
A SOURCE	 STUDY OF THE AEGEAN EARTHQUAKE OF MARCH 27, 197~,
 

FROM INVERSION OF TELESEISMIC BODY WAVES
 

Ioannidou E., Stavrakakis G" Drakopoulos J. 

National Observatory of Athens, Seismological Institute 

The source mechanism (douple-couple orientation, moment, 
centroid depth, source time function) of the Aegean 
earthquake of March 27, 197~ has been determined from an 
inversion of teleseismic long-period P and SH waves. The 
earthquake is modelled by two subevents of different focal 
mechanisms and seismic moments. The first one is 
characterized be nearly pure normal faulting on a fault plane 
with strike 41° and dip 46°. The second subevent is 
characterized by strike slip faulting on a fault plane 
striking 238° with dip 86 0 

, 

INTRODUCTION 

Modeling of body waves either in frequency or tiffie 
domain is a powerful method and provides important 
information on the details of the source rupture process, In 
time-domain analysis of body waves, the observed waveforms 
are modeled by a source ti~e function, and the ti~e constants 
associated with it are interpreted in terms of the Source 
dimension and the particle velocity of the fault motion. 

When the observed body waves are relatively simple, the 
modeling can be done using either forward or inverse methods, 
Langston (1976) used a time-domain inversion ~ethod to 
determine complexities of the source time function, 

Kikuchi and Kanamori (1982) proposed an inversion 
technique to obtain information about asperities and barriers 
on the fault plane. Using this inversion procedure, the 
rupture process of some large earthquakes occurred in the 
area of Greece has been determined (Stavrakakis et al,,1986a; 
Stavrakakis et al., 1986b; Stavrakakis et al., 1989). 

Nabelek (1984) developed an inversion technique adequate 
for analysing moderate earthquakes. In this modeling, the 
douple-coup!e earthquake source is parameterized by the 
strike, dip, and rake angles of one of its P-wave nodal 
planes, the centroid depth, and the amplitudes of a specified 
number of overlapping isosceles triangles that represent the 
source time function. This procedure has been applied in the 
present study to obtain information about the source process 
of the Aegean earthquake of March 27, 1975. 

INVERSION AND MODELIN~OF TELESEISMIC BODY WAVES 

(1) Data Preparation 
The data set used 1n the present study consists of the 
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long-period P and SH wave seismogra~s recorded by the WWSSN. 
We selected P and SH wavefroms from all available azimuths. 
To minimize complications due to upper mantle structure and 
core interaction. we limited the epicentral distance range 
fro~ 30° to 90° for P waves, and 30° to 70° for the SH waves. 

The seismograms were digitized at unequal time interval 
and in~erpolated at 0.5 s. The amplitudes were normalized to 
a peak magnification of 1500 and epicentral distance 40°. 
Because, generally, the SH waves as a whole have a different 
signal power from the P waves, the SH waves were given a 
weight which is proportional to the ratio of the rms 
amplitude of the P wave data set to the rms amplitude of the 
SH wave data set. Furthermore. stations with similar azimuths 
and takeoff angles were grouped together and given weights 
inversely proportional to the square root of the number of 
the stations in each group. In this manner, both P and SH 
waves and all sectors of the focal sphere are assigned equal 
importance. 

(2) Inversion Strategy 
In the present studY several results of inversion are 

discussed. First, the fault plane solution proposed by 
McKenzie (1978) used to analyse the observed seismograms with 
a relatively simple model. Since the wave Matching was poor, 
we introduce two complex models in order to improve the 
solution. 

(3) Cource Parameterization 
For the earthquake which is analyzed in the present 

study, we determined the best fitting douple-couple point 
source from an inversion of long-period P and SH waveforms. 
The inversion technique proposed by Nabelek (1984, 1985) as 
applied by several researchers (Bergman et al., 1984; Berg~an 

and Solomon, 1985; McCaffrey and Nabelek, 1986; Huang et al., 
1986; Nelson et al., 1987; Nabelek et al., 1987; Pacheco and 
Nabelek,1988; Boyd and Nabelek, 1988) is employed. The 
inversion yields centroid depth and source time function as 
well as douple-couple orientation and seis~ic moment. The 
orientation of the best fitting douple couple is determined 
to within about ~5° formal error in each angular coordinate, 
and the ~oment to within about +30% at the 20 (95% 
confidence) level. The formal error (20) In centroid depth 1s 
typically +0.1 to 0.3 km but because of bias introduced by 
factors not reflected in the estimated of a posterior 
parameter variances, such as the alignement in the time 
between the synthetic and the observed waveforms, the true 
uncertainty may be greater, up to ~2 km in so~e cases. 

The far-field point-source time function Q(t) is 
parameterized by a series of overlapping isosceles triangle 
functions T.~ of duration 2~, and adjustable ralative 
amplitudes Wk as defined by Nabelek (1984): 

Q(t) $ LWkT.~(t-'k)'k $ (k-1)~, (1) 

where is the nu~ber of the time function elements.N.. 
It should be mentioned that N•• are described a priori and Wk 
are determined by the inversion. This parameterization is 
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equivalent to an approximation of the source time function by 
the trapezoidal rule. 

The triangle function T_~ can be also written as a 
convolution of two box-car functions B_~(t) of equal duration 
/:'" 

T•• (t-,~): B.~(t-'~)·B•• (t) (2 ) 
The effect of a propagating horizontal line source is 

achieved by varying the duration of one of the boxcars 
according to the relationship 

In' : 1l,[1-urPcos(f-6) (3) 

~here p is the ray parameter, U r is the rupture 
velocity, ~ is the station azimuth, and e is the fault 
strike. ll, is choosen a priori as in the case of the point 
source. 

One of the most important source parameters determined 
by the inversion procedure is the centroid depth. Therefore, 
the source resolution deserves particular attention. The 
inversion parameters of the best fitting point source are 
those which minimize the mean square residual r~, defined as 

r~ = II~~(s~,-0~~)2/IM, (4) 
where s~, and o~, are the amplitudes of the synthetic 

and observed seismograms at the j~h station and time sample 
i, w, is the weight used for the station j,M, is the number 
of samples in the time window used in the inversion for 
station j, and N is the total number of stations. 

To investigate the uncertainty in the depth of the 
crustal level. a test of significance is conducted for the 
differences in station residuals between waveforms of the 
best fittJng depth and those obtained when the inversion is 
performed with the depth fixed at nearby values. The mean 
square residual for the j~h station is 

R

r~, : (l/M,)I(s~,-o~,)~ (5)
 
The mean square residual is redefined as
 

2 = (j/N)Ir,~ (6)
 
The quantities r~ and R~ would be equal only if all
 

stations have the same inversion window length and weight. 
In the present study, the distribution of individual 

station residuals r~1' is investigated with x2 test of 
goodness of fit and found that the residual can generally be 
considered to follow a normal distribution. Then, ~e tested 
the null hypothesis ~D by forming the statistic 

t .. (1-10) IOdl (N) 1/:2 (7) 
which folIo s the t distribution with N-l degrees of 

freedom. In the previous relationship l-ID and 00 are the mean 
and standard deviation of the set of differenced 

d" c: r~A" - r".2 , j= 1,2 •... ,N (8) 
where r 1 A and r". are the matched station residuals at 

two depths A and B. Since the null hypothesis is tested that 
the solution at one depth is better than the other, only the 
one-tailed test js used. 

WAVEFORM INVERSION RESULTS 

In this section, the source parameters obtained from the 
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inversion of P and SH waveforms of the northern Aegean sea 
earthquake of March 27, 1975, are presented. Attenuation 
coefficients (t*, s) of 1 and 4 s were assumed of P and 5H 
waves, respectively. The calculated body-waves packets are 
the sum of direct P and 5 and reflect! ons from pP, 55 and sP. 
The source time function is convolved with the resulting time 
series of pulses to determine the final shape of the 
synthetic seismogram. 

All inversions were performed with the same source 
velocity structure: a water layer of 0.5 km and a half-space 
with Pans S wave velocity a=6.5 km/sec and B=3.7 km/sec, 
respectively, and a density p=2.B gr/cm 3 • 

First, inversion ~as performed for a single point source 
in which a source time function of 30 s and of 10 elements 
was allowed to be complicated but was constrained to be 
positive. The starting source mechanism (strike=41°, dip=60o, 
rake=235°) is that determined by McKenzie (1978). ~i~h this 
parameterization ~e obtained the solution illustrated in 
figures 1a and 1b for P and SH waves, respectively. The 
inferred source time function has a duration of 12.4 s. A 
seismic moment of 4.04xl0 18 Hm is obtained ~ith the follOWing 
T-statistics parameters: 

rneamn rms=1.35, mean d~=1.82, S.D of d~s2.47. t=3.89 
The shape of the inferred source time function suggests 

the complexity in rupture propagation and the existence of 
subevents. It also indicates that the seismic moment is 
released at the later phase of the rupture. This might be a 
reason for the mismatch Which is observed at all stations. 

Next, we introdued a moving line source model with a 
rupture velocity of 2 km/sec and an azimuth of 40o N. The 
synthetic ~aveforms are shown in fugures 2a and 2b for P and 
SH waves, respectively with the inferred source time 
function. The matching of P waves is satisfactory good. 
however the matching of 5H waves are still poor. 

In order to improve the fit, we next introduce a 
strike-slip subevent commencing approxi~ately 4 s from the 
origin time, with a distance offset of 10 krn. Figures 3a and 
3b show the obtained synthetic waveforms for P and SH waves. 
respectively. For the second strike-slip subevent the 
following source parameters have been obtained: 
strike=133°±0.73, dip=88°±0.7, rake=319°±O.7, centroid 
depth=15 km, seismic moment=1.92xl0 18 Hm. The inferred source 
time function has a duration of about 3.5 6. From its shape 
it is evident that the ~oment released at the later phase of 
the rupture propagation. However, the matching has been 
relatively improved. 

Finaly, the crustal ~odel has been changed by 
introducting a sediment layer of 1.5 km with P and 5 wave 
velocities 0=5.2 km/sec and B~2.9 km/sec, respectively and a 
density p=2.2 gr/cm 3 For the strike-slip subevent we• 

obtained: strike=238°±O.73, dip=86°~O.57, rake~182°±O.58. 

centroid depth=10 km+O.02. The duration of the inferred 
source time function is of about 5 s. The synthetic waveforms 
are compared with the observed ones in figures 4a and 4b, 
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l'espectlvely. TJle m6lchir,g is sufficient. better corresponding 
to arms: 1.32. This solution has been adopted. 

DISCUSSION AND CONCLUSIUN 

In ti,e present. study, the source process of tl,e Aegean 
earthquake of March 27, 1975 has been investigated by 
inverting teleseismic long-period Panel SH 'Waves. 

Tl,e striking feature of this earthquake is that it 
consists of t'Wo subevents of elifferent focal parafueters. The 
nlain component of faulting is norn,al, 'WI,ieh inc1uced a 
strike-slip faulting at shallo'Wer depth. For the norn,al 
subevent the follo'Wing source parameters have been obtained: 
strike=41°±0.91, dip=46°±O.87, rake:232°±O.91, centroid 
eleptll=15 kill +0,02, seismic mon,ent 8.67x10'7 N'H 'With a source 
time function of eluration of about 4 s. 

For the second strike-slip subevent 'Wldcll occurreel at a 
depth of}O km 'We obtainecl a st.rike of 236°±O.73, a dip of 
8(,o±O.57, and a rake angle of 182°±O.58, The seislI,ic lI,on,ent 
amounts to 2.8(,)\ 10' B NO!. The ren,ax kable resul tis that tlle 
second subevent is 1 arger than tlle first Olle. 

The .i nferrecl source pI'ocesE of the Aegean sea earthquake 
of March 27, 1975, indicates th"t the defoIJl,aUO" field in 
the investigated al'eo is con,plex and cannot simply 
interpreted by pure extens:ioll field. Ho'WeVel", .. e need to 
analyze nlOl'e s{'isrrdc e'Jents 'Which occurred in the northern 
Aegean Sea to Ihake a detai led i nterpretati on of the stress 
field, 
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Figure 3b: Observed and Synthetic Waveforms of SH waves. 

( Two subevents with different focal mechanism) 
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