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THE PATRAS (iruLY L4, 1993i M"= 5'4) EjARTHQUAKE

SEQUENCE

G. Sgelentis*, N. Melis* and E. sokoe*

ABSSRACT

The patras earchquake occurred on .Tuly 1-4, 1993 (Ut=5.4'.  The entire

earthquake sequence is presenEed in this study as it was recorded by the newly

establ ished patras Seismic Nebwork, which is based at the University of Patras

Seismological Centre. The hlpocentre spatial distr ibution of the earthquake

sequence for a period of 20 days, can be divided into three characterist ic

areas. The f irst l ies at the city of Patras and surroundings indicating

dispersed seismic activiLy of focal depths ranging from 3]cn to 151<n' The second

defines a NW-5E trend sLart ing NW offshore from the city of Patras, and is

almost forming a flat, as the focal depth of the events j-n this area is ranging

from 22km to 30km along a l ine of approximately 35km 1ong. The third starts SE

of Trikhonis Lake and continues a few kilometres to the North of the Lake, with

the main characterist ic the dispersed seismicity with focal depths ranging

from 3km to 20km.
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III'fRODUCTION
On July t4, !gg3 an earthguake sequence with a main shock of magnitude 5'4

MS occurred 7km south of the city of Patras. I t  devastated an area of about

20km within and around the city and in part icular Ehe vi l lages of Sbraval i ,

Krini,  Mint i logl i  and the areas of Kato Agyia, the o1d city of Patras and Rio'

A11 the old and under preservation bui ldings in the city of Patras suffered

greatly and even some newly built structures were left in need of reinforcement

after the earehquake.
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The study presents the whole earthquake sequence as i t  was recorded by
the  Un ivers i ty  o f  Pat ras  Se ismic  Net \ io rk .  The da ta  cover  the  t ime per iod
f r o m  J u l y  8 ,  7 9 9 3 ,  s i x  d a y s  p r i o r  t o  t h e  m a i n  e v e n t ,  t o  J u l y  2 i ,  I 9 g 3 ,
four teen days  a f te r  the  main  shock .  Spat ia l ,  magn i tude and t ime d is t r ibu-
t ion  o f  the  en t i re  sequence is  p resented .  Over  500 we l l - loca ted  events  a re
used in  the  ana lys is  o f  th is  s tudy .

THE PATRAS SEISMIC NETWORK
T h e  u n i v e r s i t . y  o f  p a t r a s  s e i s m i c  N e t w o r k  ( h e r e a f t e r  P A T N E T )  i s  a

mic roear thquake ne twork  based a t  the  Un ivers i ty  o f  Pat ras  Se ismolog ica l  Cen-
tre. PATNET is covering: at the moment the whole area of Western creece with the
Akarnan ika  s ta t . ion  to  the  fu r thes t  nor th  po in t ,  t .he  F i l ia t . ra  s ta t ion  to  the

- .  fu r thes t  sou th ,  the  Zakynthos  s ta t ion  to  the
furthest west and the Derveni stat ion to the
f u r t h e s t  e a s t  ( F i q  1 ) .  I t  c o n s i s t s  o f  t e n
shor t  per iod  ou ts ta t ions ,  each w i th  one ver -
t i ca l  component  ( IHz)  se ismometer  opera t ingr
a f  6 O d R  d r r n : m i  a n n  i  r  ' l  ̂ ' . '  - .- _ , "  , . J 1 S e  e n v ] - _

ronment .  The s igna ls  a re  rad io l inked v ia  FM
subcar r ie rs  to  the  cent ra l  record ing  s i t .e  a t
t h e  t l n  i r r e r s i  t r z  n f  p a l -  r a q  \ ^ r h p r a  a  f  h r a o e eruvv

nent  (one vdr t i ca ]  and two hor izon t .a l  on  E*W
and N-S d i rec t ions  (1Hz)  se ismometers )  s ta -
t ion  ex is ts .  There ,  each ehanne l  s igna l  i s
an t ia l - ias  f i l te red  w i th  a  3OHz But te rwor th
1 o w - p a s s  f i f t e r ,  s a m p l e d  a t  1 0 0 H 2  a n d  c o n -
ver ted  to  d ig i ta l  fo rm wi th  a  reso l_u t ion  o f
3  2 b i t s  .

The STA/LTA technj-que is employed for event
tr iggering. In addit ion, the option for con-
t j .nuous recording is also avai lable, and in the
case of the present study j . t  was used during the
first three days of the aftershock sequence. A11
events then are processed and located fol lowinq

the procedure whj,ch is described later on.

THE PATRAS ARE:A
rn the present study, as patras area is defined informally the area

covering the Gulf of Patras and the adjacent. area as well  as the area South
o f  Tr ikhon is  Lake to  the  Nor th  (F ig  2 ) .  As  d iscussed by  Brooks  e t  a l - .  (19g8)
a n d  M e l i s  e t  a l .  ( 1 9 8 9 ) ,  t h e  p a t r a s  a r e a  i s  a . c o m p l e x  a r e a  i n  t . e r m s  o f
se j -smotec ton ics .  I t  l i es  a t  the  junc t ion  o f  two d i f fe ren t  s t ruc tu ra l -  t rends
wj-thin the current neotectonic ext.ensional regime of an approximately AND -
S d i rec t ion  (F ig  2 ) .  The f i rs t  j - s  the  WNW -  ESE zone o f  ex tens ion  de f ined by
the  Gu l f  o f  Cor in th  g raben (Brooks  & Ferent inos  Lgg | ) ,  wh ich  poss ib ly
ex tends  nor thwestward  to  Tr ikhon is  Lake (Mel is  l -9g6,  Me l is  e t  a1  .  1 ,9g91;
the second is the NE - sw fault ing associated with the Rio graben (Kontopoulos
& Doutsos  1985)  wh ich  has  been in te rpre ted  as  a  t rans fer  ( t rans tens iona l )
fault  zone l inking the Gulf of Patras graben in the southwest with the
Cor in th  -  T r ikhon is  zone o f  ex tens ion  in  the  nor theas t  (Me l is  1986,  Brooks
e t  a l  .  l - 9 8 8 ,  M e l i s  e t  a 1  .  1 9 8 9 ) .

Several studies have been conducted on this graben system (! ' ig 3 ) .  Tselentrs
and Makropoulos (1986) investi-gated the crustal deformation rate of the ent. ire
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graben sys tem.  Ferent inos  e t  a I .
(1985)  s tud ied  the  Pat ras  graben

offshore and showed that the seabed

i s  a f f e c t e d  b y  s Y n s e d i - m e n t a r y
f a r r l f i n o  w i t h  r . h e  s a m e  W N W  -  E S E

trend. A fo11ow-up study by Chronis

e t  a I .  ( I99 I )  shows the  same Pat -
t e r n  o f  a c t i v e  f a u l t i n g .  z e l i l i d i s

e t  a 1 .  ( 1 9 8 7 )  d e s c r i b e d  a  t e c -

conic regj-me with a similar WNW -

ESE t rend onshore  immedia te lY  to

eas t  o f  the  eas tern  end o f  the

Pat ras  qraben.  Th is  coex is ts  w i th
F i s . 2 :  R e g i o n a l  c e c t o n i c s  o f  P a L r a s  ( a f -

L e r  F e r e n t r n o s  e t  a r .  1 9 8 5 ,  e r o l k =  
a  N E  -  S W  f a u l t  r e g i m e  d e f i n i n g

e t  a l .  1 9 8 8 ,  M e l i s  e t  a ] .  1 9 8 9 ) .  t h e  R i o  g r a b e n ,  - w h i c h  w a s  S t u d i e d

E X .  2 :  T e x r o v r x f l  o r r l v  E U p u r s p r l  n e p L o l r l  o n s h o r e  b y  K o n t o p o u l o s  &  D o u t s o s

r n q  r d r p q g  ( K c r c x  r o u q  F e r e n L i n o s  ( 1 9 8 5 )  m a i n l y  t o  t h e  n o r t h  a t  t h e

e r  a l .  1 9 8 5 ,  B r o o k s  e t  a l .  - 1 9 8 8 ,  A n t i r i o  l o c a l i t y ,  a n d  t o  t h e  s o u t h

M e I i s  e r  a I .  1 9 8 9 )  . b y  D o u t s o s  e t  a 1 .  { 1 9 8 9 ) .  o f f -

shore  s tud ies  in  the  immedia te  v ic in i ty  show the  ex is tence o f  a  compl ica ted

sys tem o f  ac t i ve  fau l ts  w i th  severa l  t rends ,  o f  wh ich  NE -  sw and NW -  sE

a p p e a r  t o  b e  t h e  m o s t  d o m i n a n t  ( F e r i s o r a t i s  e t  a 1 .  L 9 8 6 ,  C h r o n i s  e t  a 1 .

1 9 R 7  )  .
T i -  h a s  l r e e n  s r r o o c s l . e d  1 - h A r  t h e  R : - ov u v r r  J U Y Y v

graben developed earl ier than the Cor-
i n t h  g r a b e n  ( D o u t s o s  e t  a l .  1 9 8 9 ) .  T h u s ,
as  i t  i - s  an  ex tens ionaf  tecLon ic  fea-
tu re  o f  NE -  SW t rend,  i t  cou ld  we l l
d e v e l o p  r i g h t  -  l a t e r a ]  s t r i k e  s l i p
mot ion  i f  reac t iva ted  by  the  cur ren t
regrional ly dominant N - S extensional
regime forming the Corinth, Patras and
Tr ikhon i -s  g rabens (F ig  2 ) .  Brooks  e t
a 1  .  ( 1 9 8 8 )  a n d  M e l i - s  e t  a 1  .  ( 1 9 8 9 ) ,  i n
the i r  se ismotec ton ic  mode l  fo r  the  re -
g ion  based on  1oca1 mic rose ismic i ty  da ta
( M e 1 i s  1 9 8 6 ) ,  s u g g e s t e d  t h a t  R i o

AnLir io may behave as a transtensional
f a u l t  z o n e  l i n k i n g  t h e  C o r i n t h
Trikhonis graben system with the Patras
a r r l . r a n  f F i a  ? \

EVEIiIT I,OCA,TION PROCEDI'RE
For the event location and magnitude

ca lcu la t ion  the  HYPOTlPC (Lee and Lahr
1975;  Lee and Va ldes  1985)  computer  p ro-
qram was used.  The loca t ions  accepted
were al lowed an error less than 3km on
both  ep icent re  and foca l  depth  loca-
t ions, and a RMS of travel t ime residuals
l e s s  t h a n  0 . 1 0 .

In  o rder  to  cons t ra in  our  da tase t  to
fo11ow the  above ment ioned er ro r  a l -
I  n r^ rances  a  ia roe  number  o f  t r ia l  runs

\ -  ^ ^ , ,

38.0 !
2 t .1

Nlotetoric! ot thc P.trii .t..

F i s . 3 : N e o t e c t o n i c s  o f  t h e  P a t r a s
a r e a  ( a f r e r  F e r e n t i n o s  e t  a i .
1  q c \  r ^ n t s ^ n ^ r r  I  n q  &  D O U I . S O S

1 9 8 5 ,  D o u t s o s  e t  a l .  L 9 8 9  ,
C h r o n j - s  e t  a 1 .  1 9 9 1 )  .
N i c ^ i  c v  r n r , ,  w n L o x q q  1 n q
I l d rpcxg  ( cvn6  roug  Fe ren t i nos

e L  a l .  1 9 8 5 ,  K o n t o p o u l o s  &

D o u t s o s  1 9 8 5 ,  A o t r o o q  K c x  L

o u v e p y d r  e g  1 9 8 9 ,  C h r o n i s  e t

a l .  1 9 9 1 ) .

E X .
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T a b l e  1 :  T h e
modef used for
1  o c a t  i  o n

P - r z c l a c i  t r r

f inal  event

P - r r a l  n n i  f  r r

( k m / s e c )
Depth
(lcn)

5 . ' 7
6 . 0
A A

7  . 9

0 . 0
5 . 0

1 8 . 0
3 9 . 0

I

was per fo rmed us ing  ve loc i ty  mode ls  sugqested
by other microearthquake studies in the area
a n d  a d j a c e n t  r e g i o n s  ( e . g .  M e l i s  1 9 8 6 ,  p e d o t t i
1988)  in  coopera t ion  w i th  we l l  known mode ls
f o r  t h e  A e g e a n  a r e a  ( e . g .  M a k r i s  1 , 9 j 7 ,
Panaq io t .opou los  and papazachos 1985) .  The bes t
ve loc i ty  mode l  was  obCained us ing  a  da tase t
o f  t .wenty  events  wh ich  were  we l l - record .ed
(c fear  P  and S ar r i va l -s )  by  a l1  the  seven

S t a t i o n s  o f  P A T N E T  l n n i -  a  r - l r : f  A , , r i h ^  F h e  p a t . r a s

where T is the signal duration, D is the
epicentral distance in km and c a constanE.
dif ferent for each stat. i_on. The constant c
was calculated in a least squares sense
using 15 events which had been assigned
local magnitude ML by the National ob_
servatory of Athens (1994). Thus, the above
equatj-on was cal ibrat.ed at al l  pATNET sta-
t ions for t .he loca1 magnitude reported by
the National Observatory of At.hens. The
result is that the 1ocal magni-tude cal-cu-
l-ated for Lhe events recorded in the patras

m a a n i  t - r r A a

tu P.Eu .d$&. .qu.rc. aS hnL

F iS .  4 :  The  pa t ras  ea r t hquake  se -
q u e n c e .  T h e  n e o t e c t o n i c
f a u l t s  p r e s e n t e d  i n  t h i s
d i ag ram a re  t aken  as  i n
F i g  3 .  M  d e n o t e s  l o c a l
magn  i  t ude

E 1 . 4 :  H  o e L o p L x d  q x o t r o u e I q  r 4 q
n d T p q q .  T q  v e o r e x t o v  t x d
pr lypdrcx nou f icxpouot.d(ovroL
o r o  6 r d y p c x p p a  e I v q L  q n 6

! o  X X r l p o  . 3 .  M  e I v q r  r o
r o n  L x 6  p 6 y e O o q .

a rea  i s  s im i l a r  t o 'A thens  1oca1

bered L to -7 were rully op",.rff;)tn"nffT-,""o=r'"T.T'*""r1?llu"t??"::::1';""" l;1.
The f ina l  ve loc i ty  mode l  used.  fo r  the  area  o f  pa t ras  is  shown in  Tab l_e  1 .

Then, al l  the recorded events by at least six of t .he PATNET stat ions were
loca ted  us ing  th is  ve loc i ty  mode l .  The s ta t . ion  de lays  wh ich  were  suqgested
by  th is  run ,  were ' incorpora ted  to  a  f ina l  run  fo r  a l l . the  evenLs recorded a t
feas t  a t  four  s ta t ions .  A l -1  the  events  then were  ]oca ted  and these l -oca t ion

were  f ina l l y  accepted .  The i r  ep icent re
d is t r ibu t ion  is  shown in  F ig  4 .

The magn i tude wh ich  is  repor ted  fo r
a1l- the events is the loca1 magnitude ML
ca lcu la ted  f rom to ta l  s igna l  dura t ion .
The comput.at ion was also done by HypOTlpc
us ing  the  fo rmula  de f ined by  Lee e t  a1 .
( L 9 7 2 )  i n  c o n j u n c t i o n  w i t h  t h e  o n e  d e -
s c r i b e d  i n  K i r a t z i  &  p a p a z a c h o s  ( 1 9 9 5 )
a n d  M e l i s  e t  a l  .  ( 1 9 8 9 ) ,  t . h u s  s e t . t i n g  t h e
consLant paramet.ers describing the rela_
t ionsh ip  fo r  PATNET s ta t : .ons .  The fo l l -ow-
ing  equat ion  was used:

M t =  2 . 3 2  L o g ( T )  +  0 . 0 0 1 3  D  +  c

r..-.----.1.
I o r-..0 |
I o r-6.0 |
l o F { o l
I o r-3.o I
f  o  a l
| 

'---E- 
I

l- b,6o.) 
-l

l o  < !  |
l s  5  < m  < a l

THE PATRAS E.A,RTHQUAKE SEQUENCE
The Patras earthquake sequence was well  recorded by the patras Seismic

Network- The srA/LTA tr iggering technique was used in conjuncLion wi-th
cont. inuous recording, enabJ-ing the recording of very small  event.s down to
m a g n i t u d e  0 . 5  M L .

The epicentral distr ibution of events recorded in the patras area during 20
days after the mai-n event is shown in.Fig 5. Three main areas ..r i  n"

t o t
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Patras carthquake s€qucnce

T h e  d i s t r i b u t i o n  o f  e p i c e n L r e s  l o c a t e d  i n  t h e  a r e a  o f  P a L r a s .  M

d e n o t e s  l o c a l  m a g n i t u d e .  T h e  n e o L e c t o n i c  f a u l  t s  p r e s e n t e d  i n  t h i s

d i ag ram a re  t aken  as  i n  F i g  3 .
H  x o r o v o ; r r 1  r o v  e n r r f v r o o v  o r r l u  n s o r o x q  r q g  l l c r o a g .  M  e i v q L  r o  r o n L x 6
p 6 y e 0 o g .  T o  v e o r E x r o v r x c v  o q y p o r q  n o u  n o o o u o r o ( o v r o (  0 1 o  6 L o y o o ; r p o

e  i v o  L  c x r o  r o  E X d p o  3 .

0

9 n o
- Q

E s o
a

4

D F n f  h  . r o s s - s e c f  i o n  o f

h r r n n c e n f r e q  n r o i e c l - e d  o n  a

N W - s E  l i n e  ( a )  a n d  S W - N E
r h )  r o c n o n t  i  r r a l  r r

s ^ i . 3
r o U l l  u q  l l i j o q  L u  t 0 1  L 0 K O

B d 0 o g  r o v  u n o x e v r p o v
n p o B c x t r 6 p e v o r v  n d v o  o t
6Ls f0uvoq  BA-NA  (a )  Kc ) ( r  NA-
B A  ( b ) ,  o v r  i o r o r l o .

i den t i f ied .  The f i - rs t .  i s  charac ter ized
l r r r  d i  s n a r s e d  s c i  s m i  c i  1 -  r r  w h  i  e  h  n c c r : t ' r e d
s t  v f u v v ! r v \ 4  v v + e r r ! + v + e J

onshore  a t  the  c i ty  o f  Pat ras  area  and
a d j a c e n t  l o c a l i t i e s .  T h e  s e c o n d ,  i s  c h a r -
ac ter ized  by  a  concent ra t ion  o f  se ismic i ty
fo rming  a l -most  a  s ing le  1 ine .  Th is  fea-
ture i-s extended from NW of the city of
Patras towards the Trikhonis Lake in a
NW-SE d i rec t ion  w i th  events  occur r ing  a t
22km to  30km foca l  depth ,  de f in ing  a1-
most  a  f la t  zone a t  tha t  depth  and o f  a
length  o f  approx imate ly  35km.  F ina11y ,
the third area starts at the northwest-
e rn  end o f  the  f l -a t  zone d ispers ing  a t
the  loca t ion  o f  Tr ikhon is  Lake w i th  sha l -
lower focal depths appearing.

F ig  6a  demonst ra tes  the  foca l  depth
d is t r ibu t ion  o f  the  hypocent res  pro jec ted

on a  NW-SE l ine  and in  F ig  5b  pro jec ted
perpendicular on a SW-NE l ine. Thus, the
NW-SE trending feature is fol lowed and
ana lyzed in  space.

The f i rs t  a rea  o f  d ispersed se ismic i ty
a t  the  c i ty  o f  Pat ras  and sur round ings
i s  r e l a t e d  t o  t h e  n u m e r o u s  s m a 1 1
neotec ton ic  fau l ts  o f  NE-SW d i rec t ion  and
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