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Crustal structure at the western end 
of the North Anatolian Fault Zone 

from deep seismic sounding 
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Abstract 
The tirst deep se ismic sounding experiment in Northwestern AnalOlia was carried OUL in October 199 1 as part of 
the «German - Turkish ProjeL·t un Earthquake Prediction Research» in the Mudunlu area of the North Anato li an 
Fault Zone. The expe riment was a joint ente rpri se by the Institute of Meteorology ,md Geophysics of Frankfurt 
University, the Earthquake Research Instit ute (ERI) in Ankara. and the Turk ish Oil Company (TPAO ). Two 
onhogonal proli les. cach 110 km in length with a crossing point near Akyazi. were covered in sllccession by 30 
short period !:lpe recording seismograph stati ons wi th 2 km statiun spacing. 12 shot s. wi th charge sizes bet\veen 
100 and 250 kg. werc fired and 342 seismograms uut of 360 were lIsed for evaluation. By coincidence an M :::: 4.5 
earthquake located below lmroz Island was a lso recorded and provided additiona l information all Moho ::/;ld the 
sub-Moho ve locity. A ray tracing method org inally developed by Weber ( 19S6) was lI sed fo rtravel {illle inversion. 
From a compi lation of all data two gene rali zed crusta l models were deri ved. one wi th veloc ity gradients wi thin 
the layers and one wi th cons1:lnt layer veloci ties. The laller consists of a sed iment cover of aboLi t :2 kill wi th 
V,, :::: 3.6 klll/s. <I n uppcr crystrllline crust down to 13 km with \1... ~ 5.9 km/s. a Illiddle crust down to 25 km depth 
with VI' = 6.5 km/s, a lower crust down 10 39 km Moho depth wllh VI' = 7.0 klll/s and V" = 8.05 kill/s be low the 
Moho. The structure of the individual profiles differs slightl y. The thickest sediment cover is reached in the 
Izmil-Sapanca-trough and in the Akyazi basin. Of particular interest is a step of abuut 4 km in the lower crust 
near Lake Sapam:a and probably an even larger one in the Moho (derived frolll thc Imroz earlhqunke data). After 
the catastrophic earthquake of Izmit on 17 August 1999 thi s s ignifican t heterogene ity in crusta l structu re appears 
in a new light with regard to the poss ible ca Li se o f the Izmi t earthquake. Heterogeneit ies in structure are freqllcllI ly 
also heterogeneit ies in strength and stress that impede or even lock rupture. The IZllli t earthquake is discllsscd in 
relation 10 a large slC/wl'er or jog at the North Anato lian Faul t. 

Key words North Al/alOliall Fault Zone - crustlll 
structl/re - deep seismic soundill}] 

1. Introduction 

The North A nato l ian Fault Zone is o ne of the 
most act ive parts of the A lpi lle -Mediterrallcan
Himalayan seismic belt. Ajoin t German - Turk
ish research projec t was lauIlched in 1985 to 
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study the seismic ity and different kinds of earth
quake related phenomena in the Mlldurnll val
ley area of the Northwestern Anatolian Fault 
Zone in view of earthquake prediction research. 
A network of 12 short pe riod se ismograph sta
tions was ins talled and opera ted jointly by the 
Institute of Meteorology and Geophys ics of 
Frankfurt Univers ity and the Earthquake Re
searc h Institute (ERr) in Ankara, to monitor the 
seismici ty and, in purti<.:ular, to locate the hypo
centers in the test are a. No specific c rusta l mod
e l for the seis mic velocilies was a vailable for the 
area. Instead a model derived from refraction 
sei smic data in Eastern Greece was used. 
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Some incomplete information from quarry 
blasts near Adapazari (Giirbiiz el al., 1980) and 
near Anadolu KavagL Bosporus (Kiileli el al .. 
J 996), observed mainly at a few permanent seis
mograph stations, gave a rough indication of 
crustal thickness and P" velocity. Using earth
quake observations from the MARNET nctwork 
GlirbUz el (/1. (1991) inferred a Moho depth 
between 27 km near Istanbul and 34 km in the 
Marmara area. In 1987, a 300 km long north
sOllth running reflection seismic traverse was 

41.5' 

40.5' 

I 

• - shotpoints 

o - observation of DSS 

A - seismological station * -large earthquakes 1999 

carried out in cooperation with Turkish Petrol 
Inc. (TPAG) and the Turkish Research Institute 
for Science and Technology (TOBITAK) with 
the aim of studying the crustal structure in Cen
tral Anatolia. A Moho depth of about 36 km was 
deduced from two-way-reflection-times of 12 s 
for the northern part of the profile. 

In ordcr to obtain a re liable seismic crustal 
model for the Mudurnu test area. a Deep Seis
mic Sounding (DSS) survey using reversed and 
orthogonal seismic profiles was planned and 
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Fig. 1. Map of [he area under investigat ion (modified after Neugebauer et al ., 1997), posi tion of deep seismic 
sounding profiles. and large earthquakes in 1999. 

50 



Crustal structure at the we"tern end of the North Amltuli an Fault Zone froll1 dccp se ismic sound ing 

performed in October 199 1. This was the first 
true deep se ismic sOll nding experi ment carried 
out in Western AnatoJia. 

2. Geological description of the test area 
and the execution of the experiments 

The North Anatoli an Fault (NAF) represents, 
with the Pontides in the north and the Anatolian 
block in rhe south, a major boundary element of 
the Euras ian plate and the Arabian plate. The 
tota l right latera l disp lacement of the western 
NAF is est imated to be 85 km since the Middle 
Miocene (Sengiii' el al., 1985: Dewey el al., 1986). 
West of the Holocene bas in of Adapazari -Akyazi 
the NAF forks into a west trendi ng branch NAFI 
and a southwest trending branch NAF2 (fi g. I). 

Two proliles of aboUi 120 km length were 
covered with 60 recording simians each. The 
W-E Protile fo llowed c losely the northern branch 
of the NAF from shotpoint A at the Gu lf of 
Izmil , to shotpoinl C near Lake Abant. The N-S 
Profil e, from shotpoint D in the delta of tile river 
Sakarya at the Black Sea coast in the north to 
shotpoin t B nearYeni pazar in the sOllth, crossed 

Tahle I. List of shots. 

Profile Silot Da.te 
sect iun 

A-E A I 1O. 10. IY91 

E-C A2 16.10.199 1 

E-D B I 21.1 0.199 1 

B-E B2 24.10. 1991 

E-A C I 13. 10.1991 

C-E C2 17.10.199 1 

D-E DI 20.1 0.1991 

E-B D2 25. 10.1991 

E-A E I 11.10. 199 1 

E-C E2 17.10. 199 1 

E-D E3 20.10. IYYI 

E-B E4 25.10.1991 
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the \V-E Proti le at right angles in the Adapazari 
basin. Here, m E, fo ur additional shots were 
fired. Individual charges of 25 kg each were 
emplaced in 4 inch dri ll ho les of 30-50 m depth. 
The tolal charge size o f each blast ranged from 
100 to 250 kg and is li sted in table I. Permi ssion 
from the authorities cou ld only be obtained for 
charge sizes up to 250 kg, thus a desirable ex
tension of the profil es beyond 120 km was un
rcali stic. 

Recording of the seismic signals was carried 
out with 30 units of magnctic tape recording 
seismographs (type MLR) developed in the In
stitu te of Meteorology and Geophysics, Frank
furt Univers ity. Sixty ki lomete rs of proti le length 
were covered by one set up of stations, with a 
spacing of 2 km. A un it consisted of a I Hz 
venical componen t seismometer with 3 level 
recording of the amplitude modulated signal 
lI sing a tape speed of 0.33 mm/s which allows a 
continuous recording time of 3 weeks. Th is had 
the advantage that the instruments could be left 
unattended and blasting could be carried out al 
any sui table lime, preferabl y at night. The radio 
ti me signal from the long wave transmitter sta
ti on OCF (near Frankfurt /Germany) was record-

Time (MET) Charge size 
(kg) 

05: I I :46.24 100 

19:35:03.25 200 

19:00:02.R4 250 

18:59:59.95 150 

19:00:03.00 200 

19:00:03.38 100 

19:00: 19.29 150 

19:00:01. 12 250 

19:00:29.52 100 

04: 10:03.46 100 

22:23:25.06 150 

22:00:01.61 150 
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Fig. 2. Mobile Long term seismic Recording system (MLR). 

ed on the fourth channel (fig. 2). It may be 
mentioned that recording systems of the same 
type were also used at the permanent stations of 
the Mudurnu seismograph network (see fig I). 
Some of these were 3-component stations. 

Playback of the tapes was performed on a 
four channel digital transient-recorder. The dig
itized data were processed (normalization of 
amplitudes, frequency filtering for the optimum 
signal/noise ratio, static corrections for altitude 
of station and source). 

3. Data 

For complete documentation of the data all 
seismogram sections are presented in the upper 
part of figs. 3a-h. The position of the profiles 
is shown on fig. I. Travel times are reduced by 
6.0 km/s. The reference altitudes to which the 
travel times have been reduced are given in the 
figure captions. Onsets or changes in signal shape 
have been picked visually and, to indicate likely 
correlations. marked by common symbols such 
as circles, squares, diamonds, stars or crosses. 
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The correlations shown below the seismogram 
sections in figs. 3a-h have subsequently been 
used in the travel time inversion and interpreta
tion of the seismograms. A total of 360 seismo
grams was obtained during the experimelll, of 
which 324 could be used for evaluation. With 
the exception of Shot C I (Protlle C-A. 60-120 
km) the seismic energy of the different phases 
was rather good. Details of the uppermost sed
imentary layer could only be roughly resolved 
with the station spacing of about 2 km. As men
tioned above, due to the limited profile length, 
P,,-first arrivals could not be observed and the 
information 011 Moho depth is largely based 011 

wide angle reflections PIIP at overcritical dis 
tances. These arrival s were particularly well 
deve loped at Shot B I (fig. 3g). 

Fortunately the lmroz Earthquake of Octo
ber 12, 1991 was recorded 011 ProfIle Section 
A-E and at about 20 permanent seismograph 
stations (see fig. 6) of the region which allo
wed a fairly accurate determination of the P" 
velocity. 

The shots with date. time. and charge size 
are listed in table I. 
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Profile EA (Akyazi - Izmit) Seismogram Section West 
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Profile ED (Akyazi - Karasu) Seismogram Section North 
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North Profile EB (Akyazi - Yenipazar) Seismogram Section 
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4. Travel time inversion of seismograms 

Experience shows that cenain basic features 
can be found ill all travel time diagram s of 
crustal deep seism ic soundi ngs. We usually ob
serve fo r weakly increasing velocity with depth 
P, at shone I' distances and P

n 
at sufticiently large 

distances as tirst arrivals. In terms of the ray 
concept, these are normal branches of the travel 
lime graphs, whi ch mean, that with decreasi ng 
angle of incidence of the ray, the distance of 
emergence increases and the travel time curve 
has (in principle) a convex curvature. Pc comes 
from the crys talline basement , P" from the up
permost mantle (cri tical refractcd wave). Rays 
from wide angle reflection s at d iscontinuities. 
or diving waves from zones with strong ve locity 
gradients, form reverse branches in the trave l 
time plm where, wi th decreasing angle of inci
dence, the distance of emergence decreases 
and the curvature of the travel time curve is 
concave. Thi s is, in particular, the case at the 
transition from crust to mantle (f'.II P), which 
is of importance in the present case, where the 
PM-ci ismllcc could not be reached. Reverse travel 
time branches originate al so from veloc ity 
boundaries within the crust. 

4. I. Inversion methods used 

Classical direct inversion mcthods for plane 
interfaces a llow the derivation of a first order 
approx imation velocity - depth structure and 
have been used to obtain starting models for 
more sophi st icated indirect numerical data in
vers ion. In the present study a two-dimensional 
ray tracing met hod was lI sed which is part of a 
software package for the Gauss Beam Method 
developed by Weber ( 1986) and adapted for 
PCs by Schulze-Frerichs (1988). 

This program allows us to handle refracted, 
reflected and converted waves. Complex 2-dimen
sional geological structures can be modelled by 
divid i ng the medium into triangles with linear ve
locity laws. The model input is detined by para
metrisatioll of the corners of the triangles in te rms 
of P (and S) velocity values. Nodes cOlllmon to 
several triangles may have different ve locity val
ues fo r the different space elements. In this way. 
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the free surface, and tirst and second order dis
cont illliities can be Illode lled. For more de tails of 
the method see Weber ( 1986) and Karahan ( 1998) . 

Computations of syn thet ic seismograms, at
tempted in a few cases, have not signiticantly 
improved the travel time inversion results und 
are therefore not presented here. 

5. Presentation and interpretation of'profiles 

A considerable number of ray trac ing mod
els for the ind ividual se ismogram sections have 
been computed and compared with the corre lat
ed arrival s (for detai ls see Karahan , 1998 ), Here 
only one complete cru stal section is shown for 
the W-E Profile (fig. 4) and olle for the S-N 
Proti le (fig. 5), but some (onclus ions presented 
below are based 0 11 addit ional ray trac ing mod
els no l' shown explic itl y in [his paper. 

5. 1. w-£ Profile (Izmil-Ahallt) 

Shorpoilll A (fig. 3a) - The first arrivals at 
short distances from A can be interpreted as 
those frolllu llconsolidated sediments with V:' of 
2.1 5 kln/s. At a elepth of only 1.8 km the crys
talline basement, wi th a velocity of 5.8-5.9 
km/s, is rC::lched. Between d istances of 4 and 20 
km, later arrivals with remarkabl y large ampli
tudes, marked by crosses in the correlation be
low, foll ow the first arrivals with a de lay time of 
about 2 s. These are inte rpreted as side wall 
re fl ec tions from the Sakarya-basement block, 
south of the profile. P can be traced up to 
distances of 80 km wlH:~~re it is overtaken by a 
branch with V:. ~ 6.5 km/s. Noticeable are two 
branches of later arrival s (black squares) at dis
tances or 20-55 kin anel SO-IIS km with a time 
offset of ubout 0.5 s between them. These repre
sent wide angle re fl ections from a boundary 
between 22. 3 and 26.5 kin in depth. The offset 
can best be interpreted as a step of about 4 km 
in the lower crust. This is the result of several 
rayu'ac ing tests described in de tail by Karahan 
( 1998). Fig ure 4 shows a ray trac ing model 
including this feature. Whether this step exists 
also in the depth of the Moho cannot be decided 
from rhe DSS-data and has, therefore, been 
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omitted. PII P appears at three stations beyond 
I 10 km. This is in reasonable agreement with a 
Moho depth of 38 krn. 

Shmpuilll E. Prrdile Seciioll E-A (Akvazi-
12mit) (fig. 3b) - A sediment layer with v~loci
lies of 2.25-3.15 km/s delays 1', (V,. = 5.8 km/s) 
by 0.2 to 0.4 s. This is attributed to a thicker 
sediment cover in the Akyazi basin. A later 
arrival marked by open diamonds refers to wide 
angle reflections from the middle crust. 

SllOfpoillt C, Pn~file Seelion C-E (Abafll
Akyazj) (fig. 3c) - This profile may be discussed 
together with fig. 3d. 

SllOfpoillt E, Profile Seelion E-C (Ak\'azi 
Aballt) (fig. 3d) - Between 10 and SO km' first 
arrivals on the west-east profile C-E (fig. 3c) 
yie ld an apparent P~ -velocity or 5.5 km/s while 
on the reverse profile (fig. 3d) P ,appears with a 
velocity of 5.9 km/s. This may b~ due to a dip of 
the top of the crystalline toward the Akyazi 
basin having a true velocity of 5.7 km/s. On 
Prorile E-C at larger distances the P

x 
velocity 

reaches 6.24 km/s . No clear reflections from the 
deeper crust have been observed. The profiles 
traverse metamorphic and volca nic units. 

5.2. N-S Prr~tile (Karas/!- Yenipa z:ar) 

Shotpoilll D (fig. 3e) - Shotpoint 0 in the 
north, near the Black Sea, apparently produces 
low frequency signals. With a delay time of 
0.6 s the sediment cover is very thin in the north 
and reaches , as seen on the reverse Profile E-D 
(fig. 30. a maximum thickness 01'2-3 km in the 
Akyazi basin. Px-velocity increases in steps from 
5.2 km/s to 5.6 km/s from north to south. A 
strong slow phase with a velocity of 3.1 km/s at 
short distances up to about 30 km rrom 0 might 
be S~ if the source is a strong S-wave radiator. 

Reflection s from the upper crust. as seen on 
the E-W Profile, cannot be correlated. 

ShOlfJoillf E. Prrdile Seclioll £-D (fig. 3f) -
Near to the shotpoint a sed iment thickness of 
2-3 km delays P, by about Is. 

The apparent P
R 

velocity of 5.82 km/s on the 
reverse Profile Section E-O is in agreement with 
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a northward thinning of the sedimentary cover. 
Between 20 and 50 km late arrivals with 1".(\ of 
1.8-2.2 s may represent wide angle reflections 
from the upper crust. 

ShOipoiJ7l R (fig. 3g) - B is the southernmost 
shotpoint in the Mesozoic Karadag block. To 
the first 10 km of the Profile B-O an apparent 
velocity of 3.9 km/s can be attributed, which is 
faster than the sediment velocity on previous 
profiles. The thickness of this sediment layer is 
calculated to be ahout I km. A Px-velocity of 
5.7-5.9 km/s is found along the entire profile. 
Between 70 and 100 km, 1',,1' (star symbols) 
can be traced quite well and provide importan t 
evidence for a Moho de pth of 38 km. From the 
mean of several ray tracing tests Karahan ( 1998) 
concluded that this value is comparatively sta
ble. An uncertainty of the Moho depth of ± 2 km 
may be admissible (see also Section 5.4). 

A ray tracing model for the data of Profile 
B-D is showll in fig. 5 

5.3. The immz. earthquake 

As previ ously mentioned, an M I, - 4.5 
earthquake occ urred 011 12 October 1991 , 
T" = 16:32:37.5 UT at 40. 2°N 26.65°E and 
h :::: 8 ± 6 km. At this time the Profile Section 
A-E was occupied by 30 recording stations. In 
addition, data from about 20 permanent earth
quake stations of the Mudurnu- and MARNET
networks (fig. 6 ) were available. The evaluation 
of the first arrivals permitted a very accurate P" 
velocity determination of 8.05 km/s below the 
test area (fig. 7). Of particular interest is a travel 
time delay of about 0.8 s at an epicentral dis
tance of about 360 km . Using the available in
formation from DSS, it has been verified that 
this delay cannot be explained only by the var
iations in thickness of the sediments. The offset 
can best be explained by a step of the crust
mantle boundary of approximately 14 km about 
40 km east of Shotpoint A. A ray tracing model 
is shown in fig. 8. It may be suggested that th is 
step is related to that found ill the lower crust on 
refraction Profile A-C (fig. 4). In this way the 
Imroz earthquake contributed to our DSS exper
iment in two important ways. 
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5.4. The 1I 1'e rage or geJlerali:ed CI"I/sw/ lIJ odel 

As l11 e llli oned ill the introduction, a m~.ior 
aim of the deep seismic sounding experiment 
was to obtain a re liable P-wave crustal model, 
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representi.ltive of the test area, in order to all ow 
a marc precise hypocente r determinatioll 01" 10-
cnl ennhquakes. This genera lised model should 
be based on the main information from all pro
files. ncgleding particular local d iffe re nces. 
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Fig. So Rnytrw.: ing model hused 011 Imroz Cat1hquakc tr<lvcl limes and DSS-daw. 

There fore, all the arrival times picked ill the 
seismogram sec tions Jig, 301-h were compiled in 
tig, 9 and correlated by a few averaging travel 
time curves, It is seen lhat the branches of P"and 
P,I/ P arc developed quite wl:ll. In addition. strong 
refraction lirst arrivals and some reflections from 
the middle c rust are al so significant. However, 
P" is not seen ns first arrival due to the limitation 
in le ngth of the profiles as mentioned in Section 
2. Thu s. most of the information on the lower 
crust and the Moho is derived from wide angle 
reflec tions p.1/ p rtnd thosc from retlec tors in the 
crust. Supplementary in formation. in particular 
on the P,,-veloc ity was provided by the Imroz 
earthqu <.lkc (see Sect ion 5.3). By ray tracing 
inversion of the data of fig . 9 and res tric tion 
to hori zonta l layering. a c rustal model with ve
locity grad ients was achieved and is shown in 
lig. 10 (solid li11e). Below a Ihi11 (2 kmJ se
diment layer with average velocity of about 
2 km/s, the crys talline basement is reached, 
whcre the ve loc ity increases from 5.65 km/s to 
6.6 kmls al 15 km deplh. Thi s is rollowed by a 
zone with negative veloci ty gradien t down to 
24 km, These layers compose the upper and 
middle c rust. The lower c rust has an average 
veloc ity or 7.0 km/s and reaches the Moho at 
a depth of 39 kill. where the ve loc ity ri ses to 
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8.05 km/s, From this mode l, an almost equi va
lent model with constallllayer velocities (dashed 
lines in fi g. J 0) can be deduced. This is partic
ularl y suitable for direct application e.g. in the 
HYPO 71 - focal locating program. 

To tes t the stability of the generalised gradi 
ent model, parameters of velocities and layer 
thicknesses were modified in the different depth 
ranges of the c rust (upper, middle, lowe r crust) 
by ± 0 ,2 km/s ill ve loci ties and ± 2 km in the 
layer Ihicknesses. Fordelails see Kamhan ( 1998). 
It muy be s lnted that parameter modifications as 
indicated above cause in most cases considera
ble inconsiste ncies with the data , in particular: 

- Travel times of p. vary more with change 
in ve loc ity than with layer thickness. 

- Travel time of the re fl ec tion from 13 kill 
de pth is sensit ive to pcrturbations of both, ve
loci ty and depth of the di scontinuity. 

- Travel time of the diving wave from 17 km 
depth reacts sensitivcly to variations of ve locity 
or the middle crust but not to those in depth or 
the discontinu ity. 

- Travel time of the reflection from the 24 k111 
di scontinuity reacts s igniticantly to alteration s 
or ve loci ly (ll1d or deplh. 

- The (rave l time of the Moho re flect ion is 
only wenk ly influenced by modifications of the 

-
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ve locity in the lower cru st but responds more 
strong ly to variation of the Moho-depth. Thi s 
mcans that the calculation of the Moho depth is 
comparat ive ly rel iable. 

6. Discussion of the results 

Thc genera lized crustal Illode l derived fro m 
the composed data of the two orthogonal pro
fi les is a rather stable solu ti on of the travel time 
inversion and Illay be considered as representa
tive for Northwes tern Anatolia. 

In deta il , four semi-prol1les with shotpoi nt E 
at the cenle r, differ in thl.! !irsl place by the ir 
init ial ve locities and inte rcept times of the crys
wlline phase. At Shotpoint E, in northern and 
wes tern directions, pc. is delayed. This is due to 
differences in the sedime nt cover. In the split
ting zone of the branches of the NAFZ (sec 
Ilg. I ) a holocene pull-apart basin near Akyazi 
or a fault overstep (Neugebauer el lIf., 1997) 
may have developed. The second arriva ls with 
l'N = 2 s west of Shotpoint A have been interpre t
ed as side wall reflections from the Paleozoic 
Saki.lrya block bordering the Izm it-Sapallca
trough in the sOllth. 

It is found that in the second half of the 
Profiles E-C and C-E. there are no reflections 
from the middle <.:rust at abollt 13 km depth . 
However, those are observed on the other pro
li les well. 

On the long Profiles A-C, B-D and D-B <.II 

shotpoint distances above 80 kill rellect ions with 
'=1 1.0-2.0 s are observed. represen ting reflec
tors at a depth of about 25 kill. In addition. near 
Lake Sapanca, the Profile A-C shows a signiti 
cant step in the refractor depth from 22 kIll to 
26 kill. A similar or even more pronounced step 
may ex ist in the Moho ill the same reg ion. This 
is indicated ill the P" trave l time data from the 
Imroz earthquake (Sec tion 5.3). Ill lhi s case. the 
Westernmost Anatolia wou ld rest on a high block 
of the crust wh ile most of the profiles are on a 
lower block of the Anatol iall crust. This would 
quali tatively exp lai n some of the inconsisten
cies with the data of Glirbliz el al. ( 1980), who 
found a crustal th ick ness o f only 27-29 kill. Due 
to the limitat ion in the permilled charge size the 
profile length was res tric ted to 120 km. Infor-
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Illation on the Moho depth is taken from wide 
angle reflections, some of which are ve ry good 
quality. 

Addendum 

During the prepnnltioll of this paper two cat
astroph ic earthquakes occurred in the reg ion 
under investigation. The ti rst one on 17 August 
1999 with M" = 7.4 destroyed large part s or 
the c ity of lzmit. and caused severe damagt: 
between Yalova in the west and DUzce in the 
east. More than 15000 people lost their life. 
The earthquake occurred after 30 ycnrs of 
qui escence at the wes te rn end of the well 
know il sequence of major earthquakes along 
the North Anatolian Fau lt (NAF) beginning in 
1939. 

A second earthquake all 12 November 1999 
with Mn. :0;: 7. 1 destroyed large parts of DOzce 
and Adapazari and killed about 1000 people. 

The se ismic c rustal model described in thi s 
paper may be of part icular interes t. and has :I I· 
ready been tl sed , for a more precise loca ti ng of 
aftershocks in thi s region. 

In view of the possible cause of the 17.mit 
eart hquake linding a signif1cant step in re fractor 
depth in the crust near Lake Sapanca as de
sr.: ri bed in Section 5. 1 appears in a new light. 
The re are two diffe rent poss ibilities to ex pl ai n 
this discontinuity in structure. Either it is a ver
tical s tep in essenti ally the same type of crust. or 
the sei smic profi le traverses the boundary be
tween adjacent blocks of different crustal type. 
the Pontides in the north and the An atol ides in 
the south. In any case it represents a large scalc 
hete rogeneity of the crustal structure which is 
frequently also a he terogene ity in strength and 
stress. After Das and Ak i ( 1977), regions of high 
streng th are ca lled barriers. With refe rence to 
our pape r (Neugebauer el al .. 1997) we prefer 
the interpretation as a slepover. or in terms of 
dis location mechanics, as a jog in the North 
AnalOlian Fault between NAFI and the more 
eastern fracture zone of the 1969 Mudurnu earth
quake with a hori 7.ontal offset of some 20 kill. 
There were differing opin ions about the signif
icance of NAF I and NAF2 (tig. I) being the 
ac tive western continuation of the NAF. The 
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Izmit-earthquake, but also the micro earthquake 
activity in previous years, have proven that NAFI 
has LO be considered the active branch of the 
NAP. According to Barka and Kadinsky-Cade 
(1988). and Scholz (1990) large scale jogs 
present impediments to rupture and, ill extreme 
cases, rupture termination. So it may have need
ed accumulation of large stress and, consequent-
1y' a long time to break that barrier. From model 
calculations Stein el al. (1997) also found a 
significant stress concentration in that region 
and identified it as a zone of high potential for 
a major earthquake. Also the observation by 
Westerhaus el al. (1997) of anomalously high 
b-values in the magnitude-frequency distribu
lion of that region fit into the picture of high 
heterogeneity and plastic deformation at thi s 
corner of the jog. 

Because of the extreme danger for the Istan
bul region it is suggested to extend the deep 
seismic sounding investigation in this area to a 
three dimensional survey. 
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