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Fig. 1 Position of the selected seismic stations and earthquakes in west China and neighboring areas used in the seismic

tomography(a) and the seismic P-wave checkerboard for depths of 11 km, 33 km,48 km and 78 km (b)
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Fig. 2 The seismic P-wave velocity disturbance images in depth 78 km of west China (a) ,

comparing with that in depth 72 km computed by Xu Yi et al. , 2002(b)
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Fig. 3 The seismic P-wave velocity disturbance images depth in 48 km (a) , depth in 58
km (b) , depth of 68 km (c¢) of northwest China [ The old landmasses include Tarim
(Tm) , Jungar(Zr), Qaidam(Qm), Tuha(TH), Yingen(Yg), Tengger(Tr) and Ordos

(Er) ]
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Fig. 4 The seismic P-wave velocity disturbance images of northwest China:

(a) depth in 18 km; (b) depth in 28 km; (c) depth of 38 km
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Fig. 5 The aeromagnetic anomaly map of northwest China (a),the seismic P-wave velocity
disturbance images,depth in 8 km. depth in 58 km (b), the Bouguer gravity anomaly map of
northwest China (c¢)
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Fig. 6 The Bouguer gravity anomaly map of the West Inner Mongolia region (a) and the aeromagnetic anomaly

map of the same area (b)

2 % X #t / References

(The literature whose publishing year followed by a “&” is in Chinese

with English abstract; The literature whose publishing year followed by a

“#” is in Chinese without English abstract)

PRASHE. 2017, AR & 5 H 550 305 . SRR A5 IR i 3 S50 A 3t i ]
(B2 EPM). dbat. g pt.

ML 1994, PE KBTS, Jbat: WL, 1~517.

XIBET, B30, BREH, BR, TR, 2023a. 4G HE R
T ST AR 4. HBE TR, 69(5) : 1661~ 1668.
XIET, B3R, AR, B, THH. 2023b. H#EE R TR
Y@t S k. Hh2EmiZk, 30(3) - 233~241.

IR, 3K, THT. 2013, 35 LR 4 75 Dlos 30 30 S I # He
SR, HEFTZE, 20(5) @ 196~206.

IR, XIBF, THE, §8, 30k, 20200 F#GEE S BRI
HLE AT R . BRI LA, 63(10) ; 3640 ~3652.

VEREE, A, iR, /oK, KPR, XK. 2011, ENE—TE



8 o

it I 2024 4F

AT R HAG 5. HbBT2F4i, 85(1): 1~33.

K. 1997, HUERY)HLROE MG 5 0 k. dEat,
~273.

BSCR, RN, FRiRYS, BERPE. 2005, TR o mild s sk py
5 EM. duat, HuT AR,

WSCR, TR, 2014, NHLSE F b8 i i B R R s R (7).
HUFIETE, 60(3) ; 486~502.

BSCR, MR, G, BUE, FEE. 2017, o E K S RE M A
T2 B G ARAE . HUBTISTE, 63(4) : 843~853.

MOk, WER, TR, BB, 2018a. 35 HUK M R HF 0 =
A EP SRR, HBISTE, 64(1): 1~10.

WSCR, TR, B, 2018b. MHBFEH B 45 b [ R Rl R )2
M. HFRIETVE, 64(6) ; 1315~1323.

MR, 2019, A7 Pl —F 0 B 0y o4 B0t R ol 18 A= 9 O =X
HFRIEIE, 65(5): 1039~1053.

WSOk, B, RIS, iERE, BE, THH. 2019a. i m R
SEHL RN )BTRS, 65(1) : 2~14.

MSCR, R, AEER, BT, Hl, THE, XBETE. 2019b. F
PR G SR B S R TP AR R b MBS TR, 65(3) : 521~
532.

BSCR. 2020a. Mg R G A BB RS, HIBTRIT, 66(2) -

A 1

263 ~275.
MSCR. 2020b. PRibiE REM B T12HAER. WRISTE, 66(3) : 521
~532.

BSCR, M. 2020, IARIMLIRY) BTIS S A R IG 3 012 05 1. b
BHgi¥, 66(1): 1~12.

B3k, 2021a. WREAHIIRS) J1 % R G H AL HIBUBIT, 67
(3):571~577.

SCR. 2021b. F IR i 28 B8 11 4 7R 9B o 0 B S 1 4 A SR P
FE. WP, 95(1) : 227~237.

WSk, XBET:, MR, T4 4. 2022a. M\ 20 90 Hb 7% )2 A 1k
186 T e RO B ) BB 3. BIRFR A, 47(10) ¢ 3491 ~
3500.

WSOk, 7R3EEE, Blk, R¥E, EEFE, 3K, XA, BB,
Wrshi, s, s27h. 2022b. IS W RCE O I AESE. M
B, 96(5) : 1599~1607.

Sk, 2023, FRVHLSE I Hibg = 24 & Mk SR . dbat. M
fitt..

MSCR, BRATEE, AIRES. 2023, S i 0 s e A0 L b e b i M
B MAERETS, 30(4) : 218~228.

BiscR. 2024, HuEkahfoe. dbnt: MBS AR

Avouac J P, Tapponnier P. 1993. Kinematic model of active deformation
in central Asia. Geophysical Research Letters, 20(10) : 895~ 898.

Chen Min, Niu Fenglin, Liu Qinya, Tromp J, Zheng Xiufen. 2015.
Multiparameter adjoint tomography of the crust and upper mantle
beneath East Asia: 1.
of Geophysical Research: Solid Earth, 120(3) : 1762~ 1786.

Chen Zhiming. 2017&. Plate tectonics and geomorphic traces. Beijing:

Model construction and comparisons. Journal

Sinomap Press.

Cheng Yugi. 1994#. Introduction to regional geology in China. Beijing:
Geological Publishing House: 1~517.

England P, Molnar P. 1997.
kinematics to dynamics. Science, 278(5338) ; 647 ~650.

Flesch L M, Haines A J, Holt W E. 2001. Dynamics of the India—

Journal of Geophysical Research: Solid
Earth, 106(B8) . 16435~ 16460.

Jahn B M. 2004. The central Asia orogenic belt and growth of the

continental crust in the Phanerozoic. In Malpas J et al (eds):

Active deformation of Asia: From

Eurasia collision zone.

Aspects of the tectonic evolution of China. Geological Society ,
London, Special Pub. , 226 73~100.

Liu Xiaoyu, Yang Wencai, Chen Zhaoxi, Qu Chen, Yu Changqing.
2023a&. Crustal fluid layer of Qinghai—Xizang ( Tibet) Plateau
revealed by 3-D imaging methods. Geological Review, 69(5) : 1661
~1668.

Liu Xiaoyu, Yang Wencai, Chen Zhaoxi, Qu Chen, Yu Changging.
2023b&. Attributes and
Qinghai Tibetan Plateau. Earth Science Frontiers, 30(3): 233 ~
241.

Qu Chen, Yang Wencai, Yu Changging. 2013&. Seismic velocity

evolution of the eastern massif in the

tomography and Poisson’ s ratio imaging in Tarim Basin. Earth
Science Frontiers, 20(5) : 196~206.

Qu Chen, Liu Xiaoyu, Yu Changqging, Xu Yi, Yang Wencai. 2020&. S
wave velocity and Poisson’ s ratio tomography of the Tibetan
Plateau. Chinese Journal of Geophysics, 63(10) : 3640~ 3652.

Xu Yi, Liu Futian, Liu Jianhua, Chen Hui. 2002. Crust and upper
mantle structure beneath Western China from P wave travel time
tomography. Journal of Geophysical Research: Solid Earth, 107
(B10) ; 2220. doi;10. 1029/2001JB000402

Xu Zhiqgin, Yang Jingsui, Li Haibing, Ji Shaocheng, Zhang Zeming, Liu
Yan. 2011&. On the tectonics of the India—Asia collision. Acta
Geologica Sinica, 85(1): 1~33.

Yang Wencai.
Beijing: Geological Publishing House: 1~273.

Yang Wencai,

1997 #. Theory and method of geophysical inversion.

2005 #.

Geophysics and crust—mantle interaction of Sulu Dabie Orogenic

Xu Jiren, Cheng Zhenyan, Hou Zunze.
Belt. Beijing: Geological Publishing House.

Yang Wencai, Yu Changging. 2014&. Continental collision process
reveled by worldwide comparison of crust and upper mantle
structures( I ). Geological Review, 60(3) : 486~502.

Yang Wencai, Qu Chen, Hou Zunze, Yan Ping, Yu Changging.
2017&. Crustal density structures of craton terrains in continent of
China. Geological Review, 63(4) : 843~853.

Yang Wencai, Qiu Longjun, Yu Changqing, Hou Zunze. 2018a&.
Three dimensional density perturbation imaging of the southwestern
Tarim Basin. Geological Review, 64(1): 1~10.

Yang Wencai, Yu Changqging, Yang Wuyang. 2018b&. Distribution of
deep oil/gas sedimentary basins of China. Geological Review, 64
(6): 1315~1323.

Yang Wencai. 2019&. A new mode for continental accretion induced by
interaction between the lithosphere and asthenosphere. Geological
Review, 65(5): 1039~1053.

Yang Wencai, Qu Chen, Ren Haoran, Huang Lianjie, Xu Yi, Yu
Changqing. 2019a&. Crustal P-wave seismic tomography of the
Qinghai—Xizang( Tibetan) plateau. Geological Review, 65(1) : 2
~14.

Yang Wencai, Qu Chen, Ren Haoran, Huang Lianjie, Xu Yi, Yu

2019b&. The asthenosphere of the

Qinghai—Xizang ( Tibetan) Plateau and subduction of the Tethys

Ocean. Geological Review, 65(3); 521~532.

2020&. Continental dynamics with

Changqing, Liu Xiaoyu.

Yang Wencai, Zeng Xiangzhi.
cognition of Earth matter movement. Geological Review, 66(1) : 1
~12.

Yang Wencai. 2020a&. On composition, attributes and phases of the
shallow-mantle system. Geological Review, 66(2) : 263~275.
Yang Wencai. 2020b&. On dynamic processes of the shallow-mantle

system. Geological Review, 66(3) . 521 ~532.



8 1 W SCR A < v [ PG 4t 58 b o o ) = 4 [R5 9

Yang Wencai. 2021a&. Learning the spirit of scientist from dialectic
principles. Geological Review, 67(3): 571~577.

Yang Wencai. 2021b&. Correlation of density and seismic velocity
anomalies with different tectonic events in the Chinese continent.
Acta Geologica Sinica, 95(1); 227~237.

Yang Wencai, Su Meixia, Yang Bo, Wu Yanjun, Wang Qinyan, Guo

Asthenosphere mass movement in Qinghai—Tibetan Plateau revealed
by high-resolution seismic tomography. Earth Science, 47 (10) :
3491 ~3500.

Yang Wencai. 2023&. Three dimensional attribute images of the crust
and upper-mantle in East Asia. Beijing: Geological Publishing

House

Yang Wencai, Chen Zhaoxi, Shi Zhanjie. 2023&. Overview of the
Peng Zhong. 2022b&. Geophysical study on lithospheric structures crustal and upper-mantle structures of the Mongolian Plateau. Earth
of Inner Mongolia Plateau. Acta Geologica Sinica, 96(5) : 1599 ~ Science Frontiers, 30(4) ; 218~228.

1607. Yang Wencai. 2024&. Geodynamics. Beijing: Geological Publishing

Yang Wencai, Liu Xiaoyu, Chen Zhaoxi, Jiang Jinsheng. 2022a&. House.

Guangfei, Liu Shuyu, Meng Xiaoling, Chen Mengtao, Shi Yuan,

Three-dimensional imaging of seismic wave velocity in
the earth’s crust of northwest China
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Abstract; Three-dimensional tomography of seismic wave velocity is an important method to study the three-
dimensional structure and dynamics of the mantle and crust. In this paper, we study the three-dimensional
tomography of seismic wave velocity in northwest China, and show that the lithospheric wave velocity structure in
the study area reflecs the tectonic pattern formed by the combination of multiple land-mass amalgamation in the
Phanerozoic. These old landmasses include Tarim, Jungar, Qaidam, Tuha, Yingen, Tengger and Ordos, all of
which have high-velocity characteristics in the upper layer of the lithospheric mantle. Three-dimensional tomography
also shows that the long-range effects of the India subcontinent’ s collision with Eurasia affected the uplift of the
Tienshan Mountain, the western Tarim Basin and the Tuha Basin, but the intense deformation formed mainly acted
on the upper and middle crust. Based on the characteristics of the combination in the study area and combined with
the high-precision data of ground gravity and aeromagnetics, it can also provide accurate positioning of the
Phanerozoic dynamical actions the remains, and of the early ocean—continent transition zones.

Keywords: seismic wave velocity; three-dimensional tomography; Northwest China; dynamics; land mass
amalgamation
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