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Abstract

This study investigates the microstructures, geochemistry, and hydrothermal evolution of gold-bearing
pyrite and arsenopyrite from Carlin type ( both in the USA and China), turbidite hosted gold deposits of China,
intrusion related gold deposits, epithermal gold deposits and six orogenic gold deposits in the Archean Eastern
Goldfields Province, Western Australia. Scanning electron microscope (SEM), EPMA, and LA-ICP-MS analy-
ses show that the gold-bearing pyrite and arsenopyrite possess a number of similar textural features, including
the occurrence of invisible gold within initial phases of growth, and later-stage visible gold associated with alte-
ration rims. The alteration rims are characterized by a higher-than-average atomic mass (mainly owing to arsenic
enrichment) and are preferentially located along fractures and grain boundaries in the pyrite and arsenopyrite.

These observations suggest that visible gold formation is associated with hydrothermal alteration of preexisting
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pyrite and arsenopyrite. Textural observations and LA-ICP-MS data suggest that some invisible gold was remo-

bilized from early-formed pyrite and arsenopyrite to form visible gold during the development of these alteration

rims and fractures. Based on sulfide stability relations, the authors hold that the development of arsenopyrite al-

teration rims associated with late-stage visible gold formation was related to an increase in temperature (maxi-

mum increase from 310C to 415°C ) and up to six orders of magnitude increase in sulfur fugacity. It is suggested

that the transform from invisible to visible gold depends on the fluid conditions and chemistry.

Key words: geochemistry, invisible gold, visible gold, pyrite, asenopyrite, hydrothermal fluid, alteration rim
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ERRBANE

LR B AR M S s P AR A LU i
™ &, AR TR A E, RZ A s
L “4E 4" (Wagner et al., 2001; Friedl et
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w(Au) KZSLTEE K 19.8 X107 °~649X10 %, &
SEVEMAEIR. MALEE B RENEHMRT
BEE(SPM) X & 5 &9 AL S AT T IR, i
T Au As.Sb.S TR E, B & &0 & &
BUHMESENS MRS, WIKIER, As.Fe.S
SRNRESHEGT NFEL P EER A F
S'TAST BRI, Ak AT
BEAEFERMERMES, MEAEEREERKD, B
HRAEMKI TS ER THOHT. B1 88
SV PRESHYE 2 8, KRR RBIR As
1 Au B ESE (Py-1) s TEER R T B 23 I f ik
BB EGEY (Py-2), ZAH RN As 1 Au & &
weE, HES0rEl. B2 BneT ey NEEky .
BUMEEHFSNERE, E5BRENESEY, HK
RESRT, EEHN w(Aw) F¥R 0.68 X107 (£ 1
ME 2). B IRNAE 3 FARIERM &SR, B
PR B AR . H w(Aw) 4Tk > Z L~
FRL B BRI

50
45 |~ O & —
40 B BT
35 -~
2 W Ex
~ 30 —
iid
w2 |
7 20 _
B
15 .
10 . -
5 = - ( n
0 i i i [ ’% Zg’;ﬁ;x 4 L’ﬁﬁ 1 1 H [} ﬂ
0 02 04 06 08 1.0 30 60 100 300 600 100 300 600 >1000
REWEEE / 10°

B2 £Fev NS0 BT FERKE S BHERE R Zhou et al., 2003)

Fig. 2

Gold concentration in arsenopyrite, pyrite and realgar in the Jinya gold deposit (after Zhou et al. , 2003)
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Table 1 Micrograin of gold in realgar from the Jinya gold deposit {after Zhou et al., 2003)

HERENS 1 2 3 4 5 6

7 8 9 10 11 12 13 R &)

w(Au)/107%  0.44  0.51 0.65 0.65 0.85 0.37

0.65 0.72

0.72  0.37 0.44 0.72 1.70 0.68

A (2000) B T MK ET . %
RO FIRFESR AvHe-TIH HWERE, X
X R RO E (6~ 18 g/O)BIRA (55 o)
REMRBEH IR, L KRBT R, EEHEHF
Rt W EaL B, b A B TR (EMPA) 35 #US
BT B4 (BSE) . I % (WDS) Mg i (EDS) 23 7 £
R, WKERFRBEST KIEE ST A hARIZEE
EHMERT MBO NG Y ¥ R RS RE
WREEFFHT TRREIHIR, B T T EZAH:
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EARE ST PR ARRE, EEEBET RS
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Q) REBEMESTHEDHNIES REW R
E RSB ERD 40 AR R B IR dRLR LR R
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Fig. 3 Location map for Carlin type deposits in the

USA (after Arehart et al., 1993)

I, Hw(Aw FHE: AR BT N 0.35 X
1076, BFLELH H1.39X 10 6 4R E4976.03

X107, MR BERD S 86.39 X 10 % BFLRFBD N
100.98 X 10~ 8; 4RI EEAP K 55.5x 10 °, MHIRIH
B AL EBEET AAREET, w(As) FHN
481.91 %X 10 °—>8933.39 X 10 °—38 276.24x1075;
w(AWFEHHN 0.35%X106>1.39 x 1076—>6.03 X
1075, 4HRBEET F As 1 Au & BEAHXT B
(El5), BLATIL, 24 As S RBE I, Au & 2
MR, R2 BT FARBET RET W Au
MAsHEEEXR,

Bl6EnTEET N RHELSTH As 5 Aull
(R, — I, AsTESH AUSELS. B7TE
/R Ti2F SIMS #l EMPA F3R B H R B R
ST As-Au TR, XK\ As EEEENE SR
WE., &8 W T i SIMS.EMPA 1 LA-ICP-
MS IR B EABI AR PR B ST 1 Au-As
SRS, R Auf 2 PSS, B AL AT AW T,
H, 5 As S BEEN AuE B R.

B3 3 0/ Hl, Lower Post &7 Y w(As) F# N
1.75% ,w(Au)F3 % 117 X 10 ~%; Mule Canyon 4=
T w(As) F¥ R 1.02%, w(Au) FH K 64 x
1079 Kirazli &8 B w(As) FHH 0.16% , w(Au)
FHER 2131070, Bt As S BEBE, Av S &4
VRN =8

EHERTE 2R, PRI As A Au,
HTRHIFFE As Fl Auo 3X 2 FRAF ST B B AL
RRARIM, Hrb N B UTRRB R B0 74,
T W) 2 Ja S PIBRAE R B 7 9. Fleet 55 (1997)
58 T £ E Deep Star RREI & T SRIELY Ak

F2 FHESTHHRET PP Avil As &5 (JE Arehart et al., 1993)
Table 2 As-Au analyses of iron sulfides from Carlin type deposits (after Arehart et al., 1993)

== w(Au) /107 w(As) /% a7 5 w(Au)/107¢ w(As)/% a7
1203-1 70.0 1.9 Lt 1567-11 210.0 1.7 &=
1203-3 83.0 1.6 Ben 1567-10 385.0 2.8 =)
1203-2 116.0 3.4 =31/ 1567-12 285.0 1.4 #b
1203-4 265.0 1.4 =20 SED86/1277B 66.0 0.98 Hew
1567-6 55.0 1.5 HRY SED86/1277C 75.0 1.9 HERY
1567-7 94.0 1.9 BB SED86/1277A 92.0 5.4 2
1567-8 70.0 2.2 By SED86/1277D 245.0 2.0 417
1567-9 385.0 3.8 B QRC391/1650A 4.0 0.22 R
1567-2 690.0 3.8 Fa QRC391/1650B 2.5 0.03 Hay
1567-4 570.0 4.0 £ 20 QRC391/1650C 45.0 3.7 B
1567-5 470.0 4.4 BY QRC391/1650D 62.0 5.4 B
1567-1 220.0 2.0 2 QRC391/1650E 4.8 0.40 HEy
1567-3 290.0 2.8 374
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i, RIS T — S BT R T B 0

4 HSABERERNY Ra&y K4
H5ES0 HUHXR
EXUH Bohemian S A Boudny &8 &5 kA

HEMWEEST . RIILPA 4 Ry f 2 F
EW BB EET (Py1), A& 4 Mk k0

EL0- 1N As a

w
=3
T

g
o>

o

s L
g o
R -
1.0
- 4
2.0~
K T 5-66.66
3.0 1 L | I—} 1 1 i 1 ]
0 20 40 60 80
BEgg/pm
& 12
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HNEHEET , As SBHIL 2% ~4.5%), 8
A5 Au B EE 20 X 1075, AT & & 220 x
107 (B 1500 x 10~) i Pb FIK T 600 % 10 ™6 (1
W, 1350 X107 %) K Sb, ZEFTHAFRAIFER T, Au 5 As
BIEHKER, M Fe 5T X, X5 KMEIS
THERRR—FER . 7E Boudny &5 H, & As B
HEY (Py-2) R 5E As MDD — R, XFED
H) Au B B—RH}(40~150) X 1070, T A FERD 19
Au ZEPEFEHO0~70)xX10°°, FHZEH T Y
t, SR B iR, XM R E T e
T2 B B (] 12,3 5~8),

,sp &I (Py-2) | b
9\52‘0— ;t" I
=ik g g
SSI _|__ ——

1.0 -+
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Boudny £ W B EKH™ 10 AT 45 SR (B Zacharis et al. , 2004)

a. SWEST P AsTSHXE; b. HEH (Py-2)Hh As 5 AuI £ &

% S Boudny &% H&)H Sh.Au.Ag.Pb.Bi JLEHA] LA-ICP-MS S #7453 (#& Zacharis et al., 2004)

Fig. 12 As-Au analyses of pyrite from the Boudny gold deposit (after Zacharis et al. , 2004)

Table 5 Analyses of Sb, Au, Ag, Pb, and Bi of arsenopyrite from the Boudny gold deposit

{after Zacharis et al. ,2004)

_— w(Sb) w(B) /1078 — w(Sb) w(B)/10°°

/% Bi Au Ag Pb /% Au Ag Pb Bi
%1 HEY 0.67 55 37 56 25 %2 E 0.296 24 22 50 31
%1 sy 0.93 120 53 45 20 %2 BB 0.319 40 22 58 18
£ 1 HEw 0.99 39 21 27 11 %2 HH 0.351 7 24 23 19
51 HED 1.27 133 54 44 17 % 2 W 0.355 30 25 35 22
%150 1.60 120 59 45 14 % 2 Wi 0.383 31 26 34 44
%1 HEY 1.67 115 59 32 12 ®2MED 0.420 69 30 66 7
% 1 HE 1.83 148 59 48 15 %2 ED 0.495 26 34 145 73
£ 1 5E0 2.22 152 73 55 20 %2 s 0.555 24 40 38 10
%2 HEY 0.005 nd nd nd nd S HAG H IR 0.007 10 5 11 9
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% 6 Boudny &% HF)H Au, Pb, Ag, Bi, SbTH
B4R X B F (#8 Zacharis et al., 2004)
Table 6 Correlation coefficients for trace elements in
arsenopyrite of the Boudny gold deposit
(after Zacharis et al., 2004)

Sb An Ag Pb Bi
Sh 1 0.894  0.908 -0.128 -0.314
Au 1 0.915  -0.083 —0.348
Ag I ~0.005 -0.227
Pb 1 0.734
Bi 1

Cepedal %5 (2008)8#3¢ T El Valle W k&M &8
HFAuS As KRR, RETHPREET AT YR 4
MESD 3 MERNED, 22 T RLE™H. &
FI EPMA f1 SEM x4 H 47T 7 003K, &89
(Py-2) Y w(As) ik 9.5% . w(Au) H 800 X 107°,
w (Sb) 4 (5000 ~ 18 000) X 1076 2 (Ni) 7 (1000 ~

2000) X 1078, & FERFF AR KT . Frati
RUBDHEAR w(Au) (1250~3000) X 107, 84
A w(Cu) (200~ 1300) X 10 %, w (Sb)9000 x 10 ¢,
w(T1)(3000~4500) X 1076, ZHF KNI RE
KB B Py-2 MBI E As 7o 7E Py-2 I
B, Au 5 Fe 2%, AN, & RGRMTE
HGH FEDH.

B2 6 AJ A, w(Auw) Ml Ag AR 29 0.915,
Au F1 Sb BAHSEE T 0.894 ;1M As Fll Au HIAHREH
FR0.643(F8),

5 ARFUE ARG RMBUREAL YA IR
(VMS) 4 S5 Hia b & P &

ST ISR L KRIEE 1 Hemlo &4 B 7278
TR FUE PR, Lu%(2002) % Xt Hpk 17 7 HF
Fo %H IRER Aufh, IBFETE As Hg F1 Sb LR M
BREY; BRESHST HED M R &

x 7 Boudny £F EH%H (Py-2) B As.Au.Sh.Pb.Bi TTE X & (3E Zacharis et al., 2004)
Table 7 Analyses of Sh, Au, Ag, Pb, and Bi of pyrite from the Boudny gold deposit (after Zacharis et al. , 2004 )

=g w/(gr) B0 Fs w/(:/\S) L
Sb Au Pb Bi o Sh Au Pb Bi
1 0.40 415 3 159 11 15 1.6 250 - 15 152 11
2 0.70 571 182 13 16 1.6 58 16 25 -
3 0.80 553 182 11 17 1.6 286 17 129 13
4 0.90 744 716 10 18 1.7 98 14 65 2
5 1.0 394 10 210 9 19 1.8 127 6 137 4
6 1.2 433 13 222 10 20 1.8 1353 8 1506 18
7 1.3 62 6 52 2 21 1.8 267 17 102 12
8 1.3 103 6 91 1 2 1.9 61 14 28 1
9 1.3 118 8 129 2 23 2.1 134 8 103 3
10 1.3 129 8 189 2 24 2.2 67 17 26 1
11 1.3 209 12 131 4 25 2.2 67 18 28 1
12 1.4 1013 5 1032 13 26 2.5 112 13 88 2
13 1.4 38 12 18 - TR I 0.001 5 0.5 0.5 0.2
14 1.6 53 14 25 -

# 8 Boudny & HIKT (Py-2)F As\Au.Sh.Pb 0
Bi B9482 &% (4% Zacharis et al., 2004)
Table 8 Correlation coefficients for trace elements in Py-2
of the Boudny gold deposit {after Zacharis et al. , 2004}

As Sh Au Pb Bi
As 1 -0.322  0.643 -0.103 -0.397
Sb 1 -0.457  0.932 0.840
Au 1 -0.396 —0.285
Pb 1 0.655

Bi

W HESY AR BBy YItE(E13), A
NAR, %0 R AR 5 7E A RT3k 2 JE B ( Tomkins,
2006;Lu et al., 2002), & 9 5 T Hemlo &% 4
HRERHITITEE R . RET WERT ) w(Au) — K&
H1 (80~160) X 108, BRI w (Au) A (0~ 700) X
1070, [FEET, e M Mg P& D' A
(<10%x107%), IANTE Hemlo &7 M7 JF L2 (3
JRIRE 600~650C , JEH 600~700 MPa) ', fE4E—
A & AsFISb IR IR P IE AT 4, (H A
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BEENE Y —RE & A 350C , &K THfhit
B R AR (Lu et al. ,2002),

% 9 H# Hemlo 1 Challenger H2E A& H",
Montauban AH R AL DB K (VMS), Wagner 5%
(2001)UH, 7 VMS 7 R R AR &, BT
AR S EMAT NS, T 7E 48 B s (400 ~
450°C ,500 MPa)T¥ i i B BARDRL EE 25 s b o, I
EEEMRIR BT RLESHIA,

6 it it

ERME ST P, ATREM] LETHEREK
THBUHERX. AU LERIEFETHEY .51
TP RE . SR MEBED NS EERMYA
R4 , T ERAR G BT & B LU BAR X 80

HHREREST & FEEARETTARE
fkpo BRI BARET MED T, HEAE 2 #:
O ofi THARE PR BEDREERY, © 2%
FAHERKTHBOMESRY . RHNEUMELT
PREAAT IS, IRERH, MBS P HEET
FEUANE, SRBENTIBEALEKFERRS
o,

EEEPBRET T, EUEBRE BEV ™,
EEST MBI HIEE.

B RERGEREY T, Au LIRS ™
THEBKMBY IR N, BEPE - B HEKT
BOOWN,Au W LUAR AT &7 ; 5 3R, B 0 il
AR FEIR BE T e MR BE (fS,) L AH 0 7 s B 2% 1
T, REEBT R T AR, F, R
FEW RS AT I 4, AL T W W R A
AR B TR TR,

S KBERRMED P BEERE AR
JREFTRET AFED S, BHRY MBI AR
W EHEER As FAHM ALK S, HiE TR Y
B E AR E R,

HERTEET H, Aul BREFHETEEY .
B MER HERFESET H, #110, Olympiada 49"
WEDHIS0 A2 BRE.

Au TERALY G AL FEARES, B2 ALY,
Au't EE S Au® —EFFETE (Simon et al. , 1990b),
AufEY Fe HATACHM,, fESTHERT WABET, As
M Au 5 B S ,H Fe F R TR,

A ERAT L, AT & B A MR, — &

B RIRAETE (i3, 2011) , PR S B S —Hr X
W BT MR R A AR, B B AT 4,
HEFHRGTERT T LE.

AT WA B0 e X Nt B REE R RE? HE
KEFE Fe-As-S-Au HHE(FE 14),

FHP(FeAsS) 32 IR ANT

FeAsS + S,= FeS + As + S

TYRRELE RN logf(S)h (12~ -4)
X 10° Pa, iR # 250~700T o

Clark(1960) X 3, & FFWE— RN S RET
B Y -

3FeAsS+ Au= FeAs, + 2Fe; .S+ As-Au-S(AF4)

BIFERE — 1 As-Au-S JEK, TR (FeAsS) HHY
Co.Ni Au A 32 B HE Feo RIS 12, A
ALIELEE R 670°C (100 ~ 300 MPa) , i 2 1 ¥ 19 74
{LIRE R 310~321°C (100 MPa).,

Reich Z (2005) K T Au S As BHTHH
VERRIE , Au IR BE (Ca,) FTHI FUFRIR

Cau=0.02Cs,+4Xx107°
KA, Ca, o Au IUREE, Ca i As IR, X BB
K Au/As T4 R 0.02,

AR A0S IR B TERE N 150~250T . it
UL, REES P w(As) R 1% , MRS HEK w(Auw)
J30.02% . AuEBIRE.

FIE, Au.As Fe #1 S B9R 2 A FIAH B B 36
g4 (K 14.15) F AR

B . Fgrb + BEEERD + AL Au—8ER) + HEk
V +BESD + &

FEIE AR F W Boorara 11 Bardoc BY I H AR 1Y 6
MR RGEET LT, Lo WSt 44 & 0 e
YER 4yl R LETRFIERFD A BT MR
AR, T AT 04 I 43 A F R ek B A Y bk
AR N e SR IETE R R . X DL A
BN FERAY ST R R FFEZ—, LB
B EHEET REPR Au-Ag T HBCRFLS 5
IR BB B XN AR . —SHURER L
PI(VMS) B R 9 BP0 A i AR SR X — 3
%, BINEG 4L ) Boliden HURBRAL S H K | in & K&
KEEAE H) Campbell F K, L &K 9 Frln K, #F
B Gressli BURBRALYIF R 1 3B 8k T A 1R AR TR
(Wagner et al. ,2001),
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