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Rheology of faults in subduction zones and its implications for the generation of
slow earthquakes
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Slow earthquakes in subduction zones have been considered as the key phenomenon
associated with megathrust earthquakes. Several mechanisms have been proposed, but the cause of slow
earthquakes remains elusive. One ?ossibility is that an increase in pressure of pore fluid promote slow
slip in subduction faults, yet role of fluid pressure in mechanics of slow earthquakes is poorly
understood. Therefore, we conducted friction experiments on blueschist fault rocks to investigate the
influence of effective stress on frictional behavior. Our results show a transition from stable to
unstable behavior with decreasing effective normal stress, which is mechanically equivalent to increasing
fluid pressure. This transition 1s a prerequisite for generating slow earthquakes. Our results imply that
high pore pressures are a key factor for nucleating slip leading to slow earthquakes.




1995

Obara, 2002

al., 2004

Kodaira et

Ito & Obara, 2006

100 MPa 500

| g
et a| e+ heater —1
bearing | ; iR,

| “sample

zirconia ||, - LA -
insulator i B Atd.| cooling
il water 1

50

2
Ti-6Al-4V

ODP 125

300 156 MPa
60 MPa
0.13-1.3u m/s



Friction Coefficient
o
=

Boninite
Marl

— ~ Ctl serp.

mrioelamfs

3
io01um/s

Stickslip: 7«1

0 05 1 25 3

Shear E)fsplacemeznt {mm) *
2 boninite, andesite
marl antigorite
& chrysotile serpentinites
25 200 MPa
25 200 MPa 22 400 0.1 100
Mg m/s
(a-b)
100 300
(a-b)
200
(a-b)
(a-b)
(a-b)
(a-b)

a-b

0.04
0.03
0.02
0.01

-0.01
-0.02
-0.03
-0.04

110 10 pm/s ({E:%) T B//
A=0s (kEH—®) L ---Tg_----7 0o | abs0
e HETY

a-b<0
FRETAY

’ AO—HERHEC
A BELRME
o L PR E (a-bBrEH DN

0 50

100 150
Effective normal stress (MPa)

200

a-b

Obara K., (2002), Nonvolcanic deep
tremor associated with subduction in
southwest Japan, Science, 296,
1679-1681.

Kodaira S., lidaka T., Kato A., Park
J-0., lwasaki T., and Kaneda Y.,
(2004), High Pore Fluid Pressure May
Cause Silent Slip in the Nankai Trough,
Science, 304, 1295-129.

Ito Y., and Obara K., (2006), Dynamic
deformation of the accretionary prism
excites very low frequency
earthquakes, Geophysical Research
Letters, 33, L02311,
doi:10.1029/2005GL025270.

13
Sawai, M., A.R. Niemeijer, 0. Pliimper,
T. Hirose and C.J. Spiers, Nucleation
of frictional instability caused by
fluid pressurization in subducted
blueschist, Geophysical Research
Letters, , 43, 2016,
doi:10.1002/2015GL067569.
Lavallée, Y., T. Hirose, J.E. Kendrick,
K.-U. Hess and D.B. Dingwell, Fault
rheology beyond frictional melting,
Proceedings of the National Academy of
Sciences, , 112(30), 2015,
9276-9280.
doi/10.1073/pnas.1413608112.
Oohashi, K., T. Hirose, M. Takahashi,




and W. Tanikawa, Dynamic weakening of
smectite-bearing faults at
intermediate velocities:
Implications for subduction zone
earthquakes, Journal of Geophysical
Research, , 120, 2015, 1572-
1586, doi:10.1002/201538011881.
Sawai, M., T. Hirose and J. Kameda,
Frictional properties of incoming
pelagic sediments at the Japan Trench:
implications for large slip at a
shal low plate boundary during the 2011
Tohoku earthquake, Earth, Planets and
Space, , 66, 2014,
doi:10.1186/1880-5981-66-65.
Kendrick, J. E., Lavallée, Y., Hirose,
T., Di Toro, G., Hornby, A.J., De
Angelis, S. and Dingwell, D.B.,
Volcanic drumbeat seismicity caused
by stick-slip motion and magmatic
frictional melting, Nature Geoscience,
, [, 2014, 438-442,

doi:10.1038/nge02146.
Han, R., T. Hirose, G. Y. Jeong, J.-1.
Ando,and H. Mukoyoshi, Frictional
melting of clayey gouge during seismic
fault slip: Experimental observation
and implications, Geophysical
Research Letters, , 41, 2014,
5457-5466, doi:10.1002/2014GL061246.
Tanikawa W., H.Mukoyoshi, W. Lin, T.
Hirose, and A. Tsutsumi, Pressure
dependence of fluid transport
properties of shallow fault systems in
the Nankai subduction zone, Earth,
Planets and Space, , 66, 2014,
doi:10.1186/1880-5981-66-90.
Lavallee, Y., T. Hirose, J.E. Kendrick,
S. DeAngelis, L. Petrakova, A.J.
Hornby, and D.B. Dingwell, A
frictional law for volcanic ash gouge,
Earth Planetary. Science Letters,

, 400, 2014, 177-183,
doi:10.1016/j -epsl.2014.05.023.

120
(1) 2014 11-21
Tanikawa, W., Hirose, T., Mukoyoshi,
H., Tadai, 0., & Lin, W., Fluid
transport properties in sediments and
their role in large slip near the
surface of the plate boundary fault in
the Japan Trench, Earth and Planetary
Science Letters, , 382,
2013,150-160.

15
Hirose, T., Generation mechanisms of
slow earthquakes: insights from recent
friction experiments, Symposium on
Subduction zone earthquakes in Nankai
Trough & Japan Trench, 2016 2 12

Sawai, M., A_R. Niemeijer, 0. Pltumper,
T. Hirose and C.J. Spiers, Frictional
properties of Blueschist under in-situ
conditions and implications for fault
motion, American Geophysical Union,
Fall Annual Meeting, 2015 12 16

122 2015 9 12

Niemeijer Andre
Plumper Oliver Spiers Christopher

2015 2015 5
28

2015 2015 5 25

2015 2015 5
24
Hirose, T. et al., Drilling into the
deep interior of the Nankai
accretionary prism: Preliminary
results of 10DP NanTroSEIZE Expedition
348, American Geophysical Union, Fall
Annual Meeting, 2014 12 19 ,

-10DP 348
- 121
2014 9 14

http://www.ne.jp/asahi/hirose/geo/index_j.h
tm



o

Hirose, Takehiro

@

Tanikawa, Wataru

Takahashi, Miki

©)
Sawai, Michiyo
Noda, Yoji



