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Displacement of strike-slip fault causes a series of echelon cracks on ground surface called Riedel shear
bands. Fig. 1 is a typical example of Riedel shear bands which is simultaneously generated with
Kumamoto earthquake, 2016. And appearance of Riedel share bands accompanies development of
multiple slip surfaces called flower structures. While the authors have successfully simulated Riedel shear
bands with consideration of initial material imperfection on strike-skip fault?, Woodcock et al.® indicated
that development of the flower structures is significantly affected by the existence of geometrical barrier
called jog on strike-slip fault. For example, Fig. 2 describes left strike-slip fault with discontinuity of fault
zone. The jog on the far side will be expanded with accumulation of fault displacement and it causes
depression of the ground surface like Fig. 3(a), whereas the jog on front side will be compressed and it
causes bulge of the ground surface like Fig. 3(b). These typical topographies generated on jogs are called
"pull-apart" and "push-up". This research aims to simulate characteristic aspects of subsidiary fault
triggered by the existence of local distribution of jog on strike-slip fault.

Numerical simulation is implemented by an elasto-plastic finite deformation analysis code GEOASIA®.
Finite element mesh with consideration of bending fault zone is indicated on Fig. 4. Material parameters
for SYS Cam-clay model are set to obtain brittle behavior as shown on Fig. 5. Shear strain distribution at
the end of the calculation is indicated on Fig. 6(a). Furthermore, analysis results of models magnified in y
directions are also prepared. Results for these models are also included in Fig. 6(b), (c).

In original mesh, Riedel shear bands appear above push-up. Additionally, the red-colorized local shear
band is covered by green-colorized global shear band. Such fractal aspect of Riedel shear bands is
already known by Tchalenko® and Ueta's model experiment” in Fig. 7.

In doubled mesh, Riedel shears are secondarily connected by P-shears®. Appearance of P-shears is also
observed in Ueta's model experiment7) and the example of Kumamoto earthquake as shown in Fig. 1(b)
actually includes clear P-shear.

In tripled mesh, high angle shears are actively generated on push-up side and low angle shears passively
appear on pull-apart side. It can be confirmed in Fig. 8 that the angles of each shear band equals to
theoretical solutions derived from Mohr-Coulomb criterion.

In conclusion, characteristic deformation of subsidiary fault including fractal shear, P-shear, low/high
angle shears can be successfully simulated by considering the existence of jog on strike-slip fault.
(Acknowledgement) Numerical simulations in this paper are conducted by utilizing supercomputer system
in Kyoto University, Japan. And we received Grant-in-Aid for Scientific Research (Grant-in-Aid for Scientific
Research (A): No. 17H01289).

1) Geographical Survey Institute: Information of Kumamoto earthquake, 2016 (in Japanese),
http://www.gsi.go.jp/BOUSAI/H27-kumamoto-earthquake- index.html, 2017 Viewed.

2) Noda, T., et al. (2015): Effects of initial imperfection on the Riedel shear bands in surface ground due
to strike-slip fault (in Japanese), Journal of JSCE, A2, Vol.71, No.2, |_463-I_474.

3) Woodcock, N. H. and Fischer, M. (1986): Strike-slip duplexes, Journal of Structural Geology, 8,
pp.725-735.

4) Fossen, H. (2016): Structural Geology, Cambridge University Press, pp.377-400, 2nd edition.

5) Noda, T., et al. (2008): Soil-water coupled finite deformation analysis based on a rate-type equation of

©2018. Japan Geoscience Union. All Right Reserved. - SCG66-05 -



SCG66'05 Japan Geoscience Union Meeting 2018

motion incorporating SYS Cam-clay model, S&F, Vol.48, No.6, pp.771-790.

6) Tchalenko, J. S. (1970): Similarities between shear zones of different magnitudes, GSA Bulletin, Vol.81,
No.6, pp.1625-1640.

7) Ueta, K. (2009): Deformation of rock mass caused by strike-slip faulting (in Japanese), CRIEPI Research
Report, NO8039.

8) Naylor, M. A,, et al. (1986): Fault geometries in basement-induced wrench faulting under different
initial stress stages, Journal of Structural Geology, Vol.8, No.7, pp.737-752.

Keywords: strike-slip fault, Riedel shear bands, elasto-plasticity

0.1025m (41elem) . %r 100k LA I B B ]
N, 5z .
NE 2= 50 ]
| ™ ﬂg‘/.:. =
B . - v = 0 L 1 1
/ / i 0 2 4 6 8 10
T T Shen St o )

R
f.«‘ffff/fi#//
JEEES. L
i L
J i e e e 7 ?/;/;,H’ F
AN / | EEEnnE RS /
o ’,f f f f nf f f /\‘\/ ff,’f Shear Strain & (%)
NNt HEEY

(a) Deviator Stress — Shear strain

& (Yo

(a) Futagawa fault zone (b) Shear band

Volumetric Strain

Fig. I Echelon cracks generated in Kumamoto earthquake!
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