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Abstract Ore forming hydrothermal fluids consisting largely of silicate melt H,0 CO, and NaCl formed most of Earth’ s
mineral deposits. The ore forming fluids exist as magma magmatic fluids meteoric water seawater basinal brine and metamorphic
fluids. The metal concentration of the ore forming fluids could be classified into 5 groups according to their geochemical features and

metal amounts in the fluids. These were approved by the fluid inclusion and nature ore forming fluids analysis.
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1
Table 1  Pay grade of some metal deposits
(%)
Fe 25 ~30
Mn 30
Cr, 0, 37 ~40
TiO, 10 ~20
V, 05 0.7
Au 1 ~5(gl/t)
Hg 0.04 ~0.05
Mo 0.2~0.3
WO, 0.2
o, 0.1
Cu 0.4~0.5
Ph 0.5-0.7 1
7n 1 A ; L- ; Hem— ; Cu— ; H= ; Any-— ;
Al, 05 40 K-
sb 1~2 Fig.1 Metal daughter minerals bearing fluid inclusions in
2011 porphyry Cu deposit
2011; Rusk et al. 2008; Seo et al. 2011, 1995) 2 ( 1997)
Table 2 Metal contents in natural ore-forming fluids ( after Lu
LA-HCP- 1997)
MS
( 2010) . ( x10°9) Salton sea Cheleken  Oil field brine
Na 53000 76140 59200 19700
Ca 27400 19708 36400 7500
2 K 16700 409 538 3700
Mn 1450 1400 NA 690
1 Fe 1560 2290 298 NA
40% 1 x Si0, >461 NA NA NA
107 ~5 %105 Zn 518 540 300 1300
Sr 411 400 1100 NA
5 B 257 390 NA 185
’ ° Ba 203 235 61 NA
Li 194 215 NA NA
Mg 33 54 1730 570
. . (1. Ph 100 102 80 NA
Cu-Fe Cu 5.9 8 NA 140
2000 Cd 2.2 NA NA NA
( ) Cs NA 14 NA NA
Salton Sea Cheleken NH, * 333 409 39 NA
( 2. 2)o Cl~ 151000 157000 158200 46500
Br~ 99 120 870 NA
CO, 1600 32 NA NA
H,S 15 0 NA NA
S0,%" 64 309 310 1600
Cu.Pb.Zn Fe
:NA = 3
2.1
o Si0, + CaCO;, « CaF,

JH,0(  NaCl) €O, .
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2 Cu Pb Zn
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(

Fig.2 Cu Pb and Zn contents in Mid Ocean ridge fluid and ore deposits in volcanic rocks ( after Lu 2011)

VH,0.C€0,.8i0,.F.Cl o
2.2
2 Cu-Pb.Zn.Ba.As
Sh o Cu.Pb.Zn
( . . )

( 3; Barnes 1997) . Fe 2 x
107¢ ~35000 x 10 ¢ . Al (5x107° ~
4000 x 107%) : Zn.Cu-Pb.Ni  Co

4x107° ~71 x107°, Zn 4x107°~71 x
10 Cu 5x107°~25x10"° Pb  6x107°~20x10"°

Ni  7x107°~20x10"° Co
Sn.U.W Mo
5.5x107°~10x107° U

2x107°~12x107° Mo 1.5x10°°~13 x107%;

Bi.Cd.Hg Ag 0.05x107° 18 x107%, Bi
0.13x107°~15x107° Cd  0.1x107° ~16 x10™° Hg

8x107°~10x10"°;
1.5x10™* ~13x10°, Sn
2.8x107° ~11x10°° W

3
Barnes 1

Fig. 3

( after Barnes

0.6x107° ~17 x107° Ag

Au
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2011)
(
997)
Five groups metal amounts of oreforming fluids

1997)

0.05 x107° ~18 x107%;
Pi( ) 0.001 x107% 21 x



4 (
Barnes 1997)
Fig.4 Metal contents of fluid inclusions of six types ore

deposits ( after Barnes 1997)

107°%, Au  0.0018 x10™® 20 x107° Pt 0. 001
x107% 21 x107%,
2.3
4 Cu~Pb.Zn
o Cu~Pb.Zn
740 x 10 7% ~7700 x 10 ¢ 80 x 10~°
~4600 x 10 ¢ 131 x
107° ~ 10900 x 10 ~° MVT
1.3x107°~1.9x107° .
Cu-Zn-Pb 3.5x10°°
2200 x 10 ~° 10 x 10 ™% ~ 1000 x 10~ .
Cu.Pb.Zn 1.2x107° 55 x
107,
( CuPb.Zn)
Cu~Pb+Zn
Cu~Pb.Zn

Ba.As  Sb o
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5 LAICP-MS MVT Pb-Zn

( Appold and
Wenz 2011)
Fig. 5 Metal contents of fluid inclusions of MVT Pb-Zn
deposits by LAJCP-MS method ( after Appold and Wenz

2011)

o

Au 0.001 x10™*  0.010 x10°° Ag
0.008 x10™* 1.0x107°°,
Cu<Pb.Zn 15%x107° ~116 x10~°

~ ~

Cu~Pb.Zn o
LAdCP-MS
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3 LACP-MS Bajo de la Alumbrera Cu-Mo ( Ulrich et al. 2001

)
Table 3 Metal amounts in single fluid inclusion by LAICP-MS method Bajo de la Alumbrera porphyry deposit ( after Ulrich et al.

2001)

T, Na K Fe Cu Au Mo Ag
(°c) (wt% NaCleqv) (wt%)  (wt%)  (wt%) (wt%) (x107%) (x107%) ( x107%)
600 ~771 38 ~53 5~11 5~17 9~13 0.01~0.03 <2 30 ~ 140 10 ~20
488 ~671 37 ~71 11 ~25 5~14 7~22 0.01 ~0.4 0.3~0.8 30~120 10 ~20
470 ~ 600 53 ~66 10 ~12 7~13 10 ~22 0.1~0.5 NA 70 ~220 2~20
6 LA-CP-MS Guanajuato Au-Ag Au  Ag ( Moncada et al.

2012)
Fig.6  Au and Ag amounts in single fluid inclusion by LAICP-MS method Guanajuato epithermal deposit ( after Moncada et al.
2012)

( MVT) Pb~Zn - Lerchbaumer and Audétat 2012; Baker et al. 2003; Heinrich
(Seo et al. 2011; Ulrich et al. 2001; Rusk et et al. 1992) . ( MVT) Pb~Zn LA-
al. 2008; Stoffell et al. 2004; Appold and Wenz 2011; ICP-MS N Ph



7 Cu.Pb.Zn.Fe.Mn (
Fig.7 The relationship between temperature and Cu Pb Zn

205 x107% Zn 86 x 10 ~°( Stoffell er al. 2004) . Appold
and Wenz( 2011) Pb <100 x 10 °.Zn <100 x 10 *.Cu <
10x107° Pb = 1500 x
10°°, Cu-Pb.Zn Cl.Br.S.Na.K.Ca.Ba Sr

o
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Yardley 2005)
Fe Mn amounts in oreforming fluids ( after Yardley 2005)

Lerchbaumer and Audétat( 2012)  LA-CP-MS Na

3% K 1.8% S 0.5% Fe 0. 4% Mo 40 x 10 "°.Cu 0. 3% Mn

0.02% +Zn 800 x 10 ° Rb 600 x 10 ~°.Cs 300 x 10 ~°.Pb 180

x107°.As 150 x 10 *\W 40 x10®  Bi 15 x 10 °. Baker et

al. (2003) Cu HS
Heinrich et al. ( 1992) Cu.As  Au
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8 Cu~Pb.Zn.Fe.Mn Cl ( Yardley 2005)
Fig.8 The relationship between the amounts of Cu Pb Zn Fe Mn and Cl in oreforming fluids ( after Yardley 2005)

Na.K.Fe.Mn.Zn.Rb.Cs.Ag.Pb Tl o Na.Ca.K Mg Cl.
Cl”. HS . NH, . OH . 4000km’
CH,CO0~ F.S0,>” \HCO,  .CO,*” . 450 ~500km Na.Ca.K.Sr.Ba.Mg
o AT Cl MVT
Cu®* o o
Cl o 5 LA-CP-MS MVT 3 Bajo de la Alumbrera Cu-Mo

N 5



9 Pb  Zn ( Yardley 2005)
Fig.9 The relationship between Pb and Zn in oreforming
fluids ( after Yardley 2005)

Na.K Fe.CusAu.Mo Ag
3 o 6 Au-Ag
LA-ICP-MS Au  Ag
Au 0.0 0.4x10°° Ag
0.0 53.5x10°° 3 .
2.4
Na.K.Ca.Si o
Cl~\HS" .NH,.OH~  CH,CO0’"
F.S0,>” HCO’~ CO,>” .
Cl Cu~Pb.Zn.Fe Mn
( Yardley
2005) Cu CuHS . Pb
pH =4.96 Cl
cl .
o Cu.Pb.
Zn.Mn.Fe (7
Cu
o Cu.Pb.Zn.Mn Fe Cl
( 8
Zn ZnCl.ZnCl, Pb.Fe.Mn.
Cu MeCl  MeCl, ( Me = Cu
Zn Pb Fe Mn), Cl 1000 x 10 ~°
500000 x 10~
cl .
Cu<Pb-Zn 1x107% 1500 x10°° 9 Ph

Zn Au CO, HS Cu
HS ( Zajacz et al. 2011) .
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(1) N
Si0,  H,0.CO, .CI\F o
(2)
x107? x107° .
Fe Al
; Zn.Cu.Pb.Ni  Co; Sn.U.W  Mo;
Bi.Cd.Hg Ag; Au Py ) o
(3) .
(4) Si+ Na.
Ca.K Cl.F.HS.0.S Cu.Pb.Zn
Cu-Pb.Zn Pb.Zn.
Fe.Mn Cl Cl
(5) Cu HS
Au CO, HS o

(6) LAICPMS
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