


ANAAYZH AOPYQOPIKRN EIKONJZN TIA TON ENTOIIIZMO PEYZTO~IOIHZERIV. 
ZYTKPITIKA ZTOIXEIA AIIO TOYZ ZEIZMOYZ TOY IIYPTOY KAI TOY KOMnE 

01 psuoronotflosy s6acphv anorAo6v h a  ~azaorpocp1~6 cpa~vopsvo nou s~6qhhvsra t  K C L T ~  ~ 1 1  

G t h p ~ a a  ( T E M ~ ~ K ~ V  KLV~]QEOV. 0 svron~opoq nsp10~hv o r q  oxoisq ucpiorarat q nt0avorq~rl \!rl 
npo~hq006v cpa~v6pva psuoroxo~flosov s iva~  pa  cnjv0sq Gpsuva ps psyaho ~ 6 m o q .  Crqv cxih1)oq 
rou npophflparoq pnopsi va m y p a h h s ~  T) a v a h u q  6opucpop~~hv E L K ~ V O V  o& op~opkvsq cpao~~ar~h-i- 
~ & p 1 0 ~ i <  KaL E ~ ~ L K ~ T E ~ ~  ( T q V  nsp10XjI p&~at,6 2.08-2.35 ~ . ~ L K P ~ ) ~ & T P c ~ ,  n0U CIVT~CYTOLXO~V K C L V ~ A I  7 
~ o u  pGoou unipu0pou rou 60pucpopL~06 mrnilparoq LANDSAT-TM. H rspumj aurfl ~(pappoo~lllil: 
o q v  nsp~ofi  Nankai ys q v  &n&t,&pyaoia E ~ K ~ V W V  nou Ehflcp0qoav nptv an6 TOV ~azaorpocp1~0 ( T E I ~ C I ~ ,  
rou Kobe (M=7.2R). An6 q v  a v a h u q  Glantorhvs~at 6 ~ t  01 nsptoxiq o r y  onoisq sppaviof~llh-~~\~ 
pmo~onotflostq mvin tn~av  ps TY h m ~ i q  X E ~ L O X ~ ~  q q  6ua6umjq s t~6vaq nou 6qpoupyfl0q~c pr: T ~ C L ~  

threshold 27. IIpoo0s~a, an6 q v  avahuq  ~ w v  E ~ K ~ V W V  q q  nsp10fiq q q  Hhsiaq nou shflcpBqoav x,31\~ 
an6 TO ostop6 ~ T O V  rI6py0 (M=5.5R) 6tantorhvsmt 6zt 01 nsp~oxiq mtq onoisq napnrqpijHilh-rl\g 
psuo~onolflosy av~1ozotxo6v o~tq h m ~ 6 q  nsptoxiq q q  6ua6tqq s1~6vaq nou 6qp10upyflOq~c pt; ~ 1 1 1 t j  

threshold 35. H 6tacpoph ano6i6s~at lcvpiwq oro yqovoq 6 ~ 1  orq psv nsp in roq  rou Kobe q xr:plo~i1 
flrav a o n ~ o n o t q p h q  wh q nspinroq rou rI6pyou E ~ P ~ K E ~ T O  yta nsptoXjI oq sni TO n k c i ~ i ~ o \ ~  
~Apoo. Tihoq, 61antoThv~Tat 6 ~ t  q a v a u q  60pucpop1~hv E ~ K ~ V W V  sivat 6uva~6  va mypCrhkcr ore\* 

w~ontop6  zsp~oxhv nou n p 6 ~ s t ~ a t  va a ~ t y s ~ w n i o o u v  npophflpa~a psumonotfloswv psra an6 ~ h n o l o  
ostopo, ypflyopa K a t  ps ~ a p q h o  K ~ G T O ~ ,  wh avapAvs~at 0saya~tmj np6060q CTTI~V 

anorsheopa~1~61q~a rqq ps0660u ps q v  a 6 5 q q  q q  xwptMq 6taKptTtq< tKolv6~Taq rwv E~KOV(~)I ' .  

ABSTRACT 

The soil liquefaction constitutes a disastrous phenomenon, which appears during seismic inovei~ients. 
Tracing areas, in which there is high possibility of liquefaction phenomena to be brought about, is a 
complex study with great expenses. The interpretation of satellite images of certain spectral 
wavelength and especially the band 7 of the middle infrared of LANDSAT-TM, could be a solution to 
the problem. This technique was applied at Nankai area by interpreting images received before the 
catastrophic earthquake at Kobe, Japan (M=7.2R). After the satellite image processing, it was clear 
that the liquefied areas coincided with the white areas of the binary image created with threshold 27. 
In addition, after the processing of images received before the Pyrgos earthquake (M=5.5R), i t  was 
derived that the liquefied areas corresponded to the white areas of the binary image created with 
thGshold 35. The difference between the two threshold values appears, due to the fact that in Kobc 
case the area was urbanized; though in Pyrgos case the area was mostly cultivated. In conclusion, i t  is 

derived that remote sensing can contribute to tracing areas that face liquefaction problems fast, with 
low cost, while at the same time, great progress is expected in the effectiveness of the method due to 
the increase of the spatial resolution of the satellite images. 

'Onoq sivat yvoor6, ot psuozono~flo~tq s6acphv a n o ~ s i o i ) ~  iva  ~ a ~ a o r  pocpt~6 qatvo ~ C V O  xo1) 
s~6qhhverat  lcvpioq os s6acptKo6q qqpa~topo6q  ~ a ~ a  q 6tapKsta os top t~hv  ~tviloeov. Karh n l  
psuoronoiqq T a  s6acp1~a u h t ~ a  xavouv q 6 1 a ~ m n q  rouq av~oXjI K a t  ~ ~ O K T O ~ V  mpnaplcpoph 
papioq uypo6, ysyov6q ro  oxoio GXEI oq mvinsta q v  np6Khqq q p a v ~ t ~ o r a ~ o v  phaphv ora  ~aOt: 
~ i 6 0 ~ q  U ~ ' ~ E P K E ~ / ~ E V C ~  T & p t K a  kpya. %vil0&tq &K6qhh(~&t< p m o ~ o n o t f l o ~ ~ v  q V  &7'Ctcp&v&1a TOu s6acpou~ 
sivat T) G ~ p q  psuo~on01qpivov u h t ~ h v ,  q napouoia ~pamjpov i ~ p q q ,  ot s6acpt~Gq 61appflt,r.y, 01 

~aOt<fpstq, 01 ~a~ohto0fiostq K a t  q 6qp~oupyia a v h p d o v  lcvpartophv q v  sM0spq  sn~cpavs~a. 
0 sv~omop6q nspto~hv onq onoisq ucpio-ra~at q n l e a v 6 q ~ a  va npoKhq006v cpa1v6~~~vrr 

- 

TopEaq Auv., TEKT. & Eq. rswhoyiaq, Tpqpa l-ewhoyia~, lluventonjp~o AQvhv, llavlnohq Zoypacpou 
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psuoronotiloewv sivat mpa pta scatpsr t~a  cnjvOsn] Gpsuva, q onoia ~ & p l h a p ~ h & l  a<~ohc"yl~~ii~ 
ysopopcpohoyl~hv, ysohoyl~hv, yswrspt~C;IV ~ a l  u6poy~whoyt~hv 6~60yivwv EVO a n a l ~ s i  pcyilh11 
Ganavq scalriaq rwv nohhhv unaieplwv spyaothv ~ a l  E ~ E ~ ~ I K E ~ ~ ~ V W V  s p y a o q p l a ~ h v  avah6occr)v ~cou 
npknst va E K T E ~ E ~ € ~ O ~ V .  
C q v  s n i h u q  .sou npoph+ycrroq a u ~ o 6  cpaivsral va pnop~i va mypahhst anocpaotorl~a q avhhl)oll 
bopucpopmhv E~KOVOV 6~60pivou 6rt unCIpx&t q 6uvar6qra 6lspsi)vqqq q q  q 6 q q  TOV E ~ L ( P ~ V C I ~ K ( ; ) V  

ysohoyl~hv oxqya~loyhv os optoy~vsq cpaopaTlK&q nsploxiq K a l  sl61~6rspa or0 K C I V ~ ~ ~  7 TOI) ~ ~ C T O I )  

un&puepou rqq LANDSAT-TM. 
H T E ~ I K ~ ~  a u q  scpappooq~s os 660 nsptoxkq ol onoisq snhflmoav an6 ysyciLouq osto1106q. ~ n r b  
rouq onoiouq ~~6TlhheqKav svzunoota~a cpaw6ywa psuorononjoswv. Cuy~s~plpBva 11 rcx\,lk-ii 
scpapyooq~s o q v  nsplod Nankai (Ksvrpla Ianovia) q 0n0ia snhflyrl an6 rov Karao~pocpuii) 
ostoy6 psyGBouq 7.2R o r y  17 lavouapiou 1995 K a t  o q v  nsptod q q  Hhsiaq (AurtM ~shon6vvilcso;) 
q onoia snhqyq an6 ostoy6 psykeouq 5.4R o ~ y  26 Mapriou 1993. 
Crq ouvGxsta acpob napouolaorodv optopkva orolxsia yla q x p q q  TWV 6~60pkvmv rqh~nto~oni1cs1l~ 
 at q v  s~r ipqoq  aurhv, Oa avacpsp00ljV r a  paot~a orotxsia nou npokmyav an6 q v  sns<spyaoia K ~ I  

a v k h u q  rov yqcpta~hv 60pucpopl~hv E~KOVOV K a t  q c n j y ~ p t 4  rouq ps r a  orolxsia an6 ~ q v  ~)naiOlxa 
Gpsuva ortq 660 npoavacpspesiosq nsptoxkq. 

XPHXH AEAOMENQN THAEIIIXKOIIHXHX 

Ta 6~60p.kva rqq ~ q h n w ~ o n q o q q  nou x p q o l p o n o ~ a v  yta q v  m y ~ s ~ p l p k v q  spyaoia civcr~ 01 

yqcpta~iq 6opucpopt~iq E ~ K O V E ~  LANDSAT-5 TM nou an&t~ovi<ouv rtq nsptoxiq nou pshs~f lOq~a \~ .  H 
xmpla  &taKp~tIcfl t ~ a v 6 q r a  rou Osparl~06 xap~oypacpou sival 30p., Gxs1 GqhaGfl a p ~ s ~ h  pcybi11 
a ~ p i p s t a  yta ~p. joq us r s p t ~ & q  scpappoykq K a l  &pya, av K a t  os K ~ O E  nspinrooq q ~ s p ~ m i  no11 
nsplypacpsrat o q  ouv~xsta sivat avs taprqq an6 rqv x o p t a  a v a u q  ~ o u  atoeqrilpa. Cuvcnci)g. 11 
x p f l q  aurhv rov 6~60pGvwv q v  ysohoyia K a l  o ra  r s p l ~ a  &pya, ynopsi va ano6slxf)ci nohi) 
att6hoyq K a t  atton~orq (Research Commitee on Using Remote Sensing to Soil Engineering 1993). 
An6 r a  7 ~ a v a h l a  6tacpopszt~o6 pq~ouq hparoq,  nou mpaivovrat an6 To opar6 pkxpt TO ocp~u~ci) 
unkp~epo cpaopa, nporlfiOq~s TO Kavah17 rou onoiou TO Ili)~oq 1Ci)patoq sivat ysra56 2.08 ~ a l  2.35 
yt~p6psrpa. TO K ~ V ~ I  7 Osopsi~at q p a t r s t ~ 6  yta q V  6t61lCplq TWV E ~ C ~ ( P ~ V E ~ C I K ~ V  ysmhoylli(~)\~ 
(3mpa~t(3phv, E V ~  &st an06stxesi 6 ~ t  sivat t6tairspa C C ~ O T E ~ E ( S ~ ~ T ~ K ~ )  mqv a v a p h p t q  <wvC;)v no11 

kxouv n p o ~ ~ ? y & t  an6 u6poespptKfl s tahhoiwq nsrpop6crov (Jensen 1996). Exiqq,  uyqhq ava~haoll  
o q v  cpaopartmj nsptoxfl nou ~ah6nrs t  ro  Kavaht 7 Gsipouv nsploxiq ps xahapa hsnropspfl ~(rjytr~a 
6noq A.6q K a t  appol (Vincent 1997). To cpatvopmo q q  pmoronoiqqq sivat apeoa G X E T ~ < O ~ E V O  CLF TO 

&i60< TOU sntcpavsta~06 o ~ ~ ) p a ~ t o y o f i  ahha  at q v  n s p l s ~ r l ~ o q r a  .sou os vsp6 (acpo6 q napouoia rol) 
p s t h s t  q 6 t a ~ p q r t a  a v r o d  .sou oxqyartop06), sirs h6yw 6naptqq cppsarlou u6pocpopou opi<ov~tr ~j 
hoyo Gnaptqq Bahaootvob vspo6 os n a p a ~ r t o  u6ponspar6 sntcpavsla~6 oXI)pa~topo. Ot qqparlnb~oi 
or&< onoiouq mfieoq s ~ 6 q ~ v o v r a t  p&uoronot?'lo&y psra an6 o&loyt~&q 6lsyipo~q s i v a t ~ a  xahaph 
hnropspfi trqpara 6noq I M ~  K a t  appol. 'Erot q nhqpocp6pqq yta q v  snlcpavsla T ~ S  yqq ~ O I )  

happavsmt o q v  m y ~ s ~ p l p i ~ f l  (paoparla nsplopj TOU ~avahl06 7 n&plhaj~Pa~&t r a  ~ T O L X E ~ ~  I : K I ; ~ \ J ~  

nou ouvs~rtyo6vrat yta rov x a p a ~ q p t o p 6  puxq nsptoxilq &ntKiv6uVq< yta psuoronoiqq. 

I 
I EKTIMHXH AEAOMENQN THAEIIIXKOIIHXHX 

rIA AIAIIIXTQZH TAXHX PEYXTOIIOIHXHX 

Mkxpl rhpa  q kpsuva yta q v  Gtspsbqq  q q  ntBav6qraq pmoronotfloswv os  nsptoxkq, paol<bra\r 
~vpiwq o q v  xpqotponoiqq toropt~hv orotxsiov, yswhoyt~hv ~ E ~ O ~ ~ V O V ,  ysorspl~(;IV ~ O K - ~ ~ I ( ; ) \ ~  
unaiepou K a t  spyaorqpiou, ysopopcpohoyt~hv orotxsiov, ~ . h . n .  'Opwq ortc; nto nohMq ncplnrci)or:~< 
rirota nhqpocpopqoq sivat avsnapaq K a t  mxva ava~plpflq, m h  anatrsi~al  os K ~ O E  nspinr(~)rril 11 
Gtaesoq oqpavrt~ofi KOGTOU~. ME rq x p f i q  rqq qhsnrclo~6qqq,  npoocpips~at q 6uva~onlra  \!u 
anet~ovtoeobv r a  snupavsta~h 6~6oyiva  K a t  pbltora os o x s r t ~ a  psyahq k r a q .  llapa6~iyptrra ylaq 
rirotaq xpqqq,  sival q avkhuq ~ E ~ O ~ & V O V  q h s n t m o q q q  os neptoxkq psuoronoiqoqc; orll\) 
Ianwvia K a t  mpiwq psra TOV ostopo ~ o u  Nihonkai - Cyubu TO 1983 (Shirna 1985, Goto et a1 1986). 
C q  mvixsla napouota<&rat q 61a6t~aoia nou a ~ o h o v e j e q ~ s  o q v  avClhuq rwv 60pucpo~)l~~i)I~ 
E~KOVOV BTY nsptoxkq onov napaqpf leq~av  psuoronolqosy. H a v a u o q  hpxtos ys q v  snthoyil ~115 
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st~ovaq nou nsptkxst q v  npoq pshkq neptoxq. Ot stK6vsq npknst va nhqpo6v ~ a r a  zo 6uvar6v rli  

stqq npoijnoekosy: 
Na unapxst 600 zo Guvazov hty6zspq vkcpoq 
Na unap~ouv ijtaekotpeq E ~ K O V E ~  nptv Kat sav sivat Guvazo pszh rov ostopo (yta o u y ~ p i o s y )  
H hqyq va kxst yivst oe snoxq ps apatq p h a o q q  Kat shcipozo sntcpavsta~o vsp6 an0 
ppoxonzhostq 

H avahvoq rov E ~ K ~ V O V  yivszat ~ a z a p h v  os E ~ K ~ V E ~  TOU ~avaht06 7 ,  or0 p i 0 0  un&pvepo. Mia 
apxtdl r t f i  pszat6 0 Kat 256 ~aeopiLszat (threshold) yta zqv Gqptoupyia ptaq 6ua6t~qq c t~ovai .  11 
onoia anozshsi Kat zqv n p h q  snscspyaopbq E I K ~ V ~ .  rivszat, 6qha64, pta s n i p p a q  ozo toroyp(rp~l(r 
rtphv q q  yqcptaqq st~6vaq 6nou napayszat pta aonp6paupq ~ t ~ 6 v a ,  a906 za pixels nou E X O I ) ~  2-56 
ano~phostq rou y ~ p t  x o p ~ o v z a t  Kat naipvouv rtq rtpkq 0 (pa6po) Kat 255 (aonpo). 'Ezot ot ncp~oxti  
ps q v  uyqh6zspq a v a d a q  yivovzat aonpsq Kat ot nsptoxiq ps mGtapsq ava~haoq Kat ycykh11 
anopp6cpqq yivovzat pa6psq. C q  ouvixsta ahharoups q v  apxtidl ~ t p q  p ixp t  nou q ~tK6~cr n01) 
napayszat va zauzyszat noM ps zov x a p q  ~azavopqq TOV pmozonot~jo~ov nou napaqpi\6q~(rv 
~ a z a  q v  Gtap~sta w6q ostopo6 os pta o u y ~ s ~ p t p i v q  nsptox4. rivszat imt ~azavoqzo 6r1 CLE ~ 1 1  

m y ~ ~ ~ p t p i q  pi00G0, Gtantozhv~zat EK zov uozipov 6zt unapx~t q za6ztq  zov h s u ~ h v  n ~ p t o ~ c ; ) ~  11s 
ztq psuozonotqpivsq nsptoxkq. 
Ynapxouv Kat ~anotsq Gtacpopiq os ~anotsq nsptoxiq nou npinst va pshsq806v ps psycrhi)rcpi1 
knzopipsta Kat wpioq ps anmesiaq napaqpqostq o q v  6natepo ~ a e h q  sn iqq  Kal yr: 
sc~t6t~supivsq k p ~ u v ~ q .  CE O ~ I O ~ ~ V E ~  ' 1 ~ ~ p t n ~ h ( 3 ~ t q  ~ d l V  76 K C L V ~ ~  6, 70 0n0i0 6 ~ i p ~ t  E ~ C ~ ( P O ~ V & ~ T X K ~ <  

Gtampavostq q q  Bsppo~paoiaq, ~voopazoesi  o q v  snscspyaoia, 70 napay6psvo anozihsopa civcr~ 
Kah6zspo an6 6zt av xpqotponotsizo p6vo 70 ~ a v a h t  7 .  
H ~ p q o q  zov 6~60pivov q h ~ n t o ~ 6 q q q  yta ~ntcpav~taKlj nhqpocp6pqq o z y  a o z t ~ i q  ncl~oxtq 
nsptopiLszat Kat mpioq acpopa ztq sni pipouq Biostq 6nou spcpaviLszat To ibacpoq. Asbopivou 6r1 K ~ I  

ot ~ a z o t q p b s q  nsptoxiq ixouv a p ~ s z a  a~ahunza zpqpaza, pnopd va hqcpesi o q p a v r ~ ~ ~ j  
nhqpocp6pqq. Eniqq,  q ~ a z a o z a q  zou ~Gacpouq pnopsi va avayvoptozsi ippsoa a ~ o p a  K ~ I  6rav 
iva pt~poi) naxouq nsLo6p6pto ~ah6nzst  70 k6acpoq acp06 h6yo zou psyahou pfl~ouq IC;)paroq T O I )  

~avahto6 7 unapxst ~ a n o t a  6 t~ to6uz t~6qza .  H ~GacptlCil nhqpocp6pqq nou happavsmt 6sv acpoph ro 
paeoq zqq psvozonoiqqq. H actontmia auqq  q q  ps8660u &nclhqes6~q~& an6 unaieptsq ~ P E I ) V C ~  ~ c r l  

mhhoyq ozotxsiov oztq nspto~iq nou spcpavioeq~av cpa~vopsva pmozonotflosov . 

ANAAYZH AOPYQOPIKRN EIKONRN ZTHN JIEPIOXH TOY KOBE-CITY 

Kazaozpocpkq an6 psuozonotqostq n p o d 4 8 q ~ a v  os pqClhq i ~ z a o q  ozo Kobe psza 70 o ~ t o ~ ~ i )  T O I )  

1995 (M=7.2R, 17 Iavouapiou). H avahuq q q  E ~ K ~ V O I ~  LANDSAT-5 TM, iytvs, Givovmq ~~cybh11 
G'qpcloiol q v  nsptoxq zou pioou unipuepou cpaopazoq. H s t ~ 6 v a  nou ~ah6nzst  zqv nsptoxfi rol) 
Kobe,.napeq~s oztq 24 Iavouapiou, nptv zov os1op6 Kat Gsipst q cpaopaztlCil anopp6cpqoq KCLI 

ava~haoq ozq nsptoXil zou ~avaht06 7 ( E I K . ~ ) .  H aoztdl n~ptoxq ixs1 avotxziq anoxphosy, za P O I ) V ~  
Kat.ot 6p6pot piosq, mh 70 nozapt Kat q Baaooa cpaivovzat pa6pa. H s t ~ o v a  a u q  pszarpanq~s GC 

buabtlcil ps ztpq threshold 27 Kat izot cpaivovzat ot nsptoxiq ps uyqhq ztpq ava~haoqq ( E I K . ~ ) .  01 

nsptoxiq auziq nou avztorotxo6v oztq h s u ~ i q  nsptoxiq, sivat ot Port-Island, Rokko-Island Kat zpiiprrra 
q q  napa~ztaq <hvqq. Amkq ot nsptoxkq q ~ z ~ o v z a t  apsoa ps ztq nsptoxiq nou psuozono~$.ti&l~av Kal 
ans t~ov ioeq~av  os x a p q  pmozonot$osov nou ~ a z a o ~ m a o q ~ ~  an6 aspocpozoypacpisq ~ c r l  an6 
unaieptsq napaqpqostq (st1c.3 & 4), (Lekkas et a1 1996a, Lekkas et a1 1996b). 

ANMYZH AOPYQOPIKRN EIKONRN ZTHN JIEPIOXH TOY IlYPrOY 

P&uozonot$ostq ~Gacpouq n a p a q p $ l q ~ a v  Kat o z y  napahta~iq nsptoxiq q q  Hhsiaq psza zov ocloy6 
5.5R zou Mapdou zou 1993. C q v  ~ t ~ o v a  5 cpaivszat 70 ~ a v a h t  7 q q  Gopucpopt!& E ~ K O V ~ I ;  T11j 

nsptoxqq. Ecpapp6<ovzaq q v  npoqyo6p~q  pk0060, GqhaGq pszazpinovzaq 70 ~ a v a t  7 rqI; 
bopucpop114q st~bvaq LANDSAT xou ~ & ~ O I ~ K E  xptv TOV ostop6, os GuaGtlCil popcpq Kat Givovzaq rtpli 
threshold 35, napqxeq q s t ~ 6 v a  6 q onoia ps a 6 c q q  zqq avziOsqq yivszat nto su6tdL~p1zq. 01 
nsptoxkq nou ixouv uyqhb paep6 ~~vG6vou yta pmozoxoiqq psza an6 ~ a n o t o  ostopo cpaivovral LIZ 

aonpo os a v d e s q  ps q v  unbhomq nsptoxq nou cpaivszat pa6pq. 
01 nsptoxkq nou psuozonotfl8q~av psza zov ostop6 zou Mapziou 70 1993 mov  lXv3~o avf i~ouv 



xeptoxkq xou ava6eix8q~av pe q v  reptmj xou clvahd8~lK~ nto xavo, acpod xaparqp~jOilh-~~\~ 
p~~oroxotqoetq (EIK.~) ortq xeptox&q Cxtavr<a K a t  M X O ~ K ~  (xapCL~rla xeptofi ndpyou - K c t ~ a ~ t b i o ~ ,  ) 

ot oxoieq eixw ~aproypacpq8ei pe p&yahq h&7C~0p&p&ta (Lekkas, 1994). Crtq xeptox&q aur&q xol) t : i \* t r~  

xipoeq  at ~ahhtepyo6vrat, &pcpavi<ovmt xapa~rteq mo8koey, xoraplol o~r~par topo i  K a t  ahhoO[j~n 
( A i ~ ~ a q  ~ . a . .  1992). Mahtom av q 6vrao-q rou oelopod qrav peyahdrepq zore ot xcprox,'~ llj: 
peuoroxolqoelq 8a  eixav peyaMzepq k ~ r a q  K a t  8a ~ a h u x r a v  peyah6repo ~opyhr r  T(I)\* 

ava6etm6pevwv, pe rqv xapaxavo rep tn j ,  <wvhv. 

Ta  6opucpopt~a 6~6opkva qhexto~oxqoqq pxopodv va exe5epyaoroGv ~m6hAqha yla rqv xapaycuy~i 
ptaq peykhqq xo t~d iaq  EIKOVOV 01 oxoieq pxop06v va ~pqotpoxotq806v yta iva o-qpavrr~o ~ ~ I O ~ L O  
xpqoeov. Oxoq 6tax1orh8q~e E ~ V  ~pqotpoxotq8ei TO ~ a v h h t  7, TOV @ E ~ C ~ T ~ K O ~  Xaproypacpo~) (TM) 
rov Gopucpopt~oG morqparoq LANDSAT 5, xou avnorotxei oro p&oo ux&pu8p0, eival 8uvarO \,rl 
c l~~hq806v xhqpocpopieq yta q v  raoq rov e6acphv va peuoroxotq8odv Kara q v  6tapK~ta oetopti)~. 
H r e p t n j  aunj  ecpappooq~e o q v  xeptoxq Nankai (Kevrplnj Iaxwvia) pe rqv exe5epyaoia E L K ~ V ( ~ ) \ ,  

xOZ) ehIjcp0qoav xptv ax6 TOV KC~TC~(~TPO(P~KO o ~ t o p 6  M=7.2R TOu K6pxe (1 7 Iavouapiou 1995). AXO 
q v  a v a h u q  6taxtorhverat 6rt ot xeptoxkq xou peuoroxotfi8q~av mvkxtxrav pe rtq heu~&q X C ~ I O X ~ ~  

rqq 6ua61njq et~6vaq xou Grlptoupyil8q~e pe r t h  threshold 27. rIp6oOem ax6 rqv av(xA1)(~11 
60pucpoptKhv E~KOVOV q q  xeptofiq rq5 Hheiaq (Aurtnj cilnehoxowqooq, EhhaGa) xou ~YcpOqoav npnf 
ax6 TO oetopo M=5.4R rqq 26 Mapriou 1993 orov ndpyo 6taxtorh8qlce 6rt ot xeptoxiq xol) 
peuoroxotfi8q~a~ avnorotxo6v ortq IEI)K&~ xeptox&q q q  6ua6tnjq et~ovaq xou 6qptoupyfiOq~1; 11t; 
rtpil threshold 35. 
Ot 6tacpopiq xou &vroxil;ovrat ort5 660 xeptxrhoey oe 6rt acpopa orl< c p a o p a r t ~ i ~  axo~hi(Tr.r< 
axo6i6ovmt npiwq oro yeyov6q ort o z ~  p ~ v  xepinrooq rou oetopo6 rou Kopxe q xeptoxli firm1 
aort~oxotqpivq K a t  ~ahuxr6rav ~ a r a  Bioet5 ax6 ~r ip ta ,  ~ h p o u ~  avayufiq K a t  ev ykvet &<~pa' i( i~ll i~l  
&pya orq 6s xepixrooq rou oetopod rou n6pyov E ~ ~ ~ K E ~ T O  yta xeplofi &xi TO xh~iorov x i p m  pr: 
p t~pf i  ~ a h u \ ~ q  ax6 yeopyt~&q ~ah3Ltipyeteq. npoo8era 01 81acpopSq pxopodv va axo60006v h-a1 nso 
6lacpopert~o p&ye80q q q  oetoptmjq ~ i q o q q  ortq 660 xeptxrhoey ahha K a t  ort5 dtairepec civvOlj~zr;i 
xou ~ i v a t  6uvar6v vcu. ext~par06v oory 660 reheiw5 6tacpoper~~iq xep~oxkq peUq5. 

EIK. 1. To ~ a v a h l 7  rqq Gopucpoptmjq E ~ K ~ V C I ~  LANDSAT-5 TM, ap;o thn periox;h toy Kobe. 
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ELK. 2 En&<&pyaop&vq 8~a61ICi] E I K O V ~  ~ q q  n~p10fiq TOU Kobe p& npfl threshold 27. 

ELK. 3. E K Z E T C L ~ ~ V E ~  p~~ozono t f lo~ tq  OE a ~ a h u n ~ o u q  ~ h p o u q  ozqv -nohq zou Kobe. Aicr~plvo\~ra~ 
~6Cl(P1Kkq 6 1 C l ~ ~ f l < & ~  KClL TO, ~ E u C J T O ~ C O L ~ ~ ~ V C ~  UhlKa 7COU &OVV E K X U ~ E ~  (3'CIlV &7Ct(Pdl~&LCl. 

322 



EIK. 4 A n o ~ q  ~ p f i p a ~ o ~  TWV ~ I ~ E V I K ~ V  E ~ K ~ Z ~ O T ~ O E W V  T O ~ )  Kobe n o ~  ~ X E I  ~ahl)q)ol:i (~xi )  
peuo~ozoiq pkva v h t ~ &  ( ~ V O I K T O  W)W pa) 

EIK. 5 TO ~ a v h h l  7 zqq 6opvcpopu~q & 1 ~ 6 v a ~  LANDSAT-5 TM, rqq n&p~o~flq  Tou h')pyo~l- 
Kaza~whou. 



E ~ K .  6 E n ~ c ~ p y a o y b q  6ua6tKI7 ~ t ~ b v a  q q  n~ptofiq n6pyou - Kaza~ohou,  y& ztpfl thredhhold 35. 

Ot Ftacpopkq nou &vzoni(ovzat mtq 660 n~p tnzho~tq  08 o n  acpopa oztq cpaoyazt~iq ano~hicrf :~~ 
ano6i6ovrat mpiwc ozo y~yov6q 621 o q  y w  n ~ p i n z o q  rou ostoyo6 zou K b y n ~  n~p tox~i  ijrcn* 
aozt~oxotqyivq K a t  Kahunzozav ~ a z a  Bko~tq an6 ~z ip ta ,  xhpouq avayuxtjq Kat EV y h s t  ~copai'crrr~h 
%pya o q  6~ n ~ p i n z o q  ZOU o~top06 zou ni)pyou E ~ P O K E ~ T O  yta n ~ p t o f i  ~ n i  TO nh~iozov ~ipcro  118 

yt~pf i  Kahuyq an6 yswpyt~kq Kahhtkpy&t&q. IIpooOsza ot 6tacpopiq ynopo6v va ano60BoGv ~ c r i  crro 
6tacpop~zt~o ykys8oq q q  ostoytnjq ~ i v q q q  oztq 660 n ~ p m r h o ~ t q  ahha K a t  oztq t6taizspcq ol)vOlj~<t;, 
nou ~ i v a t  6uvazov va ~ n t ~ p a z o i w  oztq 660 ~ & h & i ~ q  6tacpop~zt~iq n~ptoxkq y~?dt l ]~ .  
C u y n ~ p a o y a z t ~ a  6tantozhvszat 621 q avahuoq 6opucpopt~hv E ~ K ~ V O V  y n o p ~ i  va G U ~ P ~ U C I  GTOV 

~vzontoy6 nsptoxhv nou avrtpsroni(ouv npoPYyaza p~uozonotfiosov ypi-yopa K a t  ~ r c  ~ c r ~ ~ i l i c "  
~6ozoq,  E V ~  ~n toqya iv~za t  621 q kpmva ozo o u y ~ ~ ~ p t y k v o  a v z t ~ ~ i y w o  8a  npkn~t  va ~vza8si  h - ~ ) p i c l ) i  

o~ n ~ p t x z h o ~ y  ~ ~ G f i h o q q  cpatvo$vov oza ayiooq ~ n o y ~ v a  xp6vta onozs Kat q pay6aia z c p o h o y r ~ ~ i  
~@htcq,  mpioq y~ zqv a6cqoq q q  6ta~p~z~ICi(q t~avoqzaq ,  8a  ~ n t z p k y ~ t  q hfiyq K a t  actonoiqoq r:~~o< 
no16 p~yah6zspou apt8 yo6 nhv pocpo ptbv ykow 6opucpopt~hv mozq yazov. H yi0olioc not) 
n ~ p t y p a c p q ~ ~  8a  ~cpapyooz~i K a t  o~ avahoy~q y ~ h h o v z t ~ k ~  n ~ p m z h o ~ q  OOZE an6 8taniormoq KCL~ tcf:li 

rov uozkpwv)) npophsyq va y ~ z a r p a n ~ i  o~ ~ V Z ~ K E ~ ~ E V ~ K ~  ozotx~io ~a8optoy06 ytaq ICEF)IUXI~; 

~nt~iv6uvqq yta pcuozonoiqoq. 
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ELK. 7. Ano\yq & 6 a ( p ~ ~ h v  oxrlpaztophv nou p&uozono~Tj8q#av ~ a z a  zov o&~opt) zqq 26 Mapriol) IC)C)i 
ozqv Ohq  Cn~avzja q q  n a p a ~ z ~ a q  n~p~oxqq TI~jpyo~) - K ~ T ~ K ~ ~ o u .  
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I .  Introduction 

Immediately after the 5,9 magnitude earthquake of Sept.7 1999 which stroke the NW area of the Athenian basin, a 

coordinated investigation on the geology and tectonics of the area was set up. The research was focused to a 

preliminary assessment of the geologic-tectonic-geomorphologic conditions of the area in correlation with the 

specific characteristics of this earthquake and its effect on the structures. This study was accomplished in 

collaboration with Professor P.Marinos and co-workers of the Technical University of Athens, according to the 

instructions of the Minister of Environment, Planning and Public Works. 

Past of this work was based on studies and research previously undertaken by members of the scientific team, mainly 

during the elaboration of the INeotectonic Map of Eastern Attica since 1993. 

Since the very beginning of the earthquake event, the scientific team checked several areas of the northwestern part 

of the Athenian basin from the Aegaleo Mt. up to the southern slopes of Parnitha Mt., through systematic field 

surveying. 'the field work was complemented by laboratory data including areal photographs and satellite images 

at various scales. The presentation of the preliminary conclusions of this research was made on maps at scale 

1 /25.000, which are given at reduced scale in this report. 

2.Geology and Tectonics of Aftica 
u - 'the geological structure of Attica comprises two groups of alpine basement rocks and post-alpine sediments (Fig.1): 

9 
a) The upper group is made mainly of Mesozoic carbonate rocks (limestones and dolomites of Triassic and Jurassic 

age) overlying a clastic formation of shales and sandstones including olistholites of Permian limestones. Some 

ophiolitic rocks are locally preserved over the carbonate platform which were tectonically emplaced during the 

palaeoalpine orogeny of Late Jurassic-Early Cretaceous. Upper Cretaceous shallow water carbonates and early 

Tertiary flysch cover the previous formations, which belong to the geotectonic unit of Eastern Greece (composed 

of the Sub-Pelagonian palaeotectonised Unit, the ophiolite nappe of the Axios-Vardar oceanic basin and the 

Upper Cretaceous transgressive platform]. this upper unit extends only to the northwestern part of Attica, forming 

the maior mountain range of Parnitha and other minor mountains like Aegaleo in the western side of the Athenian 

basin. 

b) The lower group is made mainly of metamorphic rocks, including marbles, micaschists e.t.c cropping out in the 

area of Penteli mountain to the east and Imittos mountain to the south of the Athenian basin. 

The tectonic contact between the two groups of the alpine basement strikes in the NE-SW direction and dips towards 

the NW. Although this tectonic contact is usually covered by post-alpine sediments its position is marked 

approximately by Kifisos River which is outfloating in the area of Pireaus. 

-the post alpine sediments comprise mainly neogene lacustrive lignite bearing deposits and continental quaternary 

formations. 
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The neotectonic structure of Attica comprises a number 

of major faults striking in the E-W and NW-SE direction. 

The simplified map of Fig.1 includes only the most active 

neotectonic faults whose length is exceeding 7-8 Km 

with a seismic potential of magnitude >5. The ENE-WSW 

to E-W neotectonic trend in western AItica between 

Korinthiakos and Saronikos gulfs is related to large 

earthquakes of magnitude 6,5 to 7, like those of 1981. 

On the contrary, the NW-SE neotectonic trend in eastern 

Attica, extending also along the western coast of the 

Southern Evoikos gulf i s  related to smaller earthquakes of 

M = 6.0 about 6, like the Oropos earthquake in 1938. 

the tectonic profiles of Fig.2 show the above alpine and 

neotectonic structure on both sides of the Athenian basin. 
Z 

2 3.The Earthquake of September 7, 7 999. 
The systematic survey of the area after the earthquake of September 7, 1999 and especially along the neotectonic 

faults together with the available seismological data from the Geodynamic Institute of the National Observatory 

lead to several conclusions which can be summarized as following: 

1. The seismic rupture of the main shock had a WNW-ESE direction with a dip of about 40 degrees towards SSW 

'The movement of the fault was normal, with subsidence of the SW block, which is located beneath the Saronikos 

Bay area. 'the above general fault geometry of the main shock was confirmed also by the distribution of the 

epicentres of the aftershocks, which delineate a rectangular frame shown on Fig.1 and Fig.4, below westem 

Parnitha Mt. 
F 

cc 2. The seismic fault was generated at a depth of about 15-20 Km, without surface rupture. The only minor seismic 
-z rupture was observed in the SW area of Parnitha Mt. to the NW of Phyli within the alpine basement, along several 
W 

hundreds metres with occurrence of linear significant rock falls in the adiacent areas. It is remarkable that this 
LL 

0 
seismic rupture has a WNW-ESE orientation, similar to that of the seismic fault at depth but an opposite dip 

towards NNE. All the rest ruptures that have been observed in the wide region did not correspond to seismic 
u .,' 
Z 

ruptures but to local fissures due to unstable soil slopes or cracks opened along previous rock discontinuities. 

3. The large neotectonic faults of the wide area were not activated even though precisely in the area of the 

epicentral zone a neotectonic fault of the same geometry as the seismic fault occurs.This fault runs parallel to the 

eastern boundary of Thriasio basin and is almost parallel to the seismic fault at depth with approximately 15 Km 
difference in elevation (Fig3 and 4). 

4.The damage distribution in relation to the geology and tectonics 

'the damage distribution shows a general NE-SW trend, which is  almost perpendicular to the direction of the WNW- 

ESE seismic zone of the 7.9.99 earthquake (Fig. 1,4 and also map of Marinos and co-workers). This particular trend 

follows the tectonic boundary between the metamorphic and non metamorphic rocks of the alpine basement of 

Attica, which runs along and beneath Kifisos River. this tectonic boundary together with the sub-parallel marginal 

faults of the Athenian basin running along the eastern slopes of Aegaleo and Parnitha Mts. have shaped the zones of 

major damage. 

The neogene marginal faults of the Athenian basin controlled the linear distribution of damage even in areas where 

they are covered by Quaternary slope breccias as in the area of Thrakomakedones, where young well constructed 

structures were severely affected by the earthquakes. 
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In general, the damage zones were mainly shaped 

passively by the NE-SW tectonic structures cutting through 

the Athenian basin from the area of Pireas up to the pass 

between Penteli and Parnitha Mts. and only secondarily by 

the energetic action of the WNW-ESE seismic fault that was 

activated at depth. It is remarkable that the seismic zone 

appears to end towards the ESE along the Kifisos River 

[Fig.l,4). thus, it seems that the seismic energy was reflected 

from the seismic zone along the NE-SW major alpine 

tectonic contact up to the surface in the area of Liossia, 

Menidi and Thrakomakedones. 

The role of the geological basement as foundation soil is 

important but not determinative, since in soils of similar 

quality we observe extreme differentiations of the degree of 

damage over constructions of similar quality. Nevertheless, it 

seems that only slight damage is observed in constructions 

built on alpine basement rocks. Significant differentiation of 

damage is observed also in areas with important changes in 

morphological slope. 

The general conclusion is that 

the damage distribution is a 

combination of several factors, 

besides the foundation soil, 

including the older tectonic 

structures and the geomor- 

phological discontinuities. 
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"XPHZH TEXNIKRN GIs KAI THAErlIZKOI'IHZHZ TIA TON ENTOIIIZMO PHEITENRN AOMRN: 
ENA IlAPAAElTMA TIA TO AYTIKO IlEPlORPlO THZ AEKANHZ TOY HPAKAEIOY KPHTHZ" 

KAPaAKHZ, I.*, BAZIAAKHZ, E.** & XANTZIOZ, Bmm 

Z T ~ V  ~pyaoia a u ~ f i  ~pqo~po-rro~ouwa~ TEXVIK~C Zua~qpa~wv ~ E W Y ~ ~ ~ ~ I K W V  ~hqpocpop~wv 
(zrn/GIs) Kal T q h ~ ~ r ~ o ~ o - r r q o r ~  OKOTTO TOV E V T O T T I ~ ~ O  TWV ~ Q ~ I Y E V W V  ~ O ~ W V  ITOU O ~ I O ~ E T O U V  

TO ~ U T I K O  T T E ~ I ~ W ~ I O  T ~ C  &upl?~&pq< h&Kavq< TOU Hpa~h~iou Kp ~ T Q S  0 EVTOTTIO~O< TWV pqely~vwv 
6ovwv ~ a i  q a-rrooacpjvloq ~ q <  K I V ~ ~ ~ T I K ~ ~ S  TOUS -rrai@~ p a o ~ ~ o  poho o ~ q v  ~a~avoqoq  TOU 

VEOTEKTOV~KOU KU~E(TTWTO< TTOU ETTT)PE~<EI TqV EUPUTEPT) TTEPIOX~~. 

H ~ p p q v ~ i a  TWV a~pocpw~oypacp~wv ~ A i v a ~ a <  1:30.000 ITOU a-rr~~~ovi<ouv ~ q v  -rr~p~oxfi, 
p0fieqoE OTqV K ~ T ~ O K E U ~ ~  (PWTOYEW~OYIKOU - TEKTOV~KOU )(apTq, EVW q &lT&e&pya~ia ~ J ~ ~ ~ I U K W V  

~OPU(POPIKWV EIKOVWV LANDSAT-TM I T ~ O O ~ ~ E ~ E  o ~ ~ C ~ V T I K ~ ~ ,  lTp00eETtl -rrhqpocpopia yla 
avayvWploq Kal A E T T T O ~ E ~ ~ ~  xap~oypacpqaq TWV p~yahwv pqe~y~vwv 60vwv. 

H X ~ ~ O ~ ~ O T ~ O ~ ~ C J ~  TWV Zrn Kal q E K C ( E T ~ ~ ~ € U O T )  TWV ~ U V U T O T ~ ~ T W V  TOU< 0 0 0 ~  acp0pa OTOV 

ouv6uaopo 61acpopwv E T T I T T ~ ~ W V  -rrhqpocpop~Wv, ITOU npo fiheav am6 ~ q v  &-rr&e&pyaoia 6~60vivwv 
T O ~ ~ W V  TUTWV, a& -rr~p~pahhov ARC/INFO, p0fieqoE aTqv Trapaywyfi OUV~ETWV EIKOVWV/)(~~TWV. 
H ahhayfi op~opivwv -rrapavi~pwv ~ a ~ a  ~ q v  616pKEla ~ q <  -rrapaywyfi< TWV EIKOVWV, E ~ X E  W< 

U T O T & ~ & O ~ U  ~ q v  ava6~1eq vopcpohoy~~wv x a p a ~ ~ q p l o ~ ~ ~ w v  -rrou ~ i v a ~  6ua~oho va ~rapa~qpq9ouv 
pE K~UOO~K&< p&e060~<. 

K U T ~  TqV 6ldrpK&la TOu u-rraieplou ~hiyxou iylv& ~ T ~ O T O T O ~ ~ O ~  TOU ~ E ~ U ~ U T E ~ O U  ~TOOO~TOU TWV 

~ ~ ~ I ~ E V W V  6opwv T O U  &ixav EVTOTTIOTE~ PE F E ~ O ~ O U <  Tqh~Trla~o~rqaq<, EVW iylvav O U O T ~ ~ ~ T ~ K ~ <  

TEKTOV~K~<  ~ & T ~ f i ( 3 & 1 <  KUl ~ ~ p a T q ~ f i o & l <  OTqV ~&plO)(fi v&hiT~<.  MET^ UTO ouv6uaovo OAWV TWV 

-rrapa-rravw 6&60pivwv, ~efix9qaav c r q p a v ~ ~ ~ a  oup-r~paova~a yla TI< (SX~OEI< V E T ~ ~ U  TWV 

~ T ) ~ I Y E V W V  6 0 ~ 1 0 ~  K U ~ W <  KUl yla TOV K I V T ) ~ ~ T I K O  TOU< ) ( ~ p ~ ~ T f i p ~ .  ria TqV OUYKEKPI~~VT)  l T & ~ l ~ ) ( f i  

&-rrloqvaiv&~a~ o xapa~~fipaq TQ< op~<ov~~a< 6~~1ompocpq< oAioeqoq< m a  pfiyva~a VE y ~ v l ~ f i  
~ I E U ~ U V O ~  B-N KUI 0 K ~ V O V ~ K O <  xapa~~fipa< TWV ptly@TWV v E  ~ I E U ~ U V O ~  A-A. 

H xpqo~vo-rroiqoq a~pocpw~oypacp~wv Kal ~ O ~ U ( P O ~ I K W V  EIKOVWV yla ~ q v  ~eaywyfi ~ E W ~ O ~ I K W V  

o u p - r ~ ~ a o v a ~ w v  ~ X E I  yiva -rrhiov a-rrapai~q~o K O ~ ~ ~ T I  OTIS y&whoy~~i< c ( E ~ ~ T E < ,  161a i~~pa o ~ a v  
a u ~ i c  ixouv va ~avouv VE vioq ~ h i v a ~ a  -rrapa~fipqoq<. r ~ w h o y o ~  ohwv TWV E I ~ I K O T ~ ~ T W V  TTOU 

~ O X O ~ O U V T ~ ~  v E  )(apTOypdrcpqCJq UTKIiepOU, U ~ O ~ E T O U V  ohoiva T U  T E X V O ~ O Y ~ K ~ ~  E T T ~ T E U ~ ~ ~ T ~  Tq< 
6 1 a a ~ q p ~ i <  -rrapa~fipqaq< w< aup-rrhqpwpa~~~o ~pyahdo an< -rrapa~qp ja&l< u-rraiepou. I61a i~~pa 
an< - r r~p~- r r~wa~~< o-rrou X ~ E I ~ < E T ~ I  xap~oypacpqaq v~yaAq< ~Aiva~a<,  01 napa~qp fia&l< mou ~ i v a ~  
~ U V U T O  va ~ p o ~ i r q ~ o u v  am6 ~ q v  v ~ h i ~ q  TWV avahoy~~wv fi ~ o h u  -rr&plaao~&po TWV qJqcp~a~wv 
~ O ~ U ~ ~ O ~ I K W V  EIKOVWV, v-rrop~i va a-rro6~1~900v ~ o h u  oqvavrl~i<. E ~ ~ ~ V & U O V T U <  6~ TI< qJ~)(~laKi< 
~ O ~ U ( P O ~ I K ~ <  EIKOVE< V E T ~  UTO ~a~drhhqhq &Tr&e&pya~ia EIKOV~<, 0 y&W&TrlOTfi~0V~< ~ X E I  TqV 
~ U V ~ T O T ~ T ~  Va 6 ~ 1  TqV ~&plO)(fi T O U  ~ E ~ E T ~ E I  UTO via 6la~OpETl~fi 0T I l lK f i  YWV~U, TOU EiVal CJiyOUpa 
~v61acpipouaa Kal auxva TOU 6 i v ~ 1  ~ q v  ~ u ~ a l p i a  va a - r r a v ~ j a ~ ~  a& ~ p w ~ j p a ~ a  r o u  6 ~ v  ixouv 
a-rrav~qed fi va 6qpoupy f i a ~ ~  via. 

nips a-rro ~ q v  ~ p p q v ~ i a  TWV EIKOVWV OE 6u0 61aa~aa&r<, q xpqalpo-rroiqaq TWV Ern  6 i v ~ 1  ~ q v  
6 u v a ~ o ~ q ~ a  ~~aaywyf i< ~ q <  ~ p i ~ q <  61aa~aaq<, q o-rroia K ~ V E I  ~ q v  61a61~aaia TQ< &ppqvda< ITIO 

-rrpoal.rfi aTov vq E I ~ I K E U ~ ~ V O ,  OE -rrapovo~~< TEXVIK~C, y ~ w ~ ~ ~ m f i v o v a .  Z T ~ V  ~apoiraa ~pyaaia 
y i v ~ ~ a ~  -rrpoa-rrae~~a auv6uaavou TWV 6iro TEXVIKWV ~-rr~e~pyaaia<, VE 0~6x0 TOV ~ w o r l a v o  

' ~p r ~ ~ h o y o < ,  I~~ORJTCI~EVO< Ynqp~uia< EcpappoyiLIv TqA~n~u~onquq<,  I ~ E ,  MEUO~E~WV 70,1 I 527 ABjva, yetigme@otenet.gr 
'̂  MSG Auvapl~j,  TEKTOVIK~ & Eq. r~whoyia, Ilavlp~o ABqvOv, Tp jpa r&whoyia<, Ilavlnohq Zwypacpou, 15784 A0 jva, 
~?ssilakis@geol.uoa.gr 

METUAAEIOAO~O( Mqxav~~o<, Iuv&pya~q< Ynqp&u[a< EqappoyiLlv Tqh~nlu~onquq~,  lrME 



pQ<ly&vwv bopwv o ~ o  ~ U T I K O  T T E ~ I ~ W ~ I O  TQ< h&KavQ< TOU Hpa~h~iou,  ahha Kal TQV aTrooacpivQo~ 
TOU K I V Q ~ ~ T I K O U  TOU< XapaKTfipa TplV TQV T E A I K ~ ~  &TTIP&P~/wuQ OTqV filTalep0. 

TEfMOTIA - TEKTONIKH 

H Tr&plO)(fi TTOU ~ E ~ E T ~ ~ ~ Q K E  ~ T T O T E ~ E ~  TO ~ U T I K O  K ~ ~ O T T E ~ O  Tq< h&KaVQ< TOU Hpa~Aciou. 01 
ahTrlKoi oxqva~lovoi TTOU ~ q v  ouvei~ouv avfi~ouv art< EVOTQTE< rappopou, Mavqq, Apvaq Kal 
ApPqq, v& TQV vopcpfi TTOU a u ~ i q  ~vcpavyov~al ~ T Q V  Kpf i~q Kal aTro~&hofiv TO YEW~OYIKO u-rropaepo 
TQ< lT&plO)(fi< v&h&Tq<. 

H E V O T Q T ~  rappopo~ ~vcpavi<~~al FE vipoq ~ q <  avepa~l~f iq  T ~ C  o&lpa< C(E QhlKia loupaoo~~o - 
K~T)TI~IKO (Papanikolaou D., 1988). H ~ V T O V ~  K ~ ~ ~ T I K o T T o ~ Q C T Q  Kal 01 Kupl&< ~ I E U ~ U V O & I <  

61appfit~wv (B-N & A-A) TTOU -rrapouo~a<ouv 01 aop~urohleo~ au~o i  &ival Kal 01 ~ T ) ~ ~ V T I K O T & ~ O I  

h0y01 blacpuyfiq TWV U T O ~ & ~ W V  U ~ ~ T W V ,  KlJpiW< TpO< TI< ~ K T & <  TOU K~QTIKOU ~ E ~ ~ Y O U <  (Ahvup0<, 
Mrahi K~T.) .  H E V O T Q T ~  Tq< Mavqq ~ X E I  p l~p f i  & ~ ( ~ ~ v I o Q  m a  ~ U T I K ~  TQ< l T & ~ l ~ ~ f i <  p& 
~ & ~ T T o o T ~ w ~ ~ T w ~ & I <  ao~&o~~hleOU< Kal K E ~ ~ T O ~ I ~ ~ K ~ <  E V ~ ~ ~ O T ~ W O E I < .  A K O ~ ~  &~(~~v~<ovTCXI  01 

0~10hle0l TQ< &VOTT)T~<  Tq< ApPQ< v& TQV p0pqfi a~ ro~ovw~6vwv  ~ ~ K W V .  
TO v&yah~~&po vip0< TQ< lT&ploxfi< nou p&h&TfieqK& ~ T T O T E ~ E ~ T ~ ~  alT0 N&oy&v&i< OXT)~(TTIO~OU< 

TTOU &vcpaVi<ov~al vahlma o& apK&Ta v&yaha U W O ~ E T ~ ~  (800~.  oTOV Kpouowva) Kal KahfilTTOuv, 
Tr~eavo~a~a, Ta a v e p a ~ l ~ a  l<fiva~a TQ< E V O T Q T ~ <  TQ< Tpi~ohq< Ta oroia &-rrav&vcpavi<ov~a~ aro 
opoq T~of ix~a oTa a v a ~ o h ~ ~ a  (Papanikolaou D., 1988). 

MEOOAOAOrlA TIA EIlEEEPrAZIA KAI ANMYZH Tf2N AEAOMENf2N THAEfllZKOflHZHZ 

H ~ E A ~ T Q  TQ< T T E ~ I O X ~ ~ <  i y l v ~  OE T T ~ W T Q  cpaoq a-rro 60pucpopi~i< EIKOVE< SPOT-XS p~ 
6 l a ~ ~ l T l ~ f i  I K C ~ V O T ~ T C ~  20 v&Tpa KaI LANDSAT-TM v& 6laKplTlKfi I K C ~ V O T Q T ~  30 v6Tpa Kaew< KaI an6 
a&pocpw~oypacpi&< ~ h i v a ~ a q  1 :33.000. 

H E I K O V ~  SPOT (EIKOV~ la)  ~pQolvOTTOlfieQK& yla TQV v&yahfiT&f3~) ~ ~ ~ K ~ I T I K O T Q T ~  TTOU ix&l EVW 

Q LANDSAT-TM yla TQV rohucpaopa~~~fi TQ< .rrhqpocpopqoq. H ~apahhqhq rapa~fipqoq TWV 6uo 
~OPU(POPIKWV O U O T T ] ~ ~ T W V  a-rrahdcp~~ vixpl Paev0 Ta ~ & l O ~ & ~ ~ f i ~ a T a  TOU &VO< v& Ta 
T r h & O ~ & ~ ~ f i ~ a ~ a  TOU ahhou ouurfiva~o< (Astaras Th., 1989, Astaras Th., 1991). 'ETOI Q ~ I K ~ O T E ~ Q  

~ ~ ~ K ~ I T I K O T Q T C ~  TOU ouurfiva~o< LANDSAT-TM & V I ~ X U & T ~ I  an6 TQV E I K O V ~  SPOT, EVW Ta &ma 
~avahla TQ< E I K O V ~ ~  LANDSAT-TM 6ivouv TTE~IOOOTE~E< &Trlhoyi< OTQV q~~u6iyxpwvq 
rapouoiaoq TWV 6~60vivwv Kal ~taywyf i  xpfio~vwv ouvn~paova~wv yla TI< &~l (pav&la~i< 
~vcpavio~lq TWV y~whoy l~wv oxqpa~lopwv Kal TOV p ~ t ~ y ~ v f i  I ~ T O  TQ< a-rro~u-rrouv&vq< -rr&p~oxfi<. H 
6uva~o;~ra rrou 6ivouv 01 rrohhoi ouv6uaovoi ~avahlhv Kal cpuo~na Q ylqcp~anfi ~ m t ~ p y a o i a  
(Mather P., 1989) Twv EIKOVWV yia Tqv P&hTiwoQ TOU O ~ I K O U  ~ T T O T E ~ ~ O ~ ~ T O <  (X~T)UI~OTTOIWVT~< 
TO AOYIO~IKO ERDAS - Imagine), ~ ~ E U K O ~ U V E I  TQV Tr~pal~ipw ~ p v q v ~ i a  TWV 60pucpop1~wv EIKOVWV. 

ZTQV q ~ ~ u 6 i y x p w p ~  E I K O V ~  LANDSAT-TM v& ouv6uaovo KavahlwV 6,3,2 (R,G,B) (EIKOV~ 1 P) 
01 yupvoi a v e p a ~ l ~ o i  oxqparlovoi ixouv -rrap&l yaha<lo xpwpa Kal ~ i v a l  ~pcpavfic q a v ~ i e ~ o q  TTOU 

T T C ~ ~ O U U ~ ~ < O U V  FE TOU< ( P U T O K ~ ~ U ~ ~ ~ V O U <  ~&TahlTlK0~< O X Q ~ C ~ T I O ~ O U <  01 OTTO~OI ~ X O U V  T T ~ ~ E I  

KOKKIVWTTO xpbpa. 01 Ocpl0hleOi ~ X O U V  v l ~ p f i  & ~ ( P ~ V I O T )  Kal ~ E V  ~ V ~ ~ E I K V U O V T ~ ~  Kaha OTQV E I K O V ~  

alJTfi E~TE h0yW Tq< xavqhfiq ~ ~ C ~ K P I T I K O T Q T C ~ <  E ~ T E  h0yW TOU O U Y K E K ~ ~ ~ ~ V O U  ouv6uao~ou Kavahl~v. 
A v T ~ ~ E T ~ ,  PE TOV O U Y K E K P I ~ ~ V O  ouv6uaovo &iVai &pcpaVfi< Q lTap6KTla EK(POPTIOT) OTQV TT&~lo)(fi TOU 

AApupofi ~ a e w q  xpqo~po-rro~wvra< TO ~ a v a h ~  6 (KOKKIVO) yivov~a~ &pcpav&i< 01 61acpopiq 
B~ppo~paoia<, i d la i~~pa  art< U ~ ~ T I V & <  va<q (Barret & Curtis, 1992). 'ETOI TO VEPO TTOU 

EK(PO~~T~<ETQI am0 TT) ~ a p o ~ l ~ f i  ~ Q y f i  TOu A ~ ~ u ~ o u  Kal ~ ) ( o v T ~ <  W< ~VWOTOV v&yahfiT&pQ 
B~ppo~paoia an6 TQV eahaooa, 6qv1oupy~i a u ~ f i  ~ q v  av~iesoq ( ~ Q ~ E I W V E T ~ I  p& TO Pihoq). 





Ztq ~OPU(POPIK~~ E I K ~ V ~  SPOT-XS ~pqotporro~fieq~r o ouv6uaop& 3,2,1 (R,G,B) TOU 
mrr~ov i<r~ to rrpaypat~~o xpbpa rrou t x r ~  q rrrp~oxfi ~o l tbwaq tq am5 yrqAd. Z~orroq tqq 
X ~ ~ U I ~ O T O ~ ~ U ~ ~  TQq rraparrdvu ~ q c p l a ~ f i ~  &lKbva< fitav q KaAut&pq 6 l a ~ p l t l ~ 0 t ~ t a  TOU 

rrpwcptpna~ arro to o u y ~ r ~ p ~ p t v o  ~O~U(PO~IKO ouurqpa pr mo~tAropa va urrdptrl pqaAutrpq 
a~p ip r~a  urov 61axup1opd tuv A10oAoy1~bv ~ ~ q p m ~ o p b v  Kal va rwo~~~urouv  a~p~pturrpa ta  
oqpria yruAoy1~06 rrpo$Aqpm~opou yla rrrpa~ttpw prhitq Kal urraiepla rrrio~ryrq. 

Xpqolpo-rrolbwaq ra ouprrrpaopma m o  tqv rrapcrrfipqoq TWV rraparrdnrw 6opucpop1~Qv 
EIKOVUV, rv~oxupiva m d  tqv u r r p r w ~ o r r ~ ~ f i  rrapcrrfipqoq ~ w v  arpocpwtoypacp~bv, ouwdxBq~r 
cputoyrwAoy~~& xaptqq (r l~dva 2). I61aitrpa ~ a p a ~ ~ q p ~ u r ~ ~ t q  rival 01 ypappbr~q rrou 
rrapmqpfieq~av Kal oqpr1&0q~av urov rraparrdnru xaptq. Z T ~  o u y ~ r ~ p ~ p t v q  rr rp imwq 6 ~ 0 u  
~pqorporrolfieq~av &6optva prydrAqq 6la~pm~r/S ~~avdtqtaq, 01 aouvkx~~~q  rrou rworriurq~av 
txouv pryuq a~p ip r~a  ooov acpopd urov ~ Q p o  Kal aw~uro~xouv &it& or pqypara, ritr or r6cicpl~tq 
61appfitrlq~ fi or 61acpopa dAAa cpalvoprva Kalhptq ypappl~ou xapa~tfipa. 01 rrr~cpavr~a~iq aurtq 
ypappbr~q &A&eqKav pr rpyaoirq urraiepou Kal acpori 61axupiurq~av and auttq rrou 
~W~UTO~XOUUCXV UE pq TEKTOVIK~~ (@WK~C EP., 1 990), &~oCOpatbeqKa~ UTOV ~ U T O ~ E U ~ O ~ ~ K O  

X ~ P T Q .  
YIlWNHMA 
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I& ~ E U T E ~ Q  cp6o~ K ~ ~ ~ Q K E  UVU~KU~O VU ~ ~ ~ ~ o ~ T o ~ ~ ~ o u v  TU TOlTOyp~~l~a 6~6opiva Kal 
6qv1oupyqeouv a v u o p a ~ ~ ~ o i  x ~ ~ T E < ,  yla va y i v ~ l  ITIO h&-rr~ov~pfi< q p6hiTq TQ< -rr~ploxfi< Kal yla va 
~ U V ~ U ~ ~ T O ~ V ,  p-rraivov~a< a& ~o lv f i  paoq 6~60pivwv oha Ta molx~ ia  ITOU ixouv ouhh~x8~i.  01 
X ~ ~ T E <  -rrou xpqo~vo-rrorfieq~av oav -rrqyfi -rrhqpocpop~Wv ~ i v a ~  01 ~o-rroypacpl~oi x a p ~ q  1 :50.000 
~ q <  TYZ Kal ITIO a u y ~ ~ ~ p ~ p i v a  Ta cpOhha xap~q Hpa~h&iou, Avwy~iwv, Tup-rra~iou Kal E-rravw 
Apxavwv. H 1oo61ao~aoq ITOU xpqolpo-rro~ f i e q ~ ~  f i~av  40m, q o-rroia e ~ w p f i e q ~ ~  I K ~ V O T T O I ~ T I K ~ ~  yla 
-rqv ~ h i p a ~ a  -rrou p a o i m q ~ ~  q ~pyaoia Kal TI< 161a i~~pa  p&yah&< ~ I ~ K U ~ ~ V O & I <  m o  avayhucpo ~ q <  
-rr&ploxi<. Ta -rrapa-rravw cpuhha ~ a h h r ~ o u v  TO ~ U T I K O  ~paonE60 TQ< h&Kavq< TOU Hpa~h~iou. 

H avahoyl~fi -rrhqpocpopia au~wv TWV xap~wv (loouqJEi< ~a~Truh&<, 061~0 Kal ~6pOypacpl~0 
~ ~ K T U O )  ~ E T C X T ~ ~ T T Q K E  OE v~)(~lClKfi. H ~ ( 6 T C l T ~ 0 l T f i  CllJTfi &VIVE C(E 'rq ) ( ~ f i o ~  oapw~fi  (scanner) Kal vE 

~q xpfioq q~qcp~o-rro~q~fi (digitizer). Ta vqcp~a~a 6~60piva TOU -rrapayov~a~ FE TQ oapwoq ~ i v a ~  o~ 
-rr~va~o-rro~rlp&vq 6opfi (raster) xwpic y~wypacpl~fi -rrhqpocpopia Trapdr povo -rrhqpocpopia yla ~ q v  
TIpfi TOU KC%& pixel (ouvfiewc O fi I ) .  ME TT) )(P~~(sT) TOU hoylop~~olj T T ~ K ~ T O U  CADCORE 
p ~ ~ a ~ p a - r r q ~ a v  o~ avuopar~~f i  vopcpfi (vector) Kal ~ r p o o ~ i e q ~ ~  rl y~wypacp~~fi  Trhqpocpopia (mq 
lT&piTrTwoq TWV I~OUL#WV, 01 O~~<OVTIE< (SUVTETUYC(~VE< TOU< KUl TO U ~ O ~ E T P O ) .  

H 6 1 ~ 6 l ~ ~ o i ~  fiTaV U ~ K E T ~ ~  X ~ O V O ~ O ~ ~  h0yw Tq< ) (p~~ lpO lTOi~o~<  ~IU(PO~ETIKWV ~OVIOC(IKWV 

ITOU av-r~p&~W-rrl<av -rrpophfipa~a ouppa~o~q~a<  ahha Kal TOU iv~ovou popcpohoy~~ou avayhucpou 
ITOU ix61 q ~ r ~ p ~ o x f i  p ~ h i ~ q c .  TO apx~io TWV ~oouq~wv E I ~ ~ ~ E T ~ I  yla &-rr~<&pyaoia oTo h o y ~ o v ~ ~ o  
ARCIINFO. 

E T ~ V  ~ U V ~ X E I Q  paoq ~ U T O  TO apx~io 6qploupy~i~a1, FE T ~ I  xpfioq TOU module GRID, i va  
W Q ~ ~ I U K O  Mov-rtho Avayhucpou (WMA fi DEM). ME TO DEM K ~ ~ ~ ~ T T E T ~ ~  0h6~hqpq q T E ~ I O X ~ ~  TOU 

xap~q aIT0 i va  6161ama~o ~avapo (grid), OTIS K O ~ U ( P ~ <  TOU 0Troiou ~a~aypdrcp~~al q ~ l p f i  TOU 

uvovi~pou. TO DEM ~ i v a l  6qha6i pla ao-rrpopaupq 61o61ama~q E I K O V ~  p& oh&< TI< E V ~ I ~ ~ E ( S E <  

61apaepio&l< TOU y ~ p ~ ,  avahoya p~ TO U ~ J O ~ E T ~ O  TOU o r~p~ iou TTOU ~TTEIKOV~<ET~I. H -rrapayop~vq 
Trhqpocpopia ~ i v a ~  oqpav-r~~fi yla ~ q v  ~<aywyfi ouv-rr~paova~wv ITOU acpopouv TO ~ O ~ ~ ~ O T E K T O V I K O  

K ~ ~ E ~ T W <  TQ< T T E ~ I O X ~ ~ <  EVW cpaivov~a~ ~aeapa -rrohu oqpav-r~~a y~wpopcpohoy~~a o ~ o l x ~ i a  
(~6pOypacpl~0 ~ ~ K T U O ,  h&Kav&< aTrOppOfi<, avayhucpo, KhlT.). Ta pixels C(E C(IK@< ~ ~ ( p l a ~ i <  T l ~ i <  

( p a e u ~ ~ p o ~  TOVOI TOU YK~I) ~ T T E I K O V ~ O U V  -rr~p~oxi< xapqhou uvopi~pou, EVW a v ~ i e ~ ~ a  a u ~ a  
C(EY~AE< ~~cp laK i<  TI& UTTEIKOV~<OUV T T E ~ I O X ~ <  pE ~ E ~ U ~ U T E ~ U ,  (SXETIK~, U ~ O C ( E T ~ U .  

 MET^ an6 ~ ~ r ~ e ~ p y a o i a  TOU DEM 6qp10upyQeq~~ o xap~qc o~~aop ivou  avayhljcpou (EIKOV~ 3). 
0 ~ T ~ v o ~ ~ ~ I K o <  )(apT~< ~ K ~ ~ ~ ~ & v o u  avayhucpou EiVal O U O ~ ~ ~ T ~ K ~  q C I ~ T E ~ K O V ~ ~ ~  Tq< T P ~ T ~ <  

61amaaq< FE TQV xpqo~vo-rroiqoq ~ J E U T I K ~ C  ~ ~ W T E I V ~ ~ <  -rrqyfi< ITOU u-rro~aelo~a TOV fih~o. To 
piy~Bo< ~qc;  KUqJihq< (cell) TOU ~avapou ~ i v a l  20 p i ~ p a .  H Bioq TQ< (PWTEIV~~< nqyfi< ~ iva l :  
0pl<0Vfb ~ W V ~ U  315", K ~ T ~ K O ~ U ~ ~  ~ W V ~ U  35". 0 (JUVT&~E(ST~~< v~yieuvoq< W< lTPO< TqV 
K ~ T ~ K O ~ U ~ O  EiVal 2 Kal UUTO X ~ ~ ~ I ~ E U E ~  OTqV K U ~ U T E ~ ~ T )  ava6~1cq TOU avayhucpou. 
IE EITO~EVO ma610 - r r a p a ~ B q ~ ~  ivac npoom1~6(; xap~qc o~laopivou avayhucpou (EIKOV~ 4) o 

o-rroio< TT~OKUTTTEI TQ xpfiaq TWV modules ARCPLOT Kal GRID. To DEM xpqa~pono l~ i~a~ yla TQ 

6qploupyia TOu T~OOTTI KOU Kal oTq o u v i x ~ ~ a  yivEral E T T I K ~ I ~ U ~ T )  vE TO x ~ I ~ T T )  (SKIUU~&VOU 

avayhucpou Kal p& Ta pfiypa~a nou ~ X O U V  xap~oypacpqB~i WE TI(; p~eObou(; r o u  avacp&peq~av 
npoqyoupivw<. Eiva~ nohu ~vcpavfiq q pqc~y~vfi< <wvq opl<ov~~a< ohioeqoq< 61~ueuvoq< B-IV, m o  
p o p ~ ~ o  a ~ p o  ~ q <  o-rroia< ~ i 6 a p ~  oTqv E I K O V ~  LANDSAT T ~ V  e ~ p p ~ ~ f i  avwpahia Kal r o u  av-r lo~o~x~i 
OTU VEp6 TQ< Kap~TlKfi< n ~ y f i <  TOU A ~ ~ u ~ o u .  

Tihoc ac~o-rro~wv-ra< oha Ta 6~60viva -rrou ~~afixeqoav m o  r~wypacp~~o Euo~qpa 
nhqpocpop~wv -rrapaxBq~~ ivac iyxpwpoq xap~qc o~~aop ivou  avayhucpou (EIKOV~ 5). 0 iyxpw~oq 
xap~qc o~~aop ivou  avayhucpou ~ i v a ~  pia auve~oq TOU ~ ~ W T O ~ E W ~ O ~ I K O U  xap~q (EIKOV~ 2) Kal TOU 

o~~aop ivou  avayhucpou TQ< n~p~ox f i<  (EIKOVQ 3) Kal npaypa~o-rro~f ieq~~ TQ xpfiaq TOU module 
GRID Kal TOU x p w p a ~ ~ ~ o u  vov~ihou HSV (Hue, Saturation, Value). 01 ~ l p i <  TOU Hue Kal TOU 

Saturation npo~un~ouv  an6 TO y~whoy1~6  xap~q, Kal 01 T I ~ ~ S  TOU Value an6 TO o ~ ~ a a p i v o  
avdryhucpo. To piy~Bo< ~ q <  KU~JU~< TOU ~avapou Kal OE ~ U T O  TO xap~q ~ i v a ~  20 p i ~ p a .   IT^ 
~ U V ~ E T I K ~ ~  CIlJTfi EIKOVC~ ~ ~ V E T U I  ouv6uaovo< Tq< y&~ho~lKf i<  KUl TQ< Y E W ~ O ~ ( P O ~ O ~ I K ~ ~ <  

nhqpocpopia< nou i x ~ l  w< a n o ~ i h ~ a p a  ~ q v  ~ a h u ~ ~ p q  ~a~avoqoq  TOU pohou TWV y ~ w h o y ~ ~ w v  
oxqva~lapwv mqv vopcpoyiv~aq Kal TI< ~vahhayi< TOU avayhucpou. 



EIK.~. Xap~qq o ~ ~ a o p i v o u  avayhutpou HOU ~ p o i ~ u y r c  a r b  TO DEM ~ q q  rrcp~oxrjq pdhqq. H 
qrw~avj  r q y j  p p i o ~ c ~ a l  or; opl<bwla ywvb 315O, ywvia ~pborrrwoq< TUV a~r ivwv 35O, cvQ TO 





EIK.~. 'Ey~pwpoq xaprqq a~~aap&vou ~ V ~ ~ ~ U Q O U ( ~ ~ U I K O  &.rri.rr&60 .rrhqpoqopiaq)a& auve&aq p& rov 
~ . .. . . . -. 

q w r o y ~ w ~ o y ~ ~ o  xaprt--  ~voq ~rpjparoq rqq .rr&ploxjq (~EUTEPO &~ri~r&60 .rrhqpoqopiaq).rrou 
.rrpayparo.rro~jeq~~ p~ ~q xpjaq rou module GRID Kal rou xpwpar~~ou povrihou HSV (Hue, 
Saturation, Value). 



XYNAYAXMOX THAErlIXKOI'IHXHX - GIs - EPMHNEIA ~ ~ P O I O N T ~ ~ N  

 MET^ arro ~ q v  ~ r r ~ < ~ p y a o i a  TWV rrpo'iov~wv rrou rrpoi~uqJav arro TI< rraparravw 6 1 ~ p y a o i ~ ~  Kal 
~ U V ~ U ~ < O V T U <  Ta v ia  6~6opiva rrou rrpo~urr~ouv arro TI< TEXVIK~S a u ~ i <  p& TI< urraiepl&<, 
Khao~lKi< lTapaTtl~fio~l< &ylV& t l  Y E W ~ O Y I K ~ ~  E ~ ~ ~ v E ~ C I  Tq< TTEPIOX~~<. 

' E T ~ I  E V T O ~ ~ C J T ~ K Q V  600 K U ~ I E S  ~ I E U @ U V ~ E I <  P ~ Y ~ U T W V  pla B-N pE ~ E < ~ O O T ~ O ( P ~  O~I<OVTIQ 

ohioeqoq T O U  E ~ ~ Y X E I  TO ~ U T I K O  Kpa(~~E60 Tq< ~ E K U V ~ <  Kal pla pE ~ I E U ~ U V ~ ~  A-A rrou 'rqv 
ar ro~~hol jv  ~ a v o v ~ ~ a  pfiypa~a rrou ~rrqp~a<ouv 0x1 povo TO urropaepo ahha Kal Ta V E O T E ~ U  ~<r'lpa~a. 
H ~ l l l p~pa iwoq  Tq< 6&<16o~p0cpq< ~ivqoq< Tq< lTphTq< pq<ly&V06< <wv~< ,  EKTO< TWV ( S I Y ~ O E I ~ W V  

p0pcpwv T O U  ~ T U ~ ~ V O U V  01 K U ~ I O I  ~ha601 TWV PE~UTWV l l O U  P ~ ~ ~ K O V T U ~  KOVTU CJTq < W V ~  Kal E~VUI 

161a i~~pa  ~pcpav~is ~ O ~ U < P O ~ I K E <  EIKOVES TWV 600 ouo~qpa~wv,  i y ~ v ~  Kal p~ urraiep~a 
TTapa~fipqoq. 01 TTplCJpaTlKOi ~p~oTahh01 l l O U  P ~ E ~ ~ K u v ,  U V U ~ T U ~ ~ O V T U ~  E ~ T E  6qploupywv~a< i va  
TOTTIKO ~ ~ P E ~ T I T I K O  ~rrixplopa, E ~ T E  oxqpa~i<ov~a< paP6woq rrapahhqha p~ TI< ypapp&< ohioeqoq< 
(El~ova 6). Errioqs 6 l a ~ p i V ~ ~ a l  q 61appq<q TWV ~puo~ahhwv au~wv  oxqpaTi<ovTa< iva ~OVTI, TO 

orroio ~AETTEI  rrpos ~ q v  rrh~upa rrou K I V ~ ~ ~ ~ K E  TO ~ ipaxo< rrou h&irr&l (rrpos Ta ap lo~~pa ) .  
H ~ X E T I K ~ ~  ~ i vqoq  rrou r r ~ p ~ y p a c p q ~ ~  rraparravw, i 6 w o ~  r r ~ e a v o ~ a ~ a  ~ q v  T O < W T ~ ~  popqfi rrou 

~ X O U V  01 KUPIOI ~ha601 TWV TTOTU~WV ITOU ~ ~ O U V  KOVTU (ST0 ~ U T I K O  K ~ U ( S T T E ~ O  Tq< A E K ~ v ~ ~ <  TOU 

Hpa~h~ iou .  'E~al  ~ T T O K ~ ~ U T T T E T U I  Kal pE U U T ~  Tq pie060 l'l ~ E < I O O T ~ O ( ~ ~  KiVI' larl Tq< O~&lvfi< pdr<a< 
lTOU PP~~KETUI  ~ U T I K U  Kal K ~ V E ~ T U ~  TTPO< T U  POPEIU oE ox&oq pE TqV ClVCl~Ohl~fi, 1 ~ ~ 6 1 v f i  W< E T ~  TO 

IThEi~TOV, ~TEPIOX~~. 

EIK. 6. @w~oypacpia arro T ~ V  K U T O T T T ~ I K ~ ~  ~ r r ~ c p a v ~ ~ a  ~ q <  pq<~y~vou< <wvq< rrou r r ~ p ~ y p a c p ~ ~ a ~  o ~ o  
KE/~EVO. Ala~piV~~Cl l  l'l aVdrTT~u<tl ~ T ~ ~ C T ~ U T I K W V  K ~ U ~ T U ~ ~ W V  u ~ P E ~ T ~ T ~  TTOU ~ ~ ~ I O U P Y O U V  E ~ T E  pla 
TOlTlKfi K ~ O U ~ T U  (1) E ~ T E  paP6woq (2), rrapahhqha pE TI< ~ ~ a p p i <  ohioeqaq< (3). Er r ioq~  
6la~piV~~Cll q616ppq<q TWv Kpuo~drhhwV ~ U T W V  ~ X ~ ~ ~ T ~ O V T U <  EVCI ~OVTI, TO 0lT0i0 PAirr~l TpO< Tqv 



An6 Ta napanavw U T O I X E ~ ~  ~ U V ~ K E  ~aeapa OTI Ta 6~6optva T q h ~ n ~ o ~ o n r o q ~  (A/@, 
~OPU(POPIKE< EIKOVE<) U E  a ~ ~ 6 ~ a a p o  p& TI< ~UVUTOTT)TE< T O U  ~ ~ ~ O O ( P & P O U V  TU ~ O V I O ~ I K U  n a ~ i ~ a  
GIs, pnopoliv va oup~aAAouv o ~ q v  &nihuoq npophqpd~wv rrou UXET~<OVTU~ pE Tqv y~whoyr~ f l  
E ~ E U V U  Kal TqV K U ~ U T E P ~  K ~ T ~ V O ~ U ~  TOU TEKTOV~KOU K ~ ~ & U T W T O <  plU< lT&ploxfi<, ~ E ~ & T W V T U <  Tqv a& 
n p w ~ q  cpaaq, ac ~ A i p a ~ a  onou civa~ o p a ~ i s  pryah&< 6op.C~. 

Ka~ahtjyov~a<, t l  opclvfi pa<a rrou O P ~ O ~ E T E ~  TO 6 ~ ~ 1 ~ 0  K P U O ~ E ~ O  TT)< ~ E K U V ~ <  TOU HpaKh&iou 
cpaiv~~a~, an6 oaa cinapc naparravw cpaiv~~ar va KIVE~T~I,  UXETIK~, r r p o ~  Ta P o p ~ ~ a  p~ ~au~oxpovq  
~ V U I # W O ~  a& oxtaq p& TI)V ~ E K ~ V T I  TOU Hpa~A&iou. 
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