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Abstract The Qingchengzi ore field is located in the central part of Liaodong region, and contains a

large number of gold and Pb-Zn deposits. Although many studies of geology and mineral deposits
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of the ore field have been conducted, the ore-controlling structures and the shallow geological
framework have been unclear yet, which hampers our understanding of the mineralization process
and the future ore exploration. Based on the two-dimensional seismic profiles in the Qingchengzi
ore field, this article conducts tomographic imaging research to obtain shallow geological
structural characteristics of the crust above 9km depth beneath the ore field. Our imaging results
show that: (1) the general upper crustal structure beneath the Qingchengzi ore field is characterized by
a “double-layer” framework, meaning that the Paleoproterozoic metamorphic sedimentary rock
series, the Liaohe Group, overlies the Archean basement, and that the Liaohe Group in the area
can be divided into three stratigraphic sequences: upper, middle, and lower, with evident interfaces and
a total thickness of 5000~6700 m; (2) the structural framework of the ore field is a thrust system
rooted from the Jianshanzi reverse deep fault, which provides a reliable basis for analyzing the
structural styles and mineralization of the Baiyun and Xiaotongjiapuzi gold deposits; the N'W-
trending Jianshanzi fault is a first-order fault in the Qingchengzi ore field, which likely acted as
the conduit for the ore-forming fluids in the area, controlling the distribution of gold deposits in
the eastern part of Qingchengzi; (3) a hidden intrusion was identified within the Dashigiao Formation
on the footwall of the Xiaotongjiapuzi fault, and it is speculated to form during the Indosinian-
Yanshanian period and to be genetically related to the gold mineralization, suggesting that the
deep part of the ore field has a high potential for gold mineralization. Based on these new results,

a gold mineralization model was established for the area, which is helpful for determining the ore-looking

for and exploration directions.
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Fig. 11

Migration imaging results and geological structure characteristics of line L11

(a) Interpretation result and structure characteristics; (b) Migration imaging results; (¢) Metallogenic model of Baiyun Gold Mine.
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Fig. 12 Migration imaging results and geological structure characteristics of line .16
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(a) Interpretation result and structure characteristics; (b) Migration imaging results; (¢) Metallogenic model of Xiaotongjiapuzi Gold Mine.

W 2 L 32 2T b HL b B R IR — B M) R L
FAAE 30 BEZE AT AP POIR . KiA s B4 5 R A
BF AL fi i A 7 - B 0 MR T R T BT Y
HBARAEN.ZZRUEREFEREES (CEME
85,2020). FEATL TR AR KR ER I /ME K B T 4
A ORI 2 116 Z843) 7 7 7 Sk 4 22 0 98 5 i
AR g e R T A B e A AEE AR 1L T IR R
PRIFAE ™ T R A B AL 3R 45 2 B A1 J= o R 02 /Y
2 B i o s SR AR LR L AR B A
UL VY AE 1] UM 20 EZE AT, 0T A 52N AR
R B A A A

BT FEIN 0 75 91 48 X 0 (9 B 2 £ 2L
S 1L R (PN R 45 L 2008) o (HLA A A A 5 ER
SCEI R R A B 56 AR (ST, 20055 F R AE
85,2017 3 14 PR AR L 2019) . AR A IR BF R 45 1L 75
THE XML R E AT R U R Z b AT
Sy AL T 1L 001 )2 o B 4B B 5 RS AT fE 2
TL T AR AS B ThAE Y 25 2R T AR W] BB R TR PROK A AU
B e A FEE T AR A2 1A 7 0 o TR A B Jo o K I JE Al
FRATH T 72 . Wl Bt T AR AU R
H AR AT RE S I X0 AR RZ. I2bR L AR v
P b 2 R 2 B 07 R AN B AR L X 48 0 RO i 40

PR Z NN FBER R A S B JEA S SR ok
L R A TN 28 (R B A5, 2023) . RV H TR
IR B DX RO A BRI 1 A A 2R i NI
EHAE R &0 0 U5 2 CED I AT BE AR K.

MR Al b3 Hh 52 AR A B R IT S A F IR
LX) )2 2T AR R E s
IR IMEFR T 20 RFE (B 11c B 120) 51 T
T4 X A R A S 5 (BT 13D, %
R R S0 R — A A IO RO AR A
AT A ST B Y R IR E ORI
RINFF0 W 252 5 B3k 2 e, IR R —F W 2
(A = NMER T 5 1A R & 307 (5 25 2
Y15 KA 2 b )2 1 S8 A B L 2 T o e )
A ULV I L
4 ZEip

(D FEE T HW 05 X %27 B A U245
F 7 REAE L BRI 2 14 A0 B 5 R 2 Rl AR 4
NS P B ARG TG 2 b i 1 R
JE) 5000~6700 m, i iZ 2% Bl 4y b (R B 4D .
HOORAR4D VT GR I + BRI 4L+ & K iR



10 B R BB A T R S S A TR T L AR T IR TR AR DX R R e A 3793

40 T

SRR BT IR

1000 —

2000 —

3000 —

4000 +

J/m

5000 -~

R

bt

6000 —

7000 —

8000

MR BT

—— NN

il R Bz Wi

9000

9000

[~ Jrotan [ X ]wir [ ewi wik | N o | < o

— [ r—1
B35 V) e —— N aY i

=

Fadkd ik

Bl 13 HIWToEXES ST By B
Fig. 13 Metallogenic model of important Gold Mine in Qingchengzi ore field

O =FE"HZE.

CAE VNS P/ SR SENLTE 3 B 3 D
1) DY P 75 16 )40 A 3 A O A R A g i 2R
L1 I 2R T T 0 4R DX — SR SR R B A
FR G0 T T 28 ) 3 X P G A ARG A 5 3 o 7 =
JE A B S PR A 2 T S A

(B H/IMER T W T SR A 4=
PAFAE — BB (9 BEOR A A 4 D HE AR AT RE 2 5
SRR 5 AR B ST LU U A AR L I R A AR X TR
PR LAY B e 4 BT .

() th 4 B DX TR0 77 19 R AR R IS a4 AT
REJE DX N & W 1 £ s R I L T A&
W H/IME G T a0 I H 3 P A X TR ATAR
R e R AR TAE B A EESH 1.

Bigt R A TR AR T b ER ) B R A BR BT
T2 R AL 4y 4% Ak A B A 2R B B v 1 = B T A
SR T [ R 27 B b Tt Bk ) BEF T R bR F Y
B3 RS AN L RITF 5T B3 A S0 i 18O B

References

Bai Y, Zhang L. C, Zhu M T, et al. 2022. Geological characteristics,
sources and controlling factors of the Triassic gold deposits in the
northern margin of the North China Craton. Acta Petrologica Sinica

(in Chinese) . 38(4): 993-1024.

Bao Y, Lu G D, Wang C. 2020. Super-trace residual static technique
application on double-complex mountain region (in Chinese). // SPG/
SEG Nanjing 2020 International Geophysical Conference Proceedings.
Beijing, 224-227.

Cheng S S, Peng L. H, Sun D H, et al. 2021. The exploration of
deep geological structure in the Qingchengzi ore concentration
area and its prospecting significance. Geophysical and Geochemical
Exploration (in Chinese), 45(4) . 859-868.

DiQY, Xue GQ, Lei D, et al. 2021. Summary of technology for a
comprehensive geophysical exploration of gold mine in North
China Craton. Science China Earth Sciences, 64(9):1524-1536.

DiQY, Xue G Q, Zeng Q D, et al. 2020. Magnetotelluric exploration of
deep-seated gold deposits in the Qingchengzi Orefield, eastern Liaoning
(China) , usinga SEP system. Ore Geology Reviews , 122: 103501 ,doi.
10. 1016/]. oregeorev. 2020. 103501.

Duan X X, Zeng Q D, Yang J] H, et al. 2014. Geochronology,
geochemistry and Hf isotope of Late Triassic magmatic rocks of
Qingchengzi district in Liaodong peninsula, Northeast China.
Jouwrnal o f Asian Earth Sciences, 91. 107-124.

Geng S F. 2023. Metallogenic regularity and prospecting prediction
geological model of Qingchengzi ore concentration area in Eastern
Liaoning Province. Geological Survey o f China (in Chinese), 10
(5): 43-49.

HouJ, Xu T, Ai Y S, et al. 2023. A metallogenic model for the
supergiant gold system in Jiaodong province: constraints from
crustal velocity structure. Science China Earth Sciences, 66 (12):
2898-2913.

Li L X. 2005. The main ore-controlling factors,deposit type and ore-

finding direction in Qingchengzi ore field. Mineral Resources and



3794 H Bk ¥ B % R (Chinese J. Geophys. ) 67 4

Geology (in Chinese), 19(1) . 39-42.

Lin W, Wang Q C, Wang J, et al. 2011. Late mesozoic extensional
tectonics of the Liaodong peninsula massif: response of crust to
continental lithosphere destruction of the North China Craton.
Science China Earth Sciences, 54(6) . 843-857.

Liu G P, Ai Y F. 2001. Ore-control structures and ore prospecting
in the Qingchengzi Ph-Zn-Ag-Au Orefield, Liaoning Province.
Mineral Deposits (in Chinese), 20(2): 147-152.

Liu G P. Ai Y F. 2002. Study on ore-forming epoch of Xiaotongjapuzi
Gold deposit, Liaoning Province. Mineral Deposits (in Chinese), 21
(1): 53-57.

Liu L B, Han Z Y, Teng H H. etal. 2024. Application of partial
multi-focus stacking to field data with low signal to noise ratio in
Junggar Basin. Journal of Yangtze University (Natural Science
Edition) (in Chinese) . 21(1) . 32-37.

LiuZ Y, Xu X C. 2007. Synthetic information models and analyses
of prospecting perspective of the Qingchengzi polymetal metallogenic
mine in eastern Liaoning Province. Jowrnal of Jilin University (Earth
Science Edition) (in Chinese) , 37(3): 437-443.

Luan H. 2014. Geological characteristics and exploratory direction
of gold deposits in east of Qingchengzi. Non-Ferrous Mining and
Metallurgy(in Chinese), 30(4) . 12-15.

Ma L X, Xu T, Ai Y S, et al. 2022. Hot Lithosphere beneath the
northeastern North China Craton detected by ambient noise
tomography. Tectonophysics, 839: 229551.

Mullick N, Buske S. 2017. Fresnel zone imaging of seismic data.
Geophysical Journal International, 211(2) . 784-796, doi: 10.
1093/gji/ggx320.

Song Y H, Yang F C, Yan G L, et al. 2016. Shrimp U-Pb ages and
Hf isotopic compositions of Paleoproterozoic granites from the
Eastern part of Liaoning Province and their tectonic significance.
Acta Geological Sinica, 90(10) :2620-2636.

Sun G Q. Sun Q M, Zheng T. 2008. Geological characteristics and
mineralization mechanism of Taoyuan gold deposit in Qingchengzi ore
field, Liaoning Province. Gansu Metallurgy (in Chinese), 30
(6):49-51.

Sun L M, Sun W T, Zhao G F. 1997. Geological characteristics of
Xiaodongjiabaozi gold silver deposit of Qingchengzi ore field and
it source of mineralized matter. Gold (in Chinese), 18(2). 13-18.

Sun W T, SunJ G, Sun H Y, et al. 2008. Geology and mineralization of
superlarge Yangshuqu AU-AG-PB-ZN deposit in the Qinchengzi mine
field. Geology and Exploration(in Chinese) , 44(4); 24-30.

Tian Y C. 1999. Geology and metallogenesis of the Xiaotongjiapuzi
gold deposit. Geological Exploration for Non-Ferrous Metals
(in Chinese) , 8(5): 264-269.

Wang K Y, Wang L, Liu Z H, et al. 2008. Characteristics of fluid
inclusions and origin of Gaojiapuzi silver deposit, Liaoning Province.
Acta Petrologica Sinica(in Chinese), 24(9): 2085-2093.

Wang W, Li D D, Qiu J Z, et al. 2020. Metallogenic geological
model and potential analysis of Baiyun gold deposit in Liaoning
Province. Mineral Exploration (in Chinese) , 11(8): 1592-1602.

Wang Y W, Xie HJ, Li DD, et al. 2017. Prospecting prediction of

ore concentration area exemplified by Qingchengzi Pb-Zn-Au-Ag
ore concentration area, eastern Liaoning Province. Mineral
Deposits (in Chinese), 36(1): 1-24.

Xie TT, XuT, Ai Y S, et al. 2021. Imaging the shallow crustal
velocity structure of the Qingchengzi ore field on the Liaodong
Peninsula, China, with a short-period dense array using ambient
noise tomography. Tectonophysics, 813:228913, doi: 10. 1016/
j. tecto. 2021, 228913.

XuT, AiYS, WuC L, et al. 2023. Subduction-induced asthenospheric
flow around the Songliao Basin in NE China revealed by shear wave
splitting measurements of dense seismic arrays. J. Geophy. Res. Solid
Earth, 128, €2022JB026075.

Yang ] H, Wu F Y, Wilde S. A. 2003. A review of the geodynamic
setting of large-scale Late Mesozoic gold mineralization in the
North China Craton: an association with lithospheric thinning.
Ore Geology Review , 23(3-4), 125-152.

Yang TW, XuT, Ai Y S, et al. 2024a. Fine crust-mantle structure
of the major tectonic boundaries between the North China Craton
and Central Asian Orogenic Belt revealed from Rayleigh wave
phase velocities and receiver functions. J. Geophy. Res. Solid
Earth, 129 €2024JB028857.

Yang T W, Xu T, Ai Y S, et al. 2024b. Crustal structure and its
control on gold mineralization in Wulong Goldfield, Liaodong
peninsula of China: Constraints from ambient noise tomography
with a short-period dense array. Pure Appl. Geophys, doi: 10.
1007/s00024-024-03554-5.

Yu G, Chen J F,Xue C ], et al. 2009. Geochronological framework
and Pb, Sr isotope geochemistry of the Qingchengzi pb-Zn-Ag-
Au orefield, Northeastern China. Ore Geology Reviews, 35(3/4)
367-382.

Zeng Q D, Chen R Y, Yang J] H, et al. 2019. The metallogenic
characteristics and exploring ore potential of the gold deposits in
eastern Liaoning Province. Acta Petrologica Sinica (in Chinese), 35
(7): 1939-1963.

Zhai M G. 2010. Tectonic evolution and metallogenesis of North
China Craton. Mineral Deposits (in Chinese), 29(1) . 24-36.
Zhang K, Yin Z, Li Z C, et al. 2013. Wave equation tomographic
velocity inversion method based on the Born/Rytov approximation.

Applied Geophysics (in Chinese) , 10(3): 314-322.

Zhang L. C, Bai Y, Zhu M T, et al. 2018. Regional differences of
gold deposits on the North China Craton. Jowrnal of Earth
Sciences and Environment (in Chinese), 40(4) :363-380.

Zhang P, Yang H Z, Li B, et al. 2016. Ore source, ore-forming age
and geodynamic setting of Yaojiagou molybdenum deposit in
Qingchengzi ore-clustered area, Eastern Liaoning Province. Journal o f
Jilin University (Earth Science Edition), 46(6) :1684-1696.

Zhang S, Zhang D, Sha D X, et al. 2012. Metallogenic characteristics and
genesis of gold (silver) deposits in the Linjiasandaogou Xiaotongjiapuzi
area of Liaodong, Liaoning Province. Jowrnal of Jilin University
(Earth Science Edition) (in Chinese) , 42(3): 725-732.

Zhang SH, Hu G H, LiJ F, et al. 2020. Ore-controlling structures

and metallogenic favorable area prediction in Baiyun-Xiaotongjiabuzi ore



10 1 B R BB A T R S S A TR T L AR T IR TR AR DX R R e A 3795

concentration area, eastern Liaoning Province. Earth Science (in
Chinese) , 45(11): 3885-3899.

Zheng F, Xu T, Ai Y S, et al. 2022. Metallogenic potential of the
Wulong goldfield, Liaodong Peninsula, China revealed by high-
resolution ambient noise tomography. Ore Geol. Rev. , 142, 104704.

Zheng F, Xu T, Ai Y S, et al. 2024. Deep structure of the Wulong
goldfield, Liaodong Peninsula, China, revealed by receiver functions:
implications for the tectonic and mineralization dynamics. Front. Earth
Sci. s 12 1437605.

Zang ST, SuQ, Wang ] H, et al. 2018. Complex mountain regions
seismic data processing method. Oil Geophysical Prospecting (in
Chinese) , 53(S1): 63-67.

Zhao G F, Sun L. M. 1997. Geology and ore forming mechanism of
the Xiaotongjiapuzi gold deposit, Qingchengzi. Geological Exploration
for Non-Ferrous Metals(in Chinese) , 6(4) . 212-217.

Zhu R X, Fan HR, LiJ] W, et al. 2015. Decratonic gold deposits.
Science China Earth Sciencess 58(9): 1523-1537.

Zhu R X, Yang ] H, Wang G W, et al. 2024. The genesis and
resource potential of gold deposits in the Liaodong Peninsula.

Science China Earth Sciences, 67(3); 657-672.

Bt i 32 5 % STk

HFH, KiEE, RUITME. 2022, At bnmdt g =S4 40 K
BURSAE P BUORIR GG F R, A0 F 4R, 38(4): 993-1024.
gk, )7k, AL 2020 8 90E Ay R IE B R 78 B 2% 1 b
PR PRI,/ SPG/SEG 5% 2020 4 [ By i 3k 4 28 23 WIS
SRRSO, deat: CRE2EARB T OLR O i T2 &tk A R

T, 224-227.

FRUIH, WAL, IMERRLE. 2021, I T 0 4 X 0 M 5 # 15 1R
R B YIRS, 45(4) : 859-868.

JEHE = BEER, WA, 2021, fedb s R 4 0 4% A bk ) R
MR e — DL R X Ry ). op B R 2% s BR AL %, 51
(9): 1524-1535.

BKRf 0. 2023, IR T30 T 07 8 DXL AT ML A K kT b o A A
o b A A, 10(5) : 43-49.

BB, TRk, SLEIXUAE. 2023, JBEZR AN 48 & 4 L0 58 . ok B
SEHEE L. P E RN ERELY:, 53(12) ¢ 2937-2952,

. 2005, 3L THE WA B R A 0 R KR A 1R 5 B B+
WX KA H AR

ZENLHT. 2005, HWFUH REEGHE ORKEE KK Ty m. 5
FEE L F, 19(1) ; 39-42.

AT, 2017, SLZR M X Y W = 2B 1 XT3 7 0 2 R 10 R T
JEAE e = AL e 3], K. HAMRORE.

XNESE, 30K E. 2001, 10T W F B R AR 4 0 9 0 44 1 5 4k 0
Jim. WORHLE, 20(2): 147-152.

XNESE, 3K E. 2002, I T/MMEREF S0 IR AR, 0

PRHLJT . 21(1): 53-57.

XIS M. B — . BRIEAE A, 2024, FR4> £ AR BN Oy 1 AE T R
FE A AR e HL i R VR RE R A B . KT KRR R CH R B F
JR) . 21(1) . 32-37.

XIARGE, fRaFa. 2007, UARFEMTEME & MT X4 H 8K
W R T 3R S 43 BT, i MROR 22 2 iR Gl ER B 22 J0D » 37(3)
437-443.

ASHE. 2014, HIRT W H AR 40 Mo R AE R AR 7. A ayE .
30(4): 12-15.

INESE L Ph S W R AE. 2008, 3L TR ST 0 H R VR 4 0 R M SRR AE
B AL #R 3. Holih 4. 30€6):49-51.

K. 2011, LR G RO IR T R 5 1E AT S L1 498
)Pk BH s AR,

IR PhSCTE . BT 1997, FHIRTH IMER R T MR
i RRAE S ) O R AR, B4, 18(2): 13-18.

N, INEFE L FNALZ 2. 2008, T T F G R XM A B 4 4R
BB R AR AE BB LB bR S B 44(4) ¢ 24-30.
MBA. 1999, ILAR/MER T 40 IR H 5T R AE B o™ AL 3R )

AELET ™ 5HA, 8(5): 264-269.

FAfr, 2R, BRAHSE. 2020, 10T H B 40 R R H 5K K
W oA, BPEEIAE . 11(8): 1592-1602.

FEE. B, BEAE. 2017, 54 X H 0T
R W RS- R X 7RI, 36(1) . 1-24.
SRS, TR, EAAESE. 2018, LA Z A 1 A H R VTR Ab B 7

Pio AR Y AR, 53(S1): 63-67.

MR, B X, B RESE. 2019, TR HLIR 4 H R 2SR LR 4R A
R w01, A0 F4R, 35(7): 1939-1963.

AWE. 2010. fedbrihim g mOE S5 e /E . 5T R T, 29
(1): 24-36.

dkyl, FHIE, ZIRALE. 2013, KT Born/Rytov I UL % 3 7 12 )2
Hr 18 B3 D7 R W, O P R B 10(3) : 314-322.

B, B AR B S, 2018, AL s R 4 R X IR 2 5
ISHTE. HUERELSE SR B4R . 40(4) :363-380.

TR AR Ak A 2016, AR SR 0T 4 X Bk 508 BT R LT
Yy ok U BT AR AR BB B A . T AROR R Gl R B
2R . 46(6) :1684-1696.

WRAR, skl VAR 2012, LAME =W MERETHIX
& CHOT B R AE BB 35 AR OK 2 24 i b BRBL 2 D 42
(3): 725-732.

I, BIENE . RS, 2020, UARE S MMEFETFTEXE
A8 35 e OB R X S5 i EREE A=, 4(11) : 3885-3899.
BT, PR 1997, FRT A ME R R T AT IR R R AE K

BHELEL. A OEY A, 6(4): 212-217.

SHBE, AR, @, 2015, TIROE B R A5 K. T E R
2 M ERELSE, 45(8): 1153-1168.

RHME, BEEE, EIS05%. 2024, ITARHIX A0 R B S0 %
Ji. P EEE . HEREL, 54(3) . 677-692.

(ROt 5K IEIE)

ees



