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Abstract

In this paper, the origin, the evolutionary process of metallogenic magma, the segregation of sulfides and

the ore-forming process were studied. Based on geochemical characteristics of different rocks in the Tudun Cu-Ni

deposit, the authors infer that the magma belonged to tholeiitic magma series, fractional crystallization occurred

in magma chamber and/or during the emplacement process, and there might have occurred assimilation and hy-
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bridization during the evolution of the ascending magma. In addition, the authors studied geochemistry of
platinum group elements in rocks and ores of the Tudun Cu-Ni deposit and wrote the first report. The total con-
centrations of PGE in rock and ore samples are low. Rock and ore samples have similar mantle-normalized PGE
distribution patterns, suggesting the Pt-Pd type. The diagram of Ni/Cu against Pd/Ir and geochemistry of rocks
reveal that the primary magma of Tudun was basaltic magma with high MgO content, without depletion of
platinum group elements. The relatively high Cu/Pd ratios imply that partial segregation of sulfides occurred in
the initial magmatic evolution process, resulting in the depletion of parental magma in PGE. According to the
relationship between Cr, PGE and Ni, the fractionation of chromite was likely the main factor leading to sulfide
segregation. The diagram of Ti/Y against Zr/Y and the regional geological revolution show that Tudun ore-
bearing mafic-ultramafic rocks occurred in an erosion environment after collision.

Key words: geochemistry, platinum group element, rock geochemistry, metallogenesis, Tudun Cu-Ni sul-

fide deposit, East Tianshan Mountain
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Fig. 1 Geological sketch map showing distribution of Cu-Ni sulfide deposits in Eastern Tianshan region
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1 PGE
N
‘6 10 ! Table 1 Comparison between recommended and measured
17 s [ N2
: PGE values in the standard samples

= [ [ 4 Os Ir Pt Ru Rh Pd

[ s 5 GPT-1
[olis [ s w B 107° 0.05 0.04 0.26 0.05 0.02 0.26

w B 10°° 0.0600.0376 0.25 0.065 0.013 0.245
{. X \ s RSD % 27.3 23.4 12.9 39.8 28.9 26.9
T e GPT-2
I N w B 1079 0.06 0.05 1.6 0.095 0.1 2.3

': w B 10°° 0.06 0.059 1.64 0.17 0.09 2.01

RSD % 28.7 16.9 9.9 61.5 21.6 13.5

2 -

Table 2 Major elements content of mafic-ultramafic

rocks in the Tudun ore district

TD14 TD16 TD17 TDI2
w B %
SiO, 37.30 39.90 47.19 45.15
) 1987 ALO; 1.60 3.23 16.14 11.02
— ”— Fe,O5 13.90 13.90 8.55 9.23
3— 4— CaO 0.89 3.62 10.63 8.55
MgO 38.10 32.60 10.36 17.91
5— 6— 7— Na,O 0.13 0.39 2.42 1.02
8— 9— 10— 11— K,O 0.07 0.10 0.18 0.16
12— - 13— 14— 15— Cr05 0.36 0.31 0.02 0.10
16— 17— 18— 19— TiO, 0.10 0.23 0.55 0.34
MnO 0.20 0.20 0.16 0.14
Fig. 2 Geological sketch map of the Tudun ore district P,0; 0.02 0.03 0.03 0.004
after Wang et al. 1987 S1O <0.01 <0.01 0.04 0.01
1—Quartary alluvial loose sand 2—Miocene pink sandy mudstone BaO <0.01 <0.01 0.01 <0.01
white con'glomcratc' 3—U-ppcr Carbonifcr'()us éc'dimemary tuff inter- LOI 6.64 473 383 5 55
calated with volcanic breccia carbon-bearing siliceous slate 4—Up-
per Carboniferous keratophyre mylonitized keratophyre quartz ker- 99.33 99.26 100. 11 99.18
atophyre intercalated with sedimentary volcanic breccia tuff 5—My- FeO 12.51 12.51 7.695 8.307
lonitized keratophyre 6—Quartz keratophyre 7—Mylonitized spilite Mg* 0.85 0.82 0.71 0.80
porphyrite 8—Sedimentary tuff 9—Sedimentary volcanic breccia m_f 5.39 4.62 2.37 3.82
10—Mylonite 11—Quartz vein 12—Medium-coarse grained gab- Mg® =Mg?* Mg" +F&* F&' F' =0.15 m f=
bro 13—Fine grained diorite 14—Pyroxene peridotite 15—Peri- Mg + N2t Fe* +Fe +Mn?*

dotite  16—Ore body 17—Fault 18—Unconformity conformity
19—Lithofacies boundary
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Table 3 Trace elements content of mafic-ultramafic rocks

in the Tudun ore district

TD14 TD16 TD17 TD12
w B 107¢

Sc 7.01 16.8 34.3 22.0
\Y% 37.3 65.1 155 73.3
Cr 2769 2239 81.8 703
Co 163 150 46.1 78.4
Ni 1231 889 42.2 252
Cu 221 145 67.8 63.9
Zn 89.0 91.5 67.3 63.9
Rb 1.61 2.60 2.66 1.81
Sr 27.9 52.0 438 141
Zr 9.81 17.2 22.5 24.9
Nb 0.29 0.47 0.58 0.94
Ba 12.7 22.4 61.1 24.2
Hf 0.29 0.52 0.74 0.90
Ta 0.032 0.048 0.050 0.066
Pb 1.10 1.28 1.26 1.04
Th 0.18 0.24 0.25 0.28
U 0.07 0.08 0.09 0.19
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Fig. 5 Spider diagram of mafic-ultramafic rocks in the

Tudun ore district modified after McDonough et al. 1995
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Table 4 REE elements of mafic-ultramafic rocks

—&— TD14 M E
—— TD16 MM

in the Tudun ore district e TDIT MK

—— TDI2 MK H

TD14 TD16 TD17 TD12 ;
w B 107° %w
La 0.92 1.39 1.89 2.72 ~
Ce 2.12 3.57 4.80 7.37 S e
B A
Pr 0.29 0.56 0.82 1.21
Nd 1.33 2.90 4.03 6.21 H’./k-\'—‘\‘\'\-\,\-\._.
Sm 0.38 0.88 1.35 1.86
Eu 0.10 0.27 0.54 0.42
Gd 0.36 0.95 1.60 2.09 .
Th 0.06 0.17 0.28 0.36 La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Dy 0.40 1.03 1.85 2.22
Ho 0.07 0.22 0.38 0.44 7 _
Er 0.27 0. 60 1.04 1.31
Tm 0.04 0.08 0.16 0.19 Boynton - 1984
Yb 0.25 051 0.95 1.17 Fig. 7 Chondrite-normalized REE patterns of mafic-ultra-
Lu 0.04 0.08 0.15 0.18 mafic rocks in the Tudun ore district normalized data after
>REE 9.21 19.45 30.05 40.82 Boynton 1984
LREE 5.15 9.57 13.43 19.79
HREE 1.49 3.65 6.41 7.97
LREE HREE 3.45 2.63 2.10 2.48 LREE
Eu Eu” 0.85 0.92 1.12 0.65
Ce Ce' 0.98 0.97 0.93 0.98 1997 Eu
La Yb y 2.52 1.85 1.34 1.56 Fu Eu*=0.85~1.12
La Sm y 1.52 1.00 0.88 0.92
Gd Yb y 1.19 1.51 1.36 1.43
1
4
4
7 PGE Os Ir Ru

Rh Pt Pd 6




1202 2012
2.57 x107? 2.24x107° w > PGE
107 Pd 102 Pt Ir Borisov et al. 0.99~1.58 x107° 1.29x 1079
1994 1995 > PGE
Garuti et al. 1997 PGE w > PGE
4.24x107° w > PGE
Maier 2005 19.96~108.81 x10°° 64.39x10°
8 PGE w XPGE  11.28x10°°
w 2 PGE PGE
w >, PGE
1.98~26.62 x10° 7.9%x10°°
2010 0.23 —43.64 X
107? 10x10°° Song et al. 2009
PGE 5 2009b 2.31~78.23 x107°
PPGE Pt Pd Rh IPGE Ir Ru Os 15x107° 2006
PPGE [PGE 1 216.62 1.21~4.59 x10°°
> PGE 0.99~ 2008 0.67~2.42
2.57 x10°° 1.76 x107° x10° 2x107° 2009a
>PGE 23.5%10 Y McDonough et al. 1995 0.084 ~2.102 x107° 0.98 X
w > PGE 1.91 ~ 1077 2009
5 PGE
Table 5 PGE and associated elements content of rocks and ores from the Tudun ore distrit
TD14 TD16 TD17 TD12 TD4 TD2 TD10 TD19
w B 1077
Os 0.05 0.13 0.03 0.02 0.07 0.29 0.39 0.84
Ir 0.03 0.06 0.02 0.02 0.05 0.05 0.33 0.74
Ru 0.07 0.16 0.05 0.07 0.10 0.16 0.40 0.48
Rh 0.04 0.07 0.03 0.04 0.10 0.21 0.34 4.32
Pt 0.82 1.06 0.37 0.66 1.37 76.20 8.00 0.29
Pd 0.90 1.09 0.49 0.77 2.55 31.90 10.50 4.61
> PGE 1.91 2.57 0.99 1.58 4.24 108. 81 19.96 11.28
PPGE 1.76 2.22 0.89 1.47 4.02 108.31 18.84 9.22
IPGE 0.15 0.35 0.10 0.11 0.22 0.50 1.12 2.06
PPGE IPGE 11.73 6.34 8.90 13.36 18.27 216.62 16.82 4.48
w B 10°°
Cu 221 145 67.8 63.9 374 31000 2550 2930
Ni 1231 889 42.2 252 1240 7030 4120 63800
Ti 650 1440 3100 1900 2580 2770 700 1140
Se 1 1 1 1 2 20 4 23
w B %
S 0.16 0.18 0.07 0.01 0.31 7.39 1.37 29.9
Pd Ir 30 18.17 24.5 38.5 51 638 31.82 6.23
Pt Pt” 1.30 1.03 0.65 0.98 0.51 60.35 1.25 0.0003
Cu Pdx10° 245.56 133.03 138.37 82.99 146.67 971.79 242.86 625.58
Ni Cu 5.57 6.13 0.62 3.94 3.32 0.23 1.62 21.77
Se SX10 ¢ 6.25 5.56 14.29 100 6.45 2.71 2.92 0.77

Pt Pt* =Pt} RhyXPdy 1
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