ABSTRACT

MOMENT MAGNITUDES FOR SMALL AND
Data recorded by the Cornet network, a permanent network of the Geophysics — Geothermics Department of the University of Athens, are used in the
I NTE R M E D IATE EA RTH Q UA K ES ey present study to obtain reliable moment magnitudes. This network was installed around the Eastern Gulf of Corinth, which is one of the most seismic

regions of Greece and Europe and has suffered from disastrous earthquakes since the antiquity. The morphology of the Gulf is mainly due to repeated
earthquakes that occurred on north-dipping normal faults. In a previous study a relation for the calculation of the duration magnitude My was
obtained using a multiple linear regression technique. In the same work the moment magnitude was determined using spectral analysis for events
G. Kaviris (1), P. Papadimitriou (1), L. Chamilothoris (1) and K. Makropoulos (1) ~- with Mp=3.0. In the present study more data were processed for the same magnitude range, but for another time period, to test the reliability of the
obtained magnitude relations, as well as to ameliorate their precision, by reducing the statistical errors. It is worth noticing that the same relation was
obtained in both studies between the moment and the duration magnitude, which were both calculated using recordings of the Cornet Network.

(1)Department of Geophysics and Geothermics, University of Athens, Panepistimiopolis, Zografou, 15784, Greece ESC 2008, 31st General Assembly Furthermore, the moment magnitude, which is considered to be the most reliable magnitude scale, was calculated for smaller events with My<3.0.
After the determination of the moment magnitude M,, for both magnitude ranges, relationships were obtained between M,, and the duration
Crete, 7-12 September 2008 magnitude My that was calculated for the same dataset. Finally, relationships between the moment magnitude M,,, the local magnitude M,

calculated by the National Observatory of Athens, and the body wave magnitude my, calculated by the ISC, are presented.

The duration magnitude M is one of the most commonly used magnitude scales for local networks and is
calculated using the formula: Mp =a +  +logD +y <A

where D is the total signal duration in seconds (until the signal to noise ratio is equal to 1), A is the epicentral
distance in kilometers and a, B, y constants.

The first step for a reliable duration magnitude was the determination of the constants a, 3, y. The selected
dataset consisted of earthquakes for which both the Local Magnitude (M,), calculated by the Geodynamic
Institute of the National Observatory of Athens, and the body wave magnitude m,, calculated by the ISC, were
available. The epicentral distances of these events were smaller than 200 km.

Following, software was developed for the determination of the constants a, f and y using linear multiple
regression. The values of the constants a, B, v, standard deviation s and coefficient of determination (goodness
of fit) R? for each station and for the whole Cornet Network are:
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faults. The Gulf is characterized by the long term
subsidence of the northern coast and upward displacement
of the main footwalls. Several large historical earthquakes
have destroyed cities in the Gulf, the most well-known of
which is the Heliki earthquake of 373 B.C., but only few of
them have provided information about the faults that
produced them. Recent large events are characterized by
normal faulting with an approximately E-W direction, while

their focal depths are about 10 km. After the independent calculation of both the Moment Magnitude M, and the Duration Magnitude ¥ = 089271 + 0,6067

My, using 101 events that were recorded by the Cornet network in the time period 1996 - 1997 a
relationship between them was obtained (Kaviris et al., 2007), using linear regression:

M,y =0.99M,+0.61 for3.0<M <45
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This equation is similar to the one obtained by Papazachos et al. (1997) for Greece:
M,y =0.97+ M, +0.58 M, =M,

. The relation obtained in the framework of the present study can be replaced by the following:
The next goal was the determination of the moment

magnitude M,,. This is considered to be the most

reliable magnitude scale, since it is not saturated and

does not depend on the frequency window.

The calculation of the seismic moment M, was The response spectra of the Desf (component E-W)

performed using spectral analysis, through the and the Sofi (component N-S) stations for the same

equation : earthquake (1-6-96) are presented, respectively, as
an example.

M,y =M, +0.6 for3.0<My<45
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which is more practical and gives the same results.

— 3
M, = 4mpB3Q,R/0.85 2000' 20°50' 21°40' 22°30' 23200 24'10' 25°00

~

After the determination of the spectral amplitude €,
The Moment Magnitude M, is calculated as: the value of the seismic moment M, was found
equal to M,=4+10% dynecm, resulting a moment
magnitude M,,=4.2.

In the present study, 81 events were processed for 3.0 < M (same magnitude range with the previous
study) that occurred during 1998. A similar relation was obtained:
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M,, = 0.99 M, +0.63  for3.0 <M,
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M,, = 2log M, - 10.73
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Furthermore, the corner frequency is f,=3 Hz. The coefficient of determination (goodness of fit) R? was found equal to 0.98 (98%), almost equal to

It is worth noticing that the moment magnitude M,y 1 (100%). This very satisfactory value guarantees that the Moment Magnitude M,, calculated by the
is calculated by directly processing digital data. o - Cornet Network is reliable.

The relation obtained in the framework of the present study can also be replaced by the:

M,y =My + 0.6 for3.0<M;<6.0

As another example, the response spectra of the
Desf (component E-W) and the Sofi (component N-
S) stations for the same earthquake (17-2-98) are

presented. y = 0,9935x + 0,6258

R =0,9804

After the determination of the spectral amplitude €,
the value of the seismic moment M, was found
equal to My=1.52102% dynecm, resulting a moment
magnitude M,,=4.7.
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Furthermore, the corner frequency is f,=2.5 Hz. Events with 3.0 < M, used in the present study
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My for the same dataset, the following relation
was obtained using linear regression:
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My, =0.94 M, +0.62 for Mp <3 . SR, T £ M,, = 0.75 m, + 1.54 for 3.2 <m, <5.0

My, =My +05 for My< 3

which is more practical and gives the same results Events with M, < 3.0 used in the present study The Gulf of Coripth i§ an asymmetrical active tectonic r!ft, characterized _by normal faul_ting in

an almost E-W direction. The Gulf has suffered destructive earthquakes since the antiquity and
Is an area of high tectonic, geodetic and seismological interest. The permanent Cornet network
was installed since 1995 around the Eastern Gulf of Corinth. ' y =0,7527x + 1,5427
After the determination of a reliable duration magnitude My, the moment magnitude M,,, was ' R? = 0,4966
calculated using spectral analysis. This is considered to be the most reliable magnitude scale ’
and a catalogue was created. The obtained relation for events with 3.0 < My between the two
magnitude scales calculated by the Cornet Network (1996-1998) reveals that the moment
magnitude M,, is systematically 0.6 larger than the duration magnitude Mg, while it is
systematically 0.5 larger for events with My<3.0.

y =1,0118x + 0,5426
Using linear regression, a relationship was obtained between the moment magnitude ’ R?=0,8312
M,y and the duration magnitude My for all the 185 events with My > 3 that were '
analyzed (years 1996-1998):
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The relation obtained in the framework of the present study can be replaced by the:
My, = Mp + 0.6 for My >3
It is worth noticing that the same results were obtained in both studies between the

moment and the duration magnitudes, which were both calculated using recordings ) ) : : 8 40 42 44 46 48 50
of the Cornet Network. Mg (Cornet)




