5565 % 55 10 1) OB Y M ¥ R Vol. 65. No. 10
2022 4F 10 f CHINESE JOURNAL OF GEOPHYSICS Oct. 12022

BB ARV, BRI AE. 2022, WK A AR 48 78 BROBT 5 R 3 LU R SRS AN S H . b Bk B4 4R, 65(10) - 3881-3899,
doi;10. 6038/¢jg2022Q0152.

HouJ, Xu T, Liit Q T, et al. 2022. The fine upper crustal structure below the Qin-Hang and Wuyishan metallogenic belts
revealed by double beamforming ambient noise tomography. Chinese J. Geophys. (in Chinese), 65(10);3881-3899, doi: 10.
6038/¢jg2022Q0152.

MEBEREERGETAMISRRLUAT
ko g e
BRI A BRES, HERT, B

1o [ RE 27 B st T 5 M BR P BRAF S 0T . A AL E R AR E . b 100029
2 v E 3t 52 R s ER P FRE ST T, LT 100081

3 ERBFER R, duat 100049

4 ERE B ER R A DR S BE . dEAT 100029

5 e E L FURFEBE . st 100037

WE FCHXELREELNEGEL BT EXZ — B3 E R P B 5B AR X R0 % X %
B R RS T RS SR AE AR — 2 2 5. O TR X s 0 75 55 i A ORI s s e 22 S I &L 3R
AT T = 2l U5 0Bk Sl VI A R T 4RIk AR B T T L S 1 A B MR RS IR L O R T RO R MR S AR, K4S T T
TS W LS. EEDGRINT < (1)S P 3 B2 AR S5 R AE 20 5 5T X PN AN [R] 258 A 1% Dy 28 8 G OR  Jee An
TB 25 R B R ALE . AROT AT AT L — 2 2 i B B A 30 P M B P R ) L PR T 5 L A AR AT E R RS
R R A T TR L T DU A EE YD b 5 AR R E R AT T2 TR A B R 43 2
< LT R AR b 1 T (20 FVTET TR T A R E A A AR R ) b B AT SR A A R R AR AL LRSI T s R S i
TP W R T RIOOT B A R T 3R AR L T b 5 LS R A A R R Tk K LA S R TR BT A b b o L
BRI 70 oy 4 78 K LU RS R O RRAE. (3) AR 2 B L b T st e W T 2 R 25 5 R R BOPT AN U A B AN TR
W42 JE 20 A WA A J IR FEBR BT R 17 R B TR 7 P 1 S B FE AR H R b 5% R S 0 SRR i 5
i B8 R 5 5 TR L AT PR B 5 P 4 S U B R BT b SRR O R S TS S 5 Ay i 4 3R BT oy 2 5
KW AR A s R BUERA T M R Lbse S P 254

doi:10. 6038/¢jg2022Q0152 hESES  P315, Podl I Fs H AR 2022-03-06, 2022-08-04 W& & Fi

The fine upper crustal structure below the Qin-Hang and Wuyishan metallogenic

belts revealed by double beamforming ambient noise tomography

HOU Jue'**, XU Tao'"'*, LU QingTian’,» ZHENG MengJie'**, BAI ZhiMing""*
1 State Key Laboratory of Lithospheric Evolution ., Institute of Geology and Geophysics, Chinese Academy of Sciences ,
Beijing 100029, China
2 Institute of Geophysics, China Earthquake Administration, Beijing 100081, China
3 Uniwversity of Chinese Academy of Sciences, Beijing 100049, China
4 Innovation Academy for Earth Science , Chinese Academy of Sciences, Beijing 100029, China

5 Chinese Academy of Geological Sciences, Beijing 100037, China
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provinces in the world, is the most representative area in Mesozoic mineralization in eastern
China. However, there are some differences in type and origin of the mineral deposits among the
major metallogenic belts in this province. To better understand the regional metallogenic setting
and determine the factors controlling the metallogenic differences, using the seismic ambient
noise data recorded by “Wanzai-Yongchun” joint active- and passive-sourced seismic experiment,
we performed the double beamforming ambient noise tomography and resolved the S-wave
velocity model beneath the survey profile. Combined the available results, we draw the following
conclusions: (1) The upper crustal S-wave model maps the known faults with different types and
depth extent based on different seismic velocity features. The Jiangshan-Shaoxing Fault in the
Qin-Hang belt, with the nature of reverse thrust, dipping north-west and running through the
crust, had controlled the porphyry magma system in Mesozoic. The strike-slip faults in the
Wuyishan belt, almost running through the upper crust with a dip angle, as well as with the
neighboring listric faults, have controlled the occurrence and development of the strike slip pull
apart basins and volcano graben basins. (2) There are strong lateral S-wave velocity variations
across the survey profile, and the bulk S-wave velocity in the Wuyishan belt is slightly higher
than that of the Qin-Hang belt, reflecting that the upper crustal compositional structure in the
Qin-Hang belt is mainly crust-source granites and acid volcanic rocks, whereas the Wuyishan belt
is composed of huge thick Proterozoic metamorphic volcanic-sedimentary rocks. (3) Comprehensive
analysis confirms that the differences in middle-lower crustal compositional structure are the
essential factors contributing the different types and origin of the mineral deposits between the
Qin-Hang and Wuyishan metallogenic belts. Although the shallow bulk S-wave velocity in the
Wuyishan belt is slightly higher than that of the Qin-Hang belt, the high-velocity anomalies exist
significantly in the lower crust in the Qin-Hang belt, which implies that its lower crust possesses
more mafic components; the lower crust of the Wuyishan belt exhibits a relatively low seismic

velocity, which reflects the nature of paleo-felsic ancient crust.
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Fig. 1 Research region and the location of seismic stations
Wanzai-Yongchun seismic profile spans the Qin-Hang Metallogenic Belt, the Wuyishan Metallogenic Belt and the Southeastern
Coast volcanic plutonic belt. The red triangles represent the short-period seismic stations used in this study (not all stations are
shown in the illustration. only including stations that maintain a specific spacing about 50 km). The cyan and pink areas represent
the approximate spatial range of the Qin-Hang and Wuyishan metallogenic belts. (a) Tectonic frame in the South China Block
(Modified from Li et al. . 2017) . including the Yangtze Craton, the Jiangnan Orogenic Belt and the Cathaysian Block, as well as the
NE strike-slip fault system: the Jiangshan-Shaoxing Fault, Hepu-Beiliu Fault, Wuchuan-Sihui Fault. Shaowu-Heyuan Fault. and
Zhenghe-Dapu Fault. Mesozoic representative ore deposits (e. g. , Dexing. Jiande, Lengshuikeng and so on) are shown. (b) Simplified

geological map in research region (Ye et al. , 2017), including the distribution of the strata and magmatic rocks across the survey line.
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Fig. 2 Noise cross-correlations against inter distance and the time-frequency analysis

of the noise cross-correlation waveform

(a) Noise cross-correlations between station 1141 and other stations. (b) The negative branch of noise cross-correlations of

station pair 1141-1343 (red line in (a)), after flipping symmetrically and normalizing. The red dash lines denote the velocity

window 2.0~4.0 km ¢ s!'. (¢) Time-frequency analysis result of the noise cross-correlation waveform in (b).
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Fig. 3 Illustration of double beamforming

Modified from the Figure 8. 3 of Nakata et al. (2019). The light
gray dots show the location of stations, and the dark gray dots
represent the stations used for double beamforming analyses. The
black circle represents the source and receiver beam width (size).
The black arrows denote the outgoing (6,) and incoming angles
(0,) of the stacking waveforms, and the dashed line indicates the
shortest path for wave propagation between the source and receiver
beam. us and u, are the slowness in the source and receiver beam,

respectively.
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Fig. 4 The narrow-band filtered noise cross-correlations
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The narrow-band filtered noise cross-correlations between station 1141 and other stations, only negative branches
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Fig.5 Seismic stations and beam center
The blue triangles and red circles denote the location

of the seismic stations and beam center, respectively.
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(Wang et al. , 2019b) #EA7 P M 8 . 78 13
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PR A B 1 22 DL A1 0 AR g I 85 DA 90 % 18 B )
P AE 232 08 o o0 1) e 10 08 2 T 3 oA Y
R 25 WOE SO A SO R4 A o 22 B DA 37
BCBPHEE & 3 3 A~ 50 B9 J7 MR (Wang et al.
2019a). MLk B T 1 A5 W Ll 1 Ay 0 3 18 5
W I PEN AR A SR B T 5 M LR T 20 A3
fH(E D.
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Fig. 6 Example of determining the best slowness by 2D grid search

(a) Stacked waveforms with different source beam slowness and receiver beam slowness. The black line is the stacked waveforms, and

the red line is the envelope waveforms of the stacked waveforms; (b) The maximum envelope amplitude of the stacked waveforms with

respect to the source side slowness and receiver side slowness. The yellow cross marks the location with the maximum amplitude.

Fz1 EmMEREBRLESIT
Table 1 SNR (Signal-to-Noise Ratio) statistics
of the stacked waveforms
JEIH () Q Q2 Q; THE BOoME S BIH

1.0 17.70 20.86 24.11 21.73 10.73

1.5 21.66 24.67  28.46  25.04 11.82
2.0 22.76 26.4 29.65 26.7 13.12
2.5 23.67 26.75 29.64 27.22 15.92

3.0 24.17 26.72 29.09  27.35 17. 94

w
w

24.35 26.49  28.58 27.40 17.93

4.0 24.12 26.03 27.96 27.19 18.08 20

e
o

23.57 25.34 27.15 26.62 17.98
5.0 22.86 24.47  26.21 25.94 18.32

22.00 23.47 25.16  25.14 18.12

l
1921

6.0 21.02 22.34 23.9 24.14  17.18
6.5 19. 88 20.99 22.4 22.84 15.79

7.0 18. 34 19.50 20.73 21.28 14.38

Qi Qo Qs 3 BIACER A — DU 43 7 50 35 — 04 43 B (P AL 80 #
P E
Note: Q;, Q» and Q3 represent the first quartile, second quartile

(median) and third quartile, respectively.

K 7a—d /354 1.0.3.0.5.0 f1 7.0 s JE HH K
1, JE 7S 1V 0 D R R O A R A SR
XL 1. 0 f 7.0 s IR iRZH B KT 3.0 f1

5.0 s, 3X 5 AN [R] J] B P A 5 T 1 15 M L A G
(B . 58 A E 5 52 6 T B 5% X 4l e 75 905 B A 1Y)
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1 e b Bt FF R B (36 D). 78 28 (8] YE BBl 9 4 A
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HEE 4y . X R %5 1.0 s [ Rayleigh 3 {5 5 i i
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A F ST WY B 0 & sl x5 0 R
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[¥1] 35 FBL P (A < 116, 0°~116. 5°) fy il 458 25 % K, 3%
I 1% 55120 PN OB R e JR L R) R B b A G
(E 5.
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i 5 2 (T 8b) i) . & PR b, o % 25 A K X
B B T A G R B RS (E
5). BEAh B I E (<15 ) B iR 22 3 R
B DA R 22 5 8 (] 8b) Ry & 2%, fil n] X i 4K
A5 110 R AR 0 A5 40 A5 VA L A Bl T R R 5 B
Al B R S, A 1] 200~ 350 km 98 [l Y A7 AE
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Fig. 7 Slowness measurements along the seismic survey profile
(a)—(d) are the Rayleigh wave phase-velocity measurements at 1.0, 3.0, 5.0 and 7.0 s period,
error bars represent the measuring uncertainties.
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Fig.8 (a) 2D phase velocity cross-section. (b) 2D cross-section of the measuring uncertainties
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Fig. 9 (a) 2D phase velocity cross-section used for S-wave inversion. (b) The cross-section of the measuring uncertainties

The white blank represents the discarded dispersion data, the yellow triangle represents the corresponding location

of dispersion data in Fig. 10.
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0BT AR R AL R R 2 M R FRATT RS
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SE » A SEPERLIR.
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kem f I EEAR T (J&] 110).
1.4 BERSHXBGERNEZN

1IEU Wang %5 (2019a) T 38 2] 09 . 7€ 11 X E 45
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T35 Avi 8 W P 95 A AR 0 AH FL S DA TR B AR G rp R
1517 THT % 3 B 2l K (Lin et al., 2008; Yao and
Van Der Hilst, 2009) ; B T80 & 6] B 1) & 3 X)
R AN 2457 B M 7S A R A R ) i e 2% 2%
ik — 238 K (Snieder, 2004).
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Fig. 10 Example of S-wave inversion at a single beam center
(a) 1D initial S-wave velocity model and inversion result, corresponding to the data at the location denoted by yellow triangle
in Fig. 9a; (b) Sensitivity kernels of Rayleigh wave phase velocities to shear-wave velocities at 1.0, 3.0, 5.0 and 7. 0 s; (c)

The measuring dispersion and theoretical dispersion that is calculated by the inversion result.
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WhE4% S (He et al. , 2013; Guo and Gao, 2018;
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25 [0) A2 i, AT 0 2% 07 2 DA 8 30 o ki 284 fd 1] 7Y
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Fig. 11 The upper crustal seismic velocity structure beneath the “Wanzai-Yongchun” survey profile

Acronyms for stratum: Pt, Proterozoic; Mz, Mesozoic (undivided); J-K, Jurassic-Cretaceous; Yy, Mesozoic granites; &, Cambrian; T,

Triassic; J, Jurassic. Data source: Ye et al. » 2017, (a) S-wave velocity structure. The black and blue dash lines denote the potential deep

extending patterns of regional faults. (b) P-wave velocity structure (Lin et al. , 2020). (c¢) Vp/Vs ratio structure.
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Liu %5 (2021) F FH 5244 L BREES (5 75
JCE) AR ITC R A KRR L HrF AL R R K
LAV Ll — 28 24 8 245 FL L J0 ) B 8RBt B i 5 e
Wiy e 3 Ll B Ay A B AR T R AL A i
BB B8 CaO-MgO-Sr-Na, O-SiO,-K, O 4
B RISFHAE o S WA P ) Hb e 2 BREAE T a3
W w4 B R K,O-Sn-HI-Zr-Ta-Th 4 & % 24K 4
fE . W H R P W-Sn-Nb-Ta-Zr-Hf 1) H15¢ 4
BURR AL X — A R RB S e X 58 Ve / Vs 224k
Wy 4 (Zhang et al., 2021a, b; Huang et al. ,
2022). Vo /Vs TEEK ML B 77 248 1k 88 K (Zhang et
al. , 2021a,b), R IL W) T I A3 — M, X 5
VLR LU Ry Ak B B T T e ik R X A A
— R BB Ve/ Vs BREAR, H 17 4R R/ U
VA 2% T R o S i B 1L b A i TR A (L [l g T
BRITTHG 2. P il o B 25 At SRR R T Mo
HA B EEE (R %, 20145 Lin et al. , 2021,
FERLA AT T M7 R BRI AEL 7 EORT— U W7 2L
T Hb5E 8 i (Lin et al. o 2021), ) BEEK BT
7 PRV 50 HE B L JRONE 432 T B AT B 4 R A T
FERHIE (B B 55, 2022) , BOR— I W7 28T Ml 7e & 2
SREL AR R (Lin et al. o 2021) , 1 2% 38 11 B &~
R AT Al 2 5e SRR AR, X —HEMT AR B T
DA S A B A HE )6 3R 3 45 21 i e ik %) 25
) HIE a7 F S GRS, A TR0 R B BT
W G R A VAR en (O H ARBEX AR (Tow) N HF

E 2 WL 55 5 R 7 2 1 B TR 4 4% L MR
R L BB AR e (o) {75 20 4R
(Ton) A 4677 LM 25 DA 7 22 M0 55 4 5 1

SR 36 AT0L 0 0 2R 7 L1 B A 4 6 5 - 2
S VI JE W 5 OB A L 5 R I o
S I LA AL TE AP AR . — AT BB O R 2 |
Hb 72 ) R AL AN B TS W B AR Ak i L
R A6 1 B 040 I B I 9 B K 1L
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b 24 1B S LG 0 388 i T R 58 1
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[ AN 14— T 1] 2 54 o 388 1) B A TR S 4
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AR A B 4L 4 LA 3 3 76 19 W-Sn-U-Pb-Zn-Ag 41
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3 45k
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