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Abstract
In the present study we demonstrate a routine analysis of 

focal mechanisms and seismic moment tensor solutions for a 

group of moderate/small magnitude seismic events 

recorded during a five year period 2000-2004 in the Gulf of 

Corinth region, central Greece. The waveform data used 

were recorded by the Hellenic National Broadband Seismic 

Network (HL) of the Institute of Geodynamics, National 

Observatory of Athens.

Seismic moment tensor inversion of the first P-wave 

phase amplitudes in the time domain was performed for all 

selected events by a software package which is routinely 

used in Polish copper mines and was adapted to perform 

with waveform data recorded in a regional network. An 

application of this type to regional analysis required also an 

extension which was achieved by using the Spectral Ray 

Tracer for calculation of the take-off and incidence ray path 

angles for a standard 1D velocity model of the Gulf of 

Corinth region.

As an example, a number of 43 middle-sized earthquakes 

with local magnitude ranging from 3.0 to 4.4 are 

investigated. The maximum focal depth of the analyzed 

events was 121km, but about 30% were very shallow, i.e. top 

5km. The goal of the analysis was to demonstrate the gain of 

a more detail insight into the pattern and mechanism of 

small-moderate magnitude events in the highly seismic 

active area of the Gulf of Corinth.

However, due to the 

nonlinearity of the 

problem, the Adaptive 

Simulated Annealing 

(ASA) algorithm was 

used. For each earth-

quake depth and epi-

central distance, the 

algorithm calculated the 

shortest ray path from 

t h e  s o u r c e  t o  t h e  

receiver, the angle of 

incidence, takeoff angle 

and average P-wave 

velocity.

Processing & Results
At the beginning, the correction for the instrument response was applied, 

according to either Lennartz, Guralp or STS-2 seismometer. Then, the radial 

component was extracted from all analyzed seismograms. Weak, 0.5 - 15Hz 

bandpass Butterworth filter was applied to the selected seismograms, in 

order to clarify the onset of the first P-wave phase. The location of events was 

calculated with HYPO.

We carefully picked the first P-wave amplitude. In most cases, as it was 

expected, we were able to mark accurately rather for a short-distant stations, 

ranging from 200 up to 250km (mostly from ATH, EVR, RLS, ITM, VLI, VLS, 

NEO and LKR). The coverage of the focal sphere was sufficient. 

For some initially selected earthquakes with smaller magnitude we were 

not able to select the minimum number of first P-wave pulses (eight) to 

perform the moment tensor inversion. Problems were caused mainly due to 

the poor signal-to-noise ratio and the similarity between the noise and signal 

frequency characteristics. Hence only 43 events were finally processed for 

moment tensor solution.

The inversion problem was solved using L1 and (to compare) L2 norm 

and a special software used in Polish copper ore mines (for details see: 

) The moment tensor inversion was 

calculated with a typical constrain imposed on the shape of moment tensor 

matrix in order to obtain the double-couple solution. However we were able 

to calculate a trace-null or full solution as well.

The final set of double-couple solutions is shown in Figure 5.

http://www.igf.edu.pl/~gregus/foci

Data
We analyzed focal mechanisms of 43 earthquakes that 

occurred during the time period  2000 to 2004 in the Gulf of 

Corinth, central Greece. Initially, we selected events from 

the region defined by the coordinates of a box with corners 

in (21°00’E, 38°00’N) and (23°00’E, 38°30’). The rectangular 

region is marked as a box on Figure 2, shown together with 

the seismic stations of the Hellenic National Broadband 

Seismic Network (HL). The detailed view of the study area is 

presented on Figure 1. The local magnitude ranging from 3.0 

to 4.4. The maximum focal depth of the analyzed events was 

121km, but about 30% were very shallow, i.e. top 5km. 

Table 1 contains the fundamental information on selected 

earthquakes.  The example of recorded seismograms is 

shown in Figure 3.

Moment tensor inversion
The method of inversion of first P-wave amplitudes was used to calculate 

the moment tensor solution based on the work of Fitch et al. (1980). Only 

radial component of the P-wave first arrival were taken into account. The 

recorded displacement of the P-wave phase is:

where ρ is the average density, r is a source-receiver distance, α is a P-wave 

average velocity and M is a seismic moment tensor, l is an angle of incidence 

and γ is a takeoff angle. The calculation of angle of incidence, takeoff angle, 

distance along the ray-path and average travel time were performed using 

Spectral Ray Tracer (see next section). We assumed a classical Source Time 

Function for Haskell’s source model. The following, classical & linear matrix 

equation was considered:

where G is a N*6 matrix (N is a number of recorded vertical amplitudes of 

the, for example, first P-wave velocity pulse). Matrix G describes Green’s 

functions for the corresponding moment tensor elements, U is a vector of 

recorded displacements and M is a vector containing 6 independent 

components of the SMT in the following form:

We used a robust L1 norm and an iterative procedure to solve equation (2). 

The full moment tensor, as well as the trace-null (trace(M)=0) and double-

couple (det(M)=0 and trace(M)=0) solutions were calculated using Lagrange 

multipliers method.

Seismic Network
The Hellenic National Broadband Seismic Network (code 

HL), operated by the National Observatory of Athens, 

Institute of Geodynamics during the period of our study 

consisted of 22 stations equipped with broadband (20-30s) 

three-component seismometers, mostly of Lennartz Le-3D 

(20s) type. A few stations operate with Guralp CMG-40T 

(30s) seismometers. The sample rate is 50Hz and the 

Geotech Instruments DR-24 digitizers are used. Figure 2 

shows the distribution of the HL Network stations. For a 

detailed and updated description see the following website: 

http://bbnet.gein.noa.gr

Conclusions
In the present study we demonstrate a methodology for producing 

seismic moment tensor solutions. This was successfully applied to 43 

from over 70 seismic events selected from the area of the Gulf of Corinth 

and recorded by the Hellenic National Broadband Seismic Network. 

The moment tensor inversion was performed using an adapted for the 

present study software package that is routinely used in Polish copper 

ore mines. Additionaly a spectral ray tracer was used (Dębski, Ando, 

2004). Good constraint is shown for these 43 events since minimum 8 

first P-wave are marked correctly and the signal-to-noise ratio is 

sufficiently high for the moment tensor inversion.
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Figure 2
The surface distribution of seismic stations 

(yellow dots) used in this study. The white 

rectangle box surrounds the region of 

interest, which is shown in Figure 1.

Figure 1
The distribution of analysed seismic events (stars). 

The size of stars depends on local magnitude (see 

Table 1). The yellow, red and blue colours denote 

variety of  focal depth for  depth<5km, 

5km<depth<20km and  depth> 20km, respectively.

Table 2
The detailed information on the Hellenic 

National Broadband Seismic Network

Table 1
The list of earthquakes analysed in this study.

Figure 5
The surface distribution of focal mechanisms for 

constrained, double-couple seismic moment tensors. 

The equal-area, lower-hemisphere projection was used. 

The detailed description of focal mechanisms is shown 

in Table 3.

Table 3
This table shows the result of moment tensor inversion under 

constraints for a double-couple solution. The fault type - 

(N)ormal, (S)trike slip or (R)everse is shown in 8th column. 

The moment magnitude (9th column) was calculated 

according to standard Hanks&Kanamori relationship. The 

difference between moment magnitude and local magnitude 

is shown in 10th column. The maximum error is the highest 

value of standard deviation from all six independent moment 

tensor components (taken from diagonal elements of 

covariance matrix for L2 solution)

Figure 3
The example of displacement seismograms for event #67 (M =4.2) that occured in L
2003-06-12 (red star), recorded by the Hellenic National Broadband Seismic Network. 

Seismograms are not scaled to the same maximum amplitude of displacement.

Figure 6
The dependence between 

local magnitude M and L 
moment magnitude M , W

estimated from seismic 

moment according to the 

standard Hanks&Kanamori 

relationship. 
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Spectral Ray-Tracer
The spectral ray tracer (SRT) (Dębski, Ando, 2004) is a two-point ray-tracing 

algorithm based on the parameterization of ray paths by a series of 

Chebyshev polynomials. This pseudo-spectral approximation of sought ray 

paths allows to reach a very high accuracy of travel time calculations in 3D 

geological medium. In this study, we used only a 1D velocity model for the 

Corinth Gulf area (Figure 4).  

The key point of the SRT is the representation of the sough ray path by a finite 

sum of Chebyshev polynomials. The optimization task, namely: finding the 

shortest travel time path according to Fermata’s principle, is the task of 

searching for the scaling coefficients for which travel time reaches the global 

minimum, which can be solved using any suitable optimization algorithm. 

Figure 4
1D velocity 

model for central 

Greece used in 

this study.
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