Japan Geoscience Union Meeting 2012 2 ) ;
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]“ gon

Geoscience
Union

SEM22-01 0 0:301A 00:50 250 09:00-09:15

000000000:000000000000000 _
Transient response of the conducting Earth: Comparison of the observed and theoretic
step response
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Transient response of the Earth in time domain is very useful to delineate electrical properties of our planet down to the lowel
mantle depths. Among many possible configurations of the external geomagnetic field, abrupt change in the dipole filed o
external origin (g°) is of particular interest here because it can be actually created by variations of the magnetospheric ring
current and is of significant strength in the sense that it is clearly observable. The step resphrsfehE conducting Earth
for the dipole field, therefore, was examined in this study for a time range from a few hundred seconds through longer than 10(
hours using vector geomagnetic time-series at the time of intense geomagnetic storms such as the Halloween storm event in 2C
observed simultaneously by ground geomagnetic observatories worldwide.

In general, the so-called impulse response of a physical system is given by time derivative of its step response. A well-knowr
example of those responses is that the first derivative of the Heaviside’s step function is equal to the Dirac’s delta function.
Time-series of observable quantity can be expressed by a convolution of the source and the impulse response from the tin
origin to an instant in concern. Thus, temporal variation of the poloidal geomagnetic fjél¢t) pat the Earth’s surface is also
given by a convolution of source variation,(t), and the Earth’s impulse response that conveys the electrical property of our
planet. Here, n and m are the degree and the order of the spherical harmonic geomagnetic field, respectively. The convolutio
however, can be evaluated more easily in frequency domain rather than time domain making use of FFT. The time derivative i
also replaced by i x omega in frequency domain, where omega is the angular frequency of the electromagnetic (EM) variatiol
in concern. Temporal variation of the Earth’s step respons&(#, is then derived by inverse Fourier transform back into time
domain.

In the present study,.F(t) was estimated using hourly or one-minute values,8fand q° coefficients obtained by spherical
harmonic analyses of geomagnetic storms and using the relatiti)  g;°(t) + o1 °(t)/2. The curve of I(t) is basically an
increasing function of time, which implies that the electrical conductivity of the Earth is also increasing with depth. However,
F,°(t) flattened significantly for the time range between some dozen minutes and hours indicating that there may exist a regio
of enhanced electrical conductivity at mantle transition zone depths. Preliminary model studies using Hamano's (2002) three
dimensional (3-D) time domain EM induction scheme yielded an estimate for the probable depth range of the enhanced electric:
anomaly that was very localized around the 410km seismic discontinuity. If the localized depth estimate is true, the transien
response of the conducting Earth has possibly captured the thin water filter atop the 410km discontinuity proposed by Bercovic
and Karato (2003).

In this presentation, we will further examine the probable depth range for the electrical conductivity anomaly by comparing the
observed step response with the theoretical step response of spherically symmetric and/or fully heterogeneous earths. A dire
conversion method of the observed step response into the electrical conductivity profile based on an iterative uniform spher
approximation will be applied and compared with the model calculation as well. The effect of Sq noise on the observed ster
response will also be examined and argued.
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A reference electrical conductivity model of continental upper mantle estimated from the

MT data in central Australia
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To investigate the one-dimensional reference electrical conductivity profile beneath continents, we conducted a magnetote
luric (MT) observation with long dipole span near Alice Springs, central Australia. We utilized geomagnetic data acquired at
the Alice Springs geomagnetic observatory operated by Geoscience Australia. Using the BIRRP processing code (Chave al
Thomson, 2004), we estimated the MT response functions for periods from 100 to 10 to 5 sec. The phase tensor analysis reveal
that the shallower uppermantle (up to several thousand seconds in period) is two-dimensional, while the deeper upper mant
is three-dimensional. We focused the two-dimensional part, from which we can extract one-dimensional model. The pioneerin
work demonstrated by Agarwal et al.(1993) suggests that we should use Berdichevsky average, determinant or TE-mode respor
to model one-dimensional conductivity structure in two-dimensional environments. From the view point of galvanic distortion
in regional two-dimensional structures supposed that Groom-Bailey decomposition would be performed, Berdichevsky averag
response involves phase mixing as well as static shift, while determinant and TE-mode responses involve only static shift. Adopt
ing Faraday’s law, we can correct static shift of TE-mode using geomagnetic transfer function (Ledo et al.,2002), while such &
procedure for correcting static shift of determinant responses has not yet been developed. Following the procedure of Ledo
al.(2002), we estimated TE-mode responses with static-shift free. We inverted the TE-mode MT responses into a one-dimension
conductivity profile using Occam inversion (Constable et al.,1987), and plan to compare the one-dimensional structure with elec
trical conductivity profiles predicted from compositional models of the earth’s upper mantle by calculating phase diagrams in the
CFMAS (CaO-FeO-MgO-AI203-Si02) system.
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The three-dimensional conductivity structure of the stagnant slab: preliminary result
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We performed a three-year-long seafloor electromagnetic (EM) survey in the Philippine Sea, including the western edge o
the Pacific Ocean, to image electrical features of a deep mantle slab and the surrounding mantle in three-dimensions (3-D). Tt
project iterated one-year-long deployment of ocean bottom electromagnetometers (OBEMS), involving a total of 37 instrument:
installed at 18 sites. The data obtained have been analyzed in the order of their recovery based on a magnetotelluric (M
method.

In this study, we attempt to obtain a 3-D electrical conductivity model from the observed data. The seafloor topography
is known to significantly affect the EM response functions obtained by OBEMs. We assume that the distorted EM fields are
separated into long-wavelength (more than a few tens of km) and short-wavelength (less than a few tens of km) components, at
propose their separate treatment: The long-wavelength parts are incorporated into a newly developed 3-D inversion code (Ta
et al., submitted), and effects of the short-wavelength topographies are corrected with other 3-D forward code (e.g. FS3D; Bab
and Seama, 2002).

From a preliminary 3-D electrical conductivity model, we find three significant features so far. (1) The conductivity of the
Pacific Plate is much lower than that of the Philippine Sea Plate in the top of the upper mantle. (2) The difference of conductivity
between the Pacific Plate and the Philippine Sea Plate becomes small at the depth of 200km. (3) The conductivity beneath tl
central Mariana Trough is lower than that of surrounding area at the depth of somewhere between 100 and 200 km. We wil
explain more detail about the 3-D result and discuss it in the presentation.
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Turkey is seismically very active country that has hosted large destructive earthquakes throughout the history. The sources ¢
these devastating events are two main fault zones which are the North and East Anatolian Fault Zones. The last two demonstrati
earthquakes on the North Anatolian Fault Zone (NAFZ) occurred at the eastern edge of the Marmara Sea, confirming migratio
of big events from east to west on this transform fault. In view of there is a seismic gap in the Marmara Sea and seismic energy ac
cumulation increases day bay day at its eastern edge, occurrence of the next destructive earthquake in the Marmara is inevitak
Seismic, geodetic and other studies showed complexity of the structure suggesting various estimates about the extension of t
NAFZ through the Marmara Sea. In this study, we benefit from the high depth resolution of the Magnetotelluric (MT) method to
resolve the electrical resistivity structure beneath the Marmara Sea and disclose its relation with the geologic structure. In orde
to investigate extension of the NAFZ beneath the Marmara Sea we deployed long period ocean bottom electromagnetic data
16 sites which form 4 profiles perpendicular to the possible traces of the NAFZ. 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. The highly con-
ductive anomaly in electrical resistivity models extends from crustal depths to the lithosphere and merges with the melted mantl
material at the eastern part of the Marmara Sea. This conductive anomaly is surrounded by relatively resistive anomalies whic
imply continuation of the fault structure from land to the Marmara Sea. Our results clear the location of the highly conductive
and resistive anomalies that has crucial implications in two aspects; conductive anomaly may trigger the micro-seismic activity
and resistive anomalies may act as asperity zones where stress accumulation results in large earthquakes.

0 0000 : Ocean Bottom Electromagnetics (OBEM), North Anatolian Fault Zone (NAFZ), Magnetotellurics (MT), Marmara
Sea, Resistivity / Conductivity, Fluid-controlled seismicity
Keywords: Ocean Bottom Electromagnetics (OBEM), North Anatolian Fault Zone (NAFZ), Magnetotellurics (MT), Marmara
Sea, Resistivity / Conductivity, Fluid-controlled seismicity
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A proposal and a feasibility study of highly sensitive geo-electromagnetic field measure-
ments using SQUID magnetometers
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Geomagnetic variation associated with seismogenic ionospheric disturbance
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We have shown many examples of electric fields associated with natural and artificial earthquakes, but they are all horizonte
components and no information has been derived for the vertical component. In theoretical arguments, the vertical electric fiels
should vanish at the surface of the Earth and hence surface measurements are unlikely to be significant. We therefore attempit
to measure vertical electric fields using a borehole casing pipe as an electrode with a surface coil surrounding the borehole at ti
Earth’s surface. In fact, Takahashi and Fujinawa established such a measurement system for two boreholes in the Boso penins
and we used this system for our measurements. At one site, the borehole length is 803 m and at the other site it is 106 m. Bo
sites are equipped with electrodes at the surface for measurements of two horizontal components of electric field. The electroc
span ranges from 9 m to 36 m. Both sites are located in electrically noisy environments and precise measurements of electr
field turned out to be almost impossible. Nonetheless, fairly clear signals could be observed for the main ground motion of ar
earthquake of magnitude 7.0 which occurred in the vicinity of Torishima on January 1, 2012. In the deep borehole case, the
magnitude of vertical electric field is half of that of horizontal electric field, whereas in the shallow case the vertical electric field
is one order of magnitude smaller than the horizontal electric field. This is quite understandable in view of the expectation tha
the vertical electric field should be smaller and smaller towards the surface of the Earth. This result indicates that seismic dy
namo effect signals can be detected by borehole measurements. The theory of seismic dynamo effect predicts that the resona
between the seismic velocity and ions maotion in groundwater at depth should occur at the cyclotron frequency correspondin
to the total magnetic field. This should be verified through the transfer function of electric field to seismic velocity. We finally
point out that clearer electric-field signals would be observed if measurements are made at the bottom of deep borehole and t
detection of seismic wave there in terms of electric field would become possible well before the arrival of seismic wave at the
surface of the Earth.
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