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Complexity and uncertainty of tracing fluid sources by means of H-O, C, S,
N isotope systems: a case study of orogenic lode gold deposits
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Abstract: H-O, C, S, N stable isotope systems are widely used to trace the sources of ore-forming fluids; never-
theless, with the steady accumulation of isotope-related data, the complexity and uncertainty of fluid tracing
have become more and more distinct. First, stable isotopic compositions usually overlap various potential source
reservoirs and thus result in uncertainty and multi-interpretation. Second, once leaving their sources, ore fluids
might experience complex geological processes till ore precipitation. During these processes, various isotopic ex-
changes and fractionations occur, which dramatically change isotopic compositions of fluids. In addition, diverse
post-mineralization alterations further complicate isotopic features of ores. Consequently, the isotopic data from

ores should be interpreted very cautiously, especially when used to trace potential sources of ore-forming fluids.
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With examples of well-researched orogenic lode gold deposits, this paper points out that the interpretation of
complex stable isotope data depends not only on potential source reservoirs but also on complicated ore-forming
processes, which include isotope exchange during fluid-rock interaction along the pathways traveled by the aurif-
erous fluid, isotopic fractionation at the depositional site, and possible post-ore resetting. Intense sulfur isotope
fractionation can be easily driven by oxidation which generally occurs during fluid-rock interaction, phase separa-
tion due to fluid pressure fluctuation, and fluid mixing. Therefore, considerable variation of mean &*S values
can occur in quartz veins in different orientations in the same deposits, and even among sulfide crystals of the
same stage in the same hand specimen. Wall-rock interaction, immiscibility of CH; and CO,, and evolution of
ore fluids inevitably result in very diverse carbon isotope data of hydrothermal carbonates (especially calcites),
which overlap several potential source reservoirs. H-O isotopic data also vary significantly due to the exchange
with wall rocks. 6D data, commonly obtained from bulk fluid inclusion analysis or calculation according to hy-
drous mineral analysis using appropriate mineral-water fractionation equation, generally signifies involvement of
meteoric water and post-ore resetting because of the failure to eliminate secondary fluid inclusions. In addition,
N stable isotope compositions, recorded in N-bearing minerals, e.g., K-feldspar and mica, commonly overlap a
variety of potential source reservoirs, particularly metamorphic and magmatic ones. It is therefore very difficult
to constrain ore-forming fluid sources by means of stable isotope studies without a serious consideration of the in-
fluence of ore-forming processes. However, intensive isotopic researches based on spatial and temporal variation
may unveil not only the evolution of ore-forming fluids but also their sources.
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Groves 1998 Goldfarb 2003
2001
Ridley and Diamond 2000

Goldfarb et a/. 2007 Phillips and Ridley = Diamond 2000
Powell 2009

CO, H,O-CO,-NaCl + CH,
+N, 200 ~400C
pH 5~6
1995 McCuaig and Kerrich 1998
Ridley and Diamond 2000 Goldfarb et al. 2001
Groves et al. 2003 Phillips and Evans 2004
2005 Bortnikov 2006 2007
Chen er al. 2008
CH
O SN Ridley = Diamond 2000 Re

McCuaig and Kerrich
1998 Ridley and Diamond 2000 Groves et al. Re<0.01



579

S
)

McCuaig and Kerrich 1998 Ramsay et al. 1998

5
0.01<Re<1 Groves et al. 2003
Re>1 — 3%0 ~
Re + 9000 - 1000 ~ + 8%0
Re Yilgarn
SI' - 4000 ~ + 4000
Pb O Re Hodkiewicz et al .
2009
N H C Re
Re Re
1
Re 2003 -
20 -5 -10 -5 0 5 10 15
K
| L R : 28 %%q
N — ;
erH—
- ek D ————
= : E3EH
Au HS , Phillips and Groves 1983 Mec- *&1-__5_|_
Cuaig and Kerrich 1998 Mikucki 1998 Phillips . PRI ——
: W ——
and Evans 2004 Hodkiewicz et a/. 2009 8 —
EE o P &
REELL 1 g _ -
i ———F— i
W
——#mi
pH . —+— 5
%3 : : [ —
Ohmoto and Goldhaber 1997 - ;é&,(@
i
TR -1;0 S (i) 5 10 15
& 3S/%o
1.1 1 S
Fig. 1 Total range of 8*Sy,. in ore-related sulfides and av--

erage 8*S, e values short vertical lines from repre-

sentative lode gold deposits of North China

2001 Hart 2002 Qiu 2002
2003 2004b  Miao 2005 2005
Chen 2008
Data from Nie Fengjun et al. 2001 Hart et al. 2002 Qiu et

2004b
2008

al. 2002 Lu Xinxiang et a/ 2003 Chen Yanjing et al .

Miao et al. 2005 Wang Yitian ez al. 2005 Chen et al.



580 29
900 S 4.3%o
S =19.2%0 ~ — 6.3%o S
1. 1%0 1 2004a 2004b
— 5%o0 ~ 5%o
S 2 Hod-
kiewicz et al. 2009  Hagemann  Cassidy 2000
Qiu 2002 S
6%o0 ~ 10%o = 10%o 18%o
6%o
—0.2%0~12.6%o Miao
et al. 2005
S 1
pH
2003 0 1.2.2
oS 0~
10%o
Hart et al. 2002
1.2 Meguma
S +9%0~ +25%o
0~ 10%o
Kontak et al. 1990  Juneau
—_— Goldfarb et
al. 1991
1.2.1 S ~17.8%0~ —5.6%o
—6.0%0 ~ —1.3%0
0~ 10%o —3.8%0~ +1.2%o0 Juneau
0~10%o
Ho et al. 1992 2001
™S
McCuaig
and Kerrich 1998
2003
2005 S 0 Ohmo- 1.2.3
to and Rye 1979
0
g
Marini et al. 1998

0~10%o

- 20%0 - 5%0



IR

3 5E [P R BRI R BRI S MM 2 R TP —— D& L B e h 581

 OEmE

i

T \ %
@ +25% 7\

o %
o > 4 L
+1.5%0 * "N
AN
& 5
d \ ”
o 1

A \N-°

'ECmO - ¢
Lo

2 POMRER G SR B A ARSI BT A M S HGR R Z KA, # A Hodkiewicz %%,2009)
Fig. 2 Sample photographs and 8**S values of ore-related pyrites from deposits in the Eastern Goldfields Province
(from Hodkiewicz ez al.» 2009, scale bar is in millimeter increments)

P S [Rlfr & 77 4B B R 222 (Ohmoto and Gold-
habers 1997).

TEIE WA IR P M pH BT, ISR
e el LU B AR s s R, T HLRE SR
JE T 2 250 5 A R AR AR R R AR SR B, 42 11
VIR LT T o EL T2 < W i AP T8 2 1 O v SR

T HTE B AR, DRDEL IR R AL AR B S T
A NI CE 3)(Roberts, 1987). B E IR, ¥4 #l
LT I AR A AR AR 25 B AR K S AL 3% 4
T, BRUAFAR P LE IR S [T 2 52 0% fE A
pHETT LU A B K SAR . 243 JR v i 3 L B el
PR 2 AR, o THs, BB HyS St



— 583

Hodkiewicz 2009

Wiluna
2000 Hagemann and Luders 2003

Hagemann and Cassidy

2004b
2
C02 XC02 =0.1~0.2
C
pH
Phillips and Evans 2004 2008 C
Re
2%o

Ridley and Diamond 2000

Kontak and Kerrich 1997
2.1

CO,

8" Cpppy
- 23%0 ~ + 2%()
3¢
Meguma

McCuaig and Kerrich 1998
Ashantic
Kontak et al. 1990

Oberthur ez a/. 1996 Kontak and Kerrich 1997

S C = 11%0 ~
+2%o
2003
S C —1.4%0~ —7.7%0 = 5.0%0
3B C —4.7%0 ~
—4.9%0 —4.8%0 3¢
=5.8%0~0.03%o0 = 1.9%o
dC =2.7%0~ —5.8%o —4.1%o
dbC = 4.2% ~ —5.0% Miao
et al. 2005
= 3.4%0 ~
=5.9%o 1999 Qiu et al. 2002
Mec-
Cuaig and Kerrich 1998 @
@ CO, ©)
@ co, ®
CO, —11%0~ + 2%o
2.2
CO,
CH,
c S
CO, CHy4
C
3C
3 McCuaig and Kerrich 1998
O CcO,
CO,
BC @CH, O,
CH,
CH, CO,
300C 25%o CH,
CO,
HCO;5 BC 33 C



28 f

582 29
SO;~ H,S SO;~ HS™
34S S
34S
Phillips and Groves 1983 Mec-
-24 |- 300°C, 1 X 10°Pa , Total sulfur:0.0:51nol Cuaig and Kerrich 1998 Mikucki 1998
I HSO; i o%e
| Phillips et al. 1986 Evans et al. 2006
|
|
|

=)
= 32 F
2 |

36|

40

1 3 5 7 9 11
pHIE
3 pH

0.01x107% 0.1x10°¢ 1.0x
107° 10.0x10°° Roberts 1987
Fig. 3 Plot of oxygen fugacity log f()z against pH show-
ing gold solubility contours 0.01x107% 0.1x107% 1.0

X 10 ©and 10.0X 10 % for gold-bisulfide complexes mod-
ified from Roberts 1987

S S

S
345

Hemlo

Kalgoorlie Kirkland Lake Mec-
Cuaig and Kerrich 1998
2004b
1
Mikucki 1998

2002

Uemoto et al .

S Mt Charlotte Water

Tank Hill Wallaby S

McCuaig and Kerrich 1998

S
CO,
CO,
Palin and Xu 2000 HSO, ™
H,S H,S
Phillips et al. 1986 1996

Victory-Defiance
New Celebration
5*S

Hodkiewicz et al. 2009

Sibson et al .

1988 Rye 1993 Robert ez

al. 1995 Mikucki 1998 H,
CH; H,S
SO, H,S Drum-
mond and Ohmoto 1985
HS™ S
S H,S
ass



584 29
BC©® 7%o0 ~ 10%o
Taylor 1974
dBC 1994
13 Ridley and Diamond 2000
513C 5180
Victoria 3180
d3BC  —25%~ —2% Gao and Kwak 30 30O
1995 Meguma —13%0~ —26%0 Kontak and Alleghany 310
Kerrich 1997 310 Ridley and Dia-
mond 2000 Abitibi
30
30
Cadillac
C
Barker et al. 2006
CO, Beaudoin and Pitre
2005
4
H,O-CO, 1994 1995
1996
oD MO
CcO, = 120%0 ~ + 5%0
= 80%0 ~ —20%0 3D
3
3 "0
30
4a 4b
4c 1999
4 H-O
O]
12%0 ~15%o 4 2003 -
12%0 ~ 19%o 4
SO 5%0 ~ 11%0  7%0 ~ 13%0 4  Mec- oD —67% |
Cuaig and Kerrich 1998 Bierlein and Crowe =85% I —52%0 Il —64% 1
2000 3O =73% Il —72% I
1%0 ~2%o 3180
4.1% I  —1.7% 1 —2.5% I
4.7% 1 1.9% I —6.8% Il
SO 4.6% 1 4.3% 1 —3.4% Il
McCuaig and Kerrich 1998 2003

BISO 5%0’“25%0



FSH ETEREAE:

A3 7€ R 38 FBCR VR /R B 1 B 2 MM 2 A PR TPid—— DLIE WL B4 &0 A

585

WIRET » O SR PR A BRI R SOK B 8 2 (B 400
) 12 DX 1) 5 B R AR BB g — 1, 5180
4.1%0~7.2%0s 8D A — 64%0 ~ — 67%0» T T 38 JiT 7K
A IR K . SREERIZE(1994, 1995, 1996 ) Fl I ¥R i 25
(1996 )8 I X IR AR BB K S0 FITL PG 4R LA R &R s
3 ML SR A AR 38 ¥ % M1 1 2 ) AR AL I R A

8D/ %o

20 -

5
60/ %o
ok
20k

40}

-60F

oD/ %o

-80}

-100

DARIGFEEL 35

-120 ABC=MrEt

-140

8D/ %o

-20

-40

-60

-80

-100

-120

-140

Rt PR T P B ACE AR BLAE R RIORELTE 5
km BT AR 58 7K — B A B RS T AR (58—
BB, SR JE T AR BT A TTE DR A T K A AL
BEERCEZIBD . B BUKE RN £ R E
FER PE I 7 P, R B2 B R ) W/R BB C>
5.0, N5 & T KK A R RIPE A .

abies-
Pilgrims Rest

50/ %o

Juneau

Melbourne Zone

Mother Lode

-20

530/ %o

4 Kitrd (D Toi (b BA (OB L ey P AR FEE
Fig. 4 Summary of oxygen and hydrogen isotope data from Archaean (a), Proterozoic (b)» Phanerozoic (¢) representative
lode gold deposits
PR FZ5] B McCuaig F1 Kerrich(1998) /5 4% 25(1999) . Bierlein AT Crowe( 20000 S KA %5 (2003 Miao %£(2005)
data from McCuaig and Kerrich, 1998: Lu Huanzhang er al.»1999: Bierlein and Crowe, 2000: Lu Xinxiang et a/.» 2003:
Miao et al.» 2005

DL ARFAE B 7 4 B AR B R A KSR B9
AR RAKIMA G B H-O FAL #Z A2 &
AN T T JR 46 7K B TR A 2% 20 1, TUVER ok F— R 51 B A
F, WRIGK 1 H-O R 47 2 20 Bl 7K 5 48 B 4E H [
W/RAE B 1 6180 0 6D DA K S bk 5 55 ok ZE R
%,1994; Taylor, 1997). 1 KRS KBIMAZE AL |
RATESPUGE TR A, B E A o Bk A =R Y
FR A AR DI AT AR 1 52 i B 44 1, 3RS

1) H-O RIS A A A B R B S I AR IR X
T DAL 2 A e I A7 2R 4 A I R
2, SO I 2 R B AR oD. 1T B I A
BEERBEEANCE RAECER, EFERKERIK
A, AT E A T KSR R S,
KRAKBEKX AT 2R AT 4 8D o 8 &4
AETE T [ — AN A8 3 4y P [ 5N 7R (Kerrich and
Wyman, 1990; So and Yun, 1997). Goldfarb %



586 29
1997 3D 31N
1% ~ 3% 5 Jia and Kerrich
Re 2004b Jia 2006
H ISN
Jia 2006
4 H-O BISN - 5000 ~ + 10000
SN
O 2002 0%0 - 10%0
1 . 9%0 -~ 9 . 4%0
H-O
H-O
1999
Jia  Kerrich
4 1999 Superior Yilgarn
\]HI SISN + 10%0 ~ + 24%o
Jia
and Kerrich 1999 2002 SN 130 <10 6~
5 Jia and Kerrich 1999 3500%X10°° 1.7%0~35.5%0

2004a 2004b 2002 SUN

—10%0 ~ + 5% — 2%~ 0%o SPN 1%0~6%o Jia and Kerrich 2000 Jia ez
+1%0 ~ + 18 %o al. 2003 2002
1000 {w
B EN v s
TRNFE A ek

A

A ® o5

. 100
5 ;
z A
. AA
. A M A Ahe
10 ~— <
::: HBHR i« 5 »
IIII|IIII|IIII||II||I|II|IIII|IIII
-10 -5 0 15 20 25

5

10
S15N/%o

Fig. 5 N content and 8N values of ores and granites from lode gold deposits

Bebout 1999 Jia

data from Bebout et al.

Kerrich 1999 2000 Sadofsky
1999 Jia and Kerrich 1999 2000 Sadofsky and Bebout 2000 Jia ez al.

Bebout 2000 Jia 2001 2002
2001 Mao Jingwen er al. 2002



5 — 587

5 8
peg g BN 1.7%0 ~
10.1%o
29 ~
64 x10°¢ SN 2.4%0 ~8.9%o
31N
Ridley = Diamond 2000
Re
1 . 7%0 -~ 7 . 9%0
Sr Pb O Kalgoorlie
Golden Mile
SN+ 10%0 ~ Evans et al. 2006
24%0 SN
1.7%0~5.5%0
N 1.7%0~ 10.1%0
5
Superior Yilgran Ridley and Diamond 2000
815 N C02
1.7%o 24%o
SN
S
C H-O
31N
N N



588

29

References

Barker SL L Cox SF Eggins SM et al. 2006. Microchemical evi-
dence for episodic growth of antitaxial veins during fracture-con-
trolled fluid flow J . Earth and Planetary Science Letters 250 1~
2 331~344.

Beaudoin G and Pitre D. 2005. Stable isotope geochemistry of the
Archean Val-d' Or Canada orogenic gold vein field J . Minerali-
um Deposita 40 1 59~75.

Bebout G E  Cooper D C Bradley AD et al. 1999. Nitrogen-isotope
record of fluid-rock interactions in the Skiddaw Aureole and granite
English Lake District ] . American Mineralogist 84 10 1495~
1.505.

Bierlein F P and Crowe D E. 2000. Phanerozoic Orogenic Lode Gold De-
posits A . Hagemann S G and Brown P E. Gold in 2000 C . Boul-
der Colorado Society of Economic Geologists Inc. 103~ 139.

Bortnikov N'S. 2006. Geochemistry and origin of the ore-forming {luids
in hydrothermal-magmatic systems in tectonically active zones J .
Geology of Ore Deposits 48 1 1~22.

Chen Y ] Pirajno F and Qi J P. 2008. The Shanggong gold deposit
Eastern Qinling Orogen  China = Isotope geochemistry and implica-
tions for ore genesis J . Journal of Asian Earth Sciences 33 3~
4 252~266.

Chen Yanjing LiJing Pirajno F et al. 2004a. Hydrothermal metal-
logeny of the Shanggong gold deposit east Qinling studies on ore
geology and fluid inclusion geochemistry J . Journal of Mineralogy
and Petrology 24 3 1~12 in Chinese with English abstract .

Chen Yanjing Lin Zhijia Pirajno F ez a/. 2004b. Hydrothermal met-
allogeny of the Shanggong gold deposit east Qinling study on the
stable isotope geochemistry ] . Journal of Mineralogy and Petrolo-
gy 24 3 13~21 in Chinese with English abstract .

Chen Yanjing Ni Pei et al. 2007. Diagnostic fluid in-
clusions of different types hydrothermal gold deposits J . Acta

2 085~2 108 in Chinese with English

Fan Hongrui

Petrologica Sinica 23 9
abstract .
Chen Zhensheng Zhang Ligang Liu Jingxiu ez al. 1996. Oxygen iso-
topic geochemistry characteristics and the occurrence model for dif-
Geology
44 ~51 in Chinese

ferent style gold deposits in Eastern Shangdong area ] .
and Mineral Resources of South China 4
with English abstract .

Drummond S E and Ohmoto H. 1985. Chemical evolution and mineral
deposition in boiling hydrothermal systems ] . Economic Geology
80 1 126~147.

Evans K A Phillips G N and Powell R. 2006. Rock-buffering of aurif-

erous fluids in altered rocks associated with the Golden Mile-style

mineralization Kalgoorlie gold field Western Australia ] . Eco-
nomic Geology 101 4  805~817.

Gao Z and Kwak T. 1995. Turbidite-Hosted Gold Deposits in the Bendi-
go-Ballarat and Melbourne Zones Australia I. Geology Mineral-
ization Stable Isotopes and Implications for Exploration ] . Inter-
national Geology Review 37 10 910~944.

Goldfarb R ]  Groves D I and Gardoll S. 2001. Orogenic gold and geo-
logic time a global synthesis J . Ore Geology Reviews 18 1~2
1~75.

Goldfarb R ] Hart C Davis G et al. 2007. East Asian gold Deci-
phering the anomaly of phanerozoic gold in precambrian cratons J .
Economic Geology 102 341~345.

Goldfarb R ] Miller L D Leach D L et al. 1997. Gold deposits in
metamorphic rocks of Alaska A . Goldfarb R J and Miller L D.

Economic Geology Monograph 9 C .

151 ~

Mineral Deposits of Alaska
El Paso Texas
190.

Goldfarb R ] Newberry R J Pickthorn W ]

hydrogen and sulfur isotope studies in the Juneau gold belt south-

Economic Geology Publishing Company

et al. 1991. Oxygen

eastern Alaska - constraints on the origin of hydrothermal fluids J .
Economic Geology and the Bulletin of the Society of Economic Geol-
ogists 86 1 66~80.

Groves D I Goldfarb R ] Gebre-Mariam M et al. 1998. Orogenic
gold deposits A proposed classification in the context of their crustal
distribution and relationship to other gold deposit types | . Ore Ge-
ology Reviews 13 1~5 7~27.

Goldfarb R J Robert F

metamorphic belts Overview of current understanding outstanding

Groves D 1 et al. 2003. Gold deposits in
problems future research and exploration significance J . Eco-
nomic Geology and the Bulletin of the Society of Economic Geolo-
gists 98 1 1~29.

Hagemann S G and Cassidy K E. 2000. Archean orogenic lode gold de-
posits A . Hagemann S G and Brown P E. Gold in 2000 C . Boul-

9~68.

Hagemann S G and Luders V. 2003. P-T-X conditions of hydrothermal

der Colorado Society of Economic Geologists Inc.

fluids and precipitation mechanism of stibnite-gold mineralization at
the Wiluna lode-gold deposits Western Australia conventional and
infrared microthermometric constraints J . Mineralium Deposita
38 8 936—~952.

Hart CJ R Goldfarb R] Qiu Y M ez al. 2002. Gold deposits of the
northern margin of the North China Craton multiple late Paleozoic-
Mesozoic mineralizing events ] . Mineralium Deposita 37 3~4
326~351.

Ho SE Groves DI McNaughton N J ez al. 1992. The source of ore
fluids and solutes in Archean lode-gold deposits of Western-Australia

J . Journal of Volcanology and Geothermal Research 50 1~2
173~196.

Hodkiewicz P F Groves DI Davidson G J et al. 2009. Influence of

structural setting on sulphur isotopes in Archean orogenic gold de-

Eastern Goldfields Province Yilgarn Western Australia

129~150.

Jia Y F. 2006. Nitrogen isotope fractionations during progressive meta-

posits

J . Mineralium Deposita 44 2



— 589

morphism A case study from the Paleozoic Cooma metasedimentary

complex southeastern Australia J . Geochimica et Cosmochimica
Acta 70 20  5201~5214.

Jia Y F and Kerrich R. 1999. Nitrogen isotope systematics of mesother-
mal lode gold deposits Metamorphic granitic meteoric water or

J . Geology 27 11 1051~1054.

Jia Y F and Kerrich R. 2000. Giant quartz vein systems in accretionary

mantle origin

orogenic belts the evidence for a metamorphic fluid origin from
delta ®N and delta '*C studies J . Earth and Planetary Science Let-
ters 184 1 211~224.

Jia Y F and Kerrich R. 2004a. Nitrogen 15-enriched Precambrian kero-
gen and hydrothermal systems ]
Geosystems 5 Q07005.

Jia Y F and Kerrich R. 2004b. A reinterpretation of the crustal N-iso-
tope record evidence for a N-15-enriched Archean atmosphere

J . TerraNova 16 3 102~108.
Jia Y F Kerrich R and Goldfarb R. 2003. Metamorphic origin of ore-

forming fluids for orogenic gold-bearing quartz vein systems in the

Geochemistry Geophysics

North American Cordillera Constraints from a reconnaissance study
of delta >N delta D and delta 180 ] . Economic Geology and the
Bulletin of the Society of Economic Geologists 98 1 109~123.

Jia Y F Li X and Kerrich R. 2001. Stable isotope O H S C and
N systematics of quartz vein systems in the turbidite-hosted Central
and North Deborah gold deposits of the Bendigo cold field Central
Victoria Australia Constraints on the origin of ore-forming fluids

J . Economic Geology and the Bulletin of the Society of Economic
Geologists 96 4 705 -721.

Kerrich R and Wyman D. 1990. Geodynamic setting of mesothermal
gold deposits-an association with accretionary tectonic regimes J .
Geology 18 9 882~885.

Kontak D J and Kerrich R. 1997. An isotopic C O Sr study of vein
gold deposits in the Meguma terrane Nova Scotia implication for
source reservoirs ] . Economic Geology and the Bulletin of the Soci-
ety of Economic Geologists 92 2 161~180.

Kontak D J Smith P K Kerrich R er al. 1990. Integrated model for
Meguma group lode gold deposits Nova-Scotia Canada J . Geolo-
gy 18 3 238~242.

Lu Huanzhang. 2008. Role of CO, fluid in the formation of gold de-
posits Fluid inclusion evidences J . Geochimica 37 4 321 ~
328 in Chinese with English abstract .

Lu Huanzhang and Chi Guoxiang. 1995. Geochemical characteristics of
fluids in shear zones and their significance for mineral exploration

J . Journal of Guilin Institute of Technology 15 1 9~22 in
Chinese with English abstract .

Lu Huanzhang Guha J and Fang Gengbao. 1999. Characteristics of ore
forming fluid in Linglong Gold Mine Shandong China ]
Geochimica 28 5 421~437 in Chinese with English abstract .

Lu Xinxiang Yu Xiangdong Yu Zaiping et al. 2003. Characteristics
of ore-forming fluids in gold deposits of Xiaoginling-Xiong’ ershan
area ] . Mineral Deposits 22 4  377~385 in Chinese with Eng-

lish abstract .

Mao Jingwen Li Houmin Wang Yitian ez a/. 2005. The relationship

between mantle-derived fluid and gold ore-formation in the Eastern
Shandong Peninsula  Evidences from D-O-C-S isotopes J . Acta
Geologica Sinica 79 6 839 ~ 857 in Chinese with English ab-
stract .

et al. 2002. Nitrogen

isotope and content record of Mesozoic orogenic gold deposits sur-

Mao Jingwen Zhang Zuoheng Wang Yitian
rounding the North China craton J . Science in China Series D-

Earth Sciences 32 9 705~ 716 in Chinese with English ab-
stract .

Marini L Chiappini V' Cioni R et al. 1998. Effect of degassing on
sulfur contents and partial derivative **S values in Somma- Vesuvius
magmas ] . Bulletin of Volcanology 60 3  187~194.

McCuaig T C and Kerrich R. 1998. P-T-t-deformation-fluid characteris-
tics of lode gold deposits evidence from alteration systematics J .
Ore Geology Reviews 12 6 381 ~453.

Miao LC QuYM Fan WM et al. 2005. Geology geochronology

southern Jilin

137~165.

and tectonic setting of the Jiapigou gold deposits
Province China J . Ore Geology Reviews 206 1-~2
Mikucki E J. 1998. Hydrothermal transport and depositional processes in
Archean lode-gold systems a review ] . Ore Geology Reviews 13
1 307~ 321.
Nie Fengjun Jiang Shihong and Zhao Yueming. 2001. Lead and sulfur
isotopic studies of the Wenyu and the Dongchuang quartz vein type
Henan and Shaanxi Provinces

163~173 in Chinese

gold deposits in Xiaoqinling area
Central China J . Mineral Deposits 20 2
with English abstract .

Oberthur T Mumm A'S Vetter U et al. 1996. Gold mineralization in
the Ashanti belt of Ghana Genetic constraints of the stable isotope
geochemistry J . Economic Geology and the Bulletin of the Society
of Economic Geologists 91 2 289~301.

Ohmoto and Goldhaber. 1997. Sulfur and carbon isotopes A . Barnes H
L. Geochemistry of Hydrothermal Ore Deposits C . New York
Wiley 517~612.

Ohmoto H and Rye R. 1979. Isotopes of sulfur and carbon A . Barnes
H L. Geochemistry of Hydrothermal Ore Deposits C . New York
Wiley 509~567.

Palin ] M and Xu Y. 2000. Gilt by association Origins of pyritic gold
ores in the Victory mesothermal gold deposit Western Australia

J . Economic Geology and the Bulletin of the Society of Economic
Geologists 95 8 1627~1634.

Phillips G N and Evans K A. 2004. Role of CO, in the formation of gold
deposits ] . Nature 429 6994  860~863.

Phillips G N and Groves D 1. 1983. The nature of Archean gold-bearing
fluids as deduced from gold deposits of Western-Australia J . Jour-
nal of the Geological Society of Australia 30 1~2 25~39.

Phillips G N Groves D I and Kerrich R. 1996. Factors in the formation
of the giant Kalgoorlie gold deposit ] . Ore Geology Reviews 10 3
~6 295~317.

Phillips G N Groves DI Neall F B ef al. 1986. Anomalous sulfur
isotope compositions in the Golden Mile Kalgoorlie J . Economic
Geology 81 8 2008~2015.

Phillips G N and Powell R. 2009. Formation of gold deposits Review



590

29

and evaluation of the continuum model J . Earth-Science Reviews
94 1~4 1-21.
Qiu Y M Groves D1 McNaughton N ]

and tectonic setting of granitoid-hosted orogenic gold deposits of the

et al. 2002. Nature age

Jiaodong Peninsula eastern North China craton China J . Miner-
alium Deposita 37 3~4  283~305.

Ramsay W R H Bierlein FP Arne D C et al. 1998. Turbidite-hosted
gold deposits of Central Victoria Australia their regional setting
mineralising styles and some genetic constraints J . Ore Geology
Reviews 13 1~5 131~151.

Ridley ] and Diamond L. 2000. Fluid chemistry of orogenic lode gold de-
posits and implications for genetic models A . Hagemann S G and
Brown P E. Gold in 2000 C . Boulder Colorado Society of Eco-
nomic Geologists Inc. 141~162.

Robert F Boullier A M and Firdaous K. 1995. Gold-quartz veins in
metamorphic terranes and their bearing on the role of fluids in fault-
ing J . Journal of Geophysical Research-Solid Earth 100 B7
12 861~12 879.

Roberts R. 1987. Ore deposit models Archean lode gold deposits J .
Geoscience Canada 14 37~52.

Rye R O. 1993. The evolution of magmatic fluids in the epithermal envi-
ronment-the stable isotope perspective J . Economic Geology and
the Bulletin of the Society of Economic Geologists 88 3 = 733~
753.

Sadofsky S J and Bebout G E. 2000. Ammonium partitioning and nitro-
gen-isotope fractionation among coexisting micas during high-tem-
perature fluid-rock interactions Examples from the New England
Appalachians ] . Geochimica et Cosmochimica Acta 64 16
2 835~2849.

Sibson R H Robert F and Poulsen K H. 1988. High-angle reverse
faults fluid-pressure cycling and mesothermal gold-quartz deposits

J . Geology 16 6  551~555.

So CSand Yun ST. 1997. Jurassic mesothermal gold mineralization of
the Samhwanghak mine Youngdong area Republic of Korea Con-
straints on hydrothermal fluid geochemistry J . Economic Geology
and the Bulletin of the Society of Economic Geologists 92 1 60~
80.

Taylor HP. 1974. Application of oxygen and hydrogen isotope studies to
problems of hydrothermal alteration and ore deposition. Economic
Geology 69 6  843~883.

Taylor H P. 1997. Oxygen and hydrogen isotope relationships in hy-
drothermal mineral deposits A . Barnes H L. Geochemistry of Hy-
drothermal Ore Deposits  3rd edition C . New York Wiley 229
~303.

Uemoto T Ridley ] Mikucki E ef al. 2002. Fluid chemical evolution
as a factor in controlling the distribution of gold at the Archean Gold-
en Crown lode gold deposit Murchison province western Australia

J . Economic Geology and the Bulletin of the Society of Economic
Geologists 97 6 1227~1248.
Wang Yitian Mao Jingwen Ye Anwang et al. 2005. Isotope geo-

chemical characteristics of auriferous quartz veins from medium and

great depths of Xiaoqinling area central China and their significance
J . Mineral Deposits 24 3 270~279 in Chinese with English
abstract .

Zhang Ligang Chen Zhensheng Liu Jingxiu et al. 1994. Water-rock
exchange in the Jiaojia style gold deposit a study of hydrogen and
oxygen isotopic composition of ore-forming fluids J . Mineral de-

193~200 in Chinese with English abstract .

Zhang Ligang Chen Zhensheng Liu Jingxiu et al. 1995. Water-rock

posit 13 3

Hydrogen and oxygen
261~

exchange in the Jiaojia style gold deposit
isotopic study of altered rocks J . Mineral deposit 14 3
272 in Chinese with English abstract .

Zhang Ligang Liu Jingxiu Yu Guixiang et al. 1996. H and O isotope
study of the water-rock interaction system of the Yingshan Cu -Pb-
7Zn-Ag mine Jiangxi Province ] . Acta Geologica Sinica 70 1
54~60 in Chinese with English abstract .

Pirajno F . 2004a.
J. 243 1~12.
Pirajno . 2004b.
J. 24 3 13-~21.
. 2007.
J . 239 2085~2108.
. 1996.
J. 4 44~
S1.
. 2008. CO, J .
37 4 321~328.
Guha J . 1999. J.
28 5 421~437.
. 199s.
J. 151 9~22.
. 2003. -
J. 22 4 377~385.
. 2005.
] 79 6 839~857.
. 2002.
J. D 329
705~716.
. 2001.
J . 20 2 163~173.
. 2005.
J. 24 3 270~
279.
. 1994. - -
J. 13 3 193~200.
. 1995. - -
J. 14 3 261~272.
. 1996. - - -
- J. 70 1 54~060.





