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EVALUATING MEASURED IN-SITU STRESS STATE CHANGES
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Abstract; Evaluating measured in-situ stress state changes associated with large earthquake events plays
a crucial role in earthquake prediction using measured in-situ stress data, whereas typical examples were
not stated systematically yet. In this study, the Qiaoqi and Yingxiu regions which contain measured in-

situ stress data crossing two large earthquakes (the Wenchuan earthquake and the Lushan earthquake)
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were selected as examples to study this issue. The changes of the stress state before and after the
Wenchuan and Lushan earthquakes in the Qiaoqi and Yingxiu regions were analyzed by comparing the
magnitudes of gradient coefficient, characteristic indexes K,;, (ratio of the maximum horizontal stress to
vertical stress) , Ky, (ratio of the maximum horizontal stress to minimum horizontal stress), and u,
(shear stress normalized by average stress) obtained before and after these two earthquakes. The results
indicate that the average magnitudes of Ky, K, , and u,, obtained after the Lushan earthquake (QQ-14)
in Qiaoqi region are larger than those obtained before the Wenchuan earthquake (QQ-99) ; and the mean
magnitudes of these parameters obtained from QQ-99 are larger than those obtained after the Wenchuan
earthquake (QQ-09). However, the evolution feature of gradient coefficient before and after these two
earthquakes can be characterized by QQ-09 > QQ-14 > QQ-99. Based on above estimation, it was stated
that the changes of K,;,, K, , u, can reflect the evolution trend of the regional tectonic stress filed in
Qiaoqi region, while the gradient coefficient can not reflect the evolution feature accurately enough. The
magnitudes of gradient coefficient, K,,, and w, obtained from measured in-situ stress data after the
Wenchuan earthquake exceed those after this large earthquake in Yingxiu region, while the K, shows
contradictory trend. The tectonic stress evolution in Yingxiu region should be verified by supplementing
additional stress data. Long-term measured in-situ stress data which can be compared is the key element
in significant breakthrough of earthquake prediction using the change laws of stress state characteristics
parameters. Conclusions drawn in this study is of great significance for tectonic stress field estimation and
disaster prevention and reduction in Longmenshan region, and can provide reference for earthquake
prediction research.

Key words: in-situ earthquake; characteristic the Longmenshan fault zone;

stress ; parameter;

earthquake prediction
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Fig. 1  Geological sketch map of the Longmenshan and adjacent regions
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Fig. 2 Local geological map of Qiaoqi region showing locations of boreholes used in this study (modified after [ 19])
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Fig. 3 Local geological map of Yingxiu region showing locations of boreholes used in this study (modified after [35])
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Table 1  In-situ stress data obtained in Qiaoqi region
B AL HIT/m S, /MPa S,/MPa S/MPa S, Jrii/ (°) Koy Ko .

180. 25 15.42 8.28 4.77 3.23 1. 86 0.53

187.55 14. 44 8.19 4.96 N57°E 2.91 1.76 0. 49

224. 44 20. 86 11.61 5.49 N63°E 3.80 1. 80 0.58

233.29 18.07 11. 11 6. 18 NI°W 2.92 1.63 0.49

00 99111) 241.15 8.97 5.68 6.38 1.41 1.58 0.22
250. 33 19.74 10. 80 6.63 N55°E 2.98 1.83 0.50

259.10 21.38 11. 68 6. 86 3.12 1.83 0.51

264.37 7.65 5.39 7.00 N22°E 1.09 1.42 0.17

275.07 11.90 6.41 7.28 1.63 1. 86 0.30

280. 46 25.53 13.53 7.42 N39°E 3.44 1. 89 0.55

80. 50 5.25 4.15 2.13 2.46 1.27 0.42

117.50 6. 66 5.22 3.11 2. 14 1.28 0.36

135.00 5.25 4.73 3.58 1.47 1. 11 0.19

00 09129 167. 00 5.47 5.09 4.43 1.23 1.07 0.11
174.50 13.06 9.51 4.62 N49°W 2.83 1.37 0.48

192. 07 15.27 12.09 5.09 N60°W 3.00 1.26 0.50

201. 27 18. 63 13.13 5.33 3.50 1.42 0.56

214.37 23.73 14.78 5.68 4.18 1.61 0.61

128. 00 21.93 11.18 3.39 N85°W 6. 47 1.96 0.73

136. 00 19. 60 10. 47 3. 60 N63°W 5.44 1.87 0. 69

QQ-141" 159. 00 21.97 11.71 4.21 5.22 1.88 0.68
182. 00 25.83 18.47 4.82 N73°W 5.36 1.40 0. 69

188. 00 21.02 11.51 4.98 4.22 1.83 0.62

e Sy MS, B SEMEK . BNKOF R, Sy ATREN ), ST LECEREET, A0 THERER2.65 g/om’,
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Table 2 In-situ stress data obtained in Yingxiu region
1L RJE/m Sy /MPa S, /MPa S, /MPa Sy I/ (°) Ky Ky, Mo

246.70 7.47 4.57 6.67 1.12 1.63 0.24

300. 00 12.55 7.20 8. 11 1.55 1.74 0.27

354.20 13. 80 8. 10 9.58 1.44 1.70 0.26

422.20 16.58 9.83 11. 41 N47°W 1.45 1. 69 0.26

Yx-0207) 476. 20 20. 62 12. 12 12. 87 1. 60 1.70 0.26
611.40 19.17 12.42 16.51 N54°W 1.16 1.54 0.21

677.10 21.23 13.43 18.29 1.16 1.58 0.23

705.70 26. 36 16. 16 19.07 N53°W 1.38 1.63 0.24

733.20 28. 04 17. 14 19. 81 1.42 1. 64 0.24

90. 00 3.48 2.60 2.39 1. 46 1.34 0.19

128. 00 8.34 7.44 3.39 2.46 1.12 0.42

YX.00(11] 142.00 7.81 5.95 3.76 N56°W 2.08 1.31 0.35
171. 00 15. 62 11. 81 4.53 3.45 1.32 0.55

178. 00 16. 36 9.68 4.72 3.47 1. 69 0.55

185.00 13.11 8.35 4.90 2.68 1.57 0.46
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Table 3 Fitting results of in-situ stress data versus depth in Qiaoqi region
P F IV T R TR BE 43 A 0L 45 2R WIE R A3 S
Sy S, R 451 2477 W
0Q-99 S, =0.019D +11.85 S, =0.01D +6.49 0~300 m i nf N47°F
QQ-09 Sy =0.131D -9.26 S, =0.083D -4.69 0~250 m 38 wp Y N55°W
Q0Q-14 Sy =0.041D +15.57 S, =0.069D +1.77 0 ~200 m BURCIEIA N59°W
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Fig. 4 Variation of principal stress and characteristic parameters with depth before and after
the Wenchuan-lushan earthquake in Qiaoqi area
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Table 4  Fitting results of in-situ stress data versus depth in Yingxiu region
P 1 3 IR S A AL 5 R WIE R A3 S
Sy S, FieRic] 451 2477 W
YX-02 S, =0.034D +1.49 S, =0.022D +0.23 0 ~800 m FE A N51°W
YX-09 Sy =0.130D -8. 54 S5, =0.074D -3.43 0~200 m BUIRULEY] N56°W
FERJ1/MPa Km
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Fig. 5 Variation of principal stress and characteristic parameters with depth before and after the

Wenchuan earthquake in Yingxiu area
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