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Finite element modeling of stick-slips on a solid surface with many asperities

ooo>ooolt,ooo!
Mamoru Hyodd*, Hide SakagucHj Takane Hori

l0o0D00000000000000000
1 JAMSTEC/IFREE

Friction is the tangential force resisting the relative motion of solid surfaces or material elements sliding against each other
Since all real surfaces have topography (or roughness) in the microscopic view, they touch at a few points or asperities, when the
are brought together. Hence, macroscopic friction is regarded to be the sum of interacting forces at such microscopic asperitie
For an contacting asperity, we consider the additional deformation at the area surrounding the asperity. In such a case, dependi
on the deformation amount, the real area of contact at the asperity will largely increase or decrease. Such a change in conte
state at the asperity affects not only the interacting force at the asperity but also the macroscopic friction. Furthermore, it is ex
pected that friction between solid surfaces has a possible dependence on materials, since the deformation of the solid materia
strongly depend on their properties (rigidity, viscosity, etc.). The effects of the deformation and property of materials on friction,
however, have not been explicitly included in many existing friction laws.

Therefore, in this study, we examine these effects on macroscopic friction through a finite element modeling of stick-slips on
a solid surface with many asperities. As a tentative result, the calculation with 50 asperities repeats stick-slips with various sizes
though the maximum number of asperities which break in an event is much smaller than 50. Hence, the macroscopic friction i
almost constant, and steady slip motion of two blocks is generated.

In the presentation, we will show the detail of our finite element modeling and calculation results with various material prop-
erty or asperity distributions.
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Quartz amorphization due to friction and wear : Raman spectroscopic analysis
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How rapidly fault strength recovers after an earthquake is an important question for understanding the earthquake generatic
mechanism in seismic cycles. Recent friction experiments at coseismic velocities revealed that the fault can completely regai
its strength to pre-slip level within few days (Mizoguchi et al. 2009, BSSA). However the factor causing such rapid fault healing
after dynamic weakening is still not understood. We expected that the reformation of a certain type of chemical bond is responsi
ble for fault healing. Thus, we performed high-velocity friction experiments on quartz gouge at a slip velocity of 1.3 m/s, normal
stress of 1.0 MPa and displacement€f0 m. At this condition, the simulated fault weakened markedly with displacement to
friction coefficient of “0.2. In order to identify the chemical bonds that play a key role in fault healing after dynamic weakening,
the slip surface of gouge zone was analyzed immediately after the experiments using a laser Raman microscope. We found
characteristic peak at "1600 cm-1 in a Raman spectrum detected only from the dynamically weakened gouge at high velocitie:
This peak corresponds to bending vibrations of a H20 molecule. The peak appeared just after the experiment and its intensi
decreased with time. After two days, the peak totally disappeared. Interestingly the time scale of existence of the peak is almo:
same as that of gouge healing. We propose a hypothesis that the excitation of bending vibrations of a H20 molecule by she:
and/or frictional heat during rapid sliding and the degradation of the vibrations after the termination of the sliding results in the
dynamic fault weakening and the rapid fault healing, respectively.

Keywords: fault, healing, H20
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Brittle faulting along faults in the crust often results in the fault zone structure characterized by a fault core surrounded by a
damage zone. The fault core is narrow localized shear deformation zone consisting of fault gouge, fault breccia and cataclasit
Previous studies showed a clear relationship that the width of the damage zone becomes thick with the net displacement occurr
along faults (e.g., Mitchell & Faulkner, 2009). The damage zone width is important for understanding the degree of maturity
of a previously unknown fault and its associated seismic hazard. In the damage zone, fractures develop at various scales, fro
“?m to ~ m, and their density typically increases with proximity to the fault core. We examined the spatial distribution of the
microfracture density around a newly-found active fault in Takiyama area, east of Tottori plain (Sasaki et al., this 2011 JGU
meeting).

The studied fault zone consists of the 1 m thick fault core of the purple-colored clayey fault gouge and the fault breccia with
cataclastic foliation, and the surrounding damage zone developed in Cretaceous Kyushozan granite. The boundary plane betwe
the fault gouge and the fault breccia has a strike of N79W and a dip of 87N, corresponding to a fault plane. We collected ter
orientated samples 19.4 m to 329 m from the fault core. The samples were coated with epoxy and then thin sections were ¢
perpendicular to the fault plane and parallel to a horizontal plane because the slip direction is unknown. More than 10 quart:
grains per sample were analyzed for the microfracture density measurements. Quartz is suitable to estimate the damage that
rock sample has sustained because quartz without cleavage acts as an isotropic medium for fracturing. We counted the numt
of microfractures that intersected a line which was drawn from the edge of each quartz grain, through the center point, to the
other edge of the grain. The linear microfracture density for each sample is calculated to be the total number of microfracture:
intersecting the lines divided by the total counting line length. The microfractures we counted are divided into (1) healed fracture
(fluid inclusion planes), (2) sealed fracture filled with clay minerals and (3) open fracture. The linear density of open fractures
increases as the fault core is approached. The other fractures do not show a clear relationship between the microfracture dens
and the perpendicular distance from the fault core. In this presentation we will discuss whether such a spatial distribution of
microfractures is structural characteristics of damage zone along active faults.
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Fluid-rock interaction in the fault gauge of the Median Tectonic Line
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Frictional heating during coseismic slip induces transient fluid-rock interaction and fluid transfer. In order to understand these
physicochemical process and mechanism, we performed geochemical analyses of major- and minor-element concentrations &
Srisotope. The fault gouge samples used were collected from the Anko outcrop, Nagano prefecture, of the Middle Tectonic Line
Using the fluid-mobile trace element spectrum, which is sensitive to fluid-rock interaction at high temperatures, we estimated tha
the black gouge experienced frictional heating of approximately 150 degree Celsius. This temperature signal probably indicate

that frictional heating have occurred in the gouge together with high amount of coseismic fluid transfer.
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Spontaneous dynamic rupture propagation with thermal pressurization: Phase transitior
of pore fluid
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I Dept. Geophysics, Kyoto UniversiyMEXT

We investigate whether or not an increase in pressure and temperature of pore fluid due to thermal pressurization (TP) ce
cause phase transition of pore water, on the basis of 3-D numerical simulations for spontaneous dynamic ruptures. Mizoguchi ¢
al. (2007) conducted friction experiments and observed a decrease in friction owing to the phase transition of water from liquic
to vapor. Although effect of TP has been investigated using numerical simulations (e.g., Urata et al., 2008), the phase transitio
of pore water controlling TP has never been considered. In this study, we discuss possibility of the phase transition and its effect
on dynamic ruptures. Our numerical algorithm is based on the finite-difference method by Kase and Kuge (2001). Pore pressul
and temperature are calculated by the formulations of Bizzarri and Cocco (2006), and simply compared to a water phase di¢
gram. Any processes of the phase transitions are not included in our simulations. We put a vertical strike-slip square fault witt
the length of 6 km. The fault is subjected to external normal and shear stresses. We examine cases when the external stres
are either uniform or depth-dependent. Under the uniform stresses, initial values of stresses, pore pressure, and temperature
uniform and independent of depth, whereas the values increase with depth under the depth-dependent stresses. The values of
uniform stresses correspond to those at a depth of 3 km in the depth-dependent stresses.

Judging from the temperature and pressure of pore water, liquid pore water is likely to change to supercritical water in mos
part of the fault under the uniform stresses, whether TP works or not. On the other hand, under the depth-dependent stress
liquid pore water is likely to change to supercritical water in deeper portions than about 2 km. In both cases, TP promotes the
transition. The phase transition from liquid to vapor is not likely to occur. According to PROPATH transition from liquid
phase to supercritical one can cause changes in viscosity, compressibility, and thermal expansion of water, which can affect T
The changes due to the transition would have two opposite effects on TP; suppressing a rise of pore pressure from temperatt
increase, and decreasing hydraulic diffusivity. We include the changes due to the transition in numerical simulations of dynami
ruptures and investigate whether or not the phase transition of pore water causes TP to be more effective.

1) PROPATH Group, PROPATH : A Program Package for Thermophysical Properties, version 13.1, 2008.
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Numerical models of slow slip events in Shikoku based on observed distribution of tremor

and plate configuration
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Slow and rapid slip in sliding friction between polymer gel and plexiglass
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Formation of graphite during high-velocity friction experiment undertinosphere
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Relationship between dehydroxylation reaction of clay minerals and their inner structure

and frictional property
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Transient frictional heating during earthquake slip induces dehydroxylation of phyllosilicate minerals. As this reaction is en-
dothermic and releases H20, it may affect dynamic fault weakening and the energetics of earthquakes. To elucidate this questic
we measured thermal property, chemical kinetic parameters, and frictional property of dehydrated clay minerals (montmoril-
lonite, illite, and kaolinite), and observed the inner structure under scanning electron microscope. We then discuss the relationsh
among the reaction, structure (fabrics), and frictional property, and also argue their implications on dynamic fault weakening anc
energetics during an earthquake.
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