H A ER R R BE G20 1645 K2/ A8 44 + 2 7 A

Japan Geoscience Union MEETING 2O 16V arvesse

JpGU and AGU to Collaborate in JpGU Annual Meetings in 2016 and 2017
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[SCG63-02] 3D Electromagnetic imaging of the deep structures
and North Anatolian Fault in the Marmara Sea

*Tulay Kayal. Yasuo Ogawal. Takafumi Kasaya?. Mustafa Kemal Tuncer3.
Yoshimori Honkural., Naoto Oshiman®. Masaki Matsushimal. Weerachai
Siripunvaraporn®

(1.Tokyo Institute of Technology. 2.Japan Agency for Marine-Earth Science and
Technology. 3.Istanbul University. 4.Kyoto University. 5.Mahidol University)

F*—"7— K : Magnetotelluric, Marmara Sea, North Anatolian Fault, Resistivity,
Crust/upper mantle, Tectonic

In this study, we perform 3D modeling of the electromagnetic data to
investigate major tectonic structures beneath the Marmara Sea. The Marmara
Sea and surrounding region located in northwestern Turkey were formed as a
result of closure of the Tethys Ocean and following extension and strike-slip
regimes. This region accomodates the northwestern branch of 1600 km long
North Anatolian Fault (NAF) that represents the main transform boundary in
Turkey. NAF runs parallel to the northern coast of Turkey and reaches to the
Marmara Region as three branches. Historical seismicity catalogues suggest a
westward migrating pattern of destructive earthquakes along the NAF as well as
a seismic gap within the Marmara Sea. Following the last two devastating
earthquakes (1999 Izmit and Duzce earthquakes) that occurred at the eastern
edge of the Marmara Sea, an increase in seismic energy on the Marmara Sea
branches of the NAF have been monitored. Although the NAF and its branches
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on land are well investigated, their lateral and vertical extension within the
Marmara Sea still remains elusive. Our knowledge of the continuation of
tectonic structures in the Marmara Sea has a crucial role on understanding
stress accumulation and geodynamic evolution after closure of the Tethys
Ocean that has not been well uncovered yet. Earlier on- and off-shore
magnetotelluric (MT) studies showed that MT method could be very efficient
tool for the investigation of electrical resistivity variation that is now considered
to be an important parameter to reveal tectonic structure of the Marmara Sea.
Thus, we performed the MT method using ocean bottom electromagnetic
(OBEM), wide-band and long period MT data set collected within and around
the Marmara Sea. Totally at 27 sites continuous electric and magnetic fields
were recorded. Phase tensor analysis and induction arrows show complexity of
the structure especially at shallow depths and indicate that a 3D analysis of the
data is required. They also represent existence of conductive anomalies
beneath the Marmara Sea. 3D modeling results indicate high conductive
anomalies, which are separated by resistive zones laterally, at crustal and upper
mantle depths. Locations of these resistive-conductive boundaries clearly imply
the trace of the NAF on land. Conductive and resistive zones can mark the
regions with fluid rich and fluid free zones, respectively, and those regions are
considered either to triggger easily a large earthquake or accumulate stress in
the brittle zone of the crust. Resistivity variations resolved in this 3-D MT
modelling study imply a continuation of the tectonic zones underneath the
Marmara Sea in a similar fashion as observed from earlier 2-D modelling of
land stations in the east.
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Geophysical observations have been conducted to study the composition,
structure and dynamics in the island-arc continental crust. Detailed profiles of
seismic velocity and electrical conductivity have suggested that fluids (mostly
aqueous fluids) exist pervasively within the crust. Spatial variations in velocity
and conductivity are primarily attributed to a spatial variation in the fluid
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volume fraction. Cracks must be a key component of pores to govern velocity
and conductivity at upper- and mid-crustal depths. Based on laboratory
experiments, most of cracks have aspect ratios of less than 10-3. The variation
in velocity must be caused by that in fluid volume fraction of 0.1%. The spatial
variation in conductivity is often up to 4 orders of magnitude. This large
conductivity change must occur within a narrow range of the fluid volume
fraction. If the connectivity of fluid is identical, the conductivity is proportional
to the fluid volume fraction. A small change in the fluid volume fraction cannot
make a change of orders of magnitude. The large change in conductivity
requires the increase in connectivity of cracks with increasing fluid volume
fraction. | will discuss about the connectivity of grain boundary cracks and its
implications for seismic velocity and electrical conductivity.
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ACROSS is an acronym of ‘accurately controlled, routinely operated signal
system’, which is being used to detect the subtle temporal variation of the
underground structures by elastic wave signal. Whereas seismic ACROSS has
been deployed at serval sites, complementary electromagnetic ACROSS has not
been payed attention to be implemented. Furthermore, currently operating
seismic ACROSS does not appear to exert its high potentiality expected
theoretically. Recognizing the substantial potentiality of the simultaneous
implementation of both seismic and electromagnetic ACROSS, the present
author has kept working with several coworkers towards the better
implementation strategy of ACROSS technology.

Recently (2014) we convinced to have found a reasonable way to utilize the
potentiality of ACROSS, and started to work with ERI and ELSI (TITECH) to design
the detailed tactics and strategy. We have a set of two important factors: (1)
designing of implementation technology of ACROSS and (2) development of an
‘operational digital wave theory’ expected to enable us to invert the big data
acquired by ACROSS to ‘color holography movie of anisotropy’.

The current state of technology and its prospect are reported in this
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presentation.

(1) A dense array of both seismic and magnetic sensors combined with a sparse
transmitter array of seismic and electromagnetic waves would provide us with
such observation data on anisotropy and color (frequency dependence)
holography of the crustal structures. As a matter of course, spatial resolution of
color and anisotropy depends on the designing of the observation system,
frequency range of operation, and also on the time period of data acquisition.
(2) An operational digital wave (ODW) theory developed in this work is quite
different from the routine method commonly used on the basis of finite
difference approach on wave equation with a weak form. By introducing a
hyper-function calculus, differential equations of both elastic and
electromagnetic waves are converted to the algebraic equation in wavenumber
space in ODW theory. By introducing a sequence of finite discrete coordinates,
an efficient iterative innovation strategy is realized for both forwards and
inverse computations.

A set of ACROSS technology and ODW theory would promote the transition of
the current ‘phenomenological dynamics’ to the qualified dynamics based on
the physical properties of material under tectonic stress with sound physics and
observation background. A good test field may be the source area of the 2000
Western Tottori Earthquake, where fluid migration dynamics along the
subsurface fault zone may be traced through the observation of temporal
variation in the anisotropy of conductivity and polarized shear wave velocities.
Note that the high quality observation is essential for the modern tectonics
studies.
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