
© Българско геологическо дружество и Българска академия на науките, 2025 https://bgd.bg/review-bgs

СПИСАНИЕ НА БЪЛГАРСКОТО ГЕОЛОГИЧЕСКО ДРУЖЕСТВО,  
год. 86, кн. 3, 2025, с. 322–326

REVIEW OF THE BULGARIAN GEOLOGICAL SOCIETY,  
vol. 86, part 3, 2025, p. 322–326

30 years of GPS/GNSS studies on the active tectonics of Bulgaria:  
an overview. Precise results for SW Bulgaria

Radoslav Nakov1, Nikolay Dimitrov2, Anton Ivanov2

1 Geological Institute Strashimir Dimitrov, Bulgarian Academy of Sciences, Acad. G. Bonchev Str., Bl. 24, 1113 Sofia;  
E-mail: radnac@geology.bas.bg
2 National Institute of Geophysics, Geodesy and Geography, Bulgarian Academy of Sciences, Acad. G. Bonchev Str., Bl. 3,  
1113 Sofia; E-mail: ndimitrov@geophys.bas.bg, anton_iv66@abv.bg

Radoslav Nakov, Nikolay Dimitrov, Anton Ivanov. 2025. 30 years of GPS/GNSS studies on the active tectonics 
of Bulgaria, an overview. Precise results for SW Bulgaria. – Rev. Bulg. Geol. Soc., 86, 3, 322–326, https://doi.
org/10.52215/rev.bgs.2025.86.3.322. 

Abstract. The territory of Bulgaria is located at the northernmost part of the well-known Aegean Extensional 
area, defined as South Balkan Extensional System. GNSS studies for geodynamic purposes in Bulgaria started 
by elaboration of two networks in 1996. The first regional GPS network for geodynamic studies was created 
from 17 points covering the entire country. A second one denser net, covered the territory of SW Bulgaria. First 
results were obtained and published in 2000 and 2001st. The primary results for the country pointed to velocities 
of 1–2 mm/yr. The results obtained from the net covering SW Bulgaria were in the order of 1–2 up to 3–4 mm/yr. 
However, the results had a significant uncertainty. The net covering SW Bulgaria was fully measured during the 
period 2020–2024, in two full campaigns, and significant new points were added, consisting presently of 50 points. 
The results show increasing velocities from 1–2 mm/yr in the northern part up to almost 4 mm/yr in the southern 
part. All point velocities errors are now less than 0.1 mm/yr.
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Introduction 

The study of active tectonics is based on the com-
bined use of geological, geomorphological, geo-
detic, remote sensing, and geophysical (mainly 
seismological) data. Through the Global Position-
ing System (GPS) and Global Navigation Satel-
lite System (GNSS), space geodesy allows rapid 
and reliable quantitative determination of the pa-
rameters of modern geodynamic movements. The 
current configuration of GNSS satellites and the 
presence of a global network of numerous tracking 
stations allow the horizontal position of points in 
an area having the size of Bulgaria to be obtained 
with an accuracy of 2 mm. The importance of this 
method for the quantitative study of active tecton-
ics is comparable to that of absolute geochronology 

in the study of rocks. When interpreting the results 
for geodynamic purposes, it must be taken in mind 
that the GNSS data obtained reflect the picture at 
the present moment and their possible extrapolation 
back in time and at depth must be based on geo-
logical arguments. The choice of a reference grid 
against which the movement of the points will be 
taken into account is extremely important. GNSS 
studies for geodynamic purposes in Bulgaria started 
by elaboration of two networks in 1996. First re-
sults were obtained few years later (Kotzev et al., 
2000, 2001a, b). Since, numerous observations over 
different networks have been obtained (e.g., Kotzev 
et al., 2006, Kenyeres et al., 2019, Georgiev et al., 
2020). After the first acquired data, the number of 
observed nets, stations, and accuracy had changed 
significantly and numerous new data were acquired. 
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This advancement definitely requires a present-day 
evaluation of the obtained results with the aim to 
point the further investigations. This is the aim of 
this brief overview.

Present geodynamic position of Bulgaria

In modern plate-tectonic terms, the territory of Bul-
garia belongs to the southern margin of the Eura-
sian Plate, being part of the broad Eastern Mediter-
raneanBalkan area. The modern geodynamics of the 
Eastern Mediterranean and in particular the South-
ern Balkans is mainly determined by the subduction 
of the African plate in the Aegean arc zone, the col-
lision of the Arabian plate with the Eurasian plate 
(Anatolian sub-plate), and the subsequent protrusion 
of Anatolia. The differentiated tectonic movements 
in the Aegean region and Anatolia motivate the 
separation of relatively homogeneous geodynamic 
areas, some of which are microplates in nature (Mc-
Clusky et al., 2000). The Aegean Sea is a working 
example of an extensional system developed over 
an active subduction zone. The territory of Bulgaria 
occupies the northernmost part of the system, de-
fined as the South Balkan extensional zone (Burch-
fiel et al., 2000). Here, the deformation occurs at 
significantly lower rates, compared to the other 
parts of the Aegean. However, unlike the Aegean 
Sea region where most structures are submerged, on 
Bulgarian territory they are exposed and accessible 
for observation. The northern border of the exten-

sion, although connected to the Sub-Balkan graben 
system, based on GNSS data, represents a wide dif-
fuse zone, where probably the extension overpasses 
the Stara Planina ridge (Nakov et al., 2005).

GNSS studies on the territory of Bulgaria 
and geodynamic implications

To determine the kinematics of the main geological 
structures in Bulgaria, the first regional GPS net-
work for geodynamic studies was created in 1996, 
consisting of 17 points covering the entire country 
(Kotzev et al., 2001a, 2006). Subsequently, other 
networks were used to study regional geodynam-
ics. Velocities of points National GPS network was 
obtained (Georgiev et al., 2020). The Main order of 
the National GPS Network includes 112 points. The 
points from the network were measured twice. The 
first epoch of measurement is in the period 2004–
2005. The second GNSS measurement of points is 
in the period 2015–2017. The long period between 
the two measurement epochs allows reliable deter-
mination of the velocities of the points. Other im-
portant network for study the geodynamics is EPN 
(EUREF Permanent GNSS Network) densification 
network (Kenyeres et al., 2019). The main objective 
of EPN Densification is to realize a homogeneous, 
high-quality position and velocity product on a con-
tinental scale. The generated results are extremely 
reliable and freely available to the geoscience com-
munity (Fig. 1).

Fig. 1. Horizontal velocities of Bulgaria, relative to Eurasia of EPN Densification network (blue arrows) and National GPS Net-
work (black arrows). After Georgiev et al. (2020). 



324

SW Bulgaria. Geodynamic Setting

Into the frame of the general geodynamic setting, 
the region of Southwest Bulgaria is an area with 
specific geological structure. It is encompassing 
structures of a NNW–SSE trend (Sofia Graben, Ihti-
man Graben, parts of the Sub-Balkan Graben sys-
tem and Upper Thracian Graben, Sub-Balkan Fault 
Zone, Maritsa Fault Zone, etc.). These structures in-
terfinger with structures of a NW–SE trend (Struma 
Fault Zone, Struma Graben, East Pirin Fault, etc.). 
As a result, interfingering, the land has a well ex-
pressed mosaic structure, combination of uplifted 
and subsided land (basins and ranges). The uplifted 
blocks (horsts) represent mountainous areas; among 
the best expressed are the Stara Planina Mountains, 
Vitosha Mountains, Rila Mountains, Pirin Moun-
tains, and the Rhodopes Mountains.

The area has a well expressed seismicity, local-
ized in several seismic zones. Beside the seismicity, 
the active tectonics creates an increased geologi-
cal hazard in the area, based on the available active 
faults and exogenic geological processes occurring 
(landslide, rock falls, mud flows, etc.) (Ivanov et al., 
2017; 2022). The area is one of the most important 
from economic and social points of view of Bul-
garia. It hosts important infrastructure and is one of 
the most populated. Therefore, the knowledge of the 
recent geodynamics plays an important role for the 
evaluation and prevention of the geological hazard. 
Thus, improving the quality of life. In the study of 
the geological hazard, GNSS technology is particu-
larly important because it provides precise quantita-
tive estimates for the present-day geodynamics of 
the area.

GNSS studies of SW Bulgaria

The study of geodynamic processes with the use 
of GNSS measurements in the region of western 
and especially southwestern Bulgaria has been per-
formed for almost 30 years (since 1996). GNSS 
measurements of points from a geodynamic net-
work built in the distant 1996–1997 were used to 
study the modern movements of the Earth’s crust 
(Kotzev et al., 2001a, b, 2006). The network of a 
large number of stations covers the territory of 
Western Bulgaria, with a greater density of points 
in Southwestern Bulgaria. The network was cre-
ated in order to study the main tectonic structures in 
the area. The locations of the points were selected 
after a geological survey so as to cover the main 
geodynamic structures in the area and allow high-
precision GNSS measurements, and after process-

ing these measurements, to obtain the coordinates 
and velocities of the points.

The first measurements were carried out im-
mediately after the construction of the geodynamic 
network in 1996. In 1997, a complete measurement 
of the points of the network was carried out. In the 
year 2000, a new comprehensive measurement was 
accomplished. The results firstly obtained showed 
velocities from 1–2  mm to 3–4  mm (Kotzev et 
al., 2001b, 2006), but with a great uncertainty. In 
the following years until 2019th, the network was 
partially measured by conducting small GPS cam-
paigns for partial network measurements to assess 
crustal movements in the area. During the period 
2020–2024, the network was fully measured in two 
full campaigns and significant new points were add-
ed (Dimitrov, Nakov, 2020, 2021, 2022, 2023). This 
provided a very reliable base for obtaining more ac-
curate and precise results for single point movement 
as well as the entire region.

After the 2024th geodetic campaign (Dimitrov 
et al., 2024), the number of points reached 50. All 
points have at least three measurement epochs over 
a 27-year period. The number of measurements is 
up to six epochs. All point velocities errors are now 
less than 0.1 mm/yr (Fig. 2).

The newly acquired measurements support the 
available data, confirming a general southbound 
movement of 1–4 mm/yr, increasing from north to 
south. However, they also provide new significant 
results for local areas in the entire network, thus 
increasing its accuracy. As during previous cam-
paigns, increasing the density in the different parts 
of the network leads to the establishment of new 
active zones of deformations (e.g., Dimitrov et al., 
2024). 

The results prove the necessity of continuous 
long-term observations, significantly increasing the 
accuracy at regional and local scale. Increasing the 
density of the network proved to be an important 
tool for the establishment of active zones of defor-
mation. As a next step, the measurements should be 
focused not only on local nets around established 
and suggested active structures, but also increasing 
the net in its peripheral parts. 

Discussion and conclusions

Established GNSS networks in Bulgaria provide 
quantitative values for the horizontal deformation 
of the Earth’s crust, obtained by an accurate geo-
detic method. The velocity values are on average 
in the order of 1–2 mm/yr. They show a tendency 
to increase from zero to significant values in the di-
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rection from north to south. They prove that exten-
sion with a general north-south direction is the main 
form of deformation. For southwestern Bulgaria, 
the velocities show a tendency to increase from the 
north (0–2 mm/yr; Stara Planina range) to the south: 
the border with Greece, reaching up to 4  mm/yr. 
These are the highest velocities for the country. The 
velocities for Bulgaria are significantly lower than 
those in the southern part of the Aegean extension 
domain (south of the North Anatolian Fault, in Ana-
tolia and the Aegean Sea), but definitely indicate the 
presence of active tectonic deformation. Even ve-
locities of 1 mm/yr over a period of 1 million years 
will cause displacements of 1 km. The combination 
of GPS data with those from classical geodesy and 
seismology shows a good match and proves the re-
liability of the method. The results obtained so far 
provide a reliable quantitative and kinematic picture 
of the active tectonics of Bulgaria. For southwestern 
Bulgaria, the data are of high precision and reliabil-
ity. Due to the relatively low deformation rates, a 
longer observation period and new measurements 
for the entire territory of the country are necessary 
to obtain a more detailed picture in regional terms 
and clarify the geodynamic picture. This need is 

proven by the accurate results obtained for south-
western Bulgaria, where by condensing the points 
of the grid and multi-year observations, results with 
very high accuracy and reliability were obtained.
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