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Abstract: The Hexiwu fault is a large-scale Quaternary fault in the hinterland of the Beijing-Tianjin-Hebei urban agglomeration,
and a series of shallow artificial seismic surveys and drillhole joint profiles have been carried out around the fault, which further
revealed that the fracture is an active fracture in the early Late Pleistocene. Recently, Tianjin Seismological Bureau completed four

28T controlled-source artificial seismic surveys across the rupture, providing new evidence for the study of the rupture
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characteristics and activity of the rupture. The artificial seismic profiles show that: (1) the fracture extends northward and ends

between Gaowang Highway and Jingtang Highway; (2) the depths of the shallowest upper fault point on different profiles vary, but

generally reach more than 150 m, which indicates that the Heximo Fracture has a segmented distribution, but the rupture activity

basically belongs to the same period. Regional data show that the fracture extends southward to connect with the Niudong Fault,

which together form a 100 km-long fracture zone, and there is a possibility of earthquakes of magnitude 7 or above. From the

demand of Beijing-Tianjin-Hebei urban agglomeration to prevent the risk of large earthquakes, numerical simulation of the rupture

setting earthquake Mw7.3 is carried out to analyze the impacts of potential long-period ground shaking on the Beijing-Tianjin-

Hebei region.

Key words: Hexiwu fault; Jizhong depression; artificial earthquake; Beijing-Tianjin-Hebei urban agglomeration; geophysics.
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Fig.1 Tectonic location of Langfang Depression (After Yang ez al., 2021)
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Table 1 Source model parameters of scenario earthquake
24 T LTI E 1) A MR T VIR
BH . 7 2 44 -
(Mw) sl (km) (km)
K 7.3 NNE15°.80°,—45° EEW 80 29 14
- S 23 By Hh A2 [ g - 3438 3l ik RINLE N N g RINEEE N ATy
N (m) (N+m) (m) (%) (R T J2 22 1) Km X 37 7 J2 0 1) km )
Kl 1.41 1.0951 ¢” 3.5455 10.95 9x11,9%X5,5%X6
x2 NRERYESH
Table 2 Physical parameters of the medium model
R S~IQJE IQJK~IN IN~G G~C C~Moho Moho~
H ¥ (g em ) 2.05~2.45 2.45~2.73 2.73~2.73 2.73~2.89 3~3 3.34~
Vp(km+s ") 1.5~2.2 2.2~2.7 2.7~4.15 4.15~6.2 6.2~6.9 7.9~
Vs(km-s ') 0.5~1.02 1.02~1.4 1.4~2.4 2.4~3.6 3.6~3.73 4.6~
Q, 100~150 150~200 200~500 500~800 1.000~1 000 1000
= 1500 0
< /
~ 120 B 1 000 200
80 -~ 400
= 600
0 - 0 o " WS o
0 40 80 120160200240280 0 40 80 120160200240280
X (km) X (km)
0 0
2000
1000
4000
2000
o fiiik 6 000
000 8000

0 40 80 120160200240280
X (km)

0 40 80 120160200240280
X (km)

Fl 8 ARdb i AL S HUARUZ P 2% b2 S R
Fig.8 Buried depth of stratigraphic interface in the northern part of North China Basin

HE 9 W, PGV 43 A AU AR 10 A, 87
W 5 9 ) R RO, HE A3 A RRAE 5 R R IBE 45 (2010)
25 I 1976 AF R 11 Ml 72 AR A0 B B A A R AR HE AR
— 3, HARK M (2014) 45 9 4 1L R AL PGV
AT AR AR A AR AR, T 23 79 000 3 DX R0 PGV e e 42
T2 m/s.PGV>0.35 m/s 55 {8 £& £ [Fl X 4, , A 24 F
M ZURE X~ X, W) A 32 1) A< b 30 1 2He 1L Dby B
L T PG b A SR AT L e B, 2 B A 34
Fa N s PGV =>0.1 m/s X 3l , A0 >4 T 4 5= 208 VT~ VI

BE (b [ b R B %, GB/T17742~2020) , B 35 T
JUREUEEFL A X, b 5T R AR A B T B Ak
Tz X, A2 3 3 B R JE AR R Dy 3, —
I AT K, MR BE B (2019) \Michael and O’ Rourke
(1999) By BIF 5T , >4 U 1 34 B /N T 0.15 m/s I, 4 1H
FEAR AR KR AEBEIR H=>0.15 m/s B R 5L 46 v
B AR 4 3 b XX 0 (R R A AR K it
G T8 A A A it A A U

222 KEAEBMAEE WS — 4 KB 2 E



1508 HiEkFL#  hitp://www.earth-science.net

5550 %

4 A It b S A 43 b IXHT 7 T T R A A L
B HHF Or T BT ORI O R A M 2
Py BT B2 0o K T U0 M 5% Bl A 5 i LB R A
P A KA 25 (2012) 3 1 % A6 50 75 3 00 4 300 4 5=
SR A A B A BLRIE 5T, 8t 2 M 25 4 — B4R
il 3~10 s K J&] 1 4t 7% sh i 3 R 1 9 K ) S
U2 . R T 5 o S 30l T 8 T 7 1 R X T O v

Y(km)

0 40 80 120 160 200 240 280
X (km)

P9 Y] P 55 7 B0 M 7% (Mw7.3) PGV 43 A
Fig.9 PGV distribution of the scenario earthquake for the
Hexiwu fault (Mw7.3)

X(km) X(km)
80 120 160 200 240 2800
2" ™y 7

Y(km)

Y(km)

B 1) 75 1 25 0 SR 5 23 i — 20 R K 9 b 5 2 Y
A ISR R VAN = RIS DOl = AT ) 2 o T
LA 8] 0 Hb 72 B i KA P 2 RN A 2 B T
WHELBEME ZR, &7 m(IQK . IN.G.C,
Moho) BU{# 43 51 7 300 m .1 300 m .3 000 m .22 km
A1 35 km, HoAth 4% 2 @ M S 805 FLICBOR 58 4 — 3L
(£ 2), A% &4y 50 B XA S Bl o8 4
— 0 XEL S SUR FR O ST M R N
5O S S N % 2 L

B10 45 T 3~8 s Ji) 1 Hb 5% h in ol B 2 N 3
TR ZR BT AR SCE A0 A S X A0 25 S 5 )
KA (2012) MBI 45 SR A — 30, KT MR R
[T 55 B 42~ B S g R A M R Sl R RN L AR
TR B (X 5 R R E0E XA Q) EA T AIF .
FL10 AT, 3 s DA b J 0 2 BRI 34 A 7E AL
B.C = AN, A X2 R0 B SIE 23 A3, 3 F 3
= BN I T o e 7N o PO (VA bl = O -9 e ol 9= B E R L]
B, I ZiE {21 8 e U1, C X2 HOR 40 A 6 T 8
e B R b ffr X R () ] S0 b 7R 8l 14 R AR ]
55U A B A8 Ak, A XA 3~4 s & 191 4 72 3 i R
e, A R 0T ) i K AR A i DR L B XX 6~
8 s Mt 5% 2 i KA A58, 1 C X X 3~8 s 45 42 it filt

X(km) X(km)
80 120 160 200 240 280
e {

Amp.
& 10 00 7Y 55 — 4= 2 Wi 245 J8 20 IX A 0 K 3R B8040 Al (Mw 7..3)

Fig.10 Amplification coefficient distribution of the Hexiwu-Niudong fault zone and adjacent area



5% 43

o T A R TN TR YT P 55 W SR Bl M B LU E M e AT Y 1509

RAER . 55 1 3% He o3 # nl R T R AR T A 35 IX G
DX 3 ) TTC I P 23 A AT B0 I X RO AR, A XA
5 3 v 3 o 55 D 2 R 1T 20 0B e AR O L B IX
XL B 55 D 2 99C e R AR S W3 (LA O T AR /N Y
DUBHR L, C XA 2 DU 208 MR T 28 4T S 7R O 35 1Y
DURE Ly X 58 73 2 WA AT S TR D5 9 R ) B
VT 20 ol AT 20 A M 2 2 K 0 R Bl A
BITCORAE T, s TURR PO AT RE SR B 245 DL B KA
ot S T A AL EA L BRI M Z A, Al R
Ik T 2 OR T Ak T A MR 3 v, R R A
FHIAS 23 DR DAy 23 M 445 A0 1) 52 g i S =5 3 o

3 458
S X 2 A T R S R T A 4 B R B

K BE AL BT, 2 ZEARAF W RN

(1) 80 FF J /g N T b 32 30 1o afF — 20 4 7 3T
VY 55 W 2402 — S50 1] /AR, RN A 557~ 757 1) e T
B LTI B W U O [ B Y e v b T A
HRVRAFAE 22 5 (03 15 8] 150 m DA b, 5 4 WK okt
HIRAFE 7 115 m, 5 A A ¥ % (2018) #F 58 45 R —
S, FR O I TR VY 55 W7 SR A A A 22 S R AEL I 240
By Hsf [] 5 A A T A I — B R R

(2) N T b 752 360 4% ) T /s, 90T P 45 KT 24 )
R PE L AR 2 B AU RE £ ASHE M, 1k T A B
5 A B Z 8], ) RE SRR I 30 0 4 AR T 2 AR
Fz , FL R 2H B T — S HLBERE 100 km (9 b 4R 1) b 24
i AR A b b X Hb R R T2 A R — K Y
ZRAR VAWM EARE NN ZB R K
HETHLL R RE

(3) T W VG 55 — 4= A Wi 4 A2 Mw 7.3 3l
ARSI A M 45 SR AR AR ) R B M X R
F0 KRB Z 3, PGV=>0.15 m/s X I + 43 )
U SR T T T A R A3 DX o R e
ST R K A TE L KRR T ] A v 4 T
A5 5 A i 3 ™ R 5 EL H T R B R T R A
O I DX 35 A Al 3T R KO AT FR DR e A, 3
K T 199 i 7% Bl K A T AS 4 52 430 i 45 F 5% ) Ti Gk
.

References
Cerjan, C., Kosloff, D., Kosloff, R., etal., 1985. A Nonre-
flecting Boundary Condition for Discrete Acoustic and

Elastic Wave Equations. Geophysics, 50(4): 705—708.

https://doi.org/10.1190/1.1441945

Chen, G.G., Xu, J., Gao, Z.W., 2003. Seismotectonic Fea-
tures of the Bohai Bay Basin in North China. North Chi-
na Earthquake Sciences, 21(2): 7—15(in Chinese with
English abstract).

Chen, X.Z., Xu, X.T., Zhai, W.J., 2005. Variation of
Stress during the Rupture Process of the 1995 M, =4.1
Shacheng, Hebei, China, Earthquake Sequence. Acta
Seismologica Sinica, 27(3): 276—281(in Chinese with
English abstract).

Ding, Z.K., Xia, Z.F., 2013. Research on Definition of Hard
Rock Shear Wave Velocity of Site for Nuclear Power
Plant. Nuclear Techniques, 36(4): 300—303(in Chinese
with English abstract).

Du, C.X., Xie, F.R., Zhang, Y., et al., 2010.3D Modeling
of Dynamic Fault Rupture and Strong Ground Motion of
the 1976 Ms 7.8 Tangshan Earthquake. Chinese Journal
of Geophysics, 53(2): 290— 304(in Chinese with English
abstract).

Duan, Y.H., Wang, F.Y., Zhang, X.K., et al., 2016.
Three Dimensional Crustal Velocity Structure Model of
the Middle-Eastern North China Craton (HBCrustl.0).
Scientia Sinica (Terrae), 46(6): 845—856(in Chinese).

Fu, C.H., Gao, M. T., Chen, K., 2012.A Study on Long-
Period Response Spectrum of Ground Motion Affected
by Basin Structure of Beijing. Acta Seismologica Sinica,
34(3): 374— 382, 425(in Chinese with English abstract).

Gao, W.X., Ma, J., 1993. Seismo-Geological Background
and Earthquake Hazard in Beijing Area. Seismological
Press, Beijing (in Chinese).

He, D.F., Li, D.S., Wang, C.S., et al., 2017. Advances
and Challenge of Structural Geology of Deep Sedimenta-
ry Basins in China. Farth Science Frontiers, 24(3):
219—233(in Chinese with English abstract).

Jia, X. H., 2019. Seismic Analysis of Urban Underground
Gas Pipeline and Construction of Earthquake Disaster
Scenario (Dissertation). Institute of Geophysics China
Earthquake Administration, Beijing (in Chinese with
English abstract).

Jiang, W.L., Zhang, J.F., 2012. Fine Crustal Structure be-
neath Capital Area of China Derived from Gravity. Chi-
nese Journal of Geophysics, 55(5): 1646—1661(in Chi-
nese with English abstract).

Lao, H.G., Wu, K.Y., 2010. Accommodation Tectonic An-

altsis in the Hexiwu Structuree Belt. Inner Mongolia Pet-



1510 HBRBL 2

http://www.earth-science.net

5550 %

rochemical Industry, 36(14): 30— 32(in Chinese).

Liu, C.L., Zheng, Y., Xiong, X., et al., 2014. Rupture Pro-
cess of M 6.5 Ludian Earthquake Constrained by Region-
al Broadband Seismograms. Chinese Journal of Geophys-
ics, 57(9): 3028—3037(in Chinese with English abstract).

Liu, G.S., He, D.F., Lu, R.Q., et al., 2023. Geological
Structure and Tectonic Evolution of Yangshuiwu Buried-
Hill Belt in Langgu Sag, Bohai Bay Basin. Chinese Jour-
nal of Geology (Scientia Geologica Sinica), 58(1): 226—
239(in Chinese with English abstract).

Long, F., Wen, X.Z., Xu, X.W., 2006. Empirical Relation-
ships between Magnitude and Rupture Length, and Rup-
ture Area, for Seismogenic Active Faults in North Chi-
na. Seismology and Geology, 28(4): 511—535(in Chi-
nese with English abstract).

Mao, L.G., Tian, J.Z., Zhang, H.W., et al., 2019. Struc-
tures and Evolution of Hexiwu Fault, Northern Jizhong
Depression since the Neogene. Geological Journal of
China Universities, 25(4): 578—582(in Chinese with
English abstract).

Miao, Q.Y., Qi, J.LF., Ma, B.S., et al., 2019. Differential
Deformation and Control Mechanism of Paleogene Struc-
tures in Northern Jizhong Depression. Geotectonica et
Metallogenia, 43(1): 46— 57(in Chinese with English ab-
stract).

Michael, J., O’ Rourke. 1999. Response of Buried Pipelines
Subject to Earthquake Effects. The Multidisciplinary
Center for Earthquake Engineering Research.

Peng, Y.Q., Sun, X.Y., Zhan, Y., et al., 2022.3D Deep
Electrical Structure and Seismogenic Environment in
Zhangbei Earthquake Region. Chinese Journal of Geo-
physics, 65(9): 3464— 3480(in Chinese with English ab-
stract).

Pitarka, A., Irikura, K., Iwata, T., et al., 1998. Three-
Dimensional Simulation of the Near-Fault Ground Mo-
tion for the 1995 Hyogo—-Ken Nanbu (Kobe), Japan,
Earthquake. Bulletin of the Seismological Society of
America, 88(2): 428—440. https://doi. org/10.1785/
bssa0880020428

Somerville, P., Irikura, K., Graves, R., et al., 1999. Char-
acterizing Crustal Earthquake Slip Models for the Predic-
tion of Strong Ground Motion. Seismological Research
Letters, 70(1): 59—80. https://doi. org/10.1785/gss~
rl.70.1.59

Sun, X. Y., Zhan, Y., Unsworth, M., et al., 2020.3-D

Magnetotelluric Imaging of the Easternmost Kunlun
Fault: Insights into Strain Partitioning and the Seis-
motectonics of the Jiuzhaigou Ms7.0 Earthquake. Jour-
nal of Geophysical Research (Solid Earth), 125(5):
€2020JB019731.  https://doi. org/10.1029/2020JB01
9731

Sun, X. Y., Zhan, Y., Zhao, L. Q., et al., 2019. Electrical
Structure of the Kunlun-Qinling Fault System, Northeast-
ern Tibetan Plateau, Inferred from 3-D Inversion of Mag-
netotelluric Data. Journal of Asian Earth Sciences, 181:
103910. https://doi.org/10.1016/j.jseaes.2019.103910

Wang, H.Y., 2011. Amplification Effects of Soil Sites on
Ground Motion in the Weihe Basin. Chinese Journal of
Geophysics, 54(1): 137— 150(in Chinese with English ab-
stract).

Wang, J., Liu, Q.Y., Chen, J.H., et al., 2009. Three-
Dimensional S-Wave Velocity Structure of the Crust
and Upper Mantle beneath the Capital Circle Region
from Receiver Function Inversion. Chinese Journal of
Geophysics, 52(10): 2472—2482(in Chinese with Eng-
lish abstract).

Wang, S.C., Men, X.Y., Qian, Z., etal., 2011. Compound
Characteristics of Oil and Gas Systems and Favorable
Plays in the Wuqing Depression, Bohai Bay Basin. Naz-
ural Gas Industry, 31(11): 59—62, 124(in Chinese with
English abstract).

Wang, X.W., Guo, S.Y., Gao, N.A., et al., 2023. Detec-
tion of Carbonate Geothermal Reservoir in Niudong
Fault Zone of Xiongan New Area and Its Geothermal
Exploration Significance. Geological Bulletin of China,
42(1): 14—26(in Chinese with English abstract).

Wen, C., Zhu, K.J., Meng, L.P., et al., 2019. Deep and
Shallow Structural Characteristics of Hexiwu Fault in
Northeastern Jizhong Depression. Seismological and
Geomagnetic Observation and Research, 40(5): 29— 35
(in Chinese with English abstract).

Wesnousky, S. G., 2008. Displacement and Geometrical
Characteristics of Earthquake Surface Ruptures: Issues
and Implications for Seismic-Hazard Analysis and the
Process of Earthquake Rupture. Bulletin of the Seismo-
logical Society of America, 98(4): 1609—1632. https://
doi.org/10.1785/0120070111

Wu, Z.H., 2019. The Definition and Classification of Active
Faults: History, Current Status and Progress. Acta Geo-

scientica Sinica, 40(5): 661—697(in Chinese with Eng-



5% 43

o T A R TN TR YT P 55 W SR Bl M B LU E M e AT Y 1511

lish abstract).

Xie, LL.L.., Zhou, Y.N., Hu, C.X., etal., 1990. Characteris-
tics of Response Spectra of Long-Period Earthquake
Ground Motion. Earthquake Engineering and Engineer-
ing Vibration, 10(1): 1—20(in Chinese with English ab-
stract).

Xie, Z.J., Lu, Y.J., Fang, Y., etal., 2019. Research on the
Seismic Activity of the Beijing—Tianjin-Hebei Region.
Progress in Geophysics, 34(3): 961—968(in Chinese
with English abstract).

Xu, X.X., Chen, Y.K., Liu, J.C., et al., 2007. The Crust
and Upper Mantle Electrical Conductivity Structure
along the Profile of Hebei Langfang—Tianjin Dagang.
China Earthquake Engineering Journal, 29(4): 364—
370(in Chinese with English abstract).

Yan, C.G., Cao, J.Q., Chen, Y.K., et al., 2020. Fine
Crustal Structures of Zhangjiakou-Bohai Tectonic Zone
in Tianjin Area Revealed by a Deep Seismic Reflection
Profile. Chinese Journal of Geophysics, 63(12): 4431—
4439(in Chinese with English abstract).

Yang, D.X., Chen, Y., Li, X.D., et al., 2021. Evidence
from Fluid Inclusions for Hydrocarbon Accumulation of
Yangshuiwu Buried Hill in LLanggu Sag, Bohai Bay Ba-
sin. Acta Petrolei Sinica, 42(10): 1325—1336(in Chi-
nese with English abstract).

Ye, T., Chen, X.B., Huang, Q.H., et al., 2021. Three—
Dimensional Electrical Resistivity Structure in Focal Ar-
ea of the 2021 Yangbi M6.4 Earthquake and Its Implica-
tion for the Seismogenic Mechanism. Chinese Journal of
Geophysics, 64(7): 2267—2277(in Chinese with English
abstract).

Yu, Y.X., Hu, Y.X., Pan, H., 2005. Study on Impact of
Focal Mechanism on Long—Period Ground Motions.
Chinese Journal of Rock Mechanics and Engineering, 24
(17): 3113—3118(in Chinese with English abstract).

Zeng, Q.L., 2010. Faults Feature and Hydrocarbon Accumu-
lation in Hexiwu Structural Belt of Langgu Depression.
Inner Mongolia Petrochemical Industry, 36(17): 109—
111(in Chinese with English abstract).

Zhan, Y., Liang, M.J., Sun, X.Y., et al., 2021. Deep
Structure and Seismogenic Pattern of the 2021.5.22 Ma-
doi (Qinghai) Ms7.4 Earthquake. Chinese Journal of
Geophysics, 64(7): 2232—2252(in Chinese with English
abstract).

Zhan, Y., Yang, H., Zhao, G.Z., etal., 2017. Deep Electri-

cal Structure of Crust beneath the Madongshan Step Ar-
ea at the Haiyuan Fault in the Northeastern Margin of
the Tibetan Plateau and Tectonic Implications. Chinese
Journal of Geophysics, 60(6): 2371—2384(in Chinese
with English abstract).

Zhan, Y., Zhao, G.Z., Martyn, U., et al., 2013. Deep
Structure and Seismogenic Environment of Lushan
Earthquake Zone with M = 7.0 of 4.20 in Southwest
Section of Longmenshan Fault Zone. Chinese Science
Bulletin, 58(20): 1917—1924(in Chinese).

Zhang, B., 2019. Study on the Attenuation Relationship be-
tween Horizontal Peak Velocity and Peak Displacement
(Dissertation). Institute of Geophysics, China Earth-
quake Administation, Beijing (in Chinese with English
abstract).

Zhang, S.M., Lu, Y.J., Ren, J.J., 2006. Seismotectonics
and Potential Seismic Source Zonation of the North Chi-
na Plain. Technology for Earthquake Disaster Preven-
tion, 1(3): 234— 244(in Chinese with English abstract).

Zhang, W., 2006. Finite Difference Algorithm for Seismic
Wave Propagation in Three-Dimensional Inhomoge-
neous Media with Undulating Terrain and Its Applica-
tion in Strong Ground Motion Simulation (Dissertation).
Peking University, Beijing (in Chinese with English ab-
stract).

Zhang, W.P., Zhang, C.L., Gao, W.P., et al., 2022. Qua-
ternary Activity Characteristics of the Jiyunhe Fault Re-
vealed by Shallow Seismic Prospecting Data. China
Earthquake Engineering Journal, 44(1): 183—191(in
Chinese with English abstract).

Zhang, Y., 2014. Study on Cenozoic Fault Activity in Three—
Dimensional Continuous Area of Jizhong Depression
(Dissertation). China University of Petroleum (Huadong),
Dongying(in Chinese with English abstract).

Zhang, Y., Xu, L.S., Chen, Y.T., 2013. Rupture Process
of the Lushan 4.20 Earthquake and Preliminary Analysis
on the Disaster-Causing Mechanism. Chinese Journal of
Geophysics, 56(4): 1408—1411(in Chinese with English
abstract).

Zhao, H.G., Liu, C.Y., 2003. Detachment Gliding Struc-
tures of Langgu Sag. Jowrnal of Northwest University
(Natural Science Edition), 33(3): 315—319(in Chinese
with English abstract).

Zhao, L.Q., Sun, X.Y., Zhan, Y., et al., 2022. The Seis-
mogenic Model of the Menyuan M6.9 Earthquake on



1512 HERFL=  http://www .earth-science.net

5550 %

January 8, 2022, Qinghai Province and Segmented Ex-
tensional Characteristics of the Lenglongling Fault. Chi-
nese Journal of Geophysics, 65(4): 1536—1546(in Chi-
nese with English abstract).

Zhao, L.Q., Zhan, Y., Sun, X.Y., et al., 2019. The Hid-
den Seismogenic Structure and Dynamic Environment of
the 21 January Menyuan, Qinghai, M6.4 Earthquake
Derived from Magnetotelluric Imaging. Chinese Journal
of Geophysics, 62(6): 2088—2100(in Chinese with Eng-
lish abstract).

Zhou, Y.L., Peng, Y.Q., Chen, J.Q., etal., 2018. Compre-
hensive Survey and Study on the Activity of the Hexiwu
Fault in Langfang Area, Hebei Province. Technology
for Earthquake Disaster Prevention, 13(3): 610—618(in
Chinese with English abstract).

Zhu, G. S., 2014. Application of Finite Difference Method in
Strong Ground Motion Simulation (Dissertation). Uni-
versity of Science and Technology of China, Hefei (in

Chinese with English abstract).

W 325 % STk

WREDE, B4y, Bk, 2003, H b B i 7 4 b oK 52 A A4 1
FHAE . ARdb bRl 21(2): 7—15.

Mg b, Fm i, B CAs, 2005.19954E 7 A 20 H 46 70 %
M, A1 M7 P A i 5400 A v R ) AR A 5L b R 2
i, 27(3): 276 —281.

TR, EALUN, 2013, % HL 3 3 3 25 BT U1 Dk o 2 S
BT . AR, 36(4): 300—303.

FERE, a1, 5Ki%, %, 2010.1976 4F MJ7.8 JF 1l M 5% Wy
JZ B 25 0k 24 T T WK 2 50 b 1T 8 SR AE . M Bk A EL A R
53(2): 290— 304.

Bokar, TRz, skOhE, 4, 2016, AE00 5 R H AR Hb 5T
= o R A A A B (HB Crust1.0). W E RR 2 HiER Bl 27
46(6): 845—856.

PR A, wn i, MR, 2012, 46 5040 Hb 25 0 % T 0 R
Bl SN TE RS2 . AR AR L 34(3): 374—382, 425.
TS0 I EE L 1993, T R M AR T A B S Rk E L

T R AL

fp 2%, ZEflA, TR, 45, 2017, v B UUBL 2 TR 2 A 1
o 2E RS e S R B SR %, 24(3): 219—233.

BLIGENE , 2019, 30T Hb T BA 048 38 BT RE 43 BT B 72 0 A St
3 (1 25 638 30). Jb 3T wp [ M 2 R b 3k 4 2RO
i

0L, KR, 2012, 1 SR b XORS A0 e S5 FE TR )
Yy Rt bR A=A, 55(5): 1646— 1661.

S5 WS, S LA, 2010. I PG 45 K4 T R T R R AE 40 AT

e

BT AL T, 36(14): 30—32.

XURH), KRB, AEAE, %, 2014, F) DX I T8 AR B S i
i) M6.5 9 1 72 52 W 24 0 A% . Hb ek i B R 57(9):
3028—3037.

XV, T8 S, 3 NFE, 4, 2023, i 45 M g 15 14 b 4
i 55 8 1L M T 5 4 5 R AL . B SR 58(1):
226— 239.

Je e, W EEE, R, 2006, At H X Hb 52 R B R
P-WHRE BWHERBNZE R HELT, 28
(4): 511—535.

BARE, MRS, 5k, &, 2019, 3 85 55 Jb 5 i) 75 45
2 5 8 BB T 20 VIO ) R Sl R AE 4 AT i A b B 2 A
25(4): 578—582.

WA 2E AR, SR, %, 2019, 3 s AL T a2 A
2 AR Y K R 1 S A, 43(1):
46—57.

TIg s, N, A, A, 2022, skt R IX = 4E URER H P
SEM 5 2SR IAET . BRI BT, 65(9): 3464— 3480.

F iz, 2011, JE VA A v A U2 X b R B A R AR
IR Y B AF L, 54(1): 137 —150.

T, XU, BEIUEE, 2, 2009. M 122 Ui ok 2R J 15 21 1Y
B R 5T 1 M = S P A . R B A
52(10): 2472— 2482.

FOHK, TTHE, B8, %, 2011, i 20 5k MG & i
KEAGWNE G IES AR EX W . KRBT,
31(11): 59—62, 124.

TR, S8 58, midad, 45, 2023, M X A4 2R W 244
T2 b 5 B TR R X b ) R 09 5 s L R R
42(1): 14— 26.

T, R, dmr W, 45, 2019, 3 A 4R L T vy 45 1
ZEUR TR AL 35 R AE . Hb 7% M A UL 5 BF 5%, 40(5): 29— 35.

SR, 2019, 5 2 M L5 42 st BUIR Rk R L
Bk, 40(5): 661—697.

WAL, FRZEAE ) WIARE 45, 1990, HAZ Bl I B K R 0
FEPE . bR TS TR RSN, 10(1): 1—20.

WetE, B, Jrta, &, 2019, BUHYT S X ) = 06 B ik
WFFT . M Bk B2 HE | 34(3): 961—968.

W, MR, xR E, 4, 2007 b ER B — Kk i #)
7 M 52 b 0 L 2 R R AE L PG b TR SE R, 29(4):
364—370.

I RGE , W, BRI, 4, 2020, VLR S S T 48 R 09
R L DXk i b R AN A5 R L M BR A B2 L, 63
(12): 4431—4439.

WEAE, BRE, 28/, S 2021, i v 2 R [ 141 4 i
5 W LT SO R Y T AR R RIE I L ol A, 42



5% 43

T AT T M 0 78 95 55 240 5 T B R A 5 1513

(10): 1325—1336.

G, BN, BEEAE, 4, 2021.20214E5 A 21 H =R EE
Hb 72 (Mo6.4) 5 51X = 28 W M 45 ) B ke i DL o8 . i
BRI BEAEHR , 64(7): 2267 —2277.

AT AR, S, W AR, 2005, R R TR AL R K R 0] M R
S ALY . A0 e S TR e, 24(17): 3113—
3118.

BE@ 2010. JAR [ 1M1 B 477 75 55 449 38 7 KT 24 40 AT 5 70 AL

NS AR T, 36(17): 109—111.

gﬁg, WG, INVFIE, 45, 2021.20214E5 H 22 HH BN £
M7.4 M52 G IR BT K R A Rk B 2
64(7): 2232—2252.

B, i, BRI, &5, 2017, 55 9 5 AR 30 G i IR Y
L AR L B X TS R 5 A R IR N A 3 R S R
PEAERR , 60(6): 2371 — 2384

A, B, Martyn, U, 45, 2013, J8 1T W7 2447 75 5 B
4.20 7 111 7.0 9 b 5 XA TR FR Al A TN 2 R AR T L Bl A
R, 58(20): 1917—1924.

kit , 2019, K T[] W (i T G {5 B 0 0 OC FR F 9 (1
SIS0, G5 v [ AR R s BR ) AT 5 BT

SR, BB, TR A, 2006, M6 5 G A i S
FERUE XA 53 R BB AR, 1(3): 234 —244.

kA, 2006, AR ML (9 = 43R 3550 A 5T v b R Ok 15 4R 1Y
A R 2 4 B vk R LA i T 2 Bl B vl gy o P (1 2
g 30). Lo AL Rt R

TeSCA, sk, mEOE, A, 2022, VR 2 MRS S R TR
9% Wil 32 0] WY R Y 5 DU 200 SRR AE . MR AR A, 44
(1): 183—191.

JKZ, 2014, B b Bl 2k i DXORT AR AR BT 240 Sl P o (1

TS0, RE: P EAA TR ER).
WL, BRIZZE, 2013, 1l 4.20 Hi i Bk 240k i K 3
BURFFAER A 0T . BRI P22 4R, 56(4): 1408—1411.

BRLTHE , 3, 2003. JET&[EIMB@E@%%"?’%W@LE. il
2R ( lélé'kﬂ%éﬁii 3): 315—319.

BV PNVATE, A, 4, 2022.20224F 1 A 8 H MR
M.6. 9imﬁﬁaﬂf“%u/\jzm%ﬁ&%ﬁ’iiﬁf%ﬁ . HiER
PIBE 3R, 65(4): 1536—1546.

B, A, PV, 25, 2019, B H K M RE B R 38 R
2016 4F 1 A 21 H #5111 Mo6.4 Hu 5= Btk s = 44 1 A
ZRREIRG . BRI A, 62(6): 2088—2100.

AR, Ham, R, 55, 2018, T 7Y 45 W7 23 3 ik i 45
GEMBEIE . BRPIEB AR, 13(3): 610—618.

RIK I, 2014, A7 BR 2 43 J7 vk 76 5k b T 32 sh A48 i) Rz (At
F2EAR S0, AT h E R R R R



