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STUDY OF SPATIAL DISTRIBUTION OF CODA Q WITH RESPECT
TO THE SEISMICITY-IN CENTRAL GREECE

I. G. BASKOUTAS?

ABSTRACT

The spatial distribution of coda attenuation parameter Q. was studicd in the eastern part ol central
Greece. Attenuation parameters were estimated by applving the single isotropic scattering model to the
time decay of coda waves. Analyvsis was performed as a function of lapse time and frequency. In order to
investigate the regional distribution of Q values we separate the objective arca into many grid points.
homogencously distributed. Then at cach grid point we calculate the average of the observed Q values
from cach station-cvent pair. The smoothed spatial distribution of Q_ at low [requency range shows a
remarkabie correlation with seismically active areas, the main low Q_ spols appear on or very close to
specific strong seismic sources. At the higher frequency band (8-12Hv). spatial Q. distribution seem to be
uncorrelated with seismicity. Such distribution may be controlled by the deeper structure of the examined
arca.
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1. INTRODUCTION

Recently there has been a growing interest in the study of seismic wave attenuation in the earth. The
observations show both Targe and small scale regional differences ot the attenuation properties. The
desirability of using all available data to study those properties, makes models of coda excitation an
important tool. Coda attenuation Q_ is a parameter which can be easily estimated by applying onc of
several coda scattering models. Estimation of the Q_ factor and its time and trequency dependence
indicates how heterogeneous the areas under study arc.

A widely accepted hypothesis on the nature of coda waves of local earthquakes was developed by AKki
(1969). and Aki and Chouet (1975). and was later extended by Sato (1977). Thus coda is considered to be
waves scattered by randomly distributed heterogeneities in the lithosphere and Q. is a parameter which
phenomenologically characterizes the coda amplitude decay gradient. Qs then assumed 1o he expressed
i terms of scattering Q. and intrinsic Q, in the form Q'=0Q "+ Q" (Dainty. 1981). In the single
seattering model, however. we cannot separate Q. Itom Q. Separation of intrinsic from scattering
attenuation was attempted by Fehler et al., (1992).

[he mean value estimated trom coda decay reflects an average Q. within a certain volume which
includes source and receiver,

It is well known local seismotcctonic features can have a significant effect on the amplitude decay and
the shape ol locally recorded carthquakes. Many investigators have measured Q_ in a number of areas and
correlated the results with the nature of geotectonic features (Aki and Chouet, 1975: Singh and Herrmann,
1983; Jin and AKi, 1988: Sato, 1984; Matsumoto and Hasegawa, 1989).

In the present study we estimated spatial distribution of Q_ values in the lithosphere in central Greece.
Then we examined these results in terms of the shallow seismic activity within the extent of a local seismic

' Ass. Researcher. Geodynamic Institute, National Observatory_ ol AthensP.O.BOX 20048, 1181 10 Thissio,

GRELCE Wnoiaki BiBAIoBNkn "OedppacTtog” - TuAua Tewloyiag. A.MN.O

197 |



network. For this purpose seismograms of local earthquakes were analvzed at short lapse time window

alter the S-wave arrival , and at frequency bands from | to 12Hz7.

2. DATA

The area of study'in the present ana-
lysis is covered by the cxtension of the
digital VOLNET network. This network
operated in the euastern part of central
Greece.

Iigure 1 shows the location of each
station and the epicenter distribution of
the events used. In this analysis we used
223 local events recorded during 1984.
Parameters are taken tfrom the monthly
bulletin of the VOLNET network. Local
magnitudes of events range {from 1.2 to
3.0 and most of them (98%) are shallow
events with depths ot less than 20km.
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Figure 2 shows an example of &

scismogram.

Stations are cquipped with vertical
Willmore-MKIII
type seismometers. The transducer has a

component velocity

natural period of 1.5, and a critical
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dumping of 0.7.

Data from all channels and time are
recorded on magnetic tape, and the samn-
pling rate of A/ID conversion is 5011/

The criteria for the selection of the
data are the following: the azimuthal
distribution around stations; the quality
of the signals (5/N ratio); and the time
period should  not
relatively long time period, since within

which exceed a

the network therc are 1wo very active

seismic regions with moderate
carthquakes. It is noted that many re-
searchers  have  obscrved  temporal

changes of Q. belore and after big
earthquakes. These restraints reduce the
amount of available data, but there is
cnough to assure the rcliability of the
analysis.

Fig. 2:
Ixample of an untiltered scismogram,
(vertical component) and bandpass
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Fig. 1: Map showing cvent and stations (asterisks) used in the present
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3. ESTIMATION'OF Q,

In this study we use the single isotropicscattering model because our primary concern is to investigate
Q. forshort lapse times, when the effect of multiple scattering is expected to be small for this specific area
(Baskoutas et al., 1993).

For the analysis we used the equation for the coda envelope (Sato, 1977)

. Xi~Xm
o ——
. (H
or
200 X) (Vi-V) )
r= ' — (2)
JINYv _v VINYG _v \’I"l
when for x>1 (3)

We note that C(m) is the coda source factor that includes the S-wave ¢xcitation strength and the
scattering strength, and t is the S-wave travel time. Analysis was performed on Log(RMS) amplitude
envelope using overlapping time window with an increment of 10s. This shifting gives in more detail, the
dependence of Q. with lapse time. The time window starts from 1.5, where t, is the travel time of $-
waves. till the noise level of the scismogram. Differences on the results due to the choice of start time,
between 1.5t and 2t, might show a little difference. On the other hand, the choice of the single isotropic
scattering model give us the opportunity to examine Q. for very short lapse times. Figure 2 shows an
example of an unfiltered seismogram and the filtered one at 2Hz. The center frequencies [ are defined as T,
2 and 12H7, and bandwidth as 0.51 . except the last frequency band where it 15 0.3i .

4. SPATIAL DISTRIBUTION OF Qc VALUE

As the theory for the study of the attenuation of coda amplitude is not a linear problem it is very hard
to estimate spatial distribution using common inverse technics. So we used a simple method in order to
estimate this distribution quantitatively.

Q. value was considered as the apparent Q tor each station-epicenter pair and this value is assigned to
the center of the epicentral distance between them (Peng et al., 1987). The arca is divided into many grid
points of equal spacing. At each grid point the mean value, which is calculated from adjacent Q values. is
assigned. The equation used is: Q

X

K= —

where 7, is the Q. value of a nearest neighbor grid point d is distance and n in the number of Z
elements. Weighting factor for the calculation of the mean interpolated value is the square of the inverse
distance of each individual value from the grid point. Thus, the influence of a data point declines with
distance from the point being estimated.

The single isotropic scattering model assumes that the scatterers are distributed homogencousty within
an expanding cllipsoid, with foci the station and hypocenter. According to Pulli (1984) this volume is
defined by a relation which includes the epicentral distance and the velocity of the seismic waves (3.5-4
kmy/s.). Approximately, as the time window used for analysis increases the scattered waves penetrate
deeper and the volume under investigation increases. For example if we consider a lapse time of 10s, coda
waves penetrate into a space with diameter of about 30km. Here we must note that as the volume
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In this study, we consider time windows of 1.5 to 1.5t +10s. Most of the events used in this study have
an S-wave travel time between 5 and 10s and very few have S-wave arrival times greater than this. In this
way we restrain our consideration in the lithospherc. On the other hand the scale of these lapse time is
smaller than the mean free time of 45s7in Greeee (Baskoutas ct al., 1995), so the single scattering
approximation is valid, Concerning the frequency band, we examine the lower center frequency | and 2Hz
and the higher-which is used in this study.i.c. 12H.

S.RESULTS AND:DISCUSSION

It is well known that decreases of the amplitude in the later part alter S-wave arrival is practically due
to the presence ol scatterers distributed in the medium. Thus Q_ is a parameter that represents the degree
ol heterogeneity in the lithosphere. Previous studies (Roecker et al., 1982; Gagnepain-Beyneix, 1. 1987;
Phillips et al., 1988; Ambeh and Fairhead, 1989; Havskov ¢t al., 1989; Steck et al., 1989) have shown that
Q_ shows regional variation often related to tectonic features and near-site geology. It is reasonable that
some ol the most important attenuation mechanisms are cracks, their density and gecometry, {ractures,
fluid content and so on. It is expected that arcas with significant seismic sources and with recent seismic
activity have an enormous number of cracks and fractures, The analysis of short lapse time windows
makes the correlation of the spatial distribution of Q_ with areas characterized by shallow seismic activity
easier, since scattered seismic coda penetrates the shallow portion of the lithosphere.

Figures 3 and 4 show the
40.0 spatial distribution of Q¢ at
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low Q_ values in Figure 3 with
40.0 the distribution of cpicenters of
recent seismic activity shows a

remarkable correlation between

—
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distribution of low QC spots and

NORTH AEGEAN areas characterized by signifi-

cant recent and shallow scismic
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39.5 activity. Ilere we can refer to
i ¥ < "/1; two well known, very dactive sei-
b L /450 170 smic arcas, within the examined
4 ¥ £ [ area as 1t can be seen in Figure

%
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270 i . ‘
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*

/ ! y ’ 2 3 C 2 y
39.0 : i \ _l, i l()OKrﬁ west of Athens (3?% ON,
] J_/ L 22.70E) and the other in the
@\’ AT orth Sporades Isl: *
. A—~NUA “\z\ p North Sporades Island (39.30N,
4 ) 2350FE) (Papazachos et al,

« L 4\ ., o |
] 290 —> M~ 1083; Papaczachos ct. al., 1984;

] 1'\-/ i PPapazachos. 1990).
38.5 - §§\Z Relations between low Q.
] ,450-"'\ N M values  and  scismicity  were
90— | =% . o B
7 \\/\/{ﬁ found in different regions of the
] L \ world, (Singh and Herrmann
] AN TH 1983: Jin ct. al., 1985; Jin and
ULF of g

q C@ETH i ATHENS Aki 1988: Matsumoto and Ila-
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22.0 22.5 23.0 23.5 E 24.0 1990). Besides, low Q. valucs
may be attributed to the tecto-
nically active areas which show
Fig. 4: Spatial distribution of Q_at 2 Hzand tor 1.5t to 1.51.+10s high aticnuation (IHerraiz. and

Espinosa, 1987). According tc
Sato’s (1984, 1990) model, the
scale fength of inhomogeneity is large in low Irequency range. It seems natuval that Q_ for Jow (requency

time window

range is responsible tor longer wavelength fluctuation of random inhomogeneity. thus we expect Q te
depend on the surface scattering structure.

At the higher frequency band, 8-16117, the spatial distribution of relative low and high Q_ values is
distributed as shown in Figure 3. From the comparison of {igures 3 and 4 it seems that there is no direct
correlation between low and high Q. values and active seismic sources. In the SW part of the region twe
low Q_ spots appear which also shows a tendency to correspond with the seismic source of Alkyonides anc
a secondary one close to the VPA station. The wide low Q. area N-NW of VIFT and VGI. stations miay be
atrributed 1o different attenuating factors caused by an intensive grade of folding and faulting in old age
rocks. High frequency Q values, as at 2Hz, show a high Q. spot around the ascismic area of Allice
(Athens) extended in a NW direction. Furthermore, a significant branch of the high, extend from the upper
NE corner in a NE-SW dircction,

Coda attenuation factor Q_ icreases with frequency. Increase ol Q, with [requency is probably causec
by the different behavior in the propagation of scismic waves, in different frequencies (Baskoutas anc
Sato, 1989; Kosuga, 1991; Baskoutas, 1996). The high frequency component of scismic coda can be
scattered in the deeper portion of the crust or upper mantle, which is considerced to be more finc anc
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As a conclusion we can say
that seismically active areas affe-

Ar\\\j A cts the distribution of low Q,

o s value, especially values obtained

40.0

a analyzing data at low frequency
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band and for very short lapse ti-

me. There are scveral factors

39.5 which control the real attenua-

tion status in the carth medium.
Here it is natural for us to imagi-
ne that the opening and reopen-
ing of cracks, the presence of
liquid in these cracks can be a
39.0 significant  attenuation  mecha-
nism. It has been observed by
many rescarchers the temporal
change in Q_ associated with the
carthquake  occurrence  (Sato,
1088). Probably it is not possible
38.5 to detect a very small arca with
anomalous Q. value in details.
Sato (1988). suggests that the
scattering intensity in the crust
increase within a radius of about
50km from the main shock.

38.0

22.0 22.5 23.0 23.5 24.0

Fig. 5: Distribution ol epicenters of the seismic activity of the arca under
investigation

REFERENCES

AKI K., 1969. Analysis of the scismic coda of local earthquakes as scattered waves, ). Geophvs. Res.. 74,
615-631.

AKI K. and CHOUET, B., 1975. Origin of coda waves: source, attenuation and scattering cfiects. I.
Geophys. Res., Vol. 80, 3322-3342.

AMBEH. W, B.and FAIRHEAD., J. D.. 1989. Coda Q estimates in the Mount Cameroon volcanic region,
West Africa. Bull. Scism. Soc. Am., 79, 1589-1600.

BASKOUTAS, L. 1996. Dependence of coda attenuation on frequency and lapse time in central Greece.
PAGEQOPH, 147, 483-496.

BASKOUTAS, 1. and SATO, I1., 1989. Coda attenuation for 4 to 64Hz, in the Crust measured at Ashio,
Japan. Boll. Geot, Teor. Appl., 31, 277-283.

BASKOUTAS L., MAKROPOULOS, K. and SATO, 11., 1995, Mean {rce path under central Greece. Boll.
Geol. Teor. Appl.. Vol. 37, n. 145, pp. 73-80

CORREIG, AM., MITCHELL. B. I. and ORTIZ, R., 1990. Scismicity and coda Q values in the Eastern
Pvrenees: First results from the La Cerdanya seismic network. PAGEOPH 132, 311-329.

DAINTY, A. M., 1981, A scattering model to explain seismic Q observations in the lithosphere hetween 1
and 30 Hz. GewplyioxR 8iBMoBRKS 10dd@abtas! - Turipa MewAoyiag. A.M.0.

| 202



FEHLER, M., HOSHIBA, M. SATO, H. and OBARA, K., 1992, Separation of scattering and intrinsic
attenuation for the Kanto-Tokai region, Japan, using measurements of S-wave energy Vs
hypoeentral distance. Geophys. J. Int., 108, 787-800.

GAGNEPAIN-BEYNEIX, ). 1987, Evidence of spatial variations of attenuation in the western Pyrrencan
rangce.-Geophys. 1. R, Astr. Soc.. 89, 68 1-704.

HERRAIZ. M. and A.F. ESPINOSA. 1987. Coda waves: A review, Pure Appl. Geophys., 125, 499-577.

JIN. A, GAO, T. and AKI, K., 1985. Regional change ot coda Q in the oceanic lithosphere,
J.Geophys.Res., 90.8651-8659.

JIN, A, and AKIL K., 1988. Spatial and temporal correlation between coda Q and seismicity in China, Bull.
Seism. Soc. Am., 78, 741-769.

KOSUGA, M., 1991. Dependence of coda Q on frequency and lapse time in the western Nagano region,
central Japan, J. Phys, Earth, 40, 421-445.

MAKROPOULOS, K., DRAKOPOULOS, J. and LATOUSSAKIS, J. 1089. A revised and cxtended
carthquake cataloguc (ro Greece since 1900, Geophys. . Int., 98, 391-394.

MATSUMOTO, S. and HASEGAWA., A., 1989, Two-dimensional coda Q structure beneath Tohoku, NE
Japan. Geophys. J. Int., 99, [-8.

PAPAZACHOS, B. C., 1990. Seismicity of the Aegean and surrounding area., Tectonophysics, 178, 287-
308.

PAPAZACHOS, B. C., PANAGIOTOPOQULOS, D. G, TSAPANOS, T. M., MOUNTRAKIS, D. M. and
DIMOPOULOS G. CH. , 1983 A study of 1980 summer seismic sequence in the magnesia region of
central Greece. Geoph. 1. R.Astr. Soc. 75, 155-168.

PAPAZACHOS, B. C., COMNINAKIS, P. E., PAPADIMITRIOU, E. E., and SCORDILIS, F. M., 1984.
Properties of the I'ebruary- March, 1981, scismic sequence in the Alkyonides Gulf of central Greece.
Annales Geophysicae, 2, 537-544.

PENG. 1.Y., K. AKI, B. CHOUET, P. JOHNSON, W.H.K. LEE. S. MARKS JT. NEWBERRY, A.S.
RYALL, S.W. STEWART and D.M. TOTTINGHAM 1987, Temporal change in coda Q associated
with the round valley. California, earthquake of November 23, 1984, J. Geophys. Res., 92, 3507-
3526.

PHILLIPS, W.S., LEE, W.ILK. and NEWBERRY. J. T.. 1988. Spatial variation of crustal coda Q in
California. PAGEOPH, 128, 251-260.

PULLI 1. 1., 1984. Attenuation of coda waves in New England, Bull. Seism. Soc. Am., 74, 1149-1166.

RAUTIAN, T. G. and KHALTURIN, V. .. 1978. The usc of the coda tor determination of the earthquake
source spectrum, Bull. Seism. Soc. Am.. 68, 923-948.

ROECKER. S, W. TURKER. B. KING, J. and IIATZTFELD, D.. 1982, Fstimates of Q in Central Asia as a
function of frequency and depth using the coda of locally recorded earthquakes. Bull. Seism. Soc.
Am., 72, 129-149.

SATO, H., 1977. Single isotropic scattering model including wave conversions simple theoretical model of
the short period body wave propagation. J. Phys. Earth, 25, 163-176.

SATO, H., 1984, Attcnuation and envelope formation of three component scismograms ol small Tocal
carthquakes in randomly inhomogeneous lithosphere. 1. Geophvs. Res., 89, 1221-124 1.

SATO, H., 1988. Temporal change in scattering and attenuation associated with the earthquake occurence-
A review of recent studies on coda waves. [PAGEOPH, 126, 465-497.

SATQO, H., 1990. Study of scismogram envelopes based on scattering by random inhomogeneities in the
lithosphere: a review, Phys, Larth Planct. Interiors, 67, 4-19,

SINGH, §. and HERRMANRN, R. B., 1983. Regionalization of crustal ( in the continental United States. J.
Geophys. Res., 88, 527-538.

STECK, L. K.. PROTHERQ, W. A. and SCHEIMER, J.. 1989. Site dependent coda @ at Mono Craters,
California. Bull. Seism.Soc. Am., 79, 1559-1574.

WnoiakA BiBAI0BNAkn "OedppacTtog” - TuAua Mewloyiag. A.MN.O.

203 |





