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Evolution of Coulomb stress and stress interaction among strong

earthquakes along the Xianshuihe fault zone

XU Jing, SHAO Zhi-Gang® , MA Hong-Sheng, ZHANG Lang-Ping

Institute o f Earthquake Science, China Earthquake Administration , Beijing 100036, China

Abstract Taking Xianshuihe fault zone as the study area, initially, we verified the Coulomb
stress triggering of earthquakes with M>6. 7 along the fault zone since 1893, then using a more
realistic model of multi-layered viscoelastic media, we calculated the Coulomb stress changes
caused by viscoelastic relaxation of previous strong earthquake. In addition, we calculated inter-
seismic stress accumulation caused by the tectonic loading generated by plate motions, the inter-
seismic stress accumulation is modeled by introducing "virtual negative displacements" along 10
major faults segments in the region under study. On this basis, we further discussed the Coulomb
stress accumulation caused by the co-seismic, post-seismic, and inter-seismic effect and its
relationship with the regional seismic activity, and then simulated the evolution of Coulomb
failure stress changes with time along the fault. The result shows that the occurrence of all of
seven strong events on Xianshuihe fault since 1893 was driven by a series of previous strong
earthquakes and tectonic stress loading, and co-seismic dislocation, viscoelastic relaxation and

inter-seismic tectonic loading significantly affect the stress state on the fault. The study of the
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Coulomb stress changes along the fault zone can provide clues to reveal the law of earthquakes

occurrence and find the fault segment at risk.
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Fig. 1 Sketch map of tectonics background and distribution of
earthquakes with M—=5 since 1700 on Xianshuihe fault zone
The black line is the Xianshuihe fault zone. the gray lines are
the active faults ), and the green lines are the boundaries of

activity block[6],
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Fig. 2 Strong earthquakes and the major fault segments
in stress evolution calculation
The black source ball represents strike, and the red one
represents normall'*>), the thickness of the fault line represents

the slip ratel*:1%), specific content refer to the Table 2.
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Table 1 The medium model of Xianshuihe fault zone
=¥ 4 JEJE /km Vy/(km s~ 1) Vo/(kmes 1) o/ (kg +m™*%) m/(Pa«s) n2/(Pa < s)
YIRZ 3 1.6 2. 656 2615
9 6.05 3.493 2760
bk
e 10 6.17 3.562 2679
3 6.25 3.608 2835
5 6. 25 3.608 2835 5.0X 10" 6.3X10'8
T 10 6.55 3.782 2835 5.0X10'7 6.3X10'8
18 6.8 3.926 2977 5.0X10% 6.3X1018
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TE:V, Fm PYWHIE.V, RSP, o RmwM@E L. g e 703 FR BRI FIEL S B0 R 4

®2 OEATHREHRS BB

Table 2 Parameters of major fault segmentation of Xianshuihe fault zone

Wi 2 B o
W7 2 B g 5 Wi 2 Be 44 B A1 /() fmfa /() KB/ km #HEFE/ (mme-a D)
25/ CN) ZJE/CE)
S1 17373 31. 60 100. 20 240 60 20 4
S2 e 31.55 100. 42 305 90 90 13
S3 el 31.225 100. 82 312 90 31 13
S4 R 31. 00 101. 07 317 90 34 13
S5 I\ 30. 72 101. 30 320 90 50 12
S6 Vi A 30. 50 101. 76 320 75 39 4
S7 FER A 30. 41 101. 69 315 85 27 7
S8 R E 30. 21 101. 90 325 80 31 6.5
S9 Ly 30. 17 101. 83 325 75 36 3.5
S10 BV 29.76 102. 07 335 80 77 9.5
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Fig. 3 Coulomb failure stress changes caused by the co-seismic dislocations on the Xianshuihe fault zone
The calculated depth is 10 km, the black source ball represents focal mechanism of the seismogenic fault, the red one represents mechanism
of the receive fault. (a) Coulomb stress changes on the 1904 event’s fault plane associated with the co-seismic dislocations of the 1893
event. (b) Coulomb stress changes associated with the co-seismic dislocations of the 1904 event. (c¢) Co-seismic stress changes associated
with the 1923 event slightly promoted the 1955 event. (d) Co-seismic stress changes associated with the 1955 event slightly affected the
1967 event (<Z0.01 MPa). (e) Coulomb stress changes associated with the co-seismic dislocations of the 1967 event. (f) Co-seismic

dislocations of the 1973 event caused an increase in Coulomb stress state of the 1981 event.
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Table 3 Co-seismic slip model of the earthquakes occurred on the Xianshuihe fault zone

i o EE/C /) WA/ KIE/km SS/m DS/m w4 fr
F-H-H i /N %) /°E

1893-08-29 30. 6 101.5 322 85 13 70 +2. 44 —0.56 7 I\
1904-08-30 31.0 101.1 322 85 13 50 —+0.78 —0.18 7 i 7
1923-03-24 31.3 100. 75 306 90 0 60 +3. 00 0 7.3 gy
1955-04-14 30.1 101.8 337 81 —3 35 +3. 00 0 7.5 b2
1967-08-30 31.62 100. 2 245 45 —70 18 -+0.23 —+0. 64 6.8 A%
1973-02-06 31.5 100. 5 125 87 0 90 “+4. 00 0 7.6 g
1981-01-23 31.0 101.1 322 85 13 44 +0. 50 0 6.9 BEEA
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Fig.4 Cumulative Coulomb failure stress changes caused by the co-seismic dislocations of
previous events on the Xianshuihe fault zone since 1893
The calculated depth is 10 km, the red source ball represents focal mechanism of the receive fault. (a)Coulomb stress changes on the 1904
event's fault plane associated with the co-seismic dislocations of the 1893 event. (b)Coulomb stress changes associated with the co-seismic
dislocations of the 1893 event and the 1904 event. (c¢)Cumulative Coulomb stress changes caused by the co-seismic dislocations of previous
events just before the 1955 event. (d)Coulomb stress changes caused by the co-seismic dislocations of previous events just before the 1967
event, (e)Coulomb stress changes caused by the co-seismic dislocations of previous events just before the 1973 event. (f)Coulomb stress

changes caused by the co-seismic dislocations of previous events just before the 1981 event.
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Fig. 5 Coulomb failure stress changes caused by the post-seismic viscoelastic relaxation on the Xianshuihe fault zone since 1893
The calculated depth is 10km, the red source ball represents focal mechanism of the receive fault. (a)Coulomb stress changes on the 1904
event's fault plane associated with the post-seismic viscoelastic relaxation of the 1893 event. (b)Coulomb stress changes on the 1923 event's fault
plane associated with the post-seismic viscoelastic relaxation of the 1893 event and the 1904 event. (c¢)Cumulative coulomb stress changes
caused by the post-seismic viscoelastic relaxation of previous events just before the 1955 event. (d)Coulomb stress changes caused by the
post-seismic viscoelastic relaxation of previous events just before the 1967 event. (e) Coulomb stress changes caused by the post-seismic
viscoelastic relaxation of previous events before the 1973 event. (f) Coulomb stress changes caused by the post-seismic viscoelastic

relaxation of previous events before the 1981 event.
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Fig. 6 Coulomb failure stress changes caused by the earthquakes (co-seismic+ post-seismic)

on the Xianshuihe fault zone since 1893

The calculated depth is 10km, the red source ball represents focal mechanism of the receive fault. (a)Coulomb stress changes on the 1904

event's fault plane associated with the 1893 event. (b)Coulomb stress changes on the 1923 event's fault plane associated with the 1893

event and the 1904 event. (c¢)Cumulative coulomb stress changes caused by previous events just before the 1955 event. (d)Coulomb stress

changes caused by previous events before the 1967 event. (e) Coulomb stress changes caused by previous events before the 1973 event.

(f)Coulomb stress changes caused by previous events before the 1981 event.
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Fig. 7 Accumulation of Coulomb failure stress caused by tectonic loading on the Xianshuihe fault zone since 1893
The calculated depth is 10 km, the red source ball represents focal mechanism of the receive fault. (a) Inter-seismic Coulomb stress
accumulation caused by tectonic stress loading just before the 1904 event, since 1893. (b)Inter-seismic Coulomb stress accumulation just
before the 1923 event. (c¢)Inter-seismic Coulomb stress accumulation before the 1955 event. (d)Inter-seismic Coulomb stress accumulation
before the 1967 event. (e)Inter-seismic Coulomb stress accumulation before the 1973 event. ({)Inter-seismic Coulomb stress accumulation
before the 1981 event. (g)Inter-seismic Coulomb stress accumulation until just before 2012, (h) Inter-seismic Coulomb stress accumulation

till 2050, using the focal mechanism of the 1981 event for the receive fault.
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Fig.8 The evolution of cumulative Coulomb failure stress changes on the Xianshuihe fault zone since 1893

The calculated depth is 10 km. the red source ball represents focal mechanism of the receive fault, the green solid line represents the

location of seismogenic fault. (a) Coulomb stress evolution until just before the 1904 event, stress changes associated with the 1893

earthquake as well as tectonic stress changes on the fault segments since 1893 are included. (b)Cumulative Coulomb stress changes until

just before the 1923 event. (c¢)State of Coulomb stress just before the 1955 event. (d)State of Coulomb stress before the occurrence of the

1967 event. (e)Cumulative Coulomb stress changes just before the 1973 event. (f) Cumulative Coulomb stress changes before the 1981 event.
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(a) The evolution of Coulomb stress changes caused by earthquakes (co-seismic + post-seismic), (b) The evolution of

cumulative Coulomb failure stress changes (co-seismic+ post-seismic+inter-seismic).
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Table 4 Coulomb stress changes caused by the effects of
co-seismic, post-seismic and inter-seismic at the strong
earthquake rupture center on the Xianshuihe fault

zone since 1893 (Unit: MPa)
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VIS 7ZfF 0.058 0.656 0.235 0.328 0.55 0.422
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