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w SCOpe of Program -1-
I

The formation, evolution, and subduction of the
lithospheric plates are the surface expression of cooling
Earth the dynamics of these plates, which can be thought of
as a cooling system for "heat engine™ Earth, is responsible
for the occurrence of internal and surface phenomena
occurring over a wide range of spatial and temporal
scales,from rapid events such as earthquakes and volcanic
eruptions which can have a pronounced impact on our daily
lives, to the formation of mountain ranges, island arcs and
marginal seas which occur over geologic time scales of
millions of years.




w ocope of Program -2-
]
The important facets of plate behavior are the thermal and

material structure of its comprising lithosphere (crust and

upper mantle), rapid deformation at the plate boundaries and

Interior, and long-term plate deformation.

An understanding of these facets of plate behavior
contributes to our knowledge of the phenomena governing
viscous and visco-elastic flow, whose character is far
removed from the strict rigidity used to define the lithospheric
plates, but which are important for understanding phenomena
that cannot be explained by simple plate tectonics, such as the
uplift of mountain ranges and plateaus, the onset of
subduction and the formation of back arc basins.




Scope of Program  -3-

This programs are mainly focusing on subduction zones,

where all aspects of plate structure and deformation are
represented, including rapid processes such as large-scale
rupture of plate boundaries in interplate earthquakes. Research
Into lithospheric structure, numerical modeling and material
sciences will be integrated into a comprehensive understanding
of plate dynamics.

The research in this program will be conducted in close
cooperation with other research programs involved in related
fields, such as the other programs of IFREE. Also, it will play
an_important role in promoting the scientific objectives of the




Resear ch groups of this
rogram

The Lithospheric Structure
Research Group

[ Understarding Plate Dynamils
|

Ehe Seismogenic Zone Material

The Plate Dynamics Numerical
Science Research Group

Modeling Research Group




LLithospheric Structure Research Group
|

1) Thefirst theme is Quantitative determination of
large scale plate structure in subduction zones.

2) The second theme is Quantitative determination of
small-scale structure and its influence on interplate

coupling.
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Selsmogenic Zone Material Science Research

Group
L
1) Develop a quantitative understanding of the
conditions Important for the dynamics of

subduction zones by experimental and theoretical
methods

2) Understand the  proce s s
preparation, rupture, and r ., |
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Plate Dynamics Numerical M odeling Research
Group

1) Construct a model which provides an integrated
description of subduction plate motion and
assoclated crustal activity of various time scales.

16 min.




Subduction Zone Structur e Resear ch
- Survey Vessdls -

R.V Kairel 4628 tons R.V Kalyo 3176 tons
Streamer Cable 156¢h, 5000m Airgun 200 liter

Airgun 200 liter 100 OBSs




1)

2)

3)
4)
o)

Research activity (1)
- Lithospheric structure research-

We proposed the hypothesis that the splay fault imaged off Kii
Peninsula plays a role as a active fault in Tonankal
megathrust earthquake system.

The saeilsmic imaging of Paleo Zenisu and the deeper Paleo
Zenisu Ridge off Tokal imply a cyclic ridge subduction
system at ainterplate locked zone off central Japan.

Onshore-Offshore seismic survey in SW Japan
IBM seismic survey

Seismicity observation using Ocean bottom Seismograph
(OBYS) to investigate the crustal activity off Kii Peninsula.
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Megathrust Earthquake
around Nankal Trough
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Tonankal - Nankal Research Project

Geophysical observation / survey mainly funded by
the national project for the Tonankai, Nankai earthquakes
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> 2003 Wide-angle seismic survey

31 2003 Micro-earthquake monitoring

(~ 3 months observation)

2004 Wide-angle seismic survey
combined with 2D MCS survey

2004 MCS survey targeting
IODP sites (3D or dense 2D)

2005 Wide-angle seismic survey
combined with 2D MCS survey

2006 2D-MCS survey

2006 Micro-earthquake monitoring
(~ 3 months observation)

2007 Wide-angle seismic survey
combined with 2D MCS survey
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Off Muroto
-Subducting Seamount-

Seismic velocity image (contour interval,
Vp=0.2km/s) off Muroto, Shikoku Island. A lighter
colored region shows no seismic ray sampled.
Geological interpretation shown by dotted pink lines
are superimposed. Black lines beneath the Tosa-bae

represent interfaces interpreted from seismic
reflection data.
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Poststack depth-migrated MCS
profiles showing the splay

faults off Kumano

Schematic cross section of up
dip portion of the Nankal
subduction zone. Gradation in
gray scale shows the degree of
interplate coupling.

Temperature at the plate
boundary is inferred from
thermal modeling results.

Control the rupture process at Tonankai EQ
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The obtained slip distributions of the 1944
Tonankal and 1946 Nankal earthquakes
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Structural anomaly along the segmentation
boundary in Nankai Trough

134 135 136 137 138
g 35
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*\Wide-angle seismic data
NTO1: 220BSs, 7 km spacing
NTO02, NTO3: 390BSs, 5 km spacing
33 12,000 cu. inch airgun, 200 m shot inter
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Significantly low velocity uppermost mantle and/or sub-moho
reflector are imaged in the segmentation boundary



Nankal Seismogenic Zone
- CO-Selsmic ruptur e segmentation -
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2004 Wide-angle seismic profiles crossing the segmentation
boundary will provide a key information to solve this question



Saismic velocity / reflectivity images: NT02
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Significantly low uppermost mantle velocity (Vp=7.4—7.6
km/s) are imaged above sub-moho reflector.



Saismic velocity / reflectivity images: NTO3

Shionor}'nisaki igneous complex
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= Subducted oceanic crust is heavily deformed off the Shiono-misaki

= Anomalously low velocity uppermost mantle, which isasimilar to NTO2, isimaged

= High velocity crustal body indicating the Shiono-misaki igneous complex is
obtained immediately above the subducting oceanic curst.



Anomalously low velocity mantle and sub-moho
reflectors along the segmentation boundary

= Ly ~ —

= Locations of the anomalously low

velocity uppermost mantle on the
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1321 13351 1341 1351 1361 1371 1381 139

The low velocity uppermost mantle
extending to southeast from the Shiono-
misaki may indicate 25-30 % partially
serpnetinized mantle

The presumed partially serpnetinized mantle
extremely reduced a strength of the



Free air anomaly off Kii
Peninsula
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1 Specification of onshore-

offshore seismic survey

Onshore part of the profile

- 262 km long
- Six explosions

- five 500 kg shots and one 100 kg shot
- 391 stations

- 63 stations located at the southern part of

the profile record both the onshore

and offshore shots

Offshore part of the profile
- 215 km long
- 2000 cu. inch air-gun shot at every 100 m interval
- 70 ocean-bottom stations deployed at about
every 3 km spacing
- multichannel seismic reflection data were
also acquired along a part of the profile



Cyclic ridge subduction off Tokal

- wide-angle selsmic tomography and migration -
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Central Japan Onshore-offshore Lithosheric
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The seismic velocity / reflectivity images show several regions of crustal thickening down to

45 km depth, which are interpreted as subducted ridges. In the offshore part of the profile, we
recognize subducting ridges at 300 km (the north ridge) and 350 km (the south ridge) with
maximum thicknesses of 20 km and 12 km, respectively. The ridge structures in the Tokai
segment support the rupture propagation of the 1944 Tonankai earthquake. GPS data suggest
a strongly coupled region where the back dlip rate is about 35 mm/yr in the Tokai segment.
The north ridge is situated in the same area where the strong coupling is predicted.



Tokal slow slip and its relation to the
structure

Typical subduction model

2

Ke= -(3-D)( o P/l

s Narrow slow slip zone . Cyclic ridge subduction.
: Wide slow dlip caused by high pore pressure.

Slow slip

Stable slip




Structural factors controlling the rupture process of
megathrust earthquake in the Nankal seismogenic
Zzone
-

1) Subduction large seamount off Shikoku
|sland

2) Splay fault distribution off Kii Peninsula

3) Cyclic ridge subduction off Tokal



Structural factors controlling the rupture process of
megathrust earthquake in the Nankai seismogenic
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(a)

Common asperity
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{ " 1094 Sanriku-oki aftershocks T\
s Hino et al. (2000)

‘ © repeating eanthquakes
| lgarashi et al. (2003)
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Model with iso-velocity contours as for Fig. 3a,
superimposed on focal depths of  aftershocks of #°
1994 earthquake projected onto the vertical cross
section off Aomori  forearc region.

ysmic survey off Sanriku
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. Vp (kmi/s)
Fig.3 (a)

Spatia distribution of repeating earthquakes
from Igarashi et a. Orange circles show the
repeating earthquakes for the period from
April 1992 to July 2000 (M=3 or larger). The
red line indicates the location of the seismic
refraction profile and white circles are OBS
locations for this study.
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Figure 7 Comparison between the seismicity and the MCS reflection profile. Vertical exaggeration is 4 times. The seismicity
rapidly increases landward from the location, where the deformed area pinches out landward and the stable slip plane becomes
less obvious, Rectangles in the top location map show OBS deployment areas.



ODbjectives .

To understand the structural
characteristics of the Kuril
arc-backarc crust

Existence of Paleo Okhotsk
microcontinent

Existence of a~6 km/s
layer corresponding to
andesitic rocksin
continental crust

Effect of backarc spreading
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Crustal Transect
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Transition zone
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Off Kil peninsula Earthquake
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Selsmic Section
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Sasmic Section StrikeFault ?

KR0211-S0

AT g T

o PR P AN NIt O ol o)

R LA ﬁl‘:’w il
b I~<-l- )..‘, ‘I}'}‘—M ’ ’r_ 2 ..

PR

{“i' f.\s‘/.;, /! ,;«‘

3t
y ‘\’-.\6‘2': ,_’4- 7
b

fé’éé‘" .}#\ NIAT
Fi s

s Q
e

-

-

-




Deference seismic imaging
between Before and After

event

MCS Data Comparison:
Lines 2002 (Before EQ.) vs. Lines 2004 (After Eq.)
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Off Sumatra Earthquake

, 1 depth [km)
0

10

» "The underwater survey of the
* SUMATRA earthquake source area"
. The Research Vessel " Natsushima" of
» JAMSTEC passed acrossthe Malacca
o Strait at midnight of February 18th.
® (Fri), 2005 (local time),




RBET IV

A\AK[20085]

10
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Bathymetric Survey

Seafloor topographic survey started
using
SEABAT 3000 system with a backscatter
Imagery data acquisition.
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|BM research program in coming 5 years.
1L Results of seismic survey in IBM.
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Research activity (2)

- Selsmogenic zone material science
research-

1)

2)

3)

Sample and analyze exhumed fault rocks at Shimanto
accretionary complex SW Japan and the accreted sediment at
an evolved portion of the Nankal accretionary prism for
elucidating the micro dynamic system in seismogenic zone.

The results of analyses confirms typical evidence for the
seismic dlip by the discovery of pseudotachylyte in Shimanto
accretionary complex.

Experiments for reproduction of fault dip a Chi-Chi
earthquake



L ocation Map of Field
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Nankal selsmogenic system and analogue tields
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Research activity (3)

B -Plate dynamics modeling research-

1) Develop the modeling software such as megathrust EQ
recurrence cycle ssmulation using ES.

2) Obtained results include a detailed 3D Philippine sea plate
Interface, S-wave anisotropy within the subducting plate
and analysis of the source process of the 1946 Nankal
earthquake.

3) Slip distribution of the 2003 Tokachi-oki EQ



Results of ES utilization
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Model settings

5 depth dependence of frlctlona

parameters
a-b: depth dependent
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Frictional property

ABMPa) [ e B3 @H va il

= Large scale heterogeneity
Depend on the slab geometry
= Shallower than 10km (deformable backstop): stable sliding
= Small scale heterogeneity
High fracture energy area
» Effective normal stress (+200MPa) & L (max: x 5.0)

Stable sliding area
= b=0.0




Simulation result "
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Wave propagation generated
by megathurust EQ
17 1944 Tonankal EQ - 1946 Nankal EQ

The result of computer simulation for the Tonankai, Nankal hypothetical
earthquake demonstrating large ground shaking radiating from the source
region, and propagating to east along the fault rupture.

Furumura et.al



Co-selsmic and 1-year post-seismic dip distributions
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Micro scopic/M acr o scopic modeling
for Deodynamic (FEM DEM etc)

Il Development of new analytical methods based
on the Discrete Element Method




Virtual tri-axial compression testing simulation using DE|

500

E w00 || Laboratory experiment
4 Toyoura standard sang
0 Relative density 42.3%
1"3 300 Y
5 [ J—
LC) 200
IS
>
8100 [~ . .
(a) (b) (©) (d) DEM simulation
The experimental method, condition, procedure are all identical ,
to those of real laboratory tri-axial compression tests. 0 i EE 4 5
|dealized conditions which are impossible to see in laboratory Axial strain (%)

experiments can be realized.

20

Laboratory experiment

[
. Toyoura standard sang
Relative density 42.3%
10 \
|

Y
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os | DEM simulation

Volumetric stain (%)

o
o

(a) (b) S

Snapshots of deformation during atri-axial compression test

|
o
o

2 3
Axial strain (%)



Multiscale approach to
understand Geodynamics

1) Lithospheric Structure Research
- Wide angle refraction and Multi channel reflection seismic
survey

Tail buoy
o

st

oy nography

Streamer cable ==

Seismic Tomography
Vp, Vs and Poisson’ s ratio structure
(Kamiya and Kobayashi, 2003)

Velocity Perturbation (%) : (36.84347N,136.79839E) - (34.66505N,137.90566E)

Nide anglerefraction and Multi channg
r eflection seismic survey

L ocal




Multiscale approach to

Geodynamics

2) Modeling Research

- Forward modeling to determine the structure

- Micro scopic/Macro scopic modeling for Deodynamic (FEM
DEM etc)

Regional

Snapshot of the vertical component of the synthetic seismic waveform



Multiscale approach to

L under stand Geodynamics

| ntegrati orﬁ

3) Physical and M aterial science approach
- Experimental research to ellcidate micro process
- Geological research to understand micro/macro process

4) Integrateto resultsfrom structural /physical /material /
and analitical researches



The deep-sea drilling vessel CHIKYU

Length Overall:  210m Operation Capability for Water Depth:

_ Riser Drilling 4000m (2500m at 1st Stage)
Gross Tonnage: 57500ton Riser less Drilling 7000m

Max. Complement:  150per song aximum Drill String Length:
12000m (10000m at 1st stage)
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Roof Thrust and Identical Waveform
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Seismogenic fault along the roof

thrust
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Reproduction of fault dlip in northern
Bl part Chi-Chi earthquake in 1999



Chi-Chi earthquake in 1999

24" 30'

North Low frequency
Acceleration Velocity Displacene Large S||p
TCUO68

l 449
TCUd52 682
' 438 210

2 32

24" 15'

f
:
|

222 16 110

23" 45"

23" 30’

High frequency
South Small slip

120" 45' 121" 00'

Ma et al (2002)



Core collected at fault zone of Chi-Chi earthquake

Fault Zone at 224.55-224.75 m (Vertical Depth: 172.02-172.17 m)

T

Z0ne

Bulk Density (g/em®)
Malrbc 1.73

= e N0 et 231 Fault zone — ti
SRl Hanging Wall: 248
Footwall: 2.59

Random Fabric

Malrix Porosity Changes
with respect to
Clast: 0,35

Henging Wall: 045 *High porosity
Footwall: 0.51 (~ 55 %)

omEC

10cm Index Property Measuremennt
Matrix Poroslty 0.55
Matrix Bulk Denslty 1.78 g/em®

Random Fabric Without Discrete Slip Surfaces
Abnormaly High Poroslty / Low Bulk Denalty Matrix




Observed & Core data

Fault dlip propertiesin northern part

MThe ground motion isdominated by large low frequency
displacementswith relatively small high-frequency

acceler ations.

@Fault zone
*Random fabric (20cm-width ) without discrete dip
surfaces
*High porosity (~ 55 %)
Why were such anomal ous properties observed?




Experiments :
Reloroductlon of fault sllloln northern part

Environmental conditions

- Por e water pr&ssure

Ring shear apparatus

Disaster Prevention Research I nstitute, Kyoto University
—L andslide Section



Reproduction of fault dlip

North
Acceleration Velocity Displacement
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|nput signal for experiment

== We know ..

Response of shear strength
and pore pressure!

Sample: Toyoura sand (similar to sand of the fault zone)

o, . 0.15MPa(Undrain)




Experimental Results (L oose sample: Porosity 47 %)

0.05F = 0.20
—— Shear strength
~—— Pore water pressure

0.04 G S
g Rapid increase of pore pressure il ‘ED
QO

< 0.03 H//mas )
Is) o
g 0.10 g
@ 0.02 e
. 2
& 0.055
“ 001} 5

Liquefaction

0 ! ! ! = 0.00
0 2 4 6

Time (s)

e o |

Rapid reduction of shear strength
and increase of pore pressure

«|_ubrication of fault dlip'! J
Enhancement of shear rupture propagation !




Experimental Results (Dense sample: Porosity 40 %)

04F = 0.10
Large peak shear strength
< o
= 03[ 0.053
a —— Shear strength <
= —— Pore water pressure %
R o -
2 0.2 4 0.003
9 (]
17 g
© @
Q —_
& 0.1 5/ 0.055
2
Dilatancy| Rapid decrease of pore pressure
0.0 l | l =-0.10
0 2 4 6
Time (s)

Large increase of shear strength
and reduction of pore pressure

b *Suppression of shear rupture propagatiﬂian




Comparison between [oose and dense samples

04F

-~ Dense sample
—— Loose sample

o
w
|

Shear strength (MPa)
o
N
I

©
—_

Large difference !

0.0 L b e [
0 2 4 6
Time (s)

Initial condition significantly affectsthe shear strength.




Mechanism of -
reduction in shear strength l

Apply the shear strain to the
L oose sample.

Each grain is compacted, and
the pressure of porewater
between grainsincreases.

Duetotherapid increasein
porepressure, grainsare
separ ated, which leadsto the
reduction of friction between
grains and whole shear
strength decreases.




Mechanism of -
increase in shear strength l "

Apply the shear strain to the
Dense sample.

1 Shear strain

Each grain is squeezed, and
will override other grains.

pressur e decrease which
leads to the increase of whole

shear strength.



