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PHE A AT RE W . FEMZ BT E T 1L Wy A7
B BORE A SR SH UL R HLRE 43 0 Dk 1327 4F 9
H B R4 M6. 0 5% (Min Ziqun, 1995) 1941 4 6
A 12 B ¥ E-K 44— 1 M6. 0 #i 52 (Xie

103°

104° 105° 106°

WL R R

Neogene-Quaternary

I B R JR
Pre-Sinian Basement

TR RN S

Miocene Intrusive Rocks

i 2 1 3

T
Surface Rupture
UL

Thrus?Fault
; W2
E===

Strike Fault

EW
Normal Fault

R B R KI5
In-situ stress measuring
point and the direction

b 7% Earthquake
M.>8
O s>m=7
O 7>M=>6
0 5I0km
L

BT e ] i b 2Ry N 48 DX Ml B A4 3 5 0 A5 A P (3 Zhang Yongshuang et al. . 2014 &30

Fig. 1

Geological structure map and the location of test boreholes in Longmenshan fault zone

and its vicinity (after Zhang Yongshuang et al. , 2014, revised)
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S i LR | e g T I L BT 2R L i R AR b 2
PO A% W RLLH . e BRI O3 A R AIE IV T RS NS
VU203 Sl RRAE A AN ) Je ) LW 8 REORT LA Sy S AR
b BEF 7P g B B (Dirks et al. , 1994; Chen Shefa et
al. » 1995; Chen Guoguang et al. , 2007; Lou Hai et
al. » 2010;Chen Qunce et al. , 2012;Meng Wen et al. ,
2013) o AU 1L M = K & A= AE e 1) L TR B P R
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Fig. 2 The curves of hydraulic fracturing text
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Chenghu et al. , 2014),
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Table 1 Calculation results of shut-in pressures at Qiaoqi site and Tianquan site after the Lushan earthquake
s WRIE 5 0B 1 181 55 DU BR [ 0 S5 LG 4 181 Py
(m) dt/dP Muskat dP/d¢ dt/dP Muskat dP/dt d¢/dP Muskat dP/dt (MPa)
128 10. 35 9.98 9. 94 10. 82 9.82 9.59 9.77 9.35 9. 40 9. 89
136 9.38 9.20 8. 87 9.30 9.10 8.83 9.27 9.04 8.85 9.09
QQ-1 159 10. 00 10. 89 9.92 9.88 10. 49 / 10. 39 9.94 9.39 10.11
182 16. 62 15. 21 17. 80 16. 04 16.18 17. 82 15.56 16. 54 17.94 16.63
188 10.91 9.22 9.35 10. 89 9.28 9.12 10. 11 8. 81 8.90 9.62
114. 25 5.17 / / 5. 77 / / 6. 26 6.04 5.73 5.79
TQ 121. 45 5.48 / 5. 44 5. 49 / 5.25 5.45 / 5.21 5.39
135. 10 5. 30 / 4. 87 5. 65 / 5.19 5.21 / 4. 95 5.20
141. 80 / 7.73 / / / 7.73
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Table 2 Calculation results of re-opening pressures at Qiaoqi

site and Tianquan site after the Lushan earthquake

T P (MPa) R IZ 2T
U5 o [ R o B P R B B8 T BRI (MP)
128 9.19 9.10 9. 05 9.11
136 9.02 9. 34 9. 05 9. 14
QQ-1 159 10. 04 10. 03 10. 05 10. 04
182 26.16 25.93 25. 88 25.99
188 10. 24 9. 87 9.33 9. 81
114. 25 8.16 8.09 8. 05 8.10
TQ 121. 45 6.09 6.16 6.07 6.11
135. 10 5.11 5.70 5.32 5.38
141. 80 / 12.55 / 12.55

T2 b X 5= A G B KK 320 3 ) T R NW -

NWW., 5 1) 52 52 P AL A 1) 45 2R 7R P Ak -F
B hmhy NW-NWW (K 4) (Luo Yan et al.,
2015) 33k — 45 R 55 /K TR B4k v ) 25 SR AR )
B X W R 7z R RN 7 3 1) — B

3 g

PEACHENF5 1, W7 )2 18 B A BT R )« KT ek A
TSR] po, I W Z K S 3. M5 AR
RO 333 AR I AT BE 7 AR T Bl A T )2 T b
KA e /N F2 07 7 1 BeAE Ry e 488 2R 0 e ) BRI

(Si—P)/(S,—P)=[F+D" 4, (3)
A S W R T 5 K F 0 7. Ss R R T /)
FR S P AL E ). WIEEE R EL. Byerlee &
G R BB 2 A 1 PR R B 0. 6~1.0 Z[A], 1M
H e B R AR S FH T e . AR SO 4 b bz )
BOE R B QAL S 334 m B BB b B IR S
H on>0,=on H oo, M ZEAR /N S FHAR I A5 B g 4R
BH on>0n >0, B A SCHN I (3D 4347 W )2
Fe g PR Sy =0, P=P,, FI A [6) TR 7Y

=om s S;

£33 ENUHAFEEEHEAMNELER
Table 3 Results of stress measurement in

southwestern segment of Longmenshan fault zone

LY I on oh ov tm 7'7—0{1 &
(m) )
128 [21.93|11.18] 3.43 | 0.81 | N85°W
136 |19.60(10.47| 3.67 | 0.77 | N63°W
159 |21.97|11.71| 4.29 | 0.76 /
QU 174 125.30]14. 90| 4.70 | 0.77 | N85°E 2014
182 |25.83|18.47| 4.91 | 0.77 | N73°W
188 |21.02|11.51| 5.08 | 0.71
80.50 | 5.25 | 4.15 | 2.13 | 0.53
117.50 | 6.66 | 5.22 | 3.11 | 0.47
135.00 | 5.25 | 4.73 | 3.58 | 0. 27 2010 4F
167.00 | 5.47 [ 5.09 | 4.43 | 0. 16 (Wu Manlu
QQ1 174 50 13.06] 9.51 | 4.62 | 0.59 | Nag°W et al. ,
192.07 |15.27]12.09] 5.09 | 0.61 | N60°W 2013)
201.27 |18.63|13.13| 5.33 | 0. 66
214.37 |23.73(14. 78] 5.68 | 0.72
114.25 | 8.21 | 5.79 | 3.03 | 0.57
121.45 | 8.93 | 5.39 | 3.29 | 0.57
TQ| ) . 2015 4F
135.10 | 8.95 | 5.20 | 3.58 | 0.54 | N59°W
141.80 | 9.31 [ 7.73 | 3.76 | 0.53
250.56 [12.12] 6. 46 | 6.39 | 0.31 | N46°W
334.29 [15.56| 8.28 | 8.53 | 0.31 2012
FXG| 348.24 |16.89]8.92 | 8.88 | 0.31 | N50°W |(Wang Chenghu
367.04 |18.00] 9. 60 | 9.36 | 0.32 ot al. .2014)
371.69 |19.70[10. 15| 9.48 | 0.35 | N53°W
o on— I KRR F R ST 500 — S /NKFE R J7 5 ER 1500 — B
BA R B 2650ke/m®) T i fl 500 3 BV T 5 e — FCRBY I S (o

—03)/2 5YIR S (o1 +o3) /2 BILLIE .
o fHHE =0.6 F1 1.0 B o, ] 5 R PUAS L )
SIMTEER . B Sa AT L H o RS AR I A5 M
r”jﬂﬁ,ﬁ-icttisdt o H R 170 m LR A LA E 3

B KoK Bl i 1 W2 Sh il AHE
TR, H R 214 m 2B i KOK S BN B A
1L 7T 0 B (R A B 1 B O X L R
AU & B W2 s vl . B 5b Al LR
Hh o HiL AR S R DU A A N ) (B KRR S I Bk



o BT

974 http://www. geojournals. cn/dzxb/ch/index. aspx

#H
2017 4§

30° 24’
N)

30° 12/

MR 39
T In-situ stress
measuring point
—_ faifs: 0°
dip angle:0°
— fiifa: 45°
dip angle:45°
— fiifa: 60°
dip angle:60°

30° 00’

0 5 101520 25
FEVRIARE (km)

29° 48’
102° 36 103° 12
4 FRURHLHI X R P Ak P4

(## Luo Yan et al. , 2015, B30

102° 48" 103° 00’ 103° 24 '(E)

Fig. 4 The horizontal projection of the P axis in the focal

mechanism (after Luo Yan et al. , 2015, revised)

TR B E T2 W S RE R R R X
Wl BT LM 52 S R 1T 1L D 2 VY R Bt b B g AR
R A A B A BT, He &3 TR 4
G fiih Wi J2 T Bl 1 R EE L 92 M X A A T ) i Bl B ]
REPEIR K. M Sc o af DLE H . 29 1L Hb A2 A& Al 56
T A3 1 7 A AE X 35 /0N e KK P 32 0 g i A ik
1) T J2 0 Bl A 0 T B L 82 e A i Bl Y AT RE
RN A BT 5d ATAS L e Ll R S R A A 1
{ELAE X 85 R s e KOKOF N ) E & M T W Z W 3
I SEL A T B o 156 B % 1 b 52 5 e 1] 1l D 2847 DY R
B nt) rA B g Ty FRCER S A T I, 1 b RR S % X
A A W Bl Y AT R

g 2 B K Y N 3 558 389 07 7 B HAR 25 AL R
IKHE 3 B AVE BT 5 e ) 3R R

tm=(S1—S) /(S +S;,—2P) (4
K S R KR FEN J1.S; HE/NER T P HfLIKR
JEJ1 o ASCHE pu B Si=0usS;=0.. P=P,. pn
PR SO FEE R e AL g 5o IR RN
T

pn = p/ (1O (5)

H A2 25 B o SR 90 e B0 AT LA e OB ) BT J55E
Hiu I %68 W )25 T Bl A R e LM RR TS 2% X
275 /N(Tanaka et al. , 1998) . /xm’fjﬁ%:z@jjlél/ﬂﬁ:l;%
IRV BR B Y8 07 1) TC K s e 18K T BT N T R 2R
KPR ey o K 2R T 2 i B By AT BB MO, R Z TR AR .
pm A 0.5~0. 7 Z[B] I, 156 B Ml 5 B ) Ak T 4 BROIR
ALY T 0.5 B B 7 B R IK R <<
0.3, Ui BH B S B B /K FE 8 Ik (Wang Chenghu et

al., 2014), HH3R 3 AT AL, P 1L b 52 A e A AN e,
MR 0.16~0. 72, F- 31k 0. 50, P IR Z 5
T At U A5 g B EE(EL A 0. 71~ 0. 81, F- ¥ 0. 77,
3 158 B R Lt R 1] L O SR VY e B G B
FERECSEIRHN T8 0 ACE 5 1 b 52 22 )5 1% X
0 ) B R A T ARCK R 3R L b 52 N ) KE 2
L RbF A BRI F RS & A W2 W Bh i T REPEAR K
F L R TRl DI £ g B SE(H Dl 0. 31~0. 35, °F
BIE N 0. 32, U BHZ S B BB KB, 2 L
HbRR JE KA AL e B9 SE(H R 0. 53~0. 57, FH{EH N
0. 55, BT 1L Hb 7R J5 IR 1T 1L W 284 7Y i B 1
Bepp SRR A AR, HE 43 1 &AW 2 s
(M RR I L % BEAT & 26 W7 20 sh i T gk .

255 RE L e 177 L W 24 VY e B A B Be i
N TARZS 0T LA L 27 1 7% 5 7 G R B A g ) R
B AR TR # IR TR R K E R &
W7 S AT RE M . (R A LA b B B S R
SUKOF 28 T g B Ak 2 U0 RS AL P BB A Kk R T
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Variation of the measured stress value vs depth
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Comparative Analysis of In-situ Stress State in the Southwestern Segment of
Longmenshan Fault Zone before and after Lushan Earthquake
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Abstract

Hydraulic fracturing and piezomagnetic overcoring in-situ stress measurements were carried out in two
boreholes in the southwestern LLongmenshan Fault Zone to understand the current in-situ stress state and
stress change after the Lushan M, 7. 0 earthquake on the April 20", 2013. Measurement results show that
the maximum horizontal principal stress and minimum horizontal principal stress at the Qiaoqi borehole is
19. 60~25. 83 MPa and 10. 47~18. 47 MPa within the depth of 128~188 m, with an orientation of N63°~
85°W; the maximum horizontal principal stress and minimum horizontal principal stress at the Tianquan
borehole is 8. 21 ~9. 31 MPa and 5. 20 ~ 7. 73 MPa within the depth range of 114 ~142m, with an
orientation of N59°W. Relationships between horizontal stress and vertical stress of the two measuring
points are oy >0y, >>0,. The average ratios of maximum and minimum horizontal stress to vertical stress at
the Qiaoqi borehole are 5. 27 and 3. 01 respectively. The average ratios of maximum and minimum
horizontal stress to vertical stress at the Tianquan borehole are 2. 60 and 1. 76 respectively. The results
that horizontal stress is higher than vertical stress will lead to a reverse fault activity. Comparison of in-
site stress states in this area before and after the Lushan earthquake suggests that after the earthquake the
accumulation of stress of the unbroken active faults on both sides of the epicenter has been increasing.
What's more, the stress magnitude at the Qiaoqi borehole improves significantly after the earthquake,
which is in consistent with the monitoring results at the Qiaoqi. On the basis of in-situ stress data and
Coulomb faulting criterion, the maximum horizontal principal stress at Qiaoqi was between the minimum
and the maximum of fault slip before the earthquake, and exceeded the maximum after the earthquake.
The maximum horizontal principal stress at Feixianguan was lower than the maximum of fault slip before
earthquake. s, , the ratio between the maximum horizontal principal stress [ (61 —05)/2] and average
stress [ (61 +05)/27], can be used to evaluate the present stress accumulation level and the seismic risk.
The pre-earthquake p,, value at Qiaoqi was 0. 16~0. 72, with an average of 0. 50, and the post-earthquake
/w value at Qiaogi is 0. 71 ~ 0. 81, with an average value of 0. 77. The pre-carthquake u, value at
Feixianguan was 0. 31~0. 35, with an average of 0. 32, and the post-earthquake p, value at Tianquan was
0.53~0.57, with an average value of 0. 55. p,values in two study areas show a big difference. This study
concludes that the stress in the northern and southern segments of the Longshan fault zone has been

accumulated, which can increase possibility of fault slipping, especially in the northern segment.

Key words: the Lushan earthquake; southwestern segment of Longmenshan fault zone; in situ stress

measurement; change of in situ stress; fault slip



