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Abstract It is of great scientific significance for regional seismic prevention and disaster mitigation to understand
the characteristics and future trends of strong earthquakes related with the active continental collision-extrusion tectonic
system in the Tibetan Plateau. The characteristics of My, = 6.5 strong earthquakes since 1990 and the earthquake-controlling
phenomena of the continental collision-extrusion tectonic system in the Tibetan Plateau are comprehensively analyzed.
The results indicate that the Tibetan Plateau has been in the period of slow release of seismic energy recently, but may be
approaching the next period of rapid release. The “multi-level extrusion-rotation active tectonic system” in the continental
collision-extrusion tectonic system of the Tibetan Plateau plays a major role in controlling this strong earthquakes process.
In particular, the Bayan Hara extrusion tectonic unit shows the most significant strong seismic activity process in this
tectonic system. The results of comprehensive study suggest that the earthquake-controlling effect of active tectonic
system should be fully recognized in the analysis of activity trend and hazard of regional strong earthquake, which is
helpful to scientifically judge the space-time migration process and the most likely location of strong earthquakes in the
future. In the process of the current strong earthquake activity, the strong earthquake activity trend of the “multi-level
extrusion-rotation active tectonic deformation system” in the Tibetan Plateau will continue in future. In particular, more
attention should be paid to the future strong earthquake hazard of three large left-lateral strike-slip fault zones which
constitute the boundary of extrusion blocks in the “ multi-level extrusion-rotation active tectonic deformation system” ,
including Altyn-Qilian-Haiyuan fault system, East Kunlun fault zone and Xianshuihe-Xiaojiang fault zone.

Keywords Tibetan Plateau; continental collision-extrusion tectonic system; strong earthquake events; Bayan Hara

fault-block; control-earthquake effect of tectonic system
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Fig. 1 The M-t (Magnitude-time) maps and cumulative energy release curves of strong earthquakes (//=6.0) around the Tibetan

Plateau and adjacent areas since 1900
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Fig.2 The spatial distribution of My, =6.5 strong earthquakes since 1990 around Tibetan Plateau and active faults (a) and their

source mechanism solution (b)

JE) R 1 i 0 P i Y o Herp 6 U BTE 75

Jﬁ@%ﬂ@é%?ﬁﬁiﬁﬁ%ﬁ{%ﬁ%%%%IEJ&?E
b AL 2015 4F (Y 2 A R T 5T L My 7.8 B H T IR
My6.6, My6.7 SARFE, JEI/RERIEE 11135 5 M My 7.3
HLRZ, 1991 4F EEEAR 65 B My6.8 Hi7Z, 1999 4F E[I &
LG IR My6.6 HILRE o 12 W 47 J2 38 77 BN B —BROTE
Ml e i I Al 48 1 3= 00 LU AT, B DR A Y 4 i
945 4 R K 18~ 22 mmy/al”, Wi T 7R A M e i) 3 —
W AR DY 2 YRR R R A TE T R R AR 2k b
AR R T I WA I, AL EE 2013 AE U] 1L My6.6
HRZ A1 2008 AF DU BT My 7.9 M5, & 72 1 5 3

SR 1T L T S e B 2 A Bl 75—t
U A T 35 0 223 R 2 B — B Bl 3t o T 284 2 Wy 4 2
AT EL B BT B ) R B R Y 1 SR A, GPS W
T HL B A KT 45 4 T R 2 (4 £ 2) mm/al®l
22 ERHEREENZENERIFIE

W B Y 10 YRGE W Z R MR, BR T 2011
A BB B 42 I My6.9 M= I AE 5 5 HE L b X
W AT 8 55 5 TR A s e 24 B IR e
T T J2 AR P Cn 308 o — 8 A 15 e b UL A 4R BT J2 A
FH) R OGAN, Hogy 9 IR = & A= 76 7 e JAL Y 3 2%
KA A T 5 W Wi 4ty e HL oy ST )2 (3R 1, [ 4),



14

oE R o o R 2024 4F:

12 T
10 45% (@ ol % 44% ®
F41%
5 L
5 8 2
= 24
woor E ,
= |
4r 14% 2|
9%
2+ 1t
0
WWER EEEES ERER WWER  EREER  ERER
91 © 114
12 =
A8 102
=
3 g o
7t S
w 6 2
® ol 4 &
2 3
0

5 I L L
1990 1994 1998 2002 2006 2010 2014 2018 2022

(a) BEREWERSHESITEL (b) ﬁlﬁl%@%ﬁ%ﬁﬁiﬂ%ﬁﬁiﬁé%ﬁa%; (c) My=6.5 HiEN
FE DRI 6] (M-1) 73 A7 AR ) B3 i 72 SRV RR e I 0 (Ol (2
(a) Statistical diagram of seismic fault types and number of strong earthquakes; (b) Statistical results of seismic energy
released along different types active faults; (¢) The magnitude-time (M-f) distribution (dark purple line)and cumulative
energy release curve (blue line)of My, =6.5 strong earthquakes since 1990 around Tibetan Plateau

3 MR BEREBURAE
Fig. 3 Characteristics of seismic energy release

75°E 80° 85° 90° 95° 100° 105°

35°

v [ on 2 [mer s [ me

si=e[=d7 s [= ]s[QO o[ @ Ju[@ ]

1. B RASN -T2 BRERPEEERTRMEERX; 3. ARG KR,
4; EFERHHBIERX: 5. AR NEIUES H- IR W 6. EWWIR,; 7. WirliR; 8. EWE;
9: GPS Ml 1 E ZWrHR I A IZ 3R A SRR (RS A [8]): 10: BIHLHIR (L LR ERZ
D 11 6.5<My<7.0; 12: 7.0<My<<8.0; WiEIEsEEKG| H CHk [7, 9-16]

B4 5 IR 3 B ) B 2 545G B % 1990 4FE LRI My =6.5 5B S 1F

Fig. 4 The main active faults and tectonic units of the Tibetan Plateau and My, =6.5 strong earthquake events since 1990




15

7

=2
7

T 0 S 1990 4F LI SR 19 My, =6.5 TR B S0k S 1% sh il 1 14 &

ES
H

R

14

WG 1 A X L L T A NV SULE M U KN e 7 RIOE M) SRS A0 A ] B R ML) RS 9= L R (]

TE(HoP80°901 ~HoSTOIL “Notb0' 07 ~NoLE0'9T) HOE H 8:7€70T— H 1 H 17066 1 T @) ¢ (/dewysoxenbyres;/a0s-s3sn-oxenbyres;/:sdny ) i o Sy (SOSN ) ey T foft 3/ T [l 3 H M 2 (D
vl HugeLo SO0 v ZIgiRay (IR 1l hd B PR 1y F A B g <9 O 3F Iy £ §T001 66'st 9T¥0-0661 TT
sosn — - — iR A TR SHE N7 T S e 0 S R M ol OO I T T £or 89 IR LL'8L 8L0t 61-0I-1661 Tt
[ev-zy]  8L0 — €€ 2T IR MY F— T & I 99 S TR 8T001 6T'LT €0-T0-9661 0T
el — — 19 Ay 79 U601 25 44 75 B S 7% M1 307 il B it 4 € 69 MY ML €I8L SESE 611179661 61
lov-6€]  —  SL~GS S8I~0L1 HHIAMTY P I —— 2 SO B B S 3 I D € SL A g 2 il €€°L8 LOSE 80-11-L661 81
sosn — - — iR A TR SHE N7 0 T S e 0 S R M e OO I T T st 99 MG E 0v'6L 1508 8T 076661 LI
(8¢l — 08 9zy HF Ty HOMIH— T2 mI H Y 01 8L HOL Y L ¥S'06 S6'SE I-T1-100T 91
el ot 81 1€ Z(TZ RN T R TS G T e 2 B R R 020 vLo 99 = L LY'I8 6¥'SE 0T-€0-800C S1
el 59 4 OvT  Z(WIEDML R I AR I 1A — 6 L b B T LY 61 61 [ 11 b TEE01 00'1€ T1-50-800T 1
[sel (gumreT~srr 05 EFIgATAY (AT T T TS A E O 35 ch & 7% 00— T o) L9 o) 2 b TS'e8 06°08 ST80-800T €l
bel 90 v'e 9y HF Ty T R S B e H— LT 69 ML $$°96 LI'€E €1-#0-010T Tl
sosn — — — EE-ED HE W g G I g ot 0s 69 SHE W F 9188 €L7Lt 81-60-110T 11
leecel (B9 T~$T  8T~0T  EHIWF RNk )R I e v 99 ML 1 68°C01 1€°0€ 0T+0-€10T 01
[1el — 60 I'Lg H ey hﬁmv«gwwtﬁwﬂwwwumnwwwﬁﬁﬁﬁ&z or 69 1 - 3 A 6578 16'SE TI-TO¥10T 6
lo€] (B €S OV ot 3 5 YY) EpA PR T Al e AT AN o ws 8L TR f 7 H Y €LV €T8T STHO-SI0T 8
sosn - — — — A T 7 EIL A e 0 ot 307 ML T T or 99 (BD )7 B T8'Y8 TT8T STH0O-S10T L
sosn - — - — A ks =1 P Al e A S A e s lece L9 (B )M LA 098 LL'LT 9T¥0-SI0T 9
lo€] (Hmp)se 0r i Y 7 B AL e S i M I st ©L WEZFMENZHA L0998 18°LT TI-S0-SI0T S
lec-stl  —  T1~¥L0 Ob~ST  HEFMY R SO0 208 T O 3 S e R I D S 6 §9 BA3EL 11 B 98°€0T 61°€€ 80-80-L10T v
bz-0zl 0T  8v~8T vSI~ISI Yy RIS T — O MY H—— XL g or €L A ¥ST'86 09%E 1C-50-120T €
61l o1~s0 T¢ €T HiFea XTI T — SN0 2 3 g € 99 WEL R 67101 €8°LE L0-10-TT0T ¢
[s1-L11  — €7°C (44 iy 79 Bl 438 6 [t NC 4 zl 99 A1 B ¥T'T01 8967 $0-60-TTOT 1
oy —— ¥ o v I o oSG I (B )
P %Mﬂ%@ A1 (0 AN I, MMMM S g - oz b

nedje[J Ueldqr], PUNOIE ()66 SJUIS SJUIAD oxenbyied Suons ¢-9="M2py 77 Jo siojouwered urewr pue souanbag [ 9[qe],

WG H LMW NG HEE SO W ) TT LAy 0661 I ph L

13



16 o oE R

ook & 2024 4F

v b s G e TR A 2 i SR A BT JR 4 — 1 IR 22 e A
W R 3R RE, P I AR AK IR R 1996
A 1) 5 3B R T 0 o) B 1L T My 6.9 HiLRE, BRI
PEAE PR AR e =, {E R JE AL A7 A InSAR WL 25
RAGm (E 4), Rk 2 W20 30 7R V4 1] 1) A2 e 36 T 1B
JE U DA T 2445 i 7 L T R BT R 4 TR SR P
Uity (14 53 S W 245 2014 4F (1781 58 F I My6.9 HiiE, &
T T S22 A B 7R 4 T 24 VG e i Y 22 4% S 2L R
IR VR Wl W7 24 L R T 284 % R AT i W 24 P
2022 AF 75 TR My6.6 HIFZ, & 7202 Jy ifF I i 2
YA e 0 —FE 3 1L B o 7 7 R R A AR R
S B AWRE(E 1, B 4), hPEERMEIR N
1997 4E PRI JE My 7.5 72, REWIZ EARRCW
S48 VU B 43 SO —— 9 R S A% R B 245 2001 4F
T K BH ) My 7.8 b 5% (L FR R B 1L PG K
B), REWMZEERECHAWH ETHNZ —, JE
W — A1 D2, 2017 450U 1| JLZEVE My6.5 Hb
L, OREWE N R R C W R i (0 5 e 2
2021 ARG FL 22 My 7.3 M2, KRWIE MR R CK
S R 3 S W L R L 1 — VTR M L A AR B
T e D AR R 0 0 R KT — /N YT A R A 2 9K
PR, MU A AR U SR 2010 4E T I E R My6.9 Hi
R, KW R R B K T — /N VLU 24 7 b B i H
— R T2 L R 2 Al R 5 — 2 R
2022 4E DU 1| 558 My6.6 HFE, % 7% Wt 2 J2 6 7K 3] b
4T I BV B

AR E, 1E IR R R 3 45 KB A gk
T T ST R, A AR DT ST Y B R B KRB LA
Wi 2 IV R AR AR (A A, b RE Gy
M i AR O A £ FLo R A AR K, R LA SR AR T
B FEER RN EZ —
23 IEWRBGEENA ENEREE

UL 56 A P 3 R IE W2 AU R, KRR W2
B R m At W2, AR T 3 28K W AY f AR I
X(F£ 1, B4 1N REERIREW AW MRS
03 S W 24 T A Aty — S0 FL A A i A i T S8 A o e
FNRIRLA B X, & 7% W7 )23 02 3 ma b 1) 19 35 1L PG R O
WiZe 1A B R L, REM S R m A
] fifr B — e U] 58 5 v B 1 e R b BT S 1 R OF G
JZ o O3 VAR AEAE T A IR Sk b i E P L
SR TP R H — T VLT R A b B, R R 2R
WA B — T e 35 1L OE R R B, N JE TR AR — )1
VBT e phy 38 1) i R A

3 R IR R Bl Y I A AL i SRR

B S R B B B All 2 45 H A IS R RAFAE

L5 B NS ShAL 5 AFF 5T R GPS WL £ S 65300
DA% 23 AT R 14 355 20 D8 S el SR, T T
Ji B B4 b 58 A8 I A A8 A 1h 4 SR — ST Sl H 3k
JC (BASTE DX ) 2H R i ity B il 48 5% 13 305 3l 32 1K
F(HUFR Ry “HeAR B A-BF SR R ), X B
] 6B 45 4 32 PR IT YRR AE 23 3R A (151 4),

(1) B S pr A Al ( 1), LU gt m
VERITR B30 vh -8 8 4 o A2 T8 D R A, T SR R A i
J2 B T RHE T G0 e R4, 3 B EE 5 T
i P[] ol i 48 ) = 300 S AR 3, R 4 19 Bl
SRAN, B TR (0O X KO 4 A TR Gk 2 18~
22 mm/a”!, W T IR AR B (8150 R AL ) 4 g
(2 40 mm/a) AT —2F

(2) 7 9 = it b e AR AR R AR B X (1), LAZR VS [h]
AR I PR, 2 A5 R A T 2 R R 1 T R L 1)
LA | 74 rb R 0 S T R AR R L v
22BN A 13 L 1) R BT B, B4 (0 3T AR P )
i R A JE 3 R AT 35 29 (22 + 3) mm/a, W T £ 10~
14 mm/a BT 5 It 1) 45 S5 1 0

(3) 75 9y SR 1) AR R A 3 R GE (D), U
Wr B L I E % 3 Bl ok T 9 R R AR LR, E
SR R M BT R 4 — i JRUE T W R L AR G W
ST FEE K] — /NIRRT, b 3 50 KRR AC gk
W %4t U BT Hh T e A P s I 85 i 2% Y B T
W AR T AT CAn e 17 Ll B 44 ) o 3 4% R AU L i Tk L
A B R SR DU 4l e e E R R R B IR 4 10~
14 mmy/a ® ) A4 10T IR T 7 0 R AR B Y R
PR DX 3 JE M2 g 30 5L, R i
e B ] AR B AR I g — 2B R4 S 3 S IR — R
& BT 4), mdbm R Sk ARHr Al i
BT CI-1), Hh BT 2R 4 — 4 % — i 30 e 3 il
5 T M0 S 3R R s 178 TB W B DX 2 s L
i s oT(-2), AR RS Wr 2 Jel] iy 2
N GG e 00 £ 2L T B U0 AR T W B XA G,
SR AR NIRRT & R A ) %5 R R R
IR G LA, A W o 8% th R a9 VE S, 5
AR T 07 2 40 4 R 24 (4 + 2) mm/a™; JEZR — ]
HE A T (T-3), Hy B — /N R R K
VY R A AR — ) — R R IO e HLAZ T Wy e IX 20
JEH, 303 A YR — R 3 BT R ) 3 T ERAE 1) AR
B A IR, 3 R B 2 e e 42 3, 3 A e e —

3.1



LERE Ul R

TR I 1990 4E LKA My =6.5 T 5% 3500 K i sl s R 2R 45 2 50Ut 17

5 T WM T — 0 4 R v B Y ) AR e, TR ET
2 S 7 B BE AR e 5 A e AR R T A5 T B U0 AR JE i AR
FABA, R & 2 A LA 518 32 A% )
R 2R 85 4G 1 BT, IR A T HRE e 1 00 sl i
RGAIFRZ N “Z RS- IG S Eik R .

(4) 7 e L G AR AL S v RO — AR % L
FiE s (IV), DAEE 46 50 AR TE M REAE, 32 B4 R ) 1
SRV B LD w8 A AR T L AR 3% L b gk L) BT
VG AR AL F8 1 320 5L 308 o W SR K B A 3 Bl RE
T AR, B A 3 LU — Y] VY A JAR 3 bR A R Al A R
A1l 7% 45 45 R AT IR 24 4~ 8 mm/al®, KWl TED
JE 5 BROW AR B[] 3 g AL 1) 4 08 1 1 10%~20%, AT
T Sl B 0 55 1 R AR 0 B SRR A T
32 ZRAFYH REEIMEGARZREETHSE

IEERBEFRINEEREMIE

R T3 04 0 0 R TR B 0 R R e 3 T
A, 22 R RS R R AR R R R A D
o7 = T % 390 e DT A R 3 4% KR A e A S T LA
ey 17k, ORI T W2 Y 2 WA R
ST R Y 3 Uk 3 AR AR T s D i Bl 1 %

—_
(=}

(a) 67%

(E2/10%) /]

31%

ok
He
N

HURRE
S}

I 11 111 v
Ha it #7550 5

K5 (a) e R A G SO M BB IAE s (b) &5 AIE T R i aE

Fig. 5 (a) The seismic energy release of various tectonic units around Tibetan Plateau; (b) The seismic energy release of various

extrusion tectonic units
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Fig. 6 The continent-continental collusion-extrusion active tectonic system of the Tibetan Plateau and its controlling effect on

recent strong earthquakes (modified from reference*!)
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