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Introduction 
This supplemental file includes one text, 18 supporting figures and 2 supporting tables referenced in the main text. Text presents the tests for the construction of the block model in Defnode inversion. Figures show rupture areas of historical earthquakes, Defnode inversion results and block boundaries, the inverted model of Y. Li et al. (2021) and strain-rate tensors calculated based on GNSS observations. Tables present M>6 historical earthquakes on the Xiaojiang fault since 1500 and fault parameters used in the block inversion tests.


Text S1.
In order to build a best model to invert for the locking ratio heterogeneity on the fault plane, we had to test for the appropriate dip-angles and dip-directions of the faults involved in the block model based on the previous studies, such as, the Red River fault dipping 60°-70° to north (B. Zhang et al., 2008), the Anninghe fault dipping 60°-80°, the Zemuhe fault dipping 50°-70° with the dipping direction varying from east to west (J. Li et al., 2020), and the Daliangshan fault dipping 55° (Zhao et al., 2014) while dipping 75° to west (Y. Wang et al., 2014). The Xiaojiang fault zone (XJF) is generally vertical in spite of locally dipping a bit to east or west (P. Li, 1993; Song et al., 1998). However, the northern section of the XJF, in which place the M7.8 earthquake we are focusing on had occurred in Dongchuan, in 1733, was confirmed to dip toward east by the gravity study (P. Li, 1993), so we adopted the dipping 70°-85° to east in our tests. All the angles and directions were exhibited in Table S3. In the meanwhile, we tested for the best locations of the block boundaries. As Fig. S15 shows, the blue boundaries together with the dipping angles and directions used in the test 12 best explained the observed data.
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Figure S1. The rupture areas of two largest earthquakes along the Xiaojiang fault since 1500 (Wen et al., 2008). Abbreviations: ZMF, Zemuhe fault; XJF, Xiaojiang fault; DLF, Daliangshan fault; RRF, Red River fault; QJF, Qujiang fault; SPF, Shiping fault.
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Figure S2. The inverted model and the comparison of the observed data and model-predicted data in the test 1 (see the Table S3 for specific parameters). (a) The inverted locking ratio on the Xiaojiang fault. (b) Comparison of the observed (red) and model-predicted (blue) velocity vectors. (c) The residuals between the observed and model-predicted velocity vectors. (d) The statistical analysis of the residuals on the eastern and northern components, where the solid red curves show the best approximation of the residuals by the normal distribution.
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Figure S3. The inverted model and the comparison of the observed data and model-predicted data in the test 2 (see the Table S3 for specific parameters). (a) The inverted locking ratio on the Xiaojiang fault. (b) Comparison of the observed (red) and model-predicted (blue) velocity vectors. (c) The residuals between the observed and model-predicted velocity vectors. (d) The statistical analysis of the residuals on the eastern and northern components, where the solid red curves show the best approximation of the residuals by the normal distribution.
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Figure S4. The inverted model and the comparison of the observed data and model-predicted data in the test 3 (see the Table S3 for specific parameters). (a) The inverted locking ratio on the Xiaojiang fault. (b) Comparison of the observed (red) and model-predicted (blue) velocity vectors. (c) The residuals between the observed and model-predicted velocity vectors. (d) The statistical analysis of the residuals on the eastern and northern components, where the solid red curves show the best approximation of the residuals by the normal distribution.
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Figure S5. The inverted model and the comparison of the observed data and model-predicted data in the test 4 (see the Table S3 for specific parameters). (a) The inverted locking ratio on the Xiaojiang fault. (b) Comparison of the observed (red) and model-predicted (blue) velocity vectors. (c) The residuals between the observed and model-predicted velocity vectors. (d) The statistical analysis of the residuals on the eastern and northern components, where the solid red curves show the best approximation of the residuals by the normal distribution.
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Figure S6. The inverted model and the comparison of the observed data and model-predicted data in the test 5 (see the Table S3 for specific parameters). (a) The inverted locking ratio on the Xiaojiang fault. (b) Comparison of the observed (red) and model-predicted (blue) velocity vectors. (c) The residuals between the observed and model-predicted velocity vectors. (d) The statistical analysis of the residuals on the eastern and northern components, where the solid red curves show the best approximation of the residuals by the normal distribution.
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Figure S7. The inverted model and the comparison of the observed data and model-predicted data in the test 6 (see the Table S3 for specific parameters). (a) The inverted locking ratio on the Xiaojiang fault. (b) Comparison of the observed (red) and model-predicted (blue) velocity vectors. (c) The residuals between the observed and model-predicted velocity vectors. (d) The statistical analysis of the residuals on the eastern and northern components, where the solid red curves show the best approximation of the residuals by the normal distribution.
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Figure S8. The inverted model and the comparison of the observed data and model-predicted data in the test 7 (see the Table S3 for specific parameters). (a) The inverted locking ratio on the Xiaojiang fault. (b) Comparison of the observed (red) and model-predicted (blue) velocity vectors. (c) The residuals between the observed and model-predicted velocity vectors. (d) The statistical analysis of the residuals on the eastern and northern components, where the solid red curves show the best approximation of the residuals by the normal distribution.
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Figure S9. The inverted model and the comparison of the observed data and model-predicted data in the test 8 (see the Table S3 for specific parameters). (a) The inverted locking ratio on the Xiaojiang fault. (b) Comparison of the observed (red) and model-predicted (blue) velocity vectors. (c) The residuals between the observed and model-predicted velocity vectors. (d) The statistical analysis of the residuals on the eastern and northern components, where the solid red curves show the best approximation of the residuals by the normal distribution.
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Figure S10. The inverted model and the comparison of the observed data and model-predicted data in the test 9 (see the Table S3 for specific parameters). (a) The inverted locking ratio on the Xiaojiang fault. (b) Comparison of the observed (red) and model-predicted (blue) velocity vectors. (c) The residuals between the observed and model-predicted velocity vectors. (d) The statistical analysis of the residuals on the eastern and northern components, where the solid red curves show the best approximation of the residuals by the normal distribution.
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Figure S11. The inverted model and the comparison of the observed data and model-predicted data in the test 10 (see the Table S3 for specific parameters). (a) The inverted locking ratio on the Xiaojiang fault. (b) Comparison of the observed (red) and model-predicted (blue) velocity vectors. (c) The residuals between the observed and model-predicted velocity vectors. (d) The statistical analysis of the residuals on the eastern and northern components, where the solid red curves show the best approximation of the residuals by the normal distribution.
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Figure S12. The inverted model and the comparison of the observed data and model-predicted data in the test 11 (see the Table S3 for specific parameters). (a) The inverted locking ratio on the Xiaojiang fault. (b) Comparison of the observed (red) and model-predicted (blue) velocity vectors. (c) The residuals between the observed and model-predicted velocity vectors. (d) The statistical analysis of the residuals on the eastern and northern components, where the solid red curves show the best approximation of the residuals by the normal distribution.
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Figure S13. The inverted model and the comparison of the observed data and model-predicted data in the test 12 (see the Table S3 for specific parameters). (a) Comparison of the observed (red) and model-predicted (blue) velocity vectors. (b) The residuals between the observed and model-predicted velocity vectors. (c) The statistical analysis of the residuals on the eastern and northern components, where the solid red curves show the best approximation of the residuals by the normal distribution.
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Figure S14. Comparison of the normal distributions of the residuals produced in all the tests 1 to 12 (Figs. S2-S13), where the normal distribution produced by our preferred model is emphasized with the red solid curve.
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Figure S15. Parameterization of the block boundaries used in the inversion model. (a) The locations of the block boundaries tried in the tests. The colors red, green and blue indicate the locations of the boundaries used in the test 1, the test 2, and the tests 3-12. Note: the blue boundaries plus the dipping angles and directions used in the test 12 led to the best fittings. (b) All the locations of 4 used block boundaries, which are from Loveless et al. (2011) and W. Wang et al. (2017).
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Figure S16. The inverted model and the data fittings in the recent study (Y. Li et al., 2021). (a) The inverted model for the Xianshuihe-Anninghe-Zemuhe-Xiaojiang fault system. (b) The GPS residual velocity vectors and the statistical analysis of the residuals. Note: the residuals were quite large across the Daliangshan sub-Block (green) for the Daliangshan fault was not used in the inversion.
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Figure S17. The strain rate and strain-rate tensors calculated based on the regional GNSS observations plus the near-fault GNSS observations. The strain rate tensor orientations plus the maximum shear strain rate (a) and the planar strain rate pattern (b). Abbreviations: LXF, Lijiang-Xiaojinhe fault.
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Figure S18. The strain rate and strain-rate tensors calculated based on the regional GNSS observations only. Abbreviations: LXF, Lijiang-Xiaojinhe fault. Also see Fig. S17.


Table S1. The M>6 historical earthquakes on the Xiaojiang fault since 1500.  
	Time
	epicenter
	Magnitude
	Rupture length(km)
	Fatalities

	
	Latitude
	Longitude
	
	
	

	1500.01.13
	24.87
	103.16
	≥7
	≥60
	>10000

	1571.09.19
	24.3
	102.78
	6.3
	30
	

	1606.11.30
	23.6
	102.86
	6.8
	≥30
	>1000

	1713.02.26
	25.47
	103.24
	6.8
	60
	>2000

	1725.01.08
	25.13
	103.04
	6.7
	50
	>600

	1733.08.02
	26.37
	103.09
	7.8
	110
	>10000

	1750.09.15
	24.58
	102.96
	6.3
	30
	>50

	1763.12.30
	24.25
	102.94
	6.5
	40
	>800

	1789.06.07
	24.29
	102.96
	7
	60
	>300

	1833.09.06
	25
	103
	8
	130
	>6700

	1909.05.11
	24.35
	103.15
	6.5
	40
	20

	1927.03.15
	26
	103
	6
	
	

	1930.05.15
	26.8
	103
	6
	
	

	1966.02.05
	26.2
	103.2
	6.5
	
	

	1966.02.13
	26.1
	103.15
	6.2
	
	


Note: The earthquake information is from Song et al. (1998), Wen et al. (2008) and P. Li (1993).


Table S2. Fault parameters used in the tests 1 to 12.
	Test
	dip angle/dip direction

	
	Red River fault
	Xiaojiang fault
	Anninghe-Zemuhe fault
	Daliangshan fault

	1
	70°/north
	85°/east
	70°/east
	75°/west

	2
	65°/north
	80°/east
	70°/east
	75°/west

	3
	65°/north
	80°/east
	70°/east
	75°/west

	4
	65°/north
	85°/east
	70°/east
	75°/west

	5
	65°/north
	70°/east
	70°/east
	70°/west

	6
	65°/north
	75°/east
	70°/east
	60°/west

	7
	65°/north
	80°/east
	70°/west
	60°/west

	8
	65°/north
	80°/east
	60°/west
	70°/west

	9
	60°/north
	80°/east
	65°/west
	55°/west

	10
	65°/north
	80°/east
	70°/west
	65°/west

	11
	65°/north
	75°/east
	65°/west
	60°/west

	12
	65°/north
	80°/east
	65°/east
	65°/west
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