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Abstract. The Bulgarian Region is located in the Southeastern Europe, with not so frequent recent seismicity. Several 
strong seismic events in the beginning of the XX century evidenced the capability of the main faults to accumulate 
significant energy. In this study, we investigate the seismicity in the region using the numerical block-and-fault dy-
namics (BAFD) model of lithosphere dynamics and seismicity. The morphostructural zoning outlines major crustal 
blocks, and external driving motions are prescribed using GPS data. We performed preliminary test for the simplified 
block structure to compile the synthetic earthquake catalogue for the Bulgarian region. 
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Seismicity and compiled earthquake 
catalogue
The spatial distribution of seismicity is not uniform 
over the territory of Bulgaria. Most earthquakes are 
concentrated in the southwestern part of the coun-
try. To assess the seismic hazard in Bulgaria, we 
applied two different methodology: 1) identifica-
tion of seismogenic nodes (Gorshkov et al., 2021) 
and 2) modeling of block movement in the studied 
area, the preliminary results of which are presented 
in this work.

In order to compile the earthquake catalogue for 
Bulgaria we selected data reported by NOTSSI (Na-
tional Operative Telemetric System for Seismologi-
cal Information) for the period 1997–2006. A total 
number of 8951 events are recorded in the area be-
tween 22.0–29.0° E and 41.0–44.5° N. For the ear-
lier time period we used events reported in Solakov 

and Simeonova (1993f)1, Grigorova and Glavcheva 
(1976), and Grigorova et al. (1978f)2. As a final re-
sult for the period from BC to 2007, 10063 events 
are included. The magnitude of different event is 
from different type or not specified (for historical 
earthquakes) but this parameter is further modeled 
with enough large error interval. The most promi-
nent events for the lasts 150 years in the Bulgarian 
region are concentrated in the beginning of the XX 
century: M7.3 (Dobrudzha,1892), M7.2 (Kaliakra, 
1901), M7.8 (Kresna, 1904), M7.0 (Gorna Oriaho-
vitsa, 1913) and M7.1 (Chirpan, 1928).

1 Solakov, D., S. Simeonova. 1993. Bulgarian Catalogue of Earth-
quakes 1981–1990. Sofia, BAS, Geophysical Institute, Seismology 
Department.
2 Grigorova, E., L. Christoskov, D. Sokoreva, S. Rizhikova, A. 
Roglinov. 1978. Catalogue of Earthquakes in Bulgaria and the Nearby 
Territories during the Period 1st Cent. B.C.–1977. Sofia. Archives 
Geophys. Inst., Bulg. Acad. Sci.
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Delineation of the fault-and-block  
geometry and morphostructural zoning 
method (MZ)
The block structure dynamics model proposed by So-
loviev and Ismail-Zadeh (2003) is used to delineate 
the geometry of the block-and-fault structure of the 
Bulgarian region and to simulate the seismicity. This 
method is used successfully to model the seismicity 
in different regions (as Vorobieva et al., 2017; 2019). 
The block structure of the area (Fig. 1a) was delineated 
with morphostructural zoning method (Alekseevskaya 
et al., 1977; Rantsman, 1979; Gorshkov et al., 2003). 
The investigated region is divided into a system of hi-
erarchically ordered areas characterized by homoge-
neous present-day topography and tectonic structure. 
MZ distinguishes: (1) blocks (areas) of different rank;  
(2) their boundary zones, morphostructural line-
aments; and (3) sites where lineaments intersect, 
nodes. Large-scale geostructures (e.g., the Balka-
nides) are considered as the highest first rank units, 
mountain countries. They are divided into second 
rank areas, megablocks, which are further subdivided 
into third rank areas, blocks. The rank of the linea-
ment depends on the rank of the region limited by 
the lineament. With respect to the regional trend of 
the tectonic structure and topography, two types of 
boundary zones are distinguished: (1) longitudinal 
and (2) transverse lineaments. Longitudinal linea-
ments are approximately parallel to the regional strike 
of the tectonic structure and of the topography, while 
the transverse lineaments run across the regional trend 
of the tectonic structure and of the topography. Mor-
phostructural nodes (from here on, nodes) are shaped 
around the intersections of two or more lineaments. 
A node may include more than one intersection or 
junction. Lineament zones become wider at nodes. 
Nodes are characterized by a mosaic combination of 
various topographic forms and by an increased num-
ber of linear topographic forms of various strikes that 
reveal the instability of the area. Sometimes a fault 
system with one orientation merges into a fault sys-
tem with different orientation. Identification of the 
seismogenic nodes for the territory of Bulgaria if per-
formed for the magnitudes M ≥ 6 (Gorshkov et al., 
2021) since the results for smaller magnitudes were 
instable. An investigation of Gorshkov and Noviko-
va (2018) demonstrate that 86% of the earthquakes 
happened inside of the zone of previously recognized 
seismogenic nodes.

Modeling the seismicity using simplified 
fault-and-block geometry
The block-and-fault geometry to be used for mod-
eling the seismicity was determined on the basis of 
the compiled MZ map. In this preliminary stage of 

the study BAFD structure, represent only the main 
first rang elements of MZ (Fig. 1a). In some areas, 
where three lineaments intersect at the same point, 
the lineaments have been misaligned because mod-
eling cannot be performed with triple junctions. In-
formation of the depth of Moho is used to define the 
thickness of the block structure (Raykova, Nikolo-
va, 2007) since all seismicity in Bulgaria is crustal. 
Average thickness of the crust is fixed to 35 km. For 
the quality of the seismicity modeling, the proper 
selection of the dip angles of the faults is essential, 
therefore available geological and geophysical in-
formation is used (Cheshitev et al., 1995; Kotzev et 
al., 2001; Vangelov et al., 2013; Ivanov, 2017). 

A block-structure is a limited and simply con-
nected part of a layer d, with thickness H, bounded 
by two horizontal planes (Fig. 1c). Common point 
of two faults is called “vertex”. The vertices on the 
upper and the lower horizontal planes are connected 
by a segment “rib” of the intersection line of the 
corresponding fault planes. The upper and the low-
er surfaces of the blocks are polygons. The blocks 
are assumed to be rigid, and their relative displace-
ments take place along the fault planes. The move-
ments of the blocks and underlying medium are as-
sumed to be a result of external forces. The rates of 
these movements are assumed to be horizontal and 
known, mainly by the recent GPS measurements 
(Vassileva, Atanasova, 2015).

Numerical experiments
The block structure model shown in Fig. 1b consists 
of 15 blocks, 9 boundary blocks, and 33 corner ver-
texes. This model of block structure does not pretend 
to recover the observation in all the details. The re-
gion is represented as a simplified system of perfectly 
rigid blocks. In order to simulate the synthetic seis-
micity, the BAFD model was utilized (Gabrielov et 
al., 1990; Soloviev, Ismail-Zadeh, 2003). To specify 
the dip of the fault planes in the model we are using 
data for the active faults close to the defined planes. 
For each fault plane as the first approximation an av-
erage value of the dip is defined and converted to the 
positive numbers to be included in the BAFD cal-
culation. For all faults and block bottoms the visco-
elastic features are the same: elastic coefficient K = 
1.0; coefficients controlling viscosity W = 0.02, Ws 
= 20, only for faults 9 and 10 these values are W = 
0.1 and Ws = 100; the ratio of shear to normal stress, 
controlling earthquake occurrence in the model B = 
0.10, Hf = 0.085, Hs = 0.07. The size of the cell is  
2 km and allows to model earthquakes with M ≥ 5. 
The time scale in this preliminary modelling is fixed to  
20 000 years.

The performed modeling provides the “first run” 
of synthetic earthquake catalog including 251 900 
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Fig. 1. The morphostructural zoning map of the Bulgarian region (a) (Gorshkov et al., 2021). Solid lines represent longitudinal line-
aments of 1st, 2nd and 3rd rank. Dashed lines represent transverse lineaments of 1st, 2nd and 3rd rank. The numbers refer to the seismic 
nodes. The block-structure of the Bulgarian Region (b). Definitions in the block structure model (c). Gutenberg-Richter relation for 
the observed and the synthetic seismicity for dimensionless time – 100 units (d).

events with M ≥ 5 (here and after M5+). We com-
pared the Gutenberg-Richter (GR) relation for the 
seismicity recorded in the Bulgarian Region and 
the GR relation constructed for the synthetic events 
(Fig. 1d). The remarkable discrepancy between the 
GR relations for the observed seismicity and those 
for the preliminary synthetic one is due to several 
reasons: the lack of the precise GPS data for each 
of the defined blocks; missing seismicity informa-
tion, especially for the moderate and small histori-
cal events; difference between modeled and real 
block structure of the region; deviation of the used 
visco-elastic coefficients from the real properties of 
the media. The epicenters of earthquakes with M5+ 
and M6+ from observed seismicity and synthetic 
seismicity are placed in the same faults and with 
very close coordinates. Many of the seismic events 
are located to the first rank lineaments. Strong syn-
thetic earthquakes were detected in all areas with 
observed high seismicity. The areas with a M7+ 
cannot be recognized well. These preliminary re-
sults show that more iterations should be performed 
using more accurate input parameters.

Conclusions

The results from the pattern recognition method 
(Gorshkov et al., 2021) for events with M6+ are 
stable and fit relatively well with the observed 
data. Preliminary results of the block modeling, 
that uses different type of data, reveal seismic-
ity M5+ much higher than observed. The reasons 
are complex. The density of the data for the dif-
ferent blocks is not uniform, and there are many 
differences in the various sources of information. 
GPS information for the entire region is limited 
since the small period of operation of these sta-
tions. There is a lack of data for some parts of the 
region. The block modeling uses a much simpler 
representation of the real block system in Bulgaria. 
Both modelling methods detect strong earthquakes 
mainly along the first rank lineaments. In both 
methods, the seismic events are on the border of 
the Rhodope massif with the Srednogorie, Stara 
Planina and Moesian platform, Serbo-Macedonian 
massif and Pirin mountains and Aegean Sea with 
North Greece. 
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Further improvement of the results is necessary, 
varying input parameters and including very recent 
results from GPS observations.
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