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Development of magnetic exploration tools for seabed mineral resources
— Performance test in R/V Yokosuka YK09-09 cruise —

Makoto HARADA, Keizo SAYANAGI, Nobuhiro ISEZAKI, Takafumi KASAYA,
Takao SAWA, Miho ASADA, Noriko TADA, Hiroshi ICHIHARA,
Tada—nori GOTO, Yoshifumi NOGI, Nobuhito ONISHI and Jun MATSUO

Abstract

The authors have developed new precise exploration tools for seabed resources by electrical and magnetic
method in order to estimate accurate abundance of those resources. The exploration tools will be mounted under-
water platforms such as deep-tow system, ROV (Remotely Operated Vehicle), and AUV (Autonomous Underwater
Vehicle). In July, 2009, we carried out the R/V Yokosuka cruise in Kumano-nada, off Kii Peninsula, Japan, in order
to investigate the performance of developed equipments for magnetic exploration. We mounted two flux-gate
magnetometers and an Overhauser magnetometer on the deep-tow (DT) system and AUV Urashima. This paper will
present the summary of the test by the AUV. In the test, we used a magnetic target which is consisted of iron bars
and 50 neodymium magnets. The magnetic target was put into water and set at the depth of 2,058 meters. The
navigation of AUV was performed at height of 20-30 meters in the area with a radius of about 300 meters. After the
effects of the magnetization of platform were properly eliminated, the two flux-gate magnetometers successfully
detected prominent magnetic anomaly produced by the magnetic target. We could understand the efficiency of our
system, restrictions of navigation and their suitable operation, and technical problems which are related to some
kinds of noise component. Note that this project has been supported by the Ministry of Education, Culture, Sports,
Science & Technology (MEXT).

Keywords: deep-sea magnetic exploration, three-component magnetometer, Autonomous Underwater Vehicle,
hydrothermal deposit
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Pict.1 Photos of (a) R/V Yokosuka, (b) AUV Urashima, and (c) Deep-Tow system.
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Fig.1 System diagram of the magnetic exploration tools in YK09-09 cruise.
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Fig.2 Layout of two flux-gate magnetometers and Overhauser magnetometer which were installed in the

AUV Urashima.
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Fig.3 Bathymetry of study area. Asterisk indicates the position of the magnetic target.
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Fig.4 Detailed bathymetric map around the magnetic target.
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Fig.5 Concept of this study.
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Pict. 2

Photos of (a) Neodymium magnet and (b) magnetic target.
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Pict. 3 Photos of the magnetic target on the vessel.
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Table 1 Data of AUV dives in YK09-09 cruise. Schedules are represented in the local time.

- BRI | T
g | AR e | e

VAR ]

S FNE )
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2,040m | @ AFHAT (BES500m)

@ AT (BEE1,000m)

® 8 OFMIAT (BEE1,000m)
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® A v ¥ 2R (FEE20~30m)

#96 | 2009.07.21 | 8:33 14 7 38 6 :

2,040m | @ AAT (HS1,000m)

@ 8 OFMIAT (BEE1,000m)
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@ LV SRR (FEE20~30m)

1B T i
8 FE KEfE -
= L4 d=1,000m
KOYHE
-
i@ T

= h=20~30m

=

B #ss—r vk

d=2,058m

Fig.6 Concept of the navigation of AUV in Dive#96.
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Fig.7 Track of AUV in Dive#96. Four latticed rectangles which locate at £150m from the origin indicate the

planned waypoints in Dive#95.
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Fig.8 Time series data of (a) roll and pitch, (b) heading, and (c) magnetic field components, that
were acquired in Dive#95. AUV was descending with the clockwise rotation. Magnetic field
variations are given as heading, starboard, and vertical down components, respectively.
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Fig.9 Time series data of (a) roll and pitch, (b) heading, and (c) magnetic field components, that
were acquired in Dive#95. AUV was navigated with keeping a settled depth of 1,000 meters.
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Fig.10 Time series data of (a) roll, pitch, and heading, and (b) magnetic field components, that were
acquired in Dive#95. AUV was navigated along clockwise and counterclockwise circles of

which radius was about 80 meters.
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Fig.11 Time series data of (a) roll and pitch, (b) heading, (c) magnetic field variation of FGI1, and

95 8 &M 25 (2010)

(d) magnetic field variation of FG2, that were acquired in Dive#96. Magnetic field components
are given as X (northward), Y (eastward), and Z (vertical down) components, respectively.
Magnetization of AUV and IGRF are eliminated. AUV was navigated with keeping a depth
of 1,000 meters.
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Fig.12 Time series data of (a) roll and pitch, (b) heading, and (c) magnetic field components, that
were acquired in Dive#96. AUV was navigated near the magnetic target at height of about 23

meters.
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Fig.13 Image of the ocean floor derived from the side scan sonar. The magnetic target is captured

at the slant range of 28 meters.
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Fig.14 (a) Track of AUV in the period of 04:39-04:49 (UT) in Dive#96. Positions were measured
at every 8 seconds by SSBL. Solid line indicates the regression line. (b) Dispersion of the
position of AUV.
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