Supplemental Content to

Hydraulic Fracturing Shear/Tensile/Compressive Crack

Investigation Using Microseismic Data

By Han Li, Xu Chang and Jinlai Hao

This supplemental content contains three figures listing the raw observed waveforms
and inversion uncertainty analysis for the selected events A11 and CO03 (Figure 3a—3c),
and three tables listing the determined focal mechanisms of microseismic events in

three HF stages using the DC, GD, and MT source models.
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Figure S1. Raw observed waveforms for the selected events All (a) and CO3 (b),

whose locations are shown in Figure 3a—3c. The black and blue lines indicate the P and

S velocity records, which are normalized with respect to the P and S amplitudes at

receiver 5 for event A11 and receiver 8 for event C03, respectively.



(a) A11-DC inversion (b) A11-GD inversion (c) A11-MT inversion
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Figure S2. Bootstrap uncertainty analysis of the focal mechanism inversions for events
A1l (a—c) and CO3 (d—f), whose locations are shown in Figure 3a—3c. For each event,
we use waveform data at 10 receivers from the total 12 receivers to perform inversions
(the total count number is C12 = 66). The x label is the omega angle [1,2], which
indicates the deviation in the orientations of the principal axis between the inversion

results using data at 10 and 12 receivers.



(@) A11-DC inversion (b) A11-GD inversion
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Figure S3. Uncertainty ranges of the DC and GD focal mechanism inversions using the
fast simulated annealing algorithm for events A11 (a—b) and C03 (c—d), whose locations
are shown in Figure 3a—3c. ASDR = |Ag| + |AS| + |AA|, where |A@]|, |AS], and
|AA| denote the differences of the strike, dip, and rake angles from the output results
(the angles with the minimum misfit), e.g., |A@| = |@ — @°"Put|. ASDRS = ASDR +

|Aa|, where a denotes the slope angle.



Table S1. Focal mechanism inversion results using the DC, GD, and MT models for 11 events in HF stage 1.

Nodal plane I Nodal plane II Components Moment
ID Model Slope ) VR  Quality
Strike  Dip Rake Strike Dip Rake DC CLVD ISO magnitude
©) ) 0O ¢ 0 ) ) O ) () (%0)
A0l 1-DC 261 45 -106 104 47 =73 100 0 0 - -1.0 37 C

A02 1-DC 182 54 37 81 76 143 100 0 0 - -1.1 7 C

A03 1-DC 233 76 -20 328 70 -160 100 0 0 - -1.0 17 C

A04 1-DC 221 68 21 131 90 158 100 0 0 - -1.0 29 C

A05 1-DC 39 74 22 302 69 158 100 0 0 - -0.6 54 C







Table S2. Focal mechanism inversion results using the DC, GD, and MT models for 11 events in HF stage 2.

Nodal plane I Nodal plane II Components Moment
ID Model Slope ) VR  Quality
Strike  Dip Rake Strike Dip Rake DC CLVD ISO magnitude
©) ) 0O ¢ 0 ) ) O ) () (%0)
BO1 1-DC 323 90 36 233 54 144 100 0 0 - -1.2 35 C

B02 1-DC 227 73 -22 324 69 -158 100 0 0 - -0.8 1 C

B03 1-DC 177 63 13 80 78 167 100 0 0 - -1.1 -2 C

B04 1-DC 240 75 —11 333 80 -169 100 0 0 - -1.0 60 B

BO5 1-DC 236 80 -18 329 72 -162 100 0 0 - -1.0 34 C







Table S3. Focal mechanism inversion results using the DC, GD, and MT models for 10 events in HF stage 3.

Nodal plane I Nodal plane II Components Moment
ID Model Slope ) VR  Quality
Strike  Dip Rake Strike Dip Rake DC CLVD ISO magnitude
©) ) 0O ¢ 0 ) ) O ) () (%0)
Co1 1-DC 105 70 22 205 64 -157 100 0 0 - -1.2 44 C

Co02 1-DC 236 70 11 142 79 169 100 0 0 - -1.2 47 C

Co3 1-DC 323 90 19 233 71 161 100 0 0 - -1.6 70 C

Co4 1-DC 134 74 -16 229 73 -164 100 0 0 - -1.1 62 C

Co05 1-DC 239 78 -16 333 74 -163 100 0 0 - -1.3 63 C
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