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H-0, He—Ar and Sr—Nd-Pb Isotopic Constraints on the Sources of
Ore-Forming Fluids and Ore-Forming Materials in the
Xiadian Gold Deposit, Jiaodong

DU Foguang, JIANG Yaohui*, QING Long, NI Chunyu

State Key Laboratory for Mineral Deposits Research, School of Earth Sciences and Engineering, Nanjing University, Nanjing 210023, China

Abstract: The Xiadian gold deposit is a large Jiaojia-type gold deposit in Jiaodong district. On the basis of detailed petrographic and
mineralogical studies, we carried out the H-0O isotopes and the first He-Ar and Sr—=Nd-Pb isotope tracing studies of the Xiadian gold
deposit, which furnish the new constrains on the source of ore-forming fluids and materials. H-O isotopes of fluid inclusions in quartz
(8Dy-swow=—102.3%0~=93.9%0 , 8" 0120=—0.2%0~1.6%0 ) reveal that the ore-forming fluids is mainly composed of enriched mantle-
derived fluid with involved alittle meteoric water. He—Arisotope of pyrite ['He/'/He=0.58%107~1.90x107°(0.42~1.36 Ra), “Ar/*Ar=724.7~
1358.4] also indicates that the ore-forming fluids are dominant by the enriched mantle-derived fluid. Nd—=Pb isotopes of ore and altered

rocks are different either from those of the surrounding granites and the basement metamorphic rocks or from those of Mesozoic
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asthenosphere-derived basalts. Instead, they are consistent with those of Mesozoic lithospheric mantle-derived lamprophyres in the

Jiaodong district. However, their initial *’Sr/**Sr ratios are higher than those of the lamprophyres and even higher than the surrounding

granites. The Sr—Nd-Pb isotopic characteristics indicate that the ore-forming fluids and ore-forming materials were derived from the

enriched lithospheric mantle with subsequent interacted with the basement metamorphic rocks during the ascending process.

Key words: Xiadian gold deposit; H-0 isotope; He—Ar isotope; Sr—=Nd—Pb isotope; ore-forming fluid; ore-forming material
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Fig. 1 Geology of the Jiaodong Peninsula (modified after Yang et al., 2016)
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Fig. 3 Photographs showing the rock types and the alteration assemblage at the Xiaidan gold deposit

@FIALRSE s b)) aRHEE; (NRHEE; (OFHAZMURHRAT; (o)
s (1), () F AT R



690 [T

o R 25% 54

(Kl3g) . (¥Ek) BEatkEdcs (K3h) UK (%
B EAARANE (K3i,)); (3) BRI st
WAk, B XN RE—RmAER, R
fzihm ¥ (K 3k) oigkief (F3D) RRYLRm
YRR ZE AR LIRS AR

SV S ERBICEI LR EY, & R
FEER R A A AR R (K2), &0 AR
RS R AE . R AT YA
BOERAT . EAET . TR, INBETT . BAeTT. AR
SHARE; KOTYEE AT, B BEHRER
By (K4), &rRAIRE DA AR 4R
F, BIE BEPIERSRT B (Klda,b), 5
HEEFENRAT YRR (Elde) o HK M
WE, S0 ESy mikh (Bd4d).

HIERAG A IX N B 3 48 1) 5 1Y LA-ICP-MS 4%
A1 U-Pb4EE } 160 Ma (Ma et al., 2017), FpEeE:
AWK ) LA-ICP-MS 5 £7 U-Pb 4E#% 4 129~116 Ma
(Maetal., 2017; FEHi%:, 2014), MaZ[EHT R
T LA-ICP-MS Pl J& 47 U-Pb AEAC2AT5Y, 3545 Phb/
UM N 120214 Ma, I LLZAERAEN
B e W mHt, Chaids (2017) X EM 4T
PEAT T AR SRR ST, DUAS 4R 1k B B O A 0 2
A 35— iR BE A8 AL T 408~253°C Z [f] , 4 {H 340~
300°C, HfH 326°C; HERZE B A LB B i 1A 22
A $4 — 38 B A8 b F 335~176°C Z [a] , &K 260~
240°C, I 253C.

20kV  X1,000 10pm 0

3 FESMATITIE
3.1 HmERE

AR WEFEAE 517 28 Kk -310 m 1 Bt . 536 %
Jik-720 m BRI 556 ZEik-780 m Th Bt (&2b) R
T =AHImAE S, HCREQTET A, hARA A
ThASAE B 7 SO BESTE I RE L 24 15 BbAh, if
T M 2SR 4R T B (1 32 B AL 1 A RS B R L S
PFo A A A0 8 2mh b, FRATERE T
VL REARES G A VAR 2 ik ar
e 3R A R 2 MHEBES ) 4T Sr—Nd-Pb
AL ZIME, Jf N 6 LRI A 1t s 5 B 5 4k
T EAARD AT Ph R R, 4R Bk
T YW AT He—Ar [FI 07 R, WM S £
(B EERE A TR IS ) R A AR 5 Pk
Ve T A AT H-0 [Rl7 2,
3.2 SWAE

424+ Sr—Nd—Pb [F) {3 Z A ELG Y #2R0™ Ph [F {37
FMNATE R R FNAE S BT RS ML E R
HASLEETE N PR LRRES W GRS,
2005; 2004). FREUHET S A4 R dL 150~200 mg
PLRHET IR B BT FE & 5~10 mg, FHRE S FHEUR
TR MR A IR 56 AV, >R Bio Rad50WX8 FH 5 ¥
IR Sy B 4l Sy Nd M Ph, $IZJ5E, H
Silica—gel $i R (Gerstenberger and Haase, 1997)
KZJ100 ng i St FINA TCERIRTELAAR Re kT 22 |-, IHH

(@), (b) B EBRRA BB s ()@ TERRA O PRz )5 () S ELEAE TR R AT s (o), (O EZRIRT Y B, 8. T, N
G (@~ NFHEER, (o), O RIDEEE

K4 Bfaah L2 06 Y Rk aRArRES
Fig. 4  Photographs showing the ore minerals of the Xiadian gold deposit
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Table 1  H-O0 isotopic compositions of quartz in the Xiadian gold deposit/%o
R SRAFEA b R SDv-swow 3" Oy-svon T(C)* 3" a0
XD-3 -720 m HE; R ASBICAE (B A) ¥ -95.1 8.6 253 -0.2
XD-6 —720 m HEE W R A RAIAE (B ) Vg -95.3 93 253 0.5
XD-12 —780 m HTBE W A RAEA (B ) Vg -99.8 9.2 253 0.4
XD-13 —780 m HTBE R AREE (B A) A -102.3 9.0 253 0.2
XD-17 -310 m P HERE ARE YIS (B A) VaE 2 -93.9 10.4 253 1.6
XD-19 -310 m 1 BL HYCE A -95.5 9.4 253 0.6

#j& Chai 5 (2017)
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Table 2 He—Ar isotopic compositions of pyrite in the Xiadian gold deposit

e SRR Ak R *He/'He “CAr/SAr BAr/Ar  Hex107  Arx107  R/Ra
XD-3 “720m B EEREAREIA(WA) BB 1.33x10° 1358.4 0.193 0.289 1.110 0.95
XD-6 -720m B EEREAREIA(WA) BB 0.58x10° 1016.7 0.183 0.505 0.841 0.42
XD-12 -780 m B EEREAREIA(WA) BB 0.78x10° 724.7 0.186 0.408 0.620 0.56
XD-17 =310 m B WEREARATCAE(WA) W 1.90x10° 831.3 0.191 0.288 0.983 1.36

E: He f1 Ar &5 it B R em® STP/g

*3 EFE&H Sr-NdEAIRAK

Table 3 Sr—Nd isotopic compositions in the Xiadian gold deposit

S REEALE Fayia YRb/*Sr S/ 20 L, YSm/*Nd  Nd/*Nd 20 ew()
XD-2 =720 m B WA (0 ) 0.21905 0.713261 5  0.712887 0.1257 0511766 3 -15.9
XD-4 =720 m B BHERAICE (W A) 029672 0712443 5 0.711937 0.1458 0511887 3 -13.9
XD-11  -780 m B HERAICE (W) 3.14357  0.717957 6  0.712596 0.1427 0511725 8  -17.0
XD-9 720 m B HYH 1.77931 0.716488 5  0.713453 0.1229 0511752 3 -16.2
XD-20 -310 m 9Bt HICEAAE R 0.77606  0.713967 5  0.712644 0.1570 0511590 14 -19.8
XD-21 =310 m Bt IR R 0.56841 0.713696 6  0.712727 0.1938 0511654 7 -19.2
LL2 = WA KA R 047312 0711616 6  0.710809 0.0904 0511492 5 =207
LL-3 iR WA R R 0.59874 0712231 5  0.711210 0.0948 0511565 8 -19.4
LIL-4-1 i BB KRS 0.29495 0.712241 6  0.711738 0.0813 0511488 2 -20.7
XD-22 -310 m 9Bk IR 0.29441 0.711506 5  0.711003 0.1666 0512511 5 =20
LL-4-2 ik SRS 0.22827 0.711644 7 0.711255 0.1122 0511795 5 -15.2
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Table 4  Pb isotopic compositions in the Xiadian gold deposit

e RFEALE Faycs IRIE P Ph  PbAPb  Pb/“Pb  Pb“Pbi  *"Pb“Pbi  **Pb/“Pbi
XD-2 =720 m B BRI (T ) Ee) 17.227 15.489 37.901 17.224 15.489 37.899
XD-4 =720 m Bk WRRAN S (T ) e 17.743 15.540 38.220 17.663 15.537 38.159
XD-11 =780 m H B YRS (T ) e 17.316 15.498 37.824 17.203 15.493 37.771
XD-9 =720 m B HYE Eoes) 17.227 15.4887 37.8905 17.181 15.486 37.852
XD-3 720 mH B WERE AEATSE(0A)  EEE 17.228 15.492 37.914
XD-6  -720mH Bt EEKE ARATSE(0A)  EPE 17.245 15.491 37.890
XD-12  -780 mH1Bt WKW ATATSE (0 A)  EPE 17.229 15.481 37.822
XD-13  -780 mH1Bt WKW ATAISE (0 A) P 17.242 15.495 37.841
XD-17 =310 mH Bt WEKE ARBIE (W0 A)  HEHE 17.129 15.477 37.799
XD-18  -310 m 1B AT (0 A) R 17.171 15.482 37.864
XD-19  -310 m B¢ I R 17.168 15.482 37.860
XD-20 =310 m{BL A AR Es 17.142 15.474 37.789 17.078 15.471 37.778
XD-21 =310 mHBL IR R A Es) 17.144 15.480 37.808 17.127 15.479 37.801
L2 7 R KA A = 17.065 15.463 37.721 17.046 15.462 37.658
LL3 i ME KA o 17.084 15.477 37.839 17.061 15.476 37.792

LL-4-1 i BANTRIERE &5 17.121 15.488 38.030 17.098 15.487 37.903
XD-22 =310 mH1BE PRARME &5 17.191 15.485 37.806 17.191 15.485 37.806
LL-4-2 iR MRS Ecee) 17.441 15.526 38.115 17.441 15.526 38.115
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J& (~120 Ma, Ma etal., 2017) #HFEJL+ASEH T
A, PR T T AN K AT RE 5 X B SE YA A
Ko MR, W VEEHC S & 5 A R g e 5
(8 B K B B A I A — 2, AT 3 B ™
TIAARA AT REHL R A T R A el g
5.1.2 He—Ar Bl i & =¥

B T AR A AN He FI Ar HAT AR A7 1)
17 8 71 (Ballentine et al., 2002; Ballentine and
Burnard, 2002; #H¥iE4E, 1999), [HiH He—Ar
() 457 2% 20 1 PT DA FH R s B i i iAok . A B
FERW, Hise AR R A R =AU B AN
AR, REAR A2 SR K i B M A AU s v
Fi8 s A AR b 52 A 2o TR ) T ol PR
HEME (Turner et al., 1993). BT HefE RS T
TR, AR LA A He 1Y 52 B2 [H] 437
EA W7 B0 (Marty et al., 1989; Stuart
etal., 1994). [Hitt, HEAEH A FiART 1 He 2

FIREA T F BRI, RS FIHbE . H55 P *He
By 7 A B2 P OB CLin, o) = H(B) 45 il
(Clarke and Kugler, 1973) . H T-HF5E X = 50
Yy, HIEIZIX 52K *He/ He BN 5 #b 78 FRAF(E
AL, BP*He/*He=0.01~0.05 Ra (Andrews, 1985).
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