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Preface

YK06-02 was held by R/V Yokosuka and the manned submersible Shinkai 6500. The

mother vessel embarked on April 12, from JAMSTEC pier in Yokosuka and disembarked on April

21, 2006 at Wakayama harbor. This is the preliminary on board report of the cruise.

 

1. Background and purpose of project

This project aims to verify the geologic structures and tectonics of the Nankai accretionary

prism from new viewpoints and scopes. The general idea of the development of the modern (or

young) accretionary prisms has been almost understood by minor and major scale analyses through

studies of drilling and seismic profiling in particular from that in Barbados and Nankai. However

such methods can identify only large scale and micro or small-scale variation in mostly 2D.

Although it is of prime importance to study the outcrop scale structures in order to understand detail

tectonics development. The real geology by seeing the outcrops under the sea is used to be very

difficult although it gives us very important 3D informations, but is only given by submersble

observation.  

On land, 3D geological survey is done along rivers where continuous exposures are

obtained. Under the sea if dissected canyons are developed cutting the accretionary prism, they must

provide the best places to visit. However only few examples of submersible study along the canyons

have ever been done by submassive study have ever been tried by two of our team members, Anma

et al. (2002, JAMSTEC Deep-Sea Res.) and Kawamura et al. (1999, JAMSTEC Deep-Sea Res.) to

the Tenryu and Shionomisaki cyanions of the Nankai accretionary prism, respectively.

We will perform geologic structure survey cautiously along these canyons: we compare the

geologic in between canyons, and will analyse the tectonic and mechanical history of accretionary

prism in different parts; the former as of a typical type, wheareas thelatter is of the collapsed type by

ridge subduction collision.

In addition we will study cold seepage area on the fault along which methane the bearing

fluid is advect, we will further study relationship between topography of accretionary prism surface

by gravity sliding or tectonics.
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Figure: Study area
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Figure: Planned dive sites of cruise YK06-02
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Figure: Sidescan image around the Shionomisaki Canyon
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Figure: Previous dive sites around the Tenryu Canyon (6K#939 was operated nearby site

6K#888, toe of the prism)
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Figure: Seismic images along the Tenryu Canyon (Le Pichon, X., Iiyama, T., Boulegue, J.,

Chavet, J., Faure, M., Kano, K., Lallement, S., Okada, H., Rangin, C., Taira, A., Urabe, T.

and Uyeda, S., 1987, Nankai Trough and Zenisu Ridge: a deep-sea submersible survey:

Earth Planetary Science Letters, v. 83, p. 285-299.)
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Figure: Seismic images nearby the Shionomisaki Canyon (Park, J.O., Tsuru, T., Kodaira, S.,

Cummins, P. R., and Kaneda, Y., 2002, Splay Fault Branching Along the Nankai Subduction

Zone: Science, v. 297, p.1157-1160.)
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2. Equipments

2.1 Research Vessel “Yokosuka” (adopted from YK03-03 cruise report)

R/V Yokosuka is designed to serve as the mother vessel for Shinkai 6500 and has silent engine, an

advanced acoustic navigation systems and an underwater telephone for its state-of-the-art operations.

It is also equipped with various kinds of underway- geophysical equipment, i.e., Multi Narrow Beam

Echo Sounder (Sea Beam 2112.04, SeaBeam Instruments, Inc.), gravity meter (Type S-63, LaCoste

& Romberg Gravity Meters Inc.), ship-borne three-components magnetometer (Type.SFG-1212,

Tierra Tecnica Inc.), and proton magnetometer (Type.STC10, Kawasaki Geological Engineering

Co.,Ltd.). The wet-lab is equipped with a fumigation chamber, “Milli-Q” water purifier, -80  deep

freezer, incubator, and rock saw. In addition, YOKOSUKA has on-board video editing capability for

DVCAM, S-VHS, VHS, system.

Yokosuka. At the JAMSTEC, Oppama, 12 April 2006

Research Vessel “Yokoska” The principal specifications

Length : 105.22 m

Breadth: 16.0 m

Height : 7.3 m

Draft : 4.5 m

Gross tonnage : 4439 t

Cruising speed : about 16 kts
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Cruising range : about 9000 mile

Accomodation: 15 reserchers’ beds

2.2 SEA BEAM 2112 -Outline of system – (adopted fromYK03-03 cruise report)

Bathymetric data were collected by the SEA BEAM 2112 (Sea Beam Instruments). The

SEA BEAM 2112 is a multibeam survey system that generates data for and produces wide-swath

contour maps and side scan images. It transmits a sonar signal from projectors mounted along the

keel of the ship. The sonar signal travels through the sea water to the seafloor and is reflected off the

bottom. Hydrophones mounted across the bottom of the ship receive the reflected sonar signals. The

system electronics process the signals, and based on the travel time of the received signals as well as

signal intensity, calculate the bottom depth and other characteristics such as S/N ratio for echoes

received across the swath. Positioning of depths on the seafloor is based on GPS and ship motion

input. The data is logged to the hard disk for post processing which allows for additional analysis.

Plotters and side scan graphic recorder are also included with system for data recording and display.

The hardware system consists of two main subsystems, transmitter and receiver respectively. Figure

### shows a basic diagram of the system. The basic 12 kHz projector array is a 14-foot long linear

array positioned fore and aft along the ship's keel. It forms a downward projected acoustic beam

whose maximum response is in a plane perpendicular to its axis. The beam angle is narrow, 2 in the

fore/aft direction. The receiver array detects and processes the returning echoes through stabilized

multiple narrow athwartship beams in a fan shape. The hydrophne array has a flat shape in the case

of R/V "KAIREI", although the standard SEA BEAM 2000 series system has a V-shaped array. The

system synthesizes 2_2 degrees narrow beams at the interval of 1 degree, and the swath width varies

from 120 degrees at depths from 1500 m to 4500 m, 100 from 4500 m to 8500 m and deeper than

8500 m, as shown in Fig. ###. The transmit interval of the sonar signal ping interval increases with

water depth, for example about 20 sec. at 6500 m. So, the horizontal resolution of the bathymetry

data depends on the depth and ship's speed. The accuracy of the depth measurement is reported at

0.5% of the depth. The software which controls the system is called the Sea View. It employs the

Lynx Operating System. Indy Work Stations (SGI) are used for operation. The obtained raw data

includes data records of each ping (bathymetry, side scan image, position), nautical information and

correction parameters such as water velocity structure. Post processing consists of editing data

(deletion of bad data, correction of position etc.,), making grid data files and various maps. Software

used is Sea View and GMT Ver.3.0 (Wessel and Smith, 1995).

2.3 Sub bottom profiler

Sub bottom profiles were obtained by using the SEA BEAM 2112.004 Subbottom Profile
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Subsystem, which is an additional option to the SEA BEAM 2112 Multibeam Bathymetry System.

The capability of the system ranges from 50 m to 11,000 m. Depth penetration varies with bottom

composition and may be as much as 75 m. The system uses an aray of 60 TR-109 projectors,

operating at 4kHz to fprm a vertical beam of 45 degrees athwartship and 5 degrees fore/aft. The

system startup, parameter setting, and real-time control is perfomed by Indy Work Station (SGI).

The data is displayed on a terminal and EPC recorder, and stored on harddisk and a data logger.

2.4 Submersible “Shinkai 6500”

Shinkai 6500 is a manned submersible with dive capability of the world deepest 6,500

meters. Two pilot and one scientist stay in a pressure hull 2 meters in diameter which has three

viewing windows. It is equipped with two manipulators, pan-tilt-zoom color video camera, a fixed-

view color video camera, a 35 mm still camera, two retractable sample baskets, CTD sensors,

Gamma ray spectrometer, CTFM sonar, and a video-image transmission system which enable us to

watch full-color seafloor images every 8 seconds onboard the mother vessel Yokosuka. Recent

innovation of the Shinkai hardware, which includes two 7-freedom manipulators (Schilling Co.,

USA) and two retractable baskets, made this submersible even powerful as a tool for deployment of

various instruments. The total allowable weight for an observer is less than 150kg (in the air)

including collected materials. The underwater speed of the submersible is 0-2.5kts and the speed can

be controlled continuously. The top speed of 2.5kts is just for emergency situations. There are two

ways to find the position of SHINKAI6500; Long Base line system (LBL) and Super Short Base

Line system (SSBL). The LBL system needs 3 bottom mounted transponders to be deployed in the

survey area. The SHINKAI6500 locates her position by herself and the mother ship determines the

position and her position based on the position of transponders. The LBL system has the advantages

of given very accurate position and the submersible can measure her own position in real time. The

disadvantage of the LBL system is the additional time it takes to deploy and recover the transponders.

Normally, LBL system covers the area within a circle whose radius is similar to the depth. The

SSBL system does not require any transponder but the accuracy is inferior to the LBL system, and

only the mother vessel can locate the position of SHINKAI6500. In this case, SHINKAI6500 must

be notified of her position by the mother vessel. However, coverage range is similar to that in LBL

system.



12

Manned-submersible Shinkai 6500 vs on shore Shinkai 6500. At the JAMSTEC,

Oppama, 12 April 2006
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3. Participants

Shinkai 6500 Team Personnel

Yoshiji IMAI Operation Manager

Toshiaki SAKURAI Assistant Operation Manager

Yoshitaka SASAKI 1st Submersible staff

Tetsuji Maki 1st Submersible staff

Itaru Kawama 1st Submersible staff

Yoshio Ohno 1st Submersible staff

Tetsuya Komuku 2nd Submersible staff

Hirofumi Ueki  3rd Submersible staff

Yosuke chida 3rd Submersible staff

Fumiyo Saito 3rd Submersible staff
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R/V Yokosuka Ship Crew

Masayoshi ISHIWATA Captain

Hiroaki MASUJIMA Chief Officer

Yasuo DEAI 2nd Officer

Yuuki HURUKAWA 3rd Officer

Hiroyuki SHIBATA Chief Engineer

Kazuhiko KANEDA 1st Engineer

Saburo SAKAEMURA 2nd Engineer

Daisuke GIBU 3rd Engineer

Fukuo SUDA Chief Radio Operator

Yusuke TAKEUCHI 2nd Radio Operator

Yoshio ODA Boat Swain

 Able Seaman

Katsumi SHIMIZU Able Seaman

Seiji HOSOKAWA Able Seaman

Kiyoshi KANEDA Able Seaman

Shuichi YAMAMOTO Able Seaman

Shouzou FUJII Able Seaman

Toshiki OKUYAMA Sailor

Hiroyuki MURASE Sailor

Seiichi MATSUDA No.1 Oiler

Takeshi FUKUHARA Oiler

Tomoyuki HASHIMOTO Oiler

Sakou TANAKA Assistant Oiler

Yoshinori YAMAOKA Assistant Oiler

Takeshi MIYAUCHI Chief Steward

Shinsuke TANAKA Steward

Isao MATSUMOTO Steward

Kazunori NAGANO Steward

Tadayuki TAKATSU Steward
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Shipboard Scientists

Kiichiro Kawamura  (Fukada Geological Institute) (Chief scientist)

Yujiro Ogawa (University of Tsukuba) (Co-Chief scientist)

Ryo Anma (University of Tsukuba)

Akira Nakamura (University of Tsukuba)

Tomoyuki Sasaki (University of Tokyo)

Hidetoshi Hara (Geological Survey of Japan)

Hiroyuki Mizumoto (Fisheries Research Agency)

Driss Elouai (Kyoto University)

Yoko Michiguchi (University of Tsukuba)

Hisatoshi Sato (University of Tsukuba)

Ai Togami (University of Tsukuba)

Satoru Muraoka (University of Tsukuba)

Satoshi Okada (Nippon Marine Enterprise)

YK06-02 Shipboard Scientific Party
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4. Preliminary results

4.1 Dive report of 6K#938 to the First Ridge of the Nankai Accretionary Prism

Yujiro Ogawa (University of Tsukuba)

The dive of 6K#938 was held at the southern slope of the First Ridge of the Nankai accretionary

prism on the east of the mouth of the Shionomisaki Canyon, Nankai trough. The most frontal thrust

was traversed first in the world upto the top of the first ridge, observing the internal structures and

asking whether methane-bearing seepage occurs or not. As a result, no seepage was observed,

instead, alternation of mudstone and sandstone, in some parts the sandstones were calcite cemented,

was observed. No strong deformation by thrusts or minor folds, but one broad anticline, in parallel to

the broad topographic profile was recognized. Mudstone, although not very highly indurated, is

fractured by oblique cleavage to the bedding, is distributed.

Observation

12:53 landing at 4551 m. Current to 70, 3 cm/sec.

Cliff of 60 trend with 5 m height, the SW side down.

Mud floor with ripple marks.

Again, 90 trend cliff

No Calyptogena, nor any large biological signals, other than Koshioriebi and sea

anemonea

13:22 Small cliff of 330 trend at 4532 m depth.

13:25 Small cliff of 330 trend at 4518 m depth.

Mudstone block, mudstone outcrops with gentle S dip.

13:27 Upslope with small cliff of mudstone outcrops at 4503 m depth.

13:41 Rock sampling R-001 at 4501 m depth.  Soft mudstone with calcareous sand.

13:43 Rubbles of mudstone on the floor. Sporadic outcrops of layered mudstone with south dip at

4491 m depth.

13:4? Small plateau of “Kerama-Ruine” at 4476 m depth.

13:55 Layered mudstone with south dip at 4447 m depth.

14:00 Alternation of mudstone and sandstone with SW dip at 4417 m.

14:13 Umishida on mud floor at 4326 m.

14:33 Top of the ridge, a gentle slope with black sand floor with ripple marks. Two directions of

flow (60, 330) due to bottom current.
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14:40  Gastropod and its trail. Beyond the sand and mud floor, a huge cliff of large relief, at 4262 m.

Diamond-dust like (actually by mica flakes) upwelling by submersible current is observed curiously.

14:51 Rock sampling R-002 at 4278 m. Calcareous sandstone with mudstone balls.

Large cliff with horizontal beds of alternation of mudstone and sandstone. Beautiful layers.

Mudstone is fractures with oblique cleavage to bedding.

Rock sampling R-003 at 4333 m. Mudstone with much mica flakes and plant frgment.

At 4300 m conjugate sets of normal faults and fractures with vertical compression.

15:22 Mud sample trial, but not successful at 4296 m.

15:25 Leaving the bottom. 4293 m.

17:05 Sea surface.

17:40 Retreaved.

Figure: Dive route of 6K#938
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Figure: Sidescan image of the dive site 6K#938 (made by Tomoyuki Sasaki)
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Figure: Sketch_map and dive summary of 6K#938
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Figure: Event mark list of 6K#938
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4.2 Dive report of 6K#939 to the toe of the Nankai Accretionary Prism

Kiichiro Kawamura (Fukada Geological Institute)

The dive of 6K#939 was held at the eastern slope of the toe of the Nankai accretionary prism on the

west of the mouth of the Tenryu Canyon, Nankai trough. This site is nearby 6K#888 (Dive scienstist:

Shunsuke UKE Kawakami) during cruise YK05-08. He found shells of Calyptogena and nice prism

outcrop at there. However unfortunately he had to stop his dive emergency because of a bad weather.

Hence, the distribution of the seepages and the geologic architectures of this site were not fully

understood. As a result of the dive survey, seepages and Calyptogena colonies were observed along

the thrust faults. The muddy turbidite layers were observed, and the dipping of the layers changed

gradually from horizontal to steep dipping during climbing the eastern slope. Particularly, the

horizonal turbidite layers are not so highly deformed without any fractures, whereas the dipping

layers are observed many thrusts, normal faults and fractures.
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Table: Dive log
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Figure: Dive route of 6K#939
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Figure: Sidescan image of the dive site 6K#939 (made by Tomoyuki Sasaki)
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Figure: Sketch map and schematic model of the dive site
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Figure: Event mark list
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5. Sample description

5.1 Samples of 6K#938 (Dive scientist: Y. Ogawa)

6K#938 R-001 mudstone with sany part, sandstone is calcareous cemented

Sampling site: event mark No. 3

6K#938 R-002 Sandstone with mud balls, involved sandy part, which is calcareous cemented

Sampling site: event mark No. 4

6K#938 R-003 Mudstone with slight fractures

Sampling site: event mark No. 5
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Photo: Sample photographs of 6K#938
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Figure: Sketch of samples of 6K#938
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5.2 Samples of 6K#939 (Dive scientsti: K. Kawamura)

6K#939 R-001 Mudstone, collected from horizontal turbidite layer, muddy part: for sand analysis

(Togami), radiolarian (Kawakami, AIST, onshore scientist), physical properties, fabric (Univ.

Tsukuba, FGI) studies.

Sampling site: event mark No. 3

6K#939 R-002 Mudstone, collected from horizontal turbidite layer, muddy part: for sand analysis

(Togami), radiolarian (Kawakami, AIST, onshore scientist), physical properties, fabric (Univ.

Tsukuba, FGI) studies.

Sampling site: event mark No. 5

6K#939 R-003 Mudstone, collected from gentle east dipping turbidite layer, muddy part: for sand

analysis (Togami), radiolarian (Kawakami, AIST, onshore scientist), physical properties, fabric

(Univ. Tsukuba, FGI) studies.

Sampling site: event mark No. 5

6K#939 R-004 Mudstone, collected from vertical turbidite layer, muddy part: for sand analysis

(Togami), radiolarian (Kawakami, AIST, onshore scientist), physical properties, fabric (Univ.

Tsukuba, FGI) studies.

Sampling site: event mark No. 7

6K#939 R-005 Mudstone, collected from horizontal turbidite layer, muddy part: for sand analysis

(Togami), radiolarian (Kawakami, AIST, onshore scientist), physical properties, fabric (Univ.

Tsukuba, FGI) studies.

Sampling site: event mark No. 8

6K#939 B-001 Brownish muds and Calyptogena shells: muds for virus (Mizumoto) and geologic

(Univ. Tsukuba) study, shells for isotope study (Univ. Tsukuba).

Sampling site: event mark No. 5

6K#939 B-002 Dark olive muds and Calyptogena clam: muds for virus (Mizumoto) and geologic

(Univ. Tsukuba) study, shells for isotope study (Univ. Tsukuba), inside body of the Calyptogena for

bacterial (JAMSTEC) study.

Sampling site: event mark No. 6
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6K#939 B-003 Dark olive muds and three Calyptogena clams: muds for virus (Mizumoto) and

geologic (Univ. Tsukuba) study, shells for isotope study (Univ. Tsukuba), inside body of the

Calyptogena for bacterial (JAMSTEC) study.

Sampling site: event mark No. 9

6K#939 C-001 Grayish mud of ca. 10 cm long, collected from flat seabed, probably debris flow

deposit: for geochemical study (Sato)

Sampling site: event mark No. 2

6K#939 C-002 Grayish mud of ca. 10 cm long, collected from inside of the seepage: for

geochemical study (Sato)

Sampling site: event mark No. 6

6K#939 C-003 Grayish mud of ca. 10 cm long, collected from outside of the seepage: for

geochemical study (Sato)

Sampling site: event mark No. 6

6K#939 C-004 Grayish mud of ca. 10 cm long, collected from inside of the seepage: for

geochemical study (Sato)

Sampling site: event mark No. 9

6K#939 SC-001 Mud collected of ca. 50 cc, from flat seabed, probably debris flow deposit: for

bacterial (Nakamura) and virus (Mizumoto) study

Sampling site: event mark No. 2

6K#939 SC-002 Mud of ca. 50 cc,  collected from inside of the seepage: for bacterial (Nakamura)

and virus (Mizumoto) study

Sampling site: event mark No. 6

6K#939 SC-003 Mud of ca. 50 cc,  collected from outside of the seepage: for bacterial (Nakamura)

and virus (Mizumoto) study

Sampling site: event mark No. 6

6K#939 SC-004 Mud of ca. 50 cc,  collected from inside of the seepage: for bacterial (Nakamura)

and virus (Mizumoto) study

Sampling site: event mark No. 9
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Photo: Rock sample photographs of 6K#939
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Figure: Sketch of rock samples of 6K#938
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Figure: Bio sample photographs of 6K#939
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Figure: Push core sample photographs of 6K#939 (C-001-C-004)
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Figure: Sterile core sample photographs of 6K#939 (SC001-SC004)
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5.3 Smear Slide Description

Kiichiro Kawamura (Fukada Geological Institute) and Ai Togami (University of

Tsukuba)

We analyzed the grain size and mineral component of the rock samples by smear slide observation.

The results are shown in table below. The rock samples are composed mainly of silisiclastic grains as

quartz, feldsper and mica. Note that calcareous nannofossils are detected at 6K#939 R-001-005.

Table: Smear Slide Description
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Remark
6k#

938
R001 5 40 55 ++ ++ + +++ + + 0 silty clay

R002 5 15 80 ++ + + +++ 0 sand

R003 3 47 50 ++ + +++ + 0 silty clay

6k#

939

R001

mud
5 60 35 60 5 30 4 1 100 clayey silt

R001

sand
50 40 10 80 r 10 10 100 silty sand

R002

mud
10 60 30 70 10 14 5 1 100 silty clay

R002

sand
10 50 40 60 5 30 5 100 clayey silt

R003

mud
5 30 55 50 5 40 5 100 silty clay

R004

mud
5 50 45 65 4 r 30 1 100 clayey silt

R004

sand
65 30 5 75 10 1 4 10 100 silty sand

R005

mud
5 35 60 30 4 65 1 100 silty clay

R005-

1 sand
45 50 5 75 10 5 10 100 sandy silt

R005-

2 mud
5 35 60 80 10 1 8 1 100 silty clay

R005-

2 sand
10 60 30 80 10 2 7 1 100 clayey silt
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6. Uniaxial compression strength of the rock samples

Kiichiro Kawamura (Fukada Geological Institute) and Ryo Anma (University of

Tsukuba)

Uniaxial compression strength of the rock samples were tested by needle penetration test machine

SH-01 of Seiken Co. Ltd., which is measured the needle penetration pressure and the needle

penetration length. As the needle penetrates into the hard rock samples, the penetration pressure

needs much more. The penetration length and the pressure depend on the rock hardness. Such the

rock hardness is converted into the uniaxial compression strength as below calculations.

y = 0.978 x + 2.621

y = logarithm of uniaxial compression strength (kgf / cm
2
)

x = logarithm of (penetration pressure (N) / penetration length (mm))

Photo: Needle penetration tester
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Figure: Conversion diagram

Results

Results are shown in Table below. The uniaxial compression strength of the rock samples are mostly

1-10 MPa.

Table: Uniaxial compression strength
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7. Core sediment procedures

7.1 Geochemistry study (Hisatoshi Sato; University of Tsukuba)

Four push core samples were sliced in 2cm intervals. Sliced subsamples were immediately put in

clean PE bottles and kept frozen at -40 .

7.2 Virus study (Hiroyuki Mizumoto; Fisheries Research Agency)

2cm

50ml -80

 500mg FastDNA SPIN Kit for Soil (Q-Bio gene)

-80

50 -80

7.3 Bacterial study (Akira Nakamura; University of Tsukuba)

6K#939 DIVE SC-001, 002, 003, 004

2 ml Beads-Bead

DNA (B-003B) 3 (

) DNA 4
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8. Subbottom Profiler

Yoko Michiguchi (University of Tsukuba), Tomoyuki Sasaki (University of

Tokyo) and Ai Togami (University of Tsukuba)

The subbottom profiler (hereafter SBP) was conducted three times; 1) 13 April 2006 to

understand the sedimentary structures at the trench slope basin in the Tenryu Canyon, 2) 14

April 2006 to find the active faults along the Shionomisaki Canyon, 3) 19 April 2006 to detect

the active faults and active folding in the Tenryu Submarine Fan. The SBP survey was

operated in the ship speed of 6.0 knot. The data were output as specific binary files, so that

we converted from these files to tiff image files during the cruise. The X axis of the SBP data

shows a two-way travel time (ms: milli-second) between a shot point (bottom of the vessel)

and a sea bed. The Y axis indicates a shot frequency (NOT distance!). It means that the Y

axis depends on the ship speed.

Shionomisaki Canyon ( 060414 )

In some places in Shionomisaki , there is a black line where a certain constant interval is kept.

They seem thrust plane. They are located after upheaval.

As the result of SBP, there are many folded black lines which are caused by diffracted wave.

Probably it is influenced by geographical features or oceanic condition.

In regard to Shionomisaki , it consider there is a cliff, because it could not catch reflected wave.

In addition, the deposit seems to have collected around shot number 1860 in Shionomisaki . The

place is located between a slope and another slope. Probably, the deposits are slump-sediments.
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Figure: Subbottom profiler image along the Shionomisaki Canyon
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Figure: Sidescan image along SBP060414, Shionomisaki Canyon (north part)
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Figure: Sidescan image along SBP060414, Shionomisaki Canyon (south part)
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Tenryu Canyon  ( 060413 )

In some places, upheaval is observed.

The SBP Data shows striped pattern, in other words they are alternation of strata, black is sand and

white is mud.

Between shot number 260 and 380, the deposit on the north side is relatively thicker than the south.

This observation implies that this place was slope.

Tenryu Canyon  (060419 )

The bottom of the sea geographical features side is rough.

There are the black lines which seem thrusts.

There are folded mountains in Tenryu .

In Tenryu , the plane, south dipping, is observed on the slope of north side. Is this a normal fault??

Because alternation of strata is not distinct, it consider the deposits are mud.
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Figure: Subbottom profiler image of the Tenryu Canyon (060413)
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Figure: Subbottom profiler image of the Tenryu Canyon (060413)
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Figure: Sidescan image along SBP060413, Tenryu Canyon
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Figure: Subbottom profiler line of the Tenryu Canyon (060419)
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Figure: Subbottom profiler image of the Tenryu Canyon (060419)
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Future study
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PCR

These samples will be analyzed for metal concentrations and stable isotopes, and compare with other

sediments which accumurated ruductive conditions. Cold seep areas are site-specific and very unique,

therefore may have distinctively geochemical charactares.

END
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