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SUMMARY 

We represent the results of recent ray-tracing modeling for three deep seismic sounding profiles 14, 15 
and 16 acquired in the Eastern Black Sea in 1960-th. They were conducted on a system of radial profiles 
diverging from one common shot point in the East Black Sea Basin and crossing the Shatsky Ridge. 
The performed modeling showed that thin (~ 10 km) crystalline EBSB crust, with velocities increasing 
from 6.5 km/s in the basement to 7.0 km/s on the Moho (20-22 km), is overlain by ~10 km-thick 
sediments. The continental crust of the Shatsky Ridge of ~ 30 km thickness comprises two layers – the 
upper crust (6.0-6.5 km/s) of 15-km thickness and the 10-km thick lower crust (6.5-7.0 km/s). The 
transition from the EBSB suboceanic crust to the Shatsky Ridge continental crust occurs dramatically, 
on ~25-km interval. This transition zone runs parallel to the coastline, and is associated with Alushta-
Batumi magnetic anomaly of the same (NW) strike. These could be indicative of the tectonic origin of 
the transition zone during the main stages of evolution of the region - at the Mesozoic closure of Tethys 
Ocean, during the opening of the East Black Sea Basin in Cretaceous, and during the Alpine collision 
tectonics. 
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Introduction. The Black Sea is an isolated deep-water basin surrounded by young Alpine 
structures. Its tectonic division is carried out according to relief of the basement (Fig. 1a; 
Tugolesov et al., 1985). Two deep basins with a highly thinned continental and/or oceanic crust 
are distinguished in the BS -  the West Black Sea Basin and the East Black Sea Basin (EBSB), 
separated by a linear NW-oriented Andrusov-Arkhangelsky basement uplift of continental 
crust.  
 

 
 
Figure.1 (a) Location of the deep seismic sounding profiles in the East Black Sea Basin - old 
profiles  (blue lines numbered 14, 15, 16 (Neprochnov et al., 1966)) and recently obtained 
(black lines for profiles 1, 2, 3, 4 from (Shillington et al., 2009)), shown against the background 
of Cretaceous basement depths (Tugolesov et al., 1985). Inset in (a) indicates the study region 
(white triangle) on the bathymetry-topography map. (b) Combined velocity model of the East 
Black Sea Basin from Arkhangelsky Ridge to Shatsky Swell according to the modeling results 
on DSS profile 15 (right) and published model on profile 2 (left, Shillington et al., 2009). The 
numbers indicate P-wave velocity in km/s. 
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The EBSB is framed by three Alpine fold belts: Crimean Mountains and Greater Caucasus on 
the N and NE, and Eastern Pontides - Lesser Caucasus on the S-SE. Between the EBSB and 
the Greater Caucasus fold belt there is located the Shatsky Swell - an offshore continuation of 
Transcaucasus Domain with the basement of Baikalian and Palaeozoic age. Thus, the crust of 
the Shatsky Swell could have imprints of tectonic processes preceding the BS opening. Crustal 
structure at the transition from Shatsky Swell to the deep EBSB obviously reflects the opening 
mechanism of the BS. 

Deep seismic sounding study, conducted in the Black Sea in 1960th, found that two basins in 
the western and eastern parts of the sea are underlain by thin high-velocity crust of oceanic or 
sub-oceanic type with Moho shallowing to a depth of 20-25 km. However, interpretation 
approaches of that time did not allow using all available information on the wave field, so the 
seismic sections contained limited information on the P-wave velocity distribution. Therefore, 
we undertook a reinterpretation of seismic data by ray-tracing modelling on the most extended 
old DSS profiles in the Black Sea. As a result, velocity models for the crust and upper mantle 
were set up for the ~N-S-trended profile 25 crossing the West Black Sea Basin, and for the 
profile 28-29 passing from the Sea of Azov to the central part of the BS (Yegorova et al., 2010). 

In 2005, modern marine Deep seismic sounding study was carried out on four profiles crossing 
the East Black Sea Basin and Arkhagelsky Swell (Fig. 1a, Shillington et al., 2009). The Black 
Sea is covered by a dense network of deep refection profiles, among them the study within the 
project "Geology without Limits" (2011-2012) with seismic lines of ~ 8900 km total length 
and up to 13s recording time (Nikishin et al. , 2015). Our study represents the results of 
reinterpretation of seismic data on old DSS profiles 14, 15 and 16 (Fig. 1a) with the objective 
to construct the velocity model of the crust at transition zone from the East Black Sea Basin to 
the Shatsky Swell. 

Methodology of velocity modelling. DSS profiles 14, 15 and 16 were worked out in 1959. 
They shared one shot point (SP 22) and diverged eastward from it at different angles, crossing 
the Shatsky Ridge and ending on the western coast of Georgia (Fig.1a). Based on the results of 
the work, the identification and correlation of main wave groups were made, and the traveltime 
curves were compiled for the following types of refracted waves: - in sediments (Psd), in the 
consolidated crust (Pg), and on the Moho surface (Pn) (Neprochnov et al., 1966). The first 
arrivals on the return traveltimes are formed by the Psd and Pg phases that form two branches 
with a break at a distance of ~ 15 km. On direct traveltimes, the Psd phase with velocity of 2.6-
3.0 km/s and crustal Pg phase with high velocity  (6.0-7.2 km/s) form two branches with a 
break point at distance of 25-30 km.  Mantle phase Pn (7.8–8.0 km/ s) begins to be traced at 
offsets of 100–110 km. Velocity modeling was carried out on the basis of the traveltimes of 
the main waves built up by the executors of the DSS study (Neprochnov et al., 1966). We 
constructed the velocity cross-sections by numerical simulation, which consists in repeatedly 
solving the direct kinematic seismic problem for a series of velocity models. In this case, the 
procedure is repeated by trial-and-error method until the coincidence of the observed and 
calculated times is achieved with a given accuracy. Velocity modelling was performed using 
the program of K. Zelt. 

Velocity models along profiles 14 and 15. As a result of ray-tracing modeling, velocity 
models were constructed for profiles 14 and 15. The most representative, both in orientation 
and in the observation system, is profile 15, the model for which is shown in Fig. 1b (on the 
right). The crust of the East Black Sea Basin is obtained on a small interval of the western 
segment of profile 15. The sedimentary succession as thick as ~ 10 km is represented by three 
layers: 1) with Vp = 2.1-3.0 km/s of up to 1 km thickness, 2) with Vp = 3.1 km/s to a depth of 
6 -6.5 km, and 3) with Vp = 4-4.5 km/s. In the thin (~ 10 km) crystalline crust, the velocities 
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vary from 6.5 km/s in the basement to ~ 7 km/s on Moho at a depth of 20 km (Fig. 1b on the 
right). This may indicate that the EBSB crust can be either thin high-velocity continental crust, 
or of oceanic type. We call it the sub-oceanic crust. In the Shatsky Ridge segment which 
occupies the major part of the profiles, the thickness of continental crust increases up to 30 km. 
The segment is characterized by decreased thickness of sedimentary cover as well. The 
crystalline crust of the Shatsky Ridge is modelled by two layers: 1) a thick upper crust with 
velocity increase from 6 km/s in the basement to 6.5 km/s at a depth of 20 km, and 2) a 10-km 
thick lower crust with the velocities (6.5-7.0 km/s) close to those of the East Black Sea Basin 
(Fig 1b on the right). The transition from the Shatsky Ridge continental crust to thin EBSB 
sub-oceanic crust occurs dramatically, on ~25-km interval, and associated with the step-like 
uplift of the Moho.  

The performed velocity modeling shows that in the transition from the sub-oceanic crust of the 
East Black Sea Basin to the continental crust of the Shatsky Ridge strong changes occur in all 
crustal layers - from the sedimentary succession to the crustal base (Moho). This is indicative 
of a rather sharp contact between the crustal blocks of the East Black Sea Basin and Shatsky 
Ridge, which is likely to have a tectonic origin. During the back-arc opening of the East Black 
Sea Basin in the rear of the subduction zone of Neotethys Ocean under the Eurasian margin, 
this zone was activated as a fault zone limiting the northeastern flank of the basin. At the stage 
of Alpine tectogenesis, continuing at the present time, the zone was activated in the 
environment of regional compression and transpression caused by collision of the Afro-
Arabian and Eurasian plates. This determined the character of tectonic process in the Crimea-
Caucasus region, which could be realized by wedging the East Black Sea crustal indenter into 
the continental crust of the Scythian microplate, which led to the formation of modern orogenes 
of Crimean Mountains and NW Caucasus (Gonchar, 2019, Gobarenko et al., 2016). Moreover, 
the indenter can be complex and include the crust of both the East Black Sea and the Shatsky 
Ridge. 

The special position and nature of the Shatsky Ridge is emphasized by the location within its 
limits the Alushta-Batumi Anomaly - the most significant and extended magnetic anomaly of 
the Black Sea. We consider that anomaly can be attributed to linear anomalies that are formed 
by magmatic bodies of island-arc formation in the rear of subduction zones. The Alushta-
Batumi Anomaly can be a manifestation of a magmatic arc formed during paleo-subduction of 
the Mesozoic Tethys Ocean beneath the East European Plate. The combined velocity model 
(Fig.1b), constructed on our Deep seismic sounding profile 15 and profile 2 from (Shillington 
et al., 2009), shows the crustal cross-section through the East Black Sea Basin from the 
southern end of the Arkhangelsky Ridge to the Shatsky Swell. In general, there is a good 
agreement between the two velocity models at the place of their joining up in the East Black 
Sea Basin regarding the main parameters of the crust (thickness of sediments, thickness and 
velocities in the crystalline crust, depths to the Moho). The basin has a wedge-like shape, 
expanding southeastward  up to 160-180 km width (Fig. 1b).This is consistent  with concept of 
riftogenic opening of the East Black Sea Basin in the Early Cretaceous as a result of clockwise 
rotation of the Mid Black Sea Ridge (comprising the Arkhangelsky Ridge) involving transform 
faults of NE direction in the southeastern part of the basin, along which the movements on left-
lateral strike-slips and the opening of the East Black Sea Basin occurred (Hippolyte et al., 
2018). 

Conclusions. As a result of modern reinterpretation of the Deep seismic sounding profiles 14, 
15, and 16, representing a system of radial profiles diverging from one common shot point in 
the East Black Sea Basin and crossing the Shatsky Swell, we studied the crustal structure at the 
transition from thin sub-oceanic crust of the East Black Sea Basin to the continental crust of 
the Shatsky Swell. This transition from the thin sub-oceanic crust of the East Black Sea Basin 
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to the continental crust of the Shatsky Swell occurs on a rather limited interval (~ 25 km), 
where changes are observed in all layers of the model - from the sedimentary succession to the 
Moho, which is experiencing a sharp deepening from 20 km to 30 km, respectively. The sharp 
transition zone of two types of crust between East Black Sea Basin and the Shatsky Swell is 
linear, parallel to the coastline of the eastern part of the Black Sea, and is associated with the 
linear Alushta-Batumi magnetic anomaly. All this suggests of tectonic origin of the transition 
zone, the formation and activation of which occurred at different stages of evolution of the 
region - starting at the Mesozoic by the closure of Tethys Ocean, then during the riftogenic 
opening of the East Black Sea Basin at the end of the Cretaceous -Paleocene, and, finally, at 
the stage of Alpine collision.  
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