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Physicochemical mechanisms underlﬁing frictional responses at slow to fast
earthquakes: inferred from hydrothermal friction experiments
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Earthquakes involve a wide range of slip rates, from slow/aseismic to

fast/seismic slip along faults. Frictional properties of faults over wide slip rates (nm/s to m/s),
in particular under hydrothermal conditions similar to those expected in seismogenic zones, are thus
essential for a unified understanding of all earthquake events. In this project, we have
successfully developed a new hydrothermal, low to high speed rotary-shearing apparatus that is aimed
to study in-situ frictional property of faults along subduction zones. Based on the experimental
results on materials that potentially exist along the Tohoku plate boundary, we proposed frictional
properties of the Tohoku plate boundary. Incorporating the properties in modeling of earthquakes
generation, we expect to gain better understanding of diverse earthquakes along subduction zones.



Obara, 2002
Kodaira et al., 2004
Ito & Obara, 2006

Sawai etal., 2016

2
°
° 10* 10°m/s
2
1
120 MPa 400
10 nm/s 10 mm/s
30 7
1

120MPa 450

60MPa
10nm/s 1m/s



20 km

50 MPa
m/s
20 50
100 200
(a-b) 0
(a-b)
50-100

(a-

al., 2017

50 MPa 20 200
(a-b)

150 (a-b)

150
Sawai et al. (2016)
(a-b)

b)

0.01

o, = 50 MPa

— 10umis
— 100 pm/s
1 ave. (JFAST)
LY 4 & . s ave. (Blueschist)

1 pm/s

a-b

-0.01

— (solid line) : JFAST Core 17 (This study)
- == (dotted line) : Blueschist (Sawai et al., 2016)

100 200 300
Temperature (°C)
0
o = 50 MPa
Stable 5
Conditionally
_ Moho _ stable

£

£ 40

H

? 4
B (a-b) >0 (ie., Ka<0)
/ Bl (a-b)<0and 0 <Ku< K
807 (a-by<0and K < Ker
(b)
2
370
X
180 um
20 300 20

5 MPa

10 nm/s 10 mm/s

300

400

}T < 100°C: JFAST friction

}mmc <T<150°C
il - Linear interpolation

10DP Exp. 343 JFAST

0.3 100 p

(a-b)
50 100

2 Sawai et

2 (@

200
(a-b) (b)
150°C < T < 400°C
300 : Blueschist friction
400 (a—b)
<)
10
M . .
1 .
08 . LA |
- .
< .
QL s -
£ 06 : H g%ty
RSN W
L T . SN SN | . T
c
£ o4
9
Lt ) . ° RT
- Pelitic schist ® 1000C
- 2000C
@ 3000C
0
10° 108 107 106 105 104 10% 102
Velocity (m/s)
100 o
PR I
e - ]
MPa 2 P
c . 2 o .
3 °° . s !
6 :3{1:) 0.6 . R goeeeod §omnonen
o o 0
o
c
2 04
=1
g o RT
L
o2 Greenschist © 1000¢
- 2000C
® 3000C
0
109 108 107 106 10° 104 103 102

Velocity (m/s)



200 0.5 0.65 300
0.1 0.3 300 0.1 1mm/s

Obara K., Nonvolcanic deep tremor associated with subduction in southwest Japan,
Science, 296, 2002, 1679-1681. DOl: 10.1126/science.1070378

Kodaira S., lidaka T., Kato A., Park J-0., Iwasaki T., and Kaneda Y., High Pore Fluid
Pressure May Cause Silent Slip in the Nankai Trough, Science, 304, 2004, 1295-1298.
DOl: 10.1126/science.1096535

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

Sawai, M., A.R. Niemeijer, O. Plumper, T. Hirose and C.J. Spiers, Nucleation of
frictional instability caused by fluid pressurization in subducted blueschist,
Geophysical Research Letters, 43, 2016, 2543-2551. Doi:10.1002/2015GL067569

15
Yamada, Y., Dugan, B., Hirose, T., and Saito, S., Riser Drilling: Access to Deep
Subseafloor Science, OCEANOGRAPHY, 32(1), 2019, 95-97,
doi.org/10.5670/0ceanog.2019.127.
Han, R., Kim, J-S., Kim, C-M., Hirose, T., Jeong, J.0. and Jeong, G.Y., Dynamic
weakening of ring faults and catastrophic caldera collapses, Geology, 47(2), 2019,
107-110, doi.org/10.1130/G45687.1.
Hamada, Y., Hirose, T., ljiri, A., ( 38 ), In-situ mechanical weakness of
subducting sediments beneath a plate boundary decollement in the Nankai Trough,
Progress in Earth and Planetary Science, 5:70, 2018,
doi.org/10.1186/s40645-018-0228-z.
, 124 2018, 725-739, doi.org/10.5575/geosoc.2018.0015.
Hamada, Y., Kitamura, M., Yamada, Y., Sanada, Y., Sugihara, T., Saito, T., Moe, K.,
and Hirose, T., Continuous depth profile of the rock strength in the Nankai
accretionary prism based on drilling performance parameters, Scientific Reports,
8, 2018, DOI1:10.1038/s41598-018-20870-8.

, Toczko Sean,
124, 2018, 47-65, Doi:10.5575/geosoc-2017.0069.

, 65-11/12, 2017, 70-77.

Kitajima, H., Saffer, D., Sone, H., Tobin, H., and Hirose, T., In-situ stress and
pore pressure in a deep interior of the Nankai accretionary wedge, 10DP Site C0002,
Geophysical Research Letters, 44, 2017, 9644-9652, doi.org/10.1002/2017GL075127.

Sawai, M., Niemeijer, A_R., Hirose, T., and Spiers, C.J., Frictional properties of
JFAST core samples and implications for slow slip events at the Tohoku subduction
zone, Geophysical Research Letters, 44, 2017, 8822-8831, doi:10.1002/2017GL073460.

126, 2017, 223-246,
doi:10.5026/jgeography.126.223.
Lee, S.K., Han, R., Kim, E.J., Jeong, G.Y., Khim, H., and Hirose, T.,
Quasi-equilibrium melting of quartzite upon extreme friction, Nature Geoscience,
10, 2017, 436-441, doi:10.1038/nge02951.
Kitamura, M., and Hirose, T., Strength determination of rocks by using indentation
tests with a spherical indenter, Journal of Structural Geology, 98, 2017, 1-11,
doi.org/10.1016/j.jsg-2017.03.009.



Rempe, M., Smith, S., Mitchell, M., Hirose, T., and Di Toro, G., The effect of water
on strain localization in calcite fault gouge, Journal of Structural Geology, 97,
2017, 104-117, doi.org/10.1016/j.jsg.2017.02.007.

Brown, K., Poeppe, D., Josh, M., Sample, J., Even, E., Saffer, D., Tobin, H., Hirose,
T., Kulongoskih, J.T., Toczko, S., Maeda, L., and the I0DP Expedition 348 Shipboard
Party, The action of water films at A-scales in the earth: implications for the Nankai
subduction systems, Earth and Planetary Science Letters, 463, 2017, 266-276,
doi.org/10.1016/j .epsl.2016.12.042.

Mizoguchi, K., and Hirose, T., Transient water adsorption on newly formed fault gouge
and its relation to frictional heating, Geophysical Research Letters, 43, 2016,
7921-7927, doi:10.1002/2016GL069776.

19
Kamiya, N., Hirose, T., (7 ), Paleo-thermal anomaly along with the decollement
off the Cape of Muroto, Japan: controlled by subduction, AGU Fall Meeting, 2018.
Mizoguchi, K., and Hirose, T., Relationship Between Frictional Heating and Water
Adsorption in Simulated Fault Gouge Sheared at Elevated Slip Rates, AOGS 15th Annual
Meeting, 2018.

. (C 14 ),
, 2018 , 2018.
) ) , , , Expedition 370 ,
, 125

2018 , 2018.

, 2018.

Mizoguchi, K., and Hirose, T., Transient water adsorption on newly formed fault gouge
and its relation to frictional heating, AGU Fall Meeting, 2017.

Park, Y., Ree, J_H., and Hirose, T., Anti-aging Friction of Carbonate Fault Mirror
and its Microstructural Interpretation, AGU fall meeting, 2017.

Hirose, T., Kamiya, N., Yamamoto, Y., Heuer, V., Inagaki, F., Kubo, Y., Fluid pressure
development beneath the decollement at the Nankai subduction zone: its implications
for slow earthquakes, AGU fall meeting, 2017.

MOE KYAW

, 124 , 2017.

, 124 , 2017.
, , , , MOE KYAW, ,
NanTro SEIZE €0002 , JpGU-AGU joint
meeting, 2017.
Kamiya, N., Okutsu, N., Hirose, T., Inagaki, F., Heuer, V., Morono, Y., Kubo, Y.,
Physical properties of the Nankai accretionary prism, off Cape Muroto: Preliminary
results of I0DP Expedition 370, JpGU-AGU joint meeting, 2017.
Hirose, T., Kamiya, N., Yamamoto, Y., Heuer, V., Inagaki, F., Morono, Y., Kubo, Y.,
Expedition 370 Scientists, Excess fluid pressure development beneath the decol lement
at the Nankai subduction zone, JpGU-AGU joint meeting, 2017.
Tobin, H., Saffer, D., Castillo, D., Hirose, T., Direct Observations of In Situ Stress
State in a 3 Kilometer Deep Borehole in the Upper Plate, Nankai Trough Subduction
Zone: I0DP Site C0002, JpGU-AGU joint meeting, 2017.
Rempe, M., Di Toro, G., Mitchell, T., Hirose, T., Smith, S., Renner, J., The effect
of fluids on the frictional behavior of calcite gouge, AGU fall meeting, 2016.
Park, Y., Ree, J.H., Hirose, T., Frictional * non-aging’ of fault mirror surfaces?:
Insight from friction experiments on Carrara marble, AGU fall meeting, 2016.
Kiramura, M., Hirose, T., Strength and mechanical behavior of the Nankai accretionary

prism sediments from NanTroSEIZE Expedition 348, 2016 ,
2016.

Hirose, T., Hyodo, G., and Saito, S., Frictional property of rocks in the 1zu forearc:
implications for the Boso slow slip events, 2016 , 2016.

Saffer, D., Tobin, H., Hirose, T., Castillo, D., In situ stress state within the
inner accretionary prism in the Nankai Trough: Inferences from drilling observations
during 10DP Expedition 348, 2016 , 2016.



€y

TANIKAWA, Wataru

TAKAHASHI, Miki



