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Historical Background to the Construction of SHINKAI 6500

Submersible research in Japan can be traced back to fisheries

research conducted by the “"Mame” (Midget) Submersible built
by entrepreneur Ichimatsu Nishimura before World War I1. At
the time, this craft reportedly boasted the highest performance in
the world, with a maximum diving depth of 200m.
The Japan Marine Science and Technology Center (JAMSTEC),
founded in 1971 as a statutory oceanographic research institute
under the supervision of the Science and Technology Agency
(STA), built manned research submersibles SHINKAI 2000
(maximum depth capability 2,000m) in 1981 and SHINKAI
6500 (maximum depth capability 6,500m) in 1989, thus marking
the start of Japan's full scale scientific research using
submersibles.

Japan sought a 6,500m diving capability with SHINKAI 6500,
while France and the United States constructed their manned
research submersibles aiming at 6,000m depth capability,
although it was not simply for the purpose of achieving the
world's highest-performance submergence. As one of the
countries with frequent earthquakes, Japan emphasizes
earthquake predictions in connection with deep sea research.

Many of major earthquakes in Japan are related to oceanic
plate subduction. The plate moving from the Pacific towards the
Eurasian Continent sink under the Eurasian Plate along the coast
of Japanese Archipelago. As the plates deform near the trench,
where they meet the Eurasian Plate, faults and frictions occur
releasing tremors which supposedly lead to a strong earthquake.
It has become apparent that the location important to earthquake
predictions is 6,200-6,300m deep, right below where the plate
deformations begin, instead of the 6,000m deep Pacific Ocean
floor along the Japanese Archipelago. This explains why the
maximum depth capability of SHINKAIL 6500 was specifically

set at 6,500m. Y
(Shin'ichi Takagawa, JAMSTEC)

SHINKAI 6500 under construction at the Kobe shipyard of Mitsubishi Heavy Industries Co., Inc.

Completed titanium sphere

The Launching of SHINKAI 6500

The submersible research vessel
SHINKAI 6500 was launched on
January 19, 1989 at the Mitsubishi
Heavy Industries shipyard in the
Hyogo ward of the city of Kobe.
Some five hundred people involved
in the project witnessed the event.

The name SHINKAI 6500 was
determined by public participation.
At the launching ceremony, the
unveiling tape was cut by
Toshimitsu Kirihara, a fifth-grader
at Tainohata Public Elementary
School in Kobe, who was selected
to represent all the members of the
public who had submitted names.
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Annual Program for the SHINKAI 6500

The SHINKAI 6500 ordinarily conducts research dives from
sometime after April up to November or early December.
During this time, fifteen research dives take place on a one-
month or month-and-a-half schedule. When the submersible
returns to port, preparations for the next research dive are
begun, including battery maintenance. Therefore, four research
voyages are ordinarily scheduled in the course of a year, with a
total of sixty research dives.

After the research dives are completed, the three-month period

——

from December through February is occupied with inspection
of the SHINKAI 6500. Every piece of equipment is removed,
inspected, and repaired. Regular inspections are carried out
once every four years, along with the annual inspections, for
more detailed inspections. Once the inspections are finished,
test dives and training dives take place during March in order to
confirm the inspection work at sea. The training dives are for
improving the skills of the SHINKAI 6500 Team members and
training new members.

Recovering SHINKAI 6500
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One Day's Typical Work Schedule
for the SHINKAI 6500

0800 | Begin pre-dive checks (about one hour)
0910 Swimmers stand-by
0920 Crew and researcher board the SHINKAI 6500
Pre-launch checks
Prepare to raise submersible from hangar, then
raise close hatch
Hoist submersible, swing out, and launch final
post-launch check
Cast off hoist cable and primary cable
1000 | Open vent, begin dive
1700 Surface
Attach primary cable and bring in submersible
Attach hoist cable, lift submersible, bring
inboarc, and lower onto trolley
Open hatch
Draw submersible into hangar
Post-recovery check
Prepare for next dive
Night | Charge batteries

SHINKAI 6500 waiting to be launched



"Vioyages of the SHINKAI 6500 (1)

Fractures in the Japan
Trench

Seaward Slope ; Gy y 5 ‘

The deep-sea bottom as seen from the SHINKAI 6500 ' -
revealed mystery after mystery. In 1991, a number of
fractures believed to be ocean floor fissures caused by
earthquakes were discovered in a line more or less parallel'to
the Japan Trench off the Miyako coast. The photograpﬁ‘

shows the head of a mannequin that had fallen to the botlom :

L}
of one such fracture. A year later, in 1992, thus mannequm
head was buried lem deepcr Then. in 1997, the 1 '
1
.
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@ Calyptogena Phaseoliformis
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. ‘,e" )i ﬁ@ 3 At a depth of 6,400 m on the landward slope of the northern end of the
T LT - . : e : SRt e s
d W FES S & Japan Trench, there is a steep slope called the Sanriku Escarpment
= = %iud 4 S caused by a major reverse fault. Clusters of Calyptogena phaseoliformis
" - % shellfish were found lying in a remarkably uniform orientation at the
! - ___‘_ _ ba\.e of  this escarpment. Numbers of these clusters were distributed in
N cthe]on formation aiong a north- south zone that followed the line of the
Trash sunk inlo S HEE i x :,scarpmcnt “These bhcllftsh are thought to flourish there due to the
. _ mctham, and h drogen: sulﬁdc pmduced by microorganisms in the silt.
The mlcmo gamsms fecd?m numems in ccld water that «eeps out a!ong,
Extremely 3 .
barophilic bacteria ' -



'Voyages of the SHINKAI 6500 (2) |

The I1zu-Bonin Trench

Biological Community in
Whalebone Habitat and Serpentine
Rock

Seamounts (rising 1,000-2,000m from the sea floor with peaks
approximately 4,000m deep) line on the slope 40-50km landward of Tzu
Bonin Trench. The seamounts known as “fore-arc seamounts” are
made of serpentine rocks that originate from mantles. Why such rocks
exist there remains mystery. While investigating the Torijima
Seamount, one of the fore-arc seamounts, a cluster of organisms was
discovered around bones of a bryde's whale. A multitude of organisms
depend on the bones of the whale whose time of death is yet known.

(Hideki Wada, Faculty of Science, Shizuoka University)

The Ogasawara Ocean Plateau
(Cretaceous Coral Reef)

The 145th dive took place at the southwest end of the Ogasawara
Ocean Plateau adjacent to the Marianas Trench. The photograph (page
13) shows limestone that is exposed on the steep slope which extends
from 5,300m deep to 5,740m deep. Research showed that some
sections of this limestone contained large quantities of calcareous algae,
while others contained large quantities of bivalves and conches. It is

thought to be sediments from coral reef lagoon of the early Cretaceous.

The limestone's present depth of 6,000m tells us that it has sunk as

much as 6,000m since the time it was formed at the surface.
(Eiich Tokuyama, Ocean Research Institute, University of Tokyo)




Voyages of the SHINKAI 6500 (3)

The Nansei Shotou Trench

Horst, Rift, and Manganese Crust

The seaward (southeast side) slope of the Nansei (Ryukyu) Trench southeast of

Okinawa is formed from horst and rift that is more or less orthogonal to the axis of

" the trench. Horst and rift are remnants of the undulations in the ocean floor from

the time it was formed. The thick manganese crust that was built up over long

periods of time on this slope contributed to the survival of this topography.

. However, now that plate movements have brought the slope closer to the trench,

- where tectonic activity is intense, fissures have appeared in the manganese crust,

and portions of it have begun to break off together with the bedrock. The
photograph shows a fissure in the manganese crust more or less at the center.

(Yukihiro Kato, Hydrographic Department, Maritime Safety Agency)

eep cliff at a depth of about 5.500m south of the Yaeyama Archipelago.

This is the landward slope of the Nansei Trench where the Philippisie’ Sea
Plate‘and the Eurasian Plate collide. The energy of this collision has resulted
in' sediment breaking off along the unstable steep slope, the surface being
chipped off, the underlying strata being exposed, and sheer cliffs being
formed. .

33 e (Takeshi Matsumoto, JAMSTEC)



'Voyages of the SHINKAI 6500 (4) |

Covering a hydrothermal vent to measure
flow rate and collect microorganisms.

Mariana Trough

“Alice's Springs”
Hydrothermal Chimney

This is a transparent hydrothermal fluid and a black bottle-
shaped hydrothermal chimney observed at “Alice's Springs”
in the central Mariana Trough (18°13°N, 144°42’E, depth
3,602m). On theleft in the photographbelow, you can see
the area roiled by the outwelling of hydrothermal fluid
(maximum temperature of 280 C). This photograph shows
the process of hydrothermal sampling from the vent right in Gorgonians growing on fresh basalt.
front of the chimney using a thermomeler-equipped water
sampler attached to the manipulator. Diverse organisms
such as sea anemones, conches, crabs, and galatheidae can
be seen in the vicinity of the chimney.

(Toshitake Gamo, Ocean Research Institute, University of Tokyo)

A

~ Carbonate baby chimney

'.-.’-;_.."J : €

Biological community of serpentinite flow.




"Voyages of the SHINKAI 6500 (5) '

Giant symbiotic gastropod Alviniconcha hesseleri dlustering = =
around hydrothermal fluid- =8~ ~ s o

<*

Southern Mariana
Trough

Fissure Extending Along the Deep
Seabed

This is one of a number of fracture zones observed where ropy lava (back
arc basin basalt of the same composition as the ocean crust) was exposed
along the seabed extending outward from the base of a small seamount in
the Southern Mariana Trough. The fissure's sharp edge and the thin layer
of sediment covering the outcrops indicate that the seabed is in an area of Slope covered with bacterial mat that looks like fresh snow.
dynamic tensile stress. Hydrothermal activity was also observed by
SHINKAI 6500 at the island arc seamounts in this area, These facts prove
that ocean crust formation adjacent to the island arc crust is currently in

TOgress. _ P ; o :
Prog (Harue Masuda, Faculty of Science, Osaka City University)



Heat flow sensor

"Voyages of the SHINKAI 6500 (6)

™

A marker for International Ocean Drilling Program. -

Mid-Atlantic Ridge

Rainbow Site

The photograph below shows a black smoker (depth
2,300m, temperature 360C) in the Rainbow hydrothermal
site (36°13°N, 33°54’W) of the Mid-Atlantic Ridge. The
fluid is much darker than those of other sea-bottom
hydrothermal systems because it contains large amounts of
iron. Numbers of extinct chimneys as much as over 10m

high are around this chimney actively venting.

The fluid of this hydrothermal system is not heated by
magma but by the heat from transformation of rocks that
comprise the mantle exposed on the ;

(Hitoshi Chiba, Institute for Study of the Earth's Interior,
Okayama University)

A Long-term Ocean Bottom Observatory.

Measuring heat flow.



"Voyages of the SHINKAI 6500 (7)

Mid-Atlantic Ridge

TAG Hydrothermal Mound and Kane Fracture Zone

There is a giant TAG hydrothermal mound of 200m across and 50m high, as big as the Tokyo Dome,
in the axial trough at latitude 26°N on the Mid-Atlantic Ridge. The two-level, circular conic mound of
aggregated sulfides rises up high like a cakestand. 350 C black smoke vents like steam locomotive
exhaust from a nearly 20m high giant black smoker “Laputa” on top of the mound. Eyeless shrimps

“Rimicaris” and “Chorocaris” cluster around it. _ "
(Kantaro Fujioka, JAMSTEC)

Pillow lava
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Rimicaris exoculata cluster *~
around a black smoker




" Voyages of the SHINKAI 6500 (8)

The East Pacific Rise

Long-Term Sea-Bottom
Observation

When the SHINKATI 6500 first visited this site in 1994,
relatively low-temperature hydrothermal fluid was being vented
over a wide area. Although, when the submersible returned
there three years later, hydrothermal activities and living
organisms were all virtually extinct. This is a valuable instance
for demonstrating that hydrothermal activities last several years
(see photograph on right). In order to clarify the temporal
variation of hydrothermal activities, observations using the
Long-term Ocean Bottom Observatory and hydrothermal flow
measurement device were conducted under the Ridge Flux
Project.

At the East Pacific Rise, 4,000km off the coast of Chile,
volcanic eruptions occur every several years to a decade. A lava
flow took place at this location in the early 1990s, and there is a
pool of magma less than 1 km beneath the seabed. The gaseous
components emitted by this magma are dissolved into the low-
temperature hydrothermal and come gushing out.

This torrent is inhabited by numberless fish and small
crustaceans. The Ridge Flux Project placed a number of devices
here to conduct the world's first year-long sea-bottom
observation. The bottom photograph shows one of those
devices, an instrument for measuring hydrothermal flow

(Tetsuro Urabe, Geological Survey of Japan) i Large Galapagos tube
worms and small tube

worms in the roiling water.




"Voyages of the SHINKAI 6500 (9) ~

The East Pacific Rise

A Group of Hydrothermal Chimneys .
Lined up in a Row et
On a peak of the East Pacific Rise at latitude 18°S, there is a trough-like rift that

is 200-800 m in width. Inside this are several terraces formed by slippage from

normal faults. The rift also contains lava lakes filled with magma and pillars

formed when ceilings collapsed. The chimneys are mostly located in a line that

follows the direction of the submarine ridge, creating a scene that looks exactly

like a tree-lined highway Various names, such as pagoda and birch, have been

given to this area. ] N _
(Kantaro Fujioka, JAMSTEC)

Collecting hydrothermal fluid

Bythograeid crabs

Lava cooled off and fissured.



Voyages of the SHINKAI 6500 (10) *

The North Fiji Basin

A Variety of Lava

The SHINKAI 6500's first dive outside Japanese waters was for the joint French-Japanese STARMER
Program in the North Fiji Basin. Here evidence remains of the existence of a lava lake. The surface of the
lava lake came into contact with the sea water and solidified, forming a ceiling a few centimeters thick.
This ceiling collapsed after the magma inside flowed out, but sections of it supported by lava columns of
some 2m high still remain and they look like propellers on shafts, as shown in the bottom photograph.
Close examination shows scattered ceiling fragments around the feet of the lava columns,

In 1989, the French submersible Nautile discovered a giant colony of bathymodiolus (a mussel). The
SHINKAI 6500 looked for it two years later, but found no trace. As seen in the photograph, only small
colonies existed on the extremely fresh lava. It appears that a lava flow occurred during those two years
burying the colony, but this knowledge was not available at that time.

(Tetsuro Urabe, Geological Survey of Japan)



" Voyages of the SHINKAI 6500 (11) "Voyages of the SHINKAI 6500 (12)

The Palau Trench o The Yap Trench

A Cretaceous Wall -y Serpentinite on the Landward Slope Face

At a depth of 6,500m in the Palau Trench, there is a wall of stark white limestone oo A ! The submersible landed on the mud at a depth of 6,392m. Just as the slope grew
(bottom photograph). The existence of this limestone at 6,500m presents a mystery ' ' steep, outcrops appeared. They were serpentine, very much like the serpentinite flow
because limestone dissolves at depths greater than 4,500m. Why is limestone found at such T in Marianas, covered with manganese. Similar outcrops were seen at 6,278 and
a location? 6.270m deep and they were either of serpentinite or olivine. A part of the serpentine

Recent research indicates the possibility that the limestone in shallow waters in the Palau could have been carried there in a debris flow, but most were outcrops that already
Archipelago collapsed and was carried down into the ocean depths. Possibly the collapse existed there.
was due to a large-scale earthquake followed by a large tsunami similar to the one that hit
the northern coast of New Guinea in 1998,

(Azusa Nishizawa, Hydrographic Department, Maritime Safety Board)

(Hiroshi Kitazato, Department of Biology and Geosciences, Faculty of Science, Shizuoka University)




"Voyages of the SHINKAI 6500 (13) Voyages of the SHINKAI 6500 (14)

The Manus Basin The Indian Ocean

PACMANUS and - R s _ Icl)flggg:jnds First Dive to the Bottom of the Indian

DESMOS 1 The first time that mankind reached the bottom of the Indian Ocean was fall 1998, when the
The deep-sea bottom of the Manus Basin in L SHINKAI 6500 was used for research on the sea-bottom spreading axis known as the Southwest
Papua New Guinea is known for its : } _ Indian Ridge during MODE'98. Apart from the Arctic Ocean, this is where the world's slowest
hydrothermal phenomena and hydrothermal - spreading is taking place. The supply of magma is small and concentrated in one area where fault
vent communities. The bottom photograph (of » activity is intense and hydrothermal activity has also been reported, making this a ridge that deserves
a black smoker) was taken at a depth of 1,700m atiention.
at the PACMANUS site, while the one on the - o Samples were collected from chimneys marking the location of past hydrothermal activity near the
right (of a white smoker) was taken at 1,500m ' top of the seamount where the magma activity is concentrated.
at the DESMOS site. The two sites are barely ' (Hiromi Fujimoto, Ocean Research Institute, University of Tokyo)
20km apart, yet they differ this greatly in

appearance.

The chemical compositions of the
hydrothermal fluids differ with the physical
substance of the magma, and the communities
of living creatures that grow there differ with

the chemical composition of the hydrothermal

fluid. y . ’
(Jun Hashimoto, JAMSTEC)
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@ Participants of the 2nd Mid-Atlantic Ridge diving cruise (Leg2).

@ Researchers of the 1st Mid-Atlantic
Ridge diving cruise (Leg1).
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@ Side-sliding SHINKAI 6500 in the hanger of R/V
YOKOSUKA, which is no long seen today.

@ Researchers of the 2nd East

@ Researchers of the 1st East Pacific Rise diving cruise (Leg3). Pacific Rise diving cruise (Leg4).
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Lisbon Harbor in Portugal, {o hold an open house at EXPO'98, JAMSTEC's first in
Europe, on July 19-20. A total of 9,000 visitors toured the YOKOSUKA and SHINKAI
6500 at the EXPO pier.

The second Mid-Atlantic Ridge diving cruise (Leg2) took place from July 23 to August
23, when fifteen dives were conducted at TAG, Dante's Dome, and Rainbow. Having

completed its research dives in the Atlantic, the Yokosuka passed through the

Mediterranean Ocean and the Suez Canal, heading for the Indian Ocean. On the way, it

put in at Port Louis in Mauritius.
From September 20 to November 18, the SHINKAI 6500 carried out the world's first
research dives in the Indian Ocean as a manned submersible. A total of 25 research

- e =
@ Placid Indian Ocean

dives were made at the Southwest Indian Ridge and the Central Indian Ridge throughout
Leg3 and 4 in the Indian Ocean.

@ Water Front zone of Port Louis,
Mauritius. R/V YOKOSUKA moored
at the opposite side.

o -
H_r.f-l ik

"y

® SHINKAI 6500 model displayed at EXPO'98
Japan Pavilion

@® Open House at EXPO'98.

3 @ SHINKAI 6500 emblem painted on
i the EXPQ'98 pier by Mr. Tsuyoshi
YOSHIUME of SHINKAI 6500 Team.

@ Sunset in the Indian Ocean

@ R/V YOKOSUKA moored at Old San
Juan in Puerto Rico.

@ R/V YOKOSUKA at EXPQO' 98 pier.

@ SHINKAI 6500 submerging into the Indian Ocean.

@ Reception on board R/V YOKOSUKA.

® "Padrao dos Descobrimentos”
in Lisbon, Portugal.
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® View of Mauritius,

@ Participants of the Indian Ocean Diving
Cruise.

Course of R/V "YOKOSUKA" in MODE'98
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t will 1r public o -
We also hope that it will be of some use to researchers' studies in the future. -y e
We have used photographs of the construction and maintenance of the SHINKAI 6500 that are
not seen very often, as well as the sea-bottoms explored by SHINKAI 6500 around the globe.
Experts who are most familiar with the dive areas have kindly selected photographs and
contributed comments on them. There are, or course, numerous superb photographs besides
those in this pamphlet. We hope to introduce them at other opportunities in the future.
We acknowledge with deep gratitude the cooperation given by the researchers and all others
concerned in the course of publishing this pamphlet.

Production Team

Katsufumi Akazawa (Ship Operations Division, Research Support Department)
Minoru Yamada (Public Relations, Training and Education Division, Administration Department)
Kantaro Fujioka (Frontier Research Program for Deep-sea Extremophiles)

Photographs and Cooperation

Cover Photograph: Shozo Tashiro
Illustrations: Kazutaka Tsugaoka

Mitsubishi Heavy Industries, Ltd. Kobe Shipyard;
Kawasaki Heavy Industries, Ltd. Kobe Shipyard,
Researchers on each expedition;

The SHINKAI 6500 Operations Team;

Public Rerations, Training and Education Division

The Submersible Research Vessel

SHINKAI 6500

Japan Marine Science and Technology Center

Headquarters 2-15, Natsushima-Cho, Yokosuka, Kanagawa 237-0061
Phone +81-468-66-3811

Mutsu Branch 690, Aza-Kitasekine, Qaza-Sekine, Mutsu, Aomori 035-0022
Phone +81-175-25-3811

Tokyo Branch SEAVANS North 7F, 1-2-1 Shibaura, Minato, Tokyo 105-6791
Phone +81-3-5765-7101
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