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THE AFTERSHOCK SEQUENCE AND FOCAL PROPERTIES OF
THE' JULY 14, 1993  (Mg=5.4) PATRAS EARTHQUAKE
s . §. Karakestssl, &% Papadimitrioul,/D. Hatzfeld?, D. Makaris3
"t!.. '"Hak.ropoulo-‘ D. Diagourtas‘ Ch. Plpnioannoul, G Sl:.avra.lultis
a;-nrakopoulal;t‘ and B. rapazachos

i ABSTRACT

- An earthguake with Ms=5.4 occurred on July 14, 1993 (12:32 GMT) in the city
Patras (NW Peloponnese) and caused considerable damage in the epicentral
ea. A network of 10 portable stations (MEQB00 and MARS88) was installed two
ays after the occurrence of the mainshock, to monitoring the aftershock
gquence. The spatial distribution of the epicenters of the numerous after-
ocks recorded define well the active area which trends NwW-SE. The cbserved
roseismic effects support this direction of the active zone, which crosses
the city of Patras. The focal depths are distributed from 14 to 22 km, and the
‘length of the active area was found equal to 14 km. The fault plane sclution of
the main shock shows a thrust fault with a considerable strike-slip component.
The one nodal plane trending NW-SE and dipping to NE, is considered as the fault
plane, in good agreement with the distribution of the aftershocks epicentres.
Geological data and historical seismicity support the idea that this is a part
- of a major fault broken during the occurrence of the 1785 and 1804 (Ms=6.6)
earthquakes, constituting a severe threat for the city of Patras.

LYNOVH

Evag oclopdg pe géyeBog Ms=5.4 éytive gtig 14 Icuriou 1993 (12:32 GMT)
otnv néAn 1nc N&Tpag KxL NPOXGAEcE cofapéq PAGPEQ OTINV EMLKEVIPLKIY OEpLOYn.
Eva nmukvd Sixtvo 10 gopntév ociopoypbpwy (MEQBOO kot MARSBB) eykotwoT&Bnke
atmnv meEpLloyL, Yyl TNV MapekoAoUdndn 1tng Jdetguikic &Sp&ong. And 1n XWPLKR
KOTOVOHN TV EMLKEVIPWY TWV HETNOE LOUGOV NOU Kotaypdenxov, ¢aivetal &1L 7
meployf) mou evepyonolffnke sixe dLe0fuvon BA-NA kot pnRko¢ 14 km, egvd To
EOTIOak& BAON TWV HETOOE LOPOV kupaivoviatl and 14 fw¢ 22 km. Tnv (&io die0Buvon
C QKOAQUBOUV KOl TO POKPOOELOHLKE onoTeAfopaia 1OV XUPLOU OF LOpoU TNou
nopoatneiénkav oInv NEpLoxh. And 1n AUon tou unyoviopoU YEVEOSHS ToU KURLOU
ggLopoU npokUNtTetl OTL MPOKELTAL vix avi&otpoen Sit&penin RE onpavI LKL oUvLOoTOON
opLldvtiag petatdniong. To eninedo 10U phAyuatog £€xXeL dieldBuvon BA-NA xal
Khivel npo¢ BA Kol PBploKeTal Of koAl oUppevic pe TNV KATOVOHNR TV EMLKEVIPWY
TWv PETaOE (Opdv. TewAoyLlkéC TAnpoeopieg kadBd¢ kot nAnpopoplec ané LoYXupoug
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| The s July 14, 1993 Patras, Pelopecnnese, earthquake sequence yielded
mstruﬁF Fihw'i;ﬁgorthy earthquake sequence. The main shock
GC:urrﬂd shallow fault near the city o atras at 15:32 p.m. local time

3\\h and was;a551gn !21f —wave magnitud ! of 5.4, causing considerable

. l',:} a-magE in theg;ﬂ gr area. This eE]' was not preceded by recorded
: 1 Fters [ wed, the largest of them having

local magnitude equal to 4.1.
The epicentral ar=a belaongs to a seismic zone with wvery high seismic
activity (Papazachos, 1920), although during the present century the seismig
activity in this part of the Patras-Corinth seismic zone is relatively low, the
maximum sarthquake magnitude beeing egual to 5.2 (in a distance less than 10
from the city of Patras). From historical seismicity there is evidence that in
the same area very streng earthquakes have occurred (Papazachos and Papazachou,
1989) . In January 31, 1785 an earthquake with magnitude Ms=58_ & destroyed a
large part cof rthe city of Patras, that is, many churches, part of the
fortification, as well as a large number of buildings, causing the death in
several people (more than 50). In June 8, 1804 an earthguake with M==6_ 6, whic
caused considerable damage in the island of Zakynthos as well, destroye
almost all the buildings along the ceast of the city of Patras and th
neighbouring villages, resulting in several deaths (unknown numher) . Two years
later (1806, Jan. 23) an earthgquake with Ms=¢€.3 had also affecred the city of
Patras with severe damage reported. i
The specific objectives of this study are to determine reliable hypocentrd
locations, based on local seismic network observations and an appropriat
region-specific velocity model, and to determine the focal mechanism of the
main shock. From these analyses more accurate assessments are made regardin
the style and orientation of seismogenic faulting, contributing to a compre=
hensive analysis of the contemporary seismicity and active faulting in this
area. Based on rthis evaluation, an improved understanding of the level of
seismic hazard in the region has reasulted and is discussed below.

LOCATION OF THE MAIN SHOCK

The arrival time of P and S seismic waves at the stations of the Gre
seismological network, as well as at the seismological networks of thi
neighboring countries were used to locate the main shock of this
guence. The program HYPO71 {revised) (Lee and Lahr, 1975) was used with
velpocity ratio wvp/vs=1.78 (Panagiotopoulos and Papazachos, 1985
Karakostas et al. (1993) proposed a crustal model which is valid for th
broader area of NW Peoloponnese. This is a modified model of tho
proposed for the broader Aegean area by Panagiotopoulos and Papazacho
{1985) and consists of two layers above a half space. The velocities off
P waves and the thicknesses of the layers are:

up = 6.0 Km.sec ! dy = 29 Km
ug = 6.6 ¥m.sec 1 dy = 19 Em

[

o

u3 7.9 Km.sec"l dy
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ON OF THE AFTERSHOCKS
tes of the portable seismo-
stations installed in the
marked by triangles in Fig.
the epicenter of the main
shock 1s denoted by a circle. From
this figure it is seen that the sta-
tions distribution 1is adeguate for
accurate hypocentral locations of the
afrershocks. During the operation of
8.1 the network (July 16 - July 23, 1993)
237 aftershocks were recorded by all
the staticns. The arrival times of
The sites of the statisns of all chese events, and the program
the local seismological net- pgypp7l (revised) (Lee and Lahr,
work (triangles) and the 1995y, were used for the estimation
epicenter of the main shock .
lcirele) of the most appropriate crustal medel.
Reliable Vp/Vs ratio is an impor-
ant parameter for the depth control of the earthqguakes. The velocity ratic
igsed in the present study is Vp/Vs=1.B2 which was estimated by Rigo =t al.
993), by using data of more than 1000 microearthquakes. Fig. 2 shows the
equency diagrams of ERH, ERZ and RMS wvaluas for the 122 best located
rthquakes of the sequence.
Several local crustal models have been proposed for the broader epicen-
al area (Makris, 1978; Melis et al., 1989; Rigo =t al., 1993). In the
esent work these, as well as various other models were tested in order to
tain the best results. It was observed that the focal coordinates of the
tershocks were not changed significantly for the different models, that
, the location is rather independent of the model used. This is attributed
the dense local seismclogical network inscalled in the epicentral area.
crustal model that gives the minimum errcors was finally adopted. It
sists of one layer with thickness dl=6.0 km and vp=4.8 km sec-1, above a
f space with velocity of P-waves vp=6.0 km sec-1. This model is similar
with those proposed by Rigo et al. (1993), but it consists with less layers.
. In order to improve the accuracy of the results, only the aftershocks
Tgcated by using 10 or more P- and S- wave arrivals were used. Fig. 2 shows
the frequency diagrams of RMS, ERH and ERZ values of these aftershocks.
The magnitudes (ML) of the aftershocks were estimated by using the signal
duration at each station, calibrated with the magnitudes of seven after-
hocks that were recorded by the permanent network as well, while the
itude (Ms}) of the main shock was estimated by the permanent seismologi-
networks of Greece.

gic
(= _L

SPATIAL, TIME AND MAGNITUDE DISTRIBUTION OF THE AFTERSHOCKS

In the map of Fig. 3 the epicentres of 122 events estimated with more
an 10 arrivals were plotted, with the main shock represented by a big
ircle. The mean RMS wvalue was less than 0.3, and ERH and ERZ values less
' 3.0km. These events occurred bstween 16 and 19 July, that is from the
second till the fourth day of the sequence. Reliable epicentre estimation
WnoiakA BiBAIoBNkn "OedppacTtog” - TuAua Mewloyiag. A.MN.O.
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Fig. 2: Freguency diagrams
of RMS, ERH and ERZ
values for the best
located aftershocks.
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Fig. 3: Distribution of the epicen-
tres of the aftershocks
occurred between 16 and 19
July 1994. The epicenter of
the main shock 1is denoted
by a rtriangle.
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was obtained for the events after this
time interval, but a small expansion of
the aftershock area was cbserved. A NW-
SE trending of the active area is clearly
observed while the epicenter of the main
shock is laocated in the southeastern-
most edge ,0f the aftershock area. The
length of rthe epicentral area is 14km
which is slightly larger than the length
of a fault cépable to generate an earth-
quakes of magnitude Ms=5.4 according to
tha formula:

logL - 0.51 Mg - 1.85(1)

proposed by Papazachos (1983) for the
broader Aegean area. i

A cross section perpandicular to the
trend of the aftershock area is shown in
Fig. 4. The focal depths of the shocks
vary from 14 to 22 km and the aftershock
zone 1is dipping to NE with an angle o?
650. It is also evident that the epicenter
of the main shock lies in the lower part
of the aftershock zone.

It has been shown (Mogi, 1962) that the
number of aftershocks per day, n, des
creases with the time, t, according to &
relation:

n = nl.t_p{Zl

The parameter p has [}
physical significance be-
cause it depends on the
properties of the mate- ia
rial in the focal region.
Fig. 5 shows the time
variation of the frequency
of aftershocks studied in
the present paper. The
data are fitted by rela-
tion (2) with p=1.03 and
nl=144.2. This wvalue of p
is almost equal to the mean
value of 1.13 for the area

20

30

of Greece (Papazachos, on a vert
1974) . plane pe
It is well known that dicular

the trend
the diste
tion of
afrershe
epicentrﬁ

the Gutenberg-Richter re-
lation between the cumu-
lative number of shocks,
N, and their magnitudes



holds a].%.&r frershocks. Fig. 6 shows the
cumulagive | e&j&n distribution for 95 af-

wershocks with ML21.6, which is the cut off
magnitude for the data completeness. The data
‘arel fifteéd by the relation:

HAGMITUDE OISTRIBUTION OF AFTERSHOCHS

iebhie. logarizha of the

logh = 3.70 - 46.99 M (3)

is value ©f b-{=0.99) is in good agreement
the mean b-value (=1.08) calculated for

wit

aftershock freguency
as a function of the aftershock seqguences of the area of Greece
logaricthm of tame, {Karakaisis, 1984). -

The cumulative
gquency-magnitude

fre-

re- i
lation for the after-
shocks with ML?1l.A.

FAULT PLANE SOLUTION OF THE MAIN SHOCK
First cnsets of long period instrumentation were used to determine the

fault plane sclution of the main shock of this
sequence. The data were taken from a question-
naire that was answered by seismologists at
the zeismological stations all over the world.
The data were plotted on an equal area projec-
tion of the lower hemisphere of the focal
sphere, and a velocity egual to 6.8 km/sec was
assumed for the compressional waves at the
focus of the earthguake ([(Fig. 7). Triangles
and circles represent dilatations and com-
prassions, respectively.

is seen that the proposed fault plane
solution shows thrust faulting with a consider-
able strike-slip component. The one of the nodal

able 1:The parameters of the fault plane sclution of the main shock.
Plane A Plane B P T
¢O 50 1o @O 50 AO $D 50 $O 50
B31° 739 359 2299 579 1580 57° 10° g5° 379

The fault plane
solution of the
Jaly T4y 1954
Ms=5.4 main
shock.

planes strikes in an about NW-SE direction and
dips to NE. It is reasonable to assume that this
is the fault plane, because its strike and its
dip are in agreement with the distribution of the
aftershocks (Fig. 3 and 4}. Table 1 gives infor-
mation on the focal mechanism and the trend and
plunge of the axis P {(maximum compression) and
axis T (maximum tension).

This type of faulting, (thrust with considerable
strike slip component), seems to be the same with
other known reliable fault plane solutions of re-
cent earthguakes along the western part of the
Greek mainland, that is, 1988 Killini earthguake
{(Karakostas et al., 1993a) and the 1993 Pyrgos
earthgquake (Karakostas et al., 1993b).

Hatzfeld et al. (1%90), computed fault plane

Wnoiakr BIBMOBRKI "Oedppadroet ST TewAdyide. ATPO. this area and
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found strike-slip motion for events
with depths larger than 1llkm, oe-
curred around the Rioc and in the
northern and central Peloponnese.
They neted that all the strike-slip;
mechanisms were located between re-
verse faulting and normal faulting
and generally showed P-axes trending
B~ _and T-axes trending N-S. These
pesullts support our solution as far
as the orientation of P and T axes
concern.

Fig. 8: Damage on reinforced concrete MACROSEISMIC OBSERVATIONS

SORSTINCLIOT, According to our field investiga-
tions, serious macroseismic effects were observed mainly in the SSE suburbs
of the city of Patras and in the nearby villages.

The meizoseismal area (with intensity VII in MM scale) has a NW-SE trend
with a length of about 8km. It starts from the suburb Ities (near the coasq
south of the city of Patras) and goes SE to Ovria, Demenika up to Saravall
village. This is the only area where
serious damage on reinforced con-
crate constructions was observed
(Fig. 8.

In the city of Patras damage wash
observed mainly on brittle construc—
tions (mean intensity equal to VI
in MM scale). The macraoseismic ef=
fects were morse intensive at the
central and the southern parc o8
the city where fall cof the upps
parts of walls on brittle strue
tures, as well as severe cracks were
observed (Fig. 9).

At the northern part of the city
only light cracks and fall of plas=
ter pieces were observed mainly on brittle houses and less damage
reinforced concrete buildings.

Fig. 9: Cracks on brirttle structures in
the city of Palras.

DISCUSSION AND CONCLUSIONS

The analysis of the data concerning the main shock of 14 July 1993
its aftershock sequence showed that it is connected with an active faulg
almost beneath the city of Patras. This is the fault that generated very
strong earthguakes in this site, three of which producing severe dan
in Patras, as it is known by historical seismicity and geologic
information. Assuming that the “characteristic” earthquake in this ares
is an Ms=6.6 event, corresponding to a fault length egqual to 33km, it ;
then evident that a part of this fault was activated. Thus, the dominant
fault within the study region has been essentially aseismic along
half of its length. On the other hand, the distribution of the foeci
the reliably located aftershocks, in depths between 14 and 22 km, sugg
that the segment of the fault that was activated, is lecarted in the le
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