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Abstract The Wangjiawaizi gold deposit is a middle tonnage and quartz-vein type deposit in the Maoling gold district of Liaodong
Peninsula, China. The orebody is hosted in the Gaixian Formation of Paleoproterozoic Liaohe Group, and is mainly controlled by a
series of nearly parallel NW ductile shear zones in the mine area. In this study, we studied pyrite that is genetically closely related to
gold mineralization, as well as sphalerite and galena for S-Pb isotopes and trace elements characteristics by using in-situ microanalytic
techniques. LA-MC-ICP-MS in-situ S isotope analyses show that sulfides from the Wangjiawaizi gold deposit yielded §* S values of
8.2%0 ~ 11. 5%o, which is significantly higher than that of magmatic sulfur, but overlaps with the range of S value of the Gaixian
Formation, thus inferring that the sulfur in the ore-forming fluids is derived from the Gaixian Formation. The in-situ Pb isotope analyses
by LA-MC-ICP-MS show that sulfides yielded ** Pb/** Pb, * Pb/**Pb, and **Pb/** Pb ratios of 39. 000 ~39. 084, 15. 691 ~15. 707,
and 18. 623 ~ 18. 664, respectively. They cluster near the upper crust evolution line and plot in the field of the Gaixian Formation,
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indicating that the Pb was primarily derived from the upper crustal rock of the Gaixian Formation. LA-ICP-MS trace element analyses
show that pyrite yielded low Co/Ni and Te/Au ratios, and is obviously enriched in Au, As, Ag, Cu, Pb and Zn, indicating a
metamorphic-hydrothermal origin. In combination with previous research, we propose that there is an early stage of Paleoproterozoic
gold pre-enrichment in this Maoling gold district, and that the subsequent Early Jurassic magmatic-hydrothermal activity extracted the
pre-enriched ore-forming materials from the Gaixian Formation to account for most of the gold mineralization in the Wangjiawaizi
deposit. The Gaixian Formation is a significant source bed for gold mineralization in the Liaodong Peninsula, which should be given full
attention in future mineral exploration work.

Key words Wangjiawaizi gold deposit; Liaodong Peninsula; LA-( MC)ICP-MS; S-Pb isotopes; Trace elements
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Fig. 2 Geological sketch map of the Wangjiawaizi gold deposit ( modified after Wu et al. , 2022)
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Fig. 5 Histogram of sulfur isotopic composition of sulfides from the Wangjiawaizi gold deposit (a) and comparison of §*S values

from the Wangjiawaizi gold deposit with sulfides and wall rocks of the Liaodong gold deposits (b)
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Table 1  The S isotopic composition of sulfides from the Wangjiawaizi gold deposit
FEf & LR S (%o) 2SE B 7] S (%o) 2SE
WIWZ4A-1-Py Bt 30n 11.3 0.1 WIWZ-4B-9-Py WY 11.5 0.1
WIWZ4A-2-Py Y 10.3 0.1 WIWZ-4B-10-Py BT 10.5 0.2
WIWZ-4A-3-Sp RS 10. 4 0.1 WIWZ4B-11-Py Hy 11.5 0.1
WIWZ-4A4-Sp N 10. 8 0.2 WIWZ-3-12-Py HT 10.9 0.2
WIWZ4A-5-Sp DAf=20n 10. 1 0.1 WIWZ-3-13-Py WY 10.9 0.1
WIWZ-4A-6-Gn LAl 8.7 0.1 WIWZ-3-14-Py WA 11.5 0.2
WIWZ4A-7-Gn JET 8.4 0.1 WIWZ-3-15-Py HT 10.6 0.1
WIWZ4A-8-Gn T 8.2 0.2
Fx2 EIXRHETFEHAFY LA-MC-ICP-MS Pb FH EMX LR
Table 2 The Pb isotopic composition of sulfides from the Wangjiawaizi gold deposit
RS LR 208 p},/204 P}, 1SE 27 ph,/2%Ph 1SE 206 p},,/204 P}, 1SE
WIWZ-4A4-Py B 39. 045 0. 006 15.705 0. 002 18. 634 0. 002
WIWZ4A-6-Py WA 39. 084 0. 004 15.707 0. 002 18. 635 0. 002
WIWZ-3-1-Gn kAN 39. 011 0. 002 15. 700 0. 001 18. 662 0. 001
WIWZ-3-2-Gn VL ALN 39. 000 0. 003 15. 695 0. 001 18. 658 0. 001
WIWZ-3-3-Gn VaR-At0N 39.012 0. 002 15. 700 0. 001 18. 664 0. 001
WIWZ-34-Gn vk i 39. 006 0. 002 15. 698 0. 001 18. 661 0. 001
WIWZ-3-5-Gn WRATIN 39. 007 0. 002 15. 698 0. 001 18. 662 0. 001
WIWZ4A-1-Gn VL ALN 39.017 0. 002 15. 692 0. 001 18.632 0. 001
WIWZ-4A-2-Gn FTEHT 39.011 0. 001 15. 691 0. 001 18. 628 0.001
WIWZ4A-3-Gn VLN 39.013 0. 002 15. 693 0. 001 18. 627 0. 001
WIWZ4B4-Gn WRALE 39.010 0. 002 15. 692 0. 001 18. 624 0. 001
WIWZ4B-5-Gn e 39. 008 0. 002 15. 692 0. 001 18. 624 0. 001
WIWZ-4B-6-Gn T 39. 009 0. 002 15. 694 0. 001 18. 623 0.001
£3 EXREFEURERY LAICP-MS HETES KL R( x10°°)
Table 3 The trace element contents ( x 10 %) of pyrite from the Wangjiawaizi gold deposit
#lﬁl% 53 Cr 59 Co 60Ni 63 Cu 6ﬁzn 75 As 77 Se 95 Mo 107 Ag 121 Sh 124 Sn 125Te ]82W 197 Au 208 Pb 209 Bi
WIWZ-1_1 830 0.28 1.20 7.10 1.12 770.0 0.12 0.01 2.8 1510 0.65 bdl  bdl 0.56 4060 0.01
WIWZ-12  0.23 0.16 0.15 15.50 0.20 5580 bdl 0.01 1.81 2.18 0.45 0.06 0.03 3.27 36.80 0.01
WIWZ-1.3  0.08 0.04 0.34 3.62 bdl 6610 0.15 bdl 0.52 0.23 0.19 0.02 0.03 553 9.70  bdl
WIWZ-1.4  0.28 0.12 0.87 6.20 bdl 5780 0.33 0.01 0.87 0.84 0.25 0.02 0.04 3.25 27.00 bdl
WIWZ-1.5  0.16 4.15 11.30 14.00 0.85 6620 0.49 0.02 0.57 4.41 0.27 0.0l 0.02 2.00 17.70 0.01
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ﬁﬁ]% 53 Cr SQCO 60Ni 63Cu GGZn 75AS 77Se 95 Mo 107Ag lzlsh 124Sn 125Te ]82W ]97Au ZOSPb 209B1
WIWZ-1_6 0.01 0.29 1.22 1.80 0.17 3960 0.17 bdl 0.63 0.40 0.20 0.03 0.02 0.72 4.70 0.01
WIWZ-17  1.80 0.01 0.26 72.00 31.00 5050 0.19 bdl 0.93 2.10 47.00 0.01 bdl 556 16.00 bdl
WIWZ-1.8  bdl  0.22 0.93 4.60 0.66 8910 0.07 bdl 027 1.24 0.08 0.10 bdl 2.48 27.00 bdl
WIWZ-2_9 bdl 0.17 0.53 9.50 0.34 12700 0.04 bdl 1.29 2.51 0.16 bdl 0.02 11.30 28.20 0.01
WJWZ-2_10 8.60 0.20 bdl 0.38 bdl 6360 0.30 0.01 0.08 1.70 0.03 0.04 0.02 1.94 25.30 bhdl
WIWZ2_11  bdl  0.08 0.15 51.00 187.0 4550 0.36 0.01 1.05 1.08 35.90 0.04 0.01 1.19 15.40 bdl
WIWZ2.12  1.70  bdl  bdl 810 0.09 553.0 0.05 0.01 1.27 420 bdl  bdl 0.02 0.28 15.90 bdl
WIWZ-2_13 0.08 0.59 1.84 0.36 bdl 3440 bdl bdl 0.03 0.06 bdl 0.02 0.01 0.8 0.27 bdl
WIWZ2_14  0.01  bdl  bdl 490 0.08 1270 bdl 0.0l 0.22 0.20 0.04 0.0 0.01 0.06 43.00 bdl
WIWZ2_15 230 0.07 0.84 890 bdl 6400 0.06 0.0 1.39 10.90 0.05 0.01 0.02 5.90 220.0 0.0l
WIWZ2_16  0.01 0.06 0.18 820 0.54 15500 0.14 0.04 0.85 2.60 0.06 0.04 0.01 7.53 25.00 bdl
WIWZ-3_17 0.03 0.35 0.30 7.90 bdl 12700  bdl 0.01 0.79 2.66 0.01 0.03 0.02 16.80 15.20 bhdl
WIWZ3_18  bdl  bdl  0.12 0.50 bdl 1230 0.28 bdl 0.0 0.02 bdl  bdl  bdl  0.02 0.36 bdl
WIWZ3.19  1.26  bdl  0.16 3.95 4.10 3090 0.29 bdl 1.02 12.50 0.02 0.04 0.01 0.16 26.90 bdl
WJWZ-3_20 0.25 0.01 0.23 900.0 1350 38.20 bdl bdl 12.40 10.30 1050 bdl bdl 0.28 37.50 bdl
WJWZ-3_21 bdl 1.85 0.67 3.40 bdl 3770  0.30 bdl 1.18 13.30 0.01 0.01 0.01 1.48 21.60  bdl
WIWZ3.22  bdl  0.02 0.28 6.70 0.37 1740 0.40 0.01 0.88 2.88 bdl 0.08 0.02 0.48 18.10 bdl
WIWZ3.23  0.20 1.31 0.37 0.80 bdl 1890 0.42 0.01 0.12 1.60 0.05 0.02 0.02 0.34 1.30 bdl
WJWZ-3_24 0.12 0.01 0.24 46.00 20.00 18.50 0.53 0.02 0.93 3.80 87.00 bdl 0.01 0.06 6.10 bdl
WJWZ4A_25 1.08 0.01 0.38 37.00 0.40 360.0 0.34 0.01 1.67 2.41 0.65 0.02 0.01 0.47 52.00 bhdl
WIWZ4A26 0.10 0.03 0.59 840.0 214.0 52.30 0.07 0.01 4.30 2.27 910.0 0.03 0.02 0.16 12.30 bdl
WIWZ4A27 0.02 0.07 0.27 5500 0.58 2990 0.26 0.02 0.41 4.90 0.21 0.03 0.01 0.67 9.10 bdl
WIWZ4A 28 0.29 0.02 0.12 290.00 2540 26.60 0.37 0.02 5.58 3.72 195.0 0.01 0.02 0.35 32.50 bdl
WIWZ4B29  0.49 0.42 0.57 499.0 3790 16.90 0.42 bdl 15.10 3.60 407.0 0.07 0.03 0.31 14.30 bdl
WIWZ4B30 0.25 1.10 0.07 350.0 2210 310.0 bhdl 0.0l 8.90 16.50 242.0 0.03 0.05 0.52 160.0 0.01
WIWZ4B31  bdl  0.18 bdl 267 0.15 3320 0.26 bdl 0.36 599 bdl  0.02 bdl 215 8.8 0.0l
WIWZ4B_32 0.38 0.03 0.15 372.0 2490 124.0 0.32 0.02 12.20 44.00 308.0 0.06 0.17 0.57 94.00 0.02
1 bl R AR TR PR
16.0 40.0
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Fig. 6 Diagrams of the lead isotopic composition of sulfides and related wall rocks in the Wangjiawaizi gold deposit ( the lead

evolution curves from Zartman and Doe, 1981)
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S A AT LA FAS T DL 4 1T =X B A7 AE B
Wiki H ( Cook and Chryssoulis, 1990; Reich et al. , 2005;
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L ZF (Reich et al. , 2005) , X R E T80 R £
AT U4 DA Au ™ RTE RS T 55 As BUERDT A S A%
ZH. E, BRI IR AT I X 18 R A i R R AR
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5.2 REYEBRKIE

ERK T A0 R By BB 67S {1 B 2
7 JEPAE 8. 2%0 ~ 1. 5%o, B I 8 T ML B S5 SR A 5 T (O =
3%o, Ohmoto, 1972) , NTHERR T LXK T &0 K N H—1
HIBORIE, ol A A A 87 S B Tk, ERB T4
A PRAT [R5 22 (B AR AT 4 v, 5 00 R o S [ o o E 4 3
JZ LTS (A 04 5 AR AR 22 G 0 PR 14 A ) 7 2% {1 ¥ Pl o i
B (B 5h)  InmF e Ta0 (X5 F5, 2000) FREET40
(Chen et al. , 2022) /INEFETF 40 (Liu et al. , 2020b;
Sun et al. , 2022; Li et al. , 2023) MK =B W4 H (Sun et
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7245 2018b; Zhang et al. , 2022b) , T X 841 PR () B I 3
BN A B2 2 1 B TR (O AR AE, 20195 Yu er
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SR 87 (HSH BT IR 8™ H i BE— 25, W BH I IFFE
T Tl AL o S E o H ) A R Rt T R R
MBRIE (Yu et ol , 2022) . PRI, FREF &0 KR 7S
SRR NI o 5 3 = A B 1)

FERBTEH R B Be i B AP HAT A RIS Ph
[ RN, 3 AT S b ARy — R E R T B0 K
HAHF Pb kU, 767 Pb/” Pb-" Ph/*™ Ph [l fift v (]
6a) , EZ TS0 RITA Bl s AR 7 AE b3 se i A4 ik
FE2Ph/*" Pb-""Pb/** Pb [Elfiferh (1] 6b) , iF A 45040 s #8 5E hy
TS A B s re AL R . Foh, L P R IRAETE B
W SE IR Ph I Ph RS 1E IR 455, 76 Pb [ A2 R 7R
Al R, Bl R YA TR IS LA K 2 B O RORE A, HE P
SR A 58 i 43 (Zartman and Doe, 1981), Pb [d]
PR BRI E R BT &0 R Pb EEOR I TR EHi5E,
P2 P STHRINAT B , 3 W] RE 2 Hh T B B T B R AE ™
SRR AT L sE )2 Bl T 8y Ph, (EAREE W
2, BRI TEIK Ph (R A7 2 5 k4R Y Rb e 585 AR A i
EAA Ph AR VETEA R A DX E] (P 6) , HEBR T E Kk 74
PR P F2 2R T3k 28 FLOR 2 3 IR B0 2l 14 7T g5 (5
AT 1495 Ay T AT B 5 L )2 Ph (6] 457 3 41 43 v
WK 6) , KW 55 L 22 XUE G s F E R T80
PRE Y Ph 5,

BB R B Y Co I Ni (35 i S H Co/Ni
PO BT LA ok S0 U 24 k™ 11l PR B e Ak g e ot s —
T B PR B Co/Ni FLEF > 1, T ITAUR
EVERTE W B e AR R A B ( < 1) ) Co/Ni [HfH
( Campbell and Ethier, 1984 ; Bralia et al. , 1979; Reich et al. ,
2016) o EZE T R P B LA-ICP-MS 4
HOLE AT R H Co/Ni LB 0.03 ~ 15. 71,4 HAY
HA S A HE > 1B 9b) X SR B Tl BE s gk a™ 32 38y PUARAZ Jit
PR AHR A T A KRG S 25 T ER T a0
fEM . A5 B IR0 Te/ Au LB 4R 73 I F 2 PR
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Fig. 8 LA-ICP-MS elemental maps (cps) for pyrite grain from the Wangjiawaizi gold deposit
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