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low conductive zones. This low conductivity is possibly interpreted as relatively low fluid content in rock or sediment. For 
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1.  Introduction

　　　

pore pressure in a fault zone allows sliding at low shear stress 

(e.g. Blanpied et al., 1992). In fact, Fujie et al. (2002) found 

waves generated at the subducting plate boundary were 

observed in a low seismicity region and vice versa. Sato et al. 

seismic reflector correlates with the transitional slip region 

　　　Electromagnetic surveys have revealed fluid 

conductivity at subsolidus temperatures is principally 

electrical conductivity structure was investigated across the 

segment shows lower seismicity than the other segments 

conductivity zone along the fault to a depth of less than 1 

km, but also an underlying low conductive crust at a depth 

concluded that the low conductive crust is a feature of a 

locked fault segment, possibly interpreted as a condition of 

less fluid. Thus, land-based electromagnetic surveys imply 

features along the active fault are often reported from other 

EM imaging (e.g. Oshiman et al., 2002).

　　　Marine magnetotelluric soundings around the 

seismogenic zones along megathrust faults also indicate a 

along subduction zones. Land and marine magnetotelluric 

electrical conductivity model below the seafloor in which 

conductivity becomes low at a depth of 10 km below the 

al. (2005) tried joint modeling using land and marine data, 

zone. In other words, the rupture zone of the 1944 Tonankai 

al., 2007), discussed below.

　　　
the possibility of less fluid conditions around seismically 

locked zones, there is no information on how fluid can act 

locked zones and reduces the strength of locked zones or 

not. One of the best ways to prove such a hypothesis is 

seismic and electromagnetic monitoring around seismically 

locked zones, together with monitoring crustal deformation, 

subseafloor temperatures, and so on. For monitoring the 

seismogenic zone and elucidating the role of fluid in 

observatory at the tip of the off-Toyohashi cable, located 

introduce the observation purpose and results of the project, 

2.  Monitoring an offshore seismogenic zone with 

a submarine cable 

　　　

is clearly recognized (Sagiya, 1999). In addition, a slow slip 

on the plate boundary has recently been found (Ohta et al., 

near the boundary between the locked and slipping zones, 

so that the boundary region has the potential for an initial 
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R/V Natsushima and ROV Hyper-Dolphin

dipole length for the receiver was 300 m.

Feb. 2007
R/V Natsushima cruise (NT07-03)

Mar. 2007
Cable ship 

R/V Natsushima and ROV Hyper-Dolphin

R/V Natsushima cruise (NT07-14)

R/V Natsushima and ROV Hyper-Dolphin cruise (NT08-08)

-  Recovery of two EFOSs by ROV

-  Testing a new arm-folding system for a long-term OBEM (deployment and recovery)

Table 1. History of the off-Toyohashi cabled observatory.

slipping zones of the Tokai region, so they can be used as 

the best facility to monitor the physical properties around 

the plate boundary. Therefore, we constructed a seafloor 

observatory connected to the western off-Toyohashi cable 

ocean-bottom observatory based on repurposed submarine 

system was not operated successfully, all of the knowledge 

　　　

method, controlled-source electromagnetic monitoring is 

conducted to detect conductivity variation, an indication 

of fluid migration, around the plate boundary. The off-

with two electrodes located at 0 km (coastline) and 50 km 

(offshore) (Fig. 2). For the receivers, the off-Toyohashi 

E-cable is available. The cable has an electric leakage at 5 
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Fig. 3.  ROVs and vessels used for our project. (a) ROV Hyper-Dolphin on (b) R/V Natsushima MARCAS-III on (d) cable ship 

, Kokusai Cable Ship Co. Ltd.
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Hyper-Dolphin on the 
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km offshore. The electric leakage ends telecommunications, 

but it gives us a chance for electrical potential observation 

on the seafloor. Measurement of the voltage difference 

using the off-Toyohashi E-cable as a 5 km dipole started 

received by the E-cable. In addition, the long-term electric 

field observation system (EFOS), originally developed by 

the EFOS is not connected to the submarine cables, it can 

record the seafloor electric field continuously for several 

Hyper-Dolphin with receiving dipoles with 

lengths of 10 m and 300 m (Fig. 1). Numerical calculations 

show us that apparent resistivity values obtained daily can 

change if the high conductive zone on the plate boundary is 

revealed. Therefore, the submarine cables are useful tools for 

on the source current amplitude from the off-Toyohashi 

E-cable and the potential amplitude received by the EFOSs 

are now being analyzed.

　　　

ocean-bottom seismometer (OBS), a differential pressure 

5). The OBS, which is an accelerometer type, can measure 

can also measure the pressure on the seafloor, but it has 

two pressure sensors in and out of a chamber. The pressure 

difference between the two sensors allows us to monitor 

downward movements, tidal waves, and tsunamis.

　　　

The Overhauser magnetometer can measure the absolute 

the seafloor. Four electrodes were set on the seafloor, and 

sampling rate is 8 Hz for electric field measurements, and 

in a vertical rod at intervals of 10 cm. The shallowest one 

measures water and other temperatures below the seafloor, 

is monitored by tiltmeters. The targets of these sensors are 

geomagnetic variations associated with stress changes, self-

potential variation with fluid pressure changes, and heat 

transportation with fluid flow. In addition, the resistivity 

used for deep crustal monitoring using the magnetotelluric 

method. Controlled EM signals generated from the sea earth 

voltmeters, so that the shallow resistivity structure can be 

　　　For connecting multidisciplinary sensors, the junction 

slip events, and seafloor upward/downward movements. 

Such a package of various geophysical sensors will help 

us to discuss the detailed process before, during, and after 

useful for signal and noise estimation of phenomena related 

3.  Electromagnetic survey in the Tokai region

　　　
about 50 km in the case of the off-Toyohashi cable—for 

monitoring is low spatial resolution. Before monitoring, we 

suggested a conventional electromagnetic survey with self-
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 just before deployment. The white cable is the off-Toyohashi 
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pop-up ocean-bottom electromagnetometers (OBEMs). For 

imaging the crustal structure with higher resolution, we 

newly developed a small and short-term OBEM (Fig. 8). It 

consists of one deep-sea glass sphere, a three-component 

tiltmeters, and an acoustic release system common to the 

four long arms for electrodes. For speedy pop-up and easy 

recovery operations, these arms are folded when the OBEM 

OBEMs can be handled for an array observation even with a 

　　　

Five OBEMs and four OBEs (without the magnetometer) 

were deployed and recovered on several research cruises 

Natsushima (see Table 1). The OBEM 

or longer of seafloor observation, all instruments were 

successfully recovered. The data obtained on fluctuations 

of natural electromagnetic fields can be analyzed with 

the magnetotelluric method and allow us to image the 

conductivity structure around the Tokai seismogenic zone, 

such as reported in Kasaya et al. (2005). The initial result 

oceanic crust before subduction, which becomes resistive as 

　　　
of the crustal structure, it is useful for rough estimation of 

where anomalous conductivity variation will be located by 

tool for monitoring the seismogenic zone, as summarized in 

Fig. 2.

　　　

seafloor data is transferred to the Toyohashi land station, 

　　　

Fig. 9.  Location of short-term OBEM and OBE sites.
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the coast of the Tokai area. The focal depth was 13 km, and 

the horizontal distance between the hypocenter and the off-

obvious, corresponding to the S-wave arrival of the M 4.3 

differences show a gap before and after the S-wave arrival. 

these anomalous phenomena correspond to S-wave arrival, 
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same electrokinetic phenomena. By comparing the potential 

4), we found that the potential variations are not generated 

regionally but locally (near the electrodes) because the 

parallel components of potential variations show different 

generating the seismic-electromagnetic wave conversion 

is shallow subseafloor water in the sediment below the 

　　　

The source electrodes are located at 0 km (electrode at 

the coastline) and 50 km (offshore sea earth, Fig. 4), and 

dipole. The wave shape of the transmitted source current 

is semisinusoidal with a period of 120 sec. Fig. 11 shows 

fluctuation of the voltage differences is obvious. Both the 

amplitude of the transmitted source current and received 

voltage differences allow us to monitor shallow seafloor 

resistivity continuously. On the basis of numerical study, the 

sounding depth (the depth range that can be resolved) is less 

than about 30 m. There is no previous research monitoring 

knowledge on how the seafloor environment, especially 

results of shallow resistivity research indicate that it is useful 

for monitoring the deep crust by using the magnetotelluric 

sounding method adopted for the off-Toyohashi OBEM data.

5.  Conclusion

　　　
observatory connected to a repurposed submarine cable 

geophysical sensors, such as an electromagnetometer, a heat-

we are obtaining electromagnetic signals correlated to 

seismic waves. In addition, we have started continuous 

　　　

the project may not immediately contribute to predicting 

in the electromagnetic response function on the seafloor 

using a controlled signal, further observation with a short-

term mobile OBEM array may be necessary to estimate the 

of the controlled signal, is not connected to the submarine 

cables. However, no one knows what kind of seafloor and 

active and passive methods seems to be a small spotlight 

on undiscovered seafloor phenomena. If our geophysical 

cables.
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