5509 3 W i& E’EI jj % % ?ﬁ Vol. 29 No. 3
2023 4F 6 A JOURNAL OF GEOMECHANICS Jun. 2023

SIAMR: skat, Fh58, TFFEL, 5, 2023 A M 3 45 AR I OC B X 4 B g 37 e AE B R 3 R E PR AR AT D). s BT 0 AR, 29 (3)
388—401. DOI: 10.12090/j.issn.1006-6616.20232908
Citation: ZHANG B, SUNY, MA XM, etal., 2023. Analysis of in-situ stress field characteristics and tectonic stability in the Motuo key area of the eastern

Himalayan syntaxis[J]. Journal of Geomechanics, 29 (3) : 388-401. DOI: 10.12090/j.issn.1006-6616.20232908

AR 1 45 = My 5 R DX dul i 1 7 3 b A i AR 1 o0

KoOBI, 3 B, DA B B 2 RE EEE
KL, B R

ZHANG Bin'?*?, SUN Yao'??, MA Xiumin'***, PENG Hua'??, JIANG J ingjiel’z’3 s MAO Jiarui'??,
ZHANG Wenhui'’, ZHAI Yudong'

Lo SRR 27 e BT ) 2 BESE BT, AE AT 1000815

FI SR 5% U5 AR AL 5 b 58 107 Jy B A% B SRR 2 UL 58 0k, AL s 1000815

FAR BT IR RIS Sh A 3 5 M PR 28 e FE )T S0 &, kAt 1000815

e R R LR B TR B, JLaT 100083;

B R (IR ) TR e, 1L 5 430074

1. Institute of Geomechanics, Chinese Academy of Geological Sciences, Beijing 100081, China;

A

Observation and Research Station of Crustal Stress and Strain in Beijing, Ministry of Natural Resources, Beijing 100081, China;
Key Laboratory of Active Tectonics and Geological Safety, Ministry of Natural Resources, Beijing 100081, China;

School of Civil and Resources Engineering, University of Science and Technology Beijing, Beijing 100083, China;

School of Engineering, China University of Geosciences (Wuhan), Wuhan 430074, Hubei, China

A

Analysis of in-situ stress field characteristics and tectonic stability in the Motuo key area of the

eastern Himalayan syntaxis

Abstract: In order to obtain the in-situ stress field characteristics and analyze tectonic stability in the Motuo key area of
the eastern Himalayan syntaxis, the in-situ stress measurement of one in-situ stress hole and 11 test sections of the Xirang
section of the Motuo fault zone were carried out by the hydraulic fracturing method. The results show that the maximum
and minimum horizontal principal stress values (Sy, S;) in the test section of 61.43—121.34 m are 3.05-14.50 MPa and
2.16—9.87 MPa, respectively, and the vertical principal stress values (S,) are 1.63—3.31 MPa, namely, S;>S,>S,. The in-situ
stress field at the measuring point is dominated by horizontal compression, and all of them belong to the in-situ stress state
of reverse fault. The principal stress values gradually increase with the increase of depth, and the dominant direction of the
maximum principal stress is NEE. In the whole range of in-situ stress depth, the lateral pressure coefficients (K,,) are
1.39—-4.38, the maximum horizontal stress coefficients (Kj,) are greater than 1, and the ratio increases with the increase of
depth. The regional stress field of this key area is dominated by horizontal stress and it is highly directional. The horizontal
stress coefficients (Ky,) of all test sections are 1.23—1.66, which are similar to the calculation results of in-situ stress
characteristic parameters in Linzhi—Tongmai section. The horizontal tectonic stress of the shallow level at 98 m is relatively

small, and the stress accumulation level is low. The friction coefficient required to maintain fault stability is smaller than

BE&TIH: FEMRIEARTH (DD20230249, DD20221644, DD20230014) ; o [ H 5 B 2% B H B 1 2 BF 55 B 2 A< BLBF AL 45 51 H
( DZLXJK202106 )

This research is financially supported by the China Geological Survey Project (Grants DD20230249, DD20221644 and DD20230014) and the Basic Research Fund

of the Institute of Geomechanics, Chinese Academy of Geological Sciences (Grant DZLXS202106).

E—EE: kuk (1989—) , B, Wid, WIFFSCO, WS LR AR . i Jy P0G A0 45 J5 A 9% o E-mail: vincent_zhang0322@163.com

BIRAESE: Ahse (1983—) , B, i, BhEBFIE B, MM ZaE o MR J I A W N 4 D7 mIBF ST . E-mail: 980483939@qq.com

YR B HA: 2023-02-28; 1E[E HET: 2023-04-18; SAEMHRIG: T U


https://doi.org/10.12090/j.issn.1006-6616.20232908
https://doi.org/10.12090/j.issn.1006-6616.20232908
mailto:vincent_zhang0322@163.com
mailto:980483939@qq.com

5 3 Huk, G AR IEAh S B OC B DX N ) 3 AR e HAA 3 AR E 3 BT 389

the critical friction coefficient of actual fault, and the tectonic environment is relatively stable. When the depth exceeds 98
m, the friction coefficient required to maintain fault stability is close to the critical friction coefficient value of the actual
fault due to the dominant role of horizontal tectonic stress, and there is a small risk of fault instability slip. The
superposition of the Coulomb stress change in the sinistral strike-slip direction and the thrust direction caused by the strong
regional earthquakes on the fault plane of the Motuo fault zone in the study area are all negative numbers, which inhibits
fault slip and does not increase the risk of fault activity in the study area.

Keywords: eastern Himalayan syntaxis; hydraulic fracturing; in-situ stress measurements; in-situ stress field
characteristics; tectonic stability
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Fig. 1 Structure and lithology surrounding the borehole for in-situ stress measurement in Motuo
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Fig.2 Characteristics of the time—pressure curves by hydraulic fracturing method in each measuring section of the Motuo in-situ stress hole
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Table 1 Results of hydraulic fracturing in-situ stress measurement
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Fig. 3 Characteristics of principal stress variation with depth
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Table 2 Variation law of hydraulic fracturing principal stress in the

Motuo in-situ stress hole

H/m Ky Kin Ky
61.43 2.46 1.34 2.82
70.65 1.39 1.41 1.63
79.87 1.55 1.27 1.73
89.09 1.42 1.23 1.57
98.31 2.34 1.56 2.85
102.92 4.38 1.47 5.21
107.53 2.46 1.62 3.04
112.14 2.68 1.62 3.31
116.74 2.63 1.65 3.28
118.84 2.75 1.66 3.44
121.34 3.10 1.64 3.85

4 Mk AT M AT

M R ) Al AL ASE T Al DX O B A i AR, B A
i W7 28217 14 73 S Wi 24 T8 U By 2 R0 A JR 7R 8T 24 1Y

SAC M o A I I L 2 R L RO M B AR R A
SRS AU AR AE 18], {1 2R, BTA 600~ 70°, ex K2y
180 km. %W % th 2 25 KM JZ= 247 REB L, 26
VU 2 Sh PR e, O DS i AE T s B O 35 i 4 i
1 2 Wi R G A%, 2016) .
4.1 M A 5HERE S
R AIF ST R R B, — b X 8 2435 Bl R AR
b 72 b 0TI B0 55 2 Ml DX MR D7 R A B AR R
TN Z (Linetal, 2011, 2013; Z5 [0 ¥ 45, 2014; F
JRCR A, 20175 BRAE SR A, 2019; F k45, 2020) .
WM, ) P AR R i 4 A O G B R 36 9 A2 Y 5 N0 b Y g
s, R X RS S E R E R C R .
AR A P2 A JEE 455 8 5l o ), Al 50 7 2 i 9 23R ) Oy
%, M AL by 85N ) 5 A S0E R 2 =K (7)
I, i W 28 WY A AR R O3 07 B gl kR
(Stock et al., 1985; Zoback and Townend, 2001; Zoback,
2007; Jaeger et al., 2009) .
T=u(S,—Py) (@)

b, =Wy, p— W RT B BE R R
S,—Wr ST AR ), Pe—fLBR T .

K (7) 38 ] DL A &% 3 N ) ok Row, A T2
T 2l P JT Ay o T Y A I B T, T 2 i AR B
Bl 14 Fe KK 32 0 3 R /N AKSE 2 6 0438 3R Sy
1 S, (=X (8); McGarr et al., 1982; Zoback and Hickman,
1982; Evans and Engelder, 1989; Zoback and Healy,
1992; Jaeger et al., 2009) .

S“‘P():(\/ﬁw)z (8)

Sh—Po

23 (8) Z2 i1 By U AB K T 47 01 L AE B, 2 7 24
AlRE R AW, RZ M B M e, s 2, S 5
S LU AH B Kooy (8RO, i D87 J2 8 47 A2 2 i 7 114 JEE 452
FE BB o UL, TE A D SR R S M
TS BR A BEE R B A AR HE R R .
2 (8) 43 il 138 4% A W A A 7K F 32 0 34 T Al g
| T 2L 3 Bl Y R 5 AR B AL, BRI 2 R R R
Bre O TR 2y 0.2, 1.01 B, 2 i) AN [8) #1552 B BE
BERFE T RAEWE AR S n AT gt (&1 5) .

F L5 AT, B A R B Ak R A R R AR i B
A Ilf S B 482 25 A u=0.2 AT u=0.3 2 [a], BN 5T IX W
J2 T B S B R 45 2R B <02 I, W2 R R W B AT
RETERE K, 1>0.3 B, W2 AEX R E o F AR 45 (2022)
M Ao B A2 IR AL A, 4 AR - B Ml DX IR 2 i
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Fig. 5 Comparison between the calculated results of the Coulomb
fracture criterion and the measured values based on ground stress

data at the measuring points
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E 5 I 98 m I M JZ 52 K P K 3 W ) B
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JIT T 55 B0 5 B AL 3 07 2 42 40 km W BB R T
33 AN M>3.0 M, Hf, M 5.0~ 6.0 9 4 1S, M 4.0~
5.0 9 4 5E 124, M 3.0~4.0 % 4 5E 174 (K 6)
IRIS Hi7% H 5% on, BF 55 X P50 5% (M >5.0) & A 40
FERRAR, £ 0 2~4 F MR, H R IR B vk, B 7
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Fig. 6 Spatial distribution of active faults and earthquakes with M/ >
3 from 1970—2013 in the key areas of Motuo

b 5 TR TR A 0 T — B 40 2 e A% B AR SR ML IX
T AKX e M XY R ) AR A T B 25 fiih W 2 i B
(Harris and Simpson, 1992; King et al., 1994) . H F #ff
g8 X R 2 Rk S DL kAR, BT T X s
SR A2 5B Y R ) AR A, 1T B 5 DX 8l R T 2l 0
F 5T XA 3 et P 1 52 e
R A 2 24 o 00, 0 e 28 Ok A B i R T |
{14 £ i 71 48 4k 5 ACFS(Harris, 1998)
ACFS = At+y' Ao, 9

Ao, — W0 B R, AR T AL BRI AR A
W72 T A A TR R s Ac— B N 1 AR R Ao, —IE
N 1A AR

X HL, SCEAf ] Toda 45 H & i) Coulomb 3.3 4k
4 (Toda et al., 2011) & T 5 35 4F > B 5% X B} 3 5 7
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JIT 1 B A b BT ) LA TR B T 2 A Y S R T
AR A, i, E T A R B O DT SR Y R e R . BF SR
DX BRI X8k A 9 Wb R 1 R TR S 40 Global CMT
(£ 3), Hb R Y A0 55 5 8 mT AR 90 A% 4 . e 24 187 B9k
A . {8 Ff A4 35 fA 1 Coulomb 3.3 12045 1, 3140 i
k¥ B £l 0007 ] A At i (G V) 2 30 #9007 )
(7 s (G ) o A AR 98 I AT 4 M b R T 36

&3 MR BMIEXEE RN RERILE

4 e % T K B R B B, SC R E B Wells 8 NS B0 20
7 (Wells and Coppersmith, 1994) i 4 78 2% i & 15
. 2% B A 2% (Stein et al. 1992; King et al. 1994),
W B 0.355 H bR 72 AR S © A 3 BT 2 . o548
EE AL, B T2 E [ NE 60°, 1B J2 15 ff1 65°, fii
6] g 2R, W7 J2 0% Bl 1 T A 0 e E I (HE VL, 2018) 6

Table 3 Focal mechanism of the strong earthquakes in the vicinity of the study area

Bz HE WE R BRI bRl WaM1 ER2 Rz WM CAIKIE  (CRRUEN (AR
1985-08-01  95.53°E  29.24°N  40.0km My5.7  176° 15° 153° 292° 83° 76° 6.49 km 0.102 m 0.408 m
1988-01-25 94.87°E  29.80°N  33.0km My5.2 37° 69° 159° 135° 71° 23° 3.84 km 0.164 m 0.063 m
2003-08-18 9591°E  29.26°N  33.0km My5.5 65° 77° —6° 156° 84° —-167° 6.10 km 0.237m 0.025 m
2004-09-27 95.70°E  29.78°N  31.1km My4.9 126° 79° -176° 35° 86° —-11° 2.41 km 0.129 m 0.009 m
2005-06-01  94.72°E  28.81°N  19.0km My5.8  209° 6° 26° 93° 87° 95° 7.57 km 0.040 m 0.451 m
2013-04-16 95.12°E  28.67°N  39.6km My4.9  300° 39° 90° 120° 51° 90° 1.88 km 0.000 m 0.236 m
2017-11-17  95.14°E  29.69°N  12.0km My6.5  119° 24° 72° 318° 67° 98° 22.34 km 0.105 m 0.746 m
2019-04-23  94.67°E  28.35°N 16.1km My6.1  208° 9° 21° 97° 87° 99° 12.04 km 0.088 m 0.557m
2022-11-10  94.41°E  28.38°N  15.0km My5.6  226° 10° 43° 93° 83° 97° 5.56 km 0.048 m 0.389 m
AR #1073 0 B 25 R T ARSI SR TR R, o R E R I LA, OGP A 750, B 0

iy TR I BN 1 o SBY N I (E (6 4) ., Ho, 58
L 353 ff R W Bl AR 0CRY 1N T 4y i o B W Bl i 90007
6] 19 W ) 53 6 o, ORI th = A oR B a2 0
(10) . XD MARX (12 EHR ., Hp, Sy Hh
I KK FE R T7, Sp R fe /K- F 0 7, S, o 3 )
F4 BEBNEASMNEREENRRBREBEEHNER
EMR A

Table 4 Estimation of the stress values on the fault plane of the

Motuo fault zone in the study area based on the measured results of

in-situ stress

W B E /KO B ENT) IERS B YR
m [ J1Sy/MPa i J1S/MPa  S/MPa  o/MPa w/MPa 7'/MPa
61.43 458 3.42 1.63 316 404 071
70.65 3.05 2.16 1.87 216 270 114
79.87 3.68 2.89 2.12 280 324 122
89.09 3.72 3.03 2.38 2.95 327 141
98.31 7.54 4.84 2.65 460 671 1.8
102.92 1450 9.87 2.78 8.86 12.87 047
107.53 8.84 5.47 291 520  7.88 137
112.14  10.06 6.22 3.04 586 897 134
116.74 1042 6.31 3.18 5.98 930 144
118.84  11.13 6.69 3.24 632 994 141
12134 1274 7.75 3.31 723 1137 127

JZE | A, B 60°, 0 R Wi E A, B 65°,
o= [Sysin* (@ —p) + Sycos’(a —B)| sin’6 + S ,cos’@ (10D
T = Sycos?(a—pB) - Sysin*(a—B) 1D
v =S ,sin’0— [Sysin’(@ —B) + Syeos’ (@ — B)] cos’d (12)

fifi FfI Coulomb 3.3 4331 #1488 0.10 ke ( Hiu 17 7 )
BHIE) . 1.00 km, 5.00 km, 10.00 km % i 4b Wt )2 i
ey g 1 o DR O VA R A B o L D AP
I deb 7 9 5 DX ) 1 ) SR dRe N JE N, PR K
SR A W RS W2 T AE A R B0 i T R
DU [ B B30 4% A A JRE W )2 T 36 oy ) b Y
NS A4 (2 5) . B S AT, 0.10~10.00 km Ab JF
16 1N 3 78 Ak B T R 9 4 o 5 ¥ s/ s
%5 MRXHMEAEXSEREZMTECH AT

Table 5 Variation of Coulomb stress on the fault planes in the study

== 8/
=5

area under the influence of regional strong earthquakes

ERy D WNDh EGRD) RGN

WEEAm ih/bar AAfk/bar  AEfk/bar  ZE4k/bar Ak /bar
- (ZEleen) G (ZEheE) Gl

0.10 -0.013 -0.004 0.003 —0.0086 —0.0016
1.00 -0.012 —0.003 0.003 —0.0072 -0.0012
5.00 —0.010 0.001 0.002 —0.0025 —0.0015
10.00 —0.008 0.002 0.002 —0.0008 —0.0008
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Fig. 7 Variation of sinistral strike-slip and thrust Coulomb stress at different depths (a—h) on the fault plane in the study area and nearby area

under the influence of regional strong earthquakes (The beach balls represent the source mechanism of the earthquake)
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