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1. Cruise Information 
 
● Cruise ID: KH-19-5 
● Name of vessel: Hakuho-maru 
● Title of cruise : Seafloor crustal movement and seismic history of Sagami Trough great earthquakes/ 
     Study on geosphere–hydrosphere–biosphere interaction via submarine mud volcano  
     – survey of mud volcano activity and fluxes of life and materials released from mud volcano – 
● Chief Scientist: Juichiro ASHI [University of Tokyo] 
● Cruise period: August 9, 2019 to August 28, 2019 
● Ports of departure/call/ arrival: Tokyo / Kagoshima / Tokyo 
● Research area: Sagami Bay, Kumano Trough and Off Tanegashima Island 
● Research map 

 
 
 
2. Research Proposal and Science Party  
● Title of proposal 1: Seafloor crustal movement and seismic history by Sagami Trough great earthquakes 
● Representative of Science Party 1: Juichiro ASHI [University of Tokyo] 
● Title of proposal 2: Study on geosphere–hydrosphere–biosphere interaction via submarine mud volcano 
–survey of mud volcano activity and fluxes of life and materials released from mud volcano– 
● Representative of Science Party 2: Akira IJIRI [JAMSTEC] 
● Science Party 

Juichiro Ashi (AORI, UTokyo) Leg 1, Leg 2 
Asuka Yamaguchi (AORI, UTokyo) Leg 1 
Ryo Nakanishi (AORI, UTokyo) Leg 1, Leg 2 
Yuichi Okuma (AORI, UTokyo) Leg 1, Leg 2 
Io Miura (AORI, UTokyo) Leg 1, Leg 2 
Risa Kojima (AORI, UTokyo) Leg 1 
Takiya Goto (AORI, UTokyo) Leg 1 
Katsura Kameo (AORI, UTokyo) Leg 1, Leg 2 
Makoto Takeuchi (AORI, UTokyo) Leg 1 
Masanari Ashida (AORI, UTokyo) Leg 1, Leg 2 
Miwa Nakagawa (AORI, UTokyo) Leg 2 
Makoto Yamano (ERI, UTokyo) Leg 2 
Kota Sasaki (ERI, UTokyo) Leg 2 
Tomohiro Toki (Dept. Scineces, University of Ryukyu) Leg 1 
Shugo Kurahashi (Dept. Scineces, University of Ryukyu) Leg 1 
Yuki Mitsudome (Dept. Scineces, University of Ryukyu) Leg 1 
Masafumi Murayama (FARMS, Kochi Univ.) Leg 1, Leg 2 
Takuro Noguchi (FARMS, Kochi Univ.) Leg 1 
Hiroyoshi Miyamoto (FARMS, Kochi Univ.) Leg 1 
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Wataru Katanoda (FARMS, Kochi Univ.) Leg 1, Leg 2 
Ryoma Setoguchi (FARMS, Kochi Univ.) Leg 1, Leg 2 
Katsuya Nejigaki (Graduate School of Integrated Arts and Sciences, Kochi Univ.) Leg 1, Leg 2 
Moe Kato (College of Science and Engineering, Kanazawa Univ.) Leg 1 
Genki Kobayashi (Seto Marine Biological Lab., Kyoto University) Leg 2 
Kota Mukumoto (Faculty of Engineering, Kyushu University) Leg 2 
Ahmad Ahmad (Faculty of Engineering, Kyushu University) Leg 2 
Akira Ijiri (JAMSTEC) Leg 1 
Tatsuhiko Hoshino (JAMSTEC) Leg 1 
Kazuya Kitada (JAMSTEC) Leg 1 
Toshiya Kanamatsu (JAMSTEC) Leg 2 
Ken Ikehara (AIST) Leg 1, Leg 2 
Shiro Kato (Kaiyo Denshi) Leg 2 
Ei Hatakeyama (Marine Works Japan) Leg 1, Leg 2 
Masahiro Oorui (Marine Works Japan) Leg 1, Leg 2 

 
 
3. Research Activities 
 
3-1. Proposal 1 "Seafloor crustal movement and seismic history of Sagami Trough great 
earthquakes" 
 
3-1-1. Background and objectives 
 
     Great earthquakes repeatedly occurred along the Sagami Trough where the Philippine Sea Plate 
subducts beneath the Okhotsk Plate, and devastated Tokyo and surrounding areas in 1923. A plate 
boundary fault was imaged by an onshore-offshore integrated seismic survey campaign (Sato et al., 2010, 
Geological Society of Japan Abstract). The splay fault was also recognized at the base of the eastern slope 
of the Sagami Bay. However, shallow sediment deformations by recent historical earthquakes has not 
been clarified. The purpose of our study is to reveal recent fault activity by subbottom profiling (SBP) 
survey, sediment sampling and long-term observation of heat flow. 
 
 
3-1-2. Methods and instruments 
 
     Subbottom profiling, sediment sampling and installation of heat flow instrument in this cruise were 
conducted by a remotely operated vehicle named "Navigable Sampling System (NSS)". NSS can take 
piston cores and install seafloor observation tool at pinpoint accuracy, and routinely acquire high 
resolution SBP image by pinging 1.1 to 1.6 kHz chirp frequency (Fig. 1). Heat flow monitoring was 
conducted by pop-up heat flow instruments developed by Earthquake Research Institute (see Section 3-1-
5 for details). A multiple corer was also deployed to obtain surface sediments. 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1  Pilot vehicle photo (left) and 
schematic diagram of NSS operation 
(right). 
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3-1-3. Overview of Operations 
 
     Four NSS dives were done at the foot of the fault scarp west of the Miura Knoll (Fig. 2). One piston 
core was taken to penetrate the fault zone which was estimated from the SBP data recorded during the 
same dive mission (Dive 164)(Fig. 3). Three dives were dedicated to installation of heat flow instruments. 
Dive 165 was planned to deploy an instrument, but was not successful due to a trouble with the 
communication system of NSS. The heat flow probe of the instrument deployed during Dive 166 was not 
penetrated into the sediment. Therefore, we abandoned the monitoring and recovered the instrument after 
the dive. Dive 167 successfully installed a pop-up heat flow instruments at the base of the fault scarp (see 
Section 3-1-5 for details). About one year's observation is planned to monitor heat flow fluctuation near 
the active fault. Deep-towed SBP data around the fault scarp in the Miura Knoll were acquired during 
these dive operations (Fig. 3). 
     Dive 168 was conducted to investigate a NE-SW lineament in the Misaki Knoll by SBP (Fig. 2). 
This lineament cuts the knoll suggesting active fault deformation (see Section 3-1-6 for details). We plan 
to investigate surface sediment deformation on SBPs along this lineament. Dive 169 was conducted to 
know depositional process of Sakawa River fan delta slope (see Section 3-1-7 for details). SBP data were 
successfully acquired form the distal part to the middle part of the delta. In the northeastern part of the 
Sagami Bay, multiple sediment cores were obtained from nine sites for the studies of seismic event and 
related benthos activity.  
     Multiple cores were supplementarily taken from one site in the Kumano forearc basin off Kii 
Peninsula (see "Research map") for the purpose of seismic and flood event study. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2  Bathymetric map and 
survey sites in the Sagami 
Bay. See Fig. 3 for detail map 
of Site ST01. 
 

 
3-1-4. Active structures of recurrent great Kanto earthquakes 
      (Juichiro ASHI, UTokyo) 
 
     Subbottom profiles acquired during the previous cruises (KH-10-3, KH-15-2, KH-16-5) in the 
landward trench slope show reflectors reaching the seafloor surface. The reflector apparently dips 
northeast at 30 degrees along the NW-SE trending fault scarp. While the hanging-wall shows 
structureless, the foot-wall indicates horizontal layering or chaotic seismic character. The former and the 
later suggests underthrusting of the trough fill sequence and fault separation of talus deposits, 
respectively. We obtained a 6-meter-long core at the landward dipping reflector. The upper 1.2 meters of 
the core consists of alternation of dark green silty mud and pebbly mud with shell fragments of 
Calyptogena fossils. A 5 mm thick zone, which consists of silty mud with some granule size clasts and 
dips roughly northeast at 30 degrees, is recognized at 2.25 m from the core top. This zone is interpreted to 
correspond to the reflector of the fault plane identified on the subbottom profile. However, small age gaps 
on radiocarbon dating between the hanging-wall and the foot-wall suggests that the fault observed on the 
core sample corresponds to a subsidiary fault with small displacement. One of our objectives in this cruise 
was to obtain a core sample from the major fault zone. A piston coring during Dive 164 successfully 
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penetrated a fault reflector imaged by SBP of NSS. Dense SBP transects along the fault scarp was also 
conducted during Dive 164, 165 and 166 (Fig. 3). Our SBP survey and core sampling will reveal relations 
between recent deformations and historical earthquakes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3  Bathymetric map and  
survey localities at Site ST01.  
 

 
3-1-5. Long-term temperature monitoring 
      (Makoto YAMANO, ERI, UTokyo) 
 
Pop-up heat flow instrument (PHF):  
     We used pop-up type heat flow probes for long-term monitoring of vertical temperature distribution 
in surface sediment. This type of instrument has been used for heat flow measurement in relatively 
shallow sea areas where temporal variation of the bottom water temperature significantly disturbs 
sediment temperature (e.g., Hamamoto et al., 2005). Analysis of long-term record of the temperature 
profile in surface sediment may also provide information on velocity or flux of vertical pore fluid flow 
(Goto et al.. 2005). 
     On KH-19-5 cruise, we deployed two pop-up heat flow instruments (termed PHFs below) using the 
NSS. Main components of PHF are a recording unit, a temperature probe, an acoustic release unit and 
weight (Fig. 4). The temperature probe is 2 m long and has eight equally spaced temperature sensors. The 
recording unit records measurement time, temperatures, and two-axis instrument tilts. A small water 
temperature recorder is attached to the main frame for monitoring the bottom water temperature. The 
acoustic release unit receives acoustic commands from a surface ship and releases the weight and 
temperature probe, allowing the instrument pops up for recovery 
 

 
 
 
 
 
 
 
 
 
 
 
Fig. 4.  Schematic configuration of 
pop-up heat flow instrument (PHF) 
PHF hung below the NSS via an 
acoustic releaser. 
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Deployment of PHF: 
     Deployment of the two PHFs was conducted using the NSS in an area where fluid seepage activity 
is indicated by biological communities (Table 1). Deployment points were determined based on visual 
observation of the sea floor through the NSS video cameras. 
     The first attempt of deployment was made on August 24, but was not successful due to a trouble 
with the communication system of the NSS. We then inserted another releaser between the NSS and the 
PHF for the second attempt on August 25 (cf. Fig. 4). The PHF was successfully deployed by activating 
the releaser with an acoustic command (PHF-1 in Table 1). However, it was found though the video 
camera picture that the temperature probe did not penetrate well into sediment and the instrument fell 
down on the sea floor. We thus decided to abandon temperature monitoring and recovered the instrument 
on the same day. 
     On August 26, we deployed the other PHF using the releaser of the NSS since the communication 
system had resumed working properly (PHF-2 in Table 1). The temperature probe appears to have almost 
fully penetrated judging from the video camera picture. We plan to recover the instrument in 2020. 
 

Table 1.  Deployment of pop-up heat flow instruments 

Station Deployment Recovery Coordinates Water depth (m) 

PHF-1 Aug. 25, 2019 Aug. 25, 2019 35°5.4546’N, 139°24.8728’E 1,086 

PHF-2 Aug. 26, 2019 --------- 35°5.4116’N, 139 24.9378’E 1,081 
 
 
 
3-1-6. Uplifting of Misaki Knoll, Sagami Trough 
      (Toshiya KANAMATSU, JAMSTEC) 
 
     Okinoyama Bank Chain aligns along the plate boundary of the Philippine Sea Plate in the northeast 
Sagami Trough. Misaki knoll is one of the members of Okinoyama Bank Chain. Geological formation of 
Misaki Knoll is correlated to Hayama and Miura Groups of Boso and Miura peninsulas (Kanie et al., 
1991). The remarkable topographic feature of Misaki Knoll is a 100-m sharp step in NW-SE orientation 
(Fig. 5). NSS survey is proposed to understand the origin of this step, because the structure could be 
related to the past earthquake events in the Sagami Trough. 
     Shore uplifting events in Boso and Miura Peninsulas relating to past earthquakes are well 
documented (Hatori et al., 1973: Shishikura, 2003). Yamashita et al.(2013) interpreted that the 
Okinoyama Bank Chain has formed its imbricating structures by horizontal compression induced from the 
reversal faulting at the Sunosaki Canyon. Furthermore, an aftershock of 1923 Kanto earthquake occurred 
around the Misaki Knoll. With those observations taken into consideration, the step of Misaki Knoll could 
be formed by earthquake upliftings. To understand the step structure of the Misaki Knoll, we planned to 
investigate sub-bottom structures of the step structure and sedimentary structures in adjacent small basins. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5  Topography of Misaki Knoll. 
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3-1-7. Depositional process of Sakawa River fan delta slope, Sagami Bay 
     (Ken IKEHARA, AIST) 
 
     For deep-sea paleoseismology, it is crucial to understand the depositional processes of event 
deposits. Although surface sediment remobilization by the earthquake ground shaking is a new idea to 
form fine-grained event deposits, outcrops and marine sediment samples indicate that the repeated 
occurrence of coarse-grained gravity flows on the coarse-grained fan delta slope. Sakawa River fan delta 
slope is a steep slope with its average gradient of 5–6˚ in the NW Sagami Bay. Severe coastal erosion 
along the coast near Sakawa River mouth have been occurred by strong typhoons. Epicenter of the 1923 
Taisho Kanto earthquake located near the slope. Therefore, earthquake- and storm-induced coarse 
sediment transports are expected along the Sakawa River fan delta slope. Recent study (Ajioka et al., in 
press) indicated the occurrence of numerous shallow channels on the slope, and slope gradient controlled 
sediment distribution. However, no detailed survey on channels have been conducted. To clarify channel 
structures and surface features, we proposed surface sediment coring at 7 sites and NSS SBP profiling. 
Although surface sediment coring was not allowed due to the existence of submarine cables, we 
conducted a NSS SBP survey along a line shown in Fig. 6. We got a good profile along the line. A levee-
like mound between the channels and spatial change of acoustic facies in a channel was recognized in the 
profile. Comparison of the SBP profile with the existing surface sediment data will be used in future study 
for understanding sedimentary processes of Sakawa River fan delta slope. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6  Survey line on the Sakawa River 
fan delta slope 
 

 
3-1-8. Future plans 
     There is no onboard results about sediment samples because all cores were stored in refrigerator of 
the ship and will be split after shorebased X-ray CT-scan. SBP data need to be processed using altitude 
and depth data recorded in the NSS pilot vehicle for shorebased study. 
 
References 
Goto, S., M. Yamano, and M. Kinoshita, 2005, Thermal response of sediment with vertical fluid flow to temperature 
variation at the surface, J. Geophys. Res., 110, B01106, doi:10.1029/2004JB003419. 
Hamamoto, H., M. Yamano, and S. Goto, Heat flow measurement in shallow seas through long-term temperature 
monitoring, Geophys. Res. Lett., 32, L21311, doi:10.1029/2005GL024138, 2005. 
Hatori, T., I. Aida, and K. Kajiura (1973), Tsunamis in the South‐Kanoto district, in Publications for the 50th 
Anniversary of the Great Knato Earthquake (in Japanese with English abstract), pp. 57–66, Earthquake Res. Inst., 
Tokyo. 
Hattori, M., Kanie, Y., Okada, H., Arima, M., 1992, Geology of Sagami Knoll Okinoyama Bank Chain, Sagami Bay, 
central Japan, proc. Jamstec Symp. Deep Sea Res. 185-192 
Mikiya Yamashita, Masataka Kinoshita, Takafumi Kasaya, Narumi Takahashi, Yoshiyuki Kaneda, 2013, Sediment 
deformation in eastern Sagami Bay revealed by high-density seismic reflection survey, JAMSTEC Report of 
Research and Development Vol 17, 1-10 
Shishikura, M. (2003), Cycle of interplate earthquake along the Sagami trough, deduced from tectonic 
geomorphology (in Japanese with English abstract), Bull. Earthquake Res. Inst. Univ. Tokyo, 78, 245–254. 
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3-2. Proposal 2 " Study on geosphere–hydrosphere–biosphere interaction via submarine mud 
volcano – survey of mud volcano activity and fluxes of life and materials released from mud volcano 
–" 
 
3-2-1. Background and objectives 

 
Submarine mud volcanoes occur along the margins of convergent plates and are formed by the 

vertical intrusion of low density, deformable sediments from the deep subsurface to the seafloor. Several 
tens of mud volcanoes have been found Island have been found off Tanegashima along the Ryukyu 
Trench. During the KH-15-2 cruise in 2015, we obtained two sediment cores from the summits of MV#1 
(30˚53´N, 131˚46´E; water depth: 1540 m) (core length: 361 cm) and MV#14 (30˚11´N, 131˚23´E; water 
depth: 1700 m) (core length: 311 cm). The fluid advection rate estimated by the vertical profile of pore 
water chemistry, and nannofossils observation indicated that the activity of MV#14 is lower than the 
MV#1. During the cruise, we also obtained seawater samples from the water column above the central 
areas of MV#1 and MV#2. Then, we investigated the microbial communities in sediment and overlying 
seawater at the two mud volcanoes. The microbial communities in mud volcano sediments were generally 
distinct from those in the overlying seawaters. Nevertheless, we observed that Atribacteria, heterotrophic 
anaerobic bacteria that typically occur in organic-rich anoxic subseafloor sediments, are abundant in the 
methane plumes of the two SMVs (0.58 and 1.5 × 104 cells/mL, respectively) but not in surrounding 
waters, suggesting that microbial cells in subseafloor sediments are dispersed as “deep-biosphere seeds” 
into the ocean. These findings may have important implications for the microbial transmigration between 
the deep subseafloor biosphere and the hydrosphere.  

In this context, our objectives for this proposal are 1) to investigate the activity of mud volcanoes off 
Tanegashima and clarify the relationship between mud volcano activity and the tectonic environment, and 
2) to estimate the flux of methane and microorganisms released from the mud volcanoes, and to clarify 
the impact of mud volcanism on the biogeochemical cycle in the ocean.  
 
 
3-2-2. Methods, instruments 
 
In-situ physical-chemical sensors 
 
     In this cruise, we deployed the stand alone (off-lined) physical-chemical sensors (glass electrode 
pH sensor, Oxidation Reduction Potential; ORP sensor, and CTD-turbidity sensor) on the CTD carousel 
water sampling system (CTD-RMS)(Fig. 7). The sensor data was logged by every second. 

 
Fig.7  In-situ physical-chemical sensors METS sensor installed on the CTD system. 
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Dissolved methane sensor (METS sensor) 

 
The METS sensor (Franatech GmbH, Germany) measures in-situ dissolved methane concentration 

using a gas-permeable membrane with tin-oxide (SnO2) semiconductor detection (Fig. 8). It can detect 
concentrations of methane in the range of 1 to 500 nM at water depths down to 4000 m and temperatures 
of 0.5-20 ˚C and is used for the detection of methane-rich plume signals in the water column in cold seep 
areas.  

 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig. 8  a) METS sensor installed on the CTD system,  
       b) Data logger and power unit for the METS sensor. 

 

 
3-2-3. Overview of Operations 
(Akira IJIRI, JAMSTEC) 
 

During the cruise KH-19-5 Leg 1, we obtained sediment and seawater samples from MV#2  
(30˚55´N, 131˚50.40´E; water depth: 140 m) and MV#3 (30˚55´N, 131˚50.40´E; water depth: 140 m) 
(Fig. 9). At MV#3, we conducted the survey by using a Navigable Sampling System (NSS). 

 
Fig. 9 Location map of MV#2 and MV#3. 
 
 

a) b) 
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3-2-4. Hydrocast survey 
(Akira IJIRI, JAMSTEC) 
 

We conducted one and five hydrocast surveys on MV#2 (30˚55´N, 131˚50.40´E; water depth: 140 
m) and MV#3 (30˚55´N, 131˚50.40´E; water depth: 140 m), respectively (Fig. 9). Water samples were 
collected by a Carousel Multi-Sampling system with twelve 12 L Niskin bottles. In each survey, the 
following in situ sensors were used: a conductivity-temperature-depth profiler with Carousel Multi-
Sampling system, a backscatter turbidity meter, In-situ physical-chemical sensors, and dissolved methane 
sensor (see method). We observed the high turbidity just above MV#3 (Fig. 10), suggesting a release of 
suspended matters from the summit of MV#3. But such anomaly of the turbidity was not observed 
atMV#2. 

 

Fig. 10  Vertical profiles of turbidity observed at MV#2 and MV#3. 
 
 
3-2-5. Sediment sampling and NSS survey 
(Akira IJIRI, JAMSTEC) 
 

At MV#2, we took two sediment core samples (PC1, core length: 421 cm; PC2, core length: 350 
cm) by a normal piston corer, one surface sediments by a multiple corer, and seawater samples by a 
Carousel Multi-Sampling system with twelve 12 L Niskin bottles. At MV#3, we conducted the survey by 
using a Navigable Sampling System (NSS). By camera observation, we found out that a lot of shells of 
Calyptogena distributed around the summit of MV#3 (Fig. 11), suggesting high activity of MV#3. Near 
the Calyptogena colony, we retrieved sediment sample by using piston corer equipped to NSS (PC3, core 
length 250 cm). On board laboratory of R/V Hakuh-maru, we took sub-samples from PC1 and PC3 for 
microbial analyses of sediments and chemical analyses of porewater. PC2 was brought to on-shore 
laboratory for the CT-Scan after the cruise.  
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Fig. 11  Calyptogena shells around the summit of MV#3. 
 
 
 
3-2-6. Future plans 
 

As a shore-based study, we plan to conduct 1) chemical analyses of porewater samples to investigate 
the origin of fluid and advection rate of the fluid, 2) dating of sediment to determine the age of mud-
volcano sediment、and 3) investigation of microbial community by using sediment samples. For the 
seawater samples, we will analyze methane concentrations and microbial community in water column to 
investigate the distributions of methane plume and deep sourced microbes released from the mud 
volcanoes. 
 
Reerences 
Ijiri, A., Toki, T., Agena, K., Hoshino, T., Hagino, K., Hamada, Y., Machiyama, H., Ashi, J., and Inagaki, 
F. (2017.8) Secondary Methanogenesis in Dormant Submarine Mud Volcano off Tanegashima Island, 
Japan. Goldschmidt 2017, Paris, France. 
Hoshino, T., Toki, T., Ijiri, A., Morono, Y., Machiyama, H., Ashi, J., Okamura, K., and Inagaki, F. (2017) 
Atribacteria from the subseafloor sedimentary biosphere disperse to the hydrosphere through submarine 
mud volcanoes. Frontiers in Microbiology, 8, 1135. doi: 10.3389/fmicb.2017.01135 
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4. Cruise Log 
 

 



 

14 
 

KH-19-5 Leg 1 

 
(continued) 
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 KH-19-5 Leg 1 

 
(continued) 

  

KH-19-5 Leg 2 
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KH-19-5 Leg 2 
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5. Sample List 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

This cruise report is a preliminary documentation as of the end of cruise. 
This report is not necessarily corrected even if there is any inaccurate description (i.e. taxonomic 
classifications). This report is subject to be revised without notice. Some data on this report may 
be raw or unprocessed. If you are going to use or refer the data on this report, it is recommended 
to ask the Chief Scientist for latest status. 
Users of information on this report are requested to submit Publication Report to Cooperative 
Research System Office. 
 
E-mail: kyodoriyo@aori.u-tokyo.ac.jp 
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