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Contribution of magnetotellurics to the study of the Continental Lithospheric Break-up in
East Africa

Pascal Tarits1∗, Sophie Hautot1, Remigius Gama2, Khalfan Mtelela2, Christel Tiberi3

1IUEM, Brest, France,2University of Dar el Saalam, Tanzania,3CNRS & University of Montpellier, France

The breakup of continents and creation of new oceans is a fundamental yet poorly understood plate tectonic process. It is
essential not only in terms of fundamental Earth Sciences because it results in the formation of new plate boundaries and ocean
basins, but it also has a major social impact, as it will create places of high natural hazards. Its study is yet challenging because
most of the ancient margins where breakup occurred are obscured with thick piles of sediments and/or located under deep water.
Among still debated topics the rift initiation and the driving forces are burning questions: What controls the strain location? How
does the breakup interact with mantle heterogeneities such as plumes and inherited lithospheric fabrics? How do the forces exerted
by far-field and mantle processes change during rift evolution? Particularly, the interactions between deep (mantle) and superficial
(crustal) processes are controversial and topical subjects. The French project ColiBrea proposes to acquire new field, geophysical,
geochemical and petrophysical data in a rifting inception place, the Tanzania rift, to constrain and test 2D and 3D models of
continental lithospheric extension associated with repeated episodes of magma intrusion. This combination of data acquisition,
novel inversions and models will allow to: (1) map the spatial distribution of strain in space and time using geophysical and
geodetic methods; (2) constrain crust and upper mantle structure; (3) characterize the chemistry and spatial distribution of crustal
fluids and magma; (4) quantify the volume of magma intruded into the crust through seismic data interpretation combined with
InSAR, and (5) distinguish the role of the different processes involved in continental rifting through numerical modelling. The
first stage of the project was carried out early this year with a field experiment combining seismological stations installed for 1
years and a series of co-located magnetotelluric (MT) soundings. Further work includes gravity and GPS surveys of the studied
area. In this presentation we present the ColiBrea project and report on the preliminary results from the MT experiment.
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First report on electrical conductivity imaging of ”Normal Oceanic Mantle”
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Horizontal flow zone between up-welling and down-welling of the mantle convection, which occupies large portion of the
ocean floor, is thought to represent ”normal” mantle that is away from tectonic activities. The research group of Normal Oceanic
Mantle Project consists of researchers in Earthquake Research Institute (ERI), University of Tokyo, and Institute for Research
on Earth Evolution (IFREE), Japan Agency for Marine-Earth Science and Technology (JAMSTEC) have investigated normal
oceanic mantle by means of marine geophysical observations to elucidate two fundamental questions of the Earth Science; 1)
What is the physical condition for the lithosphere-asthenosphere boundary (LAB)? 2) Is the mantle transition zone (MTZ) a major
water reservoir of the Earth? We set the target field to two areas, which are northwest (area A) and southeast (area B) of Shatsky
Rise in northwestern Pacific, and have carried out seafloor electromagnetic (EM) surveys using ocean bottom electromagnetome-
ters (OBEMs) and electric field observation systems (EFOSs) since 2010. In this presentation, we introduce preliminary result
for the estimation of electrical conductivity structure beneath the area A obtained by the data acquired in the pilot survey during
June 2010 and August 2012.

The raw time series obtained by the OBEMs at four sites were processed to obtain magnetotelluric (MT) impedance tensor
at each site. The MT responses were estimated accurately in the period range from 160 to 122,880 seconds. We first estimated
one-dimensional (1-D) conductivity structure model which explains the data of all sites averagely correcting topographic effect
on the observed MT responses, as we applied to the previous study for the Philippine Sea and off Bonin Trench in the Pacific
Ocean (Baba et al., 2010). The obtained 1-D model shows the resistive upper layer and underling conductive zone, indicating
cool oceanic lithosphere and asthenosphere, respectively. Although this kind of feature is common for oceanic upper mantle,
there are some differences between the obtained models in this study and the previous study for off-Bonin Trench (Hereafter, we
refer it area C). The thickness of the resistive layer is about 150 km, which is thinner than that beneath the area C (˜200 km). The
conductivity value of the asthenospheric mantle is 0.03-0.1 S/m, which is slightly higher than that for the area C. The seafloor
ages are about 130 Ma and 140-155 Ma for the area A and C, respectively. However, the 10-15 Ma difference for old mantle is
not likely to produce such difference in conductivity structure. The MT responses predicted from the surface heterogeneity over
the 1-D mantle structure fit the observed MT responses imperfectly, especially in terms of splitting between xy and yx elements.
This fact suggests that the mantle is laterally heterogeneous and/or anisotropic. These issues should be investigated in the future
analysis. Also, we will collect further data in area A and B, and analyze all available data in more detail to achieve the desired
purposes.
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Electrical conductivity structure beneath the Yasutomi and Kuresaka-touge faults and its
relation to fault activity
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The Yamasaki Fault System (YFS) of southwest Japan is a typical strike-slip fault system. The system consists of the Nagisen
fault, the main part of the YSF, and the Kusatani fault. The main part of the YFS extends over 80 km and its general trend is
WNW-ESE. It can be grouped into the southeast active faults group (Biwako and Miki faults) and the northwest active faults
group (Ohara, Hijima, Yasutomi, and Kuresaka-touge faults) according to rrecent fault activity. The latter one bifurcated to the
Yasutomi and Kuresaka-touge faults at the eastern end of the Hijima fault . Hyogo (2001) reported that the Yasutomi fault is main
one and the Kuresaka-touge fault is a secondary one.

In this paper, we present a two-dimensional conductivity model along three transects (W-, C-, and E-line) across these two
faults and discuss relationship between fault activity and subsurface fault structure beneath the two faults.

Audio-frequency magnetotelluric (AMT) surveys were made at 11 points along the W- and C-lines respectively, and 12 points
along the E-line. MT responses of the frequency range between 10000 - ˜10 Hz were obtained at each station, using remote refer-
ence processing (Gamble et al., 1979). We determined dimensionality and strike direction of each line by Phase Tensor analysis
(Caldwell et al., 2004). As a result, all of the lines were determined to have dominant two-dimensional nature. The apparent
resistivity and phase for both TM and TE modes were inverted simultaneously using the code of Ogawa and Uchida (1996).

Strong conductive zones are recognized benaeth a surface trace of the Yasutomi fault along the W- and C-lines between 2 -
4km in depth, which are located on the north to the surface trace of the Yasutomi fault. Along the C-line this conductive zone
slightly extends to the south of the surface trace of the fault. Beneath a surface trace of the Kuresaka-touge fault, characteristic
weak conductive zones are recognized between 0.5 - 2 km in depth along three transects. Conductivity of the zones decreases to
eastward. We interpret that this feature is caused by decreasing fractures in the damage zone beneath the Kuresaka-touge fault
to eastward. This idea is supported by surface feature of the Kuresaka-touge fault. One is horsetail spray structure which is one
of the characteristic structure of the tip damage zone is recognized in the eastern half of the fault. Another ones is the proposal
of Nakata et al. (1998). They proposed that fault rupture propagates to the end of branching fault, in our case, from west to east.
Finally, we interpreted that different conductivity feature between the Yasutomi fault and the Kuresaka-touge fault is caused by
different activity of the the two faults as pointed by Hyogo (2001).
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Three-dimensional resistivity imaging beneath the fold-and-thrust belt, Ishikari-teichi-
toen fault zone, Hokkaido

Yusuke Yamaya1∗, Toru Mogi2, Ryo Honda3, Hideaki Hase4, Takeshi Hashimoto2, Makoto Uyeshima4

1AIST, 2ISV, Sci., Hokkaido Univ.,3TRIES,4ERI, Univ. Tokyo

A magnetotteluric (MT) survey was performed in the Ishikari lowland region in order to clarify the distribution of fluids
beneath the Ishikari-Teichi-Toen active fault zone (ITFZ), which is regarded as the most hazardous inland fault zone in northern
Japan. Four components of impedance tensor and two components of magnetic transfer function at 16 frequencies between
40 and 0.00012 Hz at 50 measurement stations were inverted to a 3-D resistivity structure with the aid of the WSINV3DMT
code. The inverted structure showed at the shallower part that the conductive layer (<10 ohm-m) corresponding to sediments
beneath the lowland lies from the surface down to 7 km deep. The resistivity below 7 km shows a regional boundary between
the western-northern and southwestern parts. The conductor is found along the ITFZ beneath this boundary in the middle crust.
We interpreted this conductor to be a fluid rich zone, acting as a dynamically weakened zone. The conductive body is also found
beneath the Shikotsu caldera, implying magmatic fluids ascending from the mantle or a region of partial melt.

Keywords: magnetotellurics, 3-D inversion, active fault, fold and thrust, active volcano
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Effect of induced elctric current in the Earth ongeomagnetic Sq field in the Z component

Masahiko Takeda1∗

1Masahiko Takeda

Long term variation of geomagnetic Sq field amplitudes in the Y (Sq(Y)) and Z (Sq(Z)) components at some observatories and
the ratio of Sq(Z)/Sq(Y) was studied.

Although the varation of both Sq (Y)and Sq (Z) can be basically explained by the solar activity effect, especially varation
of Sq (Z) is affetced by the induced current in the Earth, and may be dirrent for each observatory. For example, at Honolulu,
although Sq (Y) was increasing through the whole period mostly, Sq (Z) decreased around 1960, Sq(Z)/Sq (Y) fell about to 0.55
from about 0.65. This is a feature peculiar to Honolulu and is considered to be due to the relocation of the observatory in 1960 to
have influenced Sq (Z). Although Sq(Z)/Sq (Y) of Kanozan is almost the same as Kakioka reflecting geographical nearness, the
ratio becomes alrger at Kanoza than at Kakioka around 1975-1990about all the seasons. This suggests that electrical conductivity
distribution of the underground affecting the induced current in the Kanto district may have some change in the period.
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Magnetic survey for archaeological old kilns at Sayama area of Bizen city, Okayama

Tadahiro Hatakeyama1∗, Yu Kitahara1, Nobutatsu Mochizuki2, Satoru Yokoyama1, Shuichi Kameda1, Jun Shiraishi1

1Okayama University of Science,2Kumamoto University

We have been excavating ancient old kilns of Sueki type potteries in Sayama area of Bizen city, Okayama prefecture. In this
area, there are many old kilns buried in forest, which were investigated by the distribution of the archaeological remains such as
pottery fragments. In this program, we have had magnetic surveys for searching exact position of buried kilns. Here we report the
settings and results of magnetic surveys, presumption of kilns under the ground and the actual properties of the excavated kiln.

There is a back ground noise less than 20 nT in the magnetic observation, so that it is likely that this region is suitable for the
magnetic survey. We used an Overhauser type magnetometer GSM-19 (by GEM Systems in Canada).

We observed the magnetic field intensity at 0, 45, 90 cm above the surface and in every 90cm spacing. We discovered a
magnetized object below the surface with several tens of nT signal. The signal shows the large positive anomaly regions located
narrow negative anomaly band, which indicates that the object was magnetized by northward magnetic field. This feature is
typical one generated by a thermoremanent magnetization of baked remains. The size of the anomaly region shows that the
object are about 2m width and about 4m length, and the difference between intensity of signals in each height shows that the
depth of the object would be less than 1m. Actually we excavated a well baked old kiln floor from 20-50cm depth in this
region. The floor at the entrance of the kiln was collapsed and lost so that the exact length of the kiln is unknown. There were
some fragment blocks of the roof. This kiln was named ”Sayama Higashiyama-Oku” old kiln and many archaeological samples,
potteries, were discovered. Paleomagnetic studies of direction and intensity were also done by Kitahara et al. (detailed in His talk
in this meeting).

As stated above, it is likely that magnetic survey is very effective for preliminary investigation of archaeology on silicic or
sedimental basement in environs of provincial cities such as the southern area of Okayama prefecture. We have also measured in
another location of Sayama area and discovered a similar magnetic anomaly, and will excavate in this spring. We will also give a
report of this location in the session.

Keywords: magnetic survey, Old kilns of Sueki potteries, archaeology
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Piezomagnetic signals just after the occurrence of seismic events: some examples of 2-D
calculation

Ken’ichi Yamazaki1∗

1Miyazaki Observatory, RCEP, DPRI, Kyoto University

Electromagnetic (EM) field observations may detect occurrences of earthquake. Several mechanisms convert seismic waves
to variations in EM field. Variations in EM field generated near the seismic sources are possibly detected before the arrival of
seismic waves because EM waves propagate the speed of light. This means, observations of EM field potentially improve the
usefulness of earthquake early warning systems, which are conventionally based solely on observations of seismic waves.

The piezomagnetic effect is likely an important mechanism in terms of an application to the earthquake early warning by
EM observations. The piezomagnetic effect describes changes in the magnetization of ferromagnetic minerals. Mathematical
treatments to calculate changes in the magnetic field generated by the piezomagnetic field, referred to as the piezomagnetic field,
have been developed [e.g. Sasai, 1991, Bull. Earthq. Res. Inst., Utsugi et al., 2000, GJI] to provide constraints on changes in the
stress field accompanying with tectonic events. Although focuses of many studies on the piezomagnetic field are on the static
problem, temporal variations in the magnetic field are also considered to be arisen by the piezomagnetic effect. An example of
variations in the magnetic field, which likely generated by the piezomagnetic effect at the time of an earthquake but occurred
prior to the arrival of the corresponding seismic wave, was reported at the time of the M.7.2 Iwate-Miyagi Nairiku Earthquake in
Japan by Okubo et al. [2008, EPSL]. Okubo et al.’s result implies potential use of the geomagnetic observation as an approach to
the earthquake early warning.

To promote the feasibility study of the piezomagnetic field observations as a tool of earthquake early warnings, we need to
examine temporal variations of the piezomagnetic field corresponding to various kinds of seismic sources, because variations
in the magnetic field observed before the seismic wave arrival may be less informative even if they can be detected. To make
reliable calculations on this problem, we need to establish a calculation procedure to treat temporal variations both in the stress
field and the EM field. Temporal variations in the magnetic field corresponding to time-development of the fault rupture was
performed by Okubo et al However, their calculation may somewhat inaccurate. Their calculation was performed in a framework
of static piezomagnetic field simulation, in which only near-field term of the displacement field is considered and velocities of
seismic waves are assumed to be infinite. In addition, the effect of EM induction was totally ignored. We need to assess how the
calculation result is altered when considering finite speed of seismic waves and the electromagnetic induction.

In the present study, we consider a rather simple two dimensional (2D) problem, consisting of an upper half-space representing
the air, and a lower half-space representing a solid Earth with a uniform conductivity. The dislocation source is assumed to be
two-dimensional, thus the displacement and stress field are also two dimensional. A rigorous solution of the EM field generated
by time-varying sources aligned on a line (i.e. line source solution) has already given in the frequency-domain [Yamazaki, 2011,
2012, GJI]. The solutions are further converted to those in the time-domain. Line source solution EM fields generated by time-
varying magnetizations with 2-D spatial distributions are obtained by integrating the line source solution.

As examples, two types of rupture and the generated stress fields are considered as the sources of the piezomagnetic field.
One is a strike slip at the ground surface, and the other is a dip slip at a buried fault. Displacement fields corresponding to these
sources are presented by a textbook in seismology [Aki and Richards, 2002]. Remarks of the results will be shown at the meeting.

Keywords: piezomagnetic effect, seismic wave, detection of earthquakes
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Detections of electromagnetic pulses excited by earthquakes

Minoru Tsutsui1∗

1Kyoto Sangyo University

In order to find electromagnetic (EM) pulses which would be generated due to piezo-electric effect by strong stress impacts
to the earth crust when the earthquakes occurred, we have been observing EM pluses using tri-axial electromagnetic sensors
installed in a deep borehole (100 m in depth) and on the ground. Detected EM noise has been analyzed on real-time basis by
personal computers by means of two methods, one was a continuous display of frequency dynamic spectra (f ? t diagram) in
a range from 0 to few kHz for monitoring EM environments in the earth, and another was to estimate arrival direction of EM
pulses.

So far, we have detected many EM pulses in the frequency range mainly around few kHz, and have analyzed their waveforms.
Almost all of wave polarizations and distant decay rates in the earth have shown clear properties of lightning EM pulses. There-
fore, at this stage, we could not detected EM pulses related to earthquakes.

We found the reason why we could not detected EM pulses excited by earthquakes. The reason was wave energy loss during
their propagations in the earth due to high electrical conductivity of the earth medium. One of the parameters of wave decay is
given by Skin Depth of the earth medium as a function of the EM wave frequency. The Skin Depth is a characteristic distance
which is inversely proportional to square root of wave frequency f. Therefore it was expected that extremely low frequency
component of the EM pulse excited by earthquakes can propagate for a long distance in the earth. Therefore, we adapted the f-t
diagram system to monitor the frequency range 0 ˜ 25 Hz, and started its continuous monitoring from December, 2011.

During the period from Dec. 20, 2011 to Jan. 24, 2013, we detected ten EM pulses surely related to earthquakes among thir-
teen ones with magnitude greater than M 2 occurred within an area of radius of 40 km centered at the EM observation site. We
confirmed that the detected EM pulses were excited by the piezo-electric effect due to stress impact into the earth crust. Now we
are going to clarify the time relation between waveforms of seismic waves and of their related EM pulses.

Keywords: electromagnetic pulses in the earth, detections in boreholes, relation with earthquakes
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2-D tsunami dynamo simulations in the northwest Pacific using the finite element method

Takuto Minami1∗, Hiroaki TOH2, Yozo Hamano3

1Graduate School of Science, Kyoto University,2World Data Center for Geomagnetism, Kyoto University,3JAMSTEC

Conductive seawater moving in the geomagnetic main field can cause dynamo effects in the ocean. This effect is well-known
as ”Oceanic Dynamo Effects (e.g., Sanford, 1971)”. In recent years, it has been reported that tsunamis also cause Oceanic
Dynamo Effects. Hereafter, we call it as tsunami dynamo effects, and tsunami-induced electromagnetic (EM) field variations
were observed mainly by seafloor observations so far (Toh et al., 2011; Suetsugu et al., 2011; Manoj, 2011). In the late 1900s,
Oceanic Dynamo Effects were mainly attributed to low frequency oceanic current such as tidal currents. This is the reason why
most of the preceding studies on Oceanic Dynamo Effects neglected self-induction effects. Tyler (2005) first derived a useful
formulation that can be applied to short-period tsunami dynamo studies, considering the self-induction effects. However, Tyler
assumed a completely flat seafloor and an insulator beneath the ocean layer. Now that many tsunami-induced EM field variations
can be observed on the seafloor as well as on land, it is important to appreciate the effects of bathymetry and conductivity
structures beneath the seafloor on EM variations observed on the seafloor.

In this study, we developed a two-dimensional (2-D) tsunami-dynamo simulation code, using the finite element method
(FEM). Our code can include actual bathymetry and arbitrary conductivity structures beneath the seafloor with the help of FEM.
Our simulation consists of two steps. In the first step, oceanic flows associated with tsunami propagations are calculated. In the
second step, using obtained oceanic flows, the induction equation in terms of the vertical magnetic component is first solved to
obtain the remaining EM components.

Our research group succeeded in observing tsunami-induced magnetic fields at our seafloor EM observatory in the North-West
Pacific (NWP), at the time of the 2011 off the Tohoku earthquake. In this study, we first reproduced the oceanic flows associated
with the tsunami by fitting calculated sea surface elevations to seawater column variation data observed at DART21401 and 21419
operated by NOAA. Second, we calculated tsunami-induced magnetic field variations and compared them with the data observed
at NWP. As a result, it was found that magnetic field variations observed at NWP were well reproduced by our simulation,
and the 3 nT peak of the magnetic downward component is surely due to the effect of the 2011 tsunami, especially for the first
wave. In addition, the 2011 tsunami can be regarded as an almost 2-D phenomenon around NWP. In our recent simulation,
a homogeneous conductor of 100 Ohm.m is allocated beneath the seafloor. In the presentation, we will also report simulation
results with a 1-D conductivity structure inferred at NWP using long EM time-series accumulated so far as well.

Keywords: tsunami, finite element, conductivity structure, The Tohoku earthquake, time domain, self-induction
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First seafloor observation of Vector Tsunameter

Yozo Hamano1, Hiroko Sugioka1, Noriko Tada1∗, Aki Ito1, Hiroaki TOH2, Takuto Minami2, Issei Kawashima2, Hajime Shiobara3,
Kiyoshi Baba3

1JAMSTEC,2Kyoto University,3ERI, Univ. of Tokyo

We developed a new type of offshore tsunami meter called Vector TsunaMeter (VTM) for the purpose of providing an early
and reliable information on the propagation and generation of tsunamis in order to predict the tsunami impact at the coastal area.
The VTM observes three components of magnetic fields, two horizontal components of electric fields and tilts, and a differential
bottom pressure for more than a year at sea floor up to 6000 m water depth. Based on the observational records, the VTM is
designed to detect the temporal variations of sea level change, and particle motion associated with the tsunami passages. Arrival
time, arrival direction, and phase velocities of tsunamis can also be calculated from the observed record. These characteristics
of tsunamis observed at deep ocean far from the coastline are very useful to forecast the arrival time and the size of tsunamis
before the tsunami reaches the coastline. The first seafloor observation of VTM was made during this winter, in which the VTM
was installed by KR12-18 cruise of the research vessel KAIREI, JAMSTEC on November 20, 2012 at 25-45.94N, 137-00.48E,
Depth=4894m. And the VTM was safely recovered during KR13-03 cruise on February 9, 2013. The VTM continuously records
the data sets of, Bx, By, Bz, Ex, Ey, TiltX, TiltY, and Bottom Pressure from Nov. 20, 2012 to the recovery time, i.e. Feb. 9, 2013.
Three days before the recovery date, a Mw=8.0 earthquake occurred at the Solomon islands (10.738S, 165.138E) on 2013-02-
06 01:12:27UTC. The Solomon islands earthquake generated tsunamis, which hit near Solomon islands and causes damages to
human beings and houses. Since the main energy of the tsunami propagates along the north-east to south-west direction from the
epicenter of the earthquake, the tsunamis observed at Japanese coast were low. At the observational site of VTM, amplitude of
the first wave is as small as 1 cm, but the VTM clearly records the variations of sea level change for more than several hours after
the tsunami arrival around 2013-02-06 08:40 UTC. This observation indicates the resolution limit of VTM is less than 1 mm of
the sea level change.

Keywords: tsunami, Electromagnetic observation, differential pressure gauge, ocean dynamo effect, Ocean Bottom Electro-
Magnetometer
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