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Abstract The Erdaogou fault, also known as the 101 fault,

comprises the most important NE strike component in the

ore-controlling system in the Qingchengzi orefield, Liao-

dong Peninsula. Due to the poor outcrop conditions in the

field, the Erdaogou fault lacks activity time constraint. We

demonstrate the constraint activity time of the fault since

we observe a lamprophyre that was cut through by the

Erdaogou fault in the Taoyuan area, central to the Qing-

chengzi orefield. Zircon grains from the lamprophyre dyke

exhibit typical oscillatory zoning and yield weighted mean

U–Pb age of 223.8 ± 1.1 Ma (MSWD = 1.5). The lower

activity time limit of the Erdaogou fault is thus first con-

strained as 224 Ma or so and is correlated with the crys-

tallization age of the Xinling and Shuangdinggou plutons

within the orefield. Taking previous mineralization studies

into consideration, a Triassic tectonic-magmatism-miner-

alization model is approved in the Qingchengzi orefield.

Keywords The Erdaogou fault � LA-ICP-MS � U–Pb

dating � Activity time � The Qingchengzi orefield �
Liaodong Peninsula

1 Introduction

As one of the most important gold product places in North

China Craton, Liaodong Peninsula’s gold product place

consists of the Qingchengzi, the Wulong, and the Maoling

orefields. Among the three orefields, the Qingchengzi

orefield, which has a gold reserve of over 300t (Wang et al.

2017; Liu et al. 2019; Zeng et al. 2019), is the largest one.

The NW trending Jianshan fault and the NE trending

Erdaogou fault (also known as the 101 fault) are recog-

nized as ore-controlling faults (Jiang and Wei 1989; Liu

and Ai 1999; Ma et al. 2012). Zhang et al. (2020) and other

geologists studied the field structure features and con-

cluded the Jianshanzi fault which had a long activity his-

tory, may just be a transmission path in gold

mineralization. The NE trending Erdaogou fault which

controls the Taoyuan gold deposit and other lead–zinc

deposits lacks activity time constraint in this region.

Previous 40Ar-39Ar dating in the Qingchengzi orefield

yielded three stages of 225–204 Ma, 152–149 Ma, and

138–130 Ma respectively, while (U-Th)/He dating of zir-

con and apatites yielded a result of 125–40 Ma in the

Qingchengzi orefield (Wang 2016). Compared to these

thermochronological methods, zircon U–Pb analysis exhi-

bit gorgeous advantages in precise dating and has suc-

ceeded in constraining structure activities limits in different

areas (Zhang et al. 2016a; Ma et al. 2016; Xiao et al. 2020).

By detailed fieldwork, a lamprophyre dyke is observed

cutting through by the Erdaogou fault in the Taoyuan area

of the Qingchengzi orefield. To constrain the activity time

of this fault and gold mineralization epoch in this orefield,

the lamprophyre zircon grains were separated and their U–

Pb ages were analyzed in this study.
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2 Geological setting

Paleoproterozoic Liaohe Group meta-volcanic and meta-

sedimentary rocks occupy the country rocks in the gold

deposits (orefields) in the Liaodong Peninsula (Ma et al.

2016; Zhang et al. 2019; Zhao et al. 2019; Sun et al. 2020).

As to the Qingchengzi orefield, the Gaixian and Dashiqiao

formation schists are commonly country rocks. Previous

studies focused on the metamorphism in * 1.9–1.85 Ga

related to Paleoproterozoic orogeny process (Liu and Ai,

2002; Liu et al. 2019; Zhao et al. 2020a,b). The NW and

NE trending faults system, and the core complex system in

this region are also studied (Sun et al. 2019; Zhong et al.

2020; Zhang et al. 2021).

2.1 Structures

The country rocks mentioned above are severely folded in

the Baiyun area, the northern part of the Qingchengzi

orefield. While in the southern part, the fault system

comprises the main structural frame. NW, NE, and EW

trending faults are the predominant faults in the orefield.

Among them, the Erdaogou fault which has a strike of 60�
and a length of 15–20 km, is usually interpreted by geo-

physical researchers without exact geological evidence in

the field. This NE striking fault comes into geologists’ sight

as a controlling fault on the distribution of gold and lead–

zinc deposits in the Qingchengzi orefield. Almost all the

lead–zinc deposits located in the south of the Erdaogou

fault, and a newly discovered Taoyuan gold deposit and a

silver-lead–zinc polymetallic deposit distribute a NE strike

just follow the Erdaogou fault. Due to the poor fieldwork

conditions, this important Erdaogou fault is even lack of

activity constraint. The Jianshanzi fault, which has a strike

of 330� and a dip angle of 60� to 80�, extends a length of

15 km in the southeastern of the orefield (Liu and Ai 1999).

This fault has an early evolutionary stage of a dextral strike

by previous studies on structures within the orefield (Liu

and Ai 2002; Xue et al. 2003). Up to 5 km strike fault

distance is observed in the early activity stage of the

Jianshanzi fault (Zhang et al. 2020). This fault turns into a

high-angle evolution stage after Triassic and keeps its

activities for a certain time.

2.2 Intrusions

Paleoproterozoic and Triassic granitoids intrusions are the

two main magmatic intrusions distributed in the Qing-

chengzi orefield (Fig. 1). The Dadingzi monzogranite

pluton in the southeast and the Yaojialing monzogranite

pluton in the central area, both exhibit gold barren granites

features, consist the Paleoproterozoic granitoid intrusions.

The Xinling granitic pluton and the Shuangdinggou

granitic pluton are believed to intrude into the Liaohe

Group meta-sedimentary rocks in Triassic (Yu et al. 2009;

Zhang et al. 2016b). Several relatively Mesozoic dykes, for

instance, quartz diorites, lamprophyres are reported dis-

tributed within the orefield. The Xinling granitic pluton and

NE trending granitic dykes in the central region exhibit

weak pyritization and limonitization (Zhang et al. 2016b;

Song et al. 2017).

2.3 Mineralization

The Qingchengzi orefield is famous for the giant gold,

silver, and lead–zinc reserves in the Liaodong Peninsula.

Gold deposits discovered in the twentieth century, for

instance, the Linjiasandaogou, the Xiaotongjiapuzi, the

Yangshu, the Maweizi, the Luoquanbei, all distributed in

the west of the Jianshanzi fault and had an approximately

NW strike distribution (Chen et al. 2005; Ma et al. 2013;

Zhao et al. 2020c). Gold-bearing sulfides, such as pyrite,

arsenopyrite, and electrum, often exhibit as veins and

aggregations along the foliation of the schist and gneiss

country rocks therein. Previous studies focused on the

relations between gold mineralization and the Jianshanzi

fault as they had correlative spatial relationships (Liu and

Ai 2002; Duan et al. 2017). The discovery of the Taoyuan

and the Maweizi gold deposits enable a rethink of the role

the Jianshanzi fault played in gold mineralization. The NW

trending fault maybe just a transmitting structure, the NE

strike fault system may have controlled the gold mineral-

ization in the orefield. Pb–Zn mineralization in the Qing-

chengzi orefield is classified as a Paleoproterozoic

stratiform-type orebody overprinted by Mesozoic sulfides

veins (Li et al. 2020). The stratiform Pb–Zn mineraliza-

tions have occurrence correlated with the Liaohe Group

meta-sedimentary rocks, while the Mesozoic sulfides veins

are related to the tectonic-magmatism in the orefield (Wang

et al. 2020a, b).

3 Sampling and analytical method

The lamprophyre dyke intruded into the Dashiqiao For-

mation marbles in the Taoyuan region, central to the

Qingchengzi orefield. The grey–black dyke intruded along

the NE trending Erdaogou fault and was cut through by the

NW strike Jianshanzi fault by field observation (Fig. 2).

The lamprophyre has a porphyritic texture. Plagioclase

comprises the most phenocrysts and biotite comprises the

main groundmass, with some accessory minerals such as

apatite and sericite (Fig. 3).

Zircon grains were extracted from the lamprophyre and

purified by hand-picking under a binocular microscope.
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The grains were mounted and polished before cathodolu-

minescent (CL) images were taken. U–Pb dating and trace

element analysis of zircon were simultaneously conducted

by LA-ICP-MS at the Wuhan SampleSolution Analytical

Technology Co., Ltd., Wuhan, China. Laser sampling was

performed using a GeolasPro laser ablation system that

consists of a COMPexPro 102 ArF excimer laser (wave-

length of 193 nm and maximum energy of 200 mJ) and a

MicroLas optical system. The laser beam diameter was

35 lm and the repetition rate was 5 Hz. Each spot analysis

consisted of * 5 s background measurement and 45 s of

sample measurement. The 207Pb/206Pb, 206Pb/238U,
207U/235U, and 208Pb/232Th values were corrected for

instrumental isotopic and elemental fractionation effects

using zircon standard 91,500. An Excel-based software,

ICPMSDataCal, was used to perform offline selection and

integration of the background. It also analyzed signals,

time-drift correction, and quantitative calibration for trace

element analysis and U–Pb dating (Liu et al. 2008). Con-

cordia diagrams and weighted mean calculations were

made using Isoplot/Ex_ver3 (Ludwig, 2003).

4 Results

CL images of representative zircons from the lamprophyre

are shown in Fig. 4. Zircon grains are subhedral to tabular

shapes and are 60 to 150 lm long with aspect ratios of

1:1.5 to 1:2. These zircon grains exhibit marked oscillatory

zoning in CL images, with Th/U ratios of 0.44 to 2.68

(Table 1), indicating magmatic origin (Hoskin and

Fig. 1 Geological map of the

Qingchengzi orefield showing

the major deposits and faults

system (after Wang et al., 2017)

Fig. 2 The lamprophyre dyke cut by the Er’daogou fault in the filed
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Schaltegger, 2003). 35 testing spots from the sample

yielding Concordia ages of 223.8 ± 1.2 Ma (MSWD = 5),

and weighted mean 206Pb/238U age of 223.8 ± 1.1 Ma

(MSWD = 1.5) (Fig. 5, Table1).

5 Discussion

Previous studies focused on Mesozoic tectonic activities in

East China, and conclude that the NE-NEE trending fault

system was started at Triassic or Jurassic (Li et al. 2004;

Han et al. 2018; Zhang et al. 2020). The NEE trending

Erdaogou fault in the Qingchengzi orefield is believed as a

component of the system (Li et al. 2004), but lacks of

activity time constraint.

U–Pb isotopic dating study of the lamprophyre dyke

gives a robust constraint on the lower activity time of the

Erdaogou fault. Along the Erdaogou fault, the lamprophyre

dyke intruded into the Paleoproterozoic strata by field

observation in the Qingchengzi orefield. The lower activity

time of the Erdaogou fault thus could be constrained by the

geochronology of the dyke. Zircon grains from the lam-

prophyre dyke exhibit clear oscillatory zoning in CL ima-

ges and tabular shapes, with Th/U ratios over 0.3,

indicating a mafic magmatic origin (Hoskin and Schal-

tegger, 2003). Zircons from the lamprophyre yield a

Fig. 3 The photomircograph of the lamprophyre dyke samples. Bt: biotite, Pl: plagioclase

Fig. 4 CL images of typical zircons from the lamprophyre dyke

studied. The 35-lm analytical spots, Th/U ratios and 207Pb/206Pb ages

of LA ICP-MS analysis are also shown
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Concordia U–Pb age of 223.8 Ma. This result is consistent

with the thermochronological study in the Qingchengzi

orefield (Wang et al. 2020a, b). The lower activity time of

the Erdaogou fault is thus constrained for the first time as

not earlier than 223.8 Ma.

The geochronological study is consistent with the geo-

physical study results in the Qingchengzi orefield. Several

NW, NE, and EW trending main faults are inversed by

gravitational and magnetic interpret (Fig. 6, Wang et al.

2020a). Also shown in this figure, the NE trending

Erdaogou fault is stricken apart to the southeast by the NW

trending Jianshanzi fault (Fig. 6). The tectonic framework

inversed by the geophysical studies also reveals the

Mesozoic tectonic-magmatism-metallogenic events in the

Qingchengzi orefield. The Jianshanzi fault, which has an

NW strike and multi-activities, was reported as a long-lived

normal fault overlaid on an early pre-Triassic dextral strike

(Zhang et al. 2020). Early tectonic studies in the Qing-

chengzi orefield focused on the Jianshanzi fault and sug-

gested it as the ore-controlling fault (Zhao et al. 2015;

Yang et al. 2016; Hao et al. 2017), while recent studies

revealed this NW strike fault only as an ore-transmitting

structure (Zhang et al. 2020).

The lower age limit of the Erdaogou fault is consistent

with the Triassic magmatism-metallogenic events in the

Qingchengzi polymetallic orefield. The Xinling granitic

Table 1 LA-ICP-MS zircon U–Pb analyses for lamprophyre samples from Taoyuan area in the Qingchengzi orefield, Southern Liaoning

province

Spots Th U Th/U Pb Isotopic ratio and error Age/Ma

ppm ppm ppm 207Pb/206Pb r/% 207Pb/235U r/% 206Pb/238U r/% 206Pb/238U 1r

JSZ-01 383 261 1.47 13.6 5.1375 0.26 24.9293 1.23 3.5159 0.05 223 2.92

JSZ-02 617 417 1.48 21.7 4.9329 0.19 23.8138 0.89 3.4961 0.04 222 2.31

JSZ-03 328 739 0.44 30.6 4.8380 0.13 23.6345 0.65 3.5378 0.04 224 2.35

JSZ-04 726 679 1.07 33.6 5.3354 0.15 26.6915 0.72 3.6287 0.04 230 2.47

JSZ-05 840 466 1.80 25.9 5.2266 0.17 25.2908 0.84 3.4979 0.03 222 2.17

JSZ-06 455 639 0.71 32.3 4.7931 0.31 23.4676 1.52 3.5619 0.04 226 2.22

JSZ-07 409 230 1.78 13.1 4.9226 0.25 24.1145 1.15 3.6043 0.05 228 3.35

JSZ-08 659 307 2.14 18.4 5.1562 0.23 25.2541 1.11 3.5635 0.04 226 2.68

JSZ-09 256 367 0.70 16.9 5.5844 0.41 26.9889 1.36 3.5274 0.04 223 2.70

JSZ-10 210 187 1.13 9.14 5.6904 0.30 27.0387 1.22 3.5072 0.05 222 3.27

JSZ-11 356 283 1.26 13.8 5.1951 0.24 24.8103 1.14 3.4396 0.04 218 2.43

JSZ-12 634 946 0.67 41.5 4.9612 0.16 24.6785 0.80 3.5872 0.04 227 2.36

JSZ-13 665 447 1.49 23.4 5.0808 0.18 25.0233 0.85 3.5583 0.04 225 2.60

JSZ-16 419 679 0.62 38.6 4.9463 0.58 24.2390 2.78 3.5716 0.05 226 2.85

JSZ-17 374 245 1.52 12.7 4.8665 0.23 23.3273 1.10 3.4774 0.04 220 2.75

JSZ-18 403 883 0.46 37.0 5.1065 0.14 25.6070 0.72 3.6106 0.04 229 2.31

JSZ-20 931 925 1.01 43.1 5.2364 0.15 25.5708 0.72 3.5176 0.03 223 2.16

JSZ-21 472 920 0.51 46.8 4.9139 0.33 23.9356 1.59 3.5138 0.04 223 2.58

JSZ-22 642 1057 0.61 46.0 5.4646 0.25 27.2660 1.10 3.5574 0.05 225 3.05

JSZ-24 564 993 0.57 41.4 4.9310 0.15 23.9854 0.71 3.5116 0.03 222 1.88

JSZ-25 436 921 0.47 37.5 5.1600 0.16 24.9464 0.76 3.4861 0.03 221 2.10

JSZ-26 353 185 1.91 10.4 5.2682 0.30 24.9396 1.29 3.4846 0.05 221 3.28

JSZ-27 184 144 1.28 7.23 5.6446 0.38 27.1013 1.56 3.5296 0.05 224 3.42

JSZ-28 646 1134 0.57 48.6 5.0386 0.16 25.1141 0.79 3.6087 0.04 229 2.29

JSZ-29 904 337 2.68 21.2 4.8560 0.24 23.1587 1.15 3.4573 0.04 219 2.44

JSZ-30 545 278 1.96 15.6 5.0874 0.25 24.7145 1.25 3.5128 0.04 223 2.74

JSZ-31 606 660 0.92 30.8 5.1293 0.20 25.5077 0.79 3.5753 0.04 226 2.42

JSZ-32 377 242 1.55 12.6 5.0141 0.22 23.8256 0.97 3.4430 0.04 218 2.65

JSZ-33 221 372 0.60 16.2 5.5465 0.24 27.4110 1.08 3.5952 0.05 228 2.86

JSZ-34 192 115 1.67 6.06 4.7768 0.34 23.1225 1.55 3.5536 0.07 225 4.33

JSZ-35 523 878 0.60 37.1 5.3810 0.16 26.1812 0.73 3.5247 0.03 223 2.17
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intrusion (225–224 Ma, Yu et al. 2009; Duan et al. 2014)

and many contemporary granitic and lamprophyre dykes

(227–210 Ma, Duan et al. 2014; Zhang et al. 2017; Zhou

et al. 2017) are reported recently (Fig. 1) within the

Qingchengzi orefield. Previous studies revealed that Tri-

assic magmatism provided heat and related geo-fluids for

the Pb–Zn and Au–Ag metallogenic process (Duan et al.

2017; Zhang et al. 2017). The ore-controlling Erdaogou

fault, which has a NE striking, is correlated with the nearly

EW strike fault system which is related to Triassic collision

between the Yangze and North China cratons (Li et al.

2005; Duan et al. 2014) or collision between India and

China continents (Deng and Wang 2016). Taking previous

studies into account, a Triassic tectonic-magmatism-met-

allogenic model is approved in the Qingchengzi orefield.

6 Conclusions

Due to the zircon U–Pb analysis from the lamprophyre

dyke in the Taoyuan area, the lower activity time of the

Erdaogou fault is first constrained at 223.8 Ma. A Triassic

Fig. 5 Concordia diagrams and weightened ages for U–Pb analyses of zircons from the lamprophyre dyke studied

Fig. 6 Interpretation map of the

fault systems from the

comprehensive geophysical data

(after Wang et al., 2020b)
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tectonic-magmatism-mineralization system is approved in

the Qingchengzi orefield.

Acknowledgements This work is financially supported by the

National Key Research and Development Program of China (Grant

No. 2018YFC0603804, 2016YFC0600108), Geological Survey Pro-

ject of China (Grant No. DD20190156), and the China Scholarship

Council. Thanks to the reviewers and editors for their valuable

reviews and suggestions.

Declarations

Conflict of interest The authors declare that they have no conflict of

interest.

Ethical approval The manuscript has not been submitted to more

than one journal for simultaneous consideration. The manuscript has

not been published previously (partly or in full), unless the new work

concerns an expansion of previous work. A single study is not split up

into several parts to increase the quantity of submissions and sub-

mitted to various journals or to one journal over time. No data have

been fabricated or manipulated (including images) to support your

conclusions.

References

Chen JF, Yu G, Xue CJ, Qian H, He JF, Xing Z, Zhang X (2005) Pb

isotope geochemistry of lead, zinc, gold and silver deposit

clustered region, Liaodong rift zone, northeastern China. Sci

China Ser Earth Sci 48:467–476 (in Chinese with English
abstract)

Deng J, Wang QF (2016) Gold mineralization in China: metallogenic

provinces, deposit types and tectonic framework. Gondwana Res

36:219–274

Duan XX, Zeng QD, Yang JH, Liu JM, Wang YB, Zhou LL (2014)

Geochronology, geochemistry and Hf isotope of Late Triassic

magmatic rocks of Qingchengzi district in Liaodong Peninsula,

Northeast China. J Asian Earth Sci 91:107–124

Duan XX, Zeng QD, Wang YB, Zhou LL, Chen B (2017) Genesis of

the Pb–Zn deposits of the Qingchengzi ore field, eastern

Liaoning, China: constraints from carbonate LA-ICP-MS trace

element analysis and C–O–S–Pb isotopes. Ore Geol Rev

89:752–771

Han X, Ren SL, Li LM, Li JH, Ge C, Song CZ, Lin S, Wang JY, Li

ZQ (2018) An analysis on metamorphic and deformation

characteristics and formation environment of the Ordovician

Taowan Group in Lushi area, Eastern Qinling Mountains. Geol

Rev 64(2):378–391 (in Chinese with English abstract)
Hao LB, Zhao X, Zhao YY (2017) Stable isotope characteristics and

ore genesis of the Baiyun gold deposit, Liaoning province. J Jilin

Univ (Earth Sci Ed) 47: 442–451 (in Chinese with English
abstract)

Hoskin PO, Schaltegger U (2003) The composition of zircon and

igneous and metamorphic petrogenesis. Rev Mineral Geochem

53:27–62

Jiang SY, Wei JY (1989) Geochemistry of the Qingchengzi Pb-Zn

deposits. Min Depos 8:20–28 (in Chinese with English
abstract)

Li J, Wang KY, Cai WY, Sun FY, Liu HL, Fu LJ, Qian Y, Lai CK

(2020) Triassic gold-silver metallogenesis in Qingchengzi ore-

field, North China Craton Perspective from fluid inclusions REE

and H-O-S-Pb isotope systematics. Ore Geol Rev 121:103567

Li SZ, Liu JZ, Zhao GC, Wu FY, Han ZZ, Yang ZZ (2004) Key

geochronology of Mesozoic deformation in the eastern block of

the North China Craton and its constraints on regional tectonics:

a case of Jiaodong and Liaodong Peninsula. Acta Petrologica

Sinica 20(3):633–646

Li SZ, Zhao GC, Sun M, Han ZZ, Luo Y, Hao DF, Xia XP (2005)

Deformation history of the Paleoproterozoic Liaohe assemblage

in the eastern block of the North China Craton. J Asian Earth Sci

24:659–674

Liu GP, Ai YF (1999) A discussion on some major problems of the

Baiyun gold deposit, East Liaoning. Min Depos 18(3):219–225

(in Chinese with English Abstract)
Liu GP, Ai YF (2002) Study on ore-forming epoch of xiaotongjapuzi

gold deposit, Liaoning Province. Min Depos 21(1):53–57 (in
Chinese with English abstract)

Liu J, Liu FX, Li SH, Lai CK (2019) Formation of the Baiyun gold

deposit, Liaodong gold province, NE China: Constraints from

zircon U-Pb age, fluid inclusion, and C-H–O–Pb–He isotopes.

Ore Geol Rev 104:686–706

Liu YS, Hu ZC, Gao S, Günther D, Xu J, Gao CG, Chen HH (2008)

In situ analysis of major and trace elements of anhydrous

minerals by LA-ICP-MS without applying an internal standard.

Chem Geol 257:34–43

Ludwig KR (2003) Isoplot/Ex, Version 3: a geochronological toolkit

for Microsoft Excel. Geochronology Centre Berkeley,

California.

Ma YB, Xing SW, Zhang ZJ, Sun JG (2012) Preliminary study of

geochemical characterists of ore-forming fluid in Zhenzigou

veined Pb–Zn deposit, Qingchengzi, Liaoning Province. Min

Depos 31:569–578 (in Chinese with English abstract)
Ma YB, Xing SW, Zhang ZJ, Du XY, Zou YF, Wang Y, Li B, Sun JG

(2013) Characteristics of the Sulfur and lead isotopic composi-

tions of the polymetallic deposit in the Liaoji rift and their

geological significance. Acta Geol Sin 87:1399–1410 ((in
Chinese with English abstract))

Ma YB, Bagas L, Xing SW, Zhang ST, Wang RJ, Li N, Zhang ZJ,

Zou YF, Yang XQ, Wang Y, Zhang Y (2016) Genesis of the

stratiform Zhenzigou Pb-Zn deposit in the North China Craton:

Rb–Sr and C–O–S–Pb isotope constraints. Ore Geol Rev

79:88–104

Song YH, Yang FC, Yan GL, Wei MH, Shi SS (2017) Characteristics

of mineralization fluids and tracers of mineralization material

sources of the Qingchengzi lead-zinc deposit in Liaoning

Province. Geol Expl 53:259–269 (in Chinese with English
abstract)

Sun GT, Zeng QD, Li TY, Li A, Wang EY, Xiang CS, Wang Y, Chen

PW, Yu B (2019) Ore genesis of the Baiyun gold deposit in

Liaoning province, NE China: constraints from fluid inclusions

and zircon U-Pb ages. Arab J Geosci 12:299

Sun GT, Zeng QD, Zhou LL, Wang YB, Chen PW (2020) Trace

element contents and in situ sulfur isotope analyses of pyrite in

the Baiyun gold deposit, NE China: Implication for the genesis

of intrusionrelated gold deposits. Ore Geol Rev 118: 103330

Wang YW, Xie HJ, Li DD, Shi Y, Liu FX, Sun GQ, Sun QM, Zhou

GC (2017) Prospecting prediction of ore concentration area

exemplified by Qingchengzi Pb-Zn-Au-Ag ore concentration

area, eastern Liaoning Province. Min Depos 36:1–24 (in
Chinese with English abstract)

Wang W, Li DD, Qiu JZ, Liu JL, Yang YP, Yang XD, Yang YS, Li F

(2020a) Metallogenic geological model and potential analysis of

Baiyun gold deposit in Liaoning Province. Min Explo

11:1592–1602 (in Chinese with English abstract)
Wang YZ, Wang F, Shi WB, Yang LK, Wu L (2020b) Timing and

processes of ore formation in the Qingchengzi polymetallic

orefield, Northeast China: evidence from 40Ar/39Ar geochronol-

ogy. Acta Geol Sin 94:789–800

Acta Geochim (2022) 41(2):267–274 273

123



Xiao CH, Liu XC, Zhao Y, Zhang Q, Chen ZL, Liu JM, Wei CS, Yao

XF, Wang W, Xie LQ (2020) Structural controls and Re-Os

dating of molybdenite of the Wulong gold deposit, NE China.

Earth Sci 45:3982–3997 (in Chinese with English abstract)
Xue CJ, Chen JF, Lu YF, Li HQ (2003) Metallogenic epochs of Au

and Ag deposits in Qingchengzi ore-clustered area, eastern

Liaoning Province. Min Depos 22:177–184 (in Chinese with
English abstract)

Yang FC, Song YH, Zhang P, Chai P, Li B (2016) Forming fluid

characteristics and tracing of ore-forming source materials of

gold-silver deposit in the Qingchengzi oreconcentration area.

Acta Geol Sin 90:2775–2785 ((in Chinese with English
abstract))

Yu G, Chen JF, Xue CJ, Chen YC, Chen FK, Du XY (2009)

Geochronological framework and Pb, Sr isotope geochemistry of

the Qingchengzi Pb–Zn–Ag–Au orefield, Northeastern China.

Ore Geol Rev 35: 367–382

Zeng QD, Chen RY, Yang JH, Sun GT, Yu B, Wang YB, Chen PW

(2019) The metallogenic characteristics and exploring ore

potential of the gold deposits in eastern Liaoning Province.

Acta Pet Sin 35:1939–1963 (in Chinese with English abstract)
Zhang P, Li B, Li J, Chai P, Wang XJ, Sha DM, Shi JM (2016a) Re-

Os isotopic dating and its geological implication of gold bearing

pyrite from the Baiyun gold deposit in Liaodong rift. Geotecton

Metallog 40:731–738 (in Chinese with English abstract)
Zhang P, Zhao Y, Kou LL, Yang HZ (2016b) Zircon U-Pb dating and

its geological significance of lamprophyres from Qingchengzi

Orefield, Liaodong. J Northeast Uni 37(7):1056–1060 (in
Chinese with English abstract)

Zhang P, Zhao Y, Chai P, Yang HZ, Na FC (2017) Geochemistry,

Zircon U-Pb analysis, and biotite 40Ar-39Ar geochronology of

the Maoling gold deposit, Liaodong rift, NE China. Res Geol

67:426–441

Zhang P, Kou LL, Zhao Y, Bi ZW, Sha DM, Li ZM, Han RP (2019)

Fluid inclusions, H-O, S, Pb, and noble gas isotope studies of the

Baiyun gold deposit in the Qingchengzi orefield, NE China.

J Geochem Explo 200:37–53

Zhang SH, Hu GH, Li JF, Xiao CH, Liu XC, Zhang QQ, Yao XF, Liu

FX, Wang W, Cheng ZL, Zhang Q (2020) Ore-Controlling

structures and metallogenic avorable area prediction in Baiyun–

Xiaotongjiabuzi ore concentration area, Eastern Liaoning

Province. Earth Sci 45:3885–3899 (in Chinese with English
abstract)

Zhang YP, Na FC, Song WM, Liu YC, Zhao XJ (2021) Regional

tectonic implication of the Paleozoic stratigraphic paleontology

information in Northeast China. Geol Resour 30:1–13 (in
Chinese with English abstract)

Zhao Y, Zhang P, Lv JC, Zhang S, Kou LL, Yang ZJ (2015)

Characteristics of ore-forming fluids in the Gaojiapuzi Ag

deposit of the Qingchengzi orefield, Liaoning Province and

geological implications. Geol Expl 51:441–450 (in Chinese with
English abstract)

Zhao Y, Kou LL, Zhang P, Bi ZW, Li DT, Chen C (2019)

Characteristics of geochemistry and Hf isotope from meta-

gabbro in the Longchang Area, Eastern of North China Craton:

Implications on the evolution of the Jiaoliaoji Paleoproterozoic

Orogeny Belt. Earth Sci 44:3333–3345 (in Chinese with
English abstract)

Zhao Y, Zhang P, Li Y, Li DT, Chen J, Bi ZW (2020a) Geochemistry

of two types of Paleoproterozoic granites, and zircon U-Pb

dating, and Lu-Hf isotopic characteristics in the Kuandian area

within the Jiao-Liao-Ji Belt: Implications for regional tectonic

setting. Geol J 55:7564–7580

Zhao Y, Zhang P, Bi ZW, Yang ZZ, Kou LL, Gu YC, Yang FC

(2020b) Geochronology and geochemistry of two types of

Paleoproterozoic granites and their geological implications in the

Xiuyan area, Liaodong Peninsula. Earth Sci 45(11):4072–4090

(in Chinese with English abstract)
Zhao Y, Yang HZ, Yang FC, Zhang P, Gu YC, Xu J (2020c) Genesis

of the typical gold deposits in Qingchengzi orefield, Liaodong

Peninsula: evidences from S-D-O isotopes. Geol Resour

29:21–28 (in Chinese with English abstract)
Zhong MS, Zhang GR, Yang ZZ, Gao FL, Wu ZJ, Pan YQ, Gao YZ,

Wang X, Wang R (2020) Spatiotemporal distribution and

dynamic characteristics of the early Cretaceous metamorphic

core complexes in Southern Liaodong Peninsula. Geol and

Resour 29:411–418 (in Chinese with English abstract)
Zhou GC, Wang YW, Li DD, Shi Y, Xie HJ (2017) LA-ICP-MS

Zircon U-Pb dating of dykes from the Baiyun gold deposit in

eastern Liaoning. Bull Mineral Pet Geochem 36:620–627 (in
Chinese with English abstract)

274 Acta Geochim (2022) 41(2):267–274

123



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2022-05-31T06:45:41+0530
	Preflight Ticket Signature




