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Fig.1 Regional geological sketch map of Mouping—Rushan area (modified after [2,12,13] )
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Fig.2 Geological sketch map of the Jinqingding gold ore
district (modified after Zhengyuan Geological Prospecting
Institute of Shandong Province)
1—Quatemary ; 2—Homnblende—biotite plagioclase gneiss;
3—Biotite—bearing monzonitic granite ;4—Silicified sericitized quartz
vein;5—Ore body and its serial number; 6—Lamprophyre vein;

7—Stratigraphic boundary ; 8—Fault and its serial number;9—Dirill hole
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Table 1 Trace elements and REE compositions and features of 1000 |- [[[[[l I
gold-bearing pyrite from the Jingingding gold deposit ( i g/g)

B Bt B 30 E A
5 O] ® ® @ ® ®
Co 228 289 318 280 431 78
Ni 22.5 40.6 27.1 432 186 149
As 1086 442 644 155 10.5 1699
Th 0214 1.52 — — — —
Y 3.58 0.704 0219  0.161 0.067 0.508
Zr 7.82 3.72 0368  0.122 0.266 0.279
Nb 2.1 1.28 0.087  0.013 0.039 0.019
Hf 0.209 0.077 0.002  0.023 0.017 0.002
Ta 0.093 0.072 0.007  0.007 0.004 0.004
La 1.31 8.08 1.34 2775 0.043 4.93
Ce 2.09 13.7 249 439 0.093 8.4
Pr 0.24 1.45 0323 0433 0.01 0.92
Nd 0.753 5.34 2.64 142 0.035 3.39
Sm 0.181 0.74 0.195  0.193 — 0.561
Eu 0.14 0.17 0.021  0.078 — 0.12
Gd 0.269 0.564 0.115  0.145 — 0.483
Tb 0.072 0.067 0014  0.012 0.002 0.043
Dy 0.501 0.186 0.045 0.02 0.006 0.16
Ho 0.113 0.032 0.008  0.004 0.001 0.017
Er 0.368 0.087 0.024  0.015 0.006 0.028
Tm 0.061 0.014 0.001  0.001 0.001 0.005
Yb 0.376 0.061 0.014  0.006 0.006 0.013
Lu 0.059 0.012 0.002  0.002 0.001 0.002
X REE 6.533 30503 7232 9.469 0.204 19.072
6 Ce 0.835 0.894 0.884  0.834 0.875 0.887
& Eu 1.937 0.775 039  0.347 1.37 0.689
(La/Ybyy 2349 89303 6453  5.879 309.005 255.675
(Gd/Lu)y  0.584 6.025 7371 0526 9.293 30.957
Co/Ni 10.133  7.118  11.734  6.481 2.317 5235
HFSE 13.802  5.853 0.683  0.326 0.393 0.812
Hf/Sm 1.155 0.104 0.01 0.119 — 0.004
Nb/La 1.603 0.158 0.065  0.005 0.907 0.004
Th/La 0.163 0.188 — — — —
Y/Ho 31.68 22 27375 40.25 67 29.882
Zr/Hf 37416 48312 184 5.304  15.647 139.5
Nb/Ta 22581 17.778 12429 1.857 9.75 4.75
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Fig.3 Co/Ni distribution diagram of pyrites from the
Jingingding gold deposit
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Fig.4 Y/Ho ratios of pyrites from the Jingingding gold deposit
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Table 2 REE compositions for pyrite, ores and other geological bodies from the
Jingingding gold deposit ( 1 g/g)

WY (6) &R (6)

¥ REE GEXE S 7.23-3050  21.95-12013
B 16.57 284.30

Y LREE HTEXE 7.00~2948  21.41~1175.8
B 16.02 273.50

YHREE  HEK[A  021~1.02 0.54~25.49
B 0.55 10.81

LREE/HREE HHRIXA  2440~45.19  5.16~46.13
B 32.46 26.71

8 Ce HEXE 0.88~0.89 0.87~0.92
B 0.89 0.90

8 Eu HEX A 0.40~1.37 0.29~1.42
B 0.81 0.70

(La/YO)N  HEXA 64.53~309.01  4.76~748.08
B 179.63 178.47

La/SmN  FEXE  432-8.96 3.219~6.82
B 6.42 4.96

(GILwN  F®EXE  6.02~30.96 1.07~74.35
B 13.41 17.80

Rl KR =hlathes RHCSA S e
143.59~187.14 83.53~206.38
156.73 130.54 128.48

135.47~175.19 67~195.6
146.81 122.15 113.35
5.12~11.95 10.78~17.96
9.92 8.39 15.13
14.20~16.68 4.05~18.15
14.87 14.56 8.47
0.90~1.02 0.92~1.01
0.96 0.93 0.95
0.70~1.41 0.92~1.05
0.91 0.85 1.01
14.71~27.24 3.93~32.62
18.25 15.34 12.30
4.86~7.68 2.26~3.54
6.37 7.16 2.85
1.40~2.12 1.49~5.48
1.74 1.88 2.58
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Fig.6 “He—'He diagram of fluid inclusions in pyrite
from the Jingingding gold deposit
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5t He  fA 16/ 5 Mo He (9 I0 A | 156 B BCH™ 37 14 A
SR TR NI S A= e 1L - Bl N

WA FARE ©Ar*/*He FUAE M 0.183 3~0.903 4,
1 0.373(F 3), WAL FHFE (0.156) 5 HilE (0.33~

JER FEm IR WU He BT 5P HLBIY 7.5% , 4™
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4 & ik

BT Co Ni & Co/Ni HAH 5 #IR # k-
(R RRAE AR B, AR b S e T Bk A VR I =
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I A IMA Y /Ho=22~67 , ¢ B BLH™ it 7 £ 22k
U F e AR, 53 A i B PR R N A ARk B
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Table 3 Helium and argon isotopic components of the Jinqingding gold deposit

FE S G5 JQD-KD-2 JQD-785-3 JQD-585-13  JQD-635-01 JQD-B10
*He/107 3434025 0.4240.05 6.41+0.45 4.01£0.29 9.65+0.67
*He/10 2257 1.294 0.897 0.618 1.756
Rc/10° 0.658 3.08 0.14 0.154 0.182
Rc/Ra 0.4740.021 2.240.097 0.140.003 0.115£0.01 0.126£0.01
A Ar 47461115  462.7+1282 72834377 981.8+38.6  1507.5+125.1
©Ar/107 336+0.23 1.05+0.081 23940.17 1.08+0.081 2.240.16
PAr#107 1.26786 0.37922 1.42076 0.75495 1.76857
SAr/107 0.00708 0.00227 0.00328 0.0011 0.00146
“Ar/'He 0.98 2.5 0.373 0.269 0.228
F'He 2927 1118 11808 22027 39937
YAr+He 0.3697 0.9034 0.2216 0.1883 0.1833
W25 He/% 5.811 27.87 1.093 1.22 1.475

B R R A 2 N T R O AR TN FrHe M RE P *He /YA 5 KR He/ Ar B H
B (KSR *He/*Ar=0.1655) , BANFE T o &8 KA, W F'He =1;Ra 25 A *He/*He WAH
(1.4x107°) ;Re AFEM 1 *He/'He HMH



202 h =

FEAE, {5 SCHA S AIK T Mo b8 RRAE(E | “Ar/*Ar HLIE N
462.7~1 507.5, R A DX AT AR 32 2ok I8 5 | I
SRR PR AR & A AS TR R TR A AR S 7T — e R
A ICER AR He BT 5 HLBIA 7.5%, A%
TR LT R A R RSB S,

B, BATHEFREINLELMNT L ERAR
NEBRIEEE, TRERBRZEMME AAHE
MAERITHRARKK A HE, FRIEFELAE
AT L EBAERATMART FRAKT, F&
FPERAAF(A)FRERR KEEHLE
MABREETHBEEHEL, El—HRTEORE,

5% ik (References) :

[1] 23R BRFL I G R (). K
Li Zhiping. Genesis of Rushan gold deposit in Jiaodong provincel]].

HJEE, 1992, 11(2):165—178.

Mineral Deposits, 1992, 11 (2):165—178 (in Chinese with English
abstract).

(2] ZBES, BOLIE, B, . BRI G0 BN T 1% M), 1t
AR, 1996 1-24, 78-93.
Li Shengrong, Chen Guangyuan, Shao Wei, et al. Research on
Genetic  Mineralogy in  Rushan  Gold Deposit  [M]. Beijing:
Geological Publishing House, 1996:1-24,78—93 (in Chinese with
English abstract).

[ﬂ%ﬁmfﬂ@s%%z—?&?@ﬁmﬁm R B R
RURFAE S Ho 8 ). R , 2010, 29(6):1126—1138.
Chen Haiyan, Li Shengrong, Zhang Xiubao, et al. Thermoelectric
character of pyrite and its significance from Jinqingding gold deposit
in eastern Shandong Province [J]. Mineral Deposits, 2010, 29 (6):
1126—1138(in Chinese with English abstract).

[4] 2% 80 0 L0 7R 4B 7 T8 PR Dt A 8 ol 52 R A A BRI AF S B 0
[]. BT 3

Li Hui. Overprint halo feature research on Jinqingding Au deposit

B, 2000, 15(2):151-157.

and ore prediction following ore exploration [J]. Contributions to

Geology and Mineral Resources Research, 2000, 15 (2):151—-157
(In Chinese with English abstract).

[5] ¥ &, WA 2, IhEe e, A AR A i TOURI R A% 1 42

4 s BR AL B 52 ). K

WIRTE R

5T, 2002, 21(2):187-197.
Ling Hongfei, Hu Shouxi, Sun Jinggui, et al. Geochemical study of
granitic wall —rock alteration in Dayingezhuang gold deposit of
alteration rock type and Jingingding gold deposit of quartz —vein
type [J]. Mineral Deposits, 2002, 21 (2):187—197 (in Chinese with
English abstract).

[6] Hu F F, Fan H R, Yang ] H, et al. Mineralizing age of the Rushan
lode gold deposit in the Jiaodong Peninsula: SHRIMP U—Pb dating

o Jit 2012 4F
on hydrothermal zircon [J]. Chinese Science Bulletin, 2004, 49(15)
1629—1636.
(7] BEERs, BILtE, XVEET LA & 75 T4 0 KR-G5 101 46 0 B 1

TR R IR REE 40 ))]. 57 IR
Chen Xusong, Xu Jiuhua, Liu Jianming. REE composition of fluid

, 2002, 21(4):387-392.

inclusions in Jingingding and Qibaoshan gold deposits, Jiaodong area

[J]: Mineral Deposits, 2002, 21 (4):387 =392 (In Chinese with
English abstract).

[8] Hu F F, Fan H R, Shen K, et al. Nature and evolution of ore—
forming fluids in the Rushan lode gold deposit, Jiaodong peninsula
of eastern China [J]. Acta Petrologica Sinica, 2005, 21 (5):1329—
1338.

[9] Hu R Z, Bumnard P G, Bi X W, et al. Helium and argon isotope
geochemistry of alkaline intrusion —associated gold and copper
deposits along the Red River—Jinshajiang fault belt, SW China [J].
Chem. Geol.,2004, 203:305—-317.

[10] ZHEZE, BRotit, f0Fs, 45, MR FU Al 4 75 10 0 DX 8 B fh 2

BT WRIE])]. AR AR, 1994, 2(6):7-12.

Li Shengrong, Chen Guangyuan, Shao Wei. Research on chemical

composition of pyrite in Jinqingding gold deposit [J]. Gold Science

and Technology, 1994, 2 (6):7 =12 (in Chinese with English
abstract).

SRR, PRSI, SKIDE S S Rl R AL AR UA AR

AN Bl 5 [l — Rl S R R B U-Pb SRR A

4R, 2005, 21(4):1281-1301.

[11

Guo Jinghui, Chen Fukun, Zhang Xiaoman. Evolution of syn— to
post —collisional magmatism from north Sulu UHP belt, eastern
China:zircon U —Pb geochronology [J]. Acta Petrologica Sinica,

2005, 21 (4):1281—1301(In Chinese with English abstract).

[12] skAese, W, 45, AR B Ay Ll 2% b s BEAE B 2 Bk AL 2

R B 3 3L ). AR, 2004, 20(3) :369—-380.

Zhang Huafeng, Zhai Mingguo, He ZF. Petrogenests and
implications of the sodium —rich granites from the Kunyushan
complex,eastern Shandong Province [J]. Acta Petrologica Sinaca,
2004, 20 (3):369—380(In Chinese with English abstract).

WA HG, WIT7 07, M, A SR b A AR A e i A o
LM AR AN 4 1 KRR ()], A A, 2005, 21 (5):1317—

1328.

[13] ¥

Fan Hongrui, Hu Fangfang, Yang Jinhui, et al. Fluid evolution and
large—scale gold metallogeny during Mesozoic tectonic transition in
the eastern Shandong Provincel[J]. Acta Petrologica Sinica, 2005, 21
(5):1317—1328(in Chinese with English abstract).

[14] Balaram V, Anjaiah KV, Reddy M R P. Comparative study on the
trace and rare earth element analysis of an Indian polymetallic

nodule reference sample by inductively coupled plasma atomic



ERDESN B

TRAZ DR A L AR B T DU 7 R A AL O R A B BT R JT R M He—Arr [R5 3R UE 48 203

emission spectrometry and inductively coupled plasma mass
spectrometry(J].Analyst, 1995, 120:1401—1406.

[15] M Z =, MAEA, KGR, 5. PORH0 8 200 i i oo % Bk ik

ZEEAE B HR R R L)), A AT, 2008, 28(3) :64—T71.
Zhou Jiayun, Zheng Rongcai, Zhu Zhimin, et al. Trace element
features of pyrite and their genetic significance in Lala gold deposit
[J]Journal of Mineralogy and Petrology, 2008, 28 (3):64—71 (in
Chinese with English abstract).

[16] Bajwah Z U, Seccombe P K, Offler R. Trace element distribution,
Co:Ni ratios and genesis of the Big Cadia iron —copper deposit,
New South Wales, Australia [J]. Mineral Deposita, 1987, 22:292—
300.

[17] Brill B A. Trace—element contents and partitioning of elements in
ore minerals from the CSA Cu—Pb—Zn deposit, Australia [J]. Can.
Mineral, 1989, 27:263—274.

[18] Bau M, Dulski P.Comparing yttrium and rare earths in
hydrothermal fluids from the Mid—Atlantic Ridge : Implications for
Y and REE behavior during near—vent mixing and for the Y/Ho
ratio of Proterozoic seawater[J]]. Chem. Geol., 1999, 155:77—90.

[19] Douville E, Bienvenu P, Charlou J I. Yttrium and rare earth

elements in fluids from various deep —sea hydrothermal systems [J].

Geochim. Cosmochim. Acta, 1999, 63:627—643.

WA, B R MR AL 2 o0 3R T O T M. dE s

Ji AL, 20078, 75.

[20

Chi Qinghua, Yan Mingcai. Date Book for Abundance of Element
about Applied Geochemistry [M]. Beijing: Geological Publishing
House, 2007:8, 75(in Chinese with English abstract).

[21] Keppler H. Constraints from partitioning experiments on the
composition of subduction zone fluids[J]. Nature, 1996, 380:237—240.

[22] Haas J R, Shock E L, Sassani D C. Rare earth elements in
hydrothermal  systems:Estimates of standard partial modal
thermodynamic properties of aqueous complexes of the rare earth
elements at high pressures and temperatures [J]. Geochim.
Cosmochim. Acta, 1995, 59:4329—4350.

[23] R, BIFR L, Comell D H. S AL 52 MT X R, £

AWk 2 < T R IS U AT I A B9 Rk T R () 3 3R I [
HERFE 2, 2001, 30 (3):263—272.

Bi Xianwu, Hu Ruizhong, Comell D H. Trace element and
isotope evidence for the evolution of ore forming fluid of Yao an
gold deposit,Yunnan Province[J]. Geochemica, 2001, 30(3):263 —
272(in Chinese with English abstract).

[24] Yaxley G M, Green D H, Kamenetsky V. Carbonatite
metasomatism in the southeastern Australian lithosphere [J]. Journal
of Petrology, 1998, 39:1917—1930.

[25] Bau M, Dulski P. Comparative study of yttrium and rare earth
element behaviors in fluorite—rich hydrothermal fluids [J]. Contrib.
Mineral. Petrol., 1995, 119:213—223.

[(26] B, 4 R FR 4 B MR A2 LU AR 4 W B (v,

AU AR, 1998, 11-81.
Yang Minzhi. The Geochemistry of Wallrock Alteration Zone of
Gold Deposits —as Exemplified by Jiaodong Gold Deposits [M].
Beijing: Geological Pulishing House, 1998:11—81 (in Chinese with
English abstract).

[27] Ye X R,Tao M X,Yu Ch A, et al. Helium and neon isotopic
compositions in the ophiolites from the Yarlung Zangbo River,
Southwestern China: The information from deep mantle[]]. Science
in China (Series D), 2007, 50:801—812.

[28] Stuart F M, Turner G, Duckworth R C. Helium isotopes as tracers

of trapped hydrothermal fluids in ocean floor sulfides [J]. Geology,
1994, 22.:823-826.
29

Stuart F M, Bunard P G, Taylor R P, et al. Resolving mantle and

crustal contributions to ancient hydrothermal fluids: He—Ar isotopes

in fluid inclusions from Dae Hwa W —Mo mineralization, South

Korea[J]. Geochim. Cosmochim. Acta, 1995, 59:4663—4673.

[30] Ballentine C J, Burgess R, Marty B. Tracing fluid origin,transport
and interaction in the crust[J]]. Rev. Mineral. Geochem., 2002, 47 :
539—-614.

[31] Mamyrin B A, Tolstikhin I N.Helium isotopes in nature [C]//Fyfe

W S, (ed.). Developments in geochemistry.Elsevier,Amsterdam,

1984, 273.



204 i %] i 2012 4F

=

Trace element and He—Ar isotopic evidence of pyrite for the source of ore—
forming fluids in the Jinqingding gold deposit, eastern Shandong Province

ZHANG Yun—qiang', LI Sheng—rong’, CHEN Hai—yan', ZHANG Xiu—bao®,
ZHOU Qi—feng’, CUI Ju—chao®*, SONG Yu—bo’, GUO Jie*
(1. Hebei Institute of Regional Geology and Mineral Resources Survey, Langfang 065000, Hebei, China;
2. State Key Laboratory of Geological Process and Mineral Resources, China University of Geosciences , Beijing 100083, China;

3. Gold Continent Geological Prospecting Group Co., Ltd., Rushan 264501, Shandong, China;
4.China Petroleum Engineering co.ltd HuaBei branch, Rengiu 062552, Hebei, China)

Abstract: The Jingingding gold deposit with identified reserves of more than 50t is currently the largest lode gold
deposit in terms of single vein gold resources and is also a superlarge gold deposit located in the middle part of the
Muping—Rushan gold belt in Jiaodong; nevertheless, the genetic type and source of ore —forming fluids in the
gold deposit constitute a problem that needs urgent solution. A study of trace elements and REE compositions
and features of gold—bearing pyrite from No. Il ore body of the Jingingding gold deposit reveals that the pyrite
displays hydrothermal characteristics with Co/Ni ratios from 2.317 to 11.734 (7.17 on average). The HFSE
indicates that the ore—forming fluid originally belonged to the F—rich system and generally evolved into the Cl—
rich system at the chief metallogenic stage, and the distribution patterns of REE shows that the source of
matallogenic materials was not mainly from Mesozoic Kunyunshan monzonitic granite. According to an analysis of
the characteristic parameters (‘He/*He=0.1~2.2 Ra (0.60 Ra on average)),*Ar/*Ar =462.7~1507.5 (831 on
average ) ,it is considered that the source of matallogenic materials was mainly derived from the lower crust and
was contaminated by meteoric water during the intrusion,and the mantle fluids were involved in the metallogenic
process.

Key words: pyrite, trace elements; He—Ar isotope ; ore—forming fluids;]Jinqingding gold deposit;Jiaodong
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