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Abstract The source mechanism is an important source physical parameter for interpretating microseismic data
and has significant practical values for reservoir microseismic monitoring and fracture propagation
characterization. In this study, we introduced the geological background of the hot dry rock (HDR) reservoir in
the Gonghe Basin and the microseismic data associated with the injection test, and then explained the source
mechanism inversion method based on HybridMT package and the optimization approach based on the principal
component analysis. Finally, the source mechanisms of 37 microseismic events (My; 0.80 ~ 1.69) were obtained
and interpreted, which are predominantly characterized by thrust faults and strike-slip faults. The high proportion
of double-couple (DC) components suggests that the fractures are dominated by the shear rupture mechanism,
indicating that microseismic activity mostly occurred on pre-existing natural faults/fractures. The dominant
strike of the P axes and the faults/fractures are orientated at approximately NE and NE/NW directions,
respectively, suggesting that the direction of the local maximum horizontal principal stress at the depth is
basically consistent with that of the regional maximum horizontal principal stress. The complex source
mechanisms are also related to factors such as water injection pressure, local in-situ stress, and high temperature
in the formation. We attempted to carry out in-depth research on the source mechanism analysis of microseismic
events associated with HDR stimulation in the Gonghe Basin for the first time, verifying the effectiveness of

microseismic processing and fracture interpretation. This study can provide a reference for future microseismic

monitoring and fracture interpretation of deep HDR reservoirs.

Keywords

0 95

T#E (HDR) & —Fh A f . Al 96 2R F H L f g
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T HCE A 2= BT LB AR B0 R AR =
T AL, TV K TR 2R b AT 2 R A
2%, WA RAFBENE R N T B R G2 5T 1 fn
b AR BE Y 2 R A BE (Maxwell et al., 2010; Li et
al., 2019). 7E4i# 2 Fe 24 vlo it o B vy, LI R 1 2246 Fn
SRR T B AR T A AR E M, B BUA A
ST W7 2 2L 4 W B, T RE T AR 1 R bR R RE
PRI It ol 72 W T S I RO R T R A
Y 2 B F B (Mousavi et al., 2016; Li et al., 2018;
Chen and Huang, 2019; F+ Jik Jik 55, 2021; Feng et al.,
2022; Wu and Wang, 2023). 18 b 5% U5 I 2 3 F 4% 2
JE SN 55 77 A 0 S b 72 1 ik, 38 o R R A R
R sz vt A5 A 9 284 4 25 T Joe A R R4 AL B, DT
S S 0GE RCR VP L Hs 244 M it T T R
72 XU PB4 (Chen et al., 2018; 2= FIH JH, 2021).
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fiE, AT 3 A WAL T A ) AR R AR A
AR A R AR & F M EEAS B, &I R )
3 AT R B4 4 i R A Tl b AR ML BT ) 2 B 5T A A Al
(Vavry¢uk and Kiihn, 2012; Chen et al., 2018; Z=#k J&
4, 2023; Wu et al., 2023). I 7b, 52 JEHLH 8 v FHF
DX 43 K AR i R AR R AR R =1, DA R ke R e
B PR BFE A5 (I8 B 5 45, 2020; Leonhardt et al., 2021).
Cesca %5 (2013) F 57 2 B A & M = 08 B9 I XUHT 18
38 DRI T R AR AR, IZRRAE AT LUAE Ry X 43 R AR i
1 B RN A% A MR Bl Y H 4 Z — . Kwiatek
45 (2019) X 25 22 B IR 3 FE BT 6.1 km TR (9 M BRI
JE B4 B HEAT I S B b AR W DU A3 AT, 2R S R bR
AT SIS W T SCHRE ) R e AR DT 42 o) b e
B B A R, B T My2.0 KRR L M E
W A, 2 BT L B UR A I B ) S R A
1 EGS Tl H Z£44]. Ellsworth %5 (2019) 7E#F %% 2017 4F
T 5.5 9 K M 5= i B M R A B 5 K o R R
FEAE A I 25 AHOCHE, Jf i — 20 R R IR AL 48 75 T
o HE AR T SR T SRS AR A W B S R
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TZIKHLFE . Chen 5 (2021) X 75 1 L 70T U5 1 56
DX HL S 3 2 ) b 7R 3 S v R AT T e o AT
S5 A R UEALHNE BT TR AT | ) MR R
HIN, X Tl b 5% 3 B0 A JRURS: 4 4T T PP Al . Feng 45
(2022) F1| 2R IE AL G B AT H N I S, Al T
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W PE ¥ (Rutledge and Phillips, 2003; Ross et al., 2018;
JE AR 4 2019), ¥R 0§ Eb 75 (Hardebeck and Shearer,
2003; Godano et al., 2011; Shelly et al., 2022). 4 %
JE J i % (Tan and Helmberger, 2007; Kuang et al.,
2023) K £ BB 4 R B (Li et al., 2011; Guilhem
et al., 2014; Kuang et al., 2017; 1% F BH %, 2019) %5 X}
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5228 HRFRE, 52 7% I~ I R 30 B A5 180 1) 52 i 85 K
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HFBE A TS Ik 2 A HR TR X LA B S i o 3 R R A iy
TE T 2 3 45 B 60 52 WA (Eisner et al., 2010; 4% .0 #
45 2016).
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F A2 (Xu et al., 2018; Zhang et al., 2022). i
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HybridMT 17 s 1 5% 52 U5 AL ] S 38 (Kwiatek et al.,
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1 EE LG5 N X (TR AR A, 2018). TR F 2 b S JE 4
D3 T 2k A i Ak, i Aedu b 1M S
TR MR | ZE 08 T b B T bR Bt [ 4 T A,
A2 75 e e LU BT RE R R A, R AT L — B
R e s i S DA T o g o RS B
HLT L TR B A (MR AR T 5, 2025). RN 25 b 7E L
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The tectonic background around the Gonghe Basin (a) and surface seismic monitoring array on the project site (b)
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Fig. 2 Sample vertical-component waveforms of a microseismic event (a) and the results of PCA (b)

The blue lines represent all aligned and windowed waveforms of valid stations for P-wave, and the red line denotes the first principal component.
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Fig. 4 Resampling test results with full-constrained inversion

(a) Results of JF method, from left to right are polarity resampling, amplitude resampling, and station rejection resampling; (b) Corresponding results of PCA

method. The blue lines represent normal faults, the green lines represent strike-slip faults, and the red lines represent thrust faults.
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(a) Example of a strike-slip fault event; (b) Example of a thrust fault event.
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