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Abstract Research suggests that since the late Mesozoic, the eastern North China Craton has
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experienced large-scale lithospheric destruction characterized by lithospheric thinning. Under this
context, large-scale extensional structures, widespread granitoid intrusions and massive gold
deposits have been formed in Jiaodong Peninsula in the eastern North China Craton. In order to
reveal the characteristics of ore-controlling structures in upper crust and their genetic linkage with
gold mineralization, we probe the fine S-wave velocity structure of the shallow crust above 8km
by using ambient noise tomography from a NWW-SEE trending linear short-period dense seismic
array across Jiaodong Peninsula. Results show that (1) the sedimentary layer in Jiaodong
Peninsula is generally thin, with an average basement depth about 1~2 km. (2) The vertical
velocity gradient image shows that the dislocation of basement/shallow high-velocity discontinuity in
northwest Jiaodong is significant, corresponding well to the main detachment faults, and the
relative velocity disturbance image exhibits several banding low-velocity anomalies with SE
tendency along the main detachment faults. (3) The S-wave velocity under the Muru metallogenic
belt has a block feature in horizontal direction, which is consistent with the steeply dipping
feature of ore-controlling faults such as the Wulian-Yantai fault zone, and the average velocity of
upper crust in the Sulu orogenic belt is significantly higher than that in northwest Jiaodong.
Based on the imaging results of this paper and other geological and geophysical data available, we
suggest that northwest Jiaodong is mainly controlled by large-scale detachment faults represented
by the Zhaoping fault, while the Muru metallogenic belt in the east is mainly controlled by steep
brittle (strike-slip) faults with a relatively low degree of extension. And the differences of ore-controlling

structures may be the main reason for regional differences of gold mineralization in Jiaodong Peninsula,

Keywords Jiaodong Peninsula; Gold mineralization; Extensional structure; Short-period dense
seismic array; Ambient noise tomography
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Simplified map showing the geology of Jiaodong region and the distribution of seismic stations

2 Paleogene-Neogene terrestrial volcanic-sedimentary strata; 3 Cretaceous continental volcanic-

sedimentary strata; 4 Paleoproterozoic-Neoproterozoic shore-shallow marine facies strata; 5 Neoproterozoic with eclogite granitic gneiss;

6 Archean granite-greenstone belt;

7 Cretaceous Laoshan granite; 8 Cretaceous Weideshan Granite; 9 Cretaceous Guojialing

granodiorite; 10 Jurassic granite; 11 Triassic granitoids; 12 conformity/ unconformity; 13 fault; 14 large to super-large gold deposit/

medium gold deposit; 15 short period seismic station. CAOB: Central Asian orogenic belt; NCC: North China Craton; SCB: South
China Block; WB: Western Block; EB: Eastern Block; TNCO: Trans-North China Orogen; JLJB: Jiao-Liao-Ji Belt. The bottom-left

illustration (a) and the top-right illustration (c) respectively indicate the location and the simplified tectonic map of the study area.
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Fig. 2 Cross-correlation functions of vertical component

Only cross-correlation functions between station 008 and its adjacent stations are taken as examples, and the distance between stations

is limited in the range of 5~60 km. The frequency ranges of (a), (b), and (¢) are 0.5~5 s, 1~2 s, and 2~5 s, respectively.
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Fig. 3 Dispersion curves extracted from cross-correlation functions

(a) The gray solid lines denote dispersion curves, with a total number of 15839 in the frequency range of 0. 5~4 s; the yellow circle and

error bar denote the average phase velocity value and its twice standard deviation for each period, respectively; (b) The gray bar denotes the

number of phase velocity dispersion measurements for each period, and the red solid line denotes the isotropic correlation length in the actual

inversion; (¢) Average dispersion curves for different station sections (001 —340,001—130,131—250 and 251—340) on the survey line.
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Fig. 4 Phase velocity imaging result

(a) Simplified geological map; (b) Phase velocity profile. NCC: North China Craton; SCB: South China Block; SSDF. Sanshandao
fault; JJF: Jiaojia fault; ZPF:. Zhaoping fault; QXF: Qixia fault; TCF: Taocun fault; GCF: Guocheng fault; MPF. Muping fault;

HYF: Haiyang fault; JNSF. Jinniushan fault.
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Fig.5 Inversion results of some example stations

(a) The initial velocity models (red dotted lines) and inversion results (blue solid lines); (b) The observed dispersion curves (black

circles) and synthetic dispersion curves (black solid lines). Longitude of station 050, 090, 230 and 300 is 120. 22, 120.43, 121. 19, and

121. 56, respectively.
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Fig. 6 S-wave velocity imaging results

(a) Bouguer gravity anomalies using data from the EGM2008 global gravity model. Gray dashed line denotes the average value; (b) S-

wave velocity profile; (¢) S-wave velocity disturbances; (d) S-wave vertical velocity gradient profile. The black solid line denotes the

main fault observed on the surface; the black dotted line denotes the predicted fault; the arrow denotes the movement direction of the

detachment fault, and the yellow dashed line denotes the high-velocity discontinuity.
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Fig. 7 Checkboard resolution tests for phase velocity inversion

The above four maps correspond to input models of different periods, and the following four maps correspond to the output models. The

width of banding anomalies of period 0.5 s, 1.5s, 2.5 sand 3.5 sis 0. 14°, 0. 177, 0. 23" and 0. 31°, respectively. Gray triangle denotes station.
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Fig. 8 Comparison of inversion results of different initial models

Station 090 is taken as an example. (a) Three different initial models M1, M2 and M3; (b) Corresponding inversion results;

(¢) The observed dispersion curve and synthetic dispersion curves.

O U TR TR T [T T TN ST TR N SN T T 0 PO ST TR T T TR T ST T N SN T T
1@ SREO)
11 -1 -
2 - 24 -
3 37 B
g | i
=
£ 4 4 -
g- i j
5 59 B
6 - 6 -
{— Initial : — 2s
71 —Result m 7 3s F
g 1 —4s I
L S B 8T LR LA R B
2.5 3.0 3.5 4.0 -0.5 0.0 0.5 1.0
V/(km's™) V/(km-s"')
B9 1355 B 45 i 5 U bR K

Ca) Je 3 A 00 2 B 1 7 239 03 HIC Y 2% il 145 2 19 400 4 3
T A0, S22 FIIT AT 6 3l 52 38 45 2R 19 T 349 3 o A (O
SLER) 5 (b) BT S G 1 F 19 2 A7 55 10 A [ o 39
117 Rayleigh {5 AH 2 1 AU R %K.
Fig.9 Average velocity structure and

sensitive kernel function

(a) The initial velocity model (black solid line) obtained
based on an average dispersion curve of the whole survey
line and the average velocity model of inversion results
(blue solid line). (b) Sensitive kernels of Rayleigh wave

phase velocities at different period based on the average velocity

model of inversion results.
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Fig. 10 Resolution test of deep structures below 5 km

(a) The real models (black solid lines) , initial models for inversion (gray dotted lines) and inversion results (black dotted lines).

(b) The observed dispersion curves (black circles) and synthetic dispersion curves (black solid lines). Testl. Test 2 and Test 3

correspond to three different combinations of real and initial models, respectively.
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LA 1 B A R B AR A BE IR )2 (H A REAR /)N
JBE SR A by AL S 4 2 8] 3 B 4D %k BB Y 5T K RT REAS
K.FRE A 4R DX 72 5T R R A7 7E — & 1Y 22
S BV b XA A2 5 26 R AR i ARRE AR A O AR
F A TN 5 A BURRORE 5 AH 2 Ji s (Liu et al. , 2013),
T 22 LA 46 DX % & LA op A AR 5 A 09 =
H— o R T

S B A ok B AN [] 22 Ak 34 AT R RS AR L X
A B XU A DA 22 S AH R ATTIA O T
PEA AL 3 A0 22 0 W % e EAE R X A PIJr
A — 20 A 38 B A AN [] 2 W 22 9 T ™ 25 (]
ZREAR A F B AR 5 B Ak LA ST I 1A T R AR
Tl 23 (] CRLBED SRR AE » 58 AU A2 A T3 20 OB iR
LR ki GR A T A 5 ik AU 4 A ) LB it
TR ST SR 10 3% 22 (] CRLBD R 4 8 SR AR 32
I B BERKBL . SE B b T A ] Y 22 5 S0
R s AE IR 7= o 3 5 22 4 B A 2R Y 1) A [ [ A
A AR A Y. 50 = 10T I 2 R B R
P ) A R ot 7 ey ) RS K AR B SR B R S
IS e BT A AR M DX, A A S AT A B R
AR b S L s o A e R S I RS K i
TR AR M DX 2 . FRATT A AR 2 R KT
WF 58 L[] e WY e 7Y b 4 DXOR RS i 4 R B4y 2 32
72 = By AR GORAR T = A RIS A B B S
I ARNE R D Rt i S R o B S (1822 W R T e
PR 32 B 7 7 ey A R T I 40 IS LA AT B ik B A
oy F . X S RFAE T AE L UL A R 2 R E
P45 0 B PR 1 DX I A 2 Sk

T TP DX e ST 22 5 0 TR L X
A 22 S 1 ) SR FRATTIA R R B A R R R
AT T R MR AR B T IR 5 1 b AR AR FE B a2 A
AR FNEBE A DK S5 A7 80 96 & (X 4l B 55 . 19845
TGRS, 1992; PIRTESF, 2001; HEREE, 2005;
Mao et al. , 2008; Liet al. , 2015; Yang and Santosh,
2015) , J2 iR G N R i AR B AE 7 W, 5 R BUA Y
KB R FRA HHEXR. HEUN KR KERE
R A AT L ) AR H A A AR SO S I BT AR
DX T4 b 7 45 4 JIT 48 75 Y A 36k 77 R LR A 2K B 45
553 A B 56 FR LA BE AR ORI R BARAL
P T T BR AL 2 5 Bk ) P 2 A 2 R 0 —
WLE AT

65 Z AR X 5SS P AR 45 R T 48 R

F14 e PG G AN AR 2L A B A X AR 0 R o S [) % S
T b DX A AR R 25 S R
5 45

FEF R % A 5 R T SR TS BRI AT FAT
AT T IR M X ) 1 b5 S I BE 45 4, 15 T LU
TR EIR

(1) B8 7R i DX 70 AR 35 ki 58, 6 I T B UR B3 oy
1~2 km Z2 47, e [n] S i 3R BR BRI IK /R 2 =
R (6] KT 10 5 O 07 ‘15 B KT 2 o R T R AR — 3
H AL H R A B T DX 4 7 2 A P

(2) e Pa b IX 32 2252 4% T DL =1 & W 4 Fn 4
ST 24 R AR 2R A AIG A BE E ES RT 2 S I AR X R B
R EEPREWZE K B UL SE il ok 32 1) S
ARG 555 AT RE S5 HF g W 2 AE A R S T a A
i e B AR o AR A R

D RFLIY W FEZ 8T HE—H G W
G 1L B2 2 T S L LR I 9 s L S
e T e A R B B ) 3 FIURRAE L R BT
450 w5 F B I A W T 5 T Ll P R A
AR5 iR e 7 SO 1 4 A R A R R B A T
BARA K.

CA) A BE A 2L B 17 1) o 7 B M M s T 2 e
VG b DA 71 BE 1) KRR 25 i 2 ) RSB KL T
FIF T8 B8R F) ok AR 25 4k s 45507 4 15 1 AN [)
A BE 2 3t R AR A X 22 i i R &
Brigh o b R B S ek BEAE 5 )
S b 52 S 0 = A B AP R SR B LA 5 ks b LR 2
e b J5 5 b TR ) FLAE 5% T S K T 9% L A 0 F
FEOL BRI ST DL MR I 5L LB R B A O DA
A BB Tk K2 S 0 SR 1) 4 5 R A L. B T A
2 B R N B T B DL A 1 KO A DAAR R $E T
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