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Rupture Propagation beyond Fault Discontinuities:
Effect of Depth-dependent Stress

Yuko KASE -

Abstract

0 O Numerical simulations have revealed that a rupture jumps from one fault to another near
the Earth's surface. We show that a rupture jump occurs at a deep portion under depth-
dependent stress. We investigated rupture behaviour at a gap region between two faults, by
calculating spontaneous rupture processes on two parallel strike-slip faults in a 3-D elastic
medium. Depth-dependent stresses introduced from the results of hydraulic fracturing
experiments at the KTB site are assumed. The differential stress is assumed to be proportional
to depth. The rupture processes under depth-dependent and uniform stress conditions are
compared : similar rupture processes on the first fault, but different ones on the second fault
are obtained. Under the depth-dependent stress condition, an upward rupture on the first
fault can trigger a rupture at a deep portion of the second fault, because strength is reduced at
shallower depths. Near the Earth's surface, a rupture on the second fault can be triggered by
only a P-wave radiated from the first fault. Strength and stress drop heterogeneities on faults
cause a rupture jump at a deep portion and the complexity of the rupture process. Our results
suggest that the stress increase with depth is an important factor.

Key words[] rupture processO fault interaction rupture jumpO depth-dependent stress]
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Fig.010 Three-dimensional model used in this
study [ case of extensional jog[l
Length of two faults is 20 km, and
width is 150km. A star indicates an
initial crack.

goboooobobobooboboobobonboo
gbobooobooooooooboooboanb
gz200o0o0o0oo0og
gboobobobobooboooooooKkTBOOO
OOCOCOOCOOCOOOOOOBrudy etal.d19970
gboobooooobobobobooboboobo
goooooooboooobgoobooobo
O0o-LdMPall 0 O0OD00OU0omk MPall OO
O0zgkmOOoooO0O

Oomx 4220 6 010
HommOd 20z0 2 020

gooboooooooooboo 2mobooooon
gboooobobbooboboobobobo
gobooooboboobooboboobobooobo
go4sc00000D0000D0O0O0O0ODO0O0
000000000t MPallr S\ MPal OO
goiroz2000oo

oty 0 31z0 4 030
ooty 0 1120 2 040

I —



Hydr. Frac. |

1

Combined
Analysis

Depth (z) [km]

Drill.-Ind.
Fractures
8 L
Gmax
o .
min
10 T T T T T T Lo
0 50 100 150 200 250 300 350 400

Stress (o) [MPa]

g00O0DOODOO0O0O0O0O0O0O0OOODOOO
Brudy etal. 0199700000

Fig.(020 Depth-dependence of horizontal princi-
pal stresses in this study.
Simplified from Brudy et al. (1997).
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Table 10 Simulation parameters.

P wave velocity O km/s( 6.0

S wave velocity 0 km/sO 3.5

Density O g/cm30 2.76

Critical displacementl Dcl0 mOJ 0.10
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Dynamic coefficient of frictionOpy « 0.2

Grid length in space kmQ 0.25
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Fig.0030 Rupture evolutions on (a) Fault 1

and (b) Fault 2 (extensional jog)
in case that stresses are inde-
pendent of depth.

Distance between two faults is
0.5 km. Contours indicate rup-
ture times in seconds. The star is
the location of the initial crack. A
diamond is a location where a
rupture is triggered on Fault 2.
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Fig.040 Rupture evolutions on (a) Fault 1
and (b) Fault 2 in case that
stresses are dependent on depth.
The fault model is the same as in
Fig. 3. The details are the same
as in Fig. 3.
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Fig.0050 Slip distributions on (a) Fault 1
and (b) Fault 2 in case of the
rutpure process shown in Fig. 4.
The star is the location of the
initial crack.
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(a) Map view (b) Cross section
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Fig.0060 Locations where ruptures are triggered at deep portion of Fault 2 in case that
stresses are dependent on depth.
Vertical axes indicate distance between two faults. Circles are locations
where ruptures are triggered and propagate on Fault 2. Triangles are
locations where ruptures are triggered but soon terminate.0 ald Map view.
Contours indicate A CFS at 4 km depth.0 b0 Cross section.
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Fig.0070 Locations where ruptures are triggered near the Earth's surface of Fault 2 in
case that stresses are dependent on depth.
0 ald Map view. Contours indicate A CFS at the Earth's surface.J b0 Cross
section. The details are the same as in Fig. 6.
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