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Late Quaternary tectonic activity and strong earthquake generation mechanism around the

boundary zone of the Ordos active—tectonic block, central China

Abstract: [ Objective] The Ordos block, with typical boundary zone activity, is located in the center of mainland
China. Influenced by the remote action of the Tibetan Plateau in the southwest and the Pacific Plate in the east,
each boundary zone of the Ordos Block exhibits distinct tectonic activity and deformation characteristics. This study
aims to provide insights into the characteristics of strong earthquake generation and the future seismic risk along the
boundaries of the Ordos active block. [ Methods] This study systematically summarizes research achievements
made in the study of active faults and the seismogenic mechanism of strong earthquakes around the Ordos Block over

the past few decades, providing a systematic overview of the characteristics of fault activity and seismic generation
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mechanisms along the block’ s periphery. [ Conslusion] The differences in fault activity in each boundary zone
determined the differences in the earthquake-breeding strong tectonic environments. In the southern section of the
western boundary, the faults are mainly characterized by strike-slip, reverse strike-slip, and thrust owing to the
influence of the northward compression and expansion of the Qinghai—Tibet Plateau, resulting in complex structural
deformation styles within the boundary zone. In the northern section of the western boundary, the latest expansion
boundary of the Qinghai—Tibet Plateau is characterized by dextral movement along the Sanguankou—Niushoushan
fault. The Yinchuan Basin in the northern section of the western boundary zone is a typical fault basin with basin-
controlling faults exhibiting dextral strike-slip characteristics, and earthquakes are primarily of the standard strike-
slip type. The Hetao Basin on the northern boundary is controlled by normal faults on its northern side, with
historical and ancient earthquakes concentrated on the northern boundary faults. The Weihe Basin on the southern
boundary exhibits relatively complex structural features, comprising two sets of normal faults. Historical major
earthquakes mostly occur at the southern edge of the basin, with moderate seismic activity in the central-northern
part of the basin. The Shanxi Graben system on the eastern boundary comprises multiple rift-type basins. Historical
major earthquakes exhibit a pattern of stronger activity in the south and weaker activity in the north. The northern
basins are influenced by the Zhang—Bo tectonic belt, resulting in significant changes in basin trend and fault
movement characteristics, often possessing the structural conditions necessary for earthquakes of around M 7.0.
Overall, in the typical fault activity zones surrounding the Ordos active block, future strong earthquakes are more
likely to occur in seismic gaps or transition zones of fault systems, where significant time has passed since the
occurrence of major earthquakes or at the intersections of tectonic zones.

Keywords: active tectonics; strong earthquake; seismogenic mechanism; boundary zone of active tectonic

block ; Ordos
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Fig. 1 Seismotectonic map of the Ordos active block and its surrounding areas ( Faults and earthquakes modified from Zheng et al. ,
2020, 2022)

Names of main faults: F1-Langshan frontal fault; F2-Seertengshan frontal fault; F3—Wulashan frontal fault; F4-Daqgingshan frontal
fault; F5—Helinge fault; F6—Northern margin fault of Ordos; F7—Western piedmont fault of Zhuozishan; F8-Zhengyiguan fault; F9—
Bayanwula frontal fault; F10—Western piedmont fault of Helanshan; F11-Eastern piedmont fault of Helanshan; F12-Huanghe fault;
F13-Sanguankou—Niushoushan fault; F14-Eastern piedmont fault of Luoshan; F15-Yantoushan fault; F16-Xiangshan—Tianjingshan
fault; F17-Haiyuan fault; F18-Eastern piedmont fault of Liupanshan; F19-Guguan—Guozhen fault; F20—Qishan—Mazhao fault; F21-
Northern margin fault of Western Qinling Mountains; F22-Northern margin fault of Qinling Mountains; F23-Weihe fault; F24-Fufeng—
Sanyuan fault; F25—Kouzhen — Guanshan fault; F26 — Weinan fault; F27 — Huashan frontal fault; F28 — Northern piedmont fault of
Zhongtiaoshan; F29-Hancheng fault; F30-Luoyunshan frontal fault; F31-Shuangquan—-Linyi fault; F32-Northern margin fault of
Emei Platform; F33 —Huoshan frontal fault; F34-Taigu fault; F35-Jiaocheng fault; F36—Northern piedmont fault of Xizhoushan;
F37-Yunzhongshan frontal fault; F38—Northern piedmont fault of Wutaishan; F39-Taibai—- Weishan fault; F40-Southern piedmont
fault of Hengshan; F41-Northern piedmont fault of Hengshan; F42—Southern margin fault of Weiguang Basin; F43-Kouquan fault;
F44-Northern piedmont fault of Liulengshan; F45-Yanggao-Tianzhen fault; F46—Northern margin fault of Huai’an Basin; F47-
Zhangjiakou fault; F48—Margin fault belt of Daihai—Huangqgihai Basin; F49—Northern margin fault of Jining Basin; F50-Gongjitang—
Shangdu fault. Dashed boxes in the figure outline the scope of other figures ( Figures 2a, 4a, and 5a)
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Fig. 2 Distribution of faults and fault activity characteristics on the northern margin of the Ordos active block

(a) Geomorphological characteristics and distribution of faults on the northern margin of the Ordos active block ( modified from Deng et
al. , 1999) ; The fault names in the figure are F1-F8, which are the same as in Fig. 1. Other fault names are as follows; F51-
Dengkou—-Benjing fault; F52~Wuyuan—Hangjinhouqi fault; F53—Northern margin fault of Wulashan; (b) Bedrock fault plane of the
Langshan frontal fault; (c¢) Multi-stage alluvial geomorphic faulting along the Sertengshan frontal fault; (d) Bedrock fault plane and
fault topography of the Wulashan frontal fault; (e) Offset of the alluvial platform of the Daqgingshan.

The red arrows indicate the location of the faults; T2-T5 indicate the alluvial terrace in different periods
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Fig. 3 Movement characteristics of the Zhengyiguan fault on the northwestern margin of the Ordos active block

(a) Sinistral dislocations of gullies of different level along the fault, with blue lines indicating the water system and flow direction, red
single-sided arrows indicating the direction of movement, and white numbers indicating the the value of sinistral dislocations; (b)
Sinistral dislocations of gullies and terraces, with blue lines indicating the water system and flow direction, white dashed lines
indicating the boundaries of the terraces, red single-sided arrows indicating the direction of movement, and numbers indicating the
sinistral dislocation values of the gullies or terrace edges; (c¢) Gully dislocations and fault scarp, with red arrows indicating the
extension positions of the fault and scarp, blue lines indicating the water system and flow direction, and numbers indicating the sinistral
dislocation values of the gullies or terrace edges; (d) Fault profile showing obvious thrust characteristics, with arrows indicating the

location of fault scarp, and T2 represents the gully terrace

Wi i AL B AU B 25l i, B AR 1 A Y ], [ ZRF A A Abde v —aiar p db iy, Wb 3458 3h ik
Vsl A, BATERE MR, @t riyk Bl ki ERE Sy EEACh by F; s,
-1 T S B0 0. 35 mm/a F10.09 mm/a WG S AR XSS, R T R 1 AR R PR Y
Fland, 20165 N EukaE, 2017), FILAREN o f, Hib, \BIEER (F17) 2R AR K,
emiEmdl, RS E A e E WK W Wi, S mdu i —dedu i, R um Ao

2, — R EEW R L AR S, sE R SN AREW R (F18) M, 2 NEE WM,
—é%ﬁﬁiﬂ(%?%zﬂﬁ%p@ 1.43£0. 11 mm/a (BIfFE 1920 4RI )5 M8 e iR R A fE iz W 2445 I (1E K b
&, 1992; FHIH4E, 2016), J& 1561 S M7le  FE AR S AR T B I A R X LR )RS, 1990)
WRER R EME (P, 1992), B DR KF T S 4.5 mm/a (Li et al.
TR ARG I My i R KT 2009; Liu et al. | 2022a) , 7 11— K 5 111 7 248 fA 5L

2 (F17), Fl-KREILWHE (Flo) ARk 08, M NRERGE 2 Kid IhduEm s,
BB MW E W (F o 4, 20165 K SCR AR, T2 Yy EE W 20 e R T T, R B R T
2016) . A AR ER T S GE ) R AL TG —AR TS KRB by B, SR itiE sz, 1709 4
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W 0 M7 Y MRk & A e W S 1, At DUk
TH s E R 0.41 ~ 1.62 mm/a (FHIIIAE,
2013; SRAELLAE, 2015) , W% m e £ 2o N B
INARFEWZ (F18) A Il-S W% (F20), 7~
FINARFE W 20 B m A AL vE R A o I R b
Wy, ELE W PR, ARt 3h, 5 DUl e L
FEIE W HERTE 2 mm/a, T H#EK 0.8 mm/a
()% &A%, 1998), s 1 - H W& (F20)
LA EILARREW R (F18) MHEH:, Mgk A
TET FE M, DL 2 e W B sk O E, JREfEA —
JE B IEWT 43, % DO 20 W B Lok Y 2 e E T B B
WRAHN0.5~1.2 mm/a, T EHBHEFH 0.01~
0.03 mm/a (Lietal , 2018),

DX 38l A RIS A R 1Y g b — Ok e Tk T R
PEZRIGIb G I 2 (F21), MRS A S W, &
KBERTF 500 km, @FED, DS BEATA
JUHT 47 4EBevE M634 (=iBBHAE, 2017) . 143 4F
HAVE M7 & (=A%, 2007) ., 734 4 KK
M7 MRS (B A, 2007), KFHFL N 2~
3mm/a, EEHERAN 0.3 mm/a, BIEKEHA
VG [ AR 2 7 388 0 1) e B (2B A, 20055 E4EAR,
2020; KM SE, 2021) .

2.3 MEAFTERTEHNBRETENMREH®
A
TGS R 2k F AR AN,

IEWON EEARE (1), AR TiAR R E

TWEWT AN, BN KT 2 4L SR, B 1 41t

PUPHECAR PG ), 28 2 AR s Ab R AR ), 2 4 Wt

ML, BRMHR (E%5, 2017; WWEH

4,2018), B 1L AWRMHMBIKR, WEahtkw, £

NRREEWT R, AR IETE S 5 2 MR R/

W Vs, Z R, W T s s £

JE7E PG B AR PG L )0 B 2 AL G . e b g A

(F22) , A1l i ke 24 (F27) 18 FE IR AT R 2

(F26) FIFAE-KINW 2 (F25), Y8 F 4t

WL, BRT B -CIIWT R (F25) 19 RS RSP,

LA Ve 24 4y oy A fi
ZIGJ K2 (F22) ¥ V] 25 b 0 28 08 1Y )

S, R T Tt LAk W AR B s s MR 24k 0.3 ~

0.6 mm/a (PEVEEHER, 1996) , 41l il i 24

(F27) T8 1] 28 4 A5 /e &8 19— 4% KA ik Sk 24

K180 km, HEHHHRIGshRE, LA E

AEP B A Bt LUOR A R 22 s 0T 8, KAk AT

1556 AF4EEL M8 KM E, 1Al T it 83 7 A%t
TS (5%, 2019), 45t DOk SV ¥ 3 B ) 3R
N 1.5~3 mm/a (IR IR SE, 2012; Rao et al.
2014; tR1E45E, 2017) , HEHATHIRE (F26) {7 T
T A R R AL, R 1556 A M8 MR KR
Wiz — 2t Dok i B s # RN 1.7~
2.1 mm/a (Rao et al. , 2015; % 2019), MH4H-
KALBr 2 (F25) 7 HL S5 Hh = 400 ) m -3
AN, HoEm R AP, fimp, KA KT 100 km,
F A AR M 30 DAk 32 B SR B R R L T AR
TEWTZ, U 24 i T R 1 DLk S 2 3 2l R
0.75 mm/a (KFULE, 1993; W WE4, 2008; 1
JRZAF, 2021), i 2w AkEME, 01655 4F
=R M5 HLRE | 1704 AEARFH M5 MR | 1850 AERL EL
M5 Hb 78 | 1880 47k 75 B M5 M4 b 7B 45 £ kb ik
=,

2.4 RRKARB[/BPYSPREGENMRFDRS

TR 22 W 1% 2l b B AR 3 B 32 B 1L VE b R
F, MEITEAC £ 208 - e vy A b X, K -y
FEFEHIX AR R -5k Z O b IX (K 4)

32 I — s o 4 b DX L O A 3 T 53 0 A b I
s (E1, B o4), AL e JE A R T,
SMEGER AR, EEWE W R LB A
NH L, EEAE AT R (F28) . #iik
Wi (F29), ZxLmri (F30) FE L hip
Wi (F33), maciidbmrdd (F28) iz Il 7 i
ZR 0 EE 0 iy S0 B S A TR B 0 = B OE
W), 6 Tt DLk SF B 5 W B 3R O 0. 75
mm/a (FE IR, 2014) , HEBMT R (F29) J2iz
WA p Ve e B, H At 5 % i W
(F30) #Hi%E, Z2—S&KaemitiEshmiEw )z, Jbi
257 1695 G M7345E (IE/N RS, 2018) ,
AT IS EF N 0.45~0.6 mm/a (JEHEIES,
2017; AL, 2017), F = lwEiEr 2 (F30)
S IV A M P P R i A, ARt LR 7 8 R 1
SRR 0.36 mm/a (B4 %, 2008; 7 Bk AE,
2013) . ZE TR (F33) I ¥ %5 28 b 36
R AW, ERF AL E AR, SR 116 km, fil
mALvE, EEHBEHEFEN 0.88~1.49 mm/a, =&
1303 4E UL M8 B 1y K M (TR 1=, 2014;
Xu et al. , 2018) ,

IR JF 7 7 4 Hl DX PRl PN A 46 TR R Al T
EH (F1, B4), Mam2duRmEm, £
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Fig. 4 Distribution of faults and basins in the Shanxi graben system on the eastern margin of the Ordos active block

(a) Distribution of faults and basins in the Shanxi graben system ( The fault names of F27-F50 are the same as in Fig. 1; F54-
Northern margin fault of Daihai Basin; F55-Northern margin fault of Yangyuan Basin; F56—Southern margin fault of Huai’ an Basin;
F57-Huairen fault; F58-Lishi fault; F59—Southern piedmont fault of Zhongtiaoshan; F60—-Tieluzi fault) ; (b) The fault landforms on
the southern segment of the Kouquan fault; (c¢) Fault profile of the northeastern of the Hengshan northern piedmont fault ( Q3
represents Late Pleistocene deposits, Q4 represents Holocene deposits); (d) The geomorphological characteristics of the northern
margin fault of the Emei platform (T1-T3 indicate the gully terraces) ; (e) The tectonic geomorphology of the Yanchi area along the
northern piedmont fault of Zhongtiaoshan

Red arrows indicate the fault locations; single-sided red arrows indicate the direction of fault movement
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By asta, 38 5h 1F B s o D B A, T2 B
HNEBUHEZMD T, Al KRERHR (F34), %
WWiR (F35), RFHILALERR (F36) ., =il
IIRTWTZL (F37) MIE & ILHLAER L (F38), H4h
WA — RGN X BN W R R E K R A
KA 2H&NAWEH, RAEBH (F34) JBA1E KR
AR, A BB, O 4 E S B IE W2,
FEHBEIEELZ0.12 mm/a (EH A%, 2008, i
EAAE, 2017); IWT R (F35) & K 75 i vy
AR EREWZ, K2 125 km, B 5 LISEK
TR R E WS RN 1.9 mm/a (I I R 45,
2017), MrE k& 3 & AW, KRR deig
Wizd (F36) bl a2 725 b e 28 U164 75 R A0 3 31
f At T Bl T 24, A e E N 2, W kR
AT 1038 AL TE B 2 M7 M Ho R (kR
2007), FHEEBHHEER 1.48 mm/a (& ER
01993, R FZ, 1995); = il il Ay b
(F37) M7 &M G 0 £ W, &
K2 60 km, A7 € EAG0H W2, 734 3 B sh R
N 0.33 mm/a, AHEERERKLE 0.67 mm/a,
J& 1683 4FJFSF- M7 R R I KR (TR %,
2000); AWML (F38) T AL,
2K 2y 80 km, b IE Wi iy A, HE O W S HUR R
0.47~0.64 mm/a, AJC 512 4EA0E M7 5 H 5% 5%
WG A % Gkt RE, 2007; &A%, 2016)

KA —5K 01 45 b X 3 240 45 5 75 b 19 K R
Eog DR I R Y N 7o L | TN 8
WA (E1, Bl4), BEESE AR E X EE
NS, ¥R AE T )2 A b R H T
Fa i, o oK TR] A MRS B K, R A R
F M AR b v K ) 2 MR O B, AN 2 M TE
KIF A TS 5 R AT R A, XN EEED)
Wi kBB R, EHAMES (HXME
Ji (SRR Z WA G E W R R) R4, 1988;
Luo et al. , 2021) . K [F 7 Ho P9 1 32 2236 2 W 4
fEIAC W 2 (F41) |, A Ildb W2 (F44) |
FIRBIZE (F43) FIBH G - REIWZ (F45) (Luo
etal., 2021), fHILILE WA (F41) J& KIF %5 H
MO T 2L, K2 160 km, b4 # HH3E 3h iF
WrZ, TEEEHHERRHNO0.78~1.0 mm/a (Luo et al. ,
2021) ; AN IACFERT R (F44) J& KA 7 Hb FFH
JRA MR R, 4K 140 km, b IF W7 {9 2R
2, EEHWEHHEFE N 0.18~0.63 mm/a (FhFa,

2018); FISRWFZd (F43) b K IR 754 9 /G 3 A
4K 130 km, 47 HEIE B0 0 72 B G E W
B, M S HE AL 0. 17~0. 53 mm/a Z 0] (&AE
B, 2011) , B ALHL R E A BT 7k Hh R 2 8
2 (F42), MMM ILR, 2K 120 km,
HEEERN 0.42~0. 66 mm/a (H G2, 2017,
Peng et al. , 2023) . FHJRZ MRS i Ao sk 1 de g
Wrd (F44), iz 28 ihiEgh, M4 InSAR 41
PR A W SRR 0.7~ 1.4 mm/a (5=
8, 2021) , fEBHBR AL AL, 22 e AE W e O W7 Y
BH - KW (F45) HA BN K FE i %
(24 0.17 mm/a) FEEE#HE (0.1~0.3mm/a),
KA 1673 4E KRB M7 PR, B 4 B ik 2
(Luo et al. , 2021) ,

5 — B3 LT 7 M 2 G W B4 (F48) R
WG, B thE— 4 3 11 0% 3l A R AE bV 1) R A Y K
KW R (F47) FFAE5 0 W 1 20 e 56 1 R AR,
W6, S 09 L ke ) 1 LW Sh R 29 0.1 mm/a,
KM HEEN 0.6 mm/a (Luo et al. , 2021) , %5
SN R A R, EETUALRE A E
M EHIGSh I (B R ML Kk, 2022), ET
AL G K B A — A MU 2 0% 1E I BT Y D
2 (F49; K5),

3 FAREHEN I EES R G ERE
ZHHE G 5 E MG

7 b KB B A 10 M X3 B b B R 4y O
SRR Z W IE TR A g S e, JEVE L v b
At Ko ma il oy MU — T Sh b B X R (BT 1),
o3 T8 T AR P X5 T R R S DX P B R X
AR b B X K e A b B X R 3 R (5K R AR,
2003; FRCMREE, 2020; 2022), ¥EHE T —E % E
FE [N B35 S AR T, R 30 R AR b He X d
VU SRR 22 W7 1 Bl b e 5 A2 A0 Bl b B T3 22 1)
HYSFE, S A B LA LU PG DB 5 4 b B S i B R A
B, Hi RO FE ¥ Sk B ) R 3 G Sh Al 2 B R B
BEENREGRX Z—, Wik, PR 20 5
Hepd & 43 51 52 BIAS [5) i s B AR BAE L, M 5B Fn B
FRARFZHLH] T 2444 3 5 DU 20 0 38 B RRAE . B4
GNSS W45 % (Hao et al. , 2021) ZE¥ZR 9 A [H]
FYZERIFVREAE , PR i B AN IR o B R E 2 F M
RAEDUHIAAF (K6),
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Fig. 5 Fault distribution and geomorphic characteristics of the northern margin of the Jining basin

(a) Satellite image features and interpretation of fault distribution on the northern edge of the Jining basin; (b) Fault profile at the

Shenglifangzi village ( Red arrows indicate the location of the fault plane,

indicates Holocene sedimentation; (c¢) Fault scarp with height at

alluvial platform in different periods,

104°E 106°E 108°E

red arrows indicate the locations of fault scarps,

and Q4
the north of the Jining airport ( T3—T5 indicate the surfaces of the

Q3 indicates Late Pleistocene sedimentation,

and numbers indicate the heights of fault scarps)
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Fig. 6 Tectonic deformation and strong earthquake generation mechanism model of the Ordos active-tectonic block and its surrounding

areas

The distribution of faults and basins are modified from RGOSSB,

direction of the active—tectonic block are modified from Hao et al. ,

1988 ; Zheng et al,
2021 and Luo et al. ,

2020; 2022. The movement and deformation
2021
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3.1 AIEWEREMX

T4 WK 53 2 b A7 T BH L B R 5 B R 22 07 R
ZIE, ZRPGK 2 440 km, FALTE 40~80 km, H
iy = R N I S W= A L R | N L O E i ]
Ti] 7R B PG L PR o R R Sk GRS R O, MR S R R
ZREHES) (K 2a; BERMER (58K £ 1 8 &0
SRR RY PR, 1988; ST, 2002) . i E W
B s 7E 5B IR 2 W He A 8L 2% 4 A Wi [ A7 b BB B
P 3 15 3h F a2, 3 B O b G W 2 B
111 2 B AR % W 84 3% h M 55 1 SRR AE (RS 2R G
B, 1985 EE K AR )R (PR 2 87 8 S0 ol W
Y R4, 1988; Rao et al. , 2016; Dong et al. ,
2018; He et al. , 2018) , AKXk W [ 7 s b 2% br ¢
(36 s H E Z X RN AT (F6).,

MRS N &l 2 QIR TECE (o T 1 D
RAFEIG Bl , ¥ A ] M Y T2 A i Bh AN
WHIE R (E R 52 )R (S8R 2 i i 20 2l i 2
) VR, 1988; AR ARAE, 2003) , il A HE
AWM EZERESHLAFAARILLETERR (F1) | @
RIBINLETHIR (F2) . SHoliiarr (F3) K&
FINLATWI R (F4), 2SR EHILE M £
REAEMKA (E1, ®2), #Esidsk, W
EWT AT & A S JURT 7 A RIS J6 849 AF R K K M
(RS, 20105 ZFEEAE, 2015), 20 4
PLo, WTRG A A 4k AR 1976 4E B ¥ R (T M6. 2
HiZ . 1979 4FE T M6 HiE | 1996 441k M6 HiE
M—de 4~5 rp /N, W /R T % X 5R 21
WEE, XAbg 4 5 R W R A RIS S R M4
M, 454 o e S HEE 7 A 15000 a DIk IEZE 4 5%
W7 J22 22 ) 1) 56 7R I B A AE — E QR RO A
EFPER (Peng et al. , 2022; FBICAR L, 2024),
177 L 235 1l ) 0% 8 OR 22 0T b 2% W 244 TR B A X 8K
5, AT/ N EAR DG LELE, BIEZEE T
A 0 T 20 2 R, AR A g i R 4
B R BRI (XIEE S, 2022) . HIE,
TR LR G TR A b b 2 KT 4 A0 A R TR K
EREAR B RFAE , RF 2 b B £ R L L i b 2
AR FTH 2L (Peng et al. , 2022; F83CH %,
2024)
3.2 SRINKKETERMX

M BT A= 4G LAk, SRR 22 B i 3l Ml B vy b i
FLWr AT BT e 0 T P B B R o AR R, R
1) b 2 AR R T2, I TR M B 1 4 e A

DM 46 T, 5 01000 A A6 R W 2 A A T E T
FI R U B iy O e % BB IR %
T e B AR b ] HE 5% RN SR IR 22 17 b B 2 ST HE B |
Prak ERIVE R B EE (K 6; BE =%, 2016; Hao
et al. , 2021), Hb3k 4y B85 % Ko Hb 72 AF 90 45 L 48
N, AR ZE b e M A N R AR U2 R, fE R e,
P 2% A 1) 194 00 1 B 00 i R b 8 Y KT R R )
N E T b Ae i a3 His 8h, XA IEHE
s B SR, JFAE C T bk A 5T U0
(XIPR- 455, 2008; Chen et al. , 2022), @it C JA]
TR 2= Ly R 1 Y R T, T Ml Y R
433 0]z ) 75 b 4 52 i 8 5 Ak Sy 3 5T 00 K P B gk
F1, BRI TR B 2% 1 AR T 2 2 TR B A
Tz, FECT b AR T W R I 5
(RIPR 45, 2008; FA =%, 2016), ¥#6 kLR
IR 5 . B2 I AE MR A AR LR & 3 B
BIRIRETE, M —WE 48 T Mg B, HAR
) B4 A A} B AT RE 2 7 T T M5S0 1k R BT
Y BRI AR T T, T PG 0 ) sz 0 B 7 S R Y
M7 R B B T T, FE P RG 3E  AE R
BL VB R R A W 2= SR T (B S B 5,
2016; Li et al. , 2022) ., 1739 4% M8 5% /Y Fr
TE R — 2 31 38 3 57 4F e BRAC /N b = 1Y 3% 3,
S A TR R . BT ET SRR IR IF Y L B b S 4
REE (CHIA A, 2017), AT LAVE A b R i X
A e S Vi T 2 R0 I W7 24 A A ke B R R R 22 7 b
SRR BT 47 3 M B ) 22 S s gl T R ok BT
S B R KR T 2 e
3.3 BRSEFRLEMET KFEX

S0 A AR 0 v D R Sk B R ) AT
BT B T IR A FE X, BT — R A
AR E AR IR (R SCR S, 2016), i T =K
PG i 1 B 7Y 2 . 7 2 A A M S oS
r, A, KWL EEFL, ZPFEXE, E
BT T ] AU 2R T 1) 328 0 0 R 1 D 2R A N A b A
I X (K1), AR TR (F17), &
-KF W (Fle) M =& -4 5 1l
(F13) 3 2T ZRWrd, LUK B0 7S 4k 1L 7R e I8
24 (F18) , 7E W 2442 3 P ot i 4 0%k 5 72 1 44 1l
B b, X RB A (E6). —&3
A IE A A 10 Ma LLSK 32 85 4 Br B A 15 4h 5
J&, BT 58 35 1 U A8 1 R AR T RR AR, R
BTG Sh AN BF AR S I E 2 2535 T =X 10 =479 1
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Wi (F13) I (FHE %, 20165 FBICREE, 2016),
3 AN A8 3 17 22 (6] A7 76 AH B0 52 i R4 52 19 ik
Ky TRUVIEBRETRL (F17) R 005 188 3w i
B Iz B M TR A, 0 v BT 2 ) AR Y A i ) Gk
ANEE, R i 0 A0 ik T R R W R A T
Ui F0 B A AR A b AR TR | T 0 3 o R LK A R T
(Zheng et al. , 2013; ¥R 5, 2016; Liu et al. |
2022a) . 73 A, TE ECIK R B HE SR b U D IR 2
(F17) S-S5 83W% (F20) ZEERT —14
LT AT B B R DX, RT3 4~ 5 mm/a 22 i€
GEW R Sl N A R T2 A 3 e D
18 T 2B AR b AR TR 1 W RN A ffe BT s Ll - A
Wizgd (F20) LAREEMEERN 2~3 mm/a (L
245, 20165 Li et al. , 2018, 2019) . [adt & ny £+
JE R, [0 4SBT W o W A A2 B R AE i e
e [E] P B R AR G s R A T R A

3.4 BAMBEREMHX

TE AT T B 2 X FOR R Z L B 2% . &
WMl b DAL, BHPE - X A T R A
B R T A A 2 I B 2 T Y
PERLFRITA AL, SVAE MR R PE, AR VHIE 400 km,
L TE 60 km W7 B 7 b e AL 5 0] $57 37 Wy 24 458 1
BT b 8 s SR A 5k Ak i) 5 2 A R A R T B 1 45
R (EZRMER (SPRZHMEAZE IR R)
PRAZH , 1988) , TH 1T W7 B 40 1 DX 7E Bh 8 i T 4R B
B, SRR Z2 W7 s Sh B ) 2 drl & 0 B T
S TR — 2P R R, BT bRt A 2
ETIHSWEZ M ERYE, BRRED TEK
ORRIESINFTI N (S5 SR ) K Ik B s o U S L RN )
WK T Lt sis)m (e, #ikL,
1] AT 5 40 1, PN BT 28405 2 5 | T R B 22 R i gl g2
AR S A TR 20, i O R B A DR B O R A R
AF I P L JEE 1) 3BT A= A R R R 5 4 b e A 1Y
TRN (HZEHER (SBRZIR %G R)
DRATAL, 1988) , 4 il V17 45 #b ¥ 25 1) 22 18 b 2% B
24, 3114000 a IR KA 0 4 b RS, T
AT H R, FHE KRB 1000 a (Rao et
al., 2015) .

T VAT T B 2 b A 2 A R R R AR
Disic B Ok ZUGRE LKA (B3, 2019), H
M. 1556 AR EL M8 Hb R R & AR AE ARV GE 10 1 A
T 0T K T 2 R A b P S R U T B R T A L
1501 4FE & M7 M52 A A= A 43 i A 38 111 564 2 R A )

G P 3 HE AL BB 5 1487 4E I T M6 Y4 Al 1568
AEVG 4 M624 37 M AR AR B 2 4 AL P4 E 1] 9 /)N
ROEEWT R b S i 5T 48 th 1568 4F 70 42 b 52 1 5%
ATREIR BN 7 G, ATl IR AR 09 R R A 1
HRE-FHE A, WA 5 EREEATH 2 (F26)
AR AT (F27) e [E] R R VAT 2 b AR R 2%
B PG S W 2 . D s Ml ER A B, Y8 T
WA FEEEERERAAFEMER, K% EW
AN E RN BB B R LR W e v o R R A Y
FEJFEH

3.5 WiAhskithE R

LUV o7 7K 1 4 R 5 SRR 22 0 R 4 Ho A 3 i A
AR, HES X 2, Adbm e i 5 > 2 A
(P 4), 2 DX A R ] 2% 43 v TP B e e 1) — A 4
W, FRERIE T gt A M bRy A S BUR
INFHAb D B A s OE AL AR AR M S A
Wik R S SkBERRAY , AT HNMEAT A RIHES 45 i
A1) 5L W7 24 — F 50 1Y R D0 ARk HH M OE 72
G300 1] 3 b o B RE AN R B Y b B A
PR T R EE, Yo T 24 1R 1 A2 Bl A
JEIMERBRIES (K 6), BN —FKRiELH
JEBY Y1kt , Horh BEAy UL AR B 24 R0 b,
FURWT R (F43)  AILJLEWR R (F44) . HE
Wb EWr % (F38) , RAHLJLAEW R (F36), #
I AT e 2 (F33) R =il i KAl s SF Al v
3 1 A5 35 Ry A T I A i DR 4 R b R B b, R
i TB IR N N IR € R o £ 2 B B8
AR K EEE (B HE%, 1986, 1992), 1
B AR AL 3 X0 T T B4 R DLk T W 2
V-S4 W 3 R Y 0.35~1.75 mm/a
(RS, 1986; E R ME R (58K £ W 8 & i
SRR ) PR, 1988)

L PG 7 5K b B R Dy SR AR GR G S, A AT
1000 4E ISR ] T 245k =06 sh i, D7 s == A
FELE I TR 6 ~ 7 % Hh R AF AE TR H R () 44 i 35 7
HEMFEA, WEA -t RaE (ke
S5 01992; FRSCR A, 2024) , Fi S P aE b R T B
LN AR DA & 7 e (A N R VA = < €
FHLHE G E A W25, MBH—RIIA
LR AL AE 2R ) A5 e T E T R S 8 A ] 4
M, R RNABEFH IR, Wil hisk s
TRV LR R, JLB RN Rk W
B DX, H— FR A0 AR AR 1] 5K M 00 3 07 J2% R HE 92 il
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B 2L A A B (Luo et al. , 2021) , E45KIH
M R ARACER MR A SRR OB A, B
Fh b W R B R T A b AR R AR,
P )b B £ 7 K B 22 5 — 3, B AR B R AR AE 6~ 7
8 N G LD R P VAR 3 ki e (R
(11 6), B 5RHH B A2 B A0 7 B 0 30T 4F ok & A= v 45
SR M AR Y R DI, O X B T RE Y
S AR

4 Hik

A2 Fp Rl Ao 37 B 1) S0 JR 22 30T 3 B Bk
AAAE R Hu Ay & 500 oA R 2 O A AR R
SC, AR AP S U B A EE A A A
s CZHZHT RPN AR S, 7RO E KX
WAk b kEHEF L BRENMEM, B T2
T T B R R R R IS ) RSP A A B G R A T B R
Wi, PR 22 W % B M B 4% 30 A M 3 TG Sl 4 AR A
ARSI BAT B R R R N 28 S R R R i
AR R SR R ) 22 MR AR

(1) 3295 96 i Jt o) AU AR £ IR 47 Y2 0, A
AR AR A 2% Y P R S W R IR L 0 E T A
Worh o T ERAE, 2D R MR AR X, B
S IR 22 TG Bl Ml B ) 2 o 7= A A A B Y X
DA T A R i B9 = 5% 10 =28 Ll W 2808 v L i Y
T B, AR A AR 1 Fr i 2 B D SR Y W I
ML, AR TEER AR, HRE 2 LUIEE AN &
R 22 1 0 Y b 228 2 3 B AL A 06 e i Sl B R AE

(2) SB/R 2 Wi i 3 M b mg b 99000 32 5 Al 14 o0
TE W S o A T B 2 b, I S 0 T A I N A 4
FAEWr R W E L AR T Mk R,
PR TR S e 5 A X B T e P AL O T )= 4
0] TEAy B A E R RE RO VT PN Y- e
TEFEH A, IE WA R S 2, b AL A
SRR A A, (ERUBLE N T RIER

(3) A1 2244 28U 4 3 34 9 20 FCAY L 7Y 3 %
oy e AL AN E oy, D s K R R B O sk L
55, JUTR AL A2 ok A T R R R, 2 M E 1A A
WiZis s B A TR AR, ZHRE T RAESR
UV OB S

LR, SRR 2 30T i sl st B R 4 5 1 42 4
WGBSR, W T2 A 5 H P AR 22
1% 2l 3t B 18] 4 AR AR T, 320 5 W 2R R L

P& R AE B BE il b, AR A B Mk B Bl Rz 3
PEBTAYAS Ak, M B3 Bl R ok 1R R 2 kAR AR K M
N ) K A M R A X, B A A B R
ALK, A B R — T A W R R AR
ZLHI T EBER 6~ SR E I AT fE
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