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BACKBONE STATIONS (RO04A, RO07A, RO17A, RO35A) 
sensor: Guralp 3ESPC 120s 100Hz 2x1000 V/m/s
digitizer: Guralp minimus (4-channel)
sampling frequency: 100 Hz

The digital data recorded by these stations are transmitted
in real time to the NIEP node of EIDA.









LOCAL EXPERIMENT STATIONS (RO43A, RO44A, RO45A, RO46A)
GIPP (Geophysical Instrument Pool Potsdam) - GFZ Potdsdam
sensor: Trillium Compact - Model TC120-SV1 (16838)
digitizer: Earth Data EDR-210
sampling frequency: 100 Hz

The digital data recorded by these stations are transmitted in
real time to the NIEP node of EIDA.





Vrancea – example of measured data
Earthquake M = 4.1 2023-07-30 04:20:06.5 UTC Depth 123 km
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Cumulative (empty rectangles) and non-cumulative (full triangles) number of earthquakes versus magnitude for the intermediate-
depth Vrancea earthquakes (ROMPLUS catalog, 60–220 km depth), period 2005–2013, M ≥ 3.0. The earthquake data are complete
above Mc = 3.0 (indicated by an inverted triangle). The black curve is a fit to the data, with the a- and b-values of the frequency-
magnitude relation determined using a maximum likelihood procedure. (b) Cumulative number of earthquakes with time (years), for
two threshold magnitudes (3.0 and 3.2).

Enescu, B.; Ghita, C.; Moldovan, I.-A.; Radulian, M. Revisiting Vrancea (Romania) Intermediate-Depth Seismicity: Some Statistical
Characteristics and Seismic Quiescence Testing. Geosciences 2023, 13, 219. https://doi.org/10.3390/geosciences13070219

https://doi.org/10.3390/geosciences13070219


Histogram of earthquakes (2005–2013, M ≥ 3.2) as a function 
of depth for Vrancea intermediate-depth earthquakes. 
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Magnitude versus time for the intermediate-depth Vrancea 
earthquakes, from 1960–1999. The threshold magnitude is M = 
4.0. The three largest earthquakes during the studied period 
are marked in the figure (1977 M7.4, 1986 M7.1, and 1990 
M6.9 Vrancea earthquakes).
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Methodologies:

Precise location of microearthquakes: For the determination of P and S wave onsets, we 
will apply recently developed methods, e.g., a normalized cross-correlation of effective 
functions for clustering different seismic sequences (e.g., Vlček et al., 2018). 
Microearthquakes will be located using the double-difference technique. The expected 
number of events is many tens of thousands every year, therefore automated procedures 
have to be applied.



Methodologies:

Focal mechanisms: Focal mechanisms will be computed using different approaches, e.g., 
BayesISOLA, which are automated method for determination of the source mechanism 
with uncertainties described in Bayesian formulation (Vackář et al., 2017) and/or the 
method: Cyclic Scanning of the Polarity Solutions (CSPS), which can be efficiently adopted 
where weak events are recorded (Fojtíková and Zahradník, 2014). We will attempt to 
calculate the full moment tensors even for microearthquakes. The agreement between 
nodal planes of the individual sources and possible source clustering on planar faults
will be investigated. The superior station coverage of the area, providing a reference focal-
mechanism solution, is a unique opportunity to investigate and test methodologies for 
calculating moment tensors in a sparse network (which is modeled as a subset of the 
reference station network).



Methodologies:

Existence of seismic tremors: Seismic tremors are typical for regions with active volcanic 
activity. However, non-volcanic tremors were also detected in many regions. For instance, 
episodic tremors have been correlated with rupture characteristic in subducting oceanic 
lithosphere (Burlini et al., 2009). The most probable hypothesis is that non-volcanic 
tremors are connected with movement of crustal fluids. The presence or absence of 
seismic tremors and their localization can significantly contribute to the debate about 
nature of the seismicity in the Vrancea region.



Methodologies:

Tomography based on direct P and S waves from local earthquakes: New data obtained 
from AdriaArray enables one to construct a more precise and reliable model for Vrancea 
seismic zone from the surface to 180 km depth - the depth range of the hypocenters. 
Inversion for a velocity model from travel times generated by local microearthquakes 
needs a special technique because there is a strong trade-off between hypocenter 
locations and the velocity model. It is a non-linear inverse problem, which is solved 
iteratively with the relocation of all earthquakes at each iteration (Málek et al. 2005, Málek 
et al., 2023). A very fast isometric method was developed for this inverse problem which 
enables one to compute hundreds of parameters of the velocity model while using millions 
of onset times of direct P and S waves. This method will be enhanced in the scope of our 
project. We will determine a velocity model that predicts precise travel times. More 
precise absolute locations of hypocenters can be determined from this model.



Methodologies:

Amplitude tomography and site-specific GMPE dependent on the hypocenter depth: 
Isometric inversion method will be used also for amplitude tomography based on amplitudes of 
direct P and S waves – it will be used for the Vrancea seismic zone though the hypocenters for 
Vrancea are much deeper than in Iceland. With this approach, we can find a 3D attenuation (Qp
and Qs) model of the region. We will be looking closely for low-value anomalies of Qs, which could 
imply the presence of partially melted rocks or even the presence of magma. 
A second objective will be a site-specific Ground Motion Prediction Equation (GMPE) for the region. 
This is essential for seismic hazard assessment. For the Vrancea region, it is important to find the 
sensivitive of the GMPE on hypocenter depth because the strong earthquakes have originated at 
various depths. Analysis of seismic attenuation from seismic body waves will provide additional 
information about the tectonic structures in the Vrancea region. Varying depths of the hypocenter 
will allow us to determine Q in the source area (Wcisło et al., 2018). Q anomalies are often 
significantly stronger than velocity anomalies. Additionally, the increase/decrease in seismic 
velocities is not necessarily tied to a corresponding change in seismic attenuation (Pham et al., 
2002). Therefore, analysis of QP/QS ratio in the region can provide complementary information -
particularly in regards to the discussion about possible slab detachment from the crust.



Děkuji za pozornost!
Vă mulțumim pentru atenție!


