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Abstract. We have developed a new deep-towed marine DC resistivity survey system. It was designed to detect the
top boundary of the methane hydrate zone, which is not imaged well by seismic reflection surveys. Our system, with
a transmitter and a 160-m-long tail with eight source electrodes and a receiver dipole, is towed from a research vessel
near the seafloor. Numerical calculations show that our marine DC resistivity survey system can effectively image the top
surface of the methane hydrate layer. A survey was carried out off Joetsu, in the Japan Sea, where outcrops of methane
hydrate are observed. We successfully obtained DC resistivity data along a profile ∼3.5 km long, and detected relatively
high apparent resistivity values. Particularly in areas with methane hydrate exposure, anomalously high apparent resistivity
was observed, and we interpret these high apparent resistivities to be due to the methane hydrate zone below the seafloor.
Marine DC resistivity surveys will be a new tool to image sub-seafloor structures within methane hydrate zones.

Key words: DC resistivity survey, methane hydrate, deep-towed system, high apparent resistivity, piston coring.

Introduction

Methane hydrates (MHs) are naturally occurring solids
consisting of methane and water at low temperature and high
pressure. MH is mainly found in permafrost in polar regions, and
in sedimentary layers along continental margins. A large amount
of methane gas may be contained in the MH layer, so that MH is
expected to be a new energy resource (e.g. Kvenvolden, 1993).
On the other hand, MH will have a significant impact on global
warming, because methane is one of the greenhouse gases.

Seismic reflectors approximately parallel to the seafloor are
often identified below continental margins, and are often used to
detect MH. They are called bottom simulating reflectors (BSRs).
Since the polarity of the wavelet reflected from BSRs is opposite
from that of seafloor reflections, BSRs are interpreted as a phase
boundary between solid hydrate and free gas below the MH
zone (Shipley et al., 1979). However, there are generally no clear
seismic reflectors at the top boundary of the MH zone, and the
upper bound of the MH zone has not been resolved well. In some
cases, the existence of much gas hydrate has been inferred where
no BSR was found (Paull et al., 2000).

In this paper, we introduce a new geophysical tool, sensitive
to MH layers: a marine DC resistivity survey system. As
summarised in Goldberg et al. (2000), the resistivity of a
formation including massive MH may be as high as several
tens of �.m, whereas sediments without MH typically have a
resistivity of ∼1 �.m. Thus, a resistivity survey has potential for
imaging the MH zone. Recently, marine DC resistivity surveys
have been carried out in shallow water areas (Lile et al., 1994;
Inoue, 2005; Kwon et al., 2005; Allen and Merrick, 2007). For
example, Kwon et al. (2005) conducted a DC resistivity survey
with a floating cable and detected fault zones below a river
bed. These recent studies show how effectively a marine DC
resistivity survey can produce images of sub-seafloor structures.
However, its applications to deep sea surveying have been rare.
Von Herzen et al. (1996) carried out a pioneering DC resistivity
survey on a hydrothermal mound by using a submersible, and
estimated the resistivity of sulphides at shallow depths (<10 m).
The water depth was ∼3600 m.

Controlled-source electromagnetic (CSEM) soundings have
been applied to detect MH zones below the deep seafloor. Yuan

© ASEG/SEGJ/KSEG 2008 10.1071/EG08003 0812-3985/08/010052



Marine deep-towed DC resistivity survey Exploration Geophysics 53

and Edwards (2000) used a deep-towed CSEM source and two
towed receivers, and found a relatively high resistivity layer
related to MHs. Due to the limited number of their receivers,
spatial and depth resolutions were quite limited in their study.
Weitemeyer et al. (2006) used a deep-towed CSEM source and
ocean-bottom receivers, and indicated lateral resistivity variation
across a hydrate ridge. However, the horizontal resolution near
the seafloor was limited because number of ocean-bottom
receivers was limited. Therefore, we have adopted a deep-
towed marine DC resistivity method, with multiple electrodes
but without ocean-bottom receivers, for detecting MH zones.
In this study, we first use numerical calculations to demonstrate
how effectively a marine DC resistivity method images the top
surface of MH layer. Then, we introduce a field test of our marine
DC resistivity survey system.

System
Our new marine DC resistivity survey system is known as
the ’MANTA’ (MArine Navigated Towed Antennas), and is
shown schematically in Figure 1. The MANTA is based on
a conventional deep-towed (DT) system, originally developed
by JAMSTEC (2007), with cameras, conductivity-temperature-
depth sensors (CTD), an altimeter, and an AC transformer from
1400 VAC to 100 VAC. The DT system has no thrusters but is
towed by a vessel, and is normally used to take seafloor visual
images, water and rock samples. For a marine DC resistivity
survey, a long tail is added to the DT system. This tail consists
of eight cables with lengths from 56 to 157 m (Figure 1), four
floats (glass spheres with diameter of 13 inches), and a sea
anchor, tied into a bundle and adjusted to have neutral buoyancy.
Eight raw copper wires 2 m in length are attached at the tips of
the cables, and used for current electrodes (C1–7 and COM in
Figure 1). The COM electrode and one other are selected to
form a source dipole. For potential measurements, Ag-AgCl
electrodes and two solid hoses are attached to the tail. Two
Ag-AgCl electrodes are set at the rear of the DT frame, and
hoses with length of 5 and 25 m are joined to each electrode
as salt bridges. As a result, the voltage difference is measured
with a 20 m dipole (P1–P2 in Figure 1). Acoustic transponders
are attached to the DT frame and the end of the tail. These

transponders can reply to an acoustic signal from the vessel with
their own code, in a frequency band of 11–15 kHz. A super-
short-baseline acoustic navigation system (SSBL), consisting of
hull transducer arrays attached below the vessel, can detect the
depths, horizontal directions and distances from the vessel to
each of the transponders. As a result, the SSBL, the ship’s GPS,
the DT cameras and the altimeter make us possible for towing
the MANTA’s tail stably at ∼5 m height above the seafloor. The
maximum diving depth of the MANTA system is 6000 m.

A new transmitter for DC resistivity measurements is added
on the frame of the DT system. The vessel supplies 3 kW of
electric power, which is transformed to 100 VAC for input to
the transmitter. The maximum output power of the transmitter
is ∼0.8 kW with maximum voltage of 72 V peak-to-peak and
current of 44 A p-p. The waveform of the output current is
normally sinusoidal, with a period of 4 s. The transmitter also
has a digital recorder for the output voltage and current,
temperature inside the pressure case, and the potential difference
across the receiver dipole (P1–P2). The default sampling rate
is 0.2 Hz. Finally, we obtain apparent resistivity values from
respective source dipoles on the basis of the following equation:
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where ρa denotes the apparent resistivity (�.m), I denotes the
source current amplitude (A), V denotes the received voltage
(V), r1 to r4 denotes distances (m) between electrodes; P1-Ci,
P1-COM, P2-Ci and P2-COM, respectively. There are seven
choices for current electrode, so Ci = C1 to C7.

The source dipole of our system is variable. One electrode
of C1–C7 is used with COM to form the source dipole for one
period of source current (4 s), and the choice of electrode is
switched after each period. Therefore, our DC resistivity survey
is based on the dipole-dipole method, but the length of the source
dipole varies, and is different from the receiver dipole length.
Pole-dipole DC resistivity sounding, as adopted by Inoue (2005),
might be effective in our case if the metal cable between the
DT and vessel (Figure 1) could be used for the current dipole.
However, the cable length (8 km) limits the current amplitude
because of heat production inside the cable, especially when

Fig. 1. Schematic diagram of the newly developed marine DC resistivity survey system, known
as ‘MANTA’. Dashed curves schematically indicate penetration of artificial electric field. C1–C7
& COM: source electrodes. P1, P2: receiver electrodes. Solid circles: acoustic transponders. Grey
circles: 13-inch glass spheres for floats.
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wound around the drum, which might melt the sheath. Therefore,
we have adopted this quasi-dipole-dipole method. Qualitatively,
the current electrode with lower number (e.g. C1) is closer to
the receiver dipole and so has less sensitivity to the deep portion
below the seafloor. In the other words, the C1-COM source dipole
gives information on shallow resistivity structure, while the C7-
COM gives deeper information. This prospect is demonstrated
in the next section.

Feasibility tests
Apparent resistivities obtained by the MANTA system will
reflect variations in depth to top, resistivity, and thickness of
a MH layer, and also the height variation of the MANTA
system from the seafloor. In this study, numerical calculations
are carried out to check what kinds of factors affect the
apparent resistivity, and to demonstrate how effectively the
MANTA system might detect the MH layer. We assume a one-
dimensional structure including a seawater layer with depth of
870 m and a sedimentary layer (Figure 1). The resistivity values
of seawater and the sediment are 0.35 and 1 �.m, respectively.
The assumed amplitude of source current is 32 A p-p. In order
to estimate received voltage amplitude and apparent resistivity
from equation (1), we modified a one-dimensional forward
calculation code for DC resistivity sounding by Ushijima et al.
(1987). The resistivity transform function in their original code
(equation 3 in Ushijima et al., 1987) was for land, following
Lagabrielle (1983; equation 2). In this study, we modified the
function to one for water floor as introduced in equation 3 in
Lagabrielle (1983). The linear filter method with coefficients
for the Schlumberger array (Ghosh, 1971) was adopted to
calculate electrical potential at the P1 and P2 electrodes. We
also calculated predicted errors of the apparent resistivity. As the
short-term fluctuation on the seafloor (during several seconds) is
within 10 µV in general, we assumed the error in receiver voltage
to be 10 µV, and calculate the resulting error in the apparent
resistivity. In actual surveys, we normally adopt stacking and
filtering of received signals to reduce the observed error, so that
the predicted error in this feasibility study will be over-estimated.

First, numerical calculations with various MH layers are
conducted. Here, the MANTA height (h in Figure 1) is fixed
as 5 m. We assume the resistivity value of the massive MH
layer as 10 �.m, based on a logging result from the Nankai

Trough, off Tokai, Japan (Tezuka et al., 2002). We also assume
the thickness of MH layer as 40 m, and vary the top depth (d in
Figure 1). The calculated values are shown in Figure 2a, where
the apparent resistivity curve varies greatly as the depth to the top
of the MH layer is changed. It can also be seen that the various
source dipoles in our DC marine resistivity survey have different
sensitivity to the depth of the MH layer below the seafloor. For
example, the source dipole with C1 and COM gives a relatively
high apparent resistivity when the MH layer is located near the
seafloor, but is less sensitive to the deeper MH layer as shown
in Figure 2a. We have also checked the apparent resistivity
variation if the resistivity or thickness of the MH layer is doubled
(to 20 �.m or 80 m). The examples at d = 0, 40, and 100 m are
shown as dashed and grey curves in Figure 2a. Although these
variations increase the peak of the apparent resistivity curves,
the shape of the curves is approximately the same. Therefore,
we suggest that the distance from the nearest source electrode
(e.g. C1, C2, . . .) to the receiver dipole represent an approximate
sounding depth below the seafloor if the towed height (h) is kept
as 5 m. We also suggest that the maximum sounding depth of the
MANTA system is ∼100 m or more below the seafloor. By the
way, the dashed and grey curves with the same top depth to
the MH layer are similar each other. This suggests a trade-off
between finding the resistivity and thickness of the MH layer by
modelling using the observed apparent resistivity. The product
of resistivity and thickness of MH layer may be determined well
by our marine DC resistivity survey.

Next, we discuss how variation in the towed height
of MANTA’s tail affects the apparent resistivity estimation.
Figure 2b indicates apparent resistivity curves obtained from
various tail heights (h in Figure 1). Two sub-seafloor models
with MH layer are used; shallow (d = 0 m) and deep (d = 100 m)
MH with 10 �.m and 40 m thickness. The towed height variation
affects the predicted apparent resistivity values, especially when
an electrode close to the receiver dipole (e.g. C1) is used for
the source dipole. As the tail becomes far from the seafloor,
the seawater layer beneath the tail makes the apparent resistivity
decrease. This effect is critical in the case of highly resistive
seafloor (d = 0 m). It is suggested that sensitivity to the resistivity
structure below the seafloor will decrease at large towed height.
Comparing Figure 2b with 2a, we suggest that the height should
be less than 10 m to obtain sub-seafloor information. The DT

(a) (b)

Fig. 2. Synthetic apparent resistivity curves obtained from numerical calculations. (a) Curves with various MH layer
properties – thick curves: 1 �.m sediments, no MH; solid curves: various depths to the top of a MH layer (40 m thick
and 10 �.m in resistivity); dashed curves: a more resistive MH layer (20 �.m); and grey curves: thicker MH layer (80 m).
(b) Curves with various tail heights, over a MH layer (40 m thick and 10 �.m in resistivity).
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camera and altimeter are important components when towing
the DT frame at low clearance. Also, the difference between
the acoustic transponders attached to the DT frame and the end
of MANTA’s tail, tracked by ship’s SSBL in real time, enables
us to monitor the height of MANTA’s tail precisely and to tow
it at a stable height. If the towed height is less than 10 m,
a pseudosection (a spatial distribution of apparent resistivity
obtained with various source dipoles) gives us a first-order
image of the sub-seafloor structure. Quantitative interpretation
of the structure requires an inversion process that takes into
account the location of MANTA as well as the observed apparent
resistivities.

Observations
Research cruise KY05–08, by JAMSTEC Research Vessel Kaiyo
was conducted in August, 2005, for geological and geophysical
investigation of MH in the Japan Sea. The Umitaka Spur, located
off Joetsu, was selected as the survey area (Figure 3), where
a gas hydrate field with highly active venting of methane had
been recently found (Matsumoto et al., 2005; Tomaru et al.,
2007). Camera observations with the DT system (without
the tail) during the KY05–08 cruise, showed grey or shiny
coloured seafloor and steep cliffs with several metre gaps. These
anomalous seafloor features were found in two narrow areas with
widths of ∼100 m (MH1 and MH2 in Figure 3). In addition,
massive or melted methane hydrate samples were obtained at
shallow depth (<3 m) by piston coring during both the UT04
(Matsumoto et al., 2005) and KY05–08 cruises (Figure 3). These
camera and core sampling results suggest the MH exposure in
the areas MH1 and MH2.

Fig. 3. Bathymetric map of the Umitaka Spur in the Japan Sea. A solid line
indicates the track of the MANTA system. Solid and open diamonds indicate
simultaneous horizontal position of the DT and the end of the resistivity
system tail every 10 min, respectively. S1–S9 denote representative DT and
tail positions. Dash lines are tracks of camera observations on the KY05–08
cruise, showing that the seafloor at areas MH1 and MH2 had anomalous
grey or shiny colour. Grey and open circles indicate the location of piston
coring with and without MH samples, respectively, collected in both the
UT04 (Matsumoto et al., 2005) and the KY05–08 cruises.

The newly developed MANTA system was deployed from
R/V Kaiyo (Figure 4) and operated on the Umitaka Spur to
test whether the marine DC resistivity survey could detect MHs
effectively, as shown in Figure 2. Along the profile A-A’, with
length of ∼3.5 km (Figure 3), The MANTA system was towed
at a speed of ∼1 km, and the MANTA’s tail height was kept
within 20 m along the most part of profile. Simultaneous camera
observation was carried out. The location and depth of the DT
was tracked by the ship’s SSBL in real time (Figure 6). The
end of the tail, trailing the DT, was also tracked by SSBL.
The tail cannot respond to abrupt depth changes of the DT, but
takes a smooth ‘shortcut’ route along the DT track. For 90 min,
the MANTA system continued to transmit current and record
potential differences near the seafloor. An example of raw time-
series data is shown in Figure 5a. Because the distance from

Fig. 4. Deployment of the MANTA system. The DT frame height is ∼2 m.

(a)

(b)

Fig. 5. (a) An example of raw time-series data of source current and
received voltage difference. These data were obtained near S3. C1–C7:
source electrodes. (b) Examples of observed apparent resistivity at locations
S3, S7, and S9.



56 Exploration Geophysics T. Goto et al.

an active electrode of the source dipole to the receiver dipole
is changed every 4 s, as described above, the amplitude of the
potential difference also changed every 4 s. Note that the source
amplitude also changes slightly. This is because the transmitter
was driven with a constant voltage of 72 V p-p, and the total
cable length (i.e. total resistance) of the source dipole changes.

Apparent resistivity values from the marine DC resistivity
survey are estimated about every 50 m horizontally, with seven
different source dipoles. First, a time segment was defined as
including consecutive signals from the seven source dipoles
(Figure 5a). Every three segments (∼90 s) of the raw time
series data were stacked, corresponding horizontal sampling
rate of ∼50 m with 1 km towing speed. The ratio between the
stacked source current and potential amplitude was estimated
for each of the respective source dipoles, using the least-squares
method. No filtering method was applied here. Then, we applied
calibration factors to the observed ratios to avoid unwanted
effects of the main metallic cable and the DT frame on the
potential measurement. For system calibration, the MANTA
system towed at a depth of 400 m for 15 min, far from the sea
surface and seafloor, so that the apparent resistivity obtained
should be same as the seawater resistivity. The resistivity of the
seawater was measured simultaneously with the CTD sensor,
so that the calibration factors for each source dipoles could be
estimated. The actual CTD resistivity, raw apparent resistivities,
and the calibration factors are summarised in Table 1. Finally,
observed apparent resistivity near the seafloor was estimated
using equation (1).

Results

Observed apparent resistivities are estimated with high accuracy,
and indicate relatively high values. Representative curves at
locations S3, S7, and S9 (Figures 3 and 5b), where both height of
the DT and the tail were less than 10 m, are shown in Figure 5b.
The estimation errors are less than 0.01 �.m when the electrodes
C1 to C4 are used as source electrodes, while larger errors
of 0.01–0.04 �.m may occur when electrodes C6 or C7 is
used. The larger errors are due to the relatively shorter source
dipole length and the longer distance from the source to the
potential dipole. Taking into consideration the observed errors,
the apparent resistivity values are higher than 0.5 �.m. The CTD
sensor gives us the uniform resistivity of seawater as ∼0.35 �.m
with perturbations less than 0.1%, so that the observed apparent
resistivity values at these representative locations are higher
than the seawater resistivity. We also estimated errors in the
depths of the DT and tail. Around S4, with stable towing
for 90 s, the standard error in the CTD depth was ∼0.03 m.
Also, the standard error of the depth of tail end, estimated by
SSBL, was ∼0.5 m. On the basis of Figure 2b, a change of tail
height with 0.5 m would lead to apparent resistivity changes of
0.01–0.03 �.m. Therefore, even including the contribution of
towed depth errors, the observed apparent resistivity is definitely
higher than seawater resistivity.

The spatial distribution of apparent resistivity indicates that
high values are recognised below part of the profile, and
very high values are recognised in two narrow areas. The
pseudosection of apparent resistivity is shown in Figure 6,
in which the locations of DT and one of source electrodes
are taken as the horizontal and vertical axes, respectively.
Here, the apparent resistivity values obtained at a specific
location (e.g. S3) are plotted vertically below the DT position.
An area between S7 and S9 shows high apparent resistivity
(>0.6 �.m). The apparent resistivity for source electrodes C4
to C7, relatively far from the receiver dipole, is much higher
than the resistivity for source electrodes C1 to C3. In addition,
very high apparent resistivity values with source electrodes
of C1 to C3 are also recognised below two narrow areas;
MH1 and MH2. On the other hand, low apparent resistivity
values (<0.5 �.m) are obtained in areas around S1 and between
S4 and S6. The height of DT and tail in these areas was
20 m or more, so the low apparent resistivity values mainly
reflect seawater resistivity and include less information on the
sub-seafloor structure.

Discussion

The observed high apparent resistivity (Figure 5b) cannot be
explained by normal sediments below the seafloor. As shown in
Figure 2a, the apparent resistivity on the sub-seafloor structure
without MH is less than 0.6 �.m. If a high resistivity layer
(10 �.m) with thickness of 40 m were located with its top depth
20–40 m below the seafloor, the apparent resistivity obtained
would be greater than 0.6 �.m (Figure 2). Therefore, shallow
resistive layers below the seafloor can explain the high apparent
resistivity observed, greater than 0.6 �.m.

The high apparent resistivity possibly corresponds to the MH
distribution on the seafloor. In the pseudosection (Figure 6), very
high apparent resistivity values are observed with the source
electrodes C1 to C3 below the areas MH1 and MH2. The source
dipoles with closer electrodes such as C1 give us information on
the shallow sub-seafloor structure if the towed height is low, so
that such high apparent resistivity values should reflect shallow
resistive zones. As already described, the anomalously coloured
seafloor images (Figure 3) and piston coring samples of massive
MH (Figure 7) were obtained in the MH1 and MH2 areas. This
coincidence with the pseudosection, the camera images, and the
core samples suggest that the very high apparent resistivity is
related to MH near the seafloor. In the areas between S7 and S9,
high apparent resistivity values (>0.6 �.m) are also obtained
with the source electrodes of C4 to C7 in an area between S7
and S9. Because the towed height is less than 10 m in this area,
these source dipoles present deeper resistivity information as
suggested earlier. We interpret such high apparent resistivities
to be related to an unexposed deep MH zone.

The estimation of the depth of the MH layer is not yet
straightforward. As described earlier, an approximate sounding
depth below the seafloor is inferred from the distance between
a source electrode and the receiver dipole, if the towed height is

Table 1. Seawater resistivity measured by CTD during calibration, raw apparent resistivities measured
by the MANTA system during calibration, and the calibration factors.

Calibration (02:20–02:40 UT on Aug 13)

CTD resistivity (�.m) 0.3415 in average (max = 0.3417; min = 0.3413)

Source dipole C1-COM C2-COM C3-COM C4-COM C5-COM C6-COM C7-COM
Raw app. res. (�.m) 0.3261 0.3324 0.3361 0.3004 0.3030 0.3101 0.3176
App. res. error (�.m) 0.0032 0.0032 0.0036 0.0037 0.0044 0.0082 0.0201
Calibration factors 1.0472 1.0273 1.0161 1.1367 1.1271 1.1014 1.0752
Calibration error (%) 0.9789 0.9626 1.0679 1.2389 1.4665 2.6347 6.3430
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Fig. 6. Pseudosection of apparent resistivity along the profile A-A’ (Figure 3). The vertical axis is not to scale, but the electrode numbers for the source
dipoles are used to represent the distance between the electrode and DT, in turn representing approximate sounding depth below the seafloor if the MANTA’s
towed height is low. A cross-section of the bathymetry is also shown at the top. The bathymetry is derived from the sum of CTD depth and height by altimeter
(solid lines), or the ship’s multi narrow beam echo sounder (dashed lines). Solid and open diamonds indicate simultaneous locations of the DT and the end of
the resistivity system tail every 10 min, and solid lines connecting diamonds represent the MANTA resistivity system tail. A red line indicates the DT track
based on the CTD depth and the horizontal position by SSBL. Locations S1–S9, MH1, and MH2 are the same as in Figure 3.

low. The high apparent resistivity with source electrodes of C4
to C7 (at the area between S7 and S9) implies that the top of MH
layer is probably deeper than several tens of metres below the
seafloor. On the other hand, the very high apparent resistivity in
the areas MH1 and MH2 with source electrode of C1 implies
that the top of the MH layer will be shallower than several
tens of metres. Therefore, a heterogeneous distribution of the
depth to the top of the MH layer is inferred from our qualitative
interpretation. However, for further discussion, quantitative
estimation of the depth extent of the MH layer is required.

One-dimensional or two-dimensional inversion procedures are
necessary for the deep-tow marine DC resistivity survey, and are
now under development. The topographic effect and the towed-
height effect should be also carefully dealt in this development.

Conclusions

In order to detect MH distributions, especially the top boundary,
we have developed a new marine DC resistivity survey system
(MANTA), consisting of a deep-towed system, a transmitter
and a 160 m long tail with source electrodes and a receiver

Fig. 7. A massive methane hydrate sample collected by piston coring in the area MH1 (Figure 3)
in the KY05–08 cruise (Figure 3). Left: MH revealed after removing the core catcher. Right: MH
sample pulled out from the inner tube. Although the sample is covered by mud, the whole of this
sample is massive hydrate, white in colour.
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dipole. The MANTA system can dive down to 6000 m water
depth, and can be towed at 5 m clearance above the seafloor.
The feasibility of the MANTA system has been discussed on the
basis of numerical studies.

We have carried out field tests off Joetsu, in the Japan Sea,
over recently recognised MH-exposed areas. Apparent resistivity
is estimated with high accuracy, and indicates relatively high
values, implying the existence of resistive material below the
seafloor. Around the areas with methane hydrate exposure,
anomalously high apparent resistivity is observed with short
source-receiver separations, so that we interpret these high
apparent resistivities to be due to the MH zone below the seafloor.
On the basis of a pseudosection, we infer a heterogeneous
distribution of the depth to the top of the MH layer. Although
qualitative imaging has been achieved, inversion codes that
take into account the MANTA’s electrode locations and the
bathymetry are necessary for further discussion and estimation
of the precise depth and resistivity estimation of the MH zone.

As a result of the field test of the MANTA system, we can
image the sub-seafloor structure continuously with horizontal
resolution of several tens of metres. The maximum sounding
depth is ∼100 m. The towed speed was 1 kn normally, so that
we can ‘scan’ the resistivity structure along a total profile length
of ∼40 km/day. Therefore, we propose that our MANTA system
will be useful for two-dimensional or three-dimensional imaging
with parallel profiles, to detect MH zones in a wide area.
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