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1. Cruise Information 
 
1.1 Cruise ID 

NT10-10 Leg 2 
 
1.2 Ship Name 

R/V Natsushima 
 
1.3 Title of the Cruise 

ROV Hyper-Dolphin submersible survey 
 
1.4 Title of the Proposal 

#1) Hydrological regime and properties of seafloor accumulation and auto-collapse of 
methane hydrate under high methane flux environment (Proponent: Hideaki 
Machiyama, JAMSTEC) 

#2) Search for a linkage between the BSR and bottom water methane anomalies along 
the Toyama Deep Sea Channel in Toyama Trough (Proponent: Toshitaka Gamo, 
AORI, Univ. Tokyo) 

 
1.5 Cruise Period 

June 12 ‒ 21, 2010 
 
1.6 Ports of Call 

June 12  Departure  Miyako Port, Iwate 
June 21  Arrival  JAMSTEC Pier, Yokosuka, Kanagawa 

 
1.7 Research Area 

Japan Sea – western Joetsu Basin and the Toyama Trough – 
This cruise was carried out in the western Joetsu Basin for the research proposal #1 and 

the northern Toyama Trough for the research proposal #2 (Fig. 1). The ship track is shown in 
the Figs. 2 and 3. 
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Fig. 1 Index map of the research area and the dive points in the NT10-10 Leg 2 Cruise. 
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Fig. 2 Ship track map of the NT10-10 Leg 2 Cruise. 
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Fig. 3 Detailed ship track and the research area with bathymetry (A1 to A3 area) in the 
NT10-10 Leg 2 Cruise. 
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Onboard Scientists 
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Shore-based Scientists 
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Hitoshi TOMARU (Univ. Tokyo) 
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Onboard Scientists 
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3. Cruise Log 
 

Date Time Description Remark 
Position/Weather/
Wind/Sea 
condition (Noon) 

June 12 8:00 boarding R/V NATSUSIMA   06/12 12:00(LCT) 
40-03.0N, 
142-04.8E 
Fog 
NNW-2(Light 
breeze) 
2(Sea smooth) 
4(Moderate 
average) 
Visibly: 1' 

  9:00 sail out from MIYAKO port to 
research area 

commenced Leg 2 
cruise 

  10:00-
11:00 Onboard seminar for safety onboard 

life 

  13:00-
14:00 scientists meeting   

June 13   transit to research area off SADO Is.   06/13 12:00(LCT) 
39-38.0N, 
138-58.0E 
Cloudy 
NE-1(Light air) 
1(Sea rippled calm) 
1(Low swell short) 
Visibly: 6' 

  19:00-
20:00 scientists meeting   

  20:00 arrived at research, Toyama Trough 
North   

  20:02 released XBT sensor 
38-16.8N, 
138-02.4E 
Depth: 1830m 

  21:15 commenced drifting this area  
June 14 4:00 commenced MBES mapping survey   06/14 12:00(LCT) 

38-02.0N, 
137-44.5E 
Cloudy 
NNE-3(Gentle 
breeze) 
2(Sea smooth) 
1(Low swell short) 
Visibly: 8' 

  19:00-
20:00 scientists meeting   

  23:39 finished MBES mapping survey   

    proceeding to NAOETSU port   

June 15 5:30 bore off NAOETSU port   06/15 12:00(LCT) 
37-26.0N, 
138-00.0E 
Fine but cloudy 
NNE-1(Light air) 
1(Sea rippled calm) 
1(Low swell short) 
Visibly: 8' 

  05:40-
06:10 pick up the cable using traffic boat   

  7:30 arrived at research area   

  8:21 released XBT sensor 
37-26.2N, 
138-00.1E 
Depth: 1831m 

  8:29 hoisted up HPD  
  8:33 Launched HPD on sea surface   
  8:44 started HPD#1141 dive   
  9:17 HPD landed at sea floor Depth: 943m 
  16:21 HPD left the sea bottom Depth: 903m 
  16:46 HPD floated   
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  16:55 Hoisted up HPD   

  17:00 Recovered HPD and finished 
operation   

  17:27-
19:40 

carried out survey for methane gas 
plume   

  19:00-
20:00 scientists meeting   

  22:27 MBES survey at area A   

June 16 0:15 finished MBES mapping survey   06/16 12:00(LCT) 
38-10.5N, 
138-04.5E 
Overcast 
NW-5(Fresh 
breeze) 
3(Sea slight) 
1(Low swell short) 
Visibly: 7' 

  6:30 arrived at dive point   
  8:00 hoisted up HPD   
  8:04 Launched HPD on sea surface   
  8:15 started HPD#1142 dive   
  9:10 HPD landed at sea floor Depth: 1783m 
  16:02 HPD left the sea bottom Depth: 1784m 
  16:49 HPD floated  
  16:59 Hoisted up HPD  

  17:03 Recovered HPD and finished 
operation  

  19:00-
20:00 scientists meeting  

  20:21-
23:40 

carried out survey for methane gas 
plume  

  23:45 commenced drifting   
June 17 4:00 commenced proceeding to dive point  

06/17 12:00(LCT) 
37-34.2N, 
137-57.9E 
Fine but cloudy 
ESE-2(Light 
breeze) 
1(Sea rippled calm) 
1(Low swell short) 
Visibly: 8' 

  6:15 arrived at dive point  

  6:29 released XBT sensor 
37-34.2N, 
137-57.9E 
Depth: 1831m 

  8:04 hoisted up HPD  
  8:07 Launched HPD on sea surface  
  8:21 started HPD#1143 dive  
  8:56 HPD landed at sea floor Depth: 989m 
  16:11 HPD left the sea bottom Depth: 984m 
  16:40 HPD floated  
  16:47 Hoisted up HPD  

  16:52 Recovered HPD and finished 
operation  
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  17:00 commenced proceeding to UBC F.F. 
point  

  19:00-
20:00 scientists meeting  

June 18 9:00 scientist meeting 40-45.0N, 
139-11.6E 

06/18 12:00(LCT) 
40-45.0N, 
139-12.6E 
Cloudy 
East-3(Fresh 
breeze) 
1(Sea rippled calm) 
1(Low swell short) 
Visibly: 6' 

  9:30 arrived at F.F. point Depth: 3180m  
  10:01 commenced Free Fall of umbilical 

cable    
  13:55 finished F.F.    
  14:00 left F.F. point    
    commenced proceeding to 

YOKOSUKA    
  19:00 scientists meeting    

June 19   proceeding to YOKOSUKA   06/19 12:00(LCT) 
39-03.5N, 
141-58.2E 
Cloudy 
NE-3(Fresh breeze) 
2(Sea smooth) 
1(Low swell short) 
Visibly: 4' 

  13:00 onboard seminar 

Machiyama 
(JAMSTEC) 
Takeuchi 
(Toyama Univ.) 
Jenkins 
(Yokohama 
Univ.) 

June 20   proceeding to YOKOSUKA   06/20 12:00(LCT) 
35-04.1N, 
140-22.6E 
Overcast 
SW-7(Near gale) 
5(Sea rough) 
3(Moderate short) 
Visibly: 5' 

  18:20 arrived at YOKOSUKA section 4 35-20.1N, 
139-39.8E 

  18:27 stationed for anchoring   

June 21 9:00 arrived at JAMSTEC quay     
    finished NT10-10 Leg2 cruise     
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4. Background and Objectives 
 
4.1 Purpose of the Research Proposal #1 
Hydrological regime and properties of seafloor accumulation and auto-collapse of 
methane hydrate under high methane flux environment 

Joetsu Gas Hydrate Field of the western Joetsu Basin in the eastern margin of the Japan 
Sea is one of the best fields for gas hydrate studies. There are many methane plumes and 
active methane seeps associated with gas hydrate blocks in the several mounds on the 
Umitaka Spur and Joetsu Knoll (e.g., Matsumoto et al., 2009). The result of heat flow 
measurement through nine research cruises in 2004–2008 is summarized in Machiyama et al. 
(2009). They observed not only extremely high heat flow anomalies but also non-linear 
temperature profile such as concave/convex profiles and negative geothermal gradients on the 
mounds. The distribution of high heat flow anomalies and non-linear temperature profiles is 
important to understand a hydrological regime in the high methane flux area of the Joetsu Gas 
Hydrate Field. 

The main purpose of this research proposal is to clarify the detailed fluid flow around 
the high methane flux area using multipoint heat flow measurement. The other research 
purposes are as follows: 

1) To clarify the relationship between bottom water temperature fluctuation and the 
negative geothermal gradient in the Japan Sea Proper Water, we recover the water 
temperature data logger deployed in the NT09-16 Leg 1 Cruise. 

2) To evaluate the amount of free gas in sediments, we conduct in situ measurement 
using TDR method. 

3) To clarify fluid (interstitial water) geochemistry using push coring. 
4) To verify the relationship between benthic organisms and methane seeps using stable 

isotope geochemistry. 
5) To evaluate the methane plume activity, we conduct the acoustical survey using 

SeaBat 8160 (multibeam echo sounder). 
Unfortunately, we could not recover the water temperature data logger because of the 

presence of fishing equipment (crab traps) in the central part of the Umitaka Spur. 
 
References 
Machiyama, H., Kinoshita, M., Takeuchi, R., Matsumoto, R., Yamano, M., Hamamoto, H., Hiromatsu, M., 

Satoh, M. and Komatsubara, J. (2009) Heat flow distribution around the Joetsu Gas Hydrate Field, 
western Joetsu Basin, eastern margin of the Japan Sea. Jour. Geography, 118, 986-1007. 

Matsumoto, R., Okuda, Y., Hiruta, A., Tomaru, H., Takeuchi, E., Sanno, R., Suzuki, M., Tsuchinaga, K., 
Ishida, Y., Ishizaki, O., Takeuchi, R., Komatsubara, J., Freire, A. F., Machiyama, H., Aoyama, C., 
Joshima, M., Hiromatsu, M., Snyder, G., Numanami, H., Satoh, M., Matoba, Y., Nakagawa, H., 
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Kakuwa, Y., Ogihara, S., Yanagawa, K., Sunamura, M., Goto, T., Lu, H. and Kobayashi, T. (2009) 
Formation and collapse of gas hydrate deposits in high methane flux area of the Joetsu Basin, eastern 
margin of Japan Sea. Jour. Geography, 118, 43-71. 

 
 
4.2 Purpose of the Research Proposal #2 
Search for a linkage between the BSR and bottom water methane anomalies along the 
Toyama Deep Sea Channel in Toyama Trough 

The purpose of the study is to search for a linkage between the bottom simulating 
reflector (BSR) in seismics and bottom water methane anomalies geochemically detected 
along the Toyama deep-sea channel in Toyama Trough. 

This research project aims firstly to specify the sub-bottom source of supply of methane 
plume detected with the previous observations of marine chemistry during the ‘Tansei-maru’ 
cruise. Our target areas were selected carefully based on characteristics of detailed 
geomorphology and seismic prospecting data as well as the experience that we found the 
outcrops of pure methane hydrate in the previous research, NT06-19 Leg 1. The second aim is 
to find places of cold water seepage which discharge biogenic methane in origin different 
from the thermogenic as was found in the coastal area in the southern Toyama Trough, 
including the JOGMEC basic prospecting area ‘Sado Nansei-oki’. 
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5. Methods and Instruments 
 

We used SAHF (Stand-Alone Heat Flow meter) in all diving surveys and TDR (Time 
Domain Reflectometry) sensor in Dive #1141 and #1143. The explanations of these 
instruments are as follows. 
 
5.1 SAHF 
Instrument 

We use Stand-Alone Heat Flow meter (SAHF), designed to measure sub-seafloor 
temperature gradients and thermal conductivity with manned submersibles or ROVs (Fig. 4; 
Kinoshita et al., 2006). The pressure case contains an electric circuit including a data logger, 
tilt meters, a magnetic switch for emitting heat pulses, and a Li-ion battery pack. A serial port 
is emplaced at the upper side of the case. A pilot lamp outside the case informs the timing of 
temperature recording. The probe includes five thermistors with an 11 cm interval. A heater is 
situated close to one of the thermistors for emitting a heat-pulse. Table 1 gives a brief 
description for SAHF #8 and #9, which we used in the present cruise. 

SAHF's measurement is “off-line” (requiring no electrical/mechanical connections with 
ROVs) so that it gives an operators time to conduct other operations during the measurement. 
SAHF can measure in situ thermal conductivity by the heat pulse method, in which a pulse of 
heat is emitted from a heater installed within the probe (the decay of temperature gives an 
estimation for the thermal conductivity). 
 

 

 
Fig. 4. (a) A photograph of SAHF #8 (lower) and SAHF #9 (upper). (b) Schematic diagram of 
SAHF #8 and #9. 
 

(a) 

(b) 
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Table 1 Specification of SAHF #8 and #9. 

Material Alloy of titanium 
Weight 3.0 kg in air, 1.5 kg in seawater 
Length of pressure case 525 mm 
Diameter of pressure case 58 mm 
Length of probe 600 mm 
Diameter of probe 13.8 mm (filled by silicon oil inside) 
Number of thermistors 5 
Intervals of thermistors 110 mm 
Accuracy 0.01 °C 
Resolution 0.001 °C 
External Interface RS232C (9600BAUD, 8 BIT, Non-Parity, 2 STOP BIT) 

 

Operation 
When Hyper Dolphin (HPD) descends or ascends, SAHF is kept in its sample basket. 

After HPD lands on seafloor, SAHF is handled by the HPD’s manipulator. 
In this cruise, only temperature measurements are done, and thermal conductivity is not 

measured in situ. For each measurement, SAHF first records the reference bottom-water 
temperature for 2 to 5 minutes, and then pushed vertically into the sediment. The reference 
temperature measurement is skipped, when the location of the heat flow measurement is close 
to the previous location. If the penetration cannot insert at least four thermistors, 
re-penetration is done. The measurement of sub-seafloor temperature gradient takes 15 to 20 
minutes in order to obtain reliable data 
 
References 
Kinoshita, M., Kawada, Y., Tanaka, A. and Urabe, T. (2006) Recharge/discharge interface of a secondary 

hydrothermal circulation in the Suiyo Seamount of the Izu-Bonin arc, identified by 
submersible-operated heat flow measurements. Earth and Planet Science Letters, 245, 498-508. 
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5.2 TDR Sensor 
Time Domain Reflectometry (TDR) method is for measuring dielectric constant is lead 

with using the velocity of electromagnetic wave, and electrical conductivity is lead with 
damping of electromagnetic wave. Each material has specific dielectric constant such as water 
is around 80, soil is 3 to 9, and air is 1. We have to calculate bulk density of soil for separating 
soil. Then we estimate amount of gas in sea floor. TDR equipment (TDR100, Campbell 
products) and data logger (CR1000, Campbell products) are used for measurement. A TDR 
probe as a TDR censor is connected with TDR100 by coaxial cable. The gripe on the top of 
the TDR probe is for the ROV’s arm to grab it for TDR probe to insert into sea floor. Probe’s 
rod is covered by epoxy’s coating and a heat contraction tube. 

In the NT10-10 Leg 2 Cruise, TDR probe was set in a case at the right side of basket, 
and TDR100 and CR1000 were set at right side of ROV Hyper-Dolphin (HD) (Fig. 5). When 
HD landed on sea floor, TDR probe was grabbed by HD’s manipulator on the right side, and 
was inserted vertically into sea floor (Fig. 6). Measurement times are for 2 minutes.  
TDR censor 

Material  stainless rods, acrylic stand, and stainless head 
Weight  2kg in air 
Length  50cm 

Pressure tight cases (TDR100 & CR1000) 
Material  Titanium 
Weight  30kg in air 
Size  20cm of diameter, and 30cm long 
External Interface RS232C 
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Fig. 5 Location of TDR Sensor with Hyper-Dolphin. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 TDR sensor into the seafloor by manipulator 
 
 
 
 
  



 

18 

6. Preliminary Results 
 
6.1 Bathymetric Survey in the North-Central Toyama Trough 

On 14-15th June 2010, NT10-10 Leg2 conducted the Multi-narrow beam echo 
sounding (MBES) utilizing the SeaBat8610 system within the rectangular area enclosed by 
the coordinates 37°56.0’N, 137°35.0’E, 38°15.0’N, 138°10.0’E. In the survey box three 
subarea, A1, A2, and A3 are filled with 0.5 to 1.0 miles interval of swaths. The system also 
acquires back-scattering data available to visualize as side scan sonar image. 

This bathymetric investigation aims mainly to map any tectonic morphology. 
 

The resultant bathymetry is illustrated in Figure 7.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 Compiled bathymetric maps in the survey box A, NW offing Sadogashima. 
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The following aspects are pointed out. 
(1) In the survey area A1 more than eighty two spots of strong back-scattering were 

recognized. Some source materials such as chemosynthesis livings, carbonate crusts, pock 
marks bared sandy and/or gravel-rich seabed, buried gas-hydrate dome, etc. are estimated 
during the MBES survey. 

(2) The survey area A2 is a reference site for the sea-truth survey of back-scattering of the 
MBES system. The reflection pattern is smooth and flat and no reflective spot was 
observed. Bathymetry depicts asymmetrical profile of the Toyama deep-sea channel, 
whose wall display corrugation of numbers of erosion gullies and inclined stratification. 
On the sedimentary flat, superposed crescents of several old flowages were obviously 
imaged. 

(3) The survey area A3 performs the remarkable meander of the Toyama deep-sea channel. 
Attacked side of the channel walls illustrates apparently horizontal stratification, whereas 
gliding slope and out-flown levee field display weak fabric of back scattering where 
several old flowages are recognizable. The previous submersible dives by “Shinkai 2000”, 
observed many steps of fluvial terraces with gravel beds in the gliding slope at the center 
of kinked channel. We conclude that the back-scattering from ordinary gravel beds is not 
so strong relative to the strong reflective spot. 

 
 
6.2 Methane Plume Survey in the Western Joetsu Basin 

Acoustic methane plume survey using SeaBat 8160 (multibeam echo sounder) was 
carried out in this cruise. The purpose of this survey is to evaluate the methane plume activity 
and its secular change by a repeated survey. Previous observation through the research cruises 
in 2004 – 2009 show the presence of many extensive methane plumes around the mounds on 
the summit of the Umitaka Spur and the Joetsu Knoll (Aoyama et al., 2005; Matsumoto et al., 
2009). Two survey lines were set up on each summit (Fig. 8). Comparing investigation will be 
carried out after cruise. 
 
References 
Aoyama, C., Matsumoto, R., Okuda, Y., Ishida, Y., Hiruta, A., Sunamura, M., Numanami, H., Tomaru, H., 

Snyder, G. T., Komatsubara, J., Takeuchi, R., Hiromatsu, M., Aoyama, D., Koike, Y., Takeda, S., 
Hayashi, T., Hamada, H. and Kawada, Y. (2005) Acoustical survey of methane plumes using the 
quantitative echo sounder in the eastern margin of the Sea of Japan. Proc. Fifth International 
Conference on Gas Hydrates, Trondheim, Norway, 790-795. 

Matsumoto, R., Okuda, Y., Hiruta, A., Tomaru, H., Takeuchi, E., Sanno, R., Suzuki, M., Tsuchinaga, K., 
Ishida, Y., Ishizaki, O., Takeuchi, R., Komatsubara, J., Freire, A. F., Machiyama, H., Aoyama, C., 
Joshima, M., Hiromatsu, M., Snyder, G., Numanami, H., Satoh, M., Matoba, Y., Nakagawa, H., 
Kakuwa, Y., Ogihara, S., Yanagawa, K., Sunamura, M., Goto, T., Lu, H. and Kobayashi, T. (2009) 
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Formation and collapse of gas hydrate deposits in high methane flux area of the Joetsu Basin, eastern 
margin of Japan Sea. Jour. Geography, 118, 43-71. 

 
 
 

Fig. 8 Map showing acoustic methane plume survey lines on the Umitaka Spur and the Joetsu 
Knoll. 
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6.3 Hyper-Dolphin Submersible Survey 
 
6.3.1 Dive #1141 (Umitaka Spur) 
Payload 

MBARI type push corer x4 (Blue, Red, Green, Black) 
SAHF x2 
TDR sensor x1 
Slurp Gun with 6 canister bottles x1 
Sampling box (small) x2 
Kumade (all covered) sampler x1 
Marker buoy x3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 

Payloads around sample basket for Dive #1141. MBARI push 
corers are attached to the basket at left side. The empty bottle 
(left front side) is for keeping a SAHF. 
 

Photographs of MBARI 
type push corers and TDR 
sensor (having transparent 
acryl cubic). 
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Above: Data logger for TDR sensor. It is 
located behind the sample basket. Right: 
Close up photograph of TDR sensor. 

Left: Slurp Gun with 6 canister bottles system. Right: Close up photograph of 6 
canister bottle system. This, each canister bottles were sealed by mesh cover. 

Left: KUMADE sampler. All covered type. Right: Two small sample boxes. 
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Hyper-Dolphin Dive Log 
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Submersible Observation 
ROV submersible 

survey, HPD Dive #1141, was 
carried out on the western to 
southwestern slope of the 
southwestern mound in the 
middle part of the Umitaka 
Spur (Fig. 9). The main 
purpose of this survey is to 
clarify the detailed fluid flow 
around bacterial mats using 
multipoint heat flow 
measurement. Payloads are 
four MBARI type push corer, 
two SAHF, TDR sensor, slurp 
gun with six canister bottles, 
Kumade sampler, two small 
sampling box, and three 
marker buoys.  

The ROV arrived at a 
depth of 943 m (St. 1141-1) 
on the western slope of the 
southwestern mound, and 
moved eastward then 
southward. Seafloor at the St. 
1141-1 to 1141-7 (905 m) is 
covered by muddy sediments 
(Fig. 10). Carbonate crusts 
crop out around the St. 1141-5 
(931 m) to 1141-6 (928 m). 
We sampled a carbonate crust 
(HPD #1141-R01) at the St. 
1141-5 and an ascidian 
Megalodicopia hians (HPD 
#1141-B57) at the St. 1141-6 
(Fig. 11). A number of 
carbonate crusts and bacterial 
mats are found around the St. 

Fig. 9 Dive point of HPD Dive #1141 on the Umitaka 
Spur. 

Fig. 10 TDR measurement on a muddy seafloor at St. 
1141-3 (938 m). 
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1141-7 to 1141-9 (903 m) (Fig. 
12). At the St. 1141-10 (905 
m), where many bacterial mats 
and carbonate crusts are 
present, we found the bacterial 
mat which were investigated 
in the NT07-20 Cruise (Fig. 
13). We conducted multipoint 
heat flow measurement around 
this station. 

Unfortunately, we could 
not recover the water 
temperature data logger 
deployed in the NT09-16 Leg 
1 Cruise, because of the 
presence of fishing equipment 
(crab traps) in the east of 
central part of the Umitaka 
Spur. 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
  

Fig. 11. An ascidian Megalodicopia hians at the St. 
1141-6 (928 m). 

Fig. 12. A number of bacterial mats are found around 
the St. 1141-9 (903 m). 

Fig. 13. Heat flow measurement using SAHF within a 
bacterial mat which was investigated in the NT07-20 
Cruise at the St. 1141-10 (905 m). 
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6.3.2 Dive #1142 (Toyama Trough) 
Payload 

Niskin water sampler x4 (Red, Green, Red, Blue) 
MBARI type push corer x5 (Blue, Red, Green, Black, Yellow) 
SAHF x1 
Slurp Gun with 6 canister bottles x1 
Sampling box (small) x2 
Kumade (meshed) sampler x1 
Marker buoy x2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Payloads around sample basket for HPD Dive #1142. 
 
 
 
 
 
 
 
 
 
  
 
 
 
 

Niskin water sampler attached to the ROV. Left: starboard side. Right: port side. 
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Payloads on sample basket. Five push corers are attached to the right 
side of the basket. 

Meshed-type Kumade sampler on the sample basket. 
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Hyper-Dolphin Dive Log 
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Submersible Observation 
On the basis of MBES 

survey in the A1 area NW 
offing Sadogashima Island, 
NT10-10 Leg2 conducted 
submersible survey utilizing the 
unmanned research vehicle 
Hyper-Dolphin (HPD dive 
#1142) on the eastern margin of 
sediment flat of the central 
Toyama Trough (Fig. 14). 
Payloads are four bottles of 
Niskin water sampler, 5 tubes 
of MBARI corer, one SAHF 
(Standalone Heat flow meter), 2 
markers, scoop and slurp gun 
with 6 bottles. 

The vehicle arrived 
1785m.w.d. bottom (38°10.277' 
N 138°04.254' E) on one of the 
strong reflective spots which fringe the frontal zone of a diluvial apron (submarine fan).  

The first MBARI corer recovered the surface sediment which consists of oxidized 
fragile clay, white soft clay and bluish grey colored semi-condensed clay. The middle layer 
seems like kaolin-like clay derived from eroded part of rhyolites. 

No outcrop of bedrock was observed through the surveyed route but sometimes dense 
fields of sea anemones were happened to be found on muddy bottom. They seem to belong to 
only one species and stood on buried stones within the surface mud less than several 
centimeters in thickness. This interpretation was clearly justified by MBARI sampling 
(HPD1142-C05) which recovered bottom materials including a sea anemone and its basement 
stone (HPD1142-R05). Therefore distribution of numerous sea anemones (density is more 
than 1-2 individuals per 1 square meters) might indicate spatial distribution of float stones in 
the muddy floor.  

Moreover, bared rocks in larger size were also observed to be foundation of sea 
anemones. Recovered rock samples (HPD1142-R01, R03-05) are igneous in origin. 

Most interesting is a rubble mound found earlier in the dive, at 1776m.w.d. bottom 
(38°10.385' N 138°04.249' E), where is a little bit higher than the landed point (1785m.w.d.) 
(Fig. 15). Most rubble is of rectangular shaped rhyolite but planar carbonate crusts were also 
observed on the entire mound surface. One tip of carbonate crust was recovered interstitial 

Fig. 14 Dive point of HPD Dive #1142. 
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spaces (matrix) of this rubble mound were filled by pale skin-colored, kaolin clay (Fig. 16). 
Consequently, this mound concluded to be an old vent of a small ‘mud volcano’, although it 
includes many lags of rhyolite and rhyodacite.  

To conclude the dive HPD #1142, it observed the facies boundary between sedimentary 
flat and piedmont apron of debris flows, although entire region is covered by fragile mud. The 
A1 area is composed of an intercalation (alternation) of debris flow deposits and hemipelagic 
and fluvial (back swamp) formations. The thickness of debris formation would be thickened 
towards the steep slope of the Sadogasima Island. Ground water discharge is probable more or 
less in the side of sedimentary flat along the facies boundary zone. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 15 Rubble mound at Event 2 (1766m.w.d.). 
Top: An oblique view of the dome-like rubble mound. 1.8 x 1.2 x 0.7 m. 
Bottom left: Sample HPD1142-R02 of carbonate crusts including a fossil nestles of benthos; 
bottom right: facet of sliced tip of rock sample R1. Arrows from top to bottom denote 
sampling locations.  
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Fig. 16. Rock sample HPD1142-R03. 
Left: The whole surface was covered by pale skin-colored kaolin clay and some parts were 
consolidated into carbonate crust. 
Right: Facet of sliced sample of rhyodacite. 
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6.3.3 Dive #1143 (Joetsu Knoll) 
Payload 

MBARI type push corer x4 (Blue, Red, Green, Black) 
SAHF x2 
TDR sensor x1 
Water temperature data logger x1 
Slurp Gun with 6 canister bottles x1 
Sampling box (small) x2 
Kumade (all covered) sampler x1 
Marker buoy x3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Payloads around sample basket for HPD Dive #1143. Payload 
setting is similar to that for the Dive #1141. 

A water temperature data 
logger for long-term 
monitoring. 
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Hyper-Dolphin Dive Log 
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Submersible Observation 
ROV submersible survey, 

HPD Dive #1143, was carried 
out around a mound on the 
middle part of the Joetsu Knoll 
(Fig. 17). The main purpose of 
this survey is to clarify the 
hydrological regime around the 
crater site, which was found in 
NT07-20 Cruise, using 
multipoint heat flow 
measurement. Payloads are four 
MBARI type push corer, two 
SAHF, TDR sensor, slurp gun 
with six canister bottles, 
Kumade sampler, two small 
sampling box, three marker 
buoys, and a water temperature 
data logger for long-term 
monitoring. 

The ROV arrived at a 
depth of 989 m (St. 1143-1) on 
the western slope of the mound, 
and moved eastward. Carbonate 
crusts are scattered on seafloor 
to the St. 1143-2 (987 m). We 
found a few flocks of red snow 
crabs gathering around of large 
carbonate crusts, which look 
like a crab apartment (called 
“Maison de Crabe”) (Fig. 18). 
This may be one of red snow 
crab behaviors.  

We deployed a water 
temperature data logger at St. 
1143-3 (985 m) for long-term 
monitoring (Fig. 19). We also 
measured heat flow and sampled 

Fig. 17. Dive point of HPD Dive #1143 on the Joetsu 
Knoll. 

Fig. 18. A flock of red snow crabs gathering around of a 
large carbonate crust at St. 1143-2 (987 m). 
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mud and krill at this station. Then, we 
moved to southeastward area (crater 
site) of the mound. Unfortunately, it 
took one hour to find the crater site 
(St. 1143-4), because bottom water is 
turbid.  

The crater-like depression was 
discovered in the NT07-20 Cruise, 
and formed by self-collapse and 
floating up of methane hydrate block 
(Matsumoto et al., 2009). After 2.7 
years, this depression is now covered 
by about 30 cm-thick muddy 

sediments (Fig. 20). This means 
that sedimentation rate is 
extremely high in this area. We 
conducted multi-point heat flow 
measurement, TDR 
measurement, and sampling of 
push cores and some benthic 
organisms. 

We moved to find the 
outcrop of methane hydrate 
wall to northward area of the 
mound. Unfortunately, turbid 
bottom water prevented us from 
finding the outcrop and time 
ran out. 
 
 
 
 
  

Fig. 19. A water temperature data logger at St. 
1143-3 (985 m). 

Fig. 20. A crater-like 
depression at St. 1143-4 
(985 m). Top: CCD camera. 
Bottom: SEAMAX camera. 
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6.4 Heat Flow Measurement 
Objectives 

On several mounds at the Joetsu Gas Hydrate Field of the Joetsu Basin, Machiyama et 
al. (2009) have observed extremely high heat flow anomalies up to 4 W/m2 and non-linear 
temperature profile such as upward/inward concave profiles and negative temperature 
gradients near the sites of methane seepage and methane outcrops. The distribution of high 
heat flow anomalies and non-linear temperature profiles is a key for understanding the role of 
upward fluid flow on the production of methane hydrates or bubbles. However, these 
anomalies are localized, and so far it has not been obtained a quantified picture for the 
magnitude of upward flow and methane budget. 

In this cruise, we plan to obtain the distribution of heat flow precisely in order to grasp 
the locality of high heat flow anomalies and non-linear temperature profiles, which enables us 
to quantify the upward fluid flow and the methane budget. We conduct measurements at the 
middle part of the Umitaka Spur where the highest heat flow 4 W/m2 were measured in 2007 
and at the middle part of the Joetsu Knoll where negative temperature gradients were 
measured. We deploy a water temperature data logger at the middle part of the Joetsu Knoll in 
order to check whether long-range (day to year) fluctuations of the bottom water temperature 
affect the heat flow anomalies. 

In addition, we have heat flow measurements at the northern part of the Toyama Trough, 
at which methane plume were detected. 
 
Preliminary results 

We had 27 SAHF measurements during the three dives (HPD #1141, HPD #1142, and 
HPD #1143) with two SAHF probes (one during HPD #1142). Table 2 summarizes the 
measured temperature data and the estimated heat flux through the seafloor for each 
measurement, and Figure 21 displays the temperature profiles. Here we calculate heat flow 
from the measured temperature gradient (with tilt correction) and an inferred thermal 
conductivity. We assume the thermal conductivity to be 0.9 W/K/m at all the measured points, 
referring a typical value for surface sediments in this site. 

Figure 22 plots the locations of 12 heat flow stations at the middle part of the Umitaka 
Spur (HPD #1141) with the dive track. We observed heat flow at four stations outside the 
Spur (SHF1-4); the obtained values around 100 mW/m coincide with the regional value 
(Yamano et al., 1996). We conducted precise observations around two bacterial mats (SHF5-8, 
9-12), around which very high heat flow 4 W/m2 was observed in 2007. The maximum heat 
flow value up to 400 W/m was recorded near the center of the mats, and the heat flow value 
decreased with the distance from the center of the mats increases. At some stations, we 
measured kinked and upward concave temperature profiles. 

Figure 23 plots the locations of two heat flow stations at the A1 site of the north of the 
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Toyama Trough (HPD #1142) with the dive track. We measured heat flow at two sites (SHF13, 
14). The measured values ~100 mW/m2 are in the range of the preexisting regional mean 
value (Yamano et al., 1996). 

Figure 24 plots the locations of 13 heat flow stations at the middle part of the Joetsu 
Knoll (HPD #1143) with the dive track. We obtained low heat flow at which we deployed a 
water temperature data logger (SHF15), and a strong negative temperature slope near the site 
of hydrate exposure (SHF27). We conducted precise heat flow measurements in and around a 
collapsed crater (SHF16-26), which may be formed by self-destruction of an accumulated 
methane hydrate body under the condition of high methane flux (Matsumoto, 2009). The floor 
of the crater is covered with sediment (the thickness is estimated with 30 to 50 cm from photo 
analysis), and the tops of three debris mounds are protruded. This covered structure has been 
formed at least after the previous cruise conducted in Oct. 2007. On the two mounds, we 
obtained relatively low heat flow around 300 mW/m2. In contrast, two meters away from the 
mounds, heat flow is as high as 600 mW/m2. At some stations, we have kinked and 
upward/downward concave temperature profiles. We note that we observed bubbles emerging 
from the seafloor when SAHF was penetrated into the seafloor by 20-30 cm and was pulled 
out. 
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(a) 
 
 
 
 
 
 
 
 
(b) 
 
 
 
 
 
 
 
 
 
(c) 
 
 
 
 
 
 
 
 
 
 
Fig. 21. Temperature profiles of 27 stations taken during the present cruise. (a), (b), and (c) 
are for the dives HPD #1141, HPD #1142, and HPD #1143, respectively. The pink squares 
correspond to the station numbers. 
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Fig. 22. (a) Locations of 12 SAHF stations taken during the dive HPD #1141 embedded on 
the dive track of HPD. (b) and (c) are the close up pictures of two bacterial mats at which heat 
flow measurements were conducted. The pink squares denote the station numbers, and the 
numerals in the white circles denote the temperature gradient in mK/m. The symbols "↑" and 
"K" in the yellow circles denote the upwelling and kinked temperature profiles, respectively. 
(bathymetry data taken from Dr. Mineo Hiromatsu of Univ. Tokyo) 
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Fig. 23. Locations of 2 SAHF stations taken during the dive HPD #1142 embedded on the 
dive track of HPD. The meanings of the numbers and symbols are the same as those in Figure 
22. 
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(a) 
 

 
 
 
 
 
 
 
 
 
 
 
(b) 

 
 
 
 
 
 
 
 
 
Fig. 24. (a) Locations of 13 SAHF stations taken during the dive HPD #1143 embedded on 
the dive track of HPD. (b) Close up pictures of the station 16 to 27. The meanings of the 
numbers and symbols are the same as those in Figure 22. (bathymetry data taken from Dr. 
Mineo Hiromatsu of Univ. Tokyo) 
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7. List of Post-Cruise Studies 
 

Each plan of post-cruise studies is listed as follows. 
(1) 
Theme 

Hydrological regime and properties of seafloor accumulation and auto-collapse of 
methane hydrate under high methane flux environment 

Topics 
1. Reanalysis of preliminary data as well as the pre-existing data (Machiyama et al., 

2009), in especially with those with kinked and upward/downward concave 
temperature profiles. 

2. Quantitative estimation of the strength of heat flow anomalies associate with 
bacterial mats at the middle part of the Umitaka Spur (data analysis with an aid of 
numerical modeling). 

3. Estimation on whether thermal equilibrium is achieved on the sediment covered 
crater floor at the middle part of the Joetsu Knoll (data analysis with an aid of 
numerical modeling). 

4. Modeling study on hydrology of methane supplying fluid flow. 
5. Modeling study on the dynamics of methane hydrate in a collapsed crater upon 

abrupt sedimentation. 
Researchers 

Yoshifumi Kawada, Hiroaki Fukase, Hideaki Machiyama, Masataka Kinoshita, Makoto 
Yamano, Shusaku Goto, Ryo Matsumoto…etc. 

Data 
SAHF data, CTD data, video, and photographs from Dive #1141 and #1143 

 
(2) 
Theme 

Analyzes on biotic components, distributions and food-web on methane-seep ecosystem 
around the Joetsu Knoll and the Umitaka Spur. 

Researchers 
Hideaki Numanami, Robert Jenkins 

Data & Samples 
Video, photographs, CTD data, biological samples and sediment samples from Dive 
#1141 and #1143, 
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(3) 
Theme 

A new technique for measuring gas bobbles in the sea floor by Time Domain 
Reflectometry (TDR) method 

Researchers 
Hiroyuki Ochiai., Kosuke Noborio, Ryo Matsumoto, Mineo Hiromatsu, and Hideaki 
Machiyama 

Data 
TDR data, CTD data, video, photographs from Dive#1141 and #1143 

 
(4) 
Theme 

Geochemical and microbiological studies under high methane flux environment 
Researchers 

Hitoshi Tomaru, Katsunori Yanagawa, Robert Jenkins, Ryo Matsumoto, Yoshitaka 
Kakuwa, Shigenori Ogihara, Akihiro Hiruta, Antonio Fernando Menezes Freire…etc. 

Data & Samples 
Video, photographs, CTD data, sediment and rock samples, and interstitial water from 
Dive #1141 and #1143 

 
(5) 
Theme: 

Seabed truth study for sources of strong back-scattering on the side-scan image, with 
the special reference to geomorphology, gravity and seismic profiling in the central 
Toyama Trough 

Researchers: 
Akira Takeuchi, Shigekazu Kusumoto, Hajime Chiba, Badalahu Bao, Ayaka Kiriyama, 
and Toshitaka Gamo 

Data & Samples: 
Video, photographs, CTD data, sediment and rock samples, and interstitial water from 
Dive #1142, existing geophysical data 
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(6) 
Theme: 

Research for sea water structure in Toyama trough by using the CTD data, the acoustic 
echo sounder data and the images at deep sea 

Researchers: 
Hajime Chiba, Akira Takeuchi, Shigekazu Kusumoto, Badalahu Bao, Ayaka Kiriyama, 
Tomonori Matsuura and etc. 

Data & Samples: 
Video, photographs, CTD data, acoustic echo sounder data 

 
(7) 
Theme 

Search for the origin of methane supply along the Toyama Deep Sea Channel in 
Toyama Trough using chemical analysis 

Researchers 
Toshitaka Gamo, Noriko Nakayama, Jing Zhang, Urumu Tsunogai, Tomonori Matsuura, 
Peajin Kim, Kyohei Matsumoto, Tomoko Ota, Shintaro Sato. 

Data & Samples 
Video, photographs, CTD data, sediment and interstitial water, and bottom seawater 
from Dive #1142. 
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