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The magnetotelluric (MT) method has been applied to show resistivity variations in the vicinity of the epicenter
of the 1999 Diizce earthquake (M, = 7.2) where a large rupture velocity difference was seen between the western
and eastern parts of the epicenter. MT data for frequencies ranging between 320 and 0.0005 Hz were acquired
along two parallel profiles to the west and the east of Diizce earthquake’s epicenter. Both profiles crossed the
Diizce basin and the Diizce fault in the north and the North Anatolian Fault (NAF) in the south. MT data
analysis shows almost two-dimensionality in the region, at the depth starting from 2-3 km beneath the surface.
According to two-dimensional MT modeling, a higher resistive layer extends beneath the eastern side of Diizce
earthquake epicenter, compared with the western side. This resistivity structure correlates well with the aftershock

distribution of the Diizce earthquake.
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1. Introduction

The highly active North and East Anatolian Faults have
contributed to the occurrences of some of the most destruc-
tive earthquakes in Turkey. One of these devastating earth-
quakes, Diizce earthquake, took place in 1999 on the Diizce
fault, at the western part of the North Anatolian Fault (NAF)
in northwestern Turkey, as shown in Fig. 1. Since the oc-
curence of this devastating earthquake (M,, = 7.2), its pa-
rameters and the fault have been investigated using seismo-
logical and geodetic data (Ayhan et al., 2001; Bouchon et
al., 2001; Akyiiz et al., 2002; Biirgmann et al., 2002; Cakir
et al., 2003; Birgoren et al., 2004; Bouin et al., 2004).
Some results of these studies are interesting; for example,
the Diizce fault rupture had a dip to the north (Ayhan ez al.,
2001; Biirgmann et al., 2002; Bouin et al., 2004). Birgéren
et al. (2004) showed two asperity zones in the region—a
large one observed near the hypocenter and a smaller one at
the shallow part of the eastern side of the epicenter. Elec-
trically resistive zones were also been seen in the west of
the Izmit earthquake (1999) rupture zone, and these were
interpreted as indicators of asperity zones (Honkura et al.,
2000; Tank et al., 2003, 2005). Seismological studies for
the Diizce earthquake also revealed that, during the earth-
quake, the rupture velocity on the eastern side of the earth-
quake’s epicenter was much greater than that on the western
side (Bouchon et al., 2001; Birgoren et al., 2004; Bouin et
al., 2004; Bouchon and Karabulut, 2008).

The magnetotelluric (MT) method has been shown to
be capable of identifying the electrical resistivity structure
of the crust and the mantle and has been used for many
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geophysical studies such as geothermal systems (Caglar
and 1§seven, 2004), active volcanoes (Ogawa et al., 1998;
Aizawa et al., 2005), petroleum exploration (Constable et
al., 1998), crustal structures (Wei et al., 2001; Wannamaker
and Doerner, 2002; Giirer, 2004), marine studies (Key and
Constable, 2002), mantle properties (Jones, 1999; Simpson,
2002), and active faults (Honkura et al., 2000; Unsworth et
al., 2000; Ritter et al., 2005; Tank et al., 2005).

In this study, the MT method was applied to image the
Diizce fault’s electrical resistivity structure, in the Izmit
earthquake region, in order to examine resistivity contrast
between the western side and the eastern side of the epicen-
ter. The region in which the Diizce fault lies varies struc-
turally not only from the east to the west but also from the
north to the south due to the presence of three different tec-
tonic zones in the vicinity of Diizce. These tectonic zones,
the 1stanbul—Zonguldak zone, Armutlu-Almacik zone, and
Sakarya continent from the north to the south (Fig. 5), play
an important role in determining the tectonic structure of
Turkey (Yilmaz et al., 1997; Yigitbas et al., 1999). A sec-
ond aim was to image the electrical resistivity variation in
these zones; for this we obtained MT data on both sides of
the epicenter along two profiles crossing the Diizce basin,
the Diizce fault, and the NAF from north to the south, as
also shown in Fig. 1(c).

2. Observation

MT data in Diizce were obtained in two campaigns. Fig-
ure 1(b) shows not only MT sites set up after the Diizce
earthquake but also those in the region after the 1999 Izmit
earthquake. The first MT profile (DW) across the Diizce
fault was extended from Cilimli in the north to Tagkesti vil-
lage in the south, an almost 36-km-long profile with station
spacing varying from 1.3 km to 5.7 km. At each station, two
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Fig. 1. (a) The tectonic map of Turkey indicating the study area with an open red square. (b) Location map of the previous magnetotelluric measurement
profiles in the vicinity of Diizce region. The lines indicate the studied area as follows: HO by Honkura et al. (2000) and Oshiman et al. (2002), TE
by Tank et al. (2003), EG by Elmas and Giirer (2004), CI by Caglar and Igseven (2004) and TP by Tank et al. (2005). (c) The map of Diizce region
showing the locations of the west (DW) and east (DE) profiles together with tectonics in this area. Black lines and black arrows represent the fault
lines and relative motions of the faults, respectively. Red and blue triangles with numbers represent MT stations of the west and east profiles. The
star indicates the epicenter of 1999 Diizce earthquake (from USGS).
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Fig. 2. Apparent resistivity and phase curves of the XY (a, ¢) and YX (b, d) modes for DW (a, b) and DE (c, d) profiles. Increase in the resistivity

values to the south, from Diizce basin to the highland, is clearly seen on both modes.
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Fig. 2. (continued).
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Fig. 3. Twist and skew angles and average rms errors versus period for the three sample stations of the DW (a) and DE (b) profiles.
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Fig. 4. (a) The geo-electric strike at each station for the whole frequency band. Pink and blue arrows indicate the strikes for the DW and DE profiles,
respectively. (b) Geo-electric strikes of the DW and DE profiles for each frequency band. (c) Geo-electric strikes for the whole frequency band for

the DW and DE profiles.

electric and three magnetic components were recorded for
the frequency range between 320 and 0.0005 Hz (~1820 s)
by three Phoenix Geophysics MTU-5A instruments oper-
ated synchronously during 16—18 h. Remote reference pro-
cessing (Gamble et al., 1979) was used at noisy stations.
Magnetic coils for horizontal magnetic components and
electric dipoles ~60 m long were oriented along the geo-
magnetic north and east. The Diizce fault strike is N85°E
(Biirgmann et al., 2002; Bouin et al., 2004), and thus the
orientation of the profile (N-S) is almost perpendicular to
the Diizce fault, as shown in Fig. 1.

The east profile (DE) was located almost 23 km to the

east of DW profile. It is about 41 km long, extending from
Agar village in the north to the Pelitdzii village (Mudurnu)
in the south. It is composed of 11 stations with a site
separation ranging from 2 to 7 km. During the second
campaign, data were acquired at seven stations. Along the
DE profile, the data were recorded for the same frequency
range as that along the DW profile.

3. Data Analysis

As a first step in the processing, the data transformed
from the time domain to the frequency domain were plot-
ted as apparent resistivity and phase curves versus period.
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Fig. 5. (a) Tectonic map of the Diizce region (Yilmaz et al., 1997). Black lines show active faults in the region. The black arrows indicate the direction
of fault motion. The star indicates the epicenter of the Diizce earthquake. (b) Map of aftershock distribution of the Diizce earthquake. Red, pink, and
purple circles are the aftershocks having magnitudes M > 5, M > 4, and M > 3, respectively (observed for 3 month after the main shock, B. U.,
Kandilli Observatory and Earthquake Research Institute).

The whole data set was investigated separately, and gen- demonstrate a resistivity transition from low at the basins
eral information about the resistivity feature of the region (Diizce and Mudurnu) to high at higher altitudes (Almacik
was obtained. According to this analysis, the apparent re- Mountain) for both the west (Fig. 2(a, b)) and east (Fig. 2(c,
sistivity curves could be classified into three groups from d)) profiles.

the north to the south. In Fig. 2, apparent resistivity curves Effects of galvanic distortions produced by near-surface
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Fig. 6. Observed and calculated apparent resistivity and phase pseudosections for the DW profile. (a) Observed apparent resistivity (upper two) and
phase (bottom two) pseudosections of TM and TE modes, respectively, from the top to the bottom. (b) Calculated apparent resistivity and phase
pseudosections in the same notation as (a). In pseudosections, high resistivity is indicated in blue whereas low resistivity in red.
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inhomogeneities can be estimated from MT data by a tensor
decomposition technique, namely the Groom-Bailey (GB)
decomposition (Groom and Bailey, 1989). The twist (—25°
and 25°) and skew (~0°) angles obtained from the decom-
position show that our two dimensional (2D) data set is un-
der the effect of moderate telluric distortion. In Fig. 3, the
twist and skew values with average errors are shown for
three sample stations. The data fit is acceptable over the
whole sites, and these small root mean square (rms) mis-
fit values indicate the accuracy of the 3D/2D galvanic dis-
tortion model. Applying the GB decomposition, the strike
angle was determined and, subsequently, geo-electric strike
values at every station for every frequency were calculated.
After that, McNeice and Jones’ (2001) approach, which is
an extended form of the Groom and Bailey decomposition,
was applied to whole stations and periods. In this man-
ner, frequency- and site-dependent geo-electric strike vari-
ation for every separate site was obtained together with the
frequency- and site-independent strike for profiles (Fig. 4).
As seen from Fig. 4(a), most of the geo-electric strikes show
an angle near N70°E. The frequency-dependent strikes es-
timated for both the profiles are displayed in Fig. 4(b).
The frequency- and site-independent strikes obtained by the
multisite multifrequency decomposition analysis of McNe-
ice and Jones (2001) are N72°E and N70°E for the DW and
DE profiles, respectively (Fig. 4(c)). These strike values
for the undistorted MT data are highly consistent with the
geological strike.

4. 2D Modeling

After the MT data of the DW and DE profiles were de-
composed, they were rotated to the geo-electric coordinate
frames. Subsequently, the data set was inverted by the 2D
inversion code developed by Ogawa and Uchida (1996),
which uses the static shift as a constraint and handles the
static shift effect during the inversion. Because of the rel-
ative sensitivities of the TE (transverse electric) and TM
(transverse magnetic) modes (Berdichevsky et al., 1998),
both modes were used during inversion process of the de-
composed MT data. A uniform Earth model having as re-
sistivity of 100 € m was taken as an initial model. For
each of the profiles, many combinations of different values
were tried for trade-off parameters, smoothing parameter «,
and static shift parameter . The error floor was taken as
10% for the apparent resistivity data and 5% for the phase
data. After 15 iterations, the smoothest models (~2 rms)
that minimize the misfit between the observed and calcu-
lated apparent resistivity and phase values for the DW and
DE profiles were obtained.

5. Discussion

As shown in Fig. 4(c), the strikes were obtained as
N72°E and N70°E for the DW and DE profiles, respec-
tively. Geodetic and seismological studies give the geolog-
ical strike within a range between N82°E and N95°E (Ay-
han et al., 2001; Cakir et al., 2003; Bouin et al., 2004).
Biirgmann er al. (2002) derived the strike of Diizce fault
as N85°E from GPS data, while they found it as N79°E
from InSAR data. On the other hand, Tibi et al. (2001) ob-
tained the Diizce fault strike from teleseismic body waves

as N75°E. The geo-electric strike in this study is consistent
with these strikes.

The apparent resistivity and phase pseudosections, shown
in Figs. 6 and 7, obtained after decomposition denote well
the electrical resistivity transition in three tectonic zones.
These three zones from the north to the south represent
the Istanbul-Zonguldak zone, Armutlu-Almacik zone, and
Sakarya continent parts of the western Pontides in the re-
gion (Yilmaz et al., 1997; Yigitbas et al., 1999). Figures 6
and 7 also include calculated apparent resistivity and phase
values obtained as a result of inversion. Comparisons be-
tween the observed and calculated apparent resistivity and
phase for DW and DE profiles show that apparent resistiv-
ity and phase amplitudes are almost well recovered. The
correlation of the observed and calculated apparent resistiv-
ity and phase values was also observed in fitting curves for
both modes of DW and DE profiles, some samples of which
are shown in Figs. 8 and 9, respectively.

The electrical resistivity models represented in
Figs. 10(a) and 10(b) clearly show the same surface
structures to the depth of ~3—4 km for the DW and DE
profiles, except for the Diizce basin. North of the DW
profile, the Diizce basin composed of young sediments is
observed at a depth of ~3 km as a surface conductor (C2
in Fig. 10(a)). Sengor et al. (2005) give the thickness of
the sedimentary layer as about 260 m and claim that the
Eocene volcanogenic flysch extends beneath the Diizce
basin. The continuation of the conductor to the depth
of ~3-4 km may be interpreted as an effect of Eocene
volcanogenic flysch beneath the Diizce basin. A relatively
low resistivity zone (R3) is seen at the same depth of the
DE profile (Fig. 10(b)) where northern stations are not in
the Diizce basin. The resistive layer R2 is most probably
related to the Precambrian crystalline basement in the
region (Yilmaz et al., 1997). To the south of both the
profiles, 2—3-km-thick conductors (1-5 2 m) exist beneath
the Diizce fault, which may be formed as a result of the
faulting. Further to the south, another conductor with a low
resistivity of ~15-20 Q m exists (C3 in Figs. 10(a) and
10(b)), and it is overlain by a resistive layer of ~500 2 m
(R1 in Figs. 10(a) and 10(b)), which is composed of late
Cretaceous ophiolitic mélange over the highland between
the Diizce fault and NAF (Yilmaz et al., 1997; Yigitbas et
al., 1999). This layer represents the transition of different
kinds of metamorphics beneath the Almacik Mountains. A
conductive layer (C1) to a depth of 1 km is present below
the NAF trace (Figs. 10(a) and 10(b)) for both the profiles.
This conductor is interpreted as corresponding to younger
sediments located near the fault zone and Mudurnu Valley.

At deeper parts, the DW and DE electrical resistivity
models represent different structures. For DW, from ~7 km,
a conductive layer C4 (Fig. 10(a)) deepens to the north.
This conductive layer with resistivity of ~20 € m repre-
sents the transgressive sedimentary sequence, which was
also observed in the north of the Sakarya continent (Yilmaz
et al., 1997). We checked the thickness of this conductive
layer as well as its magnitude, applying a sensitivity test. To
this end, the resistivity of the conductor was changed to 100
and 500 2 m, and their responses were obtained separately
applying 2D forward modeling. In both modes we realized
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Fig. 10. Final resistivity models for (a) DW and (b) DE profiles obtained from joint inversion of the TE and TM mode data. Black triangles at the
surface represent MT stations. Red triangles indicate NAF and the Diizce fault from the south to the north, respectively. Color variation in models
from red to blue denotes the increase in the resistivity. Circles including sparse and dense dots show the aftershock areas and represent sparse and
dense aftershocks beneath the western and the eastern sides of the epicenter, respectively.

that the conductor beneath the south station is necessary.
The thickness of the conductor was tested by bounding the
extension depth of the conductor to 12 and 20 km and also
changing the resistivity of the conductor to 500 2 m be-
neath this depth. We observed that the conductor extends to
a depth greater than 20 km, and that the resistive basement
does not fit the observed data, implying that a low resis-
tive layer is required at this location. At a depth from ~4
to ~10 km, a resistive layer (R2 in Fig. 10(a)) with a re-
sistivity of a few hundred €2 m extends from the center to
the northern edge of the DW profile, and its resistivity gets
lower as the depth increases. A smaller conductive layer
(C4 in Fig. 10(b)) also exists at the southern edge of the
DE profile, having the resistivity lower than the conductive
layer (C4 in Fig. 10(a)) at the south end of the DW profile.
A very high resistivity zone with a few thousand 2 m (R2 in
Fig. 10(b)) extending to the depth of 14 km or more on the
DE profile represents Precambrian crystalline rocks of the
Istanbul-Zonguldak zone as R2 for the DW profile. Despite

the fact that these two resistive zones can be denoted with
the same abbreviation according to their same structure, R2
in DW and DE profiles, the magnitude and extension of the
R2 for DE profile is grater than for DW.

As an overall structure in this region, the 2D electrical
resistivity models well represent the structures of the west-
ern Pontides. Resistive layers in the northern part represent
the Istanbul-Zonguldak zone (Fig. 5), which is the north-
ernmost part of the western Pontides. In the DW model,
this resistive layer R2 is sharply cut near the Diizce fault
where the low resistive layer starts. This vertical boundary
is observed to a depth of 10 km, as seen in Fig. 10(a). Below
this depth, the conductive layer dips to the north beneath R2
(DW). Cakir et al. (2003) suggested that the Diizce fault is
a vertical fault and that it crosses an old fault dipping to the
north. Transition from the resistive layer to the conductive
layer near the Diizce fault seems to reflect this structure.

In the DE model, the resistive layer (R2 in Fig. 10(b)),
which is an extension of the 1stanbul-Zonguldak zone, starts
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at the northern edge of the profile and extends to the north
of the NAF where the Armutlu-Almacik zone of the western
Pontides ends and the Sakarya continent begins. This layer
continues vertically to deep layers, compared with R2 in
the DW model. This fundamental difference between two
resistive layers may be the reason for the higher rupture
velocity observed in the eastern area of the epicenter during
the Diizce earthquake.

Birgéren et al. (2004) found two asperity zones in the
region; a larger one is located near the hypocenter and
a small one at shallow depth. These asperity zones are
interpreted as indicating high seismic velocity zones, and
their locations agree with the high (R2 in Figs. 10(a) and
10(b)) and relatively high (R3 in Fig. 10(b)) resistive layers.
Seismicity after the Diizce earthquake is high in the eastern
part of the Diizce earthquake epicenter and beneath the DE
profile (Fig. 5) where high resistive layers were observed.

The resistivity models of Elmas and Giirer (2004) in east-
ern Izmit give results similar to that for the DW profile. The
MT data used in Elmas and Giirer (2004) were acquired
from a profile which crosses the Istanbul-Zonguldak zone,
the Armutlu-Almacik zones and the Sakarya continent from
the north to the south. Their results show a higher resistivity
layer beneath the Istanbul-Zonguldak zone and the Sakarya
continent. Between these zones, a similar electrical resis-
tivity transition is seen from the surface to the depth. They
showed low resistivity beneath the Sakarya continent and
interpreted it as an indication of partial melting or an age
difference between the geologic structures of the region. A
relatively low resistivity of the Sakarya continent was also
shown by Caglar and Igseven (2004) and interpreted as cir-
culation of hydrothermal fluids.

The 2D resistivity models also correlate well with the MT
study of Tank et al. (2005) in the western part of the NAF.
These two regions have similar geologic and tectonic struc-
ture (Yilmaz et al., 1997). Both of these regions cross west-
ern Pontides from the north to the south. Their results in-
dicate that the resistive Istanbul-Zonguldak zone is similar
to the 2D electrical resistivity models of the Diizce region.
They also explained those resistive zones as asperities and
high velocity zones. To the south, there is a transition to

the conductive layer in both the model of Tank ez al. (2005)
and the Diizce models. However, for the Sakarya conti-
nent, their results differ from our results. The difference
between two models may arise from the fact that their pro-
files are longer than ours (see Fig. 1(a)). Most probably,
our results represent the part of the Sakarya continent near
the Armutlu-Almacik zone, but their results include a larger
part of this continent.

6. Conclusions

MT data were acquired at 23 stations along two parallel
profiles on western and eastern sides of the Diizce earth-
quake epicenter with the aim of imaging electrical resistiv-
ity distribution of the region and revealing resistivity con-
trast between the western and eastern sides.

Following the conventional MT data processing, the geo-
electric strikes for the DW and DE profiles were calculated
as N72°E and N70°E, respectively. These strike angles are
consistent with the geologic strike. The final electrical re-
sistivity models obtained from 2D inversion agree well with
the tectonic and geologic structures in the region. The DW
and DE final models well represent the transition of the ge-
ologic units and the resistivity distributions of the Istanbul-
Zonguldak zone, the Sakarya continent, and their tectonic
mixture Armutlu-Almacik zone. In the model for the DW
profile, the transition from the resistive to the conductive
layer (R2 and C3 in Fig. 10(a)) beneath the Diizce fault at
a depth of ~10 km and the dipping of the conductive layer
(C4 in Fig. 10(a)) to the north beneath R2 may be the in-
dicator of the vertical Diizce fault and the north dipping
structure as claimed by Cakir et al. (2003). The different
electrical resistivity distribution of the DW and DE profiles
shown in Fig. 11 clearly represents the dissimilar constitu-
tions of the western and eastern part of the Diizce fault. In
this figure, dashed lines represent the structure for the DW
profile and solid lines the structures for the DE profile. The
high (R2) and relatively low (R3) resistive layers in the DE
model (Fig. 10) indicate asperity zones and high seismic ve-
locity zones. The existence of a higher resistive layer on the
eastern side (DE profile) of the epicenter and its continua-
tion to the deeper parts (Fig. 11) may be related to both high
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aftershock activities and relatively high rupture velocity on
the eastern side.
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