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Abstract Huangshan-Jingerquan copper-nickel mineralization belt is located in Late Paleozoic eastern Tianshan orogenic belt
which is part of the Central Asian orogenic belt. This mineralization belt is the second largest copper-nickel deposit base in China other
than the Jinchuan deposit with total reserves of copper nickel up to one million tons. The Huangshanxi Cu-Ni ore deposit is one of the
large deposits in the Huangshan-Jingerquan copper-nickel mineralization belt. The average grade of copper is 0.31% with a total
reserve of 188000 tons average grade of nickel is 0.49% with a total reserve of 32 million tons. The geochemical characteristics of
the Huangshanxi rocks are significantly different from mafic-ultramafic rocks in Tarim large igneous province. The mafic-ultramafic
intrusions in Huangshan-Jingerquan mineralization belt were emplaced at 269 ~298Ma which were earlier than the mafic-ultramafic
intrusions in Tarim large igneous province ( 272 ~274Ma) . In addition no Early Permian extensive flood basalt outcrop was observed.
The Huangshanxi intrusuion is characterized by significant Nb Ta Ti negative anomalies low (¥ Sr/*Sr) . (0. 7034 ~ 0. 7037)
and high ey, (5. 14 ~7.14) . These geochemical characteristics can not be explained by crustal contamination but indicate that
the primitive magma may be derived from partial melting of a metasomatized mantle source and formed in the active continental margin.
However the petrographic characteristics of the Huangshanxi intrusive rocks are different from Alaskan-type mafic-ultramafic intrusive
rocks therefore it can not be excluded that partial melting of the metasomatized mantle occurred in a post-collisional extensional
environment and the upwelling of asthenosphere may play an important role.

Key words Huangshan-Jingerquan Cu-Ni mineralization belt; Huangshanxi mafic-ultramafic intrusion; Magma Cu-Ni sulfide
deposit; Metasomatized mantle; Asthenosphere
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(Wt%) (x107%)

Contents of oxides ( wt%) and trace ( x 107°)

elements of the Huangshanxi intrusive rock

XHO5 XHO8 XHO5 XHO8 XHO8 XHO8 XHO05 XHOS5
36 B! 30 S 6 = 411 28

Si0,
TiO,
Al, O,
Fe,0,"
MnO
MgO
CaO
Na, O
K,0
P,04
LOI
Total
Se

Cr
Co
Ni
Cu

Ce
Pr
Nd

Eu
Gd
Th

52.8 52.8 52.3 49.7 47.6 50.2 47.1 46.9
0.66 1.12 0.59 0.42 0.38 0.43 0.31 0.29
18.0 17.9 17.7 4.80 5.04 5.06 3.85 4.72

7.24 7.97 6.78 8.45 9.20 7.62 10.6 11.0
0.12 0.14 0.11 0.17 0.17 0.16 0.17 0.13
6.90 6.23 6.92 19.8 21.7 17.7 27.1 27.6
9.38 8.8 895 14.7 11.4 157 7.34 599
336 2.95 3.38 0.36 0.40 0.49 0.47 0.80
0.45 0.51 0.27 0.08 0.08 0.19 0.17 0.22
0.08 0.17 0.07 0.06 0.06 0.08 0.04 0.05
0.32 1.8 1.72 1.23 3.47 1.55 1.44 1.14

99.3 100.6 98.8 99.8 99.6 99.1 99.0 98.8
24.4 26.1 28.6 58.3 48.5 66.7 23.3 31.3
145 183 140 250 192 311 76.2 91.5
162 138 163 2000 1980 989 1813 2119
44.4 27.5 38.9 70.8 76.6 54.8 77.5 104
3.9 21.1 38.6 195 181 121 312 440

34.0 14.3 17.4 66.1 63.8 46.0 50.8 56.0
4.14 8.61 4.21 1.20 1.60 1.65 2.09 2.41
9.44 19.8 9.58 3.80 4.25 4.84 4.47 5.41
1.36 2.8 1.45 0.73 0.70 0.87 0.68 0.77
6.39 12.5 6.66 4.07 3.55 4.84 3.36 3.79
1.62 3.34 1.48 1.51 1.28 1.78 0.88 0.97
0.79 1.19 0.67 0.48 0.39 0.55 0.23 0.28
1.97 3.29 1.54 1.68 1.34 2.06 1.02 0.91
0.33 0.62 0.31 0.33 0.28 0.39 0.18 0.20
1.92 3.65 1.8 213 1.75 262 1.03 1.15
0.40 0.82 0.39 0.48 0.39 0.56 0.21 0.24
1.14 2.15 1.16 1.20 1.05 1.49 0.58 0.62
0.15 0.30 0.15 0.17 0.15 0.20 0.09 0.10
1.10 2.03 0.95 1.09 0.91 1.31 0.56 0.58
0.15 0.29 0.14 0.15 0.14 0.19 0.09 0.10
6.16 13.0 5.24 1.59 1.17 6.09 4.43 5.08
418 405 394 54.3 64.0 78.3 82.3 88.8

116 165 100 14.9 20.2 39.5 46.7 49.8
12.0 20.3 12.7 11.0 9.4 13.4 6.37 17.25
1.27 3.23 1.22 0.29 0.44 0.41 0.46 0.58
0.09 0.25 0.12 0.04 0.04 0.04 0.04 0.07
37.4 104 37.1 27.1 28.4 32.4 21.9 28.2
1.03 2.83 1.21 0.95 0.89 1.12 0.65 0.82
0.57 1.63 0.65 0.13 0.29 0.25 0.56 0.60
0.24 0.62 0.24 0.06 0.13 0.11 0.19 0.22
2.80 4.40 2.8 0.47 0.65 1.04 1.66 2.48
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1

Continued Table 1

XHO8 XHO5 XHO05 XHO5 XHO5 XHO05 XHO5
4 32 4 9 25 27 33
Si0, 48.0 46.5 39.5 45.5 40.6 42.2  46.1
TiO, 0.36 0.28 0.22 0.26 0.19 0.26  0.28
ALO; 574 409 3.61 3.53 2.93 420 4.07
Fe,0," 9.69 11.2 11.5 11.6 11.0 11.6 11.5
MnO 0.16 0.17 0.16 0.18 0.15 0.11  0.17
MgO 22.0 27.6 351 29.8 30.8 3.1 29.3
CaO 11.7 6.75 1.57 5.51 1.81 2.44 575
Na,0 0.41 0.57 0.27 0.34 0.09 0.49 0.56
K,0 0.11 0.21 0.27 0.13 0.08 0.26 0.22
P,0; 0.07 0.04 0.05 0.03 0.04 0.05 0.05
LOI  1.59 1.81 6.45 1.45 10.6 6.04 1.39
Total 99.8 99.6 99.0 98.6 98.6 98.7  99.7
Se  47.7 251 11.3 235 13.9 18.7 22.6
A 189 832 43.2 68.9 352 59.8 76.0
Cr 2200 1992 1959 1899 1971 2082 1819
Co 87.6 953 106 77.6 91.4 116 86.6
Ni 334 502 863 363 700 904 412
Cu 730 91.8 232 50.3 82.3 189 64.8
La  1.37 2,51 2,18 221 202 251 239
Ce 3.78 5.78 4.93 4.95 4.8 513 523
Pr 0.69 0.89 0.75 0.70 0.74 0.68 0.75
Nd  3.52 426 3.19 3.10 3.42 3.24  3.69
Sm  1.26 1.00 0.75 0.84 0.81 0.84 0.83
Eu  0.45 0.33 0.22 0.26 0.47 0.24 0.27
Gd 1.33 1.26 0.90 1.03 0.82 0.8  1.05
T 0.29 0.22 0.15 0.15 0.17 0.15 0.19
Dy 1.72 1.28 0.83 1.01 0.97 0.8 1.12
Ho 0.38 0.27 0.17 0.20 0.19 0.17 0.24
Er 1.00 0.79 0.46 0.62 0.59 0.51  0.63
Tm 0.15 0.11 0.08 0.09 0.08 0.08 0.09
Yb  0.89 0.66 0.46 0.53 0.46 0.45 0.57
Lu 0.14 0.09 0.07 0.08 0.07 0.09 0.09
Rb  3.19 4.8 6.40 4.65 275 569 5.26
Sr 105 89.4 67.4 68.9 27.3 70.9 87.1
Ba 353 53.4 645 49.6 20.5 66.0 56.6
Y 9.54 7.57 4.81 583 578 524 6.35
Nb  0.29 0.63 0.74 0.46 0.61 0.73 0.56
Ta  0.04 0.06 0.06 0.04 0.05 0.08 0.06
Zr 29.5 26,5 243 20.5 14.4 241 252
Hf 0.8 0.81 0.71 0.64 0.46 0.86 0.72
Th  0.24 0.54 0.51 0.48 0.47 0.60 0.56
U 0.10 0.20 0.20 0.17 0.17 0.20 0.23
Pb 0.70 1.75 562 1.8 3.68 2.43 1.72
(4

( Rb.Ba.Sr)

o

2004a; Zhou et al.

2009) .

( Nb.Ta.Ti)
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Fig.3 Haker diagrams of the Huangshanxi intrusive rocks

Some data are cited from Zhou et al. (2004) and Xia (2009)

( 2007)
Nb.Ta Ti
o Quetico
( Pettigrew and Hattori 2006)
Nb.Ta.Ti ( 4.
5.3
. (7 Se/® Sr) seoma
(0.7034 ~0.7037) &N 269Ma)
5.14~7. 14 (2o exgaemg £ ST/ S) sgom,
(95
N ( OIB)
ENd(269Ma)
N N (
2004a b c¢; Zhang et al. 2008; Zhou et al.
2009) . Pb % ph /** Ph
18.04 ~18.19 *"Ph/*™ Ph 15.46 ~15.48 *"Ph/*™ Pb
37.59 ~37.66( 2).
6
( 1996; 2002)



- 3645

1000, 1000
—# AR
() —oB
100\ —— L
i 2
= o
o =
= 3
3 g
[
2 =< ' pA e Queticos (4
EOlsE TER kA
001 I i n i i L I i L i i I i i n 0-01 i i i " n i i i n i i i n s i i n
Rb Th Nb La Sr Sm Hf_ Ti Y Lu Rb Th Nb La Sr Sm_ Hf _ Ti Y Lu
Ba U Ta Ce Nd Zr Eu Tb Yb Ba U Ta Ce Nd Zr Eu Tb Yb
1000 100
(b) (e)
100
E g Quetico¥; &
= 10 =
E . \
g 4
= 1
0.1}
T oot
Rb Th Nb La s§r Sm_Hf_ Ti_ Y_ Lu Rb. Th Nb La sr Sm Hf_ Ti_ Y_ Lu
Ba U Ta Ce Nd Zr Eu Tb Yb Ba U Ta Ce Nd Zr Eu Tb Yb
1000 1000,
(©) (V)
100Q, - . 100N
jas} : Jas) Queticos
=4 o P Fa
o S 10k i,g"bzsiﬂﬁllzla
= = -
2 2
2 :
& &
ILIl'
P
0.1} %Kﬁi’- "é
L - o—
Rb Th Nb_ La Sr Sm Hf Ti Y Lu Rb Th Nb_ La Sr Sm Hf Ti Y Lu
Ba U Ta Ce Nd Zr Eu Tb Yb Ba U Ta Ce Nd Zr Eu Tb Yb
4 MORB
(a) «(b) (¢) N . . N ( 2007)
( 2004 a) ( 2004b) . ( Zhou et al.  2009) ( Sun and McDonough
1989) (d) J(e) () N . Quetico . .
( Pettigrew and Hattori 2006) ; Rudnick and Fountain ( 1995)

Fig.4 N-MORB normalized spidergrams for the Huangshanxi intrusive rocks

(a) (b) (c)-show that the Huangshanxi peridotites pyroxenites gabbros have trace element compositions different from the peridotites
pyroxenites gabbros of the Limahe intrusion the peridotites ( Jiang et al. 2004a) and pyroxenites ( Jiang et al. 2004b) of Wajilitag mafic dykes
of Babu in Tarim large igneous province ( Zhou et al. 2009) and OIB ( Sun and McDonough 1989); (d) (e) (f) —show that the trace element
contents of the Huangshanxi peridotites pyroxenites gabbros are similar to those of the Quetico intrusion rocks ( Pettigrew and Hattori 2006) the

data of upper crust and lower crust are from Rudnick and Fountain ( 1995)
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2 SrNd.Pb

Table 2 Sr Nd Pb isotope data of the Huangshanxi intrusion

Acta Petrologica Sinica

2011 27(12)

XH054 XH059 XH0533 XHO0541 XH0528 XH0532 XH0536
Rb( x10°9) 6.4 4.65 5.26 4.43 5.08 4.89 6.16
Sr( x1079) 67 69 87 82 89 89 418

878 /80 Sr 0. 704616 0. 704126 0. 704341 0. 704266 0. 704284 0. 704243 0. 703753
20, 3 5 4 5 3 4 3
(¥Sr/%8r) Heoma 0. 703559 0.70338 0. 703672 0. 703668 0. 703652 0. 703635 0. 70359
Nd( x1079) 3.19 3.1 3.69 3.36 3.79 4.26 6.39
Sm( x10°) 0.75 0. 84 0.83 0. 88 0.97 1 1.62
N/ Nd 0.512805 0.512916 0.512889 0.512903 0.512895 0. 512907 0. 512907
20, 3 5 3 3 4 6 2
(" Nd /™ Nd) 260 0. 512555 0.512628 0.51265 0. 512624 0.512623 0. 512657 0. 512637
£Nd(269Mz) 5.14 6.56 6.99 6.49 6. 46 7.14 6.75
Th( x10 %) 0.56 0.56 0.6 0.54 0.57
U ( x107°) 0.23 0.19 0.216 0.2 0.24
Ph( x1079) 1.72 1. 66 2.48 1.75 2.8
208 py, /204 py, 37.875 37. 884 37.874 37. 861 37.78
Std err 0. 003 0. 003 0. 002 0. 003 0. 003
207 ppy /204 pp, 15. 495 15. 475 15. 468 15.473 15. 489
Std err 0. 001 0. 001 0. 001 0. 001 0. 001
206 py, /204 p, 18. 554 18.391 18.371 18. 348 18.376
Std err 0. 002 0. 001 0. 001 0. 001 0. 001
(%Pb/*Pb) se0ma 18. 19 18.08 18.13 18. 04 18. 15
(7Ph/*Pb) s0ma 15.48 15. 46 15.46 15. 46 15.48
(2 Ph/*Pb) s0ma 37.59 37.59 37. 66 37.59 37.6
: Rb-Sr.Sm-Nd SA(Sr) =142 x10 7 "a™t A(Nd) =0.654 x 10 " a™" (¥ Sr/%*Sr) ypp =0.7045 (" Nd/"™ Nd) o =
0.512638; Ph TN =1.55125 10701 N, =9.8485 x 10 " %a~! A; =0.49475 x 10 "%a~" ¢ =269Ma
3 —
Table 3 Ages and Ni and Cu reserves of the main Cu-Ni sulfide ore-bearing intrusions of the Huangshan-Jingerquan mineralization belt
/ ( Ma) ( x10%1)
Qin et al. 2003;
¢ J +
/ SHRIMP U-Pb 269 +2 32 20 Thou ot ol 2004
Qin et al. 2003;
/ LA-CP-MS U-Pb 284.5+2.5 2006
Qin et al. 2003;
D
/ SHRIMP U-Pb 274 +3 36 17 004
2002;
Re-Os 282 20 Oin et al. 2003
/ SHRIMP U-Pb 285 1.2 12 8 Qin et al. 2003
Qin et al. 2003;
/ Re-Os 208 +1.7 2006
Re-Os 283 +13 8.02 3.96 2005
— — 10.96 6 2007
( Wilson 1989; Campbell 1993) -

(1)
(1 ~2Ma) ( Mahoney and Coffey 1997)

259 + 1Ma ( Zhou et al.

2006; Zhong et al.

2009)

2006 2008; Zhong and Zhu

1 ~
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Some data of Huangshanxi intrusion are cited from Zhou et al.
(2004) and Xia (2009) ; the data of Tarim large igneous province
are from Jiang et al. (2004a b ¢) Zhanget al. (2008) Zhou et
al. (2009); the data of oceanic island basalt ( OIB)
island arc ( OIA)
Hawkesworth (1982) and Hickey et al. ( 1986)
1994)

oceanic
and active continent margin ( ACM) are from
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is an Alaskan-type complex ( Tistl et al.

2Ma ( Ali et al. 2002)
251.7 £0.3Ma
al. 2003):(2)

1Ma ( Kamo et
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( )
1 (3) - :

Noril ” sk Ni-Cu-PGE ( Naldrett et al. 1992;
Arndt et al.  2003) . Ni-Cu-
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2005; Zhou et al. 2005) .

6. 1

274 ~298Ma (3 269Ma
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( Zhou et al. 2004) ) 20Ma
- (272 ~274Ma 2007)
OIB.
Nb.Ta Ti
o exg(8)  =9.27 ~
-1.73( 2004c; Zhou et al. 2009) -
exa(2) (0.25 ~5.352) ( 2004a b; Zhang et
al. 2008; Zhou et al. 2009) ena( 1)
(+6.7~ +9.3) (Zhou et al. 2004) -
(1994) | (2006) (2006)
; (250 ~ 310Ma)
( Jahn et al.  2000; 2006; 2006) .
6. 2
MORB
Quetico
( 4
Nb.Ta.Ti
Nb.Ta. Ti ( 2005; Tonov and Hofmann
1995) . Nb.Ta.Ti
o Sr-Nd
( 5)
( . )
Nb.Ta.Ti ( La.
Ba.Th.Nb) La/Nb  Ba/Na
Nb/Th
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Ce Pb
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et al. 1994; Brenan et al. 1995) . Ce/Pb 0.88 ~
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Pb a 206 ppy /2
Pb 2604 18.04 ~18.19 *"Pb/™ Pb 160, 15. 46
~15.48 *Pb/*™Pb oy, 37.59 ~37. 66
. (*Pbh/™Pb =

18.35 *Pb/*™Pb = 15.48 * Pb/* Pb = 37. 8)

(™ Pb/*™ Pb = 18.77 * Pb/™ Pb =
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19.22 *Ph/*™ Pb = 15.78 * Ph/*™ Ph = 39. 58) ( Ishizuka et
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( 8

o

( Xiao et al. 2008 2009)

~

15% ~
20% ( Taylor et al. 1967; Findlay 1969; Irvine 1974,
Thakurta ez al. 2008; Ripley 2009)
30% ~40% 5% o

( Zhou et al.
2006;
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2006; 2006;
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2004;
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