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SUMMARY 

The reinterpretation of the "old" seismic data along the line of the 900 km long geotraverse profile is 
represented by a seismic tomographic model. The bitmap images of the original seismic data were 
converted into vector diagrams by the DIGITIZER computer program. This made it possible to 
represent the hodographs as numerical data sets and to construct the seismic tomographic model along 
the geotraverse line. The velocity model is obtained by the tomographic inversion method of first 
arrivals of seismic waves. The deep tectonic structures are clearly outlined on the tomographic model. 
In particular, the Ukrainian Shield is characterized by Volyn, Podolsk, and Bug Megablocks with uplifts 
of variable sizes in the upper and middle crust. The Golovanivska suture zone is distinguished as uplift 
from the northwest to the southeast and the Kryvorizka suture zone is highlighted in the opposite 
direction. 
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Introduction  

In the 1960s and 1980s, numerous field surveys were conducted in the Ukraine territory using the DSS 
(deep seismic sounding) method along multi-kilometer profiles called geotraverse (for example, 
geotraverses VI, II, IV and VIII (shown as GT-II, GT -IV, GT-VIII on Fig. 1) (Sologub et al., 1986, 
Sologub et al., 1988; Lithosphere… 1988). This method is actively used and developed today at the 
Subbotin Institute of Geophysics of the NAS of Ukraine with the participation of many European 
scientists. In recent years the processing and interpretation of seismic data, which obtained by the 
method of wide-angle deep seismic research has been developed to the modern technological level in 
consequence of international projects EUROBRIDGE 97, PANCAKE, DOBRE-4, DOBRE-5, 
RomUkrSeism (Thybo et al. 2003; Starostenko et al. 2013a, b; Starostenko et al. 2013a, b; al. 2015, 
Starostenko et al. 2017a, b, c; Starostenko et al. 2018; Starostenko et al. 2019; Lysynchuk et al. 2019, 
Kendzera et al.2019 (Fig.1). 

This paper presents a reinterpretation of “old” data along the 900 km long geotransverse VI profile. 
DSS studies were performed in 1982-1983. Observation distance was up to 400-500 km from the 
shotpoint. The structure of the earth's crust was studied using reflected and refracted seismic waves. 
The data were recorded by analog seismic stations located along the profile. At that time, a velocity 
model was obtained based on the results of two-dimensional modeling of a registered wave field that 
characterized the crust and upper mantle (Lithosphere ..., 1988, Ilchenko 1985; Sollogub, 1986; 
Lysynchuk et al. 2019). However, the visualization and interpretation methods of those times did not 
allow us to use all available information about the wave field, so the seismic sections contained limited 
information. We have reinterpreted the seismic materials and constructed a seismic tomographic model 
along the VI line of geotraverse. 

 

Figure 1. The position of the geotraverse VI profile on a tectonic scheme constructed according to 
(Bogdanova 2017; Shchipansky, Bogdanova, 1996; Starostenko et al., 2018) 

Digitizing the seismic data. 

The initial Geotraverse VI seismic data were paper-based hard copies, so we needed to digitize them 
before we could perform any further processing. We used a specialized software for digitizing maps 
and logs, the Digitizer (Kolomiyets, 2004), which converted the scanned raster image of the seismic 
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profile into vector form line by line, transforming individual hodographs into sets of numeric values. 
While doing this, the Digitizer performed smart interpolation to obtain intermediate values for the 
hodographs where the curves on the raster image were interrupted. This ensured we could improve data 
processing quality. 

Tomographic inversion of the first seismic arrivals. 

The purpose of tomographic inversion is to study in detail the velocity properties distribution in the 
medium. Such studies are based on the travel-time of the first arrivals or on the observed amplitudes 
for a set of receiver-source pairs. Any geometry of sources and receivers can be considered. The only 
limitation is that the seismic rays must form an entire network. The gaps in the ray coverage causes 
white spots and inaccuracies in resulting velocity model. Ideally, each point of the study environment 
should intersect with seismic rays in all directions. The first step of a tomographic inversion is to choose 
an initial velocity model. Further interpretation is carried out in 2 stages: 1) solution of the direct 
problem, 2) solution of the inverse problem. The purpose of the first stage is to calculate the travel-
times of the first arrivals and the corresponding ray paths. The residuals of the travel-times (ie the 
difference between the observed travel-times and the calculated time values) are the input information 
for the second stage. The starting model is calculated using the method described in (Zelt, Barton 1998), 
in which the trajectories of rays are derived from the solutions of the wavefront equation. Only refracted 
waves all over the entire medium are used. Usually they are registered as the first arrivals on the seismic 
records. The reflected phases from geological boundaries are not considered in program code. Such 
limitation makes all boundaries in the model the zones of change of the velocity gradient. Thus, the 
effective velocity model is limited only by the solutions with low wave number. Nevertheless, the 
model, which was found using the seismic tomography method, provides good convergence of the 
residual function to the global minimum. 

The solution to the direct seismic problem is to build the ray paths and calculate proper travel-times for 
determined velocity model. The parameters of the velocity model are reduced in a way to minimize the 
difference between the calculated and the observed travel-times. The calculation starts from a initial 
model that is based on the available a prior information. The velocity model at the next iteration is 
calculated as the sum of the starting velocity and the anomalies resulting from the inversion of the 
previous iterations. The inversion algorithm provides the tracing of the rays in the new model and the 
calculation of the new velocity anomalies matrix at each iteration. 

For the studied Geotravers IV the calculation was performed on a grid with distances 1 km  between 
nodes in profile length and 0.5 km in depth. The best results with minimal discrepancies in the 
calculated and observed travel-times were obtained after 12 iterations at a value of λ = 1.1419456. 

Velocity characteristics of the seismic tomographic model 

By performing the tomographic inversion, we have constructed a seismic section along the 
Geotransverse VI profile (Fig. 2). 

Let’s consider the obtained velocity model along the Geotransverse VI in the direction from northwest 
to southeast (Fig. 2). At the distances between the PC 900-840 in terms of the velocity structure (within 
the velocity values of 5.0 to 6.0 km/s) we can observe a trough down to the depth of 15 km which 
corresponds to the trough of the Osnitsky-Mikashevsky magmatic belt with the Paleoproterozoic crust. 

Further to the southeast, along the section line, we can observe velocity uplifts in the Earth's crust within 
the Ukrainian Shield, corresponding to the main tectonic megablocks. E.g. between PC 840-750, at the 
depth of 30 km and below, from the 7.0 km/s isoline of the lower crust top, there is a rise up to the 
surface with the speed of 5.0 km/s corresponding to the Volyn megablock. The Moho is located here at 
the depth of 45 km 
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Figure 2. The velocity model obtained as a result of tomographic inversion along the geotransverse VI. 
 
In the Podolian megablock between 750-620 pickets, a velocity uplift is marked at the depth of 25 km 
from the velocity isoline of 7.0 km/s in lower crust up to the surface at PC 650 with a velocity of 5.25 
km/s. 

We have a uplift from the 7.5 km/s isoline to the daily surface with velocity 5.5 km/s that corresponds 
to the Bug Megablock between 600-450 pickets with the thickest layer of the middle crust at depths of 
37-40 km (7.0-6.5 km/s) and Moho at a depth of 45 km. The Moho depth at 42-45 km is in good 
agreement with the data obtained by the international team of authors on the Eurobridge 97 profile, 
where Moho is at 47 km (Thybo et al. 2003), and the RomUkrSeis profile, where Moho is at 46km 
(RomUkrSeis Working_Group 2018). 

 
A relatively small uplift in the subsurface section at a depth of 10-15 between 460-490 pickets 

belongs to the structure of the Gaivoron block and corresponds to a thick layer of the upper crust and 
to the trough in the middle and lower crust. Moho has a relatively small slope from the northwest to the 
southeast from a depth of 45 km at the 520PC to a depth of 50 km at 450PC. 

 
Further along the profile we have a shifted uplift in the southwest direction in the Golovanivska 

junction zone, starting from Moho at a depth of 50 km from 7.5 km/s at 450PCs to 300-350 PCs, which 
reaches the day surface near 350 PCs and ends with isoline 6.0 km/s. At this point we see an increasing 
of the Moho depth from 50 to 45 km respectively of the pickets. We have a Moho depth at 45-46 km on 
the tomographic model near 300 PCs, and according to DOBRE-4 (Starostenko et al. 2013) we have an 
agreement with the second border at a depth of 45 km, which sinks from the northeast to the southwest.  

 
The Ingul megablock’s slope in the structure of the Ukrainian monocline between PC 300-200 and 

the Karkinitsky trough from PC 200-100 have two less pronounced velocity uplifts in the deep structure, 
with a slope to the northwest – in the opposite direction to the elevation of Golovanivska suture zone. 
The Moho boundary is located here at depths of 45-40km. 

 
On the tomographic model, we can interpolate the Moho surface between the isolines of 7.5 and 

7.75 km/s and it lies much higher. On the tomography the Moho has a relatively small slope angle from 
the northwest at the depth of 45 km at PC 520 to the southeast at the depth of 50 km at PC 450. 

 
The difference in determining of the Moho depth (Sollogub 1986; Sollogub, Ilchenko 1988) in 

comparison with our interpretation results is due to a number of reasons: first, we used the the travel-
times of the refracted, rather than reflected waves, by which the Moho can be approximated by an 
velocity isoline of 7.5 km/sec (Janik et al. 2016); secondly, the depth of the reflecting boundaries 
depends on the velocity of the waves in the overlaid rocks. Earlier layer velocity were determined by 
the head-waves, and were overestimated in comparison with the velocity of the refracted waves. That 
leads to greater depths in the calculations of the position of the reflecting boundaries. 
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Thus, according to the results of the preliminary interpretation, the section consists of disparate 
reflections (Sollogub 1986; Sollogub, Ilchenko 1988), which have been combined by the interpreter 
into the "boundary", "layers of the earth's crust" and "faults" according to the subjective representations 
of the interpreter about what the "structure" of the earth's crust should be. In turn, the presented velocity 
model was constructed on the results of tomographic travel-times inversion. It produces an objective 
(to some extent) general picture of the distribution of velocity inhomogeneities along the section and 
more substantially provides the determination of "layers" and their velocity parameters (although there 
is a significant influence of the interpreter point of veiw about the desired final velocity model in these 
calculations).   
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