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Dynamic rupture processes on two fault segments with an "inactive" area
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Abstract: It is possible that two "active" segments with an "inactive" area where no dislocation remains
on ground surface connect under the surface and rupture simultaneously. We simulate dynamic ruptures
on such two fault segments. The inactive area is assumed to be under low initial shear stress and to have
long critical displacement (Dc). Varying the length and lower depth of the inactive area, we investigate
rupture propagation and jump to the second segment. The aspect ratio of the inactive area affects rupture
processes, especially rupture jump and direction on the second segment. For fault geometry in which a
rupture cannot jump across a discontinuity without the inactive area or jump to a shallow portion, a

rupture can jump to the deep portion and propagates horizontally.
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Table 1. Numerical results of simultaneous rupturing on not-connecting two segments without inactive areas. An initial crack is
located in the end of the fault system. ‘0’ and ‘X’ indicate a multi-segment and a single-segment rupture, respectively.

Offset width Overlap length [km]

Offset type [km] 0 5
0.5 O O
1.0 O O
Compression ;(5) 8 8
2.5 X O
3.0 X X
0.5 O @)
1.0 O O
Extension 1.5 X O
2.0 X O
2.5 X X
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Table 2. Numerical results of simultaneous rupturing on not-connecting two segments without inactive areas. An initial
crack is located in the boundary of the segments. The meanings of ‘0’ and ‘x’ are the same as those for Table 1.

Offset width Overlap length [km]
Offset type [km] 0 5
. 0.5 O O
Compression 1.0 % X
. 0.5 X O
Extension 1.0 % X

B3R 2ODBT AL INRETORN STV, FIHZ T 7 BkBIICH 2386 olsh:. OdEEiL-2 &%, X 13
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Table 3. Numerical results of simultaneous rupturing on connecting two segments with an inactive area. An initial crack is located

in the end of the fault system. The meanings of ‘0’ and ‘x’ are the same as those for Table 1. ‘—* indicates out of modeling.
Lower depth of Length of inactive area [km]|
inactive area [km] 1 2 3 4 5
1 O O O - -
3 O O O O @)
5 - O O O O
7 - - O O O
10 - - - O @)
15 — — — - X

B4R 2OOETALNPRERTORNSTWT, YT T 7 BIFTEBIRRBIROGHZH D85 & OB
Table 4. Numerical results of simultaneous rupturing on connecting two segments with an inactive area. An initial crack
is located in the boundary of the segments. The meanings of ‘0’, ‘x’, and ‘—* are the same as those for Table 3.

Lower depth of Length of inactive area [km]
inactive area [km] 1 2 3 4 5
! o O O - =
3 O O O O O
5 - O O O O
7 - - O O @)
10 - - - O O
15 - - — - X
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Table 5. Numerical results of simultaneous rupturing on not-connecting two segments with inactive areas. The two
segments compose a compressional jog, and the distance between the segments is 0.5 km. An initial crack is
located in the end of the fault system. The meanings of ‘0’, ‘x’, and ‘—* are the same as those for Table 3.

Lower depth of Length of inactive area [km]
inactive area [km] 1 2 3 4 5
1 O O O - -
3 O O O O O
5 - O O O O
7 - - O O O
10 - - - O O
15 - - - - X

H 6K 2ODVIAL MIAERT, A7 1y FOWITERRIS 1.0 km, #1127 727 3WE5HEICH 556 O
Table 6. Numerical results of simultaneous rupturing on not-connecting two segments with inactive areas. The two
segments compose a compressional jog, and the distance between the segments is 1.0 km. An initial crack is

located in the end of the fault system. The meanings of ‘0’, ‘x’, and ‘—° are the same as those for Table 3.
Lower depth of Length of inactive area [km]
inactive area [km] 1 2 3 4 5
1 ©) O O - -
3 O @) @) @) @)
5 - @) O O O
7 - - O @) O
10 - - - O X
15 — — - - X

TR 200 A MNIAERET, A7ty bORIFEMERIC 1.5 km, W12 7 07 3WERICH 556 OB

Table 7. Numerical results of simultaneous rupturing on not-connecting two segments with inactive areas. The two
segments compose a compressional jog, and the distance between the segments is 1.5 km. An initial crack is
located in the end of the fault system. The meanings of ‘0’, ‘x’, and ‘—* are the same as those for Table 3.

Lower depth of Length of inactive area [km]
inactive area [km] 1 2 3 4 5
1 O O O — —
3 O O O O O
5 - O O O O
7 - - O O O
10 - - - O X
15 - - _ - X

F8 K. 20DV AL MIANERET, A7ty FOMTEMMIC 2.0 km, #1727 7 7 ZWENICH 556 OB

Table 8. Numerical results of simultaneous rupturing on not-connecting two segments with inactive areas. The two
segments compose a compressional jog, and the distance between the segments is 2.0 km. An initial crack is located
in the end of the fault system. The meanings of ‘0’, ‘x’, and ‘—* are the same as those for Table 3.

Lower depth of Length of inactive area [km]
inactive area [km] 1 2 3 4 5
1 O O @) . -
3 O O O O O
5 - O O O O
7 - - O O X
10 - - — X X
15 — — — — X
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YR 2O0ORTAL MIANEFT, A7ty SOWIIEMMNC 2.5 km, #1H7 Z 7 3ZWENIZH 556 O EhME.

Table 9. Numerical results of simultaneous rupturing on not-connecting two segments with inactive areas. The two
segments compose a compressional jog, and the distance between the segments is 2.5 km. An initial crack is located
in the end of the fault system. The meanings of ‘0’, ‘x’, and ‘—* are the same as those for Table 3.

Lower depth of Length of inactive area [km]
inactive area [km] 1 2 3 4 5
1 X X X — -
3 X O O @) O
5 — X X X X

H10 . 2 5O®Z A MIRERE T, A7y bOREIEHERMNC 0.5 km, G127 T 7 3EERIZH 5556 OEEE.
Table 10. Numerical results of simultaneous rupturing on not-connecting two segments with inactive areas. The two
segments compose an extensional jog, and the distance between the segments is 0.5 km. An initial crack is located

in the end of the fault system. The meanings of ‘0’, ‘x’, and ‘—* are the same as those for Table 3.

Lower depth of Length of inactive area [km]
inactive area [km] 1 2 3 4 5
1 O O O - -
3 O O O O O
5 - O @) @) @)
7 - - O O @)
10 - - - O O
15 - - - — X

B2 2 5O®ZA MIREK T, 478y bOEHRMIC 1.0 km, G1H127Z > 7 3WiE5RZH 556 OEEhE.

Table 11. Numerical results of simultaneous rupturing on not-connecting two segments with inactive areas. The two
segments compose an extensional jog, and the distance between the segments is 1.0 km. An initial crack is located
in the end of the fault system. The meanings of ‘0’, ‘x’, and ‘—* are the same as those for Table 3.

Lower depth of Length of inactive area [km]
inactive area [km] 1 2 3 4 5
1 O O O - -
3 O O O O O
5 - O O O O
7 - - O X X
10 - - — X X
15 - — — — X

123K 2 OO®7AL MNIRERET, A7ty hORIIHEMIZ 1.5 km, 1127 Z o 7 3WERIZH 56 O .

Table 12. Numerical results of simultaneous rupturing on not-connecting two segments with inactive areas. The two
segments compose an extensional jog, and the distance between the segments is 1.5 km. An initial crack is located
in the end of the fault system. The meanings of ‘0’, ‘x’, and ‘—* are the same as those for Table 3.

Lower depth of Length of inactive area [km]
inactive area [km] 1 2 3 4 5
1 O O @) - -
3 X X X X X
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I3 K. 2 50OBTAL MNIAHERET, A7y FORIEHERMIC 2.0 km, G2 7 v 7 3ESRICH D56 OB

Table 13. Numerical results of simultaneous rupturing on not-connecting two segments with inactive areas. The two
segments compose an extensional jog, and the distance between the segments is 2.0 km. An initial crack is located
in the end of the fault system. The meanings of ‘0’, ‘x’, and ‘—* are the same as those for Table 3.

Lower depth of Length of inactive area [km]|
inactive area [km] 1 2 3 4 5
1 X X O — —
3 X X X X X

14K 2 OOBTA MIRERT, A7y bORTEMRIC 0.5 km, W12 7 v 713 EEBIH R SO
B2 Y56 OEEE.

Table 14. Numerical results of simultaneous rupturing on not-connecting two segments with inactive areas. The two
segments compose a compressional jog, and the distance between the segments is 0.5 km. An initial crack is

located in the boundary of the segments. The meanings of ‘0’, ‘x’, and ‘—* are the same as those for Table 3.

Lower depth of Length of inactive area [km]
inactive area [km] 1 2 3 4 5
1 O O O — -
3 O X X X X
5 - X X X X

H 1SR 2007 A L MNINEKET, A7y FORIHRMIC 0.5 km, 112 7 v 7 1 3HEBR 2 IO
oD H OB

Table 15. Numerical results of simultaneous rupturing on not-connecting two segments with inactive areas. The two
segments compose an extensional jog, and the distance between the segments is 0.5 km. An initial crack is
located in the boundary of the segments. The meanings of ‘0’, ‘x’, and ‘—* are the same as those for Table 3.

Lower depth of Length of inactive area [km]
inactive area [km] 1 2 3 4 5
1 X @) @) - _
3 X X X X X
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Fig. 1. Fault models in cases of connecting (a) and not-connecting (b) two segments.
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/
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I =
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Initial shear stress [MPa] 10z+5 4 4
Critical displacement [m] 0.4 1.0 4.0
Initial normal stress [MPa] 17.14 z + 8.57
Static coefficient of friction 0.677
Dynamic coefficient of friction 0.525

B2 B, WIS SPIIBTINTS T SR ENERR IS ), BREARER & i S AT .
Z [TRE [km] THD. Area 3 BIFEENZ2 58K, (2) 2 DDOE7 AL F3HE
HBTORB>TVDEA. (b) 2 2O&7 AL " AEE 5.

Fig. 2. Stress condition used in this study. z is depth in km. Area 3 is an inactive area.
(a) Two segments are connected. (b) Two segments are not connected.
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Fig. 3. Slip-weakening friction law.
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Fig. 4. Rupture process on not-connecting two segments without inactive areas. An initial crack is located
in the end of the fault system. The two segments without an overlap compose a compressional jog,
and the distance between the segments is 0.5 km. The upper and lower panels show rupture time
and slip distribution, respectively. An star indicates an initial crack location.
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Fig. 5. Rupture process on not-connecting two segments without inactive areas. An initial crack is located in the
end of the fault system. The two segments without an overlap compose a compressional jog, and the
distance between the segments is 1.5 km. The details are the same as for Fig. 4.
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Fig. 6. Rupture process on connecting two segments with an inactive area. An initial crack is located in the end of the
fault system. The length and lower depth of the inactive area is 1 km and 1 km, respectively. The details are
the same as for Fig. 4. A rectangle indicates an inactive area.
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Fig. 7. Rupture process on connecting two segments with an inactive area. An initial crack is located in
the end of the fault system. The length and lower depth of the inactive area is 5 km and 10 km,
respectively. The details are the same as for Fig. 6.
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Fig. 8. Rupture process on two segments divided by an inactive area whose length and lower depth is 5
km and 15 km. The details are the same as for Fig. 6.
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Fig. 9. Rupture process on connecting two segments with an inactive area. An initial crack is located in
the boundary of the segments. The length and lower depth of the inactive area is 5 km and 10 km,
respectively. The details are the same as for Fig. 6.
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Fig. 10. Rupture process on not-connecting two segments with inactive areas. The two segments compose a
compressional jog, and the distance between the segments is 0.5 km. An initial crack is located in the
end of the fault system. The length and lower depth of the inactive area is 1 km and 1 km, respectively.
The details are the same as for Fig. 6.
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Fig. 11. Rupture process on not-connecting two segments with inactive areas. The two segments
compose a compressional jog, and the distance between the segments is 0.5 km. An initial
crack is located in the end of the fault system. The length and lower depth of the inactive
area is 5 km and 10 km, respectively. The details are the same as for Fig. 6.
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Fig. 12. Rupture process on not-connecting two segments with inactive areas. The two segments
compose a compressional jog, and the distance between the segments is 1.0 km. An initial
crack is located in the end of the fault system. The length and lower depth of the inactive
area is 3 km and 5 km, respectively. The details are the same as for Fig. 6.
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Fig. 13. Rupture process on not-connecting two segments with inactive areas. The two segments
compose a compressional jog, and the distance between the segments is 1.0 km. An initial
crack is located in the end of the fault system. The length and lower depth of the inactive
area is 4 km and 7 km, respectively. The details are the same as for Fig. 6.
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Fig. 14. Rupture process on not-connecting two segments with inactive areas. The two segments
compose a compressional jog, and the distance between the segments is 2.0 km. An initial
crack is located in the end of the fault system. The length and lower depth of the inactive
area is 3 km and 5 km, respectively. The details are the same as for Fig. 6.
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Fig. 15. Rupture process on not-connecting two segments with inactive areas. The two segments compose
an compressional jog, and the distance between the segments is 0.5 km. An initial crack is located
in the boundary of the segments. The length and lower depth of the inactive area is 1 km and 3
km, respectively. The details are the same as for Fig. 6.

333



