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Abstract The Huangjiawan Ni-Mo polymetallic ore deposit occurred in the basal black shale sequence of the Cambrian strata in the
Zunyi area Guizhou Province China. In order to investigate the sources of oreforming fluids and the mechanism of mineralization
fluid inclusion REE carbon and oxygen isotopes studies have been performed on calcite of the main mineralization stage from the
studied area. Three types of fluids inclusions i.e. liquidsich two—phase fluid inclusions gas—ich two-phase inclusions and pure
liquid aqueous inclusions have been recognized in this study. In addition different types of inclusions with remarkably varied vapor—
liquid ratios exist together implying that boiling might have occurred during mineralization. Meanwhile microthermometric
measurement of the fluid inclusions show that the ice melting temperatures range from —11.6°C to —5.5%C and the corresponding
salinities vary from 8.55% to 15.57% NaCleqv. The homogenization temperatures range from 109.0°C to 181. 1°C  with densities
from 0. 97g * cm to 1.44g * em ™. Rare earth element ( REE) analyses show that the calcites are characterized by high ¥ REE
content (39.9 x 10™® ~ 275 x 107°)  enrichment in LREE (( La/Yb) y =29.6 ~ 63.3) right-nclining chondrite-normalized
patterns and positive Eu anomalies ( Eu/Eu” =2.14 ~14.8) which are coincident with those of seafloor exhalative-hydrothermal
deposits. Carbon and oxygen isotopic results of the calcites are characterized by 8" Cy5ps = = 6. 3%0 ~ =5.7%0 8" Oy syow = 15. 6%o0
~16.0%0 and the calculated oxygen isotopic compositions ( 8" Oysmowao) of the hydrothermal fluids are from - 0.97%o0 to
+5.16%0 which suggested that the carbon in oreforming fluids was mainly derived from seawater-derived hydrothermal fluids. Based
on the above discussion we conclude that the oreforming fluids of Huangjiawan Mo-Ni-polymetallic deposits are mainly composed of
sea water and formation water ( basin hot brine) and the seafloor hydrothermal fluid evolved from sea water participated ore-forming
fluid process.

Key words Carbon and oxygen isotope; REE composition; Fluid inclusions; Calcite; OreHorming fluid; Ni-Mo polymetallic
deposit; Zunyi
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Fig.1 Geological sketch map of studied area ( after Mao et al. 2001)
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(ab) - (1.5 ~6.0cm) (o) - (

. Cal- ; Qz—
Fig.2 The microscope photos of variously occurring calcites in study area
(a b) -width vein caicite( 1. 5 ~6. 0cm) in oreforming black shale; ( ¢) recrystallized cacite ( massive texture) ; ( d) -ealcite mineral inserted by
veinlet quartz; (e f) -the paragenesis of cacite and metal sulphide ( because of the small size of metal mineras and high carbonaceous contents we

didn’ t distinguish the mineral type) . Cal-calcite; Qz-quartz

Th 25°C Co,
. Finnigan MAT-251 EM C.0
0.2~0.3%C * min"'. £0.2%0( 20) - 8"C V-PDB
8%0  V-SMOW .

( ELAN 6000 ICP-MS)
oU6( ) GBPGH(

) ( )
5% Qi et al. (2000) . C. . .

100% ( McCrea 1950) : .
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3
(a) - i (b) - i(e) - ( )i (d) -
(5% ~80%)
Fig.3 Fluid inclusion types of calcites in study area
( a) diquid—+ich-vapor + liquid fluid inclusions; ( b) ~vapor—ich-vapor + liquid fluid inclusions; ( ¢) 9pure vapor fluid inclsions; ( d) -the paragenesis

phenomenon of type (a) +(b) +(c) fluid inclusions and the V/L is about 5% ~80%
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Table 1  Microthermometric results of the two phase’ s aqueous inclusions from calcites
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27( 12)

Ti Tht ** Osyow-v1,0
( um) (%) (0) () (%) (w%Nacleq) (g em)

xz4-0 4~6 20 -8.5 113 -0.63 12.28 1.03
6 15 -8.7 116.3 -0.28 12.51 1.03

6 10 -8.9 110 -0.96 12.73 1.04

xz-4- 4 30 -11.35 134.7 1.51 15.32 1.04
xz4-2 4 10 -5.5 130 1.08 8.55 1.00
6 15 -6.6 131 1.17 9.98 1. 00

xz53 4 20 -6.5 115 -0.32 9. 86 1.02
xz5-5 8 20 -6.1 110 -0.86 9.34 1.02
xz5-6 6 20 -6.2 121. 1 0.31 9.47 1.01
xz-5-6- 6 20 -6.3 119. 8 0.18 9.6 1.01
xz-5-63 6~8 10 ~20 -7.7 113.2 -0.51 11. 34 1.03
-7.9 125.6 0.76 11.58 1.02

-5.5 113.7 -0.46 8.55 1.01

-9.3 113.8 -0.45 13.18 1.04

-7.9 125.9 0.79 11.58 1.02

-7.1 119.9 0.19 10. 61 1.02

-8.6 110. 8 -0.77 12. 39 1. 04

-8.6 109 -0.97 12. 39 1.04

xz-5-6-4 4 20 -10.1 118 0 14. 04 1.04
xz444 6~8 20 -9.0 151.3 3.01 12.85 1.01
8 20 -8.9 165. 6 4.08 12.73 0.99

8 20 -7.8 150. 2 2.92 11. 46 1.00

xz142 10 5~15 -9.8 145 2.5 13.72 1.02
-9.9 143 2.33 13.83 1.02

-6.6 143 2.33 9.98 0.99

-6.1 145 2.5 9.34 1.13

xz443 4~6 5~15 -10.1 145 2.5 14. 04 1.35
-10.2 146 2.58 14. 15 1.35

-9.3 147 2.67 13.18 1.30

-11.2 155.6 3.35 15.17 1.43

xz44-4 6~10 5~10 -10.5 151.5 3.03 14. 46 1.38
-10.4 159. 8 3. 66 14. 36 1.39

-11.3 158.9 3.59 15.27 1. 44

xz44-5 12 20 -10.1 174.9 4.72 14. 04 1.39
xz14-6 6~12 5~10 -9.5 181.4 5.13 13.4 1.36
-8.0 181. 8 5.16 11.7 1.26

-10. 4 181.3 5.13 14.36 1.42

-10.1 181 5.11 14. 04 1.40

-10.4 178 4.92 14. 36 1.41

-10.4 173 4.59 14. 36 1. 41

xz44-7 4~6 10 ~15 -9.7 135 1. 64 13. 62 1.31
-9.9 145 2.5 13.83 1.34

-10.1 153.9 3.21 14. 04 1.36

-9.8 150 2.91 13.72 1.34

-10.1 154 3.22 14. 04 1.36

-9.8 145 2.5 13.72 1.33

xz44-8 6~8 20 -9.9 155.6 3.35 13.83 1.35
-9.9 157.1 3.46 13.83 1.35

xz-14-9 8§ ~10 10 ~15 -9.4 163.9 3.96 13.29 1.33
-9.3 164. 1 3.97 13.18 1.32

-10 163. 8 3.95 13.94 1.37
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1
Continued Table 1

Ti Tht b OSMOW—V«HZO
(‘pm) (%) (°C) (C) ( %o) (wi%Nacleqv)  (g*em™?)
xz44-0 6~8 5~10 -10.3 133.3 1.48 14.25 1.34
-10.1 135.5 1.68 14.04 1.33
xz-14-1 5 40 -8.9 133.2 1.47 12.73 1.02
xz1442 8 30 -9.3 136.7 1.79 13.18 1.02
xz23- 8 10 ~17 -7.9 127.5 0.54 11.58 1.21
10 10 -8.5 127. 4 0.53 12.28 1.24
xz232 22 15 -10.3 149.5 2.47 14. 25 1.37
10 20 -11.3 146.5 2.22 15.27 1.42
xz233 6 20 -11.3 140. 5 1.72 15.27 1.41
xz234 8 10 -11.6 143.5 1.98 15.57 1.43
xz23-5 4 10 -10.2 144.5 2.06 14. 15 1.35
xz23-7 6 10 -10.2 132.4 1 14. 15 1.25
xz23-8 8 10 ~15 -8.6 130. 1 0.79 12.39 1.27
6 -8.9 132.5 1.01 12.73 1.32
xz252 8 ~10 10 ~15 -5.5 137.5 1. 56 8.55 1.27
-8.9 135.5 1.38 12.73 1.20
-7.5 136. 8 1.5 11. 1 1.20
-7.5 137.5 1.56 11. 1 1.22
xz253 6~8 10 ~15 -7.9 134.9 1.33 11.58 1.20
-7.5 141.6 1.91 11. 1 1.26
-8.4 149.6 2.58 12. 16 1.26
xz25-4 8 ~10 10 ~ 15 -8.6 145.6 2.25 12.39 1.28
-8.9 141.3 1.89 12.73 0.97
60 o
4.2
(2
( SREE) (39.9x10°°
~275 x107°) ((La/
Yb) y =29.6 ~ 63.3), ( Sun and
McDonough 1989)
Ce
H—RECC) Fu ( 5.
4 (a) (b)
Fig.4 Histogram showing fluid inclusion salinities ( a) and 4.3 C.0
homogenization temperatures ( b) of calcite Ni-Mo 5
> ( 3o 8" Cyson
120 ~150°C(  4b); (0.97 ~ 1. 44¢ = 6.3%0 ~ — 5. T%o( —6.1%0) ; 8" O\ ayon

o -3 P o
em ") (1)  FLINCOR ( Brown and Lamb 1989) 15. 6% ~ 16. 0%d( 15. 8%0) .
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Table 2

Guizhou Province

(x107%)
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REE contents ( x 107°) and relative parameters of cacite from Huangjiawan Ni-Mo polymetallic ore deposit in Zunyi

XZ25 XZ24 X740 XZ5  XZ4 X744 XZ23 OU6(RV') OU6(MV') GBPGA(RV") GBPGA(MV")
La 24.5 17.1 1.2 73.7  50.1 37.7  28.1 33.0 33 53.0 51
Ce 33.9  22.3 15.8 113 61.6 554 430 74.4 78 103 105
Pr 3.3 214 1.6 1221 577 569 4.18 7. 80 8.1 11.5 11.6
Nd 1221 7.8 595 453 200 21.6 15.4 29.0 30.6 43.3 42.4
Sm 1.82 1.26  0.91 7.15 277 3.43  2.38 5.92 5.99 6.79 6.63
Eu 5.69 5.73 1.89  4.92 412 505 3.43 1.36 1.35 1.79 1.69
Gd 1.57 .12 0.90 6.93 3.07 330 227 5.27 5.50 4.74 4.47
Tb 0.25 0.19 0.16 1. 11 0.44  0.51 0.36 0.85 0.83 0. 60 0.59
Dy .15 0.92 0.73  5.36 1.87  2.56 1.58 4.99 5.06 3.26 3.17
Ho 0.24 0.19 0.15 .13 0.38 0.55 0.33 1.01 1.02 0.69 0. 66
Er 0.62 0.53 0.39 294 098 1.56 0.88 2.98 3.07 2.01 2.02
Tm 0.07 0.05 004 0.32 010 0.15 0.10 0.44 0.45 0. 30 0.29
Yh 0.3 0.28 020 1.68 0.54 0.85  0.49 3.00 3.09 2.03 2.03
Lu 0.04 0.02 002 0.22 005 0.10 0.05 0.45 0.47 0.31 0.31
Y REE 85.6  59.7  39.9 275 151 138 102
LREE/HREE  19.0 17. 1 14.4  13.0 19.5 13. 4 15.9
(La/Yb) y  48.6  41.3 380 29.6 63.2 30.0 388
(La/Sm) y  12.5 126  11.5  9.60  16.9 10.2  11.0
(Gd/Yb) y  3.74 3.24 3.67 3.34 464 315 3.77
5Fu 10.3 14.8 637 2.14 433 459 451
5Ce 0.18 0.22 026 009 0.13 0.14 0.17
REE Sun and McDonough ( 1989) ; 6Cey  SEuy ; Ce” = (Lay. Pry)!'"? 8Ce=Cey/
Ce" FEu" =(Smy. Gdy)'? 6Eu=FEuy/ Eu" ;RV": ( Govindaraju 1994) ; MV™ :
3 Ni-Mo C O (%0)

Table 3 C and O isotopic compositions ( %o) of the representative calcites from Huangjiawan Ni-Mo polymetallic ore deposit in Zunyi

Guizhou Province

S]BCV—PDB( %%o)

5180\'4)03( %o)

8" O\'JSMOW( %o) 8" OV—SMOW«HZO( %0)

X74 _5.8 ~14.5 15.9 (-0.63~ +1.17) (n=6) 0.31
X7 -6.2 —14.4 16 (=0.97~ +0.31) (n=13) ~0.16
X744 ~6.3 ~14.4 16 ( +1.46 ~ +5.16) (n=36) 3.18
X723 ~6.3 ~14.8 15.6 ( +0.53 ~ +2.47) (n=10) 1.43
X725 -5.7 ~14.7 15.7 ( +1.33 ~ +2.58) (n=9) 1.77
oE 5180»’41\10\\;‘4120%" yn
Chen 1991; Murowchick et al. 1994; Lott et al. 1999;
2000; Jiang et al. 2003 2007 2008;
5 2010; Piet al. 2011) .
51 . Grauch et al. (1991)
109 ~
( 2001) . 172°C 12% ~14% NaCleqy; ( 1996)
Ni-Mo
3 240°C. 200°C. » Lott et
( 1973; al. (1999)

1982; Mao et al.

1984) ;

et al.

2002; Lehmann et al.

2007) ; PGE.Ni.Co

( Fan

( Coveney and

21.6% NaCleqv

266°C
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Fig.5 Chondrite-normalized REE pattern of host rocks ore
and calcite from Huangjiawan Ni-Mo polymetallic ore deposit
in Zunyi Guizhou Province

(a) black shale; ( b) phosphorite; ( ¢) Ni-Mo metal layer; ( d) -
calcite. The REE data in ore and wall rock after Feng et al. 2010
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(2004)
170°C 27% ~31%
NaCleqv 4% ~6% NaCleqv 130
~170C, (

) 0

109.0 ~181.8°C( 1)

( Peteretal and Scott  1988) .
(8.55% ~15.57% NaCleqv)
( Gardner and

Hutchinson 1985; Samson and Russel 1987) .

(5% ~
CaCl,-NaC1-H,0

5.2
( REE) 1
( Wood 1990;
Haas et al. 1995; Zhong and Mucci 1995)

Ca’*  REE™ ;
LREE’* HREE’" Ca’"
LREE  HREE Ca®"
LREE
( Wood 1990; Zhong and Mucci 1995; Rimstidt et al.
1998) .
LREE “HREE REE
( 1995; 2006) .
( .
) (
1077 ). ( Eu/Eu"
30) ( Michard et al. 1989; Klinkhammer et al.

1994; Douville et al. 1999) .
(39.9 x
107% ~275 x107°) ( Eu/Eu’

2.14~14.8)( 2) REE .

( Mclennan 1989; Douville et al.
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1999) .
o Cc-0
( Spangenberg et al.  1996; 2001;
2005) -
( 1997; 2000) .
Ni-Mo C
8" Cy oo %0 ( -6.3%0 ~ —5.7%0)
( 3) ( ) ( = 5%0 + 2%0) °
Ni-Mo

( 2009) .
+15.6%0 ~ +
Zheng( 1999)

8" Oysyow %o
16%o(  3)
10°Ina = Ax10°/T* + Bx10*/T + C( A
4.010;B= -4.66,C=1.71) ;

18
0 0\[—SMOW—HZO %o

-0.97%0~ +5.16% (1. 3) 1 3

Ohmoto( 1986)  Sheppard
(1986) ( +5.5%0 ~ +9%o0) o
5]8 O\'%MOW«[-IZO%O
(1)
:(2)

1 (3) Na®.
Mg** .Ca®* K+ Cl~.S0,>" .
HCO,” Br~ Na® Cl° 8% 0 =
—1.0%o0 ~ +0. 5%o( 2004) ;

8" Oy syowanyo %o ( =0.97%0 ~
+5. 16%o0) o 4( a)
( 10. 5% NaCleqv) Ni Mo V PGE
Cl™
Cl™
( ) °
\ 8%0 .

Ni-Mo

( ) LREE

( Cocherie et al.

1994; Mills and Elderfield 1995)
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5.3
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( )
( 1999;
2005) -
1% ~13%
( 1996;
Zhu et al. 2004) Ni-Mo-Se. Re. As-
Hg.Sb.Au.Ag.PGE P o
1 N
(Fan et al. 1984;
2000; Mao et al. 2002; 2005; Jiang et al.
2006 2007; Pietal. 2011) .
Fu/Eu"
( Cocherie et al.
1994; Mills and Elderfield 1995) . Eu
o Eu’*
Eu Eu®* o
Eu/Eu’
Eu
( 2000) -
5 - - REE
Eu
Eu °
° REE
REE
1
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\REE  C.O
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