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Fig. 1 Main tectonic units of northern Xinjiang (a, after BGMX 1993); simplified geological map of northern Tianshan

(b, after BGMX 1993; Xiao et al. , 2004) ; satellite photo showing the Huangshandong and Huangshanxi intrusions (c)
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1—Ni-Cu sulfide deposit; 2—ophiolite ultramafic body; 3—mafic-ultramafic body; 4—fault/suture zone; 5—Mesozoic-Cenozoic sediments;

6—Devonian-Carboniferous arc; 7—Carboniferous intra-arc basin; 8—Silurian-Carboniferous arc; 9—Ordovician-Carboniferous arc; 10—

Devonian-Carboniferous accretionary complex; 11—magmatic sulfide deposits; 12—suture zone
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Fig. 2 Simplified geological map and a cross section of the Huangshandong intrusion (after Li et al. , 1989®,
the second stage intrusive rocks have no outcrops), surface sampling was carried out along the A-B-C profile
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1—Olivine gabbro; 2—hornblende gabbro; 3—diorite; 4—lherzolite; 5—Cu-Ni sulfide ore body; 6—lower Carboniferous

Gandun Formation; 7—geological boundary and intrusive boundary; 8—transitional boundary
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Fig. 3 Texture photos of the rocks from Huangshandong intrusion (Cross-polarized)
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(a)—olivine embeded in clinopyroxenes and plagioclases in lherzolite; (b)—gabbroic texture in olivine gabbro; (c¢)—interstitial sulfides

between clinopyroxene and plagioclase in olivine gabbro; (d)—plagioclase embeded in clinopyroxenes in hornblende gabbro. Ol—olivine;

Opx—orthopyroxene; Cpx—clinopyroxene; Pl—plagiclase; Hb—hornblende; Sul—sulfide
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Table 1 Contents of major oxides and trace elements of the Huangshandong intrusion

o N MRS
FE il XHO04-1 XH04-2 XH04-3 XH04-4 XH04-6 XH04-7 XH04-8 XH04-12 XH04-13
FHILK D)
SiO, 49.7 50. 6 48.8 49.9 49.6 49.2 48.3 41.7 41.1
TiO, 0. 392 0. 465 0. 399 0. 419 0. 389 0.397 0. 433 0. 260 0.337
Al; Oy 19.9 19.4 19.2 20. 4 21.5 20. 1 18.0 7.49 6.56
(Fe; O3) 7 5.62 6.26 5.71 5.31 4.97 5.08 6.22 14.3 13.4
MnO 0.088 0.095 0.088 0.082 0.079 0.079 0. 094 0.152 0.139
MgO 7.01 7.89 7.92 6.91 6.86 7.31 9.35 26. 4 27.5
Ca0 10. 8 10.9 11.2 10.9 11.5 11.2 11.3 3. 64 2.92
Na, O 3.49 2.83 2.97 2.96 2.54 2.50 2.43 1.26 1.64
K, O 0.226 0.198 0.239 0.198 0.114 0.169 0.148 0.166 0.222
P, 05 0.054 0.052 0.048 0.052 0.039 0. 045 0.047 0. 050 0. 060
LOI 2.57 1.31 2.38 1.52 2.30 2.69 2.48 3.50 5.25
Total 99.8 100 98.9 98.7 99.8 98.8 98.9 99.0 99.2
MEICE(X107%)
Se 24.0 24. 6 23.5 25.2 24,1 7.27 28.2 20. 2 17.8
A 245 234 261 282 188 181 238 67.0 55.7
Cr 312 348 293 390 462 506 816 1440 1390
Co 47.8 44. 8 51.6 50.7 46. 3 43.7 55.3 113 117
Ni 57.8 59.1 57.4 61.2 62.3 64.1 95.3 543 577
Cu 22.6 19.7 23.2 19.3 21.9 15.7 21.6 41. 8 51.8
Rb 2.65 3.19 2.63 3.65 0.74 0.73 1.47 2.61 3.68
Sr 435 473 428 409 426 388 377 153 125
Y 8. 96 8.53 8. 94 8. 85 7.32 4.93 9.17 4.66 5.85
Zr 28.7 25.0 28.0 25.2 19. 4 22.5 26. 6 24.5 28. 4
Nb 0. 696 0.553 0. 644 0.526 0. 420 0.505 0.618 0.529 0.733
Ba 45.7 43.0 42.0 40.7 31.6 36.0 38.6 26.3 35.4
La 2.36 2.31 2.23 2.10 1.76 1.75 2.10 1.69 2.09
Ce 6. 25 5. 64 5.83 5.59 4.41 4. 86 5.50 4,33 5.28
Pr 0. 848 0. 845 0. 864 0. 787 0. 635 0.677 0. 837 0.565 0.715
Nd 4. 70 4.36 4.56 4.35 3.61 3.59 4.22 2.79 3.33
Sm 1.37 1.19 1.38 1.26 1.04 0.925 1.34 0. 622 0. 891
Eu 0.933 1.06 1.10 0. 981 0.768 0. 640 0. 700 0.268 0.292
Gd 1. 35 1.33 1.56 1. 40 1.09 1. 06 1. 40 0.756 0.939
Th 0. 266 0.258 0. 280 0.265 0. 229 0. 199 0. 259 0.123 0.174
Dy 1.55 1.58 1.75 1.61 1.35 1.18 1.66 0.811 1.00
Ho 0.313 0. 309 0.312 0. 319 0.258 0.243 0.307 0.155 0.197
Er 0.935 0.924 0.953 0.951 0. 817 0. 662 0. 902 0. 482 0.584
Tm 0.132 0.125 0.131 0.137 0.107 0.093 0.115 0.067 0. 082
Yb 0.835 0.786 0. 838 0.798 0.714 0.593 0. 839 0. 445 0.541
Lu 0.120 0.109 0.126 0.120 0.103 0. 085 0.117 0.075 0. 081
Hf 0.722 0.671 0. 740 0.591 0.516 0.588 0.679 0.568 0. 681
Ta 0.052 0.043 0. 049 0. 045 0.028 0. 040 0. 045 0.052 0. 057
Th 0.313 0. 282 0.288 0. 255 0.168 0. 086 0.236 0.274 0.334
U 0. 109 0.219 0.111 0.133 0.073 0.076 0.088 0.113 0.123
Pb 1.55 1.47 1.54 1.36 1.10 1.81 1.10 1.57 1.42
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g RO A MO 1 2
FE il XHO04-14 XH04-15 XH04-16 XH04-17 XHDO08-41 | XHDO0842 | XHD08-43 | XHD08-49
FHITLE D
SiO;, 40. 6 40. 8 40. 8 40.9 48. 8 47.9 48.7 44.6
TiO; 0.311 0.294 0.268 0. 205 0. 440 0. 400 0. 290 2.95
Al O 7.01 6.65 5.99 5. 24 20. 6 19.2 24.9 20.9
(Fe; O3) 1 12.9 13.2 13.9 14.2 5.45 6.04 3.26 9.02
MnO 0.123 0.137 0.140 0.143 0. 097 0. 099 0. 047 0. 096
MgO 27.1 28. 2 28.8 29.6 8.26 9.98 5.06 7.78
Ca0 2.04 2.88 2.65 2.40 13.1 12.6 13.7 12.0
Na, O 0. 659 1.02 0. 959 0.921 2.06 1.84 2.36 1. 90
K,O 0.292 0.149 0.182 0.149 0.130 0.130 0.094 0.110
P,0; 0. 050 0. 054 0. 056 0. 060 0. 063 0. 068 0. 042 0. 039
LOI 8.11 5. 40 5.11 4.79 0. 590 1.45 1.32 0. 220
Total 99. 2 98. 8 98.9 98.6 99.6 99.7 99.7 99.7
T IGE (X107%)
Sc 16.5 17.3 16. 6 15. 3 23.8 26.5 16. 4 43.1
v 63.4 60. 1 50. 9 47.7 205 237 122 426
Cr 1459 1518 1217 1606 528 559 573 12.0
Co 112 117 121 126 33.2 39.1 19.0 48.8
Ni 546 553 630 720 41.2 52.6 42.0 17.2
Cu 30. 7 37.1 73.2 72.7 9.67 11.4 8.53 21.2
Rb 5.47 2.83 3. 44 2.65 2.39 2.96 1.17 1.57
Sr 79.1 135 121 103 430 398 510 557
Y 5. 36 5.25 41,81 4.07 8.61 8.59 5.57 8.70
Zr 26.7 26.9 23.2 22.6 36.2 35.3 30. 1 28.3
Nb 0. 653 0. 626 0.575 0.471 0. 669 0.596 0. 436 1.35
Ba 49.5 29.6 30.0 23.8 40. 6 39.1 34.8 50. 9
La 1.89 1.82 1.77 1.70 2.10 1.97 1.53 1.55
Ce 4.75 4.60 4,43 4.20 5.15 4.93 3.69 3.63
Pr 0. 660 0.612 0. 601 0. 490 0. 804 0.762 0. 560 0.618
Nd 3.23 3.09 2.85 2.42 3.95 3.78 2. 74 3.45
Sm 0.759 0.837 0.706 0.583 1.18 1.18 0.821 1.23
Eu 0. 352 0. 340 0.262 0.207 0. 675 0. 644 0.551 0. 746
Gd 0.984 0. 844 0. 805 0.583 1.26 1. 20 0. 815 1.39
Th 0.141 0.145 0.138 0.103 0.268 0. 256 0.173 0. 286
Dy 0.910 0. 929 0. 874 0.720 1.56 1.59 0.962 1.67
Ho 0.192 0.167 0.164 0.129 0. 340 0. 351 0.216 0. 385
Er 0.564 0.537 0.475 0.416 0.948 0. 926 0.585 0. 936
Tm 0.077 0.078 0. 069 0. 069 0.126 0.123 0. 087 0.114
Yb 0. 590 0.472 0. 421 0.415 0.789 0.788 0. 497 0.729
Lu 0. 082 0. 084 0. 068 0. 062 0.130 0.128 0.071 0.097
Hf 0.653 0.564 0.584 0.532 0.948 0. 884 0.724 0. 899
Ta 0.048 0. 060 0.051 0.035 0. 052 0.055 0. 042 0.146
Th 0. 256 0. 254 0.298 0.253 0.254 0.218 0.158 0.134
U 0.112 0.102 0. 100 0. 091 0.102 0. 104 0. 065 0.051
Pb 1.24 1.25 1.26 1.55 0.583 1.24 0.623 0. 488

P95 R A AR o A — B ER B R A0 60 0B LU 2R PR RO S A DR A 2 1 A ot
RMEM £ICR (R Ba, Th U, L) f R (& 5a. 8 SO & A BAR T 00 1078 5 R 0 0 1o (&
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Haker diagrams of the Huangshandong intrusion

OL.Opx.Cpx Fil P13 5 AR MBS AT R WEAT SR AT R R AT 7 W0 A AR 3 R KRB . T SR R R B 1L 7 o (k
RAEBAER A Zhou et al. (2004) FXEFIEAE GRULCTFTD . 1 MBI IS s 2 MINBERCE s 3 R IR 4 D

Ol, Opx, Cpx and Pl are olivine, orthopyroxene, clinopyroxene and plagioclase, respectively. Some whole rock data of the Huangshandong

and Huangshanxi intrusions are cited from Zhou et al. (2004) and Deng et al. (in press). 1—Olivine gabbro; 2—Hornblende gabbro; 3—

Gabbronorite; 4— Lherzolite

5boFIE 6) . JiAb B AR A B RO R A A A
MK E B AU Sr iy s £ Eu i 1E 5% . 1 & 1
PUE R B 0 K a8 A B 1A 55 1 Sr 19 & 4R
Eu 5% (& 5b, & 6),3X 5 # 11 AR A RO i K &
MANEKETRKAOSEREAL. BZ. 81l
AR FIEE LLPG 5 A 1) ORERONS o A R R R TR
S T L AR A RO K S R A TR A Y
HIOCE G EU BT 8P AR BRI KA
4.3 Sr-Nd B{r=

Fritr Sr-Nd [F07 R M Ar45 R AR s (8 2) 81l
IRA A AR AN (7 Sr/% Sy (0. 7031
~0.7034) EFE Y exg (274Ma) (47,32 ~ +8.29), 71

F PG A R (7 St/ Sr)usen A 0. 7034 ~ 0. 7037, exg
(269Ma)H+5. 14 ~ +7. 14 R, B ETD.
TE exa (O-C"Sr/* S, B (B D rp B IR VB e
PRFNBTRL BT N A R () B i (Pettigrew et al. , 2006)
HOAL AR 5 K 3. 55 Ah s B 1 AR R A X 8
VPG 25 A 7R 3T 5 4 09 (R A7 R RRAE . B AR
("Sr/*° Sr) ¢, R 15 1 ena (0) s AN 590 38 Ll A3 A i 4% 0
F) MORB X8 N . 138 B K K B4 Bl BLIE
A DX BE R L B A IR B K- B A RRHLR
T st DX Bt R B 20 A B BRI ena (o) FITER
B CTSr/*Sr) (, (FH L EE, 2004a, b, ¢; Zhang
et al. , 2008; Zhou et al. , 2009),
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Fig. 5 MORB normalized spider diagrams
avb 435 7R LI AR SR L G R L B B BLR K OB A U AR T R R (22 USF, 2004a; Zhang et al. , 2008) BT i
B Quetico 1K (Pettigrew et al. . 2006) UGS A FEEK & A R OT R MORB AR fb B 20 B9 X3 L. OIB A MORB #dfi ok [ Sun A
McDonough (1989) , # 1L PG R B e BB F 055 CHECRF D o 1— 88 L0 ZR MMM 45 5 2 300D AR MO M 4 o 0 DA o
a, b display comparison of trace element compositions of lherzolites and gabbros among the Huangshandong intrusive rocks and the rocks of
Huangshanxi intrusion,intrusions of the Tarim large igneous province, such as Wajilitag (Jiang et al. , 2004a) and Bachu (Zhang et al. ,
2008) and the Alaskan-type Quetico intrusion (Pettigrew et al. , 2006). The data of ocean island basalt (OIB) and mid-ocean ridge basalt
(MORB) are cited from Sun and McDonough (1989), the data of the Huangshanxi intrusion are cited from Deng et al. (in press). 1—

Huangshandong lherzolite; 2—Huangshandong olivine gabbro and hornblende gabbro

5 e
_ 1 —— 2
QA T A B 1L~ LR R R R S A A
" JEHE 3 5 S AU TE 23 B 2B H A i i 4R
S ETRAS ELERARMMEEA ., B TIEZIK
2., o 20 5 5 110 B 1 5 T 3 A 05
= TR AN BT O3 S L 5 b R A IR DL S e s
i3 2 (D BR AL AT 3525 5% TR IR 3 0 0
DXCARFAE J& R 4 368 T 357 A G B

TE N U e AR AL 1 3 i b 485 i 03 S Rt 5 [+
. TR e M T 2 B0 o ) I 20+ I 0 2 S R IX 4 AR
La Ce Pr Nd Sm Bu Gd Tb Dy Ho Er Tm b Lu  JEHRBHE - 20ATHN AIC . th T 2 A PR3 AL,
B G HRRE b LA e EA T 5 dh A K BIR S W H im%‘?é‘iﬁﬂ%%ﬁﬁ?

Fig.6 Chondrite-normalized REE patterns AHRERS I S Y EA L B it oo 5 A BE
BT 1 XU (BT D) L BRORE B Z KO K B Sun B TRAG WA 5] . SR . 20 BC 2 KO E /Y
A McDonough (1989) . 1— 8 1l 7% HOHE #4512 A0 Al DN # 25 Tl JC R B F AR (A Th/ U Nb/UD 3245 §h 73 5 1 5%
2 IR RO M 42/ (Aldanmaz et al. , 2000), Nb,Ta,Ti )%
The data of the Huangshanxi intrusion are cited from Deng et ?ﬁﬂu%ﬁ%)ﬁﬁé%éﬁﬂﬁﬂﬁm@ {ﬁ ﬁgié’ft Hi, fhf% LAl AS

al. (in press), the data of Chondrite are cited from Sun and

fE 5T R AL IR Y 5 (Wilson, 1989), ¥ 1 & &
& Nb/U Al 5 - 35 # 5% (8 47 L B AR T MORB,
OIB {f , La/ Nb il Ba/ Nb B & & F F 15 s 55 F1

McDonough (1989). 1-—Huangshandong olivine gabbro and
hornblende gabbro; 2-—Huangshandong lherzolite
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Table 2 Sr, Nd isotope data of the Huangshandong intrusion
Hop IR A R A
FE i XH04-1 XH04-3 XH04-6 XH04-8 XHO04-12 XH04-13 XHO04-14
Rb (X10%) 2.65 2.63 0.74 1. 47 2.61 3.68 5.47
Sr (X10°%) 435 428 426 377 153 125 79.1
87Sr/86 Sr 0.703376 0.703345 0.703415 0.703223 0.703326 0. 703455 0.703867
26m 14 4 3 3 2 17 14
(37Sr/%Sr) 274Ma 0.703307 0.703275 0.703396 0.703179 0.703134 0.703123 0.703088
Nd(X1076) 4.70 4.56 3.61 4.22 2.79 3.33 3.23
Sm(X10°%) 1. 37 1. 38 1.04 1. 34 0.62 0.89 0.76
143Nd/ " Nd 0.512982 0.512987 0.51299 0.513003 0.512952 0.512961 0.512965
26m 2 4 2 7 4 3 4
(M NA/M N 274ma 0.512667 0.512660 0.512678 0.512658 0.512710 0.512671 0.512710
end (274Ma) (%) 7.46 7.32 7.66 7.28 8.29 7.53 8.29

1 :Rb-Sr.Sm-Nd [ ZH 5 2 50 A (Sr) = 1. 42X 10 a1, A(Nd) =0. 654X 10" a1, (57 Sr/8 Sr) yg = 0. 7045, (13 Nd/ Nd) yg = 0.

512638,

B 7 enxa(D-C7Sr/*Sr), K F
Fig. 7 Diagram of exq (¢) versus (¥ Sr/*Sr),

B LA A HER A B R B Zhou et al. (2004) B 11 7Y & (R4 51
B X0 S CHEWCARE 1D o 9IRS Ll o B iR T R B8 ok B
Hawkesworth (1982) ,Hickey et al. (1986) 1 Wilson (1989), 1—
B s 2— M IOV o 5 3— MR IR K A 54— S

Some data of the Huangshandong intrusion are cited from Zhou
et al. (2004) and data of the Huangshanxi are from Deng et al.
(in press). The data of the arc lavas and marine sediments are
from Hawkesworth (1982), Hickey et al. (1986) and Wilson
(1989). 1—Olivine gabbro; 2—Hornblende gabbro; 3—

Gabbronorite; 4—Lherzolite

MORB,OIB & (W2 3) . X B4 E 3L Nb 19 = it
AN BE FH 8 it 7T 5 M 5 1 ) b TR e i B, i R R
AR b PR X AR, W B, Th/U a1 T

MORB, OIB ¥ 72 FU(E (WL 3% 3) . 487" A 3K 1Y
Hiu 8 Y XRRAE
51 BUFREGEEERKRNEEEESH BER
EEFTLE

B KREHF AN e H: 6 3h — 4 35 4%
FIE 2 T K T L) Vi 9 P B 2 2 [ O B k-
BHRERAK IE RS TSR B RS
OIB A L i # Bk 1k % %% iE  ( Wilson, 1989;
Campbell, 1993), # 11 Hb X Gk Ko B & 22 %
WAL R A IR SRR A TR & W 2R
T OIB Ko 5 118 A% 6 2 A ¢ 1 3 BLR 3 X BL 7 B
P X MO 5 F0 R A R s (R L5,
2004a; Zhang et al., 2008), M H & /& &8 81 & 1Y
Nb.Ta #1 Ti )5 #1. 7E exa (0)-(¥ Sr/* Sr) (, Kl fift
B T B AR AR ena (0 BH S 780 T8 B AR R KO,
A P B DO BE B R AR B B
B R LR 3B A% b X A B A B X R, T
(*"Sr/*° Sr) ,, I« 3% L8 KEAE B8 WA AT 2 A A [6] 1Y)
MBS PR X, LU, M A e PR X R TR R E RS
SaEAEE AL (Wilson, 1989), # I &R Sk & A
Z SR Y A N A BB R R IR A
EHEWE Y (Zhou et al. , 2004) , 515 BH #% 1L
AR 2 R 2 5 X S DX 3 M A

S —J7 1 £ Nb/Yb 5 Th/Yb il (La/Nb)py
5 (Th/Ta) ey B (B 8) 4 #1128 #0174 25 14
SR Hrm B A R (Pettigrew et al. , 2006) #H10L,
HR AR R AE 5 9K L 2 X, T BH L X 50 3 R K ok
BUA B BB . #E exa (O 5 Ba/Nb,La/Nb
1 Nb/Th Bl o (E 9, # 1L AR A R B 52 T 5 9Kk
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(b)

B 8 a. Nb/Yb-Th/Yb XK (# Pearce il Peate, 1995a);b. (La/Nb)py-(Th/Ta)py A K E (#§ Neal et al. . 2002)

Fig. 8

a. Diagram of Nb/Yb versus Th/Yb (after Pearce and Peate, 1995a); b. Diagram of

(La/Nb)py versus (Th/Ta)py (after Neal et al. , 2002)
WL P A B R | R A CGREUR R PD L B kil A BPE 51 A Elliott et al. , (1997), Turner et al. . (1997), Pearce et al. , (1995b),
Marini et al. , (2005), Ellam et al. , (1989) #l Turner et al. , (2001). F 755 F #7554 % H Rudnick fl Fountain (1995) ; BRI #h Uit
TR (GLOSS) ¥ d 2k [ Plank Hl Langmuir (1998) . 1—HMME K 5 s 2— M INME K 2 5 3— MRS

Data of Huangshanxi intrusion are from Deng et al. , (in press) ,data of arc volcanics are from Elliott et al. , (1997), Turner et al. , (1997),

Pearce et al. , (1995b), Marini et al. , (2005), Ellam et al. , (1989) and Turner et al. , (2001). Data of lower crust and GLOSS are from

Rudnick and Fountain (1995) and Plank and Langmuir (1998), respectively. 1—Olivine gabbro; 2— Hornblende gabbro; 3—Lherzolite

g5 MORB Z [8] . 1 B 2 AN [8] T 85 B R KOs
BB B A 1 L S (Zhang et al. . 2008;
Zhou et al. . 2009) . 3% 26 £ 52 HRAE W B 11 7R 1A
J5 ko 0 1 BLR g A S A A B R 22 00
5.2 BELFRERBEXHEE

fCiE T R IR A7 2% 4 AR 2 B o LU R IR S 1
BER R KOS 48 B Bk - B 2k e 1 3t BR AL 7 R AR AT
35 X T EA S50 b A5G RY E K Cn ik
BRT oz 30 Jim 750 24 A 4O R ARL 1Y b 3K Ak 2= R AE (&1 5.7,
8,9) s 7R B LLAR S IR Dt B 2 S 1T A2 AR b 1 1
1 i i AN g

i T3 BC AR EOM 8L, R B 726 A1 ST R X Th
M UTEE KB dnad b — A 2 K 4R B &
45 (Chung et al. , 2001), W ¥)-F A 2258 B
U HAXS T Th B A 5558 106 2 76 08 vh s i A
MK Th/U &4 B %55 (Brenan et al. ,
1995a, b)), I, 5o A X BB A K Z A A
HAKA Th/U (Chung et al. , 2001). #1114 £ 1k
Th/U K T H57% \MORB, OIB Fl % B Hi X 8%
PR BRI e AR R 1) A S 28 D e ()
RIR G i Re . R, 8 10 AR 1R & R OE A AR Y
Th/U AR T 2 J U DCRAAE » 1T 5 08 i s 8T 1Y)
2R CUn BT Hr i 78 1O AR AU (L3R 3) B L %

IR AT B g 32 AF o = B i o 1 e

®3 BLFREGAMETEILE
Table 3 Trace element ratios of the Huangshandong

intrusive rocks

Th/U Nb/U La/Nb Ba/Nb

#1747 1.13~2.98 | 2.53~7.02 | 1.15~4.19 | 37.7~79. 8
Ff R B A 2. 31 9.01 5.11 77. 4
%Eﬁ%ﬁﬁ%‘{‘% 4. 46 31.9 0.98 13.6

-k

Ji ey b 4. 05 34.0 0.96 9. 80
MORB 3.00 49.6 1.07 2.70
OIB 3.92 47.1 0.77 7.29
¥y b5 3.94 8. 45 1.50 32.5

T A Hs . MORB #1 OIB %4 € [ Sun F1 McDonough (1989) .
S 45 4 72 5045 5% H Rudnick #1 Fountain (1995) . B #7357 i 78 2+ {4 %k
JE K B Pettigrew et al. (2006) , 3% B A #h X £ 45 >k B Zhang et al.
(2008) f1 Zhou et al. (2009)

T8 5 SR Z2 v AR o 49 05T 38 A T e e AR R A S
AR S T AL A SRR XA B Y
R R AR AR P 5 H Nb, Ta fil Ti (Ionov
et al. ,1995; A4, 2005, SHERAMAETLE
(4n La,U.Th.Yb.Ba %) &4 1 W19 7 5 . R L 48
5 La/Nb il Ba/Nb H A f4AK 9 Nb/ U H A 0]
DAAE Ay b 52 12588 7 AR S AR B 3 I 8 b . BRI AR
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Fig. 9 Plots of exq(#) versus Ba/Nb, La/Nb and Nb/Th (after Li, 1994)
B4 LU R A B K B Zhou et al. (2004) 3 B IL VG A R W EUE R B Zhou et al. (2004) FIXB TS5 (B2URF D L 38 BLR RO a4 B4

TR kR A BB R B 259 &% (20044, b, ©),Zhang et al. (2008) Fl Zhou et al. (2009)
1M s 2— M N R A 3 MR K A s 4 — RIS &

A .

o EIK A A GLOSS Bk I 5 18 7

Some data of Huangshandong rocks are from Zhou et al. (2004); the Huangshanxi rocks are from Zhou et al. (2004) and Deng et al. (in

press). The data of the mafic and ultramafic intrusive rocks and basalts in the Tarim large igneous province are from Jiang et al. (2004a, b,

¢), Zhang et al. (2008) and Zhou et al. (2009). The data sources of oceanic island arc and GLOSS are the same with those of Fig. 7. 1—

olivine gabbro; 2—hornblende gabbro; 3—gabbronorite; 4—lherzolite

& Nb/U Al 5V 5 (AR L AT MORB, OIB
{ELFNEE BLOR Ml IX B k- B Bk 5 . La/Nb 1 Ba/Nb
W] TR 5E \ MORB, OB fEFIEE BLUA # X
BB T 5 00 b RC R A S 2 Bl B T Ain
RUE O AL CILER 3) o A 158 B 33X 28 fill 5 o0 3R 11 70 57
I AE b7 [ A TR G i 45 5 i 2 AR T 52 0 v
A Y b YR XA 4 AE (Brenan et al. , 1995a, b),

RV Y BT L AR AR Y L D5 IX R A2 A
S AF R S AC M (Xiao et al. . 2008, 2009) . {H

B LLUAR AR I S A 2 R AIE 5 M TR g BT iz 38 fin Y 2

PRA AN D D5 O BT H37 307 o 28 5 AR — B B 58 B moA
SERE A R BRAR  BAT ARS8 18] MUK O
A IR AORE FPURIFE 1  # TN B RPRE £ 5 A A TN
T B AR A A BERAR S R A 5 @ BTz S8 i 5
EPRE AT TR A LT HR O R A1, AR /D UL B Gt
KA EITHEA ﬁz‘%’%%ﬁf TE UM RE 41 5 L FA DN R A
FAA A T B ik AR 0 BT DL R ik 1504 ~
2020 + 10T B 1l AR 5 R R D7 W A7 & B AT 3006 ~
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40% W RERRE & BN T 5%, I, 8 1 AR A R OF
E[HEETRIIETE=E LN

BRI AR 5 B VS A R A BE A 20km, (HE
T b 3K A 2% FR AR A7 72 22 0. 7E ena (0)-C7 St/
S B CEL T B LR S AR R B DY R R
BHEEM exa (O FEALH 7S/ Sr) e, - A H 1L
FRAERB S 7 MORB Xy, 78 Nb/Yb 5 Th/
Yb &l (B 8a) , #1544 7R bL 31 VS
TR 5 i Y b BR AL 4 FRAE . 7E ena () 55 Ba/Nb,La/
Nb #1 Nb/Th El v ([ 9), & (L A4 & PR A+ 2 1L
V925 R 52 MORB —{l], S 7R 30 5 0 A9 R AE . 3

LI AR 25 A A A 2 A i 4 A ik Y G i s 25 3 rh o

T 2 AR 25 (Liu et al. , 2006) , 17 B L 7Y
PR AT RESR VR TR op 2 AR 08 (P 06 45, Ul fy
Do SR H T AN A AR R RO A
A TN 2 E A R X I ) ol i e 28 3 3k ([ 5,
K 6),
5.3 BUFREFHEESRIT

HAE IR AEERREAN T T A KGEEE S

(A, 1989 Yl E AR Tl H B4 4.
HOR SR AR K CE B B - B R A S L
B H IR AL 2 AR 9 1 25 IXO0)IE B B 10 AR A R A
H 2 A W2 0 S B R AT REME AN . S AR
A G AR Cn I K L BT R S i 0 2 25 44 A
AL 118 3t 33K A 2 R AE 150 WY 38 110 AR 5 R 5 2 A0 oo = A 2l
T P10 52 AR 2 1 8 53 A AT G, AEL I A B iz 2 o Y
wRWIFARIE BT BRI . BESE R TR IS
it Ji BR 5% O B 5 A FT B B A I B Bl KB
NG L B R A B R AL 2 R AE (Aldanmaz et
al. , 2000; Wang et al. , 2004), # I 4 A 1KTE
T 280Ma oAy (5 CAF, 20025 W OFE MR S
2004) , W] W W T g A &k B AR (336 ~503Ma,
Xiao et al. , 2006; Ping et al. , 2006) "@Hﬁﬁ':i?ﬂﬂ
DX 5 9 P R M 4R A AE 1 (316 ~ 334Ma, BRE

4. 20055 2 SCHTAE. 2006) %u%?}&)uhaﬁﬁé
(300~334Ma, )%, 2005; 25 4, 2004) .,
TOBR A 3 ik Y ok iy 235 b, K% ) BTt DX A B S i D i
JEM 3K (Wartes et al. , 2002), {E# 1L LAPGZY

(b) 280-245Ma (R $% 3% 1L J5 14 & iy BO

wimag SOUREHR = 8
FE 5 4k 6 5 5 9K o 5 1l
R T
T T W |
= ' ] : 1 7% P R G H 08 |
="t (g — remnEE
A\ N
/4 '
7 wpmEmg \
O X ) B B [

10 B LA DX vy AR A T A T
Fig. 10  Schematic section of the tectonic model for the Huangshan area in the late Paleozoic

1l € B 2L 45 i R G 5 2— T AR Rl 7 5 3— BR kM BR e 1 s 4— R i A S AR S s 5— 3 7 5 6— BT 2R

1—Precambrian crystalline basement; 2—juvenile continental crust; 3—mafic-ultramafic intrusions;

-

4—metasomatic mantle; 5—oceanic crust; 6—fault
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Blanckenburg, 1995; Kohn and Parkinson, 2002),
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6 Z4it

(O EIAREEBAV 25 8 IRl G B hr
00 L5 AR AR R A 3R A 2= AR 5 B R Kk
BB B R B A TR I L A I X
A AR 0 2 U A2 A0 o 3 0 e Y 52 AR
88 R 42 E R RO b A SR B TR B T g
PR

(2) 8 LUV AR 5 PR RO R 2 R A T 2 Tl i
JCE & AR T AR 09 31 P A R R IR KA I AL
HA TR C7Sr/*Sr)(, (0. 7031 ~0. 7034) Fl T 55
) ena (O (+7.32 ~ +8.29), H 7w H He 3 1L 75 4 44
B 5 35 B R Ak 2 BRAE

(3) A AR 27 0 DX 30l 0 R A 18 ) 8 L AR AR O
JI Tl 45 3 1L R RS

B ASRAFIE R B TAEMS B T B i o R
55 7 LT K BB HT 4B | H T A R IR DA R A TR
FEARN TR T Up By o 5255 53 A1 45 20 T op B B it 2R
A 2EWE 5T BT B DR b 3K Ak 27 18 58 A S 00 = 6 R
Uil L B D R B O B RN AR DS R T O 5L Y
WE, FRAMEXNA X SES T T ERIE,
o AT AR AR T TP A R AL E I i S

o
T B

O ZEfE 4. 1989, 2 LA BRI i M 0 | b Bk 4y 2L M BK 1k 2% 25
AT B AR L XA R4 . B 305 WUH 4l . 1~418.

2 % x M

FIzok. 2000, 3 880G 2 5 (-5 JL SR 48 4R 0™ 3R 46 () 4t T 440 36 5
St HRHLB AR, 9(2): 1~7.

Mie 30, 240, BRI, EEL, T4 R, XM B, Jik
HE. 2005, AR K I+ R L8 7R BEA A T H SCA ORS00 e K
MR L. B4R, 79(2): 256~261.

EFWe, R, BRIV . BRAAAR, SKRBIR], 2%, 2010, R KR IL#E
L VG R AR B B B TR A SR R R R E RO, A A
A R

EEAE . R, R, BRI, 250, 2004, B B0 BL0E b3 A #
LR & B BT B - BE B2 A R () SHRIMP 45 41 U-Pb 4%
R Homh i 5 . B2, 49(022): 2324~2328.

JUE G, AR, SAkAE . BEEIE. CIEE . B, EA&rk 1994,

339~356.

BN, SIZ R, FHK. REK, MIEE. 2001, ST A 0 oh
AR WL NS E A, A7, 17(4): 585~597.

JBE D, SR, REE. EWRE, HRE, WA, MR, BT
NI 2006, 56 FARKINAE KA 5 R 5¢ 10 ) 8 A4 i TR &
A 24, 22(005) : 1103~1120.

B IR, AL, XIARR, EERK. 2005, A KR -AE A B A
LA AL 2 ARAC R 3R AL 22T . A A 24T, 21(6) 2 1729
~1736.

TN, LT, RIS, 2006, ZR K 158 % 35 M 44 36 HF i oty 2R 4G
JUE R AL 2E REAE KR S AR, 22(5) : 1167 ~1177.

W2, AR, BUE DS 1990, 0 BLZR 3& (4 78 AR K 1l (E85° ~
E95°) 14 7 % 4 v i) T 2 i 407 B Lt 5 AR AE. T 9 b B R 2.
H—H, dust: MbmT R, 32~45.

LWL, KE, TEE, FAIFE. 2004a. 7 5 HLR AR B 96 8 B
WX S BBEYCE A AR S AKX, A
2, 2006) ; 1433~1444.

LR, TR, FRIR, KEY, HER, HIFE. 2004b. HiEERIK
FLREM I X B S RS B A K IR X, M=k, 78(6):
770~780.

LW, RER, HEE, HIFE, R, FRE, LilE, .
2004c. MIEEZ EAE WA A2 Bk k2% . Nd Sr.Pb [[] {7 2 41 5%
HAAMMKE. IS, 50(5): 492~500.

XUAERL. 1983, FIBM A& 507 4304, PUdLHb T, 4(2): 1~12.

XUTEARL, AW, JAEt. 2005, o [ B S A 0 K AR K. db 5T,
i 5 AL, 1~360.

ZESCHY, Bk, Erisi, EVE. E. 20060 BEEARRIE ALK A
R4 A SHRIMP 4E % K 3t 3R AL S RRAIE. 324, 80( 1) 43
~52.

AR, ZAYr, BEA, m¥E L PP, Btk KRR LR L
I B A U-Ph 4R 2%, HUBGE R . 23(12): 1215~1220.

2w R, ZARYT, BAE. e Bpr, £tk 20060 KR
AR B ARG L AE IO A S A L 3 bR R A A 4R (b Bk R 2
i) s 36(3): 336~342.

D+, &R, IVESF. 1997, KRR IMEFEMLS R, dba. #
SRR AL, 1~202.

BRI, HER, EXR, fhZHE, FER, #§EW. 2002, B



550 M RRUAAE B R R LB L AR B B B B s R A AR P B RO R U ORI SeNd [ RS 1449

IR BRBR AL I IR Re-Os [R iz 200 5 J Fo st BR 5 J) 2% 1 .
WIKHLTE . 21€004) : 323~330.

M. 1992, TSR ns 8 B 1L AR B kM 86 B 2 ia IR IR . gL
R, 13(2): 9~16.

R AR, 1990, 788 10 2% R B HORAS R IR S A2 R AR K
SRR AR BT B R . 17(3) ¢ 38~45,

ERH . BB 2006, 5 5a AL A E LR L SR, MR A
80(001): 23~31.

TR, XIEERC, Bz s, 1987, B im g 4% 4 8- L — 4 M AR B 1L
Yo R R 45 1 A 1R e 30 O i O BIEE. BE A, T(D s 1~
152.

MP . 1995, Wik BB EIS e i R IR 4. A A . 11
D . 10~23.

B BTE )R, 1993, BriEMEE R AR X X BT, JEat:
Jo Y RiA . 1~ 841,

AT, AR BE 2005, HUBRALAE SRR, AUAT: (A ok i R, 1
~302.

BPNLSE. 1989, B HR T LU A AR AR BE B BE B A A IR s A AR AE
e FCTE s AL MU 4 502 e 24 4. 16(3) : 50~58.
JAVEIC, M. WA, MR, ik, B, 1994 KK
RS K BT, A AR B A . 1~280.
Aldanmaz E, Pearce J A, Thirlwall M F, Mitchell ] G. 2000.
Petrogenetic evolution of late Cenozoic, post-collision volcanism
in western Anatolia, Turkey. Journal of Volcanology and

Geothermal Research, 102: 67~95.

Brenan J, Shaw H and Ryerson F. 1995a. Experimental evidence for
the origin of lead enrichment in convergent-margin magmas.
Nature, 378(2): 54~56.

Brenan J, Shaw H, Ryerson F, Phinney D. 1995b. Mineral aqueous
fluid partitioning of trace elements at 900 C and 2. 0 GPa:
constraints on the trace element chemistry of mantle and deep
crustal fluids. Geochim. Cosmochim. Acta, 59(16): 3331 ~
3350.

Campbell 1. 1993. The evolution of the mantle's chemical structure.
Lithos, 30(3): 389~399.

Chung L S, Wang K L, Crawford A J, Kamenetsky V' S, Chen C
H, Lan C Y, Chen C H. 2001. High-Mg potassic rocks from
Taiwan: implications for the genesis of orogenic potassic lavas.
Lithos, 59: 153~170.

Churikova T, Dorendorf F, Worner G. 2001. Source and fluids in
the mantle wedge below Kamchatka, evidence from across-arc
geochemical variation. Journal of Petrology, 42 (8). 1567 ~
1593.

Davies J] H, Blanckenburg F V. 1995. Slab breakoff: a model of
lithosphere detachment and its test in the magmatism and
deformation of collisional orogens. Earth and Planetary Science
Letters, 129(1-4): 85~102.

Ellam R M, Hawkesworth C J, Menzies M A, Rogers N W. 1989,
The volcanism of Southern Ttaly: Role of subduction and the
relationship between potassic and sodic alkaline magmatism.
Journal of Geophysical Research, 94(B4) . 4589~4601.

Elliott T, Plank T, Zindler A, White W and Bourdon B. 1997.

Element transport from slab to volcanic front at the Mariana
arc. Journal of Geophysical Research-Solid Earth, 102 (B7):
14991~15019.

Hawkesworth C. 1982. Isotope characteristics of magmas erupted
along destructive plate margins. Andesites: Orogenic Andesites
and Related Rocks. New York: John Wiley: 549~571.

Hawkesworth C, Turner S, Peate D, McDermott F, Calsteren P.
1997. Elemental U and Th variations in island arc rocks:
implications for U-series isotopes. Chemical Geology, 139: 207
~221.

Hickey R, Frey F and Gerlach D. 1986. Multiple sources for
basaltic arc rocks from the Southern Volcanic Zone of the Andes
(34-41 S): Trace element and isotopic evidence for
contributions from subducted oceanic crust, mantle, and
continental crust. Journal of Geophysical Research, 91: 5963~
5984.

Tonov D A, Hofmann A W. 1995. Nb-Ta-rich mantle amphiboles
and micas; implication for subduction-related metasomatic trace
element fractionations. Earth Planet Sci Lett, 131(3-4) . 341~
356.

Kohn M J, Parkinson C D. 2002. Petrologic case for Eocene slab
breakoff during the Indo-Asian collision. Geology, 30:591 ~
594.

Li S G. 1994. Implications of exg-La/Nb, Ba/Nb, Nb/Th diagrams
to mantle heterogeneity-classification of island arc basalts and
decomposition of EM [ component. Chinese Journal of
Geochemistry, 14(2): 117~127.

Li X H, Sul, Chung SL, LiXZ, LiuY, Song B, Liu D Y. 2005.
Formaton of the Jinchuan ultramafic intrusion and the world’s
third largest Ni-Cu sulfide deposit: Associated with the similar
to 825Ma South China mantle plume. Geochemistry Geophysics
Geosestems, 6(11);: Q1104, dio:1029/2005GC001006.

Liu W and Fei P X. 2006. Methane-rich fluid inclusions from
ophiolitic dunite and post-collisional mafic-ultramafic intrusion:
The mantle dynamics underneath the Palaco-Asian Ocean
through to the post-collisional period. Earth and Planetary
Science Letters, 242 286~301.

Maier W D, Barnes S J, Chinyepi G, Barton J J, Eglington B,
Setshedi T. 2008. The composition of magmatic Ni-Cu-(PGE)
sulfide deposits in the Tati and Selebi-Phikwe belts of eastern
Botswana. Miner Depos, 43: 37~60.

Mao J] W, Pirajno F, Zhang Z H, Chai F M, Wu H, Chen S P,
Chen L' S, Yang J] M, Zhang C Q. 2008. A review of the Cu-Ni
sulphide deposits in the Chinese Tianshan and Altay orogens
( Xinjiang Autonomous Region, NW China ): Principal
characteristics and ore-forming processes. Journal of Asian
Earth Sciences, 32(2~4). 184~203.

Marini J C, Chauvel C, Maury R C. 2005. Hf isotope compositions
of northern Luzon arc lavas suggest involvement of pelagic
sediments in their source. Contrib Mineral Petrol, 149. 216~
232.

Naldrett A J, Fedorenko V, Lightfoot P, Kunilov V, Gorbachev N,



1450 Moo

¥

2011 4

Doherty W, Johan Z. 1995. Ni-Cu-PGE deposits of the Noril'sk
region, Siberia: Their formation in conduits for flood basalt
volcanism. Institution of Mining and Metallurgy Transactions,
Section B. Applied Earth Science, 104: 18~36.

Neal C R, Mahoney J J, Chazey W J. 2002. Mantle sources and the
highly variable role of continental lithosphere in basalt
petrogenesis of the Kerguelen Plateau and Broken Ridge LIP.
results from ODP Leg 183. J. Petrol, 43(7): 1177~1205.

Paktunc A D. 1990. Comparative geochemistry of platinium-group
elements of nickel-copper sulfide occurrences associated with
mafic-ultramafic intrusions in the Appalachian orogen. J Geo-
chem Exlor, 37: 101~111.

Pearce ] A, Peate D W. 1995a. Tectonic implications of the
composition of volcanic arc magmas. Annu. Rev. Earth Planet.
Sci, 23: 251~285.

Pearce J. A, Baker P. E, Harvey P. K, Luff 1. W. 1995b.
Geochemical evidence for subduction fluxes, mantle melting and
fractional crystallization beneath the South Sandwich island arc.
J. Petrol, 36(4): 1073~1109.

Pettigrew and Hattori. 2006. The Quetico Intrusions of Western
Superior Province: Neo-Archean examples of Alaskan/Ural-
type mafic ultramafic intrusions. Precambrian Research, 149
(1) 21~42.

Ping J, Dunyi L. Yuruo S, Fuqin Z. 2005. SHRIMP dating of SSZ
ophiolites from northern Xinjiang Province, China: implications
for generation of oceanic crust in the Central Asian Orogenic
Belt. In: Sklyarov, E. V. (Ed.). Structural and tectonic
correlation across the Central Asia orogenic collage: north-
castern segment. Guidebook and Abstract Volume of the
Siberian Workshop IGCP-480. TEC SB RAS, Irkutsk, 1~246.

Plank T and Langmuir C. H. 1998. The chemical composition of
subducting sediment and its consequences for the crust and
mantle. Chemical geology, 145(3~4): 325~394.

Pirajno F, Mao J, Zhang Z, Chai F. 2008. The association of mafic
ultramafic intrusions and A-type magmatism in the Tian Shan
and Altay orogens, NW China: Implications for geodynamic
evolution and potential for the discovery of new ore deposits.
Journal of Asian Earth Sciences, 32(2~4).: 165~183.

Qi L, Hu J, Conrad G. 2000. Deternination of trace elements in
granites by inductively coupled plasma ass spectrometry.
Talanta, 51: 507~513.

Qin K Z, Zhang L. C, Xiao W J, Xu X W, Yan Z, Mao J] W. 2003.
Overview of major Au, Cu, Ni and Fe deposits and metallogenic
evolution of the eastern Tianshan Mountains, Northwestern
China. In: Mao JW, Goldfarb R, Seltmann R, Wang DH, Xiao
WJ., Hart C(ed) Tectonic Evolution and Metallogeny of the
Chinese Altay and Tianshan. London: IAGOD Guidebook
Series, 10: 227~248.

Ripley E M. 2009. Magmatic sulfide mineralization in Alaskan-type
complexes. In: Li CS and Ripley EM(ed) New development in
magmatic Ni-Cu and PGE deposits. Beijing: Geological

publishing house. 7: 219~228.

Rudnick R and Fountain D. 1995. Nature and composition of the
continental crust: a lower crustal perspective. Rev. Geophys,
33(3): 267~309.

Song X Y and Li X R. 2009. Geochemistry of the Kalatongke Ni Cu
(PGE) sulfide deposit, NW China: implications for the
formation of magmatic sulfide mineralization in a postcollisional
environment. Mineralium Deposita, 44(3): 303~327.

Sun S S and McDonough W. 1989. Chemical and isotopic

systematics of oceanic basalts: implications for mantle
composition and processes. Geological Society London Special
Publications, 42(1): 313~345.

Thakurta J, Ripley E and Li C. 2008. Geochemical constraints on
the origin of sulfide mineralization in the Duke Island Complex,
southeastern Alaska. Geochemistry Geophysics Geosystems, 9
(7): Q07003.

Tistl M Burgath KP, Hohndorf A, Kreuzer H, Munoz R, Salinas
R. 1994. Origin and emplacement of tertiary ultramafic
complexes in northwest Columbia; evidence from geochemistry
and K-Ar, Sm-Nd and Rb-Sr isotopes. Earth and Planetary
Science Letters, 126(1~3): 41~59.

Tornos F, Casquet C, Galindo C, Velasco F, Canales A. 2001.
Anew style of Ni-Cu mineralization related to magmatic breccia
pipes in a transpressional magmatic arc, Aguablanca, Spain.
Miner Depos., 36: 700~706.

Turner S, Hawkesworth C, Calsteren P, Heath E, Macdonald R,
Black S. 1996. U-series isotopes and destructive plate margin
magma genesis in the Lesser Antilles. Earth and Planetary
Science Letters, 142, 191~207.

Turner S, Hawkesworth C, Rogers N, Bartlett J, Worthington T,
Hergt J, Pearce J, Smith 1. 1997. 2¥U-23° Th disequilibria,
magma petrogenesis, and flux rates beneath the depleted
Tonga-Kermadec island arc. Geochimica et Cosmochimica Acta,
61(22): 4855~4884.

Turner S, Foden J. 2001. U, Th and Ra disequilibria, Sr, Nd and
Pb isotope and trace element variations in Sunda arc lavas:
Predominance of a subducted sediment component. Contrib
Mineral Petrology, 142 43~57.

Wang K L, Chung S L., Reilly SY, Sun S S, Shinjo R, Chen C H.
2004. Geochemical Constraints for the Genesis of Post
collisional Magmatism and the Geodynamic Evolution of the
Northern Taiwan Region. J. Petrol, 45(5): 975~1011.

Wartes M A and Carroll A R. 2002. Permian sedimentary record of
the Turpan-Hami basin and adjacent regions, northwest China:
Constraints on postamalgamation tectonic evolution. Geological
Society of America, 114(2): 131~152.

Wilson M. 1989. Igneous petrogenesis. London: Unwin Hyman, 1
~466.

Xiao W J, Zhang L C, Qin K Z, Sun S, Li J L. 2004. Paleozoic
accretionary and collisional tectonics of the Eastern Tianshan
(China): implications for the continental growth of central
Asia. American Journal of Science, 304 370~395.

Xiao W J, Windley BF, Yan Q R, Qin K Z, Chen H L., Yuan C,



550 M RIS SR AL R LBl AR B B R B e AR e A R EHEC R O C R R Se-Nd [ R IEHE 1451

Sun M, Li J L, Sun S. 2006. SHRIMP zircon age of the China;: Product of a ca. 275-Ma mantle plume? The Journal of
Geology, 116(3): 269~287.
Zhou M F, Lesher C M, Yang Z X, Li J] W and Sun M. 2004.

Geochemistry and petrogenesis of 270 Ma Ni-Cu-(PGE) sulfide-

Aermantai ophiolite in the North Xinjiang, China and its
tectonic implications. Acta Geologica Sinica, 80: 32~ 36.

Xiao W J, Han C M, Yuan C, Sun M, LinSF, Chen HL, LiZ L,

LiJ L, Sun S. 2008. Middle Cambrian to Permian subduction-
related accretionary orogenesis of Northern Xinjiang, NW
China; Implications for the tectonic evolution of central Asia.

Journal of Asian Earth Sciences, 32(2~4): 102~117.

bearing mafic intrusions in the Huangshan District, eastern
Xinjiang, northwest China; implications for the tectonic
evolution of the Central Asian orogenic belt. Chemical Geology,

209(3~4): 233~257.

Zhang L. C, Qin K Z, Xiao W J. 2008. Multiple mineralization Zhou M F, Zhao J H, Jiang C Y, Gao J] F, Wang W, Yang S H.
events in the eastern Tianshan district, NW China; isotopic 2009. OIB-like, heterogeneous mantle sources of Permian
geochronology and geological significance. Journal of Asian basaltic magmatism in the western Tarim Basin, NW China:
Earth Sciences, 32: 236~246.

Zhang C, Li X, Li Z, Ye H and Li C. 2008. A Permian layered

Implications for a possible Permian large igneous province.
Lithos, 113: 583~594.

intrusive complex in the western Tarim Block, northwestern

Petrogenesis of the Huangshandong Ni-Cu Sulfide-Bearing Mafic-Ultramafic
Intrusion, Northern Tianshan, Xinjiang: Evidence from Major and Trace

Elements and Sr-Nd Isotope
DENG Yufeng" ?, SONG Xieyan" , JIE Wei""?, CHENG Songlin® , LI Jun®”

1) State Key Laboratory of Ore Deposit Geochemistry , Institute of Geochemistry, Chinese Academy of Science , Guiyang, 550002
2) Graduate University of Chinese Academy of Sciences, Beijing, 100049; 3) Xinjiang Bureau of Geology and Exploration ,
Urumchi » 8300005 4) No. 6 Geological Team ., Xinjiang Bureau of Geology and Exploration, Hami, 839000

Abstract

The major and trace elements and Sr-Nd isotopes of the Huangshandong mafic-ultramafic intrusion in
the Huangshan-Jing'erquan magmatic Cu-Ni mineralization belt are discussed to constrain its formation and
regional tectonic evolution. Three magmatic pulses of the Huangshandong intrusion have been identified.
The first pulse formed olivine gabbro, hornblende gabbro and diorite, which constitute the main body of
the complex, with olivine gabbro in the central section, hornblende gabbro in upper and lower parts, and
olivine gabbro along the margin of the complex. The second pulse formed gabbronorite dykes occurring as
dykes in the western and northwestern parts of the intrusion. Therzolite, the product of the third magmatic
pulse is distributed at the bottom of the complex and is the main host rock for the Cu-Ni ores. Except TiO,
contents in olivine gabbro and hornblende gabbro, all other major elements of the samples from the
Huangshandong intrusive rocks are plotted within compositons of olivine, orthopyroxene, clnopyroxene
and plagioclase, indicating that the complex consists predominantly of rock-forming minerals. Compared
with the Permian mantle plume-derived mafic-ultramafic intrusions in Tarim, the Huangshandong
intrusion is characterized by deplete high field-strength elments ( HFSE) (Nb, Ta and Ti) and
incompatible elements (La, Ba, Th, U), but higher exs(¢) (7.32%:~8.29%0), low Th/V ratio (1.13~2.
98) and Nb/U ratio (2.53~7.02), and high La/Nb ratio (1. 15~4.19) and Ba/Nb (37. 7~79. 82). These
features are similar to those of subduction-related extrusive and intrusive rocks, indicating that the
primitive magma for the Huangshandong intrusion was the result of partial melting of a metasomatic
mantle modified by the subducted slab-derived melt/fluid and upwelling of asthensphere mantle may

provide heat source for the partial metling.

Key words: Huangshan-Jing " erquan Cu-Ni mineralization belt; Huangshandong mafic-ultramafic

intrusion; magmatic Cu-Ni sulfide deposit; metasomatized mantle; mantle plume



