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Α Β S Τ R Α C Τ 

Shear-wave polarisation analysis has been performed οη data 
from the strong motion recorder installed in the area of 
Kalamata. The recordings were obtained from an earthquake of 
magnitude Μ=5.8 that occurred οη the 13th September 1986 at the 
northern pa~t of the city and from its aftershocks. The analysis 
performed οη the 1 to 6 ΗΖ bandpass filtered accelerograms 
reveals a shear-wave splitting for the main event with a Ν15° Ε 
direction axis representing the maximum shear-wave velocity and 
a time delay between the two orthogonal axes NS and Εν;' of 
0.15sec. The direction of the linear polarisation of the 
particle motion after correcting the records for the anisotropy 
propagation effects is stable in time and fits the stress field 
deduced from the focal mechanism of the main event. The same 
analysis performed οη the main aftershock shows a shear wave 
splitting of Ο .11sec and their aftershocks reveal that the 
anisotropy effect is less pronounced. These results indicate that 
monitoring of the behaviour of in situ stress field and its 
associated anisotropy effects prior to an earthquake, is a 
promising tool of earthquake prediction. 
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Π Ε Ρ Ι Λ Η Ψ Η 

Στην εργασία αυτή μελετάται η ~όλωση των εγκαρσίων κυμάτων 

του κύριου σεισμού που έγινε βόρεια της ~όλης της Καλαμάτας στις 

13 Σεπτεμβρίου 19θ6, καθώς ε~ίσης και των μετασεισμών του. Για 

τον σκo~ό αυτό xρησιμo~oιήθηκαν οι οριζόντιες συνιστώσες των 

επιταχυνσιογραφημάτων του σταθμού της Καλαμάτας. προκειμένου να 

~εριoριστεί η επίδραση των υψηλών συχνοτήτων εφαρμόστηκε 

ζωνοπερατό φίλτρο εύρους 1-6ΗΖ. Για τον κύριο σεισμό η μέθοδος 

έδειξε τη διαφοροποίηση της ταχύτητας των εγκαρσίων κυμάτων ~oυ 

είχε σαν α~oτέλεσμα χρονική καθυστέρηση 0.15 δευτερόλε~τα στην 

ΑΔ συνιστώσα σε σχέση με την ΒΝ. Με την ανάλυση αζιμουθιακής 

ετεροσυσχέτισης βρέθηκε ότι ο κύριος συμπιεστικός άξονας έχει 

διεύθυνση Ν15°Ε. Η διεύθυνση αυτή συμφωνεί με την αντίστοιχη του 

μηχανισμού γένεσης του σεισμού. Το φαινόμενο αυτό α~oδίδεται στην 

ύπαρξη ανισoτρo~ικoύ μέσου ~oυ συνδέεται με ισχυρή συμ~ιεστική 

τάση. Ανάλογα αποτελέσματα βρέθηκαν και για τον κύριο μετασεισμό. 
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Αντίθετα, ο βαθμός ανισοτροπίας που προέκυψε από την ανάλυση των 

μετασεισμών τους ήταν πολύ μικρότερος. Τα αποτελέσματα αυτά μας 

οδηγούν στο συμπέρασμα ότι η συστηματική παρακολούθηση της 

μεταβολης της ανισοτροττίας μττορεί να αποτελέσει τη βάση για 

πρόδρομα σεισμικά φαινόμενα. 

INTRODUCTION 

Α 1arge number of seismo1ogica1 observations wor1d wide have 
revea1ed the presence of the shear-wave sp1itting in the vicinity 
of the area studied and provide a strong evidence of anisotropy 
effects (Ando et a1., 1983; Crampin, 19θ7; Iannaccone and 
Deschamps, 1989). This phenomenon is usua11y attributed to the 
presence of a1igned cracks para11e1 to the maximum compressive 
stress (Crampin, 1985). The unequa1 principa1 axes of a 
deviatoric stress acting οη a cracked rock produce a 
redistribution of cracks that is necessari1y anisotropic to 
seismic waves. Ιη this case, when a shear-wave propagates in an 
anisotropic medium then this wave is decomposed in two guasi 
shear-waves which have different ve10cities and orthogona1 
directions of po1arisation οη the axes of anisotropy. The ang1e 
of the seismic ray wi th respect to the axes of anisotropy 
contro1s the time de1ay between the two phases (Crampin, 1985). 

Booth et a1., (1985), observed that the orientation of the 
po1arisation near the strike-s1ip North Anato1ian Fau1t is 
a1igned in Ν100ΟΕ direction. This orientation is simi1ar to the 
direction of the compressive stress fie1d. The interpretation 
given was that the shear-wave sp1itting is due to the stress­
a1igned crack anisotropy. Simi1ar resu1ts are obtained by Zollo 
and Bernard (1989), when studied the Imperia1 Va11ey aftershock 
that occurred οη October 10, 1979. They observed that the fast 
S po1arisations are main1y oriented between ΝΟΟΕ and N25~ 

directions and have a mean de1ay of 0.12 sec between the slow and 
the fast S waves. 

Οη September 13, 1986 an earthguake of magnitude Μ =5.8 
(ISC) and foca1 depth h=42 km occurred near the Ka1amata 'city 
(southern Pe1oponnesus, Greece) without any foreshock activity. 
The earthguake was fo11owed by a 1arge number of aftershocks, 
located by a dense portab1e seismographic network (Lyon-Caen et 
a1., 1988; Papazachos et al., 1988). The spatial distribution of 
the aftershocks and the waveform analysis performed until now, 
indicate a norma1 fault of N-S direction and E-W extension 
(Papadimitriou, 1988). 

Ιη this study, the strong motions caused by the main event 
and its aftershocks, recorded by the Ka1amata acce1erographic 
station are ana1ysed by the S-wave polarisation method in order 
to identify the possib1e existence of anisotropy and its 
variabi1ity within the seguence. 

DΑΤΑ 

The strong motion accelerographic station (SMA-1) insta11ed 
in the city of Kalamata was triggered and recorded the seismic 
waves during the earthguake that occurred οη 13 September 1986, 
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a few kilometres north of the city. Οη September 15, 1986 the 
station was a1so triggered by the main aftershock located under 
the city. Five more records were obtained during this period. The 
location, magnitude and origin time of each one of them is 
tabulated in Tab1e 1, and their spatial distribution i$ shown 
in figure 1. From this figure it can be seen that four 
aftershocks are located very close to the main event and one 
aftershock is located close to the main aftershock. 

Each one of the seismic signals was digitised at a rate of 
100 sample/sec and for a duration of 10 seconds. Ιη order to 
obtain a clear representation of the seismic waves a bandpass 
filter is applied οη the frequency range of 1 to 6 ΗΖ. 

Tab1e 1. List of events 

ΟΑΤΕ ΤΙΜΕ LAT. LONG.Μι 

1. 13.09.1986 17:24:34.3 5.5 37.09 22.11 
2. 13.09.1986 18:30:35.4 3.3 37.08 22.09 
3. 13.09.1986 22:40:12.1 3.6 37.08 22.10 
4. 14.09.1986 00:29:28.7 3.3 37.09 22.10 
5. 14.09.1986 22:48:41.8 3.4 37.10 22.09 
6. 15.09.1986 11:41:27.9 4.8 37.06 22.11 
7. 15.09.1986 12:47:33.6 3.6 37.06 22.10 
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Fig.1. Map showing epicenters of the seven earthquakes listen ln 
tab1e 1. 
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METHODOLOGY 

The rnethod consists οί ana1ysing the S-po1arisation vector 
recorded at the station, estirnating the time de1ay and the 
principa1 axis of anisotropy by a cross corre1ation function and 
re1ating it to the foca1 mechanisrn. Ιη order to obtain a c1ear 
po1arisation diagram, the horizonta1 traces have to be rotated in 
the NS and EW directions and fi1tered at different frequency bands. 

The three dimensiona1 ground rnotion vectors can be 
pararneterized by a modu1us and a direction (po1arisation unit 
vector), both being genera11y a function of tirne (Booth and 
Crarnpin, 1985; Bernard and Zollo, 1989). Ιη the case of near fie1d 
records 1ike the ones studied in the present work, theoretica1 
tests and data ana1ysis suggest that when the ang1e of incidence 
is within the so-ca11ed "shear wave window" and a frequency range, 
the S-wave po1arisation is not significant1y perturbed by the 
ve10city structure or by the free surface and thus it is not 
a1tered a10ng a given ray path (Aki and Richards, 1980). 

Figure 2 shows the horizonta1 NS, EW traces as we11 as the 
vertica1 Ζ trace of the rnain event. From the horizonta1 traces it 
is c1ear that the 5 waves arrive about 2 sec after the beginning 
of the traces. It a1so can be observed that the horizonta1 NS 
cornponent is faster than the EW one. This anoma1y of the S-waves 
trave1 tirne is a1so c1ear at the bottorn of figure 2, where the 
po1arisation vector is p10tted as a function of time. The non­
1inear1y po1arised vector in figure 2 does not correspond to the 
direct 5 wave which was radiated by a point source. This anorna1y 
is interpreted as an anisotropy effect. 

ANALYSIS AND RESULTS 

Crampin (1978) showed that when a shear-wave propagates in an 
anisotropy rnediurn then this wave is decornposed in two quasi shear­
waves (qs1 and qs2) which have different ve10cities and orthogona1 
directions of po1arisation οη the axis of anisotropy. The ang1e of 
the seisrnic ray with respect to the axis of anisotropy contro1s the 
tirne de1ay between the two phases. Cross-corre1ation between 
orthogona1 rotated cornponents wi11 give a rnaxirnurn time de1ay at the 
rotation ang1e corresponding to the po1arisation directions of the 
fast and slow sp1it shear-waves. Ιη the present case we rotate the 
horizonta1 traces between 0° and 90° with a step οί 1° in order to 
find the direction of the principa1 axis of anisotropy using a 
cross corre1ation function. The tirne de1ay associated with the 
particu1ar rnaxirnurn va1ue, is the rneasure of the different arriva1 
tirnes between the two horizonta1 traces found by the cross 
corre1ation rnethod. 

Figure 3a shows the variation of the cross corre1ation 
function versus azimuth, whi1e figure 3b shows the sarne function 
versus time. Ιη the first figure it can be seen that the direction 
οί the principa1 axis of anisotropy is N15~ whereas the second 
figure shows that the rnaxirnurn tirne de1ay has the va1ue of 0.15 sec. 
Thus, the direction of the maximum ve10city is N1SoE and the 
perpendicu1ar direction N10SoE corresponds to the minirnurn ve1ocity, 
whi1e the observed tirne de1ay is attributed to the anisotropic 
propagation of the 5 waves. ~he direction οί the principa1 axis οί 
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Fig.2. Traces of the main event and their fi1tering. At the bottom 
the po1arisation vector is p10tted versus time. 

anisotropy found (Ν150Ε) is in good agreement with the foca1 
mechanism solution (strike=210o ι dip=46° and rake=-75°), obtained 
by modelling te1eseismic body waves (Papadimitriou, 1988) , 
indicating a compressive stress fie1d in Ν19°Ε direction, as we11 
as with the direction of the observed fau1t Ν200Ε. When we remove 
the time de1ay, the resu1ted 1inearity of the po1arisation vector 
(see figure 4) and the theoretica1 po1arisation produced by the 
mainshock at the station of Ka1amata (Bernard and zo110, 1990) 
confirrns the existence of anisotropy of the rnedium. 
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Fig.4. Corrected filtering traces of the main event. At the bottom 
the polorisation vector is plotted versus tirne. 

Using the same procedure, figure 5 shows the filtered traces 
and the corrected polarisation vectors of four aftershocks close 
to the main event. These polarisations have a more E-W direction 
(except the first one that has NE-SW direction) than the main 
event. The calculated time lag of the first event is 0.02 sec, the 
second 0.05, the third 0.01 and the last one 0.02, values much 

342 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



sma11er than the observed one for the main event. This abrupt 
change is attributed to the stress fie1d re1axation. 

Figure 6 shows the main aftershock traces as wel1 as the 
variation of the po1arisation vector. Ιη this-case we also observe 
a ηΟΏ 1inear po1arised vector. App1ying the above technique we 
obtained a direction of compressive stress field Ν32 0Ε and a time 
1ag O.llsec i11ustrated in figure 7a and 7b respective1y. When the 
time lag is removed a linearized polarisation vector is obtained 
as it can be seen in figure 8. Finally, figure 9 shows the traces 
of the aftershock located close to the main aftershock and the 
direction of the po1arisation vector. Ιη this case a stab1e 
po1arisation vector with ηο anisotropy effect is observed. 
Concerning the directions of po1arisation of these events, they are 
in agreement with the one of the main event, indicating simi1ar 
foca1 mechanism solutions. However it is necessary to generate 
synthetic seismograms to verify the above assumption. 

CONCLUSIONS 

The po1arisation analysis of the shear-wave strong motion 
records obtained from the Kalamata, 1986 earthquake sequence shows 
that for the main event and the main aftershock substantia1 shear­
wave splitting exists, whi1e their aftershocks are characterised 
by a much smal1er sp1itting. This is attributed to the existence 
of an anisotropic medium associated wi th a strong compressive 
stress fie1d most probab1y growing during the preparatory phase, 
whi1e after the re1ease of the stress the cracks hea1ed and hence 
the medium became 1ess anisotropic. 

Previous work (Crampin, 1987) has shown that the po1arisation 
of the faster sp1it shear waves is a1igned para11e1 to the 
principa1 axis of compressive stress. From the azimutha1 cross 
corre1ation ana1ysis of the horizonta1 components of the main event 
the direction of this axis is found to be N15°E. This is in good 
agreement with the compressive axis obtained from the foca1 
mechanism ana1ysis of the main event as it can be seen in figure 
10. However the Ν32 0Ε direction of the principa1 axis of the 
compressive stress found for the case of the main aftershock, show 
a sma11 c10ckwise rotation in re1ation to the one of the main 
event. 

The observed strong anisotropic effects during the main events 
and their dramatic decrease during the aftershock activity found 
in this work, coup1ed with the p1ausib1e hypothesis that during 
the preparatory phase the medium shou1d become more and more 
anisotropic due to the progressive1y increasing stress fie1d 
causing crack widening, 1eads to the conc1usion that studies 1ike 
the present one may provide an additiona1 and promising technique 
for monitoring earthquake precursors. 
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