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Seismic Source Parameters from a New Dial-up Seismological
Network in Greece
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Abstract— A regional dial-up PT telemetric network of eight digital short-period seismic stations
has been in full operation since the beginning of 1995 in Greece. During the first year of full operation,
three destructive earthquake sequences struck different regions of central and northern Greece. The
dial-up network managed to successfully record more than 85% of these seismic events including
foreshocks, main shocks and aftershocks, and 45 of these events were selected in order to determine their
seismic source parameters by spectral analysis. The results show that seismic moment correlates very well
with earthquake magnitude, fault radius and fault displacement. The determined scaling relations are in
general agreement with those obtained by other studies for Greek earthquakes that used different
methodologies. Since digital seismic instrumentation is now expanding in Greece, these first results from
spectral analysis of digital short-period data can be considered useful for future seismic hazard studies.
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Introduction

A network of eight Lennartz MARS88MC, digital seismic stations has been
installed by the Institute of Geodynamics of the National Observatory of Athens
(NOA), as part of its national seismic network in the locations shown on Figure 1.
Four stations are equipped with Teledyne S13 vertical component seismometers
(ATH, SMG, NEO, VLS) and four stations are equipped with Lennartz LE3D
three-component seismometers (PLG, JAN, EVR, ITM). All the remote stations are
operating in triggered mode, using the classical STA/LTA criterion combined with
high and low pass filters and a coincidence criterion in the case of the three-compo-
nent sensors. The sampling frequency has been set to 62.5 Hz and timing accuracy
around 0.1 pps is achieved by synchronization of the internal clock with a DCF
antenna. Each MARS88MC station has a 1 Mb data storage capacity of a 120 db
dynamic range.

Each of the eight remote seismic stations is connected via an asyncronous
RS-232 port to a US Robotics Sportster 14400 modem which operates on a
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conventional dial-up telephone line. Communication with the remote stations from
Athens is achieved by an Ethernet Gateway PC which performs a cyclic interroga-
tion of the stations with a host modem using MNP protocol and error correction.
The Gateway is interfaced with a HP 750, Unix based workstation which is used to
store the seismic events for further analysis. This data base is accessible on request
to the Internet users and also to the MEDNET workstations in Italy and Spain by
satellite via a Digital DEC 3000 system that is linked to a personal earth station. In
this manner, it is possible for the three working groups (Greece, Italy and Spain) to
quickly exchange seismic data in order to monitor the seismicity of the Mediter-
ranean region.

The NOA dial-up network has been testing different data acquisition and
retrieval techniques in the last three years and for this reason there were many
nonoperative periods. 1995 was the first year of continuous data retrieval from the
remote stations and during this year three destructive earthquake sequences oc-
curred in three different regions, Arnea northern Greece, Kozani northern Greece
and Aigio central Greece, with intense aftershock activity.

It is the purpose of this study to use the recorded data from 45 well recorded
events from the NOA dial-up seismological network (Fig. 2) in order to determine
earthquake source parameters by spectral methods and to compare their scaling
relations with the ones previously determined by different investigations.

Data and Analysis

It is well known that Greece has the highest seismicity in Europe and that it
accounts for 2% of the global seismicity, even though it covers only 0.09% of the
global area (BATH, 1983).

In 1995, a total of 680 seismic events of magnitude M, > 3.5 were registered in
Greece according to the bulletins of NOA. Of these events, 32 were larger than
M, > 45 and most of these seismic events were due to three consecutive and
damaging earthquake sequences that devastated parts of Greece within weeks of
each other. The main shocks of the three sequences occurred at:

i) Arnea (40.56°N, 23.69°E, Depth = 9 km) on May 4, 1995 at 00:34 GMT with

a local magnitude M, =5.0.
ii) Kozani (40.24°N, 22.74°E, Depth =5 km) on May 13, 1995 at 08:47 GMT
with a local magnitude M, =6.1.
ifi) Aigio (38.36°N, 22.15°E, Depth =26 km) on June 15, 1995 at 00:15 GMT
with a local magnitude M, =5.6.
The Arnea sequence in northwestern Greece and the Aigio sequence in central
Greece occurred on known seismic zones that have caused strong earthquakes.
However, the Kozani earthquake was a total surprise to the seismological commu-
nity because the area was never activated according to the available instrumental
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and historical data. More than 85% of the seismic events of magnitude M > 3.5
were recorded by the NOA dial-up network during the period of intense activity in
May-June 1995. The main reasons for missing otherwise detectable events are due
to instrumental limitations.

In particular, the MARS88MC digital seismograph that is employed in the
remote stations does not allow for simultaneously acquiring and sending data or
information by modem to the host computer in Athens. Therefore, if a seismic
event occurs during these communication intervals it will not be recorded by that
station. This interval lasts some tens of seconds approximately every 10 minutes at
each station and this minimizes detection failure. Another limitation is that the
remote stations are powered by 220V AC supply and data acquisition or transmis-
sion cannot occur in times of power failure.

19. .0
39. 04  39. 0
34.0 & 34.0

19.0 24.0 29.0

Figure 1
Map of Greece showing the locations of the MARS88MC digital stations.
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Figure 2
Epicentres of the Arnea, Kozani and Aigio earthquakes used in this study.

In order to contribute to the seismotectonic and seismic hazard studies of the
Greek area, the digital short-period data from the regional dial-up network were
used to determine the earthquake source parameters and scaling relations of 45 well
recorded events of local magnitude 2.8 < M, <6.1 by spectral analysis methods.

To the authors knowledge it is the first time that short-period digital data in this
magnitude range from a regional network in Greece were used to determine
earthquake source parameter scaling relations by spectral methods.

Previous studies concerned with scaling relations of earthquake source parame-
ters in Greece have used different methods such as spectral modelling of surface
waves, teleseismic inversion of body waves and double-couple solutions (NORTH
1977; KirATZI et al, 1985; TSELENTIS et al, 1988; MAIN and BURTON, 1990).
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More recently, spectral analysis methods on microearthquake data have also
provided determinations of scaling relations for the Gulf of Patras in central Greece
(MELIS et al., 1995).

Source parameter determination from spectral analysis of P- or .S-wave data
has been the focus of many studies, and good examples include the pioneering
works of KEILIS-BorOK (1959), HANKS and Wyss (1972), THATCHER and HANKS
(1973) and for the Greek area the work of BURTON et al (1995).

The analysis procedure used in this study employs the PITSA signal processing
toolbox (SCHERBAUM and JOHNSTON, 1993) and it involves spectral analysis of
selected time windows of the displacement trace which is always corrected for the
appropriate instrument response. The discrete Fourier spectrum (DTF), containing
the P or .S wave is modelled by a Brune source spectrum (BRUNE, 1970, 1971) and
an attenuation operator using a Marquardt-Levenberg nonlinear inversion tech-
nique (PRESs et al, 1988). As to the noise estimate required for the chi-square
minimization, this is obtained from a single noise window prior to the P-wave
arrival, using the same window length and tapering parameters as for the signal
window. The starting model parameters for the inversion are obtained interactively
using the spectral fitting tool of the PITSA program by SCHERBAUM and JOHN-
STON (1993). Details of the fitting procedure can be found in SCHERBAUM (1990).

The characteristics of the source for a seismic event are determined from the two
parameters of the P- or S-wave log-displacement spectra. These parameters are the
long-period spectral level ), and the spectral corner frequency £, (A1 and
RicHARDS, 1980).

A general feature of all dislocation models is that the long-period level Q is
proportional to the seismic moment and that the corner frequency £, is inversely
proportional to the source dimension, r.

Following KEILIS-BOROK, (1959):

@rm-p-vi,y- Q. R)

Op.s) = (k . R'9¢(p,s)) ’ (1)

where p =2.64 g/cm? is the density of the medium, R is the hypocentral distance
between the source and the receiver, V,s are the P- or S-wave velocities near the
source with V, =6 km/sec and V,=3.3 km/sec, k is the free surface operator = 2
and R, =0.5 is the average radiation pattern coefficient. Logarithmic weighted
averages over all records have been computed (ARCHULETTA et al,, 1982) to obtain
mean long-period spectral levels and seismic moments.

Source radii have been computed using the corner frequencies fCW) also by
weighted logarithmic averages based on the models of BRUNE (1970, 1971) and
MADARIAGA (1976):

0.37 Vi
£,

Cp.s)

Brune model r=

@)
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0.32V, 021V,
=

R f;(S)

Madariaga model r= 3)
Stress drops (Ac) and average displacement on the fault plane ({uz)») have been
computed from the mean values of moments and source radii of P and .S waves
according to: (KEILIS-BOROK, 1959; BRUNE, 1968).

Ao — 0.44 M, @
I3
M,

uy =—2, (5)
Tur

where 1 =3 x 10! Nm~? is shear modulus.

Results and Discussion

The earthquakes used in this study are listed in Table 1 together with their
hypocentral coordinates and local magnitudes obtained from the monthly bulletins
of NOA. Events 1 to 10 correspond to the Arnea seismic sequence, 11 to 26 to the
Kozani seismic sequence and 27 to 45 to the Aigio seismic sequence.

Figure 3 shows the velocity traces of an M, =4.0 aftershock event from the
Aigio seismic sequence, as recorded by the dial-up network, and in Figure 4 we see
an example of the P- and .S-wave displacement spectra and the noise spectra from
the EVR station. In our study, a whole path ¢ model with a constant ¢) value of
200 was chosen, and Q and £, were adjusted accordingly using the interactive
spectral fitting option in the PITSA signal processing toolkit (SCHERBAUM and
JOHNSTON, 1993). It is well known that spectra in general are equally well fitted by
a low @Q/high £ or a high Q/low £, spectral model as has been discussed by
SCHERBAUM (1990). An example of this tradeoff between ¢) and £, is that a ©) =85
will give £, =16.6 Hz while for the same event a ¢)= 184 will give £. = 6.3 Hz. Since
the corner frequency is used in calculating the seismic source dimension, stress drop
and average displacement (see equations (2) to (5)), the effect of ) is considerable
in obtaining reliable source parameters. On the other hand, the effect of ¢) on the
seismic moment is less pronounced.

For the Greek area, HASHIDA et al. (1988) give ¢) values in the range of 100 to
400 and we chose a @ = 200 in this study because this value was found to produce
results that were in general agreement with the results from macroseismic surveys in
the epicentral region, as we will see in this section. The seismic moments, corner
frequencies, together with the fault radii, stress drops and average displacements
determined according to Brune’s and Madariaga’s models, are listed in Table 2.

In general observation of the seismic moments obtained from the SH spectra are
lower than those determined from the P spectra for our entire data set. The fact
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Table 1

List of earthquakes used in this study together with their epicentral coordinates (°N, °E), depth (H) and
local magnitudes (M;) from the monthly bulletins of NOA.

No. Date Time (GMT) °N °E H (km) M,
1 1995 APR 4 1710 9.7 40.63 23.68 6 4.1 Arnea
2 1995 MAY 3 14 16 40.9 40.49 23.77 12 3.8 Arnea
3 1995 MAY 3 1539 55.5 40.64 23.69 8 4.0 Arnea
4 1995 MAY 3 2136 54.3 40.58 23.67 14 4.3 Arnea
5 1995 MAY 3 214327.5 40.61 23.66 24 4.5 Arnea
6 1995 MAY 4 00 34 10.7 40.56 23.69 9 5.0% Arnea
7 1995 MAY 4 0043 41.6 40.55 23.72 7 3.9 Arnea
8 1995 JUN 4 0318 8.9 40.70 23.55 5 3.2 Arnea
9 1995 JUN 12 1014 51.8 40.67 23.50 10 2.8 Arnea
10 1995 JUN 27 0252 2.0 40.70 23.69 2 3.0 Arnea
11 1995 MAY 13 08 47 13.6 40.24 21.74 5 6.1* Kozani
12 1995 MAY 13 1806 1.5 40.16 21.72 17 4.5 Kozani
13 1995 MAY 14 0247 .6 40.12 21.61 4 4.5 Kozani
14 1995 MAY 14 0559 16.8 40.06 21.59 5 4.3 Kozani
15 1995 MAY 14 09 4541.9 40.14 21.77 2 4.3 Kozani
16 1995 MAY 14 2131129 40.05 21.71 2 4.3 Kozani
17 1995 MAY 15 0413 57.3 40.06 21.68 5 5.0 Kozani
18 1995 MAY 16 2300 41.9 40.03 21.63 5 4.3 Kozani
19 1995 MAY 16 23 57 28.5 40.07 21.71 2 4.6 Kozani
20 1995 MAY 17 04 14 26.0 40.05 21.70 5 5.1 Kozani
21 1995 MAY 19 06 48 50.4 40.09 21.62 6 4.8 Kozani
22 1995 JUN 11 18 51 48.5 39.99 21.67 8 4.3 Kozani
23 1995 JUN 19 0354 .2 40.06 21.90 7 4.3 Kozani
24 1995 JUL 17 231816.1 40.11 21.62 5 4.6 Kozani
25 1995 JUL 18 07 42 55.1 40.14 21.63 5 4.4 Kozani
26 1995 JUL 19 1823 15.8 40.11 21.71 7 4.5 Kozani
27 1995 JAN 2 1236 9.8 38.17 21.94 35 3.8 Aigio
28 1995 JAN 23 17 34 59.6 38.23 21.95 7 3.5 Aigio
29 1995 MAY 8 0511 7.9 38.31 22.18 7 4.0 Aigio
30 1995 MAY 28 19 56 40.7 38.37 21.96 9 4.1 Aigio
31 1995 JUN 15 0015 50.9 38.36 22.15 26 5.6* Aigio
32 1995 JUN 15 0031 3.7 38.33 22.18 26 5.1 Aigio
33 1995 JUN 15 0116224 38.36 22.18 8 3.5 Aigio
34 1995 JUN 15 045119.9 38.25 22.21 3 4.0 Aigio
35 1995 JUN 15 0701 .6 38.33 22.11 6 3.9 Aigio
36 1995 JUN 15 10 41 50.9 38.29 22.14 3 3.6 Aigio
37 1995 JUN 17 14 20 29.7 38.36 22.24 5 3.8 Aigio
38 1995 JUN 18 0114 6.9 38.32 22.06 7 3.7 Aigio
39 1995 JUN 18 04 28 24.1 38.34 22.11 6 3.7 Aigio
40 1995 JUN 20 14 38 34.5 38.33 22.10 15 3.5 Aigio
41 1995 JUL 1 2158 5.3 38.33 22.11 4 3.6 Aigio
42 1995 JUL 3 22 29 59.9 38.33 22.12 3 3.8 Aigio
43 1995 JUL 5 1824379 38.38 22.11 7 4.2 Aigio
44 1995 JUL 10 1812 38.2 38.39 22.12 3 4.0 Aigio
45 1995 JUL 15 09 36 58.4 38.37 21.95 5 3.6 Aigio
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Figure 3
Recordings of M= 4.0 Aigio aftershock from the dial-up network. c0, cl, c2 indicate Z, N-S and E-W
components of the recorded ground velocity in m/sec. R is the stations epicentral distance.

that we used the same average value of 0.5 for the radiation pattern for both sets
of data (P and .S waves) can explain this difference since the low frequency spectral
amplitudes are corrected for radiation pattern when computing the seismic mo-
ment.

In order to examine the validity of these results, we first compare the moments
determined in this study (LENET) by spectral analysis to the moments obtained
from centroid moment tensor solutions by USGS, Harvard, Tokyo ERI and GFZ
Potsdam, for the May 13 and June 15 main shocks in Kozani and Aigio,
respectively:

Kozani Earthq.: M, (USGS) = 7.2 % 10?° (dyne-cm)
M, (Harvard) = 7.6 = 10%°* (dyne-cm)
M, (ERI) = 4.79 % 10% (dyne-cm)
M, (LENET) = 2.53 % 10?® (dyne-cm)

Aigio Earthq.: M, (Harvard) = 5.7 = 10%* (dyne-cm)
M, (GFZ) = 5.5 * 10** (dyne-cm).
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M, (LENET) = 9.53 % 10** (dyne-cm).

In this comparison, we observe that the LENET results for the Kozani main event
overestimate the seismic moments of the other sources, while for the Aigio main
event, the spectral analysis results underestimate the seismic moment from the
moment tensor inversion.

In our analysis we used the same radiation pattern coefficient in determining the
seismic moments for all events, #=0.5 in equation (1). Thus differences in the
station distribution with respect to the different epicentral areas and differences in
the focal mechanisms between the analyzed earthquakes accommodate for the
observed differences in seismic moments.

In both cases however, the difference is within the error limits in determining
seismic moments from short-period data which in many cases finds M, to vary by
a factor of 2 or even 3 for the same event (NORTH, 1973).

Source radii, stress drops and average displacements have been computed using
two models. Brune’s model (BRUNE, 1970, 1971) is used to compare our results
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Figure 4
a. Displacement spectra of a noise window (trace 1), of a P-wave window (trace 2) and the spectral
fitting result (trace 3) from the event shown on Figure 3 at the EVR station. b. Displacement spectra of
a noise window (trace 1), of a .SH-wave window (trace 2) and the spectral fitting result (trace 3) from
the event shown on Figure 3 at the EVR station.

with previous studies that adopted this model, and MADARIAGA’s (1976) model is
used because it is more realistic in the sense that it accounts properly for
propagation and stoppage of the rupture process for circular faults.

Macroseismic surveys of the Aigio epicentral region have reported 6-7 cm
fracture displacements (I.G.M.E., 1995) while in Kozani PAVLIDES et al (1995)
report fracture displacement of 20 cm near the epicentral area. When comparing
these results to the average displacements determined in this study from Table 2,
(events 31 and 11, respectively for Aigio and Kozani), we observe that MADARIA-
GA’s (1976) fault model provides more realistic results while BRUNE’s model
(1970, 1971) overestimates the observed displacements.

Figure 5a shows the moment magnitude behavior of our entire data set. The
correspondence seems fair with very little scatter, considering that the data set is
from 3 different seismic regions. Least squares fit gives the relationship:
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Table 2

List of the spectral analysis results concerning seismic moments (M,), corner frequencies (f.), fault radii
(Rg, Ry,), stress drops (4o g, A ), average displacements (Ug, U, ). Subscripts B and M refer to the Brune
and to the Madariaga fault models, respectively. Event numbers correspond to those listed on Table I

M, £ Ry Ry Aoy  Asy, U Uy,
No. M, (dyne cm) (Hz) (km) (km) (bar) (bar) (cm) (cm)
1 4.1 6.14e22 0.75 2.27 1.16 2.31 17.31 1.26 4.84 A
2 3.8 2.54e22 0.99 1.70 0.88 2.27 16.40 0.93 3.48
3 4.0 5.95e22 0.74 2.31 1.16 2.12 15.93 1.18 4.53 R
4 4.3 1.30e23 0.71 2.43 1.24 3.98 30.00 2.33 8.97
5 4.5 1.13e23 0.48 3.55 1.81 1.11 8.38 0.95 3.66 N
6* 5.0 5.34e23 0.37 4.55 2.34 2.49 18.33 2.74 10.46
7 3.9 4.46e22 0.90 1.87 0.97 3.00 21.50 1.35 5.03 E
8 3.2 7.99¢20 2.30 0.74 0.38 0.87 6.41 0.15 5.53
9 2.8 8.78e19 6.00 0.29 0.15 1.58 11.45 0.11 0.41 A
10 3.0 9.99¢20 2.50 0.66 0.35 1.52 10.25 0.24 0.86
11* 6.1 2.53e26 0.06 26.10 13.53 6.26 44.94 39.41 146.64
12 4.5 1.78e23 0.60 3.70 1.76 1.55 14.37 1.38 6.10
13 4.5 1.74e23 0.54 3.15 1.62 2.45 18.01 1.86 7.03 K
14 4.3 1.86e23 0.72 3.08 1.47 2.80 25.76 2.08 9.13
15 4.3 1.39e22 0.59 2.88 1.48 0.26 1.89 0.18 0.67 (0]
16 4.3 1.38e22 0.79 2.12 1.09 0.64 4.69 0.33 1.23
17 5.0 6.08e23 0.32 5.55 3.02 1.56 9.71 2.09 7.07 Z
18 4.3 1.27e23 0.71 2.38 1.22 4.15 30.77 2.38 8.55

19 4.6 5.89e23 0.49 3.56 1.81 5.74 43.71 4.93 19.08 A

21 5.1 8.65e23 0.24 7.28 3.71 0.99 7.45 1.73 6.66

21 4.8 3.63e23 0.38 4.49 2.31 1.76 12.96 1.91 7.22 N
22 4.3 4.55e22 0.64 2.62 1.34 1.11 8.32 0.70 2.69

23 4.3 1.43e23 0.64 2.66 1.36 3.34 25.01 2.14 8.20 I

24 4.6 3.79e23 0.45 3.74 1.92 3.19 23.56 2.87 10.91

25 4.4 7.18e22 0.49 3.43 1.75 0.78 5.89 0.65 2.49

26 4.5 1.83e23 0.43 3.94 1.94 1.32 11.03 1.25 5.16

27 3.8 6.21e22 1.06 2.09 1.00 2.99 27.32 1.51 6.59

28 3.5 2.48e22 1.53 1.45 0.69 3.58 33.22 1.25 5.53

29 4.0 3.51e22 0.84 2.03 1.04 1.85 13.73 0.90 3.44 A
30 4.1 5.40e22 0.85 2.01 1.02 2.93 22.39 1.42 5.51

31* 5.6 9.53e24 0.15 11.30 5.78 2.90 21.71 7.92 30.27
32 5.1 8.40e23 0.37 4.64 2.38 3.70 27.42 4.14 15.73 I

33 3.5 1.85e21 1.55 1.09 0.56 0.63 4.64 0.17 0.63

34 4.0 6.86e22 0.76 2.22 1.14 2.76 20.37 1.48 5.60

35 3.9 2.72e22 0.75 2.26 1.15 1.04 7.87 0.57 2.18 G
36 3.6 6.67e21 1.60 1.39 0.66 1.09 10.21 0.37 1.62

37 3.8 1.05e22 0.84 2.02 1.04 0.56 4.11 0.39 1.03

38 3.7 8.08e21 0.97 1.73 0.89 0.69 5.04 0.31 1.08 I

39 3.7 3.35e22 0.88 1.93 0.99 2.05 15.19 0.95 3.63

40 3.5 1.67e21 1.60 1.39 0.66 0.27 2.56 0.09 0.41

41 3.6 2.85e22 1.29 1.31 0.67 5.58 41.69 1.76 6.74 (6]
42 3.8 8.94e22 0.86 1.96 1.00 5.22 39.34 2.47 9.49

43 4.2 9.87e22 0.61 2.717 1.42 2.04 15.17 1.36 5.19

44 4.0 1.94e22 0.84 2.00 1.03 1.07 7.81 0.51 1.94

45 3.6 6.12e21 1.77 0.97 0.50 2.95 21.54 0.69 2.60
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Figure 5a
Log M, (seismic moment) versus M, (local magnitude) for the whole data set
Log M, = (1.57 + 0.09) M/, + (16.22 + 0.39) (6)

for 6.1 > M, > 2.8 and for this magnitude range this result is in good agreement
with the results of (NorRTH, 1977; MAIN and BURTON, 1990) that determined
seismic moments by surface and body wave modelling. Our result is also in
agreement with the general result of PApazAcHOS (1994) for the Greek area that
was based on magnitude determinations and observations of fault displacement.
Good agreement also exists between our result and those of MELIS et al (1995)
who also used spectral analysis of microearthquake data to determine scaling
relations for central Greece. However, the results of KIRATZI et al (1985) and
TSELENTIS et al. (1988) differ from the above relationship, and the difference in the
regression constants could be due to the fact that these studies focused on data sets
from specific regions such as the western Hellenic arc and the Aegean Sea while the
data set used in this study considers different regions of Greece. HANKS and BOORE
(1984) argue that a difference in the regression coefficients between different regions
“is a geographic appearance, not a geographic reality ... and this is due to the
differences in the data set of each region.

A summary of these results is given in Figure 5b for comparison and one must
note that in all other studies the seismic moment is related to the surface wave
magnitude whereas in this study the seismic moment is given as a function of the
local magnitude.
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From Table 2, we observe low stress drops for the Arnea, Aigio and Kozani
main shocks as determined from Brune’s model. Low stress drops for large Greek
earthquakes have also been reported by many authors who employed Brune’s
model (KULHANEK and MEYER, 1979; SOUFLERIS and STEWART, 1981; Kim et al.,
1984; KIRATZE et al, 1985; STAVRAKAKIS et al, 1989; STAVRAKAKIS and
BLIONAS, 1990). For the same events, Madariaga’s model provides stress drops
almost ten times larger than those determined by Brune’s model and the question
is whether these results are model dependent or whether low stress drop events are
a reality for many seismogenic regions in Greece.

BRUNE et al. (1985) proposed that low stress drop events from Brune’s model
can be explained by partial stress drop events when the stress release is not uniform
over the fault plane but occurs as a series of multiple events, with parts of the fault
remaining unbroken. Thus the average displacement over the fault plane will be less
than the displacement at the asperities and stress drop over the individual subev-
ents. STAVRAKAKIS et al. (1986, 1987) have demonstrated that strong earthquakes
in Greece were complex events and based on this result, the partial low stress drop
model seems to be realistic.

Both Brune’s and Madariaga’s models use the corner frequency to obtain the
radius of the fault plane, and in this sense we first examine the moment versus
corner frequency behavior for our data set. In Figure 6 the relationship is clear and
the linear least squares fit to our data gives:

Log(M,) = (—3.14 £ 0.16) Log £, + (22.33 £+ 0.05). (7)

PrESS (1967) and ScHICK (1970) found that a relationship exists between earth-
quake magnitude and the radius of a circular fault plane from the Brune model.
Figure 7 illustrates that a similar relationship exists in our data set

M, = (1.92 + 0.10) Log ry + (3.43 + 0.04) ®)
M, = (1.95 + 0.10) Log r,,+ (3.97 + 0.03) 9)

and this is also in good agreement with the results of KIRATZI et al (1984) that
developed the relationship for a rectangular fault model from Greek earthquakes.

Very good correlation also exists between the seismic moment and the fault
radius (Fig. 8) from the whole data set and least squares fit gives:

Log M, = (3.23 + 0.15) Log ry+ (21.52 + 0.08) (10)
Log M, = (3.18 + 0.19) Log r,,+ (22.44 + 0.06). 11)

Equally good correlation between seismic moment and average coseismic slip is
found from our data set (Fig. 9) and these relationships are:

Log M, = (1.98 + 0.12) Log U, + (22.72 + 0.06) (12)
Log M, = (1.92 + 0.16) Log U,,+ (21.56 + 0.13). (13)
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Figure 5b
Log M, (seismic moment) versus magnitude for Greek earthquakes by different studies. 1—this study,
2—KIRATZI et al. (1985), 3—TSELENTIS et al (1988), 4—NoORTH (1977), 5—MAIN and BURTON
(1990), 6—MELIS et al. (1995), 7—PaprazAcHOS (1994).

Finally, the seismic moment versus stress drop curve in Figure 10 shows great
scatter in seismic moments for a given stress drop and the least squares fit gives:

Log M, = (1.66 + 0.43) Ac,+ (22.34 +0.18) (14)
Log M, = (1.64 + 0.43) Ac,+ (20.91 + 0.51). (15)

To the authors knowledge, little work has been published in the literature concern-
ing the determination of scaling relations 10-15 from spectral analysis of short-pe-
riod data for Greek earthquakes in the magnitude range used in this study.
Recently MELIS et al (1995) also determined similar relationships such as the one
of this study for the region around Aigio from a spectral analysis of micro-
earthquakes. In our data set, 19 of 45 seismic events are from the Aigio region, with
local magnitudes ranging from 3.5 to 5.6. Therefore these equations are quite
representative of that region. When we compare these with those respectively
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Figure 6

Log M, (seismic moment) versus Log £, (corner frequency) for the whole data set.

determined by MELIS et al. (1995), we note many similarities of scaling relations.
Small differences in the regression coefficients are most probably due to the fact
that microearthquakes may have different scaling relations compared to larger
earthquakes.

Conclusions

In this study, short-period seismic data from the first Greek national network of
digital PT telemetry stations from 1995 were selected in order to determine their
seismic source parameters by spectral analysis methods and to compare these and
their scaling relations with those determined by other methods.

The source parameters and their scaling relations from this study are generally
in good agreement with the results of different investigations for Greek earth-
quakes. Unfortunately, little work in spectral analysis of short-period data from
Greece has been conducted primarily due to a lack of digital instrumentation. The
Institute of Geodynamics of the National Observatory of Athens is in the process
of expanding its digital network to 26 stations. In the meantime, it is believed that
these first results and scaling relations from short-period data can be used by other
researchers who are concerned with seismic source parameters and hazard analysis
of the Greek region.
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Figure 7
a. M, (local magnitude) versus Log Ry for the whole data set. Ry is the fault radius for the Brune
model. b. M, (local magnitude) versus Log R,, for the whole data set. R, is the fault radius for the
Madariaga model.
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Figure 8
a. Log M, (seismic moment) versus Log R for the whole data set. R is the fault radius for the Brune
model. b. Log M, (seismic moment) versus Log R,, for the whole data set. ®,,is the fault radius for the
Madariaga model.
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Figure 9
a. Log M, (seismic moment) versus Log Up for the whole data set. Uy is the average displacement for
the Brune model. b. Log M, (seismic moment) versus Log U,, for the whole data set. U,,is the average
displacement for the Madariaga model.
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Figure 10
a. Log M, (seismic moment) versus Log Ac for the whole data set. A is the stress drop for the Brune
model. b. Log M, (seismic moment) versus Log Ac for the whole data set. Ag is the stress drop for the
Madariaga model.
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