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Application of Particle Swarm Optimization Algorithm in 3D Fault Slip Velocity Inversion based on Multi-data
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Abstract: Mathematical model for joint inversion of various geodetic data is established. Using the three observation data of GPS,
leveling, and gravity in the northeastern margin of the Qinghai—Tibet Plateau, combined with the inertial weighted particle swarm
algorithm with LDW strategy, we inverted the 3D slip rate of the Longshoushan fault. The results show that the Longshoushan fault is
mainly right—handed and thrust, and has a tendency of extrusion. The fault activity has the characteristics of uneven spatial distribution.
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Table 1 The basic characteristics of a fault
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Table 2 Sub-fault parameters of Longshoushan

4z KE/km

e yny
2/ LB e e toign e

/km  /km
98.0744  40.1510 31.4366 30 20 -50 75
98.3763  39.9879  25.430 1 30 20 -50 75
98.623 1 39.8595 15.8873 30 20 -50 75
98.7976  39.8097 18.0477 30 20 -50 75
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98.9980 39.7583 18.1109 30 20 -50 75 100.282 8 39.458 6 -0.631 0 —1.5917 —0.3925 0.0123 0.3662
99.2008  39.7115  21.7527 30 20 -5 75 100.467 7 39.403 1 -1.0469 —1.1512 -0.2704 0.1033 0.316 4
99.4472  39.6632  32.8769 30 20 =500 75 100.602 1 39.358 6 —1.0977 —1.0620 -0.2321 0.1236 0.3699
99.8220 39.5990 20.9133 30 20 -50 75

100.785 1 39.280 4 —1.096 7 —1.1458 —0.593 4 0.2018 0.290 1
100.044 4 39.5217 21.6205 30 20 -50 75

101.0959 39.174 0 —1.1933 —1.2773 -0.4425 0.1702 0.301 3
100.282 8 39.4586  17.0349 30 20 -50 75
1004677 39.4031 125601 30 0 -s0 75 101.256 8 39. 1325 —1.1667 —1.4292 -0.6827 0.1223 0.338 4
1006021 39.3586 17.9713 30 0 -50 75 101.408 7 39.1124 -1.0893 -1.5934 —-0.5357 0.1828 0.298 3
100.785 1 39.2804 29.2704 30 20 -50 75 101.5452 39.0872 —1.039 4 —1.4884 -0.4035 0.1762 0.3109
101.0959 39.1740 14.6214 30 20 -50 75 101.607 1 39.072 4 —1.0959 —1.5572 -0.668 7 0.1027 0.318 4
101.256 8 39.1325 13.2911 30 20 =50 75 101.657 6 39.064 1 —1.000 1 —1.460 1 -0.1088 0.1203 0.301 3
101.408 7 39. 1124 12.1024 30 200 50075 101.776 6 39.027 5 -1.0862 —1.3546 -0.6519 0.1427 0.289 2
101.5452 39.0872 5.5930 30 20 -50 75

101.937 5 38.9792 -1.0913 —-1.1689 -0.4179 0.1382 0.301 3
101.607 1 39.0724 4.4536 30 20 -50 75

102.023 4 38.9592 -1.070 1 -1.0802 -0.6649 0.2273 0.293 2
101.657 6 39.0641 11.0474 30 20  -50 75
0L7766  39.0275 149048 30 o -s0 75 102.201 8 38.8927 -1.3132 -1.094 8 -0.4776 0.1108 0.3323
1019375 38.9792 7.7558 30 0 -50 75 102.316 8 38.836 1 —1.2863 —1.1162 -0.3234 0.1012 0.3109
102.0234 38.9592 17.1078 30 20  -50 75 102.506 2 38.739 5 —1.0659 —1.493 8 -0.5352 0.1235 0.3002
102.2018 38.8927 11.7745 30 20 -50 75 3.3 b —HOEFR
102.3168  38.8361 19.6176 30 20 -50 75 NI " \ . N b et
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102.5062 38.7395 29.1616 30 20 -50 75
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Table 3 Inversion results of 3D displacement velocity of
Qilianshan fault by GPS, leveling and gravity data
7 ZhRE GEWRER MU SRR A XA
/° /° /(mm/a) /(mm/a) /(mm/a)  (Ngo)  (Ngay)

98.074 4 40.1510 -1.7948 -0.483 0 -0.5334 0.0821 0.3182
98.376 3 39.9879 -1.5805 -1.4236 -0.3998 0.0867 0.301 1
98.623 1 39.8595 -0.6894 -0.8206 -0.7606 0.0932 0.3479
98.797 6 39.8097 -0.661 1 -0.2914 -0.6931 0.0823 0.367 4
98.998 0 39.7583 -0.5763 -0.7820 -0.6903 0.0964 0.4179
99.200 8 39.7115 -0.6327 -0.8381 -0.7492 0.1002 0.3926
99.4472 39.6632 -1.0874 -1.0692 -0.0274 0.1035 0.3885
99.8220 39.5990 -1.2576 -0.478 8 -0.0172 0.0923 0.368 9
100.044 4 39.521 7 -1.1857 —-1.2489 -0.4917 0.116 8 0.3523
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Table 4 Inversion results by GPS data

98.074 4 40.1510 -0.098 3 -0.1833 -0.102 2
98.376 3 39.987 9 0.003 6 0.053 7 -0.005 3
98.623 1 39.8595 -1.893 4 -0.273 1 -0.0127
98.797 6 39.809 7 -0.080 2 -0.222 4 -0.127 3
98.998 0 39.758 3 -0.297 2 0.012 4 -0.229 1
99.200 8 39.7115 -0.201 4 -0.1237 -0.023 4
99.447 2 39.663 2 -0.5129 -0.1315 -0.1592
99.822 0 39.599 0 -0. 060 4 -0.074 7 0.003 1

100. 044 4 39.5217 -0.1370 -0.007 3 -0.1213
100. 282 8 39.458 6 -0.5336 -0.026 2 -0.009 4
100. 467 7 39.403 1 -0.647 9 0.220 9 -0.134 1
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100.602 1 39.358 6 0.001 2 -0.087 1 -0.001 6
100.785 1  39.280 4 -0.1024  -0.1750  -0.1052
101.0959  39.174 0 -0.211 1 -0.158 1 -0.021 8
101.256 8 39.1325 0.007 7 -0.201 7 -0.592 1
101.408 7  39.112 4 -0.036 5 -0.1682  -0.1028
101.5452  39.087 2 -0.2649  -0.1281 -0.025 1
101.607 1 39.072 4 -0.388 5 -0.0125 -0.037 2
101.657 6  39.064 1 -0.482 1 -0.3092  -0.1637
101.776 6 39.027 5 -0.258 5 -0.427 9 -0.226 3
101.9375  38.979 2 -0.6592  -0.479 1 -0.237 8
102.023 4 38.959 2 -0.625 1 -0.486 5 -0.187 2
102.2018  38.8927 -0.4723 -0.2812  -0.062 1
102.316 8 38.836 1 -0.973 1 -0.7123 -0.317 2
102.5062  38.739 5 -0.821 3 -0.7542  -0.3783
x5 REL&REE
Table 5 Comparison of inversion results
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U S R -1.591 7~ -0.291 4 -0.754 2~ 0.220 9
[ Sipt S -0.108 8~ —0.017 2 -0.378 3~ 0.003 1
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