
GEOLOGICA BALCANICA, 32.2-4, Sofia, Decemb. 2002, p. 199-208 

Intensities distribution and parameters controlling 
their geographic differentiation during 
the earthquakes of Izmit and Diizce (Turkey 1999) 

E. L. Lekkas 

Department of Geology, University of Athens, 
Panepistimioupoli, Athens 15784, Greece, E-mail: elekkas@geol. uoa.gr 

E. E. JleKKac - PacnpeoeAe11ue uHmeHCU81Wcmeu u 
napaMempbl, K011mpoAupyiOU/Ue ux zeozparfju'lecKoe 
paJMeUjeuue 80 8peMJI JeMAempRceHuu 8 zopooax 
lfJMUm u /(103'1e (TYPZIUJI, 1999 2). B 1999 ro.ay (J7·oro 
aarycTa 11 J2·oro HO.Rfip.R ) OfiWHpHble TeppHTOpl111 K 
10103 OT CTaM6yna (paiiOHbl ropo.aoa .Rnoaa, non'lyK, 
HJMI1T, Ao.anaJapbt, )],IOJ'Ie, KaiiHa3Jibi 11 Bony-TypUH.R) 
ObiJIH oxaa'!eHbl .llBYM.R ceiicM~-t'leCKI1MI1 y.aapaMH 
~tarHI1Ty.llOH B M =7,4 11 M =7.1 COOTBeTCTBeHHO. 3TH 
eiicMH'IeCKI1e co6biTH.R CBRJaHbi c peaKTHaau11eii .aayx 
oce.aHHX cerMeHTOB CeaepoaHaTOllHHCKOH paJnOMHOH 

30Hbl - KpynHOH BOCTOK-Jana,llHOH npaaoe .llBI1fOBOH 
CTpyKTypbt, npoxo.a.Rmeii 'lepeJ TypUHIO. B peJynhTaTe 
Je:-.weTp.RCeHHH Ha npOT.R)I(eHHH no MeHbWeH Mepe 
I SO km o6paJOBMI1Cb paJpbiBHbiC HapyweHI1.R. 0HH 
-onpOBO)I(.llanHCb oce.aaHH.RMH, o6paJoBaHHeM TPCIUHH a 
fiO'IBe, .RBJieHHliMH JIHKBH!j>eKUHH, OOOJIJH.RMH, UyHaMH H 
norpy)l(eHHeM. B o6o11x cny'laRX paJpyweHHR npHypo
'ICHbi fJlaBHbiM o6pa30M K BOCTOK-33 na.llHOH 30He ,llm!HOH 
3 180 km H WHpHHOH B HeCKOJJbKO km. PaJpyweHH.R H 
ilHTeHCHBHOCTb JeMJieTp.RCeHHH Bbi'IHCJieHbl no .llBYM 
UJKanaM: no EMS

1992 
11 no aKTyaJIHJHpoaaHHOH EMS 

\1aKCHMaJihHble HHTHHCI1BHOCTH npHfiJIH)I(aJIHCb K Xff 
.l-lll o6e11x JeMeneTpeceHHH. KapTbl HHTeHCHBHOcTeii 
:JOKaJbiBaiOT Y.llJIHHeHHll, KOTOpblC COOTBeTCTBYIOT npO
:THpaHHliM ceHCMH'ICCKHX paJJIOMOB c noKaJibHbiMH aa
pHaUHliMH, o6yCJ10BJ1CHHbiMH reOMeTpH'ICCKHMH oco6e
:iHOCT.IIMH H KHHeMaTHKOH HCKOTOpblX pa3JIOMOB. MecTa
~IH 11HTeHCHBHOCTH 6biJ111 3Ha'IJHeJibHO yCHJieHbl HaJIO-
·eHHCM conyTCTBYIOillliX reO,llH HaMI1'1eCK11X .RBJICHHH. 

BbtCOK11C HHTCHCHBHOCTH 6btlll1 YCTaHOBJICHbl 11 B y.a
.l ltHeHHOH JnHUCHTp aJibHOH 30HC, r.ae OHI1 CO'IeTaJIHCb C 
TaKHMI1 !j>aKTOpaMH, KaK nOBTOplleMOCTb 3CMJieTpliCe
HHH, JIOKaJibHOC MeCTOnOJIO)I(eHHe ,llaHHblX 06oeKTOB, 
THnbt KOHCTPYKUHH. B JaKmo'leHHe - HHTCHCHBHOCTH 
::JOKaJb!BaiOT 3KCnOTeHUHMbHOe paJBHTHe Ha TeX y'!a-
TKaX, f.llC KOHCTpyKUH11 nonanH OOCJIC.llOBaTeJIHO nO.ll 

303.llCHCHie o6e11X 3eMJICTp.RCeHHH. 

Abstract. On 17th August and 12th November 1999 the 
wider area of Yalova, Golcilk, Izmit, Adapazari, DUzce, 
Kaynasli and Bolu, to the south-southeast of Istanbul 
(Turkey) was hit by two seismic shocks with magnitude 
MW = 7.4 and MW = 7.1 , respectively. The two events are 
attributed to reactivation of two adjacent segments of the 
North Anatolian Fault Zone, a major E-W right-lateral 
strike-slip fault zone that runs across Turkey. The earth
quakes produced surface ruptures over a distance of at 
least 150 km, as well as settlement, soil fissures, liquefac
tion, landslides, tsunamis and subsidence. In both cases, 
the damage distributed was mainly along anE-W aligned 
zone more than 180 km long and a few km wide. Damage 
and intensity evaluation followed the EMSJ

992 
and the up

dated EMS s. scales. The maximum mtensities ap
proached xff m both earthquakes. Intensity maps show 
alignment parallel to the strike of the seismic faults, with 
local variations due to geometry and kinematics of certain 
tectonk structures. Intensities were considerably ampli
fied locally by accompanying geodynamic phenomena. 
High intensities were also recorded at long epicentral due 
to a combination of factors, such as earthquake frequency 
content, local site conditions and construction type. Fi
nally, intensities exhibited an exponential development in 
places where the two earthquakes affected the construc
tions sequentially. 

Keywords: EMS-1998, earthquake, Turkey, tectonics, site effect, concomitant phenomena 
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Introduction 

On 17 August, 03:01:37 local time, a severe 
earthquake occurred, with an epicenter at the 
southwestern suburbs of Izmit town in Turkey. 
The earthquake magnitude was Mw = 7,4 and 
the seismic source depth was estimated at 1 5-17 
km. Extensive damage was recorded along an E
W zone of about I 00 km in length that includes 
the towns of Adapazari, Izmit, Golci.ik and 
Yalova. Heavy damage was also reported far
ther away, as in Istanbul, Bursa, Eskisehir, 
Di.izce, Bolu and other towns (Fig. 1 ). 

About 14.000 people lost their lives, 45.000 
were injured and 600.000 became homeless 
while 45 .000 were missing. Additionally, 2.600 
buildings collapsed utterly or partially and more 
than about 20.000 suffered heavy damage. 
Damage was sustained also by large industrial 
plants and by transportation infrastructure, in
cluding roadways, bridges, railways and port fa
cilities (Lekkas et al., 1999). Economic losses 
were of the order of 40 billion dollars (which 
equals l 0% of Turkey's GNP) with further not 
counting the long-term impact on the country's 
economy. It should also be mentioned that 
about 38% of Turkey's GNP is produced in the 
affected area. 

Almost three months later, on 12th Novem
ber 1999, \9:57:2\ local time another severe 
seismic event of magnitude Mw = 7.1 took 
place with epicentre about 90 km to the east of 
the former. The earthquake caused significant 
damage along an E-W zone about 70 km long, 
which included Adapazari, Hendek, Dilzce, 
Kaynasli , Bolu and other population centres 
(Fig. 1). 

This earthquake caused l.I 00 deaths, I 0.000 
injuries and left more than 200 000 homeless. 
Furthermore, 800 buildings collapsed com
pletely or partially and more than 5.000 sus
tained heavy damage. Severe damage was 
caused also to large industrial plants, roadways, 
bridges, etc. 

The surficial expression of the seismic fault 
and the manifestation of concomitant geody
namic effects largely contributed to the damage 
at both events. The effects included soil fissu
res, liquefaction, landslides, settlement, lateral 
spreading, coastline changes, tsunamis, and so 
on, as well as fires (Lekkas et al., I999). Addi
tionally, tectonic structures related to strike-slip 
deformation, such as pull apart basins, over
steps, en echelon arranged fractures and so on, 
as well as the local geotechnical conditions and 
construction type, all played a part in the mani 
festation and extent of damage. 

200 

The purpose of this paper is to determine the 
parameters that contributed qualitatively and 
quantitatively to damage manifestation and in
tensity distribution during the earthquakes. 

Seismotectonic setting 

It is well known that Middle East belongs to the 
Arabian plate that moves northwards. As a re
sult, Turkey is being squeezed between the 
northward-moving Arabian and African tec
tonic plates and the relatively stable Eurasian 
plate. A wedge of continental crust incorporat
Ing much of Turkey is being extruded west
wards, towards the Aegean. This westward 
movement is facilitated by the E-W North 
Anatolian Fault Zone that runs from Armenia 
to Marmara Sea (Figure 1 ), and constitutes a 
major tectonic structure of the Eurasian plate 
(Ambraseys 1970, Barka I992, Sengor I979). 
The North Anatolian Fault Zone is a major 
right-lateral strike-slip fault that allows the re
gion south of the fault to move to the west rela
tively to the region north of the fault and is re
sponsible for a multitude of severe earthquakes 
that very often exceed the magnitude of 7R. For 
example, more than I 0 severe events have been 
described since 1939, causing heavy damage 
(Stein et al., 1997). 

The NAFZ is well expressed in relief and 
drainage network, and is accompanied by local 
block subsidence, uplift and rotation, which 
manifest the right-lateral character of the fault. 
This movement is also responsible for the suc
cessive small and large scale depressions, such 
as Sapanca and lznik lakes, as well as for 
Marmara bay, which is characterized as an ac
tive pull-apart basin (Armijo et al., 1999). 

The existence of NAFZ in the wider epicen
tral area is emphasized by the occurrence of 
geological formations and specifically Plio-qua
ternary sediments, which develop in E-W elon
gated outcrops, coinciding with the strike of the 
fault zone and form a mild relief. This area is 
the industrial heartland and the most densely 
populated section of Turkey. Additionally, Al
pine formations crop out along the fault zone, 
too, and form an intense relief that accommo
dates areas of relatively poor industry, but lo
cally increased urbanization. 

Seismic faults 

The 17th August 1999 earthquake was centered 
in the outskirts of Izmit town. The earthquake 
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Fig. I. Map of the segments of the North Anatolian Fault Zone reactivated during the earthquakes of 17th August and 12th November 1999 and the con· 
comitant geodynamic phenomena 



Fig. 2. Surficial occurrence of the portions of the North 
Anatolian Fault Zone that ruptured during the 12th No
vember 1999 earthquake in Kaynasli 

was the result of the reactivation of the North 
Anatolian Fault Zone, and particularly of a 
portion of it that was dormant in previous seis
mic events of the 20th century (Stein et al., 
1997). Before the earthquake, repeated GPS 
surveys indicated an average creep displace
ment of 10-15 mm in this portion of the fault 
zone (Armijo et al., 1999, Straub et al., 1997). 
Instrumental data indicate that the fault plane 
was almost vertical striking E-W with a right
lateral strike-slip movement. 

Field observations show that the surficial rup
ture was more than 90 km long (Lekkas et al., 
1999), vertical with right-lateral displacement 
in excess of 3 meters, in good agreement with 
the instrumental data (Fig. 1, 2). This seismic 
fault extended into the submarine area of 
Marmara bay, west of Golciik. 

On the surface, the seismic fault cut mainly 
across loose Plio-quaternary sediments and led 
to heavy damage in the transportation infra
structure, particularly on the Istanbul - An
kara motorway, and to extensive damage to a 
multitude of constructions, networks and 
plants. The Ariflye overpass collapsed, due to 
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surface fault rupture under its northern abut
ment. 

!he 12th November 1999 earthquake, the 
epicenter of which was south of Diizce oc
curred at the eastern end of the previously'acti
vated segment of the NAFZ (Fig. 1 ). Also, this 
section remained dormant in other earthquakes 
of our century. Instrumental data show that the 
fault plane is almost vertical, strikes E-Wand is 
characterized by a right-lateral slip. Field data 
showed that the seismic rupture surface was 
vertical and more than 40 km long and the hori
zontal offset locally exceeded 3 meters. 

The fault displaced mainly Plio-quaternary 
formations and caused severe damage to con
structions, transportation infrastructure, public 
facilities, networks, industrial plants, etc. 

The two activated fault segments of the 
NAFZ caused impressive displacements of rows 
of trees, fences, roads, pavements and canals, 
which allowed determination of the geometric 
and kinematic characteristics of the seismic 
fault on each section of it. The geometry and 
kinematics varied locally along the deformation 
zone; these local variations are attributed to the 
mode of fracture, the stress field and the occur
rence of heterogeneous media - particularly 
the differential performance of geological for
mations under shear stress. 

Such variations usually appear along strike
slip faults and are strongly related to oversteps, 
en echelon structures, flower structures, micro (a 
few tens of m) and macro (several hundreds of m 
to a few krn) pull-apart basins (Aydin & Nur 
1982, Harding 1985, Lade & Cole 1984, Mann et 
al., 1983, and qthers) and are held responsible for 
local differentiation in damage manifestation 
and intensity distribution (Figure 1 ). 

Concomitant geodynamic phenomena 

During the earthquakes of 17th August and 
12th November 1999 a number of geodynamic 
phenomena took place in the broader epicen
tral area (Fig. 1 ). These phenomena are not 
only of academic interest, as they aggravated 
the impact, amplified the intensities, and con
tributed to intensity differentiation from place 
to place either in the meizoseismal area or at 
longer distances. These effects are briefly de
scribed below: 
• Soil fissures. Soil fissures were reported in 

many places that loose recent sediments 
occur. The most characteristic ones were 
described around Sapanca Lake, along the 
coastal zone among Golciik, Degirmen-
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Fig. 4. Representative view of a portion of Adapazari that 
suffered total damage (IEMS-98 = XII) after the 17th Au
gust earthquake 

Fig. 5. Reinforced concrete frame structure that collapsed 
in GolcUk town (damage degree 5) 

• 

• 

dere and Yalova, in Diizce and Kaynasli. • 
They did not usually belong to any oriented 
system and were attributed to compaction 

• 

• 
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of loose sediments, lateral stability prob
lems, and so on, which were results of both 
seismic events. They caused damage to 
public beautification works (parks, etc.), 
and to infrastructure, as well as to many 
small infill wall constructions. 
Liquefaction. It was recorded in the plain 
area around Sapanca lake, in Adapazari, as 
well as in the coastal area of Golciik
Degirmendere-Yalova and in the region of 
Eften lake. This effect became noticeable 
at the surface by the occurrence fine-grained 
subsurface sediments that vented to the sur
face and the accompanying soil fissures, lat
eral spreading, as well as irregular surficial 
undulations. At both seismic events, lique
faction caused severe damage to every type 
of construction and technical works mainly 
in the areas around the coasts. 
Landslides. Despite the high magnitude of 
the 17th August 1999 earthquake, few land
slides occurred in the epicentral area. Only 
few and restricted rockfalls took place 

along several very steep slopes built of 
highly fractured rocky formations. A sig
nificant landslide was observed along the 
Istanbul-Ankara motorway, at the region 
of Diizce-Bolu in the 12th November 1999 
earthquake. 
Settlement. It appeared in many places of 
the epicentral area, mainly where recent 
loose formations crop out. Lateral spread
ing and soil fissures were also present, re
sulting from the differential settlement of 
the upper geological strata, as was the case 
in the neighbouring area of Adapazari and 
around the lakes of Sapanca and Eften. 
The extent of settlement varied from tens of 
m2 to a few thousands of m2 each time. At 
both seismic events, buildings toppled, 
were partially overturned or totally col
lapsed, and generally, severe damage was 
caused because of extensive settlement. 
Tsunamis. The 17th August earthquake 
generated a tidal wave, which affected the 
coastal region of Marmara bay, mainly the 
Golciik-Yalova area. The submergence of 
Golciik-Degirmendere coastal area is be
lieved to have amplified the influence of 
the tsunami, the height of which was ap
proximately 4 meters. Tsunamis aggravated 
the impact of the earthquake, increasing 
the number of fatalities, building collapses 
and infrastructure damage in the coastal 
area. 
Subsidence. The recent seismic activity ob
served in this area of Turkey is a conse
quence of geodynamic processes that take 
place in the broader epicentral area. The 
earthquakes of 17th August and 12th No
vember 1999 produced right-lateral dis
placements or slip on surface ruptures over 
a distance of at least 130 km and were 
nucleated at a depth of 15-17 km. The fault 
rupture was very often characterised by en 
echelon, R, R? and P shear structures, and 
so on. These structures caused subsidence, 
uplift and rotation on micro and 
macroscale (from tens to thousands of m.). 
The submergence of many coastal areas 
(from tens of m2 to some km2

) was the re
sult of pull apart basin formation (Aydin, 
Nur, 1982; Mann et al., 1983). The most 
representative example is the extended sub
sidence that occurred in the eastern part of 
Golciik. The subsidence of the coast near 
Golciik caused a maximum submergence 
about 3.5 m so that constructions, port and 
sport facilities, transportation infrastruc
ture and public beautification works sank 
into the sea. 



The submergence of some re
gions as well as the manifesta
tion of accompanying geodyna
mic phenomena are particular 
cases that aggravated the sever
ity of the earthquake in urban 
areas and the environment. In 
these cases the augmentation of 
intensities is not solely or di
rectly attributed to seismic 
shaking itself. 

Intensity evaluation -
geographic distribution 

Intensity evaluation of the af
fected area employed the Euro
pean Macroseismic Scale 

Fig. 6. Reinforced concrete frame structure that sustained collapse of ground 
floor in the area of Golctik ·Degirmendere (damage degree 5) 

(EMS-1992) (Grtinthal, ed. 1993) and the up
dated EMS-1998 (Grtinthal, ed. 1998). 

Intensity evaluation was primarily based on 
damage recordings assessment that s:;ontributed 
to the compilation of an intensity map of the af
fected area for each seismic event separately 
(1 7th August 1999 and 12th November 1999 
earthquakes), wherever possible. Additionally, 
recordings of other effects (not only construc
tion damage) were taken into account in the fi
nal evaluation, according to the given guide
lines (Grtinthal ed. 1993, 1998). In order to 
elaborate damage data, areas with dimensions 
of about 500x500 m were considered as the ba
sic units, each one corresponding to a few urban 
blocks. Airphotos and satellite data were indis
pensable, particularly in areas that were razed 
and almost all of the buildings collapsed (e.g. 

dapazari, Golctik, Kaynasli). 
After evaluation of data recordings, an inten

sity map was obtained according to the EMS-
1998 scale, as depicted in fig. 3. The intensity 
evaluation was done separately for each earth
quake, when it was possible. The map shows 
that: 
• The maximum intensities exceeded 

I s
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=XI and locally reached XII 
(ffg. 4) for both seismic of 17th August 
and 12th November 1999. During the first 
earthquake, maximum intensities oc
curred in the coastal area of GolcUk, in 
Degirmendere, in Yalova and in 
Adapazari (Figs. 5, 6). Particularly, total 
collapse of the constructions occurred in 
the coastal area of Golci.ik, due to the 
submergence of the region into the 
Marmara sea. Constructions were not 
only affected by seismic loading but also 

• 

by subsidence, tsunamis, lateral spread
ing and liquefaction. A similar picture 
was present in the coastal region of 
Degirmendere. On the other hand, the 
situation was better in parts of Yalova, 
because only liquefaction, soil fissures 
and lateral spreading took place. Parts of 
Adapazari town were devastated and all 
buildings collapsed. These sites were 
dominated by soil fissures, liquefaction, 
effects of "sedimentary basin" and "basin 
edge" effects and so on (Kawase, 1996; 
Lekkas, 2000b), which played a signifi
cant part in intensity distribution. In 
Adapazari, tens of buildings sank into the 
ground, toppled, were partially over
turned or collapsed because the soil be
neath them liquefied and weakened the 
foundations (Fig. 4). On the contrary, 
damage was lighter in areas of the town 
where none of the above phenomena oc
curred. Intensities that exceeded 
If:Ms98 = XI degree were recorded after 
the 12th November 1999 earthquake in 
a portion of Kaynasli, which collapsed 
thoroughly due to the surface impact of a 
zone of seismic fissures in the form of a 
negative flower structure (Lade & Cole, 
1984; Harding, 1985), and also due to 
settlement, lateral spreading and lique
faction. Furthermore, maximum intensi
ties that exceeded XI degree were re
corded locally in Di.izce. 
IEM:>·98 = X intensities were present in a 
w1<1er area that formed two elongated 
zones in both seismic events. Specifically 
after the 17th August earthquake, X in
tensities occurred in an E-W zone that 
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Fig. 7. Reinforced concrete frame structure in Yalova that displayed first storey 
column-hinge deformation, but did not collapse (damage degree 4) 

Fig. 8. Reinforced concrete frame structure with light structural damage but 
heavy damage in the infill brick walls at GolcUk (damage degree 3) 

Fig. 9. Reinforced concrete frame structure that suffered damage only in the 
infill brick walls in Degirmendere (damage degree 2) 
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began at Yalova, was found 
again at Golctik, passed 
through Izmit and stopped 
in Sapanca lake. The zone 
reappeared in Adapazari 
and terminated east of the 
town (Figs. 7, 8, 9). The 
width of the zone ranged 
from I 00 m to 200 m. Mter 
the 12th November 1999 
earthquake, IEMS-98 = X 
contours were arranged in 
a similar E-W trending 
zone, which covered the 
areas of Hendek, Dtizce, 
Kaynasli and is up to 800 
m wide at places. The exact 
estimation of the intensities 
that were attributed to the 
second earthquake was 
quite hard to make (12th 
November 1999) in the 
area between Adapazari
Dtizce, because construc
tions had already been 
damaged by the earth
quake of 17th August 1999. 
In this case, the cumulative 
effect of both earthquakes 
was estimated, incorporat
ing the damage from both 
earthquakes. In Dtizce, 
about 30% of the damage 
is attributed to the first 
earthquake and 70% to the 
second earthquake. This 
estimate regards only the 
structural elements of rein 
forced concrete construc
tions. It was found that the 
first earthquake exhibited 
maximum intensities that 
reached IEMs98 =VIII in an 
E-W zone at Diizce area, 
while after the second 
earthquake intensities ex
ceeded IEMs98=X and lo
cally approached XI. This 
may be attributed to the 
fact that the resistance of 
the constructions had al
ready been weakened by 
the first earthquake. 
IEMs-98 = IX contours cov
ered a wider E-W zone af
ter each earthquake. This 
intensity zone coincides 
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with the deformation zone, and is ·wider 
where pull apart basins, oversteps flo-wer 
structures and other strike-slip deforma
tion fea-tures occurred. 
IEMS::Jt!..~ VIII intensities also developed in 
an h-W zone after each earthqua-ke. The 
arrangement of these intensity contours is 
not so linear as of the high intensity ones. 
In this case, intensities seem to have been 
significantly controlled by site effects or 
by remarkably poor performance of con
structions. More specifically, the distribu
tion of VIII contours depended on the 
foundation soil response and mainly the 
amplification of seismic waves when, for 
example, loose thin surficial formations 
overlay the alpine basement. It also de
pended on the alpine basement geometry 
that controls the seismic energy propaga
tion . Additionally, structural alterations 
and poor quality of constructions, as well 
failure to enforce the local building par
ticipated into the intensity distribution lo
cally. An example of this case was at the 
western suburbs of Golci.ik, where mod
ern large constructions collapsed or sus
tained structural damage due to contrac
tors' irresponsibilities, according to the 
official authorities. 
It is noteworthy that high intensities were 
also recorded at rather long epicentral 
distances, particularly in Istanbul, 
Eskisehir, Bursa, and so on. These inten
sities appeared as islets within urban ar
eas, which displayed lighter damage. At 
the suburb of Avcilar in Istanbul, I MS·9 = 
X intensities are attributed to (i) t~e ?re
quency content of the seismic vibration 
(Lekkas et al., 1999), i.e. the relatively 
high periods and the long duration of the 
vibration; (ii) the geological formations; 
and (iii) the relatively high natural period 
of the six-storey constructions, most of 
which collapsed (Cranswick et al., 2000). 

Conclusions 

e earthquakes of 17th August and 12th No-
ember 1999 that hit Turkey and caused thou
~nds of fatalities and widespread damage were 
_ tributed to the successive reactivation of two 
. arts of the North Anatolian Fault Zone; these 
~ gments had not slipped before in the 20th 
-entury. The overall rupture could be traced for 
1 distance of 150 km. The fault rupture was ac
~ompanied by pull-apart basins, oversteps, en 
~ helon arranged fractures, flower structures 

and o er - e-slip re lated features both on a 
small and large scale. 

Damage recording and intensity evaluation 
was made according to the EMS-1992 and to 
the updated EMS-1998 scales, soon after both 
seismic events in the affected area. 

Based on already mentioned data, intensities 
exceeded IE s

98
= XI and even approximated XII 

in many ur~an blocks. X intensities occupied 
extended regions, whereas much wider areas 
displayed IX and VIII intensities. This was the 
lower limit of our intensity evaluation, as lower 
intensities occupied vast areas and the amount 
of data was overwhelming. 

All intensity contours but mainly the I.E~s.98 2: 
X, developed in an E-W orientation, whtch co
incides with the fault strike. Intensity contours 
follow, and become broader at strike-slip defor
mation structures as micro- and macro-pull 
apart basins, flower structures and so forth. On 
the contrary, when the fault ruptured linearly, 
without these accompanying structures, inten
sity contours developed in an E-W elongated 
zone of significantly small width. 

Moreover, intensity distribution directly de
pended on the concomitant geodynamic phe
nomena, namely liquefaction, uplift, subsid
ence, settlements, lateral spreading and so on. 
Therefore, earthquake vibration was not solely 
responsible for damage occurrence but it is also 
the concomitant geodynamic phenomena that 
must be seriously considered in the future. 
EMS-1992 and the updated EMS-1998 scales 
do not incorporate such phenomena due to the 
rarity of actualistic models. 

In the wider area of Adapazari-Di.izce that 
was hit by both earthquakes (17th August and 
12th November 1999), it was difficult to assess 
separately the participation of each seismic 
event in damage manifestation and, thus, in in
tensity estimation. Intensity evaluation, in this 
area was approximated and is based on data 
and recordings collected mainly after the first 
earthquake, but also after the second one. So, it 
is apparent that in this area the recorded inten
sities do not correspond to the damage caused 
by the second event only, since the first earth
quake had already seriously damaged construc
tions. 

The recorded intensities were distributed 
similarly on both fault blocks as a consequence 
of the predominant horizontal movement of the 
NAFZ. On the contrary, intensities vary signifi
cantly on the two blocks of a rupture in the case 
of reverse or normal faulting (hanging wall and 
footwall) (Lekkas, 2000a). 

Finally, besides the meizoseismal area of 
Yalova, Golci.ik, Izmit, Adapazari, Di.izce, 
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Kaynasli, and Bolu, islets of high intensities 
were observed in the wider area (e.g. Istanbul) 
as a result of the frequency content of the seis
mic vibration, as it was modified in that epicen
tral distance, and was coupled with soil re
sponse and the characteristics of constructions. 
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