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Honkura1, Masaki Matsushima1, and Weerachai Siripunvaraporn 6
Tokyo Institute of Technology, Japan
2
Jamstec, Japan
3
Bogazici University, Turkey
4
Istanbul University, Turkey
5
Kyoto University, Japan
6
Mahidol University, Thailand

1

SUMMARY
This study represents the application of 3D electromagnetic method in a nearly closed inland sea. In order to investigate
lithospheric scale structures and extension of the North Anatolian Fault (NAF) zone underneath the Marmara Sea,
where the next destructive earthquake is expected to occur in northwest Turkey, we deployed long period ocean bottom
electromagnetic (OBEM) instruments in the Marmara Sea. The OBEM data were combined with wide-band
magnetotelluric (MT) data acquired at land sites around the Marmara Sea. According to the 3D inversion results, a fluid
related highly conductive anomaly in electrical resistivity models extends from the crustal to lithospheric depths and
merges with the saline fluid and/or melted mantle material beneath the Cinarcik and Imrali Basins in eastern Marmara
Sea and to the south of the Central Basin toward the west. These conductive anomalies are surrounded by relatively
resistive anomalies. This system, observed previously in the Duzce region on the NAF in east but terminated to the west
of the Izmit region, provides an additional constrain on the continuation of the segmentation of the NAF zone from land
into the Marmara Sea. Branches of the NAF zone intersect with the resistive-conductive boundaries underneath the
Marmara Sea as is on land. This shows segmented feature of the NAF zone on western Turkey. Another significant
result of this study is that resistivity variation underneath the Marmara Sea is similar with the Marmara Region. With
reference to this, we suggest extension of three tectonic zones from Marmara Region on land into the Marmara Sea.
Keywords: Ocean bottom electromagnetic (OBEM), Marmara Sea, North Anatolian Fault (NAF), 3d modeling,
inversion.

INTRODUCTION
Our study area, Turkey is one of the seismically very
active countries in the World. It hosts two main fault
zones, North and East Anatolian Fault zones, formed due
to the relative motions of four tectonic plates which are
Eurasian, African, Arabian and Anatolian Plates.
The North Anatolian Fault (NAF) is the main transform
fault zone of Turkey. It is located to the north of Turkey
between the Eurasian and Anatolian plates. During the
20th century, westward movement of the Anatolian plate
with respect to the Eurasian Plate caused devastating
earthquakes which started from the east and migrated to
the west along the NAF. The last two of these
earthquakes occurred at the eastern edge of the Marmara
Sea in 1999. In view of there is a seismic gap in the

Marmara Sea (Toksöz et al., 1979) and seismic energy
accumulation increases day bay day at its eastern edge,
due to the migration of the devastating earthquakes
toward the west along the NAF and occurrence of the
1999 earthquakes in Izmit and Duzce which are the cities
at the eastern edge of the Marmara Sea, occurrence of
the next destructive earthquake in the Marmara Sea is
inevitable.
Seismic tomography studies in the area are impossible
because of lack of large earthquakes in the Marmara Sea
since 1766. Like tomography studies, other disciplines
have limited depth resolution in the Marmara Sea. On
the other hands, Magnetotelluric (MT) method has a
large depth resolution from a few meters to ten of
kilometers. Electrical resistivity distribution underneath
the Marmara Sea is crucial in terms of understanding
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current dynamic system, location of the asperity zones
and effect of an inland sea on the distribution of the
electromagnetic fields. Therefore, in order to reveal the
electrical resistivity distribution beneath the Marmara
Sea and its relation with crustal and upper mantle
structures, and extension of the NAF under the Marmara
Sea, we applied Magnetotelluric method in and around
the Marmara Sea.
DATA AND METHOD
The data set used in this study includes both Ocean
Bottom Electromagnetic (OBEM) and wide-band MT
data. The OBEM data set in the Marmara Sea was
obtained at 14 sites (Fig. 1) in three campaigns (2008 –
2009). Site locations were arranged as forming 4 profiles
perpendicular to the possible traces of the NAF zone in
accordance with 3D modeling. Electric (two
components) and magnetic (three components) fields
were continuously recorded by OBEM instruments
(Kasaya and Goto, 2009) with a sampling rate of 8 Hz
during about one month. An OBEM instrument has a
three-component fluxgate sensor, which is more robust
than an induction coil sensor for the sea bottom current,
and four arms with Ag-AgCl electrodes attached to their
ends (Kasaya and Goto, 2009). The code developed by
Chave et al., (1987) was applied in order to obtain
transfer functions from continuous electric and magnetic
fields (three components). A broad period range (1011000 s) of the data set enabled us to investigate the
structures to the upper mantle depth.

Additionally we gathered wide-band MT data on land
(Fig. 1). The two electric (horizontal) and three magnetic
field components were recorded at each station within
the frequency range of 320 Hz to 0.0005 Hz (~2000 s in
period) by Phoenix Geophysics MTU-5 instruments
which were operated synchronously during 68-72 h.
Variation of the geoelectric strikes from east to west
shows different oriented faults in the Marmara Sea and
points out necessity of 3D modeling in this region.
Therefore, the 3D MT inversion code of Siripunvaraporn
and Egbert (2009) has been used in this study. The
method in the code is based on the Occam inversion.
We examined several different initial models and finally
chose a layered earth initial model. Due to the observed
data, the background resistivity must be 100 Ωm at least
to the depth of 10 km. Therefore, in the initial model, the
bathymetry (0.3 Ωm) is set into a layer with 100 Ωm
resistivity. The 100 Ωm layer is followed by two other
layers toward the depth where the resistivity changes
from 50 Ωm in the second layer to 10 Ωm in the third
one. 1 Ωm for the half-space was chosen considering the
average of the long period observed data at each site.
Our final models including both TE and TM modes
obtained from the inversion of all the OBEM and MT
data sets have the root mean square (rms) value of 3.2.

Figure 1: Tectonic map of the Marmara region with wide-band (pink triangles) and OBEM (pink squares) site
locations. Red stars denote the epicenters of the 1999 İzmit and Duzce earthquakes. Red lines represent the 1912 Ganos
(GFR), 1999 İzmit (IFR) and 1999 Duzce Fault Ruptures (DFR) from west to east. Dashed black lines indicate possible
branches of the NAFZ within and around the Marmara Sea. AP: Armutlu Peninsula, KP: Kocaeli Peninsula.
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RESULTS AND CONCLUSION
The eastern part of the 3D electrical resistivity models
show a good accordance with the 2D modeling results
performed by Kaya et al. (2013). High conductive
anomalies beneath the Çınarcık and İmralı Basins in
their study are noticeable in our E-W and N-S crosssections, too. The 3D modeling results indicate that the
conductive zone observed beneath the Çınarcık and
İmralı Basins are not continuos and give place to the
resistive zone towards the west of the Çınarcık Basin
beneath the eastern ridge. Further to the west, another
conductive anomaly is observed to the south of the
Central Basin. These conductive anomalies start from 510 km depth and extend deeper than 40 km. Toward the
north and south, the conductive anomalies are replaced
with the resistive zones at deeper sections. The northern
resistor represents the part of the İstanbul-Zonguldak
Zone which consists of Precambrian bed rock deposition
overlain by thick Ordovician to Carboniferous
sedimentary rocks. To the south, the extension of the
Sakarya Continent appears as the southern resistor and
tends to dip slightly southward. The resistive zone below
the shallow high-conductive zones beneath the Armutlu
Peninsula represents a high and low grade metamorphic
succession (Yılmaz et al., 1997).
The distribution of seismicity in the Marmara Sea
indicates clustering at the rims of upper conductive
anomalies implying a fractured damage zone at the
upper crust. Actually, the seismicity in the upper crust
generally occurs in the resistive zones underlain by a
conductor, as a result of the migration of fluid to the
resistive zones (Ogawa and Honkura, 2004). Therefore,
we interpret the upper conductive zones in 3D electrical
resistivity models as representing fluid. The highly
conductive and resistive anomalies in electrical
resistivity models have crucial implications in two
aspects; conductive anomaly may trigger the microseismic activity and resistive anomalies may act as
asperity zones where stress accumulation results in large
earthquakes.
The source of the underlying conductor is controversial;
it may be related to the high salinity fluid and partial
melting of mantle material and/or to the asthenosphere
upwelling beneath the Marmara Sea. If the highly
conductive anomaly in electrical resistivity models
which extends from crustal depths to the lithosphere
merges with the melted mantle material, this highly
conductive anomaly beneath the Cinarcik and Imrali

Basins may be interpreted in terms of extensional regime
in the Marmara Sea.
The conductive anomalies beneath the Cinarcik and
Imrali Basins are surrounded by relatively resistive
anomalies. These resistive-conductive boundaries imply
that the fault structure continue from land to the
Marmara Sea and terminates to the west of the Cinarcik
Basin. Our 3D electrical modeling results also display
other branches of the NAF zone beneath the Marmara
Sea. We interpret continuation of the NAF branches and
similar structures beneath the Marmara Sea as indicator
of continuation of the three tectonic zones in the
Marmara region toward the Marmara Sea.
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