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Abstract: Re-Os dating of molybdenite is a direct and accurate means to date quartz vein-type gold deposits
using the model age or isochron approach. However, to correctly identify the exact relationship between
molybdenite and gold mineralization, representative molybdenite samples should be selected for dating. In this
study, we focused on the largest gold deposit in eastern Hebei Province—lJinchangyu gold deposit— and
compared the microscopic structure and in-situ trace element characteristics of molybdenite and auriferous pyrite
from quartz-albite-polymetallic sulfide vein. Quartz-albite-polymetallic sulfide veins were found to contain
significant amounts of visible gold and invisible gold; both pyrite and molybdenite are known as important
gold-bearing sulfides. Based on detailed mineralogical work, we suggest that the early gold-bearing pyrite
experienced a remobilization process, which acts as an important source of Au for gold-rich molybdenite. Further,
the two may be products of different ore-forming fluid pulse periods under the same large-scale gold mineralization

event. Molybdenite was formed in the main metallogenic stage of the Jinchangyu gold deposit, which is closely
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related to the secondary concentration of Au and may be used as one of the symbolic minerals to identify

high-grade gold ore bodies. Based on the accurate determination of the relationship between molybdenite and

gold mineralization, the molybdenite Re-Os chronometer is a reliable direct dating method for identifying quartz

vein-type gold deposits.

Key words: molybdenite; In-situ trace element; Re-Os isotopic dating; quartz vein-type gold deposit; Jinchangyu;
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simplified geological map of the ore field in the Jinchangyu gold deposit (b) (after Song et al., 2016)
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TEEIEAE, 2012), 24 Co’" . Ni* Bt Fe? 5 As™ & it
S*H, HEERT A S BOK K A SO (T B XU R
TWE, 1980; BG4, 1988; Simon, 1999), XFliY
& 1AW AR A B F B 22 0 ot T 2R BB A AR AR A 21 B
B iy AR, lin Au. Ag. Cu. Mo ZRH"
JGZ (Reich et al., 2005; Deditius et al., 2011; Li et al.,
2019a), ULBXLETEEITCR SRS Co. Ni, As
JUE TR IE MM . AR IRWEI I A B AR R
Au., Ag 5 Ni, As BEEIEMXHEGR 1), BRA
oy Au. Ag JEAEN T B SRS, DIART]
UL S A% 4 . AR RTE AR A L, R B 2R B
Au, Ag. Ni, As TR AR ILFETEEE.
Reich et al.(2005) I BF5E KB, & i & 2k
Au AR As B9XT R & s B VI OC, WA 1111
KRAE LRI Co=0.02xC+4x107°, M Z I,
Au DRI AR 4 A BERAFAE, ML T T,
Au UAHFN Y B ARTE AU, BT s R
E AR H HUHIB Au FEB RS AR AR S
(1, Large et al., 2009; Li et al., 2019a, b; #RHHE
4, 2019; Baidya et al., 2020), AWK R BN,
ST IR ek EME LT A RE
WA A3 A, 20T Aw DAASTRL RN (% [T 4R 4 S 0 Aok -
K AR S PIFIRSAATE T BB H (Bl 5a), X5
IR IR A B A B R B T AR B K A AR
SR G o JTCRMCEMIIEE R BREE D), 7
B bR Au-Ag 5B B IEACPE(r=0.66)41, HoAh
BB Au LA IR (BN Bi, Cu) R Au S BLH
B IEAR G, UL BB R T 1 S ) B AR AE
H AR G R G0 (SR, HoAh 40 W) ik 5 it
AR T Au BAPR S 0B GRS,
{BHEEIHH Cu. Pb, Bi. Ag ¥'5 Au LI B AY
TEAH M (HH 2 R B0 51 R 1=0.68 . 1=0.90. r=0.90
r=0.55)(% 2), RUMEHT P ol RESH GG ST
T SR EST AR, 5 Au DI
S RGN K O A TR B 0 SR A B AR )
ik, EF Au BE LK S IE AT
W AT T B — 2 9 o K Pl L 4 SAS T I
S WRAF T W BT P, BR & A - A -
Z & B EALYIIKIE BT 4 ) W 40 1 3 B B B,
HH P 8 R S Y B R &) .
52 & BETARESESHEET SERTHNXR
B T Y Co/Ni {E 2 H 3 Bk T LA 5 1Y
HHE S H(Bralia et al., 1979; [FGimsE, 1988; %
KA 2010), —fim s, PURREEET Co/Ni HH
AINF L, ERPIRTI R Co/Ni HF S fE 1~5
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a,b, ¢, d, e, ARG LA R EHILA, WERELATREKT; e— ARG EEES T INTER BRI NI h— AR EERB S B
[ 4 )™t 7E B TR B R BBk 5 KA L R i B AL S A AR A R A A, T ) SR ARAE Y 4 R R B
J— ARG AE TR R 5 k, 1—h, § 7% 80008 BUR X A $ 3 HL 8 BSE IR

Py—BHRH; Rt—E 4147 ; Mol—WESHE™; Au—H 484 ; Pb-Bi—HH b AL 4 .

a, b, ¢, d, e, f-molybdenite and rutile coexist closely, and both replace auriferous pyrite; g—gold occurs as Au-inclution in pyrite; h—gold
occurs as fissured gold in microcracks of pyrite, or intergranular gold between pyrite and gangue mineral grains; i—Pb-Bi sulfide closely
coexists with native gold, both are found in the microfissures containing auriferous pyrite; j—natural gold is produced between pyrite grains;
k, I-h, i—corresponding scanning electron microscope BSE images;

Py—pyrite; Rt-rutile; Mol-molybdenite; Au—gold; Pb-Bi—lead-bismuth sulfide.

4 & BRET KRAR-PKA-ZERMULYRT AAZEMRLARBRTRA
Fig. 4 Optical microscope and scanning electron microscope images of quartz-albite-polymetallic sulfide vein ore from Jin-
changyu gold deposit

Z 8], HARERE BIBOR (LSRRG FLifR, 2005), i
78 JoT R TR A AR T O R KRR BTK
H Co/NifEH/NT 1 8UEE 10" B4, 2012), 1E
E AT, BT NER R AR RE L Co*'
KHIZ(Ni**: 20.6 cal/mol, Co*": 7.4 cal/mol), it Ni**
TEA 45 i R R R i AR BRSSP, i
Co” TUITEFR A% 4K Bl Fh A J 8 BE AT S 1 ST Hh AR G
BAE, INZAEEYT TR Co® B Fe AURE J1ok
F Ni¥, AR P Co FRF T
FERILE T NI, B s 7 a WA B Co/Ni
EHHEKT 1 £2E KT 1(EFKH, 1986; %%,
2017)0 ) WA AT IR P & G BRI Co/Ni 48K
ZHKRT 1 BB K, 76 5K gy
FEAE

BT Ni # B EEk Sigh Fe 90L&, JFH
FEIR JFEIREE T G sh PR ag, R ARMEAE J5 JI 00 e
K AR 3k B v i A BRI S R (Tribovillard et al.,
2006; Large et al., 2009), #HCE A H B9 Ni 7 A0 Xt
BORRRRE, nIERHE—E M T A5 K ) ook U8 A B
(Koglin et al., 2010; XIEFFHFSE, 2015), 7E5HKAEM
TE AR, N7 b i R - B Ak T A B AR
(nsbhg FpEH Nio &R 1960x10%(McDonough,
2003)), 7ML SE L T i 43 5 10 TR -FR A A Ni
8 2 U] B S AR (A K i e B)F- 34 Ni 5 &
105><10’6(Tay10r and Mclennan, 1985; Taylor and
Mlennan, 1995)), 4 W40 o & &80 1 Ni &
TSI N 32.14x107°~236.90x107°, F- (il K
94.98x10°%, FWITE J& 7 4 o B A Y FRR T 14 1]
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F BRI T M 5T 5 R

HEAHT ' Re MY & mAEIRMALY FUORIEAE B, A
4 J5 P 0 5 -0 e R DR - Ry i Ak, MR T
Re [ B A HIR A (Mao et al., 1999), —fi
T, YR ORI T M, #EETH Re B
F 100x10°% LW R 5E 08 IR A IR M HE 41T Re
Frim ZAE L 10°% 1 24 1 I 58 4ok A Fe TR,
AT Re SrRENIH /N 10x10 Y(FE 4%, 2007;
Pasava et al., 2016; J&J5& %, 2020), &) x40 H
WEEHT 1 Re 7 138 3 241K, 2L 4 (0.3~9.6) x
1076, SEH4{E M 3.6x10 %(Song et al., 2016), FHi4:
T4 HOREAH T AT Bt 5 52 U B A DG

FRFHERM, & A R RO ) iR
TEARAL, HBA M 2 R W — PR TR = 7 P
BHETAZ A AR ? @R LB, S
B A TR MO B AT 5L A AE AL I I AR B I 1 DX R
fiE HL 2[5/ 7 H 7E A -0 K A - 2 4 R A Ak ) ik
EE T HARE R R, &) IBe0 A 9-aEKA-
24 JE B AL P AR i b R DUVE AR AN 4 2T 4 5K
TEEYY, WA TEIR . RIS RRHE LS
FEIAE S & B AL (8] da—e), WHDEEEHT
G EEARED VLA Rt ol K R I A A 1PN 4 e EA R ]
SR ILA:, WE RSO R, RFFIE B
i (E 4a), RHELAFEHT K F— o ik
HIE L. 44047 (TiO,) & — M i o ] B HL A PR AR 5
a7 AR, 0 A S e D s, TR R E VI
B B2 i R (MR B 4, 1988), IR 4414 |
R 5 O G BT Sy [) — PR A AR AN (] Ak By
BEHIFEY, AR AP b4 4 A N T A Wk 4
fh, X5 RIS E AR AR NAT . B ET AL,
S TS5 AP IR R — BRI
P . R TR R RO R (Cu. Pb. Bi %) &
Wit # (Nb, Ta, Hf 55) P35 &5 & T 5 4%

1000

100 b i
) O
e

10 -

F A

Au/l0"

0lE

0.01F

0.001

0.1 1 10 100 1000

As/10

B2 12 DR RN R 1, 25 K 5b), IRRE R
BB AN A BRI BT [ ) B RO

EA IR L DR N I B e S
H(E 4), FUET WET e sa T 20
& EUOE L RN IAR A DA T, 1991), K%
B4 5 R AL — DR BU7E BBk 24 rh (1 44,
) SOVERR AT il s A B 4 1 (3R 2), WUIRHAE
5 &0 e 25 4 E Lot B A
Ko FEWHT PIRAN Au FEFHINER . B
T2 BRI A ) el 2 AR AT DLV AR R R
T E— A e £ (Large et al., 2007; Cook et al., 2009;
Fougerouse et al., 2016), 11, MHH -4 Au &
WS &S m I 2 MR H(E Sb), Hir
Au SRV BEA WIRP AR 1) & 4 0 BG4k
KW 2B Au AR, AW RBE, &
A 4 IR 4 B 0l R B OB (A 4), 3R
WA 2B TR B R SMER, WS R R E
BEZMaik4e, B Au &R K (BDL~6.36 x
10°°), P Au S RAEIE A 1.36x10°);
BRETE Ti. Mo(FffaR 1), THHEGH® = EH Fe(ffhk
2), R R E W A rh g5 (B 4c), Uk
WIS . Se0A iR S & Wk i1y 7 5
T EIACE RN R RRIE S R S & W Y
Au AJREZ TN T PGS, WAERGS 4 (Cook et
al., 2009; Fougerouse et al., 2016), &K MEHH
F A B BA L S Au MANERE, [HAT LR
I, &g I PSS ST B LA
HEETTE, TS Au i IR E E SIS H
HAHERE S 2 4 I 0 FE R BrBeny =4, [\
B, AT AR R b S B AR bR BT Y 2 —

Bai et al.(2019)X%} 4 ) W40 1 e -Fifk P ik
M5 BRI T T Re-Os 4, RIGFSFERTEAE IS
}(223.5+6.0) Ma, 5 Song et al.(2016)%4H#" Re-Os

Co Ni CuZn Pb Bi As AuAg Sb Ti V Ge Cr Mn Ga

5 & W2 SHEKY Av/As HEE(ME ERHKT SEEY ME TR T8 BFHEX ELE (b)
Fig. 5 Binary plots of Au vs. As for auriferous pyrite from Jinchangyu gold deposit (a) and the average content of trace
elements in a contrast diagram of pyrite and molybdenite from the Jinchangyu deposit (b)
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T AE 28 (25 I 2R AE IS T (223+4) Ma, SINECE 4RI
K225 +4) Ma)fEiR 2570 Bl N FEAR — 8, R4 R %
I ME S BB T 55 4 B R TR A, HL 9 3 0T BE A [F)

— R < A ST AN ) A MR K o 20 147 4,

PO AR AR Y48 R & T IR e TE BT iR AR
R, AIRRS BN SR I A R B A G
5.3 1E$HW Re-Os FHiEMERERE ST HT B

KHE M

AU KA G0 T B AR RSSO JE B
B FIAL A F B N PR 45 X 2 A 52 e, (459 XE DA E

I B )T e BRI 3R A R AR I 1
Y BLA ISR, ORI — A P 5 0 A G 4 b B AR
AHHC R B A0 A i Il AR 2 sk AR 4 1 [l 4
KA R 0] 322 0 1 2 & 00 1 B0 s AR (R B [ 4,
2001).

AR, B SR R A S R
& Rb-Sr . Ar-Ar . PORE A U-Pb i5 . Bk
Rb-Sr 16 X0 A7 9 ok AL G A R FFAT 1 B3 4F 22K,
RAGAG T — Sl 241, Bl T(1)Rb 5T
BT, Rb-Sr PR R A b i A8 B4 h 45 )
ARG QAT AR R S ITTR, 55 k4L
AR FE R Q)VRAEEEMELSE; (4P A
SR AR SO MELLIX Ay (5) IR B A R R AL
2%, (6)Rb-Sr TEG AL i) A IR A8 1 ANV 2
(DALY 1 Rb-Sr & 53l FARAIK, #AKF B
BRI BR ; (8)Rb-Sr AEMF £ Ay 2, [W U5 H HA7 2
SEWIR A Rb/Sr HUAE AR AlodE LA SR HCSE 2R 91 R 1)
SO, 7 A U AR A AR5 8 0 A2 3
YN BIEE, 1998; BRI SE, 2003; E2iRpfd 4%,
2008; BR3CEE, 2011),

Re. Os B8 = B R ER MR T R, #m TAEH:
B0 4 T B AL W e AR (M2 IE S, 2009), [T
Re-Os [Flf7 24K F 2 H 48 b oo K sy 474X
W98 e LA S0 AR T B, AT A
Re-Os [Af R EFEREMET Y, MuiCES a8
WAL B IR B AR AR S 58 b 3R AT T T iz i
(ZEFRAE, 2010; Z2=HE5E, 2012), SHALEERR K
TEAEXT AR, AT Re-Os J7 1A & A S ik
R G0 A HA LU T LS E: DS 54 5
WER Re S (A 10°° ZH04(Stein et al.,
2001)), H—ME oL FEAA G A EE Os(Markey
et al., 1998; Stein et al., 2001; F:Z5E %%, 2009), fik
A HE R | B . B % Re by, #4HH
IURE SR /DS, DUAFRS B L AT USE AR R0 IR 1
AR H SR O B AT B AR AR A AR IS 2)E HH
Re-Os {4 78 BV 7 A% sty ) 30 32 - 16 T3 R85 T {73 B

$7#55F (Raith and Stein, 2000; Stein et al., 2001, 2003;
Stein, 2006), HTER AT 5T, HArRA M
Hb J5T AT 5 45 SR AT S R 3)MEAH T H A R e Y
Re/Os [, 8% A—WEEHA™ IKilE 4T Z2 Al 57 434,
HHEAT RS A U-Po EAERIMEBCE- 3y, W S28 4
A B T RURE ) v R DM AE (1911 40 Li et al., 2017),
TR A% 45 45 W Ao AN 1 B0 B ) 15 %o Ay B Jpk 78 4
W BV R R A 7 ) o

SR, &0 09I BUAE 1 HLA 2 3090 A Bt
(KR, 1989), PRI JHEIE HEAH AT 5 407 1k 2 [A] 1) 1
PR ZR, BG40 10 R I A M AL A AR b R T
WEEAT Re-Os AR M RTHE, 176X BT 40 b T REAIE 32
TR AN EE A B L hth 22 b, X BT SR A S R B
HEAT VPRI B0 A 27 R T 2R AE 43 BT 2 1E A 3L A
MBI A R4 B 1 Z R 6 R, SRR H LA 1
[ 7 XA FESHET Re-Os 4RI Y S5

6 4

D& IBE0 A9-I K A -2 & R BB
T )R B AT B B, KRR A BB
RSB 45 O B S 2 0

MRS 8 U Au B9 IR R I
K, )W R BB Y, R, duE]
VER T I i L B PR B AR B W 2 — o 4
05 35 G B BRAT O BN SO i e TG 2l 5 o [l —
G AT AT S [ R AR K i R 1

3)E I PR R AR 5 <5 AT A ) =2 M) B At 17
KR, EHRA RN M AT T,
FHB” Re-Os J5 52— Pl al SE ) 41 SR BY 0 E%E
Tk

B UL E L 48 E RARAREGETITRL
BOE, FERBOA TS 6 Rl
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