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Abstract. The Bulgarian University Seismic Network (BUSN), operated by the Faculty of Physics at Sofia
University since 2023, is expanded by the newly established broadband seismic station SRKO. This study presents
the first results from SRKO, in operation since August 2024, applying the INPAR method to investigate focal
mechanisms of earthquakes in the surrounding regions of Bulgaria. The INPAR method, a nonlinear inversion
technique, provides reliable solutions for moderate earthquakes with magnitudes between 4.0 and 5.0. Data from
several data centers, including SAGE, GEOFON and EIDA, were used for this analysis. The results demonstrate
the effectiveness of the INPAR method in determining earthquake mechanisms for moderate magnitudes in regions

with limited seismic stations.
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Introduction

The Bulgarian University Seismic Network (BUSN)
is part of the Faculty of Physics at Sofia University
“St. Kliment Ohridski,” and focuses on seismologi-
cal research and experiments. The network currently
includes two stations: SOFSU (installed in the Facul-
ty of Physics, SU, Sofia) and SRKO. Station SRKO,
located in Sredni Kolibi (42.91834°N, 25.73967°E,
elevation 424 m), is in operation at the beginning of
August 2024. 1t is equipped with a broadband SS08
sensor (covering a frequency range from 50 Hz to
120 s) and a digitizer (SLO6BB), enabling to capture
a wide spectrum of seismic signals, from seismic
noise, local earthquakes to global teleseismic events.
One of the significant objectives of the station SRKO
is to improve the understanding of focal mechanisms
for moderate earthquakes (M ~4-5) in Bulgaria and
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neighboring regions. Focal mechanisms offer insight
into the rupture processes occurring along fault lines
during seismic events and are crucial for understand-
ing the regional geodynamics.

The INPAR method developed at University of
Trieste, Italy (Sileny et al., 1992), used in this study,
represents a nonlinear inversion technique that is
particularly well-suited for regions with moderate
seismic activity and fewer seismic stations. Unlike
traditional methods used in the Bulgarian region
(Protopopova, Botev, 2020), which rely on first-
motion polarities and can be affected by noise or
poor station distribution, the INPAR method pro-
vides focal mechanism solutions even with a lim-
ited number of waveform recordings. This makes it
perfect to use in regions like Bulgaria, where earth-
quake magnitudes are generally moderate (Solakov
et al., 2020) and the station network is sparse.
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Data and methods

Data for this study were collected from several seis-
mic data centers, including SAGE, GEOFON and
the Romanian EIDA data node. Seismograms were
retrieved in a standard seismic format (mseed) with
a time window of 30 minutes around the event. All
collected data were decimated to a uniform sam-
pling rate of 5 samples per second (sps), ensuring
consistency across the different seismic stations
involved. The data were then converted into SAC
(Seismic Analysis Code) format for further process-
ing.

The methodology used involves several stages
of data processing. In the initial stage, the seis-
mograms from horizontal components were trans-
formed into radial and transverse components. The
average structure between the earthquake’s epi-
center and seismic stations was calculated using the
velocity models suggested in the study of Raykova
and Panza (2015) and synthetic seismograms were
generated using the normal modes of Rayleigh
and Love waves. The nonlinear INPAR inversion
method was then applied to obtain the moment ten-
sor solutions for each earthquake. This stage of the
process minimizes the difference between observed
and synthetic seismograms. Finally, the robustness
of the obtained solution for each event was evalu-
ated by checking its consistency.

Results

This study focused on analyzing a single earthquake
with a moment magnitude of 4.5 that occurred in the
Aegean Sea in 2024. The event was chosen based
on its moderate magnitude and the quality of the
available seismic recordings. The results of the IN-
PAR inversion method are presented in the follow-
ing Fig.1 illustrating the quality of the waveform fit
and the focal mechanism solution for the event.

The recorded seismic waveform from the sta-
tion SRKO, particularly from the vertical compo-
nent BHZ and after decimation to 5 sps is shown
in Fig. 1a, detailing the ground motion over 6x10?
seconds. The initial sharp increase followed by os-
cillations represents the arrival of seismic waves at
the station.

The observed seismograms and the synthetic
data generated through modelling are compared in
Fig. 1b. Nine Bulgarian stations, including SRKO
and one Romanian station are selected and listed
with their respective waveforms from vertical and
transverse components. Each subplot corresponds
to a specific seismic station and displays the dis-
tance from the epicenter. Correlation values are dis-
played alongside each comparison, indicating how
well synthetic data matches the observed records.
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The highest correlation coefficient of 0.92 is com-
puted for the transverse component at RZN (Roz-
hen) seismic station and a high correlation of 0.87
for the vertical component of SRKO.

The moment rates for the full moment tensor
components (Mxx, Mxy, Mxz, Myy, Myz, Mzz)
and deviatoric components over time are presented
in Fig. 1c. These are crucial for understanding the
dynamic process of faulting and energy release dur-
ing the earthquake. The values of Mxx, Myy, and
Mzz change over time and represent how the forces
evolve during the earthquake’s rupture process.
Therefore, the moment rates plotted in the graph
show the time evolution of the seismic moment in
each direction. The off-diagonal terms (Mxy, Myz,
Mxz) represent shear components, showing how
the different planes (east-west, north-south, and
vertical) interact in terms of forces and displace-
ment during the rupture of an earthquake. These
are essential for capturing the full complexity of the
earthquake source, especially when the deformation
involves more than just pure slip along a fault plane.
The varying moment rates highlight the changes in
the faulting mechanics over time, with peak values
around the first 5 seconds.

The beachball diagram illustrates the moment
tensor solution of the earthquake, giving insights
into the faulting type. Figure 1d shows that the mo-
tion is a combination of normal faulting (extension)
and some strike-slip (horizontal) displacement with
the corresponding strike, dip, and rake parameters
(226°/42°/-56° for first plane, and 4°/56°/-116°
for the auxiliary plane). This type of fault typi-
cally occurs in extensional tectonic settings, where
the Earth’s crust is being stretched, like in the Ae-
gean Sea. The computed seismic moment M, =
1.23x10'* Nm is also provided. The source time
function (STF) for the total moment tensor (TOT)
shows the temporal evolution of the seismic mo-
ment (Fig. 1d). The plot peaks sharply around 5.5
seconds, indicating the time when most of the ener-
gy was released, and then tapers off. This time func-
tion helps to understand the earthquake’s rupture
process, showing that the majority of the fault slip
occurred within a short duration. The color-coded
diagram next to the STF shows the uncertainty and
variation in moment release over time for a solution
coming from the robustness test. The scalar moment
plot represents the range of the moment tensor solu-
tions, where the majority of the solutions fall within
the confidence range of around M, = 1x10'* Nm.

The close alignment between the synthetic and
observed waveforms demonstrates the effective-
ness of the INPAR inversion method in reproduc-
ing the characteristics of the seismic event, with
minor discrepancies attributed to local variations
in station site conditions or noise. This strong
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Fig. 1. Analyzed earthquake (Mw 4.5) in the Aegean Sea: Recorded seismic waveform (a); Seismogram comparison and waveform
fit (b); moment rates (c); focal mechanism solution, source time function and uncertainty and variation in moment release over

time (d).

match across multiple stations validates the reli-
ability of the moment tensor solution derived for
this earthquake, aligning with the broader under-
standing of the region’s geodynamics and sup-
porting the accuracy of the INPAR method for
moderate-magnitude events. The results from the
single earthquake analysis further illustrate the IN-
PAR method’s capability to produce high-quality
focal mechanism solutions using data from various
seismic stations, including the newly installed So-
fia University seismic station SRKO. Overall, the
good waveform fit, and detailed focal mechanism

provide valuable insights into the tectonic process-
es driving seismicity in the Aegean Sea.

Conclusions

This paper presents the initial findings from the
SRKO seismic station, using the INPAR method
to analyze moderate earthquakes in the Aegean
Sea region. The results demonstrate the method’s
ability to provide accurate focal mechanism solu-
tions, even with a limited number of stations. The
broadband capabilities of SRKO and the INPAR
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method’s robustness make this a promising ap-
proach to understanding seismic events in regions
like Bulgaria. Future research will focus on refining
the methodology and applying it to a broader range
of seismic events since the installation of the station
in August 2024.
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