doi:10.3799/dqkx.2025.044

2025 FEFEEE H Ms 6.8 ZHEBRBFIIEEM SHEIIE

REIL2 SCEEW ! A LR Br oty R D B S AERR ! T

L R EHE G R AL, 65T 100045

2. SUNEHER, STHIBI 550000

3. WiFEMER, FEGT 810000
W N Tk 2025 FEVEBUE H Ms 6.8 MR AR P AR E ZLRE 4347, SR XZE @ ALignt 72
NI AR AT T AL, R EE AR BT R BN B BRHE ZE A A0, [ A0 = e
I 150 km ) 5RFE SR HEAT A PG BRI R . KEEALRR R AL R AT, 2 DI RE
ARG 72 N2, REODAE RO T RE AR, SRR 5 R AR
LRIXPERA T M A 2 50, RFRITKH T Al 71 km. G IITsEE G, tHREAES
FUEAE SIS R VIEE S VA B AT 4 AME, Hoh 2 ME S ZWAEYIS . BT RESS
(] 3 A AR IR AL AR, HEWTE H Ms 6.8 KIEWTZ TS HCNE ) 181/ S1°/HE 3 f)
-81°. MR B R R B/ AN, EEEAUEXORT N, KRR EESAT B
REEE: RE: ERFE: REEEN: RENH: FEL
H B3RS P315 KR E#: 2025-01-24

Aftershock Relocation and Intensity Distribution of the Dingri Ms 6.8 Earthquake in 2025
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Abstract: (Objective) In order to understand the aftershock sequence and intensity distribution of
the Dingri Ms 6.8 earthquake in 2025, (Method) the double-difference location method has been
utilized to relocate the aftershocks within 72 hours and the standard deviation ellipse weighted by
magnitude has been used to analyze the relocated aftershocks. Meanwhile, the instrumental
intensities have been calculated with the strong-motion data within 150 km away from the
epicenter. (Results) The relocated aftershocks distribute in a north-south direction, and the
distribution of aftershocks within 2 hours shows consistence with that of the 72 hours. The
aftershock center and macroseismic epicenter are both located to the north of the epicenter, and
the major-axis direction of the aftershock area is 5° different from that of the intensity IX of the
isoseismal lines. The distribution length of the aftershocks along the major axis is 71 km. There
are few strong motion stations around the epicenter, therefore only 4 calculated intensity values
have been obtained in areas of intensity VI and above, 2 of which show agreement with the
macroseismic intensities. (Conclusions) Based on the spatial distribution of aftershocks and the
focal mechanism solution, it is inferred that the nodal parameters of the seismogenic fault of the
Dingri Ms 6.8 earthquake are strike 181°/51°/-81° for strike/dip/rake angles. This earthquake
shows a significant upper/lower wall effect, with greater high-intensity areas and a concentrated
distribution of aftershocks in the upper wall.
Keywords: aftershock; instrumental intensity; double-difference location; focal mechanism;
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http://www.mem.gov.cn/xw/yjglbgzdt/202501/t20250110_517756.shtml

2



Horb PH R b B A R VS R 2020 4F 3 H 20 H G H 0T E HE 5.9 HZE A1 1998 4 9
H 4 HEgvEme H S e 40 6.2 J0hiE, PkitEE Ms 6.8 XN 15 A8, PRIERA
AT MR e H Ms 6.8 HFE Ay H FL-e S5 W 245 77 52 id 55 AR FE i K I — IR Hb R 4

87° E 88° [
R il 1993/3/31 M5.2 !

A 1993/3/20 M6.6

M%a[ﬁg

AL T A 51

R HI” i "M-—fé".‘
e LS A =

1951/5/28 MS.5
2

2001/4/28 M5.2
1958/11/24 M5.2

2020/3/20 M5.9
I
1998/9/4 M 6.2

2015/4/25 M519"2016/5/2.

2016/572
.ﬁ-ﬁ‘?& <
i
e
Y = 973/3/22- M5.3
Cds&Ea
28° N|— #EEE

s e
® 50<M<B50 & “
@ V=60 .

1971/12/4 M5.

=

K1 5 H Ms 6.8 f=2rh 32 )y S i A W /2 70 Af
(I b J2 00 R T 1 R sh i R R e o, SR ORI T B SV D
Fig.1 Previous earthquakes and active faults around the epicenter of Dingri Ms 6.8 earthquake
(The active faults are resulted from Seismic Active Fault Survey Data Center, and the isoseismal
lines are after the Ministry of Emergency Management of the People’s Republic of China')
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Fig. 2 Relocated aftershocks within 2 hours and72 hours after Dingri Ms 6.8 earthquake (AA’
indicates the major-axis direction of the 72-hour aftershock ellipse, while BB’, CC” and DD’ are

the directions perpendicular to the major-axis direction.)
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Fig.3  Depth distribution profiles of the aftershocks within 72 hours
(a) Relocated with data from 20 fixed stations. Vertical cross-sections along the major-axis
direction of the aftershock area (Projection width for each side is 15 km)
(b) Relocated with data from 20 fixed stations. Vertical cross-sections perpendicular to the
major-axis direction of the aftershock area (Projection width for each side is 16 km for each
section)

(¢) Relocated with data from 5 more temporary stations. Vertical cross-sections along the



major-axis direction of the aftershock area (Projection width for each side is 15 km)
(d) Relocated with data from 5 more temporary stations. Vertical cross-sections perpendicular
to the major-axis direction of the aftershock area (Projection width for each side is 16 km for each
section)
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T I X B A B AR, 5 b, B 150 km JEEIA R A 6 N Eus, 1HE
AN AR B S R SRRV G 560N 67% (R 1) o HAH 4 MUERZIEAL TVIE &L EX
o, AR ZU R B E 8.0 Lz ST AR R S PR U FE v 1 B2, 5.4 LUSRBRFUFEAR 1 BE AR S (2018)
IWAAHZE 1 BE S PR, RN 2 B BE ZRAE — € X383 Bl A BP0 7 S A 00, 1T i 2 540 A
S R R, ASBE 2N Y R ) 22 e o [ N AR R BT T A A B AN s B AR AT
Ae 5 SR A R RS ER, SRy, tHEERSE K (RIS, 2013; Cilia
etal., 2017; FEEE%E, 2021; Smith and Mooney, 2021; ¥V A B4, 2021; VLRS4E, 2023;
JAH LA, 2024) o AXERZURE 8.0 i S R R PR AT R 2 e H RE rh B T X e B £ 2 R AR T
JR, RHEB P AEBOMEN: MEERR S, R, SRR RRBEONE T,
DT RS SREE, FEUIRZUEAVEAL R I N s (RERSE, 2025) .

£ 1 B 150 km EEMEBIISH
Table 1 Strong-motion data within 150 km of the epicenter

P& i & 4 & PGA (ecms?) PGV (cm-s) Irga Ieav A Z
= Reg B (°N W
fr (° il %
g . C A & ® K b & [
. oM B W M H ”
1
45 D000 877 283 103.  103.
2 4 8 7 354 5 7 611 134 86 48 68 73 73 VI
2 fr
# D000 87.6 29.0 371. 395, 292.
£=) 7 3 9 677 5 3 1 253 189 150 85 80 80 VI
3 "
i DSO0 88.0 289
"2 2 0 712 387 411 374 29 33 21 53 56 54 VI
4 &
= D000 872 293
B 1 4 0 910 522 330 350 59 43 58 59 63 61 VI
5
&= D000 884 282
B 5 1 4 984 166 163 165 21 1.8 18 44 50 47 \Y%
6 W
i} DX0 882 294 130.
] 01 6 4 7 119 146 55 36 21 1.8 46 63 54 V




3.3 5RIENLHIEMBRE X

& HHERA S, PEMEGMBO (CENC) « &FRFUOERKEMR (GCMT)  £H
R E R (USGS) SEHUMIMRE | ERARENHRIME (GR2) « BT RSRIEE &,
PR IRAR IR N —RIEWT E R4S ), 5 2020 4E H 5.9 ZHh = R IEHL I AR AN X S5t 36 B
71 GRANERE, 20200 BoN—8. AR, 2020 4558 H 5.9 ZH i LB R 751, 1
2025 4 6.8 ZHR AN TERBF I BLAh, AFENURGLE H = A Ar B R & A AT R IE
AR ARAL B A ZE 5, AR B TR R R s O, R R A S I R B A R =

R 2 NABFHESHKIEH 6.8 ZOhERIELHIA#
Table 2 The focal mechanism solutions for Dingri 6.8 earthquake obtained by various
institutions

Wi
R 2 b WL W © 2
A R HHLC) WHIZC) %Zf EE L

-H-H kg K% 1
- 1L x R Wi WwEhiM dER B BEMA Mw) km
B g5 B /(0 /(%)

2025-01-07

onsg D30 8733 348 40 00 sl 51 -8l 71 15  CENC'
2025-01-07
01:05:17 2856 8747 356 42  -88 173 48 92 71 12 GCMT?
(UTC)
2025-01-07

01:05:16 28.639 87.361 349 42 103 187 49 .78 7.1 1.5 USGS?
(UTC)

U RIEHLHIAE https://www.cea.gov.cn/cea/dzpd/dzzt/5789988/5789990/5790377/index.html
2 Global CMT Catalog https://www.globalcmt.org

3 M 7.1 - 2025 Southern Tibetan Plateau Earthquake
https://earthquake.usgs.gov/earthquakes/eventpage/us6000pi9w/moment-tensor
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(RS FEARIET GG, FEIRHLE] RS RARIET USGS)
Fig.4  Comparison of relocated aftershocks, calculated intensities, focal mechanism, rupture
process and isoseismal lines of the Dingri Ms 6.8 Earthquake
(The rupture process is from CENC, while the focal mechanism from USGS)
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RS, (HRZR RN, 2408 30 km. HiFEBL TAEBAAE R IL 26 2 b Rp,
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JRATKSE, KRB, HEM K AL mOF AR ™ B A0 A R R IX L LAy oy, T
FEFALIA] 16 km &b, A7 - SEFR R B B AL S 4 km &b BRI RE S BB IE AR T R 5 A
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SERLE 3, FIARBRKAER A HIDYRERZ, ERN 173°~187°, LW
WrE vy ER TR EH Ms 6.8 HifE B/ FEAANHE, FR&EZIEX (VIIEMIXE
KT, REEESATWE L.

(4) HF 5 H X B A7 B4Rk, b 150 km JEEN RA 6 NEZE Gk, tHE RIS
PIESIESERRVIEGHEN 67%, VIEKLL EXIBRRA 4 MUESZIEE. @S a5
B R E G SR B, DB R R AE B, R X R e R A R S v % Iy Sk
fitho

280

TR e s U T H B 6.8 RIS TAERNZEE A AR SE T o BRI ALEE 24
Ha T XM E 0 LR E B M. i Waldhauser F. S B0 B FRT . A3CFRIH
QGIS 1 GMT A2l B

11



References

Bai, X. F, Dai, Y. Q., Li, Y. Q., 2011. Rapid Assessment of the Macro-epicenter and
Earthquake-effected Field based on Aftershocks: A Case Study of Yunnan Area. Journal of
Seismological Research, 34(4): 525-532 (in Chinese with English abstract).

Chen, C., Xu, Y., 2013. Relocation of the Lushan Ms 7. 0 Earthquake Sequence and Its Tectonic
Implication. Chinese Journal of Geophysics, 56(12) : 4028—4036. (in Chinese with English
abstract)

Chen, K., Wang, Y. Z., Xi, N, et al., 2021. Earthquake Ground Motion Intensity Map of the 21
May, 2021 Ms6.4 Yangbi, Yunnan Earthquake. Seismology and Geology, 43(4): 899-907.
https://doi.org/ 10.3969/j.issn.0253-4967.2021.04.010 (in Chinese with English abstract)

Cilia, M. G., Mooney, W. D., Robinson, A. A., 2017. Seismic Intensity Survey of the 1 April 2014
M 8.2 Iquique, Chile, Earthquake and Tsunami, and a Comparison with Strong-Motion Data.
Seismological Research Letters, 88(5): 1232-1240. https://doi.org/ 10.1785/0220170030

Galli P, Castenetto S., Peronace E., 2017. The Macroseismic Intensity Distribution of the 30
October 2016 Earthquake in Central Italy (M, 6.6): Seismotectonic Implications. Tectonics,
36, 2179-2191. https://doi.org/10.1002/2017TC004583

Institute of Geophysics, Academia Sinica, 1981. Explosion Seimic Study for Velocity Distribution
and Structure of the Crust and Upper Mantle from Damxung to Yadang of Tibet Plateau. Acta
Geophysica Sinica, 24(2): 155-170 (in Chinese with English abstract).

Jiang, P., Li, P. P, Li, T. L. et al., 2023. The Characteristics of Strong Motion Records of the 2022
Luding, Sichuan Ms 6.8 Earthquake., Journal of Seismological Research, 46(4): 593-603.
https://doi.org/10.20015/j.cnki.ISSN1000-0666.2023.0057 (in Chinese with English abstract).

Kiani, A., Torabi, M., Mirhosseini, S. M., 2019. Intensity Measures for the Seismic Response
Evaluation of Buried Steel Pipelines under Near-field Pulse-like Ground Motions.
Earthquake Engineering and Engineering Vibration, 18(4): 917-931.

Kisslinger, C., Jones, L M., 1991. Properties of Aftershocks Sequences in Southern California. J
Geophys Res, 96: 11947-11958. https://doi.org/10.1029/91JB01200

Li, D. N,, Gao, Y., Zhu, H. Y., et al. 2017. Research on Double-difference Relocations and Focal
Mechanism Solutionsof the 2014 Yunnan Jinggu Ms6. 6 Earthquake Sequence. Journal of
Seismological Research, 40(3): 465-473. https://doi.org/10.3799/dqkx.2015.156 (in Chinese
with English abstract).

Li, P. N., Liao, L., Feng, J. Z., 2022. Relationship between Stress Evolution and Aftershocks after
Changning M 6.0 Earthquake in Sichuanon 17 June, 2019. Earth Science, 47(6): 2149-2164.
https://doi.org/ 10.3799/dqkx.2021.143 (in Chinese with English abstract).

Li, Q. L., Li, Y. L., Tu, H. w. et al., 2021. The Relocation, Focal Mechanisms of the Dingqing
Earthquakes and A Preliminary Study of Its Seismogenic Structure. Seismology and Geology,
43(1): 209-231 (in Chinese with English abstract).

Katsumata, K., 2024. Not Trench-parallel but Trench-normal Source Fault of the 1994 Hokkaido
Toho-oki Earthquake as Revealed by the Aftershock Relocation Using HypoDD. Earth
Planets and Space, 76:126. https://doi.org/ 10.1186/s40623-024-02069-6

King, G. C. P, Stein, R. S., Lin, J., 1994. Static Stress Changes and the Triggering of Earthquakes.
Bulletin ~ of the  Seismological  Society  of  America,  84(3):  935-953.
https://doi.org/10.1029/94JB00611.

12



Mitchell, A., 2009. The Esri Guide to GIS Analysis Volume 2: Spatial Measurement & Statistics.
California: Esri.

Qu, Z., Fu, X., Kishiki, S., Cui Y., 2020. Behavior of Masonry Infilled Chuandou Timber Frames
Subjected to In-plane Cyclic Loading. FEngineering Structures, 211: 110449.
https://doi.org/10.1016/j.engstruct.2020.110449.

Smith, E.M., Mooney, W. D. A., 2021. Seismic Intensity Survey of the 16 April 2016 M,, 7.8
Pedernales, Ecuador, Earthquake: A Comparison with Strong-Motion Data and Teleseismic
Backprojection. Seismological Research Letters, 92(4): 2156-2171. https://doi.org/ 10.1785/
0220200290.

Waldhauser, F., Ellsworth, W., 2000. A Double-difference Earthquake Location Algorithm:
Method and Application to the Northern Hayward Fault, California. Bulletion of the
Seismological Society of America, 90(6): 1353-1368. https://doi.org/10.1785/0120000006.

Wang, D., 2010. The Fanging Wall/footwall Effects of Near-fault Ground Motions. Harbin:
Institute of Engineering Mechanics, China Earthquake Administration (in Chinese).

Wang, D., Xie, L. L., Abrahamson, N. A., et al., 2010. Comparison of Strong Ground Motion from
the Wenchuan, China, Earthquake of 12 May 2008 with the Next Generation Attenuation
(NGA) Ground-Motion Models. 2010, 100(5B): 2381-2395.

Wang, T. L. ,Zhang, S. Z., Cui, B. W. ,et al., 2024. Microearthquake Detection and Seismicity
Analysis of the 2020 Guye Ms5.1 Earthquake Sequence. Chinese J.
Geophys. ,67(4):1501-1514. https://doi.org/10.6038/cjg2023Q0865 (in Chinese with English
abstract).

Wang, W. K., Li, X. L., Li, Z. Q.. 2011. Rapid Determination of Macro Epicenter based on
Aftershocks. Technology for Earthquake Disaster Prevention, 6(1): 36-48 (in Chinese with
English abstract).

Wen, R. Z., Ren, Y.F., Huang, X. T., et al., 2013. Strong Motion Records and Their Engineering
Damage Implications for Lushan Earthquake on April 20, 2013. Journal of Earthquake
Engineering and Engineering Vibration, 33(4): 1-12. https://doi.org/
10.11810/1000-1301.20130401 (in Chinese with English abstract).

Wu, J. J., Chen, W. K., Jia, Y. J,, et al. 2025. Rapid Seismic Intensity and Disaster Assessment
Based on Dense Seismic Array——An Case of the 2025 Rikaze M,6.8 Earthquake in Xizang.
Earth Science. doi: 10.3799/dgkx.2025.035 (in Chinese with English abstract).

Xu, F. K., Liu, Z. F., Zhang, Z. Q., et al.,, 2015. Double Difference Relocation and Focal
Mechanisms of the Jinggu Ms 6.6 Earthquake in Yunnan Province in 2024. Earth
Science-Journal of China University of Geosciences, 40(10): 1741-1754. https://doi.org/
10.3799/dqkx.2015.156 (in Chinese with English abstract).

Xu, Q., Tian, X. F., Wang, W. H., et al. 2018. A Comparison and Analysis of Instrumental Intensity
and Macroseismic Survey Intensity of the 2013 Minxian-Zhangxian Ms 6.6 Earthquake in
Gansu  Province. China  FEarthquake  Engineering  Jourbal, 40(1): 124-129.
https://doi.org/10.3969/].issn.1000-0844.2018.01.124 (in Chinese with English abstract).

Xu, X. W, Li, F., Cheng, J., et al. 2023. Advances in Research on Active Faults and Exploration of
Relevant Frontier Scientific Problems. Coal Geology & Exploration, 51(12): 1-6. doi:
10.12363/issn.1001-1986.23.12.0805(in Chinese with English abstract).

Xu, Y. J., Pang, W. D., 2021. Application of the Rapid Intensity Reporting Subsystem to the 2021
Yangbi, Yunnan Ms 6.4 Earthquake. Journal of Seismological Research, 44(3): 407-413 (in

13



Chinese with English abstract).

Xu, Z. S., Liu, J., Zheng, T. Z., et al., 2020. Isoseismal Line of Sichuan Changning Ms 6.0
Earthquake in 2019 based on Precisely Located Aftershocks Sequence. Acta Seismol. Sin. 42,
4474456. https://doi.org/10. 11939/jass.20200072 (in Chinese with English abstract).

Xu, Z. S., Ren, J., Tan, Z. T., et al., 2022. Determination of the Long-axis Direction of the Seismic
Influence Field Using the Strike of the Focal Mechanism Solution. J. Seismo. Res. 45, 88-99.
https://doi.org/10.20015/j.cnki. ISSN1000-0666 (in Chinese with English abstract).

Xu, Z. S., Liu, J., Yalikun, A.,et al., 2023. Determination of the Major Axis Direction and
Macroseismic Epicenter of the Assessed Intensity Map based on Relocated Aftershock
Sequences. Front. Earth Sci. 11:1128827. https://doi.org/ 10.3389/feart.2023.1128827

Yang, T. Q., Jiang, L. X., Dong, M., et al., 2015. Rapid Determination Method of Extreme
Earthquake Disaster Area based on Aftershock Sequence Spatial Distribution. Journal of
Catastrophology, 30(1): 8-15 (in Chinese with English abstract).

Yang, T., Wang, S. G., Fang, L. H., et al. 2025. Analysis of Earthquake Sequence and Seismogenic
Structure of the 2025 MS6.8 Dingri Earthquake in Tibetan Plateau. FEarth Science.
doi:10.3799/dqkx.2025.033 (in Chinese with English abstract).

Yu, Y. X., Gao, M. T., 2001. Effects of the Hanging Wall and Footwall on Peak Acceleration
during the Chi-Chi Earthquake, Taiwan. Acta Seismological Sinica, 23(6): 615-621 (in
Chinese with English abstract).

Zhang, E.H., Zhao, T., Zhang, Y.Q., et al., 2024. Seismogenic Structure of Gaoling Seismic
Swarm in Weihe Basin. FEarth Science, 49(7): 2662-2674. https://doi.org/
10.3799/dqkx.2022.483 (in Chinese with English abstract).

Zhang, G. W., Zhang H. Y., Sun, C. Q., 2016. Mechanism of the 2015 Pishan, Xinjiang, Ms 6.5
Mainshock and Relocation of Its Aftershock Sequences. Seismology and Geology, 38( 3) :
711-720. https://doi.org/ 10.3969 /j.issn.0253-4967.2016.03.016 (in Chinese with English
abstract).

Zhang, X. T., Jiang, X. H., Xue, Y., et al., 2020. Summary of the Dingri Ms 5.9 earthquake in Tibet
on March 20. Seismological and Geomagnetic Observation and Research, 41(4): 193-203.
https://doi.org/10. 3969/j. issn. 1003-3246. 2020. 04. 024 (in Chinese with English abstract).

Zheng, Y., Xie, Z. J., 2017. Present Status and Prospect of Earthquake Focal Depth Locating.
Journal of Seismological Research,40(2) : 167—175 (in Chinese with English abstract).

Zhou, Z. H., Sun, Y. P., Zhu, R. 2024. Evaluation of Post - Earthquake Buried Personnel Based on
a New Model of Seismic Intensity Rapid Assessment. Earth Science, 49(2): 437-450.
https://doi.org/10.3799/dqkx.2023.178 (in Chinese with English abstract).

Zhu, J. B., Liu, H. Y., Luan, S. C., et al., 2024. Prediction of On-site Peak Ground Motion Based
on Machine Learning and Transfer Learning. FEarth Science, 2024-07-22 online.
https://doi.org/10.3799/dqkx.2024.071 (in Chinese with English abstract).

& 2B E N

FALE, BREZC, ZE00m. 2011, T 2EE BRI ME A 7 A P ) € 7 iE——
DLz R HBIX . HuREHF AT, 34(4): 525-532.

14



MRz, AL 2013, il Ms 7.0 HURARFE P 5B HNE AL LG s . HERYIF 4R, 56(12)
4028—4036.

WRiE, TR, JERE, %.2021.2021 £ 5 H 21 HeiikiE 6. 4 0t Zshme A,
HiEHTT, 43( 4) : 899-907.

YIRS, 2590, ZERIAR, 25, 2023.2022 49 H 5 HYF5E Ms 6.8 HESRESCAFES . H
WL, 46(4): 593-603.

BT, mE, RETF, 55.2017.2014 F oA MS 6. 6 HUE T E A SR IR
FEFFIEDT T, HIREWEFL, 40(3): 465-473.

ZPIR, By, ZEEIN, 2022, 2019 4F 6 F 17 HIY)IK T 6.0 M E7E f5 B A 5 RER R,
HiEREBL2E, 47(6): 2149-2164.

AT, FEW, BELCA, 2. 2021, THILXHEEEM . BIELE LR REMIEYIE 5
M. ML, 43(1) : 209-231.

TR 2010, W ZHESN A L/ N RN T, MR R R TRE S 2E A TP

TRF, skpgr, FEEE, 55 2024, 2020 G Ms 5.1 HE 7GSRI K36 S PR 7L 4
BRI AR, 67(4): 1501-1514.

FAHER, 2RI, 258050, 2011, FIFHRBIEDGEA B Z B R AT 7. RRBIEEA, 6(1):
36-48.

EESE, AEMK, AW, 25 2013, 20 7.0 SObERES O M HE EM S, BT
5 THEIRS), 33(4),1-14.

FEER, BRI, BEW, 552025, TG PRI HE U K OE PUE VR ——LL 2025
SRR H W Ms 6.8 HiE A, HERELY, doi: 10.3799/dqkx.2025.035.

R, XA, KT, 22015, 2014 SE B F A Ms 6.6 HufE 751 5 e A 5 B YR AL il
fIE. HiBERFF—rp [ 5T K244, 40: 1741-1754.

AR, HFHFE, T4, 5. 2018.2013 FFHINIRE—EE 6 . 6 RS ZURE S 5 W
BRI LR M. MR LRSI, 40(1):124-129.

WO, 20, R, . 2023, JEENWT RO FUE R LR E TV ) AT R b S R,
51(12): 1-6.

VR FIPE RAR, 2021, ZUREEIR T RYAE 2021 4EZPHEBR Ms 6.4 WU AR, HaR ot
7T, 2021,44(3): 407-413.

TREX, XA, AEE, 4, 2020, FETRELLREFIIN 2019 ST Ms 6.0 HIFRAEE
LTI, HER, 42(4): 418-427.

BREXL, AT, WL, 5, 2022, R RRIEHLE L 72 2 H B 52 ma 3 Kl 7 /), HbFET 9T,
2022, 45(1): 88-99.

ViR, 2308, #EE, . 2015, FTREFHIATE B H0FE R 9¢ DX W 77 808 7K
KEZE 30(1): 8-15.

g, T, Eartg, %5.2025.2025 451 H 7 HUEEE H Ms 6.8 HIFEREFHIRHES K
BRI, HERRLSE, doii10.3799/dgkx.2025.033

BIEFE, s, 2001, BVEHEEMRITIMFES) M AN, HifR SR, 23(6): 615-621.

GRS, BORR, IKUKER, 2, 2024, JEI AL SRR BEN R R A E, HUERELEE, 49(7):
2662-2674.

g7, kb, PMKTE. 2016. 2015 FEHTERR L Ms 6. 5 HUERRIEMNLEI KRBT IIEN
HiE T, 38(3) : 711—720.

TkANGE, ZTAEAE, BE O, S5 2020. 2020 4F 3 H 20 HPGEUE H Ms 5.9 HifZ gl HRE s i
M E5HEFC, 41(4): 193-203.

15



A, WHHZE. 2017, HURRIRAREE M LIRS R . IR FT, 40(2):  167—175.

Hh E R 2B R ERPBEATE SO, 1981, DU s B 2 ke — 0 AR b i 52 5 i@ o IR R A A
R NERL R A, HOERPIE A4, 24 (2) , 155—170.

JAHLL, PR, R HG. 2024, TR AR ZEE DO VAL VAR R S N BRI R, Bk
R, 49(2): 437-450.

SECE, XFRZE, e, &, 2024, B THLESE SIRIE R 5 o 1Dttt 2 2 W (E TR0 . Hh Bk
A2, doi:10.3799/dgkx.2024.071

1 & UMk A

IRERM: R SCEBRE, T RIE N E AL EA I ], TR R,
MW BELIE AR A

JE AR R R B AR AL

ZEhnd: PRI S A

Bahy: 2xhlE 1A 4

AR ZUE B EA

MR MR R B

i BRI EREN,

HWI: il 27 SR

VR 7
EEX R T PIIX = B T 5 5 P EHE G M A0, 100045, HiE: 18810404355,

E-mail: xzs0610@seis.ac.cn

16



