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Summary of the Petit-spot cruises 

Several very young volcanoes (< 1 Ma) were discovered on the Early Cretaceous (~135 Ma) 
NW Pacific Plate. They are very small knolls on the abyssal plane (~ 6000 m water depth) and 
erupted strong to moderate alkaline basalt, generally including deep-seated xenoliths. This volcanic 
field is far from any trenches and also spreading centers, therefore these are classified as a kind of 
intra-oceanic plate volcanism. In this area, however, there are neither any hotspots nor large igneous 
province previous reported. Therefore, this volcanic activity is not adequate for any existence volcanic 
models on the earth. Then, we named this special volcanism “Petit spot”. To understand this 
“petit-spot” volcanism, we’ve been taking interdisciplinary surveys. The main results of these surveys 
using JAMSTEC four cruises (KR03-07, KR04-08, YK05-06 and KR05-10). 

On this cruise (KR05-10) we had Magnetotelluric soudings (MT) experiment, Single Channel 
Seismic Reflection survey, Heat Flow Piston Core samplings and a dredge. The preliminary results of 
onboard studies and several shore-based researches are listed below. 
1) Volcanic rocks were sampled from three small knolls by dredges and submersible dives. They are 
highly vesicular, and generally include peridotite xenoliths and peridotitic xenocrysts. 
2) Terrestrial Heat Flow was measured at two points with piston coring on the pelagic sediments. 
3) Seabeam mapping shows there are a lot of small knolls assumed young volcanoes. The 
arrangement and the size of the knolls imply that this volcanic field is a monogenic volcanic cluster, 
which are often observed in the intra-continental plate. 
4) Single Channel Seismic (SCS) Reflection survey profiles suggest that main body of the young 
volcano exists between pelagic sediment and oceanic basement. 
5) Magnetotelluric soundings (MT) experiment using ocean bottom electromagnetometers (OBEM) 
implies the maximum electric conductivity observed around 100-130 km depth. 
In addition to these results, some seismic activities (M3 – 5) were observed in this area by world 
network of seismic stations for this quarter century. As a whole, “petit spot” volcanism is quite 
unique and highly remarkable phenomenon. 
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1. Scientific Objectives 

Oceanic lithosphere is one of the most important components of the heat and substances 
circulation on Earth, which is convecting from the earth surface to the deep mantle. The structure is 
known as the “ophiolites sequence” at least fast spreading ridge. Recently new type volcanisms are 
found mainly near the East Pacific Rise; e.g., off-ridge (YK04-07) and far-ridge volcanism, and 
small-scale hotspot tracks (e.g., Pukapuka ridge; Janney et al., 2000). Then, the construction of the 
oceanic lithosphere is more complex than simple “ophiolites sequence”. The petit-spot volcanism is 
one of such new type volcanism, which was found on the Northwestern Pacific (Hirano et al., 
submitted to Nature). 

Hirano et al. (2001) reported the presence of anomalously young alkali-basalt lavas (5.95±0.31 
Ma Ar-Ar age) on the subducting, ~130 Ma Pacific Plate. Volcanic eruption of the newly discovered 
lava field occurred on approximately 600 km ESE off the northern Japan Trench based on the present 
absolute motion of the Pacific Plate (Gripp and Gordon, 1990). Hirano et al. (2001) argued that the 
alkali-basalt eruption occurs as a melt extraction directory from asthenosphere, because of a 
fracturation of the old and cold oceanic plate. To verify this model, the first cruise (KR03-07; by Prof. 
Ogawa) took SeaBeam and geophysical mapping on the 600 km ESE off the northern Japan Trench 
are, followed by KR04-08 (Dr. Hirano), which found one small knoll (Yukawa knoll) on the area as 
the young alkaline volcano. The chemistry of the Yukawa alkali-basalt suggests that this small knoll 
is also same origin of the northern Japan Trench alkaline basalts, which are from the deeper than 
70km deep with garnet-peridotite residue and quite low degree of melting of peridotite similar to 
MORB source. Therefore, this type of volcano is definitely different from the existing paradime; 
hot-plume related hotspot or LIPs, subduction zone and mid-oceanic ridge volcanism. Then, we 
named it “petit-spot” volcanism as a new type of volcanism separated from hotspot activity. 

 

NE Japan
(Honshu Arc)

Japan
Trench

Hokkaido Rise
(outer swell)

Pacific Plate

612!32 km
Based on  5.95!0.83 Ma Ar-Ar  age

WNW ESE

 

Figure 1-1. Possible eruption in the trench and outer-rise systems (Hirano et al., 2001). We 

call such volcano “Petit-Spot”. 
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This cruise was taken as pare cruises with YK05-06 (by Dr. Hirano) on the same survey area. 
YK05-06 and KR05-10 were designed to make the petit-spot volcanism clear using not only 
petrological and geological tool but also many geophysical data; e.g., MT method and single channel 
seismic experiment (c.f., Abe et al., 2005). The scientific prospectus are 1) to take the electric 
conductivity data beneath the petit-spot area, 2) to take SCS reflection experiment and the images on 
the oceanic crust in the survey area, 3) to take thermal conductivity data on the petit-spot volcano, 4) 
to take sediment sample near the petit-spot volcano and 5) to take rock samples of the petit-spot 
basalts and the oceanic lithospheric xenoliths. 

References 
Abe, N., N. Hirano, T. Fujiwara, S. Machida, E. Araki, K. Baba, M. Ichiki, M. Nakanishi, Y. Ogawa, 

H. Sugioka, K. Suyehiro, T. Ishii, T. Suzuki, A. Takahashi, E. Takahashi, J. Yamamoto (2005) 
An outline of the interdisciplinary survey on a new type intra-plate volcanism, Eos Trans. AGU, 
86(52), Fall Meet. 

Gripp, A. E. and R. G. Gordon, Current plate velocities relative to the hotspots incorporating the 
NUVEL-1 global plate motion model, Geophys. Res. Lett., 17, 1109-1112, 1990. 

Hirano, N., Kawamura, K., Hattori, M., Saito K. and Ogawa, Y. (2001): A new type of intra-plate 
volcanism; young alkali-basalts discovered from the subducting Pacific Plate, northern Japan 
Trench. Geophys. Res. Lett., 28, 2719-2722. 

Hirano, N., Takahashi, E., Yamamoto, J., Machida, S., Abe, N., Ingle, S., Kaneoka, I., Hirata, T., 
Kimura, J., Ishii, T., Ogawa, Y. and Suyehiro, K. (2006) Evidence for partial melt in Earth’s 
asthenosphere: volcanism in response to plate flexure during subduction of the Cretaceous 
Pacific Plate. submitted to Nature. 

Jannery, P.E., Macdougall, J.D., Natland, J.H, Lynch, M.A. (2000) geochemical evidence from the 
Pukapuka volcanic ridge system for a shallow enriched mantle domain beneath the South 
Pacific Superswell. Earth Planet. Sci. Lett. 181, 47-60. 
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2. Cruise Log 

2-1. Ship Log 

Figure 2-1. Ship Track of KR05-10 cruise. 
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2-2. Survey Areas 
 
The mission for the Petit-Spot Expedition was set up the Petit-spot area for some operations (B and 
B’-area) and 1 broad area for SeaBeam survey. 

The SeaBeam survey area was set up broadly for seabeam and some geophysical survey, 
which is the range of 34o to 41 oN and 142 o to 153 o E excluding the near shore area to 15 mile 
form NE Japan. 
140˚E 142˚E 144˚E 146˚E 148˚E 150˚E 152˚E 154˚E 156˚E

44˚N

42˚N

HOKKAIDO 
RISE 

(OUTER RISE)
40˚N

JA PAN 

38˚N

36˚N

-7000 -6000 -5000 -4000 -3000 -2000 -1000 0 1000 2000 3000 m
 

 

Figure 2-2.  Index map of the survey area. Bathymetric data are from our swath bathymetry, JTOPO30 (west of 

150°E), and ETOPO2 (east of 150°E). The red square shows the survey area B and yellow square shows the 

survey area B’. The white circles point the OBEM experiments and the orange circles are HF-PC experiment 

points. The blue circle is the dredge point. Yellow line shows the survey area.  B: Around 150OE area. It is near 

the Nossappu Fracture Zone. B’: Southern of Nossappu Fracture Zone area 

 
 
 

 



 

           
 

                          
                   

                  
                   

              
                

                  
                     

                  
                 
                
                   
                  
                 

                  
                

                  
              

               
           

             
            

               
              

    
              

              
               

                     
                    

                    
   

B and B’-area (around 150o E near the Nossappu Fracture Zone) 

B-area is in the range of 37o 10’ to 37o 50’ and 149o 20’ to 150o 10’ and is set up for 2 dredges and 2 
piston cores. KR03-07 cruise on last year swath-mapped this B-area in the NW Pacific to the east of 
the Hokkaido Rise. This area was originally chosen as to be the potential place for the magmatism 
for the Miyako Knolls. At the same time this area corresponds to the SES extension of the Hokkaido 
Fracture Zone. Therefore, the deepest, complicated topography was anticipated. Side-scan image of 
the KR03-07 data may show the presence of the Petit-Spot as the young volcanoes (Figure 2-3). 

The mapped area has the diagonal line between 37o 42’N, 150o 30’E, and 30o 00’N, 149o 00’E. 
The data show that the remarkable straight line from NWN to SES runs in the eastern part of the area. 
Sharp ridges with seamounts or knolls are also around the line, arranging en echelon. Soon after we 
passed some N-S lines with 6.5 mi spacing, we recognized this pattern is composed of en echelon 
ridges of L or “KU” in hiragana. Some reveres “Sadogashima” shape ridges (Sadogashima in the 
Japan Sea is of S-shape; reverse of which is of Z-shape) were also found. Also the knolls have often 
moats or wholes around them. The NWS-SES trending lines are sharp enough to think to be faults, 
cutting or demarcating the ridges. However, some NE-SW trending faults also cut the former trend. 
Thus we recognized at least three trends of ridges or faults; N20W, N60W, and N45E. The plausible 
idea to explain such arrangement is these are products of magma intrusion into three trends, and 
because the NWN trend is on the fracture zone, the N60W trend might be of extension fracture or 
Riedel shear (R1) under a left-lateral strike-slip (sinistral) shear regime. According to Nakanishi’s 
NW Pacific magnetic lineament map (Nakanishi and Winterer, 1990), it is known that the Hokkaido 
Fracture Zone has approximately 400 to 600 km apparent displacement-bearing right-lateral 
strike-slip (dextral) dislocation. As known the NW Pacific Japanese lineament is of 
Jurassic-Cretaceous- Paleogene plate, younger toward NW. Therefore, the plausible spreading ridge 
which produced this lineament was already subducted along the NW Pacific convergent margin. This 
indicate that when the spreading ridge was there, the ridge-ridge transform fault had inversely 
left-lateral (Figure. 2-3). 

We can easily reconstruct the relevant shear regime with extension fracture, Riedel shears etc. 
Possibly the N60 W trending ridges are products of magmatism along such extension fractures, 
whereas the N20W (NWN) trend ridges paralleling the fracture zone would be products along the 
leaky transform fault. This kind of leaky fault might be of two or more sets (Figure 2-3). The N45E 
trend may be of the ridge trend itself, forming normal faults or others. The ridge and faults area is 
concentrated in the western part of the area B, so that this part should be the most adequate target for 
the future study. 

8



9

38° 30'N

38° 00'N 

37° 30'N 

37° 00'N 

148° 30'E 149° 00'E 149° 30'E 150° 00'E 150° 30'E 151° 00'E 
 148° 30'E  149° 00'E  149° 30'E  150° 00'E  150° 30'E  151° 00'E  151° 30'E

 38° 30'N 

 38° 00'N

8 9 

6 
3 

7  37° 30'N 4 
5 

1 

Yukawa Knoll

 37° 00'N

2 

-6300 -6200 -6100 -6000 -5900 -5800 -5700 -5600 -5500 -5400 -5300 m 
 

Figure 2-3.  The map showing B-area.  The bottom and upper figures show the bathymetry and side 

scan image of this area, respectively.
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2-5. OBEM positioning and recovery log 
Kiyoshi Baba & Masahiro Ichiki 

In this cruise, we planed to identi fy the posit ion of six ocean bottom 
electromagnetometers (OBEMs), which were deployed dur ing the cruise 
“R/V Yokosuka KR05-06” in May 2005, and to recover four of the OBEMs. 
We succeeded al l the recoveries but fai led the posi tioning of the other two 
OBEMs. 

The OBEMs equip an acoustic communicat ion system, which is produced 
by Kaiyo Denshi Co. , L td. or Nichiu Giken, Co., L td. (See section 4-3-2 for 
detail of specif icat ions of the OBEMs). For the posi tioning of the OBEMs, 
we send an acoustic signal from vessel to an OBEM and listen to the 
response f rom the OBEM. Travel t ime of the acoust ic signal provides us 
slant range between the vessel and the OBEM. Measur ing the slant ranges at 
three different locat ions, we estimate the posi tion of the OBEM on the 
seaf loo r. For the OBEMs equipped with acoust ic transponder of Kaiyo 
Denshi, posi tioning using a super shor t base line (SSBL) system is 
at tempted. 

2-5-1. Site NWP0504 – positioning and recovery of OBEM-JM4 
Aug. /02/2005 18:30 – 22:00 ( LT +10:00) 

18:30 Posi tioning using SSBL system was at tempted f ir st. 
The response from the OBEM was not acquired clearly. 

21:05 Gave up SSBL posi t ioning and switched to normal 
posi tioning using 

transducer equipped on the base of the vessel. 
22:00 Succeeded the posit ioning. 

Aug. /03/2005 04:50 – 07:46 ( LT +10:00) 
04:54 Sent release command 
05:03 Confirmed that the OBEM started ascending. 
07:25 The OBEM reached to sea surface. Received radio beacon 

signal. 
07:46 The OBEM on deck 
08:23 Compared the OBEM clock with a reference (GPS). 
08:30 Shutdown the OBEM. 
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2-5-2. Site NWP0506 – positioning and recovery of OBEM-TT8 
Aug. /03/2005 11:15 – 20:00 ( LT+10:00) 

11:15 Star t normal posit ioning using Nichiu Giken transducer and 
control 

uni t. 
12:51 Succeeded the posit ioning and sent the release command. 
13:01 Confirmed that the OBEM started ascending. 
15:30 The OBEM reached to sea surface. Received radio beacon 

signal. 
15:45 The OBEM on deck 
16:13 Compared the OBEM clock with a reference (GPS). 
16:15 Shutdown the OBEM. 

2-5-3. Site NWP0503 – positioning and recovery of OBEM-JM2 
Aug. /05/2005 08:20 – 12:40 ( LT +10:00) 

08:20 Star t trying SSBL posit ioning. 
The response from OBEM was not acquired. 

08:48 Switch to normal posit ioning using carry-on transducer. 
09:49 Succeeded the posit ioning. 
09:50 Sent release command. 
09:57 Confirmed that the OBEM started ascending. 
12:24 The OBEM reached to sea surface. Received radio beacon 

signal. 
12:40 The OBEM on deck 
13:08 Compared the OBEM clock with a reference (GPS). 
13:11 Shutdown the OBEM. 

2-5-4. Site NWP0502 – positioning of OBEM-JM5 
Aug. /05/2005 20:20 – 22:00 ( LT +10:00) 

20:20 Star t trying SSBL posit ioning. 
The response from OBEM was not acquired. 
Switched to normal posit ioning using car ry-on t ransducer 

from four 
vessel locat ions where were 500 m apart f rom the deployment 

point. 
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The response was never acquired. 
22:00 Gave up the posit ioning 

Aug. /10/2005 08:20 – 13:10 ( LT +10:00) 
08:20 Tr ied to measure the slant range at eight vessel locat ions 

where were 2 
nm apar t f rom the deployment point. 

The response from the OBEM was never acquired. 
13:10 Gave up the posit ioning. 

2-5-5. Site NWP0505 – positioning and recovery of OBEM-JM1 
Aug. /07/2005 08:15 – 13:21 ( LT + 10:00) 

08:15 Star ted normal posit ioning using carry-on t ransduce r. 
Measured slant ranges at three different locat ions where 

were 1 nm 
apart from the deployment posit ion. 

09:30 Succeeded the posit ioning 
09:30 Sent release command. 
09:42 Confirmed that the OBEM started ascending. 
12:01 The OBEM reached to sea surface. Received radio beacon 

signal. 
12:56 The OBEM on deck 
13:18 Compared the OBEM clock with a reference (GPS). 
13:21 Shutdown the OBEM. 

2-5-6. Site NWP0501 – positioning and recovery of OBEM-JM6 
Aug. /11/2005 08:08 – 13:07 ( LT +09:00) 

08:08 Star t SSBL posit ioning. 
The response from the OBEM was not acquired. 

08:30 Switch to normal posit ioning using carry-on transducer. 
The response was f requent ly acquired. 

The slant range was never measured. 
09:25 Moved to di fferent locat ions and try measur ing. 

The response was not acquired. 

Decided to release anchor and recover the OBEM because 
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disorder of 
the OBEM transponder may occu r. 

10:26 Sent release command. 
The response from the OBEM was received. 
But the slant range was not obtained. 

11:12 Slant range of 3901 m was obtained. 
Confi rmed that the OBEM was ascending. 

12:30 SSBL system star ted obtaining the OBEM posi tion and depth. 
12:53 The OBEM reached to sea surface. Received radio beacon 

signal. 
13:07 The OBEM on deck 
13:58 Compared the OBEM clock with a reference (GPS). 
14:13 Shutdown the OBEM. 
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Participants for KR05-10 
Scientists 

Name Belonging Affiliation E-mail 
Department Address 

Telephone number 
Natsue Abe JAMSTEC Research Scientist 

IFREE 
(Chief scientist and Representative of the Science Party)

Naoto Hirano Tokyo Institute of Technology Post Doctoral Fellow 
Graduate School of Science 
and Technology 

Shiki Machida Ocean Research Institute Researcher 
University of Tokyo Post Doctoral Fellow 

Toshiya Fujiwara JAMSTEC Research Scientist 
IFREE 

Masahiro Ichiki JAMSTEC Research Scientist 
IFREE 

Kiyoshi Baba Earthquake Research Institute Research Associate 

University of Tokyo 
Ocean Hemisphere Research 
Center 

Takahiro Suzuki University of Tsukuba Guraduate student (M2) 
Graduate School of Science 
and Technology 

Ryota Mori University of Tsukuba Guraduate student (M2) 
Graduate School of Science 
and Technology 

Ayu Takahashi University of Tokyo Guraduate student (M2) 
 Department of Earth and 
Planetary Science, Graduate 
School of Science 

Marine Technician 
Syohei Taketomo Marine Works Japan LTD. Observational technician 

Marine Geology Section, 
Office of Marine Research, 
Department of Marine Science 

Naohito Mori Marine Works Japan LTD. Observational technician 
Marine Geology Section, 
Office of Marine Research, 
Department of Marine Science 

Toru Koizumi Marine Works Japan LTD. Observational technician 
Marine Geology Section, 
Office of Marine Research, 
Department of Marine Science 

Toru Kodera Nihon Marine enterprise Observational technician 
Department of Marine Science 

Keigo Suzuki Nihon Marine enterprise Observational technician 
Department of Marine Science 

Satoshi Okada Nihon Marine enterprise Observational technician 
Department of Marine Science 

Mamoru Sano Nihon Marine enterprise Observational technician 
Department of Marine Science 

Naoto Noguchi Nihon Marine enterprise Observational technician 
Department of Marine Science 
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4. Observations 

4-1. R/V KAIREI
Integrated research vessel exploring the r idges and t renches 

The deep sea research vessel "KAIREI" is designed to survey of deep sea 
floor and sub-seaf loor structures about arc- trench-backarc systems, r idge 
systems and basic oceanic crustal structure. R/V "KAIREI" is the exclusive 
mother ship for the 10,000m class remotely operated vehicle "KAIKO" 
(meaning "trench") which entered service in 1995. In adi tt ion, R/V 
"KAIREI" is equipped with modern geophysical and geological instruments 
such as a 120 channel seismic profi ler to map detailed structures of 
subduct ion zones, piston core and dredge samplers for studying sedimentary 
environment on the deep sea bot tom, quaternary faul ts and so on geological 
and geophysical features. The R/V "KAIREI" is available for integrated 
research projects on r idges and t renches, and al l the other sea floor areas of 
the wor ld. 

Figure 4-1. “R/V KAIREI ” Genera l Arrangement 
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The pr incipal par ticulars of the “ R/V Kairei ” 
Total Length 105.0m 
Total Breadth 16.0m 
Total Depth 7.3m 
Draf t Depth 4.6m 
Gross tonnage 4,628tons 
Service Speed 16.7knot 
Endurance Approx. 9,600naut ical miles 

(approx.17,800km) 
Main Engine Diesel engines,2*approx. 2 ,206kW* 600 rpm 
Propulsion 
system 

Twin CP P,2*Bow thruster*Joyst ick control 
system 

Complement Crew 29, Scient ist and others 31 / Total 60 
Since March, 1977 

Exploration suppor t equipments 
Acoustic navigation device 
Mult i-Narrow Beam Echo Sounder (Seabeam 2100) 
Radio navigat ion device (GPS etc) 
XBT 
Local Area Network system 
Satel l ite image receiving device (NOAA, GMS etc) 

Laborator ies, etc… 
Mission control & computer office 
Geophysics laboratory 
Chemistry & biology laboratory 
Research room 
Geology laboratory 
Gravi ty meter room 
Video laboratory 
Personal computer room 
Library 
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4-2. Geophysical instruments by Fuj iwara 

4-2-1. Gravimeter 

Onboard gravity measurement was performed using a BODENSEEWERK 
KSS31 mar ine gravimeter system, which was instal led in the gravimeter 
room. According to "Sea State" f il ter ing (low-pass f il ter ing to cancel out 
gravi ty effect by ship 's movement), the gravi ty data delays 76 seconds. "Sea 
State 2" was selected in this cruise. The gravity data were logged per minute 
in this cruise. 

The system incorporates ship 's posi tion, speed, and heading through the 
local area network in the ship, and performs the Etovös correct ion on- line. 
The measured gravity value (-1432.4 mGal) at the JAMSTEC pier in 
Yokosuka at the beginning of this cruise is tied to an absolute gravi ty value 
(979758.7 mGal), which value was determined by the previous on- land 
gravi ty measurements. The f inal "gravi ty tie" must be done in consideration 
of sensor dr if t of the gravimeter dur ing the cruise by measurements before 
departure and af ter ar rival at the pie r. Therefore, accurate gravity data 
processing (readjustment of time difference, Etovös, dri ft , and reference 
gravi ty correct ions) should be done af ter the cruise. 

4-2-2. Proton Precession Magnetometer 

The total magnetic field measurements were col lected by a surface- towed 
proton precession magnetometer, PRTO10 (Kawasaki Geological 
Engineer ing Corporat ion). The PROTO10 consists of two main units , the 
sensor and the control uni ts. The senso r, which is towed about 300 m behind 
the ship, detects intensi ty of the total geomagnet ic f ield as an electronic 
signals induced by the precession of proton. The control unit i s instal led in 
the dry laborator y. The control unit can set parameters, measurement 
interval, charge time, capaci ty of condenser, and so on. The interval of 
measurement during this cruise was 20 seconds. The data fi le is renewed 
everyday. 

4-2-3. Shipboard three-component magnetometer 
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A shipboard three-component magnetometer system, SFG1214 (Tier ra 
Tecnica) , was used to measure the three components of the geomagnet ic 
field. Three-axes f lux-gate sensors with ring-cored coi ls were fixed on the 
roof of the bridge (about 2 m f rom the roof). Outputs of the sensors wer e 
digit ized by a 20-bit A/D converter (1 nT/LSB), and sampled at eight times 
per second. Ship's heading data were also sampled at 8Hz, which were 
transmit ted directly from a gyrocompass for navigat ion in the br idge. Roll 
and pi tch data of 8 Hz were provided from an att itude sensor (TVM-4) 
installed on the f loor of the gravity meter room. Ship's posit ion and speed 
data were taken f rom LAN every second. Logging of these data was car ried 
out using a compute r. The data f ile is renewed everyday. "Figure-8 turns" (a 
ship runs along an 8-shaped t rack consisting of two circles) for calibration 
of the ship 's magnet ic effect was performed three t imes dur ing this cruise. 

Date Posi tion 
6/14/07:28-07:41(UTC) 39°27.7 'N, 144°18.9 'E 
6/22/05:03-05:21(UTC) 37°26.9 'N, 149°42.2 'E 
6/24/09:00-09:21(UTC) 36°00.0 'N, 145°00.0 'E ?? 
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4-3. Ocean Bottom Electro-Magnetometer (OBEM) 

Kiyoshi Baba & Masahiro Ichiki 

Ocean bot tom electromagnetometer (OBEM) is an instrument to measure 
var iat ions of magnetic and electric f ields on seafloo r. The OBEMs used in 
this study are the third and four th generat ions of the two-glass-sphere type’s 
OBEM made by Tierra Tecnica Ltd. , which are cal led OBEM2001 and 
OBEM2005, respect ively (Figure 4-3-2-1). The one glass sphere houses 
fluxgate magnetic f ield sensors for three components, instrument t il t sensors 
and the data logger. Those are powered by l ithium batter ies packed in the 
other glass sphere. An acoust ic transponder is also housed in the bat tery 
glass sphere. Si lver–si lver chlor ide electrodes are attached to the end of 
each pipe. The data are recorded on a compact f lash memory card. Table 
4-3-2-1 shows that the specif icat ion of the digital recording system of 
OBEM. 

The OBEMs are equipped with acoustic communication system, lead 
weight, radio beacon and f lushing l ight (Tables 4-3-2-2 and 4-3-2-3). In 
recovery t ime, the OBEM releases the weight according to acoustic 
command from ship, and then pops up by sel f-buoyancy. The equipped 
acoust ic system is dif ferent depending on OBEM. The acoustic system 
produced by Kaiyo Denshi Co. , L td. can be appl ied to SSBL system, which 
enables us real t ime determination of inst rument posit ion. The radio beacon 
and f lushing l ight have pressure switch which is turned off under water 
pressure. Once the OBEM reaches to sea surface, they star t working and help 
our f inding the OBEM. The f lushing l ight has a l ight sensor which works 
when it i s dark. It i s very useful to find the OBEM in night time. The OBEMs 
also mount a recovery buoy-rope system (Figure 4-3-3-2). The buoy 
becomes f ree from a bucket when a weight is released, and i t drags a rope 
stored in a bucket. I t i s for easier recovery of OBEMs at the t ime of their 
retr ieval. We can easi ly catch the OBEM from shipboard by catching the 
buoy and haul ing on the rope. 
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     Figure 4-3-1. Sketch of OBEM 
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Figure 4-3-2. Recovery buoy-rope system. The stopper is f ixed between lead 
weight and OBEM aluminous f rame. Once the lead weight is released, the 
stopper becomes free and the buoy r ises ahead of the OBEM body. 
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Measurement field A/D transform Dynamic range Resolution Note

Magnetic field 16 bits ± 327.68 nT 10 pT N,E positive

Electric field 16 bits ± 10mV 0.305176 _V S,W positive

Instrument tilt 16 bits ± 8.192 deg. ! 0.00025 deg. N down, W down positive

Temperature 18000 digits -55!125"°C 0.01 °C

Measurement field A/D transform Dynamic range Resolution Note

Magnetic field 16 bits ± 327.68 nT 10 pT N,E positive

Electric field 16 bits ± 10mV 0.305176 _V S,W positive

Instrument tilt 16 bits ! ± 8.5 deg. ! 0.00026 deg. N down, W down positive

Temperature 18000 digits -55!125"°C 0.01 °C

#$%&&'(#%)*$)'(+,-./001(2##34(5.14(5./4(5.64('*7(5.89

#$%&&'(#%)*$)'(+,-./008(25.:9

Table 4-3-1. Specif icat ion of digi tal recording system of OBEM. 

4'*2 .) 2F + H^ ( F I H I

99 3 H ^ , +
/2 3 H ^ , -
/2 0F ^ ) 9] -_ 7] -_ (
/2 0F ^ ) 9] -_ 7] -_ &
/2 0F ^ ) 9] -_ 7] -_ '
/2 0F ^ ) 9] -_ 7] -_ (

Table 4-3-2. Acoust ic communication system equipped on OBEM. 

OBEM ID 
Flashing light Radio Beacon 

Type Serial No. Type Serial No. Frequency Code 
TT8 ST-400A S12-021 RF-700A3 S12-029 43.528MHz JS1364
JM1 ST-400A S12-017 RF-700A3 S12-032 43.528MHz JS1367
JM2 ST-400A S12-016 RF-700A3 S12-031 43.528MHz JS1366
JM4 ST-400A S12-018 RF-700A3 S12-033 43.528MHz JS1368
JM5 ST-400A S12-020 RF-700A3 S12-028 43.528MHz JS1363
JM6 ST-400A S12-019 RF-700A3 S12-030 43.528MHz JS1365

Table 4-3-3. Specif icat ions of flashing l ight and radio beacon equipped on 
OBEM. Both are made by NO VAT ECH. 
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4-4. Piston coring system 
Y. Taketomo, T. Mori and T. Koizumi (Mar ine Works Japan Ltd.) 

Instrumentation 
Piston core system was used dur ing this cruise, a heat- flow piston 

corer wi th stainless steel barrel and inner core l ine r. The general out l ines of 
these systems are shown in Fig. . 

Fig. 
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Piston core and heat f low system 
The piston core system was used for the combined operat ion of 

measuring heat f low and recover ing sediments. The barrel was at tached to a 
piston core head of 900 kg weight. This system has a space for a mount ing 
the heat f low data logger to record the temperatures at 5 thermisters 
mounted hel ical on the outside of barrel, between the base of the weight 
stand and the core catcher bit . Each thermister recorded the data by i tsel f. 
This system also mounted transponder at main wire to obtain the water depth 
of this equipment. The total weight stand of the head is approximately 900 
kg. The aluminum barrel wi th this system is 5 m in length and l iner is used 
for recovering sediments. The balance and pi lot core is same as for the 
piston core system. 20 m nylon rope was placed between the balance and 
main wire for addi tional wire out and/or increased tension af ter hi t ting sea 
bot tom. Because the system must be kept in the sediment for 15 minutes to 
obtain stable temperature, addi tional wire out must be avoided to pul ling the 
barrel out of the sea f loor by either heaving or dri ft ing of the ship during the 
measurement. 

General Operat ion 

Preparat ion for the piston coring 
After bar rels are attached to the head (weight stand), the main wire is 

connected, through the barrel, to the piston at the bottom of the barrel, and 
to the balance at the weight stand. The core catcher and bit are then at tached. 
The balance is connected to the end of the main wire. The ent ire assemblage 
is carr ied under the A f lame using a cart and is l if ted over the edge of the 
deck by the main winch, A f lame and caps tan winches, the pilot core and i t’ s 
wire are then connected to the balance. During the launch into the sea we 
have to add a large amount of water into the barrel from the top to prevent 
the piston moving due to water pressure from below. The system is then 
lowered through the water to the sea f loor. 

Aft . wheel house 
When the sampling site is reached, the operation of the ship is 

transfer red to the af t. wheel house which overlooks the af t working deck. 
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From this room the ship can be ful ly managed, the winch is operated, al l 
equipment handl ing is fully observed and the wire out and wire tension are 
displayed, al l operat ions can easily managed. Therefore, the operator 
technician, the ship’s operator and winch operator are in this room, working 
joint ly, dur ing the piston core operat ion. Af ter stopping the ship at the si te, 
the ship keeps i ts posit ion by bow and stern thrusters throughout the 
operat ion. 

Hit the bottom and off the bottom 
The piston core system star ts lowering at a winch speed of 60 m/min. 

The piston core is stopped at a depth about 50 m above the sea floor for 10 
minutes to reduce any pendulum motion and to calibrate the thermisters on 
the outside of bar rel. This also reduce possible swing of the core af ter 
pul lout, which could cause lose of the samples. 

Af ter 10 minutes standing 50 m above sea floor to confi rm that the 
system is stabil ized, the wire is stored out at a speed of about 20m/min., a t 
the same t ime careful ly watching the pen recorder of the st rain gauge 
tension mete r. When the piston core touches the bot tom the tension wil l 
abrupt ly decrease by the amount of the piston core weight. Therefore, i t i s 
easy to detect the bot tom hit . 

Immediately after conf irmat ion that the core hi t bot tom wire out is 
stopped and keep the posi tion for 15 minutes. And then, rewinding of the 
wire is star ted at a dead slow speed (10 m/min.), unti l the tension gauge 
indicate that the core has li fted off the bot tom. The tension meter shows a 
smal l increase in tension when the core is being pul led out of the sea floor 
and then a steady value. Af ter we can recognize absolutely that the piston 
core is above the sea f loo r, the winch to keep speed is increased to 60m/min., 
and then gradual ly to maximum rate. 

Sediment core treatment 
The inner tube of the piston core f i lled by sediments was cut into 1m 

lengths for each sect ion using a handy cutte r. The sect ions were 
longi tudinal ly cut into working and archive halves by a spli t ting devise with 
a stainless wire. 
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4-5. Dredge system 

Y. Taketomo, T. Mori and T. Koizumi. (Mar ine Works Japan, Ltd. ) 

The assemblages of the dredge used dur ing KR05-10 cruise are 
il lust rated in Fig. , showing the main wire, lead wire, chain, weight, l ife wire, 
fuse wire and main chain-bag dredge (Nalwalk). 

Fig. 
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Main wire: Diameter of main wire is 14 mm, 8000 m long. I t i s 0.651 
kg weight per one meter (i. e . about 0.6kN for 1000 m in the sea water) and 
having a 96.6kN breaking force. 

Lead wire: this wire is prepared for protect ion against damage to 
the main wire, joined by shackles (3.13t SUS) and swivel (5t ). It i s iron wire 
of 12 mm diameter (in case of more than 6000m, 10mm diameter has to be 
used), 200 m long and a 71kN (10mm diameter : 49.3kN) breaking force. 

Chain: Chain (18 mm diamete r, 5 m long) is used to stabi lize the 
dredge assemblage and was joined to the lead wire wi th a swivel (5t) and 
shackles ( 19). 

Weight(50kg per each): The weight is used to assure the dredge is on 
the bot tom as can be observed by the tension meter in the operation room, 
and linked by shackles( 16) to the chain together wi th a swivel (1t), fuse 
wire (6 or 8mm diameter, 0.25m long) and l ife wires (8 or 10mm diameter ). 

Life wire(chain-bag) : End of the li fe wire (8 or 10mm diameter, 7 m 
long) is connected paral lel wi th fuse wire, and the other end is connected 
with the middle par t of the chain-bag. In the case of fuse wire is broken by a 
big bi te or anchor ing, l ife wire works as fuse wire, and keep the sample in 
the lower part of chain-bag with box type bucket. 

Fuse wire: fuse wire (6 or 8mm diamete r, 0.25m long) is prepared 
to release the dredge form big bi tes that might damage the main wire. I t i s 
jointed to the chain with a swivel (1t ) and shackles in the dredge 
assemblages. 

Chain-bag dredge: The square type dredge (Nalwalk) consists of 
box type jaw (60*45 cm mouth, 60*27 cm throat), handle (26mm diameter, 
85cm long) and steel chain-bag (6 mm diameter, 100cm long) with box type 
bucket (27*60*50cm) made from stainless steel (5mm thick) . The bucket can 
recover al l kinds of sediments on sea floor, i t was jointed with shackles to 
the 0.25 m fuse wire. 

In case of wire out length are more than 6000 m, JAMSTEC decided 
that fuse/ li fe/ lead wire should be use 6/8/10mm in diameter respect ively, in 
order to protect the main wire f rom own weight more than 6000m. Otherwise, 
wire out length are less than 6000 m, fuse/l ife/lead wire should be use 
8/10/12mm in diameter respectively. 

About detai ls of wire diameter and breaking force are wri tten in 
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below. 

Di amet e r Breaki n g Fo rce 
6 mm 17 .7 k N 
8 mm 31 .6 k N 

10 mm 49 .3 k N 
12 mm 71 .0 k N 

Appendix (heat flow) by Hirano, Abe 

Temperature gradient in sediments are measured using heat f low system of 
ANTARES Temperature Datalogger (ANTARES Datasystem GmbH). Eight 
ANTARES loggers of Channel 1-8 are set on piston core barrel by 
approximately 60 cm intervals. Channel 1 is bottom, and Channel 8 is top. 
Part icular ly, the AN TARES of Channel 1 is located 50 cm from tip of core 
bi t. 

The AN TARES is 160 mm in length and 15 mm in diamete r. Water 
pressure resistant is 6000 m. Procedures of sett ing to core barrel and data 
expor t to computer is shown as fol lows. 

Procedure of set ting to core barrel. 
1. Set AN TARES datalogger into AN TARES holder. If the datalogger 

moves easi ly by loose-fi tt ing due to enough space between the 
datalogger and holder, the datalogger would be f ixed using rubber 
bands. Finally, holder cap is closed. 

2. Set AN TARES holder on core barrel using hoops. Narrow bar side of 
the holder faces to bottom direct ion. The hoop is tightened using 
electr ic dr ive r. 

3. Tie vinyl tape on the hoop and holder cap. 
4. Measure distances between holder and holder, and between holder and 

tip of core bit. 
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Figure 4-9. Heat Flow thermometer system ( in Japanese) . 
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5. Preliminary Results 

5 -1 . Pre l iminary resul ts o f s ea floo r e l ectromagneti c survey us ing OBE Ms 

Kiyoshi Baba & Masah i ro Ich ik i 

5-1 -1 . Object ives 

Magnet ot e l l u ri c (MT) soundings p rovide us an image o f e l ect r i cal fea tu re o f 

Ear th 's in t e rio r. B ecause el ec t ri ca l conduct ivi t y o f t he man tl e mater i al s i s 

s t rongly dependen t o f t emperatu re , part i al mel t , and vo lat i l es such as wate r, 

el ec t ri ca l conduct ivi t y s t ruc tu re models es t imated th rough seafloo r M T su rveys 

a re defini t ely useful to d is cus s where t he sou rce o f t he “Pe t i t Spot” vol canic 

ac t i vi t y is and i t s re l at ion to t he man tl e dyna mics . Fo r t hese ob j ect ives , we p l aned 

a s eafloo r M T experimen t us ing s ix ocean bo t tom e l ec t romagnetometers (OBEMs) 

and deployed them du ring the c rui se “R/V Yokosuka YK05 -06 ” . The experimen t 

con tains two t a rge t s : 1 ) Semi - reg iona l s t ruc tu re o f t he l i t hosphere and 

asthenosphere benea th the “Pe t i t Spot” a rea based on 10 -weeks observa t ion . 2 ) 

Regional upper man tl e s t ructu re i n the no rthwes t e rn Pac i f i c Ocean based on 

one-year observa t ion . 

The f i rs t t a rge t i s focused on the sou rce a rea o f t he “Pe t i t Spo t” magma. F ive 

OB EMs are dep loyed on c ros s -shape a r ray c ent e r ing on Yuka wa kno l l wi th ~100 

km in t e rva ls (F igu re 5 -1-1 -1 ) . We inves t igat e the e l ect r i cal conduct iv i t y o f t he 

l i t hosphere and as thenosphere down to 200 km dep th where t he pe t e ro logica l 

s t ud i es suggest t ha t the melt genera t ed . One o f the mos t basi c quest ions , whether 

the asthenosphere i s part i a l l y mol t en everywhere and hence “Pe t i t Spot” is ju st an 

indi ca t ion o f pathway to the su r face o r t he asthenosphere benea th the “Pe t i t Spo t” 

a rea is anomalous wi th h igh t emperatu re o r high content s o f vol a t i l es resu l t ing in 

part i a l mel t , can be answered th rough the el ec tr i cal conduct ivi t y s t ructu re . 

The c ross - shape observat ion a r ray i s al so designed fo r dea l ing eas i l y wi th the 

ani so t ropic e l ect ri ca l conduct ivi t y, s e t t i ng the OB EM si t es on the l ines para l l e l to 

and perpendicul a r t o t he cu r ren t mot ion o f t he Pac if i c pl a t e . Recent s eaf loo r M T 

study has revea l ed that t he el ec t ri ca l conduct ivi t y o f t he asthenosphere in t he Eas t 

Pac i fi c Ri se i s main ly cont rol l ed by water (hyd rogen d is solved in mineral s ) and 

ani so t ropic , sugges t ing the l a t t i ce p re fe r red o ri ent a t i on of man tl e minera ls (Baba 

et a l . , 2005) . Howeve r, i t i s s t i l l unknown whether t he e l ect ri ca l conduct iv i t y o f 

old oceanic as thenosphere i s ani so t ropic o r not . Th is s tudy is a lso t he fi r s t at t empt 
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in the wor ld about th is po in t . Fu rthe r, s t ructu ral chang e associ a t ed wi th Nosappu 

f ractu re zone is a lso t aken into account . The l i nes connec t ing the s i t es NWP0504 

and NWP0505 , and NWP0503 and NWP0502 are o rthogonal l i zed to t he f rac tu re 

zone . Observa t ion du ring ~10 weeks wou ld be enough fo r t he exp lo ra t i on o f th e 

as thenospheri c depth . A t ask o f th is c ru ise i s t o recover the OBEMs deployed a t 

the fou r s i t es (NWP0503 – NWP0506) . The other s i t e i s common to t he l ong -t e rm 

si t e (NWP0502) , wh ich locat es on the southern eas t po in t o f t he a r ra y. 

The second t a rge t i s mot iva t ed f rom a s tudy o f globa l s e ismic tomograph y. The 

P-wave ve loci ty s t ruc tu re model shows a rem arkab le low ve loc i ty region at dep ths 

o f 300 – 600 km benea th t he ou t e r ri s e (F ig u re . 5 -1 -1 -2 ) . The low ve loci ty region 

seems to ext end to t he “Pe t i t Spot” a rea , a l t hough i t s eas t e rn ma rg in i s no t wel l 

reso lved by the l and -based tomograph y. Low ve loci ty anomal i es a re f requent ly 

int e rp re t ed as high t emperatu re anomal i es and hence the low ve loci ty reg ion 

benea th t he out e r r i s e may suggest an upwel l ing o f high t emperatu re materi a ls . 

Howeve r, t he upwell ing adj acent t o t he downwell ing o f t he Pac i fi c pl a t e is 

imp lausibl e under real is t i c man tl e vi s cosi ty ( Yanag i sawa, personal 

communica t ion ) . Fo r e luc idat ing the phys i ca l s t at e o f t he man tl e more accu ra t el y, 

analyzing both t he s ei smic ve loc i ty and e l ec tr i cal conduct ivi t y is c r i t i cal . Ichiki 

et a l . (2005) deve loped a method to di s t i ngu ish t he t hermal and compos i t i onal 

(hyd rogen ) e ffec t s on e l ec t ri ca l conduct ivi ty by re fe r r ing se ismic P-wave ve loci t y. 

Applying Ich iki e t al ' s method to t he no r thwest e rn Paci f i c region enables us to 

di s cuss t he phys i cal s t a t es and dynamics , which may be rel a t ed t o “Pet i t Spot” . 

We have car r i ed ou t a l ong - t e rm seaf loo r M T su rvey in t he no rthwes t e rn Pac i f i c 

Ocean s ince 2003 to reveal t he reg iona l s t ructu re o f t he upper man tl e down to 

~400 km depth . We have a l ready co l l ec t ed one-year- long M T da t a a t s i t es 

NWP0301 and NWP0302 . Two s i t es were ne wly dep loyed du ring the c rui se “R/V 

Yo k osuka YK05 -06 ” , NWP0501 and NWP0502 , respec t ively loca t e ~350 km sou th 

o f t he s i t es NWP0301 and NWP0302 (F ig . 1 -3 -6 -3 ) . These s i t es a re designed fo r 

one-year observat ion . In t he deploy ing c rui se , we d idn ’t have enough t ime to wai t 

fo r t he s e t t l ement s o f t he OB EMs and det e rmina t ion o f the i r posi t i ons on the 

s eafloo r. Thus , we p l aned the posi t i on ing o f the two OB EMs in t his c ru ise . 

Fu rthe r, we pl an add i t i onal l ong - t e rm su rveys in the coming years , wh ich fi l l t he 

region in t he ci rc l e cent e ring on the “Pe t i t Spo t” a rea wi th a d i ameter o f ~1000 km. 

We u l t imately a im to obt ain a th ree-dimensiona l (3 -D) e l ec t r i cal conduct iv i t y 

s t ructu re model o f t he upper man tl e i n t he region by ana lyzing these da t a j oint l y. 
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5 -1 -2 . Posi t ioning and recovery o f the OB EMs 

The posi t i on ing o f t he OB EMs was car r i ed out by measu ring s l ant ranges between 

ves sel and OB EM. We succeeded i t fo r fou r OB EMs fo r 10 -weeks observa t ion . 

The deployed and es t imated se t t l ed pos i t i ons o f the OBEMs are l is t ed in Tab le 

5 -1 -1 -1 . Fo r a l l t he recovered OBEMs, t he r adio beacon was worked succes s ful l y. 

F l ashing l i ght s were not n ecessary t o work because o f the recoveri es were done in 

day t ime. 

We fa i l ed t he posi t i on ing o f t he other two OBEMs a t s i t es NWP0501 and 

NWP0502 , wh ich were dep loyed fo r one-year observa t ion . Fo r s i t e NWP0502 , 

OB EM-JM5 never responded to the ca l ls f rom vesse l al though the a t t empts were 

done near t he dep loyment point and at e igh t loca t ions where two naut i cal mi l es 

apart f rom the deployment po in ts . Pos sibl e causes o f the fai l ure a re : 1 ) Fa i lu re o f 

any part o f the acous t i c communicat ion syst em equipped on the OB EM, such as 

t ransduce r, t ransponde r, cab l e , and bat t e r y, and 2 ) The OBEM was not there . I t 

might d r i ft fa r away by s t rong ocean cu r rent when i t was dep loyed o r by the 

anchor was re l eased because o f unknown rea son . 

Fo r s i t e NWP0501 , we acqu i red the responses f rom the OB EM-JM6 but cou ldn ’t 

measu re t he s l ant range because t he responses a re t oo weak . Water dep th o f the 

a rea i s shal lower t han those fo r t he o ther s i t es . Seas t at e was good . Thus , we doubt 

tha t t he acoust i c sys t em o f the OBEM was something wrong and decided to 

recover the OBEM. 

The SSB L syst em s t a rt ed cat ching the response f rom the OBEM when i t was 

ascending a round 1600 m depth . The OBEM was succes s fu l ly recovered . We d id 

no t fi nd any c ri t i ca l reason o f t he weak response f rom t est s and checks o f the 

acoust i c syst em on board . Fu rther i nves t i gat ions wi th t he maker should be 

requ i red . 

The est imated se t t l ed pos i t i ons o f the OB EM s a t s i t es NWP0501 , NWP0503 , and 

NWP0505 are more than 1 km away f rom the dep loyment pos i t i ons because o f fas t 

ocean cu r rent in t he a rea . Fo r example , i n t he a rea o f s i t e NWP0505 , t he cu r rent 

was more t han 2 kno ts per hou r du ring the recovery t ask . Because the OB EM-JM1 

at s i t e NWP0505 equips t he acoust i c communica t ion syst em by Nich iyu Giken , 

wh ich the SSB L syst em i s not ava i l abl e , i t t ook abou t one hour t o f ind the OB EM 

since i t su r faced . Checking ocean cur ren t and posi t ioning du ring dep loyment 

c rui se should be done fo r easy recovery o f OBEM al though we d idn ’t have enough 

t ime fo r i t in the p revious c rui se . 
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5-1 -3 . Acqui red da ta , ma gneto tel luri c ana lyses and the p re l iminary resul ts . 

The basi c i n fo rmat ion o f acqu ired da t a is shown in Tab le 5 -1 -3 -1 . The bu i l t - i n 

clocks had ga ined abou t few to a few t ens s e conds i n 3 mon ths , wh ich were 

d ras t i ca l l y improved the p rec is ion than the p reviou s resu l t s . F igu re 5 -1 -3 -1 shows 

el ec t romagnet i c and t i l t f i eld vari a t i ons a t each s i t e . Al though uniden t i f i ed s t ep , 

rect angu lar and out l i e r no ises a re superimposed on el ec t ri c f i eld , genera l l y good 

dat a have been acqui red except t hose a t NWP0505 . Obvious th ree geomagnet i c 

pu lsa t i ons a re reco rded wel l in the f i rs t mon th and e l ec t ri c f i eld var i at ions a re 

al so cl ear ly co l l ec t ed co r responding to t he act ivi t i es . The magnet i c fi e ld 

vari a t i ons a re a lmost acqui red wel l . The t i l t f i eld da t a a t al l s i t es excep t 

NWP05 04 a re a l so f i ne . The t i l t f i eld dat a o f NWP0504 have a d ri f t , wh ich was 

det ec t ed by that t he geomagnet i c f i e ld wi th the t i l e co r rec t ion was imp laus ib l e . 

The t i l t f i eld dat a a t al l s i t es excep t NWP0504 were f i ne . 

Fo r t he magnetot e l l u ri c ana lyses , t he el ec t romagnet i c fi e ld s acqu i red on the 

observa t ion coo rd inat es were convert ed i nto those on the geograph ic coo rdinat e ; 

Af t e r t i l t f i eld co rrec t ions , t he ho ri zonta l coo rd ina t es were ro t a t ed so t ha t t he 

decl ina t ions du ring a qui e t day a re consi s t en t wi th t hose of t he 10 t h -genera t i on o f 

IGR F. The qu iet day was s et to 13:00-15:00 on 26 t h Ma y, 2005 , UTC. F igu re 

5 -1 -3 -2 shows magneto t el lu r i c (MT) apparen t res i s t iv i t y and phase responses . The 

M T impedance t enso rs were ca l cul at ed by using the robust es t imat ion code (Chave 

et a l . , 1987) . M T impedance t enso r, apparen t res is i t i vi ty ( i j ) and phase ( i j ) 

resp on s es a re d e f i n ed as fol lo ws , 
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,where i , j = x o r y, T i s period . Index x and y means no rth -sout h and east -wes t 

di rec t i ons , respec t ivel y. E, H denotes the Fouri e r demodula t ions o f el ec t ri c and 

magnet i c f i eld s . Impedance el emen ts , Zi j a re complex va lues . F ine M T responses 

were ob t ained be tween 1000 and 105 s econds i n period . Get t ing gu ide l ines o f the 

model ing el ec t ri ca l conduct ivi ty d is t ri bu t ion , a dimensiona l i ty ana lysi s was 

car ri ed ou t by u sing M T phase t enso r (Caldwel l et a l . , 2004) . F igu re 5 -1 -3 -3 
-shows the a rc t angent s o f t he p rincipal phase t enso r e l ement s ( t an 1 ( min ) , 

tan - 1 ( max)) and angle . I f we wr i t e M T impedance t enso r as Z = X+i Y, phase 

ten so r , an g l e an d p ri n ci p al p h as e t en s o r el emen ts a re d e f in ed as fo l l o ws . 
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I f the angle a lmost ze ro , regional conduct iv i t y di s t r ibut ion i s 1 -D o r 2 -D. 

Otherwi se , t he di s t r ibut ion is 3 -D. In t he fo rmer case , min and max a re 

equ iva l en t i f t he d is t ri bu t ion i s 1 -D. Unfo r tuna t el y, ca l cu l at ed 95 % conf idence 

l imit s o f p r inc ipa l phase el emen ts a re very l a rge . Howeve r, t he dimensional i t y 

analys is by the phase t enso r indi ca t es t hat t he reg iona l 1 -D o r 2 -D model ing is 

val id fo r t hese M T response dat a be tween 1000 and 10000 seconds i n period . 

Hence , we t rea t ed the M T response in th is f requency range and modeled a 1 -D 

conduct ivi ty s t ruc tu re . 

Fo r 1-D model ing , we used the Oc cam (Con st abl e e t al . , 1987) and + 

(Parker and Booke r, 1996) inversion t echn iques . The Berd i chevsky’s average 

apparent res i s t iv i t y and phase responses wer e invert ed . The Berd i chevsky’s 

average impedance is 

2

ZZ
Z

yxxy

av

!
=

The e r ro r f loo r was s et t o 5 % o f apparen t res i s t i vi t y. 

Th e smoothness cons t raint o f 1 s t o r 2n d de r ivat ive o f conduct iv i t y s t ructu re 

along dep th i s imposed in t he Occam inversion . F igu re 5 -1 -3 -4 rep resent s the R MS 

mis f i t a t t i t udes under t he Occa m inversion p roces s . The c r i t e r i a o f fi ni sh ing the 

invers ion p rocess were RMS <=1 .0 . The invers ions fo r t he da t a a t NWP0501 and 

0505 d id not converge . 

The + inversion d i agnoses whether 1 -D model exi s t so as t o exp lain M T da t a . 

In o ther words , the + inversion t es t s t he necessary condi t i on o f 

one-dimensiona l i ty o f M T da t a . The + inversion reveal ed tha t t he dat a except 

those a t NWP0505 fu l fi l l ed t he neces sary cond i t ion o f one-d imens iona l i t y. Here , 

the boundary condi t i on o f the ear th ’s sur fac e was s e t t o the conducto r. 

We show the ob t ained 1 -D model s and the f i tness o f t he dat a a t NWP0501 , 

0503 , 0504 and 0506 in F igu re5 -1 -3 -5 and 5 -1 -3 -6 . The Occa m model s i nd i cat e 

tha t conduct ivi ty value s t a r ts to i ncrease a t 50 km in depth and the dep th where 

the conduct iv i t y achi eves the max imum va lue is abou t 120 -130 km. On the o ther 

hand , the conductance del t a func t ions , wh ich mean the exi s t ence o f t he boundary 

where t he con duc t ive l ayer underl i es t he res is t ive one , loca t e i n 100 -130 km. The 

conduct ivi ty o f 

the l ayer is abou t 0 .1 S /m ( res is t i vi ty is 10 m) and i t s conductance i s about 
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10000 S . Consequent l y, t he obt a ined 1 -D conduct iv i t y model s i nd i cat e t hat the 

l i t hosphere / as thenosphere boundary ex is t s 100 -130 km in depth and the 

conduct ivi ty o f the as thenosphere is abou t 0 .1 S /m. 
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Ta ble 5 -1 -1 -1 . Deployed and est imated se t t l ed posi t i on o f OB EMs. The pos i t i ons 

o f OB EM JM5 and JM6 were no t de t e rmined because o f fai lu re o f acous t i c 

communica t ion . The posi t i on o f OB EM-JM6 l i s t ed i n t he t ab l e i s ob t ained by 

SSB L when the OB EM was ascend ing a t a round 1600 m depth , wh ich is t hough t t o 

be close t o t he s et t l ed posi t ion . 
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E 150° 46.7174' 
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**** 
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N 37° 29.8059' E 149° 45.2235' 5971 m N 37° 29.9836' E 149° 45.4472' 5947 m 
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Figure 5 -1 -1 -1 . Si t e l oca t ions o f OBEMs fo r 10 -weeks s eaf loo r M T observat ion , 

superimposed on ba thymet ri c map . Red c ros ses a re t he l ocat ions where OB EMs 

were dep loyed du ring the c rui se “R/V Yoko suka YK05 -06 ” . Dashed l i nes a re t he 

di rec t i ons para l l e l t o and perpend icu l a r t o t he Pac if i c pl a t ed mo tion and the 

ci rc l es cen t e ring on Yu ka wa knol l wi th di ameters o f 100 km and 250 km, 

respec t ivel y. 
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Figure 5 -1 -1 -2 . Sei smic P-wave tomography model by Obayashi and Fukao (2001) . 

Th ree s ec t ions (a , b , and c ) a re t aken f rom the g loba l model . The resul t o f 

reso lu t ion t es t fo r t he s ec t i on (a ) is shown in (a ' ) . The loca t ions o f the s ect ions a re 

indi ca t ed in t he map (d ) . 
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Figure 5 -1 -1 -3 . Reg iona l bathymet ry map and M T s i t e loca t ions in no rthwest e rn 

Pac i fi c Ocean . The contou r i nt e rval is 1000 m. Red c rosses a re the OBEM s i t es 

dep loyed du ring the c rui se “R/V Yokosuka YK05 -06 ” . Ye l low crosses a re the 

s i t es where M T da t a were co l l ect ed in p revious exper iment s . S t a r i nd i cat es t he 

loca t ion o f Yu kawa knol l , where t he f resh a lkal i basa l ts were d i s covered . Dashed 

l ines ind i cat e the d i rect ions paral l e l to and perpendicul a r t o the cu r rent mo t ion o f 

the Pac i fi c p l at e and c i rc l es cent e r ing on Yu kawa kno l l wi th di ameters o f 1000 km 

and 250 km, respect ive l y. 
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Ta ble 5 -1 -1 -1 . Bas ic i n fo rmat ion o f t he ob t ained OB EM data . 
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Figure5 -1 -3 -1 Elec t romagnet i c f i eld and t i l t f i eld da t a on the observed 

coo rdinat es . The un i t o f l at e ra l axi s i s days and the s t a rt point i s 22 n d Ma y, 2005 . 

The sequence o f the fi gu res is 2 component s o f ho ri zon tal magnet i c f i eld (uni t i n 
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nano - Tes l a ) , ver t i ca l magnet i c fi e ld (nano - Tesl a ) , 2 component s o f ho ri zon tal 

el ec t ri c f i e ld (m V/km) and 2 componen ts o f ho r i zonta l t i l t f i eld (deg ree) f rom top 

to bo t tom. 

72



 

 

 

73



 

 
 

            

           

         

        

 

Figure5 -1 -3 -2 M T apparent res i s t iv i t y and phase responses at each s i t e . The l e f t 

hand s ide fi gu res shows the M T responses c al cu l at ed f rom the non -di agonal 

impedance t enso r component . The X-ax is i s Nor th -South di rec t i on (Nor th 

posi t i ve) and Y i s Eas t - We s t di rec t i on (Eas t posi t i ve) . 
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Figure5 -1 -3 -3 Arc t angent s o f t he pr incipal el emen ts and the an gl e o f t he M T 

phase t enso rs . See t ext fo r de t ai ls . 
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Figure5 -1 -3 -4 Fi tness changes a long the Oc cam inversion p roces ses . The a r rows 

and accompanied numbers rep resent the i t e rat i on number where t he f i nal model s 

were ob t ained . 
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Figure5 -1 -3 -5 1-D res i s t iv i t y ( rec ip rocal o f conduct ivi ty ) models obt a ined by the 

Occam inversion and 1 -D conductance models ob t ained by the + inversion . 

Sol id and do t t ed l ines show the 1-D res i s t iv i ty models obt ained wi th the 

smoo thnes s const ra in t of 1 s t and 2 n d de rivat iv es , respect ive l y. The conductance 
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del t a funct ions at NWP0504 exi s t deeper t han 300 km in dep th . 
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Figure5 -1 -3 -6 Fi t o f the M T responses ca l cul a t ed f rom the 1 -D model s t o the 

observed ones . So l id l ines show the synthet i c responses and c lo se c i rcl es a re 

observed ones . The 95 % conf idence l imit s o f t he responses ca l cul a t ed f rom the 

1 -D conductance model a re a l so shown in the f igu res o f the + inversion (t hi ck 

do t t ed l ines ) . 
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5 - 2 . P i s t o n C o re b y S u z u k i & M o r i 

5-2 -1 . Purpose o f Pi s ton Core s tudy 

Sedimen tary p roces s o f t he su r face s ediment s , pe t i t Spo t Knol ls , o f f Nor thern 

J apan Trench 

Our s tudy pu rpose u sing pi s ton co res is t o unders t and 1 ) s ed imentary p roces ses and 

2 ) compact ion p roces ses o f the s edimen ts near the kno l l s and fl a t s ea- floo r su r face 

o f t he Pac i fi c pl a t e . Those facto rs might re f lec t the sub jacen t mys t e riously young 

vo lcan isms on the Pac i fi c pl a t e . 

1 ) We ex pec t t o recover vol canic f ragment l ayers , wh ich a re suppl i ed by volcan ic 

ac t i vi t i es f rom the knol l . Th is reco rds g rowt h h is to ry o f t he knol l . To read the 

det a i l ed h is to ry , we wi l l s tudy event s ediment descr ip t i on , minera l composi t i on 

and age de t e rmina t ion o f s ediment s . Fu rthermore , we wi l l s t udy sed imenta t i on ra t e 

o f t he co re s amples u sing b iost ra t i g raphy and p a l eomagnet i sm. I t p l ays an 

import ant ro l e i n i n t e rp re t at i on o f t he s ide s can da t a , wh ich shows r ig id sur face 

(e .g . l ava) being p robab ly cons is t en t wi th young volcani sms . The l avas a re bu ri ed 

p rog res sively by long -t e rm pe l ag i c s ed imentat i on . We wou ld l ike t o underst and 

rel a t i onship between the s ide s can in t ensi ty and the s edimen t cover deg ree . 

2 ) We would l i ke t o s tudy compact ion p rocesses o f t he pe l agi c s ed iment s using 

phys i cal p roper t i es measu remen ts and micro fab ri c analyses . The phys i cal 

p ropert i es and micro fab ri cs i n the pel ag i c s ediment s change p rog ress ive ly du ring 

bu r i al compact ion . We cons ider t hat the pel agi c envi ronmen t i s one o f t he bes t 

f i e ld s fo r t he compact ion s tudy because o f s teady s t at e cond i t ions wi thou t any 

s ign i fi cant t ecton i c even ts . 

5-2 -2 . S i te PC#01 

Date : 18 Ju ly : t ime 10:00 -13:47 

Loca t ion : fl a t pl ane on the Pac i f i c P l at e apart f rom the Yukawa Knol l 

Pos i t ion: 1 50 °18 .50 ’ , 37 °16 .84 ’ 

Water depth: 5 731 m 

To tal l ength recovered , ma in , 250 cm: pi lo t , 73 cm 

Majo r Li tho logy: hemipe l ag i c mud 

The co r ing s i t e fo r PC-01 i s ca r r i ed out on the fl a t p l ane o f t he NW Pac i f i c s ea 
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f l oo r . Th is s i t e s ed iment is thought to depos i t s l owly and s t eadi ly . The dominan t 

l i t hology o f s ed iment s o f PC-01 i s charact e ri zed fou r par ts f rom the top: du l l b rown 

cl ay , ye l lowish b rown c l ay , dul l ye l l ow o range c l ay and g ray ish b rown c l ay , 

respec t ively . 

The dul l b rown c l ay is composed o f fa in t l y l amina t ed b rownish bl ack c l ay l ayer . 

The g rayi sh b rown c l ay conta in s bl ack bu r row, c l as ts and many l ayer s t ruc tu res i n 

vi sua l i nspec t ion . Black colo red mud l ayers a re observed a t 13 5 -136 cm and 138 

cm.10 cm co re f rom the t op has soupy . 10 cm co re from the bo t tom i s d is tu rbed by 

fl o wing . 

Descr iption: 

Sil i ceous b iogen ic s l i ght ly tu f faceous pel ag ic c l ay wi th s everal mud l ayers . 

Most o f t he muddy o r c l ayey sed iment s du ring thi s c ru ise a re a lmos t t he s ame, wi th 

some var i ety o f t he deg ree o f con tent s o f s i l iceous fo ss i ls , t hei r s t a t e o f 

di ssolut ion . 

Opera t ion 

We s t a rt ed opera t i on a t 9 :35 , and lower ing the sys t em at 10:00 . Af t e r 5670 m wi re 

ou t , t he winch was s topped to lock the heaving damper to measu re water 

tempera ture a t 11 :5 3 fo r 10 min , 5 732 m in water dep th , and then s t a rt ed out ag a in 

at s l ow speed (20 m/min ) . We observed a su dden decrease o f wi re t ens ion a t 1 2:04 , 

indi ca t ing tha t the syst em h i t t he s ea- f loo r . The winch was s topped to measu re 

s ed iment t emperatu re fo r 1 5 min . Wind ing in t he wi re to recover t he pi s ton co re 

syst em, the max imum t ens ion including weight o f the pi s ton co re sys t em reached 55 

kN includ ing pu l l ou t . Wi re angle was a lmos t ver t i cal t h roughou t t he opera t i on . At 

13 :47 the syst em su r faced and was recovered . 

Smear s l i de examinat ion 

By smear s l ide examina t ion we ca l cul a t ed the p ropor t i ons o f minera ls and fos si ls 

o f t he pi s ton co re s ed iment s and then g raphed (Fig . ) . The p ropor t i on o f 

s ed imentary componen ts was es t imated by v is ibl e ca l cul a t i on by using 

microscope based on comparat ive percen tage d i ag rams p roposed by Tucke r, M. E. , 

2003 , Sed imentary Rocks i n t he F i eld , The geolog ical f i eld gu ide s e r i es Th i rd 

edi t i on , John Wi ley & Sons Ltd . , We s t Sussex , 234p .

(R, G, R OTHWELL 1989) i nt roduced about smear s l i de in de t ai l . Such a s imi l a r 

di ag ram o f t he smear s l ide examinat ion i s al so used by IODP cruse t o judge the 
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s ed iment component easi ly and rapidly on board . 

5-2 -2 . S i te PC#0 2 

Date : 8 August : t ime 9:30-13:52 

Loca t ion : roo t o f t he s eamount south s ide t he Yukawa Kno ll 

Pos i t ion: 1 49 °44 .77 ’ , 39 °23 .43 ’ 

Water depth: 5 945 m 

To tal l ength recovered , main , 336 cm: pi lo t , 97 cm 

Majo r Li tho logy: hemipe l ag i c mud 

The co r ing s i t e fo r PC-02 was car r i ed out under Yukawa Kno ll on the Pac i fi c 

P l at e (F igu re 5 -11 ) . Th i s s i t e s ediment i s t hough t t o deposi t o f f sho re s lowly and 

s t eadi ly . The dominant l i t hology o f s ed imen ts o f PC-02 i s charac t e ri zed fou r part s 

f rom the t op: ye l lowish g ray c l ay , dark g rayi sh ye l low c l ay , ye l low b rown c l ay and 

g ray ish o l ive cl ay , respect ive ly (F igu re 5 -12 ) . The yel lo wi sh g ray cl ay is co nt ain s a 

l igh t o l i ve ash l ayer ( some cm) and ca l ci t e bu r rows . The dark g rayi sh ye l low c l ay 

con tains a hard b l ack l ayer . The yel lowi sh b rown c l ay con tain s a dark green ish g ray 

mud l ayer and b l ack ash bu r rows . The vo lcan ic ash i s observed a t 41 -43 cm and 208 

cm. 

We took fou r pi ck u p photos o f each sect ions (Figu re 5 -13 to 5 -16 ) . 

Descr iption: 

Sil i ceous b iogen ic s l i ght ly tu f faceous pel ag ic c l ay wi th s everal mud l ayers and an 

ash l ayer . 

Most o f t he muddy o r cl ayey sedimen ts a re almost t he s ame, wi th some vari e ty o f 

the deg ree o f content s o f s i l i ceous fo ss i l s , thei r s t at e o f di ssolut ion . An ash l ayer a t 

41 -43 cm is main ly composed o f ash c l as ts (app rox imately 1 mm). These a re almost 

t ransparent and colo rl ess . 

Opera t ion 

We s t a r t ed operat i on at 9 :06 , and lower ing the sys t em a t 9:30 . Af t e r 5860 m wi re 

ou t , t he winch was s topped to lock the heaving damper to measu re water 

tempera ture a t 11 :28 fo r 10 min , 5 947 m in water dep th , and then s t a rt ed out aga in 

at s l ow speed (20 m/min ) . We observed a su dden decrease o f wi re t ens ion a t 1 1:42 , 

indi ca t ing tha t the syst em h i t t he s ea- f loo r . The winch was s topped to measu re 

s ed iment t emperatu re fo r 1 5 min . Wind ing in t he wi re to recover t he pi s ton co re 
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syst em, the max imum t ens ion including weight o f the pi s ton co re sys t em reached 56 

kN includ ing pu l l ou t . Wi re angle was a lmos t ver t i cal t h roughou t t he opera t i on . At 

13 :30 the syst em su r faced and was recovered . 
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5-3. Heat Flow 
by Ayu Ta kahashi 

5-3 -1 . Sys tem 

Te mpera tu re g rad i en ts in s edimen ts were me asu red us ing heat f low syst em 

o f AN TAR ES Te mpera tu re Data loggers (ANTA R ES Data syst em GmbH) mounted 

on the p is ton co rer bar re l . F ive AN TAR ES loggers o f Channel 1 -5 were s e t 

hel i cal l y on the ou ts ide o f t he bar re l be twee n the base o f t he weigh t s t and and the 

co re ca t cher b i t by app rox imately 80cm in t e rval s . Channel 5 was a t t he t op o f t he 

bar rel , and Channel 1 was a t t he bot tom, l ocat ed abou t 75 cm (PC01) , and 50 cm 

(PC02) f rom the t i p o f co re ca t cher b i t . 

The pi s ton co re was s topped a t a dep th abou t 50 m above the s ea f loo r fo r 10 

minutes to ca l i b rat e t he t h e rmis to rs , and the n descended to bo t tom. Because the 

syst em mus t be kept in t he s edimen t fo r 15 minutes to obt ain s t abl e t emperatu re , 

20 m ny lon rope was p l aced be tween the ba l ance and main wi re fo r avo id ing 

add i t ional wi re out t ha t may cause pul l i ng the b a r re l out o f t he s ea f l oor by e i t her 

heav ing o r d r i ft ing o f t he sh ip du ring the m easu remen t . 

5-3 -2 . Resul t 

After s imp le co r rec t ion fo r b i as o f each thermis to r, t empera tu re g rad i en ts as 

shown in F igu re 5 -3 -1 a re obt a ined . 
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Figure 5 -3 -1 . Te mpera tu re g radi ent o f PC 01 and PC02 s i t es 
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PC01 s i t e is l ocat ed near t he ri dge , and PC02 s i t e is SE foot o f Yu ka wa 

Knol l ( fo r de t ai ls , s ee F igu re 5 -2-? ) . Con t ra ry t o p rev ious expect a t i on , 

tempera ture g radi ent near Yuka wa knol l i s 0 .03 deg/m, l ess than hal f o f the value 

near t he ri dge (0 .08 deg/m) , no r a round Fukahor i kno l l (0 .06 and 0 .07 deg/m, da t a 

ob t ained du ring KR04 -08 c rui se ) . I t could be considered that hea t fl ow was high 

du r ing the kno l l was ac t ive , once t he vo l can ism ended , t he heat f low d ropped to 

no rmal value . 

5-4. Dredge by Machida 

We go t j u st one chance to d redg ing du r ing thi s c ruse . Dredge s i t e (S t at ion 

KR05 -10 D01) were s e l ect ed to invest i gat e t he o r ig in and di s t ri but ion o f 

“Pe t i t -spo t” vo l can ism in t he no r thwes t e rn Pac i fi c on the bas is o f t he det a i l ed 

bathymet r i c map newly obta ined by mu lt i na r row beam echo sonar (SeaBeam) 

syst em. We as sumed that out c rops exi s t a t t he summi t o f th is kno l l , based on 

p rev ious sub bot tom p ro fi l e and s ingl e channel s ei smic observa t ions . Howeve r, 

we cou ld not get any rocks f rom the s i t e . The su rvey l ine s el ec t ed fo r tha t the 

d redge syst em reach to t he summi t o f t hi s kno l l . The opera t i on o f d redge was 

success ful . We have no p roblem du r ing operat i on . Bu t , very “s i l ent ” movemen t o f 

d redge syst em was assumed f rom t ension me ter observat ion . Then , we could no t 

ob t ain any hard - rock samples on th is s i t e . S ome so ft s ediment (mud) wi th s everal 

smal l rounded pumices were co r rect ed f rom pipe-d redge . The resul t sugges ts t hat 

rock escarpment di s t r ibut e in a fe w l imi t ed region in t hi s smal l knol l . We need 

d redging aga in and/o r observa t ion and sampling us ing SHINKAI or KAIKO

submersibl es . 
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D#01:Unnamed Kno ll 

Date : 9 t h August , 200 5 

S i t e : 37 o 47 .20 ’N, 14 9o 44 .96 ’E ( -5850 m) to 37 o 47 .25 ’N, 14 9o 45 .25 ’E ( -5740 

m) 
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5-5. Single Channel Seismic Reflection 
by Toshiya Fujiwara and NME SCS operational team 

5-5-1. Data Collection 

During the KR05-10 cruise, single channel seismic (SCS) reflection surveys were conducted on 

August 3rd, 4th and 8th. The survey was intended to reveal the subsurface structure of the "Petit Spot" area and 

the Nossappu Fracture Zone. The survey lines are shown in Figures 5-5-1 and 5-5-2 and Table 5-5-1. Line-1 

passed the south of the Yukawa and the North Yukawa knolls, and crossed the western boader of the Nossappu 

Fracture Zone. Line-2 also crossed the fracture zone and went through echelon knolls. Line-3~9 passed small 

knolls or depressions associated with knolls. Line-5 followed the same route of Line AB in the YK05-06 SCS 

experiment for the comparison. 

Survey ship speed was ~4 knots against water. A GI gun (G: 250 cu in., I: 105 cu in.) with 

air-pressure of 140 bar was used for a seismic source (See Section 4-2 for detail description of the observation). 

Shots were fired at a time spacing of 15 seconds (~30 m spacing) for Line-1, 12 seconds (~23 m spacing) for 

Line-2, and 10 seconds for Line3~9 (~20 m spacing). 

5-5-2. Results 

5-5-2-1. Sediment Layer 

Resultant seismic profiles of Line-1~9 are shown in Figure 5-5-3 to Figure 5-5-11. As common 

features of "undisturbed" seafloor structure apart from small knolls or the fracture zone, since the water depth is 

~5900 m, the reflectors around 7900 msec two-way travel time (TWT) are refections from the seafloor (Figures 

5-5-3~5-5-11). These reflectors are weak in amplitude. The sediment layer, which is lying beneath the seafloor, 

is found to be transparent in the study area. Some reflectors lying horizontally are identified within the sediment 

layer. The sediment covers ~300 msec TWT, indicating sediment thickness of ~300 m. Around 8200 msec 

TWT, reflectors with the strongest amplitude are commonly indentified. These reflectors are presumed to be 

reflections from top of oceanic igneous crust of the Pacific Plate (Figures 5-5-3~5-5-11). 

5-5-2-2. Small Knolls 

Seismic profiles show common features at small knolls (Figures 5-5-5~5-5-11). There are found to be 

no broad base around the small knolls because there are no reflectors extending from the foot of small knolls. 

Instead, around 100 msec TWT above the oceanic crust, strong reflectors are identified within the sediment 

layer (ex. Figure 5-5-7: trace 720-780). These are probably reflections from sheet-like volcanic edifices related 

to the Yukawa Knoll. These reflectors lie horizontally in the vicinity of small knolls. 

In the portion between bottom of the depression and crest of the small knolls, reflectors from the 

seafloor are too unclear to distinguish likely due to topographic steep gradient (ex. Figure 5-5-7: trace 540-600). 

The sediment layer beneath this portion is opaque. Such the portion is limited to ~500-1200 m in width, 

typically. Possible explanation that this portion is opaque because of inhomogeneous in the sediment layer. Or, 
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there is 3D-like reflective structure with steep scarps (ex. diapir, conduit, pipe, etc), thus the seismic waves 

scatter. The reflectors from oceanic igneous crust dip downward toward the knolls. The diffraction waves are 

visible at the boundary between this portion and "undisturbed" sediment layers, indicating horizontal 

inhomogeneous structure. 

5-5-2-3. Circum-Area and Fracture Zone 

In the long cross sections shown in Figures 5-5-3 and 5-5-4. There is difference in feature of 

reflection from the oceanic igneous crust. For example, flat lying reflection is identified between traces 100-600 

in Figure 5-5-3. While disorganized reflective patterns are identified between traces 600-1900 in Figure 5-5-3. It 

may suggest that the oceanic crust was deformed by "Petit Spot" volcanism. Between traces 1300-1600 in 

Figure 5-5-3, the seismic profile is passing the south of the Yukawa knolls (Figure 5-5-1). Around trace 1800, 

topography does not show knoll structure, but elevation of the reflector is found. The edifice could be a hidden 

volcano. The zone where reflective patterns disorganized may be a "Petit Spot" zone. 

The sediment layer is found to be thin at topographic highs in the fracture zone (Figure 5-5-3: trace 

2600-2900, Figure 5-5-4: trace 400-800). Beneath the portion, reflectors of oceanic igneous crust are elevated. 

This result may suggest intrusion. Intrusion of deeper crustal or upper mantle rocks is discussed from results of 

magnetic anomaly (see Section 5-5 in detail). 

Table 5-5-1. SCS survey lines. (LT=UT+10 hrs) 

Line 1 

Start: 37° 22.93' N 149° 22.73' E: 8/3 18:44 LT 

End: 37° 35.43' N 150° 14.24' E: 8/4 08:00 LT (3158 shots) 

Line 2 

Start: 37° 23.82' N 149° 28.03' E: 8/4 16:55 LT 

End: 36° 49.13' N 149° 41.36' E: 8/5 6:30 LT (4076 shots) 

Line 3 

Start: 37° 30.80' N 149° 41.20' E: 8/8 14:58 LT 

End: 37° 26.10' N 149° 42.20' E: 8/8 16:05 LT 

Line 4 

Start: 37° 28.00' N 149° 40.50' E: 8/8 17:05 LT 

End: 37° 31.00' N 149° 46.00' E: 8/8 18:33 LT 

Line 5 

Start: 37° 27.97' N 149° 45.51' E: 8/8 19:41 LT 

End: 37° 32.00' N 149° 43.30' E: 8/8 20:50 LT 

Line 6 

Start: 37° 32.50' N 149° 44.00' E: 8/8 21:17 LT 

End: 37° 30.00' N 149° 47.50' E: 8/8 22:16 LT 

Line 7 
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Start: 37° 31.60' N 

End: 37° 48.50' N 

Line 8 

Start: 37° 46.90' N 

End: 37° 47.20' N 

Line 9 

Start: 37° 47.40' N 

Start: 37° 46.90' N 

149° 48.00' 

149° 44.70' 

149° 43.00' 

149° 46.50' 

149° 46.50' 

149° 43.00' 

E: 8/8 22:56 LT 

E: 8/9 03:33 LT 

E: 8/9 04:34 LT 

E: 8/9 05:34 LT 

E: 8/9 06:12 LT 

E: 8/9 07:30 LT 
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Figure 5-5-1. Ship tracks of the SCS survey in the Yukawa Knoll area. Red lines show SCS lines in 

KR05-10, and blue lines show ship tracks in YK05-06. 
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Figure 5-5-2. Ship tracks of the SCS survey in the survey area. Red lines show SCS lines in KR05-10, 

and blue lines show ship tracks in YK05-06. 

 

 



 

               

                

                

 

     

     

     

     

     

     

     

 

     

 

 

Figure 5-5-3. Seismic profile Line-1. Horizontal axis shows trace of shot numbers and vertical axis 

shows two-way travel time (msec). The seismic data were bandpass filtered for wavelengths between 10-15 Hz 

and between 200-250 Hz, and Auto Gain Controll (AGC) was applied with a 3000 msec window. 

Figure 5-5-4. Seismic profile Line-2. 

Figure 5-5-5. Seismic profile Line-3. 

Figure 5-5-6. Seismic profile Line-4 

Figure 5-5-7. Seismic profile Line-5. 

Figure 5-5-8. Seismic profile Line-6. 

Figure 5-5-9. Seismic profile Line-7. 

Figure 5-5-10. Seismic profile Line-8. 

Figure 5-5-11. Seismic profile Line-9. 
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5-6. Magnetic Anomalies 

by Toshiya Fujiwara 

5-6-1. Data Collection 

During the KR05-10 cruise, geophysical surveys, whose items included were gravity and 

geomagnetics, were conducted aboard the R/V Kairei. The aim of the geophysical surveys was to provide a 

detailed geophysical characterization of the lithosphere in the northwestern Pacific on and off-axis ridge flanks, 

which will be used to unravel tectonic evolution and crustal structure. 

Geomagnetic total force data were obtained by using a surface-towed proton precession 

magnetometer PROTO10 (Kawasaki Geol. Eng. Co.). The sensor was towed 300 m behind the ship. The data 

were collected every 20 seconds in transit and at nighttime SeaBeam surveys. In the beginning of the cruise, the 

magnetometer was out of order. The magnetometer was towed only a few days. Survey ship tracks were 

designed to fill gaps and to extend to the east and to the south of the previous magnetic measurement in the 

KR03-07, KR04-08, and YK05-06 (Figure 5-6-1). After positioning correction taking into account the sensor 

cable length, the geomagnetic total force anomaly was calculated by subtracting the International Geomagnetic 

Reference Field (IGRF) 9th generation [IAGA, 2003] as the reference field. 

Vector magnetic field data were collected using a shipboard three-component magnetometer, Tierra 

Tecnica SFG-1214. The data were collected with a sampling rate of 8 Hz throughout the cruise. "Figure-8 turn"s 

(a ship runs along an 8-shaped track consisting of two circles) were made for calibration of the ship's magnetic 

effect [Isezaki, 1986]. The turns were made at ? locations (Table 5-6-1). The IGRF 9th model was also 

employed as the reference magnetic field for calculation of vector geomagnetic anomaly and "Figure-8" 

calibration (Table 5-6-2). 

5-6-2. Total Force Magnetic Anomaly 

Figure 5-6-1 shows a magnetic total force anomaly in the survey area. The magnetic data used in this 

map were from KR05-10, YK05-06, KR04-08, and KR03-07 merged with data from the National Geophysical 

Data Center (NGDC). In this map, Japanese Lineations trending ENE-WSW is clearly identified. The Nosappu 

Fracture Zone offsets the oceanic lithosphere right-laterally by ~250 km. Crustal ages of the west side are 

estimated to be M15 (142 Ma)~ M13 (139 Ma). Crustal ages of the east side are estimated to be M12 (137 

Ma)~ M11 (133 Ma). The age difference between the both sides is ~5 m.y. 

Amplitude of the magnetic anomaly lineation in the east side of the fracture zone (> 500 nT 

peak-to-trough) is higher than in the west side (< 300 nT) (Figure 5-6-1). In consideration of 

paleo-ridge-transform geometry, the oceanic crust in the east side was created at outside corner, whereas the 

crust in the west side was created at inside corner of the mid-ocean ridge in the vicinity of the fracture zone. 

Thus, the magnetic anomaly amplitudal difference may be caused by preferential emplacement of extrusive 

basaltic layer to the outside corner. Extrusive basalts are known to be highly magnetized, and they contribute to 

a large part of the magnetic signal. 

Petit-Spot rocks sampled in KR03-07 and KR04-08 were found that to have very high magnetization 
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(~60 A/m) [Obi et al., 2004]. Petit-Spot may produce particular magnetic anomaly, if significant volume exists. 

However apparently, original magnetic lineation seems to be not disorganized by such newly erupted volcanism 

(around the yellow circles in Figure 5-6-1), indicating total volume of erupted volcanoes is small. 

In the Nossapu Fracture Zone, the amplitude of magnetic anomaly is much smaller than the other 

flanks. The result is consistent with a common feature of thin coverage of extrusive basalt in fracture zones in 

the world. The magnetic anomaly in the fracture zone is rather biased to positive anomaly. This result may 

suggest intrusion of deeper crustal or upper mantle rocks because these rocks have strong induced 

magnetization. Possibility of intrusion is also suggested from results of single-channel seismic reflection survey 

(see Section 5-3 in detail). 

 

5-6-3. Vector Magnetic Anomalies 

Magnetic vector anomalies will be utilized to map the strike directions of lineated magnetic 

boundaries, which are commonly representing lithological boundaries, geomagnetic reversals, or topographic 

offsets of magnetized layers due to faults, and estimation of the direction of crustal magnetization. 

38N

37N

149E 150E 151E  

Figure 5-6-1. Magnetic anomaly of the study area. Contour lines are plotted every 50 nT. Red shade 

indicates positive anomaly and blue shade indicates negative anomaly. Red lines show ship tracks obtained 

using a proton magnetometer measurement in the KR05-10 cruise. Blue lines show the KR03-07, KR04-08, 

 



 

                 

                 

                 

   

 

       

              

              

 

            

                  

    

    

    

 

 

   

   

 

   

             

                

               

                   

                  

                   

                    

              

     

               

              

           

 

 

 

 

and YK05-06 ship tracks. Dotted lines correspond to ship tracks from NGDC data used in this compilation. 

Orange circles mark piston core sites, white circles mark dredge sites, and gray circles mark OBEM stations. 

Stars indicate locations of "Figure-8 turn". Solid lines show SCS lines. White heavy white lines delineate the 

Nosappu Fracture Zone. 

Table 5-6-1. Summary of "Figure-8" (LT=UT+10 hrs). 

1. 8/2 10:52-11:13 LT; 38°54'N, 146°45'E; IGRF X 28237, Y -3287, Z 36320 nT 

2. 8/4 16:09-16:26 LT; 37°25'N, 150°29'E; IGRF X 28511, Y -2547, Z 33865 nT 

Table 5-6-2. Coefficients of calibration A-matrix. Coefficients a11~a33 are related to magnetic 

susceptibility of the ship, and a14, a24, and a34 indicate a permanent magnetic moment of the ship's body. 

a11=0.90567 a12=-0.05910 a13=-0.00479 a14=2418.6 

a21=0.06004 a22=0.75900 a23=-0.01265 a24=6985.3 

a31=0.03051 a32=-0.00776 a33=1.23409 a34=6229.1 

5-7. Gravity Anomalies 

by Toshiya Fujiwara 

5-7-1. Data Collection 

Onboard gravity measurements were made using a Bodenseewerke KSS-31 marine gravity meter. 

The data were recorded every 1 minute, and were collected throughout the cruise. The system incorporates 

ship's position, speed, and heading through onboard LAN. According to "Sea State" filtering (low-pass filtering 

to cancel out gravity effect by ship's movement), the gravity data delays 76 seconds. "Sea State 2" was selected 

in this cruise. The measured gravity values (6/28: -1424.8 mGal, 8/12: ? mGal) are tied to absolute gravity 

values at the JAMSTEC pier in Yokosuka (979758.7 mGal) at the beginning and end of the cruise. The "gravity 

tie" is conducted using data before departure and after arrival at the pier to estimate sensor drift of the gravity 

meter. Therefore, gravity data processing (readjustment of time difference, Etovos, drift, and reference gravity 

corrections) should be required onshore. 

Shipboard gravity anomaly will be used for analysis of the crustal structure combined with 

bathymetry and seismic reflection data. Analysis of lithospheric flexure and deformation using satellite derived 

gravity anomaly combined with the shipboard gravity anomaly may be helpful. 
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6. Future studies 

6-1. Natsue Abe 
1. The interdisciplinary survey on a new type intra-plate volcanism -"Petit-spot" in the NW Pacific-

The study of petit-spot has two aspects; 1) to understand what the petit-spot is, and 2) to 
understand many geological and geophysical phenomena through petit-spot survey. This 
interdisciplinary survey was taken as the study of the both aspects. One of main theme is to 
understand the substances of the oceanic lithosphere; the thickness, the physical properties, the 
seismicity, the geochemistry and the petrology. To understand the thermal conductivity (heat flow) 
and substance circulation through the oceanic lithosphere is also important topics. I will combine all 
data from KR05-10 (and also YK05-06) to figure the substance of the oceanic lithosphere out. 

2. Study the of the oceanic lithosphere Petrology and Geochemistry of the lower crust and upper 
mantle xenoliths and xenocrysts from YK05-06 and KR04-08 samples. 

The study of peridotites derived from the mantle is the most direct way to investigate the 
geochemical processes at work in the deep interior of the Earth. Samples of mantle peridotite occur as 
tectonically emplaced peridotite massifs and as xenoliths carried to the surface by volcanic eruptions. 
The origins of mantle xenolith samples from oceanic islands are generally better constrained than 
their more common counterparts found in continental volcanics. Petit-spot xenoliths will be given 
direct images of the sub-oceanic lithospheric mantle beneath the petit-spot volcanos geochemically, 
petrologically and rheologically. Then these xenoliths data will constraint the geophysical model on 
the oceanic lithosphere. The dredge taken only once during this cruise was unfortunately unsuccessful, 
however, we have already sampled petit-spot alkaline basalts and its inclusions from oceanic 
lithospheric materials. I will describe mainly mantle and lower crustal xenoliths and xenocryst in 
alkaline basalt, and study the structure and nature of the sub-oceanic lithosphere. 

3. Integrated Ocean Drilling Program (IODP) drilling proposal. 
IODP is one of the best project to understand the earth system using by ocean floor drilling. 

Petit-spot volcanism will be the target to conduct IODP drilling cruise. I will combine all data of this 
cruise and previous petit-spot cruises, and apply for IODP drilling cruise to understand both the 
mechanism of the petit-spot volcanism and the construction of the oceanic lithosphere. 

6-2. Naoto Hirano 

Detail distribution of the petit spot 
Using on-board data, we will firstly report detail distribution of young lava field using the back-scan 
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image and bathymetry by the SEABEAM 2112 during KR03-07, KR04-08, YK05-06 and this cruise. 
Detail distributions of the “petit spot monogenic volcano group” may be along some sub-crustal 
fissures due to the flexural Pacific Plate (e.g. outer-rise). Such fractures would lead the magma to the 
surface. The cause of eruption may be resolved by tectonophysics such as some bendings or fractures 
of oceanic plate. We will simulate some bendings of the flexural plate with decreasing pressure or 
fractures into lithosphere. The arrangements of lava field using backscatter on this cruise may also 
indicate the cause of eruption. 

High reflection areas in the backscatter image expecting the lava field appear are shown along 
some irregularly topographic highs and normal faults on the subducting Pacific Plate. Results of 
previous cruises during 2003-2005 show that the lava field is composed of two type lavas; one is 
vesicular lavas forming some topographic highs (possibly pillow lavas) and another is underlying 
sheet flow (dense and flood-like lavas). The latter would be concealed by topographic highs and 
pelagic mud. 

Newly surveyed the young lava field 
After the first report of young lava fields on the eastern tip of the Hokkaido Rise, the petit spot, we 
should search another young lava fields. Multibeam survey and back scatter image during this cruise 
shows some new petit spot area. The next target areas for the new petit spot are confirmed on this 
cruise, as follows: 

1. 40O43’N, 152O30’E: Kuril Trench to outer-rise system 
2. 39O35’N, 152O00’E: Kuril Trench to outer-rise system 
3. 36O53’N, 150O40’E: Echelon seamounts, the Nosappu Fracture Zone 
4. 36O50’N, 150O45’E: Echelon seamounts, the Nosappu Fracture Zone 
5. 37O45’N, 150O47’E: East of the Nosappu Fracture Zone 

After the future search for these areas, we may solve the question: “Which are the petit spot locally 
accidental or common on the outer-rise?” 

Source and origin of magma 
This theme is the first main study during the petit-spot project. We should obtain answers of two 
questions about the source of magmas in the mantle and the cause of eruption. 

Firstly we will solve the source mantle of this magma based on the geochemical studies of major 
and trace element compositions and radiometric isotopes using many samples during KR03-07, 
KR04-08 and YK05-06 cruises, and SHINKAI6500 dives. Each element trend along the 
differentiation line of magma can indicate the mineralogy of source mantle, which are a tool to 
consider the depth in the mantle. We think that the variation of obtained rocks such as ol-bearing 
basalt, cpx-bearing basalt, aphyric basalt and dolerite are useful to recognize the source mineralogy 
and depth. Sr, Nd, Pb and noble gas isotopes would indicate source material in the mantle (primitive 
or depleted mantles). Our results of petrological and geochemical studies should be collaborated with 
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the geoelectoromagnetical studies using OBEM (by Dr. M. Ichiki & K. Baba) on this cruise. 

Volcanic glass materials obtained by the PC#02 
Fine volcanic glass layers are observed in PC#02 from the abyssal plain at the south of the 

Yukawa Knoll. Preliminary results of PC#02 show that ash layer is relatively hard compared with the 
normal hemi-pelagic sediments. We will analyse geochemical compositions of this volcanic glasses 
using the electron microprobe and the LA-ICPMS. If the origin of these ash layers are the petit spot 
volcanism, we will decide the detail ages of eruption of the Yukawa Knoll and other petit spot 
volcanoes. This work will do to collaborate with Mr. Suzuki and Mr. Mori. 

6-3. Toshiya Fujiwara 

We have collected intensive bathymetry, gravity, magnetics, heat-flow, and seismic reflection 
data in the survey area since 2003. Compilation of sort of geophysical data and analysis are helpful to 
understand the geological background and geo-dynamics of the "Petit-spot", and also of the 
northwestern Pacific. 

6-4. Takahiro SUZUKI Ryota MORI 
I will measure several physical properties from the piston core samples of KR05-10 PC01 and PC02. 
A continuous plastic cube (7 cc) working half samples were collected at all horizons. The core of the 
PC01 is 2.5 m long of pelagic clayey sediments deposited near the Fracture Zone NW Pacific ocean 
at 5732 m depth. The core of the PC02 is m long of pelagic clayey sediments deposited near the south 
of the Yukawa Knoll NW Pacific ocean at 5732 m depth. The purpose of study is to know the 
sedimentary process using the physical properties as follows. 
1.Water content 
To know the porosity data for calculation of penetration through cross area of sediment. ( formula ) 
Water content = (bulk volume - particle volume)/bulk volume ×100(%) 
2.Wet Density 
To measure wet density. 
( formula ) 
Density (g/cm3) = mass/volume 
3.Anisotropy of magnetic susceptibility. (AMS) 
To know the paleocurrent direction for each cube. 
4.Particle distribution 
To know the particle size distribution pattern, as a basic information of sediment. 
5.Soft X-ray radiograph 
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To obtain soft X-ray radiograph image to know the sediment structure and texture for 
understanding sedimentary environment. 
6. Thin section and SEM 
To observe a microfabrics of sediments 
In detail from 1,2, 4, 5 and 6, I will study compaction process of pelagic sediments during long term 
as geologic time scale. The long-term compaction process is thought to be proceeded slowly by creep 
deformation. This process plays an important role in early deformation of sediments in shallow burial. 
The pelagic sediment is the best samples for compaction study because of steady state deposition field 
with constant sedimentation rate without any significant tectonic deformations. I would like to 
measure and observe microfabrics in the pelagic sediments using anisotropy of magnetic 
susceptibility and scanning electron microscopy. 
From 3 I will analyze paleocurrent direction of hemipelagic sediments related to “Contourite”. PC-01 
was collected from the flat surface plane on the northwestern Pacific Plate. This are is flat on the 
Pacific Plate. PC-02 was collected from near the Yukawa Knoll. This knoll is surrounded by 
ring-shape depression. The depression is thought to be formed by bottom current erosion suggesting 
data of SeaBeam mapping, subbottom profiler and core samples. I analyze the bottom current 
direction using paleomagnetism, anisotropy of magnetic susceptibility measurement and microfabric 
observation. I expect that the paleocurrent direction indicating bottom current direction can be 
detected by grain alignments in the sediments and stratigraphic structure by subbottom profiler. 
More over I will discuss each physical properties and paleocurrent, comparing KR04-08 cruse data 
that could get a piston core near the Fukahori Knoll (KR 04-08 PC-01) with the KR05-10 PC01 and 
01 
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6-5. Ayu TAKAHASHI 

From newly obtained age data, contrary to previous expectations, volcanism related to petit 
spots could be considered to occur in extensive area. The preliminary result of OBEM also doesn’t 
show the presence of highly distinctive conductivity variation beneath Yukawa knoll. In other words, 
there is a possibility of generating small amount of melt wherever oceanic lithosphere under some 
sorts of stress is deformed. Hence, one of the directions in numerical modeling is to deal with brittle 
fracturing of upper part of the lithosphere and elastic or viscoelastic strain within the lower part. 

The other direction of calculation concerns the modification of flow within the upper-most part 
of mantle. Seabeam and side scan data shows the volcanoes considered to be related to petit spot exist 
NW of the cretaceous volcano. To certain depth of mantle, there is flow dragged by overlying 
lithosphere as it moves. If crust underneath the cretaceous volcano was thickened by isostasy, there 
would be the change of flow within the upper-most part of the mantle. This slight upward mantle flow 
may cause melting on a small scale that possibly leads up to petit spot volcanism. 

SCS shows that there are sills around knolls. Considerably amount of magma intrude 
sediments other than forming knolls. Estimating the subsurface structure, and the ratio of eruption and 
intrusion from Seabeam and SCS, total melt productivity of other petit spot volcanoes. 
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