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The Deep-sea Scientific Drilling Vessel Chikyu @
| The Flagship of IODP since 2007

D/V Chikyu Missions

D/V Chikyu
IODP scientific drilling records

(as of March 2018)

Expeditions: 17  Exp. days: 938

Exp. holes: 102 Drilling: 41km
Cumulative collected core lengths: 5.6 km
Number of cores: 1057 cores

Deepest water depth record:
6,900 m (Exp. 343)

Deepest hole record: 3058.5 m (Exp. 348)




H \ Japan Agency for Marine-Earth
Science and Technology

|ODP= Ocean Drilling Program
= |ntegrated Technology

. Geological Sampling
. Physical Property Measurements
. Seismic Profiling of Geological Structure
. Borehole Observatory & Cable Network
. Active Experiment using Borehole
e.g.: Controlled Hydrothermal Mineral
Precipitation at the Okinawa Trough



& R/V Tanseimaru- R/V Fred Moore
Two-ship Seismic Experiment at the Nankai Trough
July 1987 (Univ. Tokyo-UTAustin-Univ.Hawaii)
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EN Two-ship Seismic Profiling:

High-quality Velocity Structure Determination
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Correlation of Seismic Profile and Lithology

Site 808, Leg 190 Nankai Trough

Mass Accumulation
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Project

Taira, A. et al. Proc.ODP (1990)

EL it

(G mrzm
B ' Acoustic
a4— )
»ﬁ _Transmitter

T ZRDUH
' IN

B
"‘ Date Recorder
| 1l F-saun
Landing Device ~ HE
The First Trial of |||
Downhole 177 Bzerv_oe
Observatory o [
But, Failed | B! | || ..,

Acoustic Data Transmitter Schematics of ONDO ;




Chikyu Project Proposal:

Not Just For Geological Sampling But Monitoring of Earth Interior
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Repeated Mapping and Measurements
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@ IODP and Other Dr|II|ng Sites by the Ch//(yu
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Topography of Japan Islands and Plate Boundaries
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J-FAST
apan Trench Mega-earthquake
-Response Drilling
Exp.343 and Exp.343T
2012



Tsunami washed the Sendai Airport,
March 11, 2011




Huge Tsunami Observed by Ocean-floor Sensors

The offshore pressure sensors detected the huge tsunami
20 minutes prior to the arrival at the City of Kamaishi.  kamaishi
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Huge Eastward Motion of Landward Slope and Trench Axis

Slide made by S.Kuramoto

based on National Geographic Inst. Home Page,
Fujiwara et al., Science (2011),

Kodaira et al., Nat. Geosci. (2012)
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|ODP J-Fast Drilling: April-May, 2012

From 6900m water depth to the Plate Boundary Fault Zone

_ _ 10km o _ - . _ _ _
Kodaira, S. et al., i Before Quake

Nature Geosci.
(2012)

Chester, FM et al.,
Initial Rep. IODP,
(2012)
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For the first time in the history of Scientific Ocean Drilling,

M9-earthquake fault zone was drilled, logged and sampled.

by IODP/JAMSTEC
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©JAMSTEC/IODP




Resistivity (Hole Image)
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|IODP
Nankai Trough

Seismogenic Zone Experiments
(NantroSEIZE)

Multiple Expeditions
2007-2018



g 3D Seismic Profile of the Nankai Trough
Accretionary Prism & Forearc Basin
( JAMSTEC - Univ. Hawaii Collaboration )
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From Moore et al. Science,(2007)



A Model of Tsunami Generation by Mega-Splay Fault

- 2007 Version -
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Evidence for Trench Seismic Slip at the Nankai Trough

A New Model for Tsunami Generation

CO004: Megasplay fault CO007: Plate boundary frontal thrust
(271 m CSF) (438 m CSF)
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Kuroshio-cho Town A
1946 Nankai Earthquake T. H 6m )
jMaximum Rupture and Tsunam| Zone T. H =34m
(T H.= Tsunami Helght)

oy~

: 1‘( v 2 Jof: 1e8ffice (2012)
- j : ol ' .';.." -f:-i :.' RS AEE)



Connector Joint Node for Extension Termination Device Seismometer

/ Extension Cable



Borehole Observatory of CO002 Site
A Nankai Trough

The Observatory assembly
prepared for installation undeithe
drill-fleor’ ‘

]

| -

ah \V
>»‘f-- M\

-~ - b .

XU [P/ 3

. = =
| pe .

UNIT !
ENF—+ —F
252 pisy P —
(EFnEAW




Detection of Slow=Slip Events

by Pore Pressure Measurement
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Proposed Full Coverage of the Nankai Trough
by DONET-type Network & Real-time Warning System
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Japan Trench and Nankai Trough

Project Summary

© Technical innovation of core-log-seismic-
observatory integration has completely revised our
understanding of the plate boundary mega-
earthquake and tsunami genesis.

© Combined borehole observatory and seafloor
cable network would provide real-time warning
system for the reduction of casualties.

(The system is now utilized at the national and
local government levels and private organizations)
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Future Cutting-edge Technology

~" The Chikyu and IODP Beyond No.1

Further Development of Core-Log-Seismic-
Observatory-Experiment Integration

Key Technology: Fiber Optic Cable as Seismic &
Crustal Motion Sensor

©O0bservation of High-Resolution
Plate-wide Seismicity and
Crustal Deformation

ONew Insight into Earth’s Interior
Dynamics and Geo-Hazard Science

B e :
~ = | Iceland crustal deformation

e s observed by fiber optic cable
Jousset, P. et al., Nature Comm. (2018) (green line) 29




Future Cutting-edge Technology
A r

he Chllg'u and IODP Beyond: No.2
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© Ultra-deep Drilling from the
Oceanic Crust to the Uppermost
Mantle

© Drilling Transect of Oceanic
Plates ( Mantle Convection, Plate
Tectonics, Earth’s Material Cycle
and Evolution of Life )

© Insights into Evolution and
Habitability of Exoplanets

© Borehole Experiments for Deep-
Biosphere (e.g. Role of Electro-
magnetic Energy)

© Mantle Minerals as Paleo-detector

for Dark Matter and Neutrino
Baum, S. et al. et al,, arXiv:2106.06559 (2021)

Baum, s, et al., Looking for Dark Matter with Olivine,

Tohoku Univ. Frontier Symposium (2022) 20
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