,
OCHOBAaHHasl Ha MHBEPCUU BpeMeH ITpobera IepBbIX BCTYNIAEHUM P-BOAH, OCTpPOeHHAs
C HCIIOAB30BaHUEM IPOTPaMMBbl CeICMUYeCKOM ToMorpaduu nepBeiX BcTynaeHuit FAST.

[MToayueHHOE M300pa>keHHe IPEeACTaBAsIeT COOOM MPeABAapPUTEABHYIO CKOPOCTHYIO
MOAEABb, KOTOpas COCTOUT U3 OCAAOUYHOT'O CAOSI ¥ KPUCTAAANUECKOM KOPHI, BKAIOYAlO-
1lell BepXHUM, CPeAHUM M HIWDKHUM ee cAoHU. [ToBepxHOCTHE M0OX0, alllpoOKCUMUpyeMas
M30AWHUEN 7,5 KM/C, paclioAOKeHa Ha TAyOuHe 45—47 KM B I[eHTPaAbHOM YacTu po-
dunst, Bo3pbiMasich A0 40 u 37 kM B ceBepHOU (PapoM-Abicoropckuti 6A0K B [ToAbIie)
1 105KHOU (BoAbIHO-TTOAOABCKAS MOHOKAMHAAL B YKpaWHe) 4acTIaX NPOQUAST COOTBET-
cTBeHHO. OCOOEHHOCTBHIO CKOPOCTHOI'O pa3pes3a IBASIeTCS PSIA BBICOKOCKOPOCTHBIX TEA,
BBIIBAEHHBIX B AMania3oHe TAyOuH 10—35 kM. AHaAOTHMUHBIE BBICOKOCKOPOCTHEIE TeAd
paHee OBIAU OOHapy>kKeHHBI B Kope PapoM-/AbIcoropckoro 6aoka. Teaa, oOHapy>KeHHbIe
Ha rayomHe 10—35 KM, MOT'yT OBITh AAAOXTOHHBIMU (DparMeHTaMu M3Ha4aAbHO €AMHOTO
MaCCHUBa OCHOBHBIX ITIOPOA AU OTAEABHBIMU TeAAMU OCHOBHOT'O COCTaBa, BHEAPUBIIU-
MHCSI B KOPY B HEOIIPOTEPO30€e BO BpeMs PacKoAa CYIepKOHTHHeTa POAMHUSA, KOTOPBIN
COIIPOBOSKAAACS MOIITHBIM pu@TOoreHe30oM. [IposBAeHNa pu(TOreHHOTO MarMaTu3Ma 1u3-
BECTHBI B CEBEPO-BOCTOUYHOM YacTU BOABIHO-TTOAOABCKOYM MOHOKAMHAAY, TA€ Ha TIOBEPX-
HOCTB BBIXOAAT BEHACKUE TPAIIbL.

KaroueBsle croBa: 'C3, celicMuueckoe MOAEAVPOBaHNe, ToMOoTrpauiecKass HHBEpP-
CHS, CKOPOCTHASI MOAEAD.
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