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Geological map of maficultramafic rocks and structure of Tianyu deposit(revised after Qin et al., 2007)
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1—Tuha basin; 2— Dananhu island are; 3— Jueluotage tectonic belt; 4—Central Tianshan massif; 5—Fault; 6— M afic ultramafic intrusions;

7—Small scale Cu-Ni deposits; 8—Midium-sized Cu-Ni deposits; 9—Large-scale Cu-Ni deposits; 10— Large V-T1 magnetite deposits
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Fig.2 M afic-ultramafic intrusions and ore-bodies in Tianyu and section map of No. 6

(after No. 6 Geological Party, Xinjiang Bureau of Geology and Mineral Resources 2007)
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and its No.

) . PCE . . TY 603-39
. R . C 2.
Ni.Cu. Ni PGE
) ; . (
. Cu ,2006):
) . (D 5¢g,
PGE . 8g, . 0. 1m!"™ Pt.'” Pd
, . 0. Iml"” Ir."" Ru . 20mIHNOs, 17 ~
, 18mlH Cl, .
DrcE Cu Ni, 172ml , 55ml
PGE . 320°C 15 .
2.1 2) . .
5 .7 .

(©)1994-2019 China Académic Journal Electronic Publishing House. All rights reserved.

http://\"vww.cnki.net



684 2009

139° ) Zk0604 7Zk0602
b s e s s P08 : Zk0601
N A A s N )

4

7 . L, At~ S
R4 . Avens " \
v AL A . e A . v
CArenvang ~imse v
s s A A
PO
Vs A v
Az A
o nge Age 0
Wiy ‘
ve Avs /
s
~

fg)]

NEIS-| el

I R

106.75m

— = = 0 % 2

N -

)

Y-

(v /4 226m

290.9m

0 50m
s I
-
=
-~
7
—~
T~
-
77 7400.2m
3 - 6 ( , 20079)

Fig.3 Section of No.6 prospecting line of mafic-ultramafic intrusion in Tianyu

(after No. 6 Geological Party, Xinjiang Bureau of Geology and Mineral Resources, 2007®)
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1—plagioclase biotite schist; 2—uralitized py roxenite; 3—gabbro diorite; 4—granite; 5—bhiotite granite; 6—gneissose granite;
7— nickel ore body of industrial tenor; 8 —nickel ore body of low tenor; 9—attitude; 10—location and No. of trench;

11—location and No. of drill holes; 12—geological b oundary
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Table 2 Minerals characteristics of different lithofacies in Tianyu intrusion
TY 03 52 TY203-201 TY101-72 TY 60339 TY101-51 TY 0602-29
10%. < 1% 25%s . ,
40%, , 5%, 80%4, 40%%. 10%, 10% ) ,
45%, . 5%, ; 30%, < | 70%. , . 70%,
50%, 35% 5% 5%
TY 604 183 TY101-153 T Y603-180 TY101-184 TY603-246 TY 803- 64
30%, . 10%. < 1% s
. 60V 50%. 10%. . ' '
5% . 70%. ,
30%, 10%
10%
101.603.803 (FerxS,
, Pt . 603 Feo.9S). ((Ni, Fe)oSs)
100% C 3), IPGE (CuFeS2), Ni
PPGE, . Cu ) Ni.
, 7K 603 Cu S
O
IPGE . . S E)
Fe?” (Shima et al., ,
1975; Li et al., 2001; Maier et al., 2003; M aier, 100% R
2005), S
2PGE 100%
; (2.64%~28.61%) ¢ 3)
, 2 PGE (3. 841X 10 ° ~57.37X . 100%
10 %), PGE . Pt.Pd.Ru. 100 %
Ir.Cu.Ni S , PGE Au , Cu.Ni1. Co
r revs = 0. 43, rewvs = , PGE Au ,
0.14, rvs=0.44, rcvs=0. 58, ravs=0.86. TY603 ~
. 2PGE 2.31X10"° 180.TY603 ~246  Ir.Ru.Rh , Pt.Pd
~78.23%10 °, 2 PGE . Ir. Ru. Rh
; , 2PGE ( , ,
2006b), PGE R , PGE
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3 100% PGE
Table3 Compositions of PGE and other metals in ores of Tianyu deposit and those in calculated 100%; sulfide
TY 604183 T Y603-180 TYO0101-153 TY803-64 T Y603 246 TYO0101-184
S(%) 2. 64 9.35 9.54 26.28 26. 64 28. 61
Ni (%) 0.256 1.56 1.4 5.59 4.91 2.78
Cu(%) 0. 029 0. 365 0. 255 0. 424 0.292 0. 266
Co( %) - 0. 052 0. 055 0.172 0.183 0.12
PtCX1079) 1. 503 0.412 0. 461 1. 195 0. 584 3.674
PACX 1079 1. 984 18. 186 5. 441 3.170 8. 244 13. 560
Rh(X 10™%) 0. 134 0. 539 0. 546 0.592 11.282 3.231
Ru(X 10™?) 0. 141 1. 027 0.719 0.763 24.916 1.177
Ir(x<10 %) 0.079 0. 600 0. 442 0.536 12. 344 0. 624
2 PGE 3.841 20. 764 7. 609 6.256 57.37 22.266
Au(X 1079) 2. 667 10. 553 6. 030 11. 581 0.379 28. 111
100% S(%) 38.323 37.760 37.939 37.58 37.776 38. 329
100% Ni(%) 3.716 6. 300 5.568 7.99 6. 963 3.724
100% Cu (%) 0.421 1. 474 1.014 0.61 0.414 0. 356
100% Co( %) 0.210 0.219 0.25 0.259 0. 161
100% Pt(X 1079) 21. 820 1. 664 1. 832 1. 709 0. 828 4.922
100% Pd(X 1079) 28.793 73.447 21.638 4.533 11. 690 18. 166
100% Rh(X 10~9) 1.944 2.177 2.170 0. 847 15.998 4.329
100% Ru(X 10~9) 2.054 4. 146 2.861 1. 091 35.332 1.577
100% Ir(X 1079 1. 150 2.421 1.758 0. 766 17. 504 0. 837
100% Au(X 1079 38.710 42. 620 23.979 16. 560 0.538 37. 660
4 PGE 100% PGE Cu Ni
Table 4 Abundance of PGE Cu and Ni in 100% sulfide of typical PGE deposits
100% | 100% | 100% | 100% Pt | 100% Pd | 100%Rh | 100% Ru | 100%Ir | 100%0s | 100%Au
S Ni Cu |[(X1079 [ X109 [(X107%) [(X107¢) | (X109 [ (X107® [(X10™ 9
Great Dyke |35.870 | 11.37 | 10. 06 20. 56 27. 60 4.768 5.731 1. 88 0.52 1. 487 Barnes, 2007
Bushveld |35.804(14.99 | 5.55 401. 62 165. 14 28.588 45.797 9.99 7.77 32.16 Godel et al., 2007
Norilsk  |36.207| 7.75 | 12.32 63.90 152.13 11.410 2.587 0.93 0. 46 5.224 Barnes et al., 2006
( ,2001) . Pd/Ir S ,
PGE ( Lesher and .
Campbell, 1993), 100% Great Dyke. Bushveld. Noril “sk
Pt.Pd ; 100% PGE « 4
’ PGE PGE Au
, PGE , Great Dyke. Bushveld Noril sk
PGE , PGE Au ,
PGE . PGE Au .
100% Ru-Ir. Pt-Pd Cu-Pd 3
, Pd-Ir. Pt-Ir Cu-Ir
. rrer=0.996, rrer=0. 246, Campbell ~ (1992) ; Cu. Ni.
reurd = 0.798, rear=—0. 220, rrer: = — 0. 311, rcun PGE
=—0.250. (R ) . Song
s (2008) s Cu-NI-PGE
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; ; @ s Ir,
Ir . R Pd
PGE Cu. Ni s Pd/Ir ,
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, , Cu
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Ni Cu .
PGE (Barnes, 1990). PGE  Cu.Ni
. D= 17000, Dii""=126000,  Ni.Cu
Ni/Pd.Cu/Ir.Cu/Rh  Cu/Pt DA™= 500, D& " = 1000 (Fleet et
s al., 1999) ,
Ni/Pd Cw/lr , ,
Ni/Pd Cu/Ir
Ni/Cu. Pd/Ir.Pd/Rh
Pd/ Pt . ,
) Ni/ Cu. Pd/Ir.Pd/Rh 5:
PGE =
Cu.Ni .
Barnes(1990) PGE ,
( v Mg
. ) PGE  Cu.Ni
(. 5A.B).
Ni/Cu , Pd/Ir
( 5A). , 5B
Ni/Pd , Cu/Ir
Pd.Ir  Cu.Ni
’ )
Pd/Tr  Ni/Cu , 5
Pd Ir .
Pd.Ir.Cu. Ni
Ni/ Cu-Pd/Ir C 5A) ,
’ ’ Cwlr
Mg . - OERE OMMmBERY
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. ARKE o sHiLmmMmE
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Fig.5 Plots of Pd/ Ir-N#/ Cu(A), Ni/PdCw Ir(B) for

Tianyu intrusions (original figure from Barnes 1990)
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Ni/Pd Cu/Ir . 446~ 3845, Naldrett (2004) R=100 ~
., Ni/Pd Cu/lr . 2000, Ni. Cu.PGE Ni
Ni/Pd  Cuw/Ir . PGE . R=10000 ~100000
, . Ni.Cu R
., PGE , PGE R
. PGE . Cu.Ni ., PGE
Ni/Pd-Cu/Ir ( 5B
Mg 3.3
- Mg Cu/Pd
) PGE Mg ) (Briigmann
, Ni/Pd. et al., 1993). Cu/Pd
Cu/Ir , Pd.Ir , Cu/Pd ,
. Cu.Ni CwPd=10"'~10", PGE
PGE Cu/Pd ( 7000,
3.2 R Barnes, 1988; Song et al., 2008),
PGE . PGE
: Cu/Pd ,
C'= "™ X DX (R+1D/@R+Di) (1) S , PGE
c'= i , O™ = Cu/Pd , PGE
1 , Di= 1 -
. R= / Cu/Pd TY 603-52
. (D R (Naldrett et , R
al., 1996). 1.85X10° ~6.51X 10, Cu/Pd 1.5
Fo X 10° ~2.6X 10° .
. Mg
Fo(81.8) Ni . =10% (Le Bas, 2000).
1101.3X 10 °C  5). » Ni 10% PGE(
Dy '=7(Liet . 2008), R 446 ~3845
al., 2003 ; N aldrett, 2004 ), Fo s , Pt
Ni 157.3X 10 °, 55.16X 10 ° ~358.68X 10 , Pd  17.64X
100% Ni 2 10 °~127.27X10 ', Rh  6.73X 10 ~~51.61X
D =500, (1, R 10 >, Ru  83.7X10 ° ~481.94X10 °, Ir 9.84
5 Y0
Table 5 Compositions( %) of olivine by EPMA from Tianyu intrusion
Si0, Ti0, ALLO; | Cr03 FeO MnO MgO CaO Na, O K, 0 NiO Total Fo Ni
39.8 0. 04 0. 00 0. 09 18.1 0.32 41.6 0.11 0 0.02 0. 09 100. 2 80. 5 684. 4
40.0 0. 04 0.02 0. 00 17.3 0.29 42.4 0.15 0 0.01 0.03 100. 2 81.6 228. 1
40.0 0.01 0. 00 0.01 17. 4 0.19 42. 4 0.11 0. 06 0. 05 0.11 100. 3 81. 4 888.9
39.8 0. 04 0. 00 0. 04 17. 4 0.27 42.2 0. 14 0 0.02 0.12 99.9 81. 4 912.5
39.4 0. 04 0. 00 0. 00 17.2 0.20 41.9 0. 25 0. 06 0.02 0. 08 99.0 81. 4 645. 1
39.3 0. 05 0.02 0.02 18.0 0.28 41.6 0.11 0 0. 00 0. 09 99.5 80. 6 708
39.7 0.02 0. 00 0.03 17.0 0.23 41.9 0.21 0.07 0.02 0. 09 99.3 81. 6 684. 4
39.7 0.07 0.76 0.12 17.6 0.21 40.2 0.73 0.11 0. 00 0. 09 99. 6 80. 4 708
39.9 0.01 0. 00 0.02 16.9 0.27 42.3 0. 20 0.12 0. 05 0. 14 99.9 81. 8 1101.3
40.3 0. 04 0. 05 0. 06 17.5 0.17 41.2 0.90 0.09 0. 01 0.03 100. 4 80. 9 228. 1
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X10 ° ~75.2<10 . Ni 3.7 ~8.0X 10" ppm ( . 1100°C
6). Ni 100 % Ni (Naldrett et al., 1967). PGE /
. PGE 100% s Dri=0. 2, Dra=
Pt 5% 0.2, Drn=3.03, Dra=4.2,D1.=3.6, Dxi= 0. 84,
, PGE Dcu=0.27, Dxv=0.09 (Fleet et al., 1993).
5% R , R= 10
(446) PGE . Naldrett (2004) ~10°, PGE Pt=0. 129 X
. R 10° 10 °, Pd=0.0405X 10 °, Rh=0. 015X 10 °, Ru=
, Cu~ Ni 6% . Pt 0.20X10 °, Ir=0.0224X 10 °, Cu=200X< 10 °(
250< 10 ° Ni 10% ).
6% , Cu 6%, Pt Ni ’
250X 10 °. . Mg
PGE  Cu.Ni Ni (100 ~200) X 10 °
, , (Davis et al., 1985; Von Gruenewaldt et al., 1989;
PGE, Cu. Barnes et al., 1993; Fryer et al., 1995),
Cu PGE . Ni 180X 10 °.
S , Cu )
PGE , . 0.01%
fo,~fs, +Ni Pt=0.098<10 *, Pd=0.030X 10 *, Rh=0.011
. / X 10 %, Ru=0.155X10 °, [r=0.017X 10 °, Ni=
Dni =0.23, Do (Mungall et~ 164.238X10 ° Cu=173.704X 10 ° (R=1000); Pt
al., 2004). f0: ,Ni Cu =0.126X 10 , Pd=0. 039X 10 *, Rh=0.015X
» Dy , . 10 >, Ru=0. 195X 10 °, Ir=0. 022X 10 °, Ni=
Dni . 95T 0. 90 (Barnes et 176.059X10 ° Cu=195.219X10 °(R=100).
al., 1997). . S, . ,
. Ni
. Ni 6, 6. C D L 10%
.Cu PGE (Li et al., 1996), Pd
Ni 28.77X 10 ° 28.14X10 ° Ir  16.12X
, 10° 11.51X 10 °, Ni  54800.73< 10 °
6 PGE
Table 6 PGE abundance in different-degree partial melted magmas
Dt 5% 10% 15%
5% 10% 15% 20%
R= 446 R= 3845 R=446 R= 3845 R= 446 R= 3845
PtC<1072)| 10000 0. 051 0. 1289 0. 2816 0. 7066 21.82 141.91 55.16 358. 68 120.5 783.58
PACX 1079 | 17000 0.016 0. 0405 0. 0893 0. 2291 6.97 50.28 17. 64 127.27 38.9 280. 63
Rh(X 1079)| 27000 0. 006 0.0153 0. 0336 0. 0862 2.64 20.24 6.73 51.61 14.78 113.35
Ru(X 1079)| 6400 0. 0803 0. 2003 0. 4265 1. 0024 33.56 193. 21 83.7 481. 94 178.23 1026. 2
(X102 | 26000 0. 0088 0. 0224 0. 0495 0. 1289 3.87 29.54 9. 84 75.2 21.75 166. 19

s a i) 2008,D GE

Fleet et al. 1999,



692

2009

50122. 62X 10 °; 90% Ni/Ir )
; Pd 10.28% s 10% ~90%.
10 7, Ir 0.48% 10 °, Ni
6401.95x 10 °, » Pd/Ir NvIr .
Ir Ni  pd, 100 - I
6), , Pd.Ni s
R=1000 . . ’ Pd/Ir
Pd/1r NV Ir
7
Table 7 Model calculation for fractional crystallization of mss from sulfide liquids
R= 1000 PtO< 107 [ PACX107?) | Rh(X107?) | Ru(X107?) | Ir(X 107 %) [ Ni(X 10" ® | Cu(X 10 ®
Dmss/ s 0.2 0.2 3.03 4.2 3.6 0. 84 0.27
0. 098 0.03 0.011 0.155 0.017 164. 238 173.704
89.23 28.77 11.02 133. 94 16. 12 54800. 73 86938. 65
mss 106. 23 34.25 7. 84 81.67 10. 6 56612. 33 101801. 7
10% mms 1.94 0.63 2.78 42.62 4. 61 4678. 11 2532. 19
87.29 28. 14 8.24 91.32 11.51 50122. 62 84406. 46
20% mss 4.25 1.37 4.75 68. 6 7. 64 9510. 87 5497.29
84. 98 27. 4 6.27 65. 33 8. 48 45289. 86 81441. 36
30% mms 7. 04 2.27 6.23 86. 10 9.78 14506. 08 9016. 69
82.19 26. 50 4.79 47.83 6. 34 40294. 66 77921. 97
40% m ss 10. 50 3.38 7.37 98. 69 11.38 19672. 06 13261. 83
78.73 25.39 3.65 35.25 4.74 35128. 67 73676. 83
50% mms 14.87 4. 80 8.29 108. 18 12. 61 25017. 73 18483. 02
74. 36 23.98 2.73 25.76 3.50 29783. 01 68455. 63
60% m ss 20. 59 6. 64 9.03 115.59 13. 60 30552. 62 25060. 61
68. 64 22.13 1.99 18.35 2.52 24248. 11 61878. 05
70% mms 28.39 9.15 9.65 121. 53 14. 40 36286. 97 33602. 06
60. 84 19. 62 1.37 12. 40 1.71 18513. 76 53336. 60
80% m ss 39. 66 12.79 10.18 126. 41 15.07 42231.76 45141.22
49. 57 15.98 0. 84 7.52 1.05 12568. 98 41797. 43
90% m ss 57.36 18. 50 10.63 130. 48 15. 64 48398. 78 61592. 11
31. 87 10. 28 0.39 3.45 0. 48 6401. 95 25346. 55
R=100 PtO< 1079 | PACX 1079 | Rh(X 1079) | RuC< 1079 | Ir(X 1079 | Ni(X 1076) | Cu(X 1076)
10% mms 0.21 0.07 0.29 4.90 0.48 1180. 04 464. 54
9.59 2.99 0. 86 10. 49 1.20 12643. 32 15484. 61
20% m ss 0.77 0. 24 0. 65 9.89 1.02 3659. 13 1654. 14
9.03 2. 81 0. 50 5.49 0. 66 10164. 24 14295. 01
30% mms 1.15 0. 36 0.77 11.34 1.19 4962. 23 2432.92
8. 65 2.70 0.38 4.05 0. 49 8861. 13 13516. 23
40% m ss 1.63 0.51 0. 86 12.43 1.32 6310. 66 3390. 76
8. 17 2.55 0.29 2.96 0.37 7512.70 12558. 39
50% mms 2.26 0.71 0.94 13.28 1.42 7706. 83 4597. 44
7.54 2.35 0.21 2. 11 0.26 6116. 53 11351. 71
60%mss 3.12 0.97 1.01 13.96 1.50 9153.31 6164. 40
6. 69 2.08 0. 14 1.42 0.18 4670. 05 9784.75
70% mms 4.36 1.36 1. 06 14.52 1.57 10652. 87 8281.29
5.45 1.70 0.09 0. 86 0.11 3170. 50 7667. 86
80% mss 6.30 1.96 111 14.99 1.63 12208. 48 11299. 25
3.50 1.09 0. 04 0. 40 0.05 1614. 88 4649. 90
90% mss 0. 47 0.15 0. 50 7. 88 0. 80 2399. 10 1008. 49
9.34 2.91 0. 65 7.50 0. 89 11424. 27 14940. 66
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PGE Geochemical Characteristics of Tianyu Magmatic Cu-Ni Deposit:
Implications for Magma Evolution and Sulfide Segregation

TANG Dongmei"”’, QIN Kezhang",SUN he"?’, QI liang”, XIAO Qinghua"”, SU Benxun"?”

1) Key Lab. of Mineral Resources, Institute of Geology and Geop hysics, Chinese Academy of S ciences, Beijing, 100029;
2) Graduate University of Chinese Academy of Sciences, Beijing, 100049
3) Institute of Geochemistry of Chinese Academy of Sciences, Guiyang, 550002

Abstract

Tianyu mafic-ultramafic intrusion is located in the northern margin of the Central Tianshan M assif in
the eastern Xinjiang and to the south of the Shaquanzi deep-seated fracture, front active zone of the Tarim
block. The intrusion consists of gabbro, pyroxenite, olivine pyroxenite, pyroxene peridotite and
peridotite. The olivine pyroxenite, pyroxene peridotite and peridotite are the main host rocks for the Cu-Ni
ores. Using isotope dilution ICP-MS to measure contents of platinum group element (PGE), the results
show that 2PGE contents (about 0.106X 10 ° ~57.369X 10 °) of mafic ultramafic complex and Cu-Ni
ores are both lower than primitive mantles value. The contents of 2 PGE increased gently with increasing
MgO contents. In Cu-Ni ores, 2 PGE increased with the increasing of S contents. Moreover, PGE
primitive mantle normalized patterns of rocks and ores are all positive slope and display Pt positive
anormaly or no anormaly. Geochemical characteristics of Pd/Ir, Cu/Ni indicates that parental magma of
Tianyu mafic ultramafic complex was high-magnesium basalt. Based on the contents of metal Niand S in
olivine and sulfide, the calculated R values of Tianyu deposit vary from 446 to 3845, suggested it was only
able to form Cu-Ni deposit but unfavored to form PGE deposit. On the 100 % sulfide basis, contents of
PGE are equivalent to that of remnants magma formed by 5% partial melting of upper mantle (R=446 ~
3845), reaching sulfur saturation and losing its 0.01 % sulfide and metals, and degree of partial melting is
inconsistent with high-magnesium basalt. PGE model calculations suggest that sulfide segregation from
magmatic system resulted in depletion of PGE in remnant magma obviously, and there were two parental

magmas with different R value from the same source.

Key words: Tianyu; Magmatic Cu-Ni deposits; Platinum-group element; Geochemistry; Sulfide

segregation; Fastern Xinjiang



