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We investigate effect of dilatancy on dynamic ruptures with thermal pressurization (TP), taking into account a power law
relationship between permeability and porosity, based on 3-D numerical simulations of spontaneous rupture propagation obeyir
a slip-weakening Coulomb failure criterion.

Effects of dilatancy on rupture propagation with TP were often investigated in 2-D numerical simulations, or with attention
only to behaviors at a single point on a fault plane. Moreover, in the previous simulations, it has never been considered thg
permeability can change with porosity. Because the hydraulic diffusivity, which controls TP, is proportional to permeability, the
changes in permeability along with porosity would affect TP and dynamic ruptures.

To consider changes in porosity and permeability in dynamic ruptures with TP, we solve the thermal and hydraulic diffusion
equations with a porosity term by the finite-difference method. Our numerical algorithm for dynamic ruptures is based on the
method by Kase and Kuge (2001). Pore pressure from the diffusion equations is included in effective normal stress, while slif
velocity and shear stress give the heat source in the diffusion equations. In our model, the frictional heating and the processt
of dilatancy occur within the shear zone. We consider both reversible and irreversible changes in the porosity (Segall and Rice
2006), assuming that the irreversible change is proportional to the slip velocity. Permeability changes with the porosity, accordin
to the power law by David et al. (1994). We put a square fault with the length of 4 km in the infinite medium. The fault is subjected
to uniform external stresses.

We reveal that the slip amount decreases with increasing dilatancy coefficient or exponent of the power low, and the ruptur:
velocity is predominantly suppressed by the coefficient. This is observed whether applied stresses are high or low. The deficit c
the final slip concerned with the coefficient could be smaller as the fault size is larger.
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To investigate the physical process of slip weakening at subseismic slip rate, Fukuyama et al. (2011, JpGU; 2011, AGU;
measured the transmitted acoustic waves during high slip velocity experiments. They concluded that at steady state after tt
slip exceeds the slip weakening distance, fluctuation of friction, which is typical for the gabbro rock sample at room humidity
and room temperature, is controlled by the characteristic size of voids inside the gouge layer. In the experiment, two differen
proportional coefficients can be found between the friction and transmission coefficient. At beginning before the slip reachec
the slip weakening distance, the slope was steep, while at the steady state stage, slope became gentle. This difference might
caused by the different process between the weakening and steady state stages. Here, we theoretically investigate this differen
In the scattering theory, @ value increases as a function of void size as well as a function of thickness of the gouge layer. In
the steady state stage, we assumed that the thickness of the layer does not change. Here, we examine if the steep slope at
weakening stage can be attributed to the growth of layer thickness or not. We conclude that the steep slope can be explained
the layer growth process. This technique enables us to investigate the generation process of the gouge layer, which might be
origin of the slip weakening process of slip at subseismic slip rate.
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In subduction zones, the updip transition from aseismic to seismic slip behavior with increasing depth is coincident with poros-
ity loss associated with consolidation, lithification, and diagenesis. Porosity decreases from "80% within incoming sediments tc
less than 10% in subducted/accreted rocks at burial depths of a few to "15km, as observed in the ancient accretionary prism ot
crops. Stress states are one of the most important factors governing porosity loss, deformation modes, and fault strength, becal
in subduction systems where tectonic stress is large, sediments are subjected to complicated stress conditions in time and spe
In the Nankai Trough, the input sediments on the subducting Philippine plate and shallower sediments in the modern accretional
prism have been recovered during the Integrated Ocean Drilling Program (IODP) Nankai Trough Seismogenic Zone Experimer
(NanTroSEIZE) expeditions. In this study, we aim to understand the evolution of physical properties (porosity, permeability, and
P-wave velocity) and sediment deformation in subduction systems by conducting deformation experiments on both the inpu
sediments and the prism sediments from the Nankai Trough. We conducted 30 uniaxial and triaxial (both triaxial compressior
and triaxial extension) deformation experiments on sediments recovered from different depths at different drill sites. Cylindrical
samples were deformed by controlling confining pressure, axial stress, and pore pressure, and all pressures, axial displaceme
and pore volume change were monitored. Permeability, and ultrasonic velocity were also measured during consolidation an
deformation.

We deformed samples of Lower Shikoku Basin (LSB) silty-claystone (initial porosity of 44%) from Site C0011 are loaded un-
der a range of different stress paths including isotropic loading, triaxial compression, and triaxial extension by controlling axial
stress (up to 70 MPa), confining pressure (up to 70 MPa), and pore pressure (0.5-28 MPa). We find that the evolution of physic:
properties (porosity, permeability, and P-wave velocity) is dependent on both effective mean stress and differential stress. Dif
ferential stress enhances reduction in porosity and permeability and results in an increase in P-wave velocity. The relationshi
between defined by our experimental data is fit well by a Cam-Clay model, which describes elasto-plastic behavior of sediment:
We also find that the input sediments at the reference sites (Site C0011 and Site C0012) are normally consolidated or slightl
overconsolidated, whereas the prism sediments are highly overconsolidated. In particular, mudstones of similar age (Miocen:
show a progressive increase in the degree of consolidation with a distance from the deformation front. This suggests tecton
stress (i.e., larger horizontal and differential stress within the accretionary prism) enhance further consolidation and porosity
loss, and thus induce brittle faulting deformation rather than cataclasitc flow deformation.

We also apply our observed experimental relationship between P-wave velocity and stress state to estimate in situ stress st:
and pore pressure within a well-defined low-velocity zone (LVZ) identified in the outer accretionary wedge [Park et al., 2010].
This LVZ is located at “3 km depth, immediately above the decollement and extends from 15-35 km from the trench. Our lab date
constrain the in situ vertical effective stress to be 7-14 MPa, effective maximum horizontal stress of 28-35 MPa, and excess por
pressure of 23-16 MPa. This corresponds to a value of the pore pressure ratiodanib8a-0.77. This technique to estimate the
in-situ stress from the empirical relationship between P-wave velocity and stress states can be further tested in the future drillin
to the deeper accretionary complex and the plate boundary faults.

0 00O 00 : subduction zone, IODP, NanTroSEIZE, deformation
Keywords: subduction zone, IODP, NanTroSEIZE, deformation
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Earthquake sequense simulations accounting for brittle-plastic transition

0000 ™ 0000 °2
NODA, Hiroyuki'*, SHIMAMOTO, Toshihika

l0goooooo,?200o0o00
LJAMSTEC,%China Earthquake Administration

In understanding sequences of earthquakes from the point of view of mechanics and structural geology on the fault rocks
brittle-plastic transition of rocks is of great importance as evidenced by field observations of repeated overprinting of pseu-
dotachylyte (frictional melting) and mylonitic (ductile) deformations [e.g., Lin et al., 2005]. Near the down-dip limit of the
earthquake ruptures which produce such fault rocks, mylonitic deformation which takes place dominantly during interseismic
periods probably affects the stress accumulation process in the shallower brittle zone where earthquakes nucleate. Earthque
generation process is often discussed in terms of the rate-dependency of the frictional resistance of a fault [e.g., Tse and Ric
1986]. On the other hand, the brittle-plastic transitions are typically expressed as a strength profile across the crust [e.g., Goe
and Evans, 1979]. Given the rate-strengthening characteristics of ductile plastic deformation, these two pictures are closely re
lated to each other [e.g., Sholtz, 1988]. Quantitative discussion by actually solving or simulating sequences of earthquakes on
fault accounting for brittle-plastic transition is required to connect mechanics and structural geology on the fault-rocks.

Recent development of an empirical constitutive equation of a shear zone accounting for brittle-plastic transition (friction-
to-flow law) [Shimamoto, 2004, JpGU meeting, Noda and Shimamoto, 2012] enables us simulating sequences of earthquake
consistently with the Brace-Goetz strength profile. The fault model [e.g., Kawamoto and Shimamoto, 1997] which is concep-
tually constructed based on experimental studies is realized in numerical simulations in which both long-term tectonic loading
and coseismic inertial effects are fully accounted for [e.g., Lapusta et al., 2000]. By referring the investigation of the texture of
experimental specimens [e.g., Hiraga and Shimamoto, 1987], we can discuss expected fault rock structures after simulations
earthquake sequences. We will also discuss the similarities and differences between the earthquake sequences produced by
logarithmic rate- and state-dependent friction law and the rate- and state-dependent friction-to-flow law.
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