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Abstract The North China Craton (NCC) is one of the oldest cratons in the world. In order to

study the deep structure in the central and western parts of the NCC and its control on magma
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and earthquakes, we derive a new high-resolution 3-D shear wave velocity model of the central
and western NCC crust and uppermost mantle using ambient noise tomography. The cross-
correlation of vertical-component continuous noise recordings from 461 temporary seismic stations
belonging to the ChinArray project provides Rayleigh wave group velocity dispersions in the
period range 5~45 s. These dispersion data at each model grid are inverted to obtain 1D shear-
wave velocity models, and then construct a pseudo-3-D model of crustal and uppermost mantle.
The dense path coverage allows us to examine lateral variations of shear wave velocity structure in
unprecedented detail, shedding new light on the deep structure and its impacts on magma
activities and earthquakes. Our velocity model at depth of 8 km show that surface basins and
mountains are characterized with low-velocity and high-velocity anomalies, respectively. The S-
wave velocity profiles in different longitude and latitude directions show that the crust of the
western craton can be roughly divided into upper, middle and lower crust. The S-wave velocity in

', suggesting that the

the lower crust of the Ordos block ranges between 3.7 and 3.8 km * s~
lower crust is dominated by felsic rocks. The low S wave velocity anomaly below the Datong
volcanic area extends from the middle crust to the uppermost mantle, implying that the upwelling
mantle provides a near-vertical channel and controls the formation and development of Cenozoic
magmatism in this area. The strong earthquakes are concentrated in the interior of the high-
velocity bodies, or alternating regions of high and low velocities in the upper crust, and the
middle-to-lower crust is characterized with low velocity, implying that creep rupture and stress

release of stressed rigid blocks associated with the deep heat flow of the uppermost mantle/lower

crust are the deep causes of large earthquakes.
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Fig. 1

Sketch of tectonic background and distribution map of seismic stations in the study area

Green triangles represent broad-band seismic stations; Black solid lines represent the boundaries of the North China Craton and internal block

boundaries; Purple dashed lines represent the location of the velocity slices; Red circles represent historical earthquakes of magnitude 7 or

above; Black circles represent earthquakes above M4 in the time range of 1977—2012; Yellow areas represent Cenozoic basalts (Tang et al. ,

2006) ; Blue circles represent the cities with basalt distribution. LLOB: Liiliang Orogenic Belt; WNCC: Western North China Craton Block;
TNCO: Central North China Craton Orogenic Belt; ENCC: Eastern North China Craton Block; CAOB: Central Asian Orogenic Belt; KB:
Kunzite Belt; YB: Yinshan Block; DT: Datong; FS: Fanzhi; PD: Pingding; XY: Xiyang; ZQ: Zuoquan; HB: Hebi.
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(a) Rayleigh wave group velocity dispersion curves with period 5~45 s;

(b) The number of dispersion curves for different periods

2.3 2D BHEEERTRE

P A o R R B AR £ A 5 3k X 2 ] T
WG 7 A2 b A T 3 BE 25 ) 1 SF- X N PR G R
Z IR A AR RN £k B ROk K T X I AT
AR5 AR 43 AR B E 158 4 0. 57X 0. 57, ik — 25 FI]
Barmin £ (2001) 48 H #9 £k M S 7 P IR A R
HHIC I 2 S B B TR e b RS AN [ DA A
Jiz e FL VR JBE 7 1) A S5 485 A 1 4 5 A A I kL R R
JERUR SR F B AZ e R () R (P FIZS
] P (o) SE R R 28 o Flo TREE
BRI - W FR B L 3 K o B/ o #2 ff ER AR 15
UL BB T L DR 25 BN (H A R IR R,
RT3 R i - 5 22 B K. B s o ) L A R L
1, HAH IR T B 5T X5 4R 8 B R T B o3 A AT
M B o T G R B e R AUE (o=
500,8=1,0=100) K K15 fx - 19 2D 3 B 43 A B
(E 5.

2D 3 BE S5 3 1 ) B s FRATT X AR 5 SR 1 43 B
Rt T B 4 BoRT 8 s M 30 s AWK
Rayleigh J5 7 3 B2 ] (9 AH N 43 B2, 1 AT DLE
A5 AN [vi) JA) 039 38 52 000 8 4 9 RUBE R A 50 ~ 100
km JEFE AL SR 53 R — K T 5 4 % B R T
o AN TR] ] B 1) 558 2 B A% 43 A FRAE K BOM R] S 26 7E
WFFE DX o o 3 55 9% 4 L 38 AR 43 s 00 4 X80 4R A
Dy UG 5T PR A A R Y 43 PR RUBE AR K

5 IR T R ARAT I Rayleigh 5 BF 3 B2 A
i) JE K0 e T — e & T RN L 2
Hu T A B AR SE AR AR 1 Rayleigh I #f 3 3 45
B B A (2021) 2R [F] — & W4 5500 AR 45 04 4 2
ST AT ARG i % M. TR 5 s 1 B B ) A AR
IE 5 BIF 5 DX P 1) b 2 A 5 B 5T 6 W A s L v

Bea e A B it 22t D B 23 b L O JE 48 L L 0 I 4 b
QX B VG T VT 2% b ¥4 S R )l ) AT SRR R 7T G 7 A
0 SR SE LLHE FHORAT 3 1Ly ) 2 A v 5 SRR 2
B AR CWNCC B4 6 7 £ 38 75 5 B 140 2 3
SR AR i AR AR B L o R A R B A ] A
HEOR TP T B DEERA OB 2 L 2 e T e —
JEHE Y T A A T A - S R0 SR BT 30 s R e i
JE—EFRIE b e T R s SE A BT A A R AR JE D
45 s PYRE R REAE R IR L X T 3R 90 A I S
2.4 SKEELEMRE

SR T RS AR TR AR T Y
af [f 70 T RS AR 4R AR SCEE T CPS330 #2743
(Herrmann,2013) , 2R F 2 X B JE #5c 7)y — 3 ) 38 7
25 AR A% AR 2 AR 0 BME  RTECh 1D AR
S5 A IE AN A 3 TR 5 A2 15k [a] B R R e
7 M8 L 2 ) o ] S0 T S A0 A (B8 P Rl /L T
AT Hb 7 N SR T B 3 A 5 45 AL 1Y 4 PR RE O A
M. 7 SRR, A 254G Shen 45 (2016) 315
AR AZAE 5 X388 P ) R 3 ot e 3 A7 BB 5 T
DA S i 24 o b 50 R T T R 8 5 4L R T b 5 TR 9 A
BRI S e R i Y ) Sl 8 ) A PR 3 Y
) e A5 A DR R e AV 5 3 £ A M — . A SCF SR
L Shen 45 (2016) 1Y 52 18 45 SR AF A #) f A8, 0~ 20
kem R 25 BN A JZ JE R 2 km, 20~ 60 km IR
BN 2 R R 5 km. | T AR S BT S P
T R AOR, FRATT A e e et A S I L (b 5 PR L
LT MR Vs FIBCHE WA Ve, 5 AR 4E P
B 5 % R 45 ¢ &R (Brocher, 2005) 5% 4t 25
. WEFE T 28 0 SO % T SR T AE 4R )R 1)
HE Y 22 5. TR SR ok AR v, FRATT I S AR R0 1 T R
% AX A R e Y BEL @ B 10, AR S TEHE T R 1 20



51 {5 B 45 Al SO BLIE PV ER ST S IR E R A R R Lt o L 1965
44°N 44°N . . 1 . 44°N
SEReseEnEe B B, L i
b B B B B b aN{ N | 42N
Sesesssnss B AR
40N R 0N iR L 0N
SEBEREsee i eeeRen | | Bl
BN REREE. N1 RN 38°N
AEAEREREN PRt il B
WNAMERREREEREE N L NERER 36N 44 g it
wpessssese T . i IS
106°E  108°E  110°E 112°E  114°E  116°E 106°E 108°E 110°E 112°E 114°E 116°E 106°E 108°E 110°E 112°E 114°E 116°E
44°N 44°N . . : : 44°N : : . .
8s
42°N 42°N 42°N -

40°N 40°N A
38°N 38°N
36°N 36°N 1

34°N

40°N

38°N 1

36°N

il

o

106°E  108°E  110°E 112°E  114°E 116°E

-0.2 -0.1

34°N : —_— ;
106°E 108°E 110°E 112°E 114°E 116°E

106°E 108°E 110°E 112°E 114°E 116°E
km.s-l

0.0 0.1 0.2

B4 J5HA 8 s 130 s Iy RN AR 43 BE %
(a) A% 0.57X 0. STHIRIIRREAL s (DY FICC) SRR RL 8 s Fl 30 s AWK IR 5 (D P4 17X 1 R P AR LAY 5
() FICD 3 BIXERL 8 s H1 30 s J&I U A 52 4580,
Fig. 4 Checkboard resolution images for the period 8 s and 30 s

(a) The initial model with grid size 0. 5°>X 0.5%; (b) and (c¢) The corresponding restored model respectively for the period 8 s and 30 s;

(d) The initial model with grid size 1°X1°; (e) and (f) The corresponding restored model for the period 8 s and 30 s.
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The meaning of blue circles is similar with that in Fig. 1.
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Fig. 6 Two examples of 1D shear wave velocity structure inversion
The blue lines represent the initial velocity model, the red lines represent the inverted velocity structure; the open circles represent the
observed group velocity dispersion, and the overlapped orange line is the synthetic group velocity dispersion based on the inversion
velocity model; the solid circles represent the observed phase velocity dispersion, and the overlapped green line is the synthetic phase

velocity dispersion based on the inverted velocity model.
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Fig. 7 Inverted S-wave velocity at different depths, with depth value shown in the lower right corner for each panel

KB: Kunzite Belt; YB: Yinshan Block; TNCO: Central North China Craton Orogenic Belt; Ordos: Ordos Block; A Lingshi uplift;

B: Shilingguan uplift; Red circles represent historical earthquakes of magnitude 7 or above; Dark closed curves represent Cenozoic

basalts (Tang et al. , 2006); DT: Datong; FS: Fanzhi; PD: Pingding; XY: Xiyang; ZQ: Zuoquan; HB: Hebi.
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Fig. 8 S-wave velocity profiles along different longitude directions

The black dots represent earthquakes of magnitude 4 or greater within 0. 2° region of the transverse section (time range 1977—2012).
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Fig. 9 S-wave velocity profiles along different latitude directions

The black dots represent earthquakes of magnitude 4 or greater within 0. 2° region of the transverse section (time range 1977—2012).
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Fig. 10 Schematic diagram of mantle upwelling and Cenozoic
magmatic activities in the western North China Craton
The basement fault zone of the EW and NS-trending Proterozoic
collision zone in the western North China Craton intersected in
the Datong area, breaking and transforming the lithosphere,
making it the main channel for the long-term convergence and
upwelling of the asthenosphere. The Miocene asthenosphere was
near vertical upwelling and lateral flow, leading to the eruption
of basalt magma, forming the northern faceted rock area and the
southern volcanic chain. Then the asthenosphere continued to
rise along the main channel, forming the Datong volcano group.
The asthenosphere decompresses and melts to form alkaline
basalt, and the asthenosphere induces the melting of the overlying

lithospheric mantle to produce porphyritic basalt.
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