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ABSTRACT

From digital recordings in the area of Greece, the
motectonic source parameters of some recent earthquakes
stimated using P-wave displacement spectra of five
and applying the Brune source model . For earthquakes
magnitude 3.4 ¢ M. <4.9 the seismic moment varies
n 0.9 and 4.3x10%?dyne-cm, the source radius between
and 1900 m, the stress drop between 3.7 and 67 bars, and
verage displacement on the fault plane between 1.5 and

LYNOWH

cpyvaocia autn unoloyvilovial 01 YAPAKTNPIOTIKEC
TPOl OC10pIKNG cotiag geiropuv tou EAAnvikod ywpou nou
 KaTaypa@ei oL YNe1akn Hopen and NEVIE TRAEHETPIKOUC
ou¢ Tou Edvikol Aoctcpookonciou Adnvov,
‘Tia kadc ociopoioviké otTadpd unohoviletar To ¢aoua
atoniocwv twv P-kupdtwv, Si1o0p8wpévo wg unpog Tnv andkplaon
| opyavou Kai wg¢ npo¢ £va , HECO CUVTEAEoTN Nou aviavakia
W tpono &14doong 1tng ociopikng aktivoBohiac and tnv cotia.
5 Ta XUPAKTNP1OTIKA Tou @acuatog¢, To atTadcpd nidatog
JUXVOTNTwY Kal Tnv guxvotnta Kopugpng, unochoyvidetatr n
ponn, n aktiva <Tng 1oodUvapung KUKAIKAC OEC10WIKAG
n  nTOONn TAOn¢ kalt n piéon petaténion otTo cnincdo Tou
oupguva uc to povicio Brune.

Ty avalugn mpockuye OT1 yia acilopoug¢ Tou EAAnvikou
p He Tonmikoe pévedo¢ and 3.4 cwe 4.9, n geiopixkn pomn
gaBaietar  and 0.9 - 4.3x102%dyne-cm, n aktiva <Tng

Uvaung KukAIRAC nnyng and 1300 ewg 1900 wpétpa, n nToon
jgne  ané 3.7 cwg 67 barz, kal n péon petatomion oto cnincdo
u paypatog¢ and 1.5 ctwg 22.0 cm.

EZ artiac Tow ox€Tikad pmikpou apidpol  yngronorynpiévwv
nou availudnkav a'autn Tnv cpvagia, dcv  Evive
) UNMo AoV 1 GpROU EHNEIPLKOY OXYLOEWV petaél TWwv
IPAPETPWY TNC OCIOHIKNG £Ol1ia¢ Kail Tou Tolnlkou upeviEdoug.

: AATOYEAkHr I . ETAYPAKAKHE M., APAKATOEL TI'. NANIANALTALIOY
., APAKONOYAOL .Mupdauctpol OE]OHlHﬁC cotiag wue Baon Ta
OHATI KA, YaPAKTINe1dTikd npodgaTwy Oelgpwy Tou EAAnvikol
bpou . Edvikd Actepoononcio Adnviv, lMNewduvamiké Ivotitovto,118
10 AOIINA.
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1. INTRODUCTION i =

It #s well accepted that the size of any earthqual
controlled by  the effective stress on the fault pla
strengtn of the fault material and the dimensions
dislocwtion produciingithe seismic event.

It -is also well known that the displacement spectrum
carthquakes have some important characteristics. The low frequ
constant amplitude is controlled by the. integral of the final
o “the fault plane (AKI and RICHARDS, 1980). At hi
frequencies, the amplitude decays linearly according to f-¥,
v>1.5 (HANKS and WYSS, 1972).

The corner frequency of a spectrum is determined by
intersection of the low-frequency level and the high-freg
asymptote. (BRUNE, 1970; 1971; SAVAGE, 1972; HANKS and WYSS,
MADARIAGA, 1976) . It is reciprocally related to the
dimension L and is given by

fe=K . V/L
where V is the wave propagntion velocity (Vs or Va). The facte
vlrongly depends on the fault geometry and on the type of P
wiave used in the analysis. HANKS and WYSS (1972) and MADA
{1977) proposed different models for rectangular or circul
faults. 3

Brune's model considers that the slip and the slip rate |
dependent on the stress, strength, radius and rupture velocity
the dislocation. In other words, this model assumes a const
str'ess at any point immediutely before, and after the rupture,

On the contrary, Madoriaga's model considers that =
difference between tectonic and frictional stress (effe
stress) on the fault plane at aoany time 1is controlled by
preceding movement on the fault. }

Both models have been applyied in different regions to ob
the source parameters such ns seismic moment, stress drop, 1
dimenzion and radiated energy. In the most cases, the str
feuture is Lhe low stress drop which is obtained using the Br
model (MODIANO and HATZFELD, 1982; STAVRAKAKIS et al:
whereas the Madariagan's model reveals higher values. {

The main purposce of this study is 1to determine the abe
mentioned source parumeters by analysing digital recordings
Some rccent carthquukes occurred in different seismotector
regions in Greecce. The digital data are obtained fr
teclemetered stations of the National Observatory of Athens
s 3 Earthquake signals are detected by an automatic
detection system and rceccorded in digital form on magnetic tap
utl the centrul station in Athens. Each signal is digitized at |
sumple/sec by a wide-range analog-to-digital converter in re
time.

2. SOURCE PARAMETER ANALYSIS - SPECTRAL MODEL

The most common theorctical models of seismic source
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.:Distribition of digital stations and seismic events.
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- o, ey - -
(BRUNE, 11870, /1971 MADARTAGA, 1976;: BOATWRIGHT, 1980) assu
the far-field displacement spectrum V(f) of an earthquake
by (BOATWRIGHT ,"19178)

lTogV(f)="1ogQc - 0.43UfT/Q-0.51log[1-(f/f)=N] (2)

whgre Qo is| | the low-fndqaency spectral level, f. is the co
frequency, v is a factor which determines the high frcquency d
of the spectpum, Q i5} lhe quality factor along the ray path |
the.geicmic "Seurce”to the recording station, and T is the tri
time.

Once the dizplacement spectrum has been obtained,
following source parameters can be determined according to
Brune's model. )

Mo(P,S)=4npV?*(P.S)2e(P,S)R/FRBe(P,S)
r(P,S)=2.34V(P,S)/2nfu(P,S)

Aoc=0.44 . Mo (D,S)/r?(DP,S)
u=Mo(P,S8)/npurz{P,S)

where: Mo(I’,S) is the seismic moment as determined by using ]
S waves, p, is density, V is the P- or S- wave velocity, Qe is |
low-frequency constant level, R is the hypocenter distance, F ii
term for correcting the free surface amplification, RO¢ is a |
for correcting the avernge radiation pattern, fo is the conl
frequency, and p is the shear modulus.

If the Madariaga's model is 8PPlled  then the radius
circular fault is given by

r o= 0.32V./fo(P) = 0.21 Va/fa(S)

m‘;

Assuming fo(P)/fe(S) is 1.5, then Brune's model computes
radius 1.7 times greater Lhan that calculated by Maderi
Therefore, the former model gives a stress drop that is five t
lower than that of the luter model.

3. DATA ANALYSITS

Eleven  carthquakes (Table 1) recorded in the time peri
Dee.23, 1985-Feb.21, 1986 by at least 4 digital stations hi
been analysed. The locations of the seismological stations
sceismic events are shown in Figure 1.

They have been selected on  the basis of the number
gquulity of the records plus a good distribution over the area |
Creecce. v

Only DP-waves digital doata has been used. The spectra f
cuch scismologicul station were computed using a FFT-routine.
deconvolution procedure was also applyied to correct the obtain
spectra for the inslrument reuponse. The shape of the spectra hi
been examined by taking different signal duration.In the
canses, Lthe time durantion was the first 3 to 5 sec of the P-wa
truin. Figure 2 illustrates the corrected spectra [or each seismi
evenl of the Table I and for cuch seismologicul station.

Using o P wave velocity V,=6.0 km/sec for the source materi
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(MAKRIS JS1977) . Ras ‘»tnlitw p=2.7 gr/cm®.” @n ayverage ra
pattern for P waves-R8e¢(P)=0-6 (FLECTHER. 1980) and a free su
reflectign coefficient F=0.5, we determined the seismic mom
and thé radius of  the cireular source™by using eq.(3) and
respectivelyl  for each ,/earthquake recorded at the five di
stations . The final deismic moment was taken as a geometric
of "feach station, since a simple arithmetic mean produces ave
biased | toytheshigher, yvalues; »This is due to the fact that
gerrors associated with the linterpretation of Qo and fo on
log-log! plot _are longnormally distributed. To equalize
errors. the geometric mean is taken as

logdMe> = 1/5 . L logMos (8)

The mean radius of a circular fault is found in a similap way to
the seismic moment,

log<ér> = 1/5 L logr:

Finally, the mean stress dop {Ac?» and the
displacement on the fault plane are computed by using eq.
eq (6), respectively. The results are summarized in Table I.

4 .DISCUSSION AND CONCLUSIONS

The main purpose of this study is te obtain the seismid
source parameters of some small to moderate earthquakes occurre
in different seismotectonic regions in Greece by using digita
waveforms. ]

By analysing-these data, the P-wave displacement spectira a
each seismological station have been computed, To obtain reliably
estimates of the low-frequency constant level, the displace
spectra were corrected for the instrument response and for
average radiation pattern of P-waves.

The source parameters, seismic moment, source radius, stres
drop and average displacement on' the fault plane were computed b
assuming that the low-frequency constant level is proportional #
the seismic moment and the corner frequency reciprocall
proportional to the source radius.

The lowest stress bar of 3.7 bars is obtained for the seismil
event of M:y=3.4 occurred on Feb.20,1985 (36.19°N-22.79°E) and t
highest (€7 bars} for the seismic event of M.=4.3, occurred o
Feb.2, 1986 (35.0°N-23.49°E) The source radius varies betwee
1300 and 1900 m, the seismic moment between 0.4-4 3x10**dyne-cnm
and the average displacement on the fault plane between 1.5
cm. Due to the relative small number of earthquakes, which
been digital recorded at least at four stations, no attempt
been made in this study to establish an empirical relationsh
between the obtained socurce parameters and the local earthquaki
magnitude .
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TABLE I: Earthquake data and spectral characteristics for
recent carthquakes digital recorded in the area of Greecce.

DATE Mo D LAT LONG Mo {r) Aol <u>
Y M D lom °N oE x10% 1 m baricm
e _ {ne.com | o

1985, Dec.23 4. 5 36,85 = 26,81 0.8 1471 1113.9

1985, Dec.23 1. 36.82 - 26.69 1.6 1731 |13)5.7

a3110.

1986, Jun.O01 3.

25| 34.75 = 26.31 3 2 1536 |38(|14.

1986, Jan.0l 4.

21| 35.57 - 27.84 0.9 1376 |15 5.
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1986, Jan.01 Yint

291 35.00 - 23.49 1.2 1108 |67(22.

lﬂéé‘-Feb.GQ "d.3

1986, Feb.15 | 4.1 | s| 35.22 - 2a.65 | 1.2 | 1302 {20]c.7
1986, Tebo1o | 4.1 | 5| 4081 - 23.26 | 1.3 | 1601 [1]5.4
1986, Feb.18 | 4.6 | 5| 40.70 - 22.13 | 3.2 | 1961 [20]9.4
1986, Feb.20 | 3.4 | 5| 36,10 - 22.79 [ 0.4 | 1614 {a.[1os
1986, Fev21 | 1.4 |127] 96,97 - 2650 | 4.3 | 1028 fic|17
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